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INTRODUCTION. 


The  Talue  of  science  is  best  shown  by  its  influence  on  the  happiness  and  well-being  of  man- 
kind. This  is  a  truism  which  cannot  be  too  often  borne  in  mind  by  those  who  impart  as 
well  as  by  those  who  receive  scientific  instruction.  It  is  a  constant  reference  to  this  fact 
which  so  much  enhances  the  real  importance  of  our  modem  books  of  science  over  those  of 
the  ancient  schoolmen.  Deep  metaphysical  researches,  frequently  combined'  with  an  in- 
genious play  on  words,  formed  the  prominent  features  in  their  ponderous  folios ;  and  the 
labour  of  a  life-time  was  frequently  productive  of  less  real  benefit  to  mankind  than  b  now 
effiected  by  the  sale  of  a  single  unassuming  tract  really  fitted  to  impart  information.  Costly 
domes  and  monkish  establishments  were  also  at  one  period  considered  as  the  only  fanes  worthy 
of  disKminating  the  dogmas  of  scholastic  science ;  but  now  its  study  is  pursued  in  temples 
of  another  and  far  more  ennobling  kind.  Temples  dedicated  to  the  worship  of  the  Living 
Crod  have  not  been  considered  as  desecrated  by  being  appropriated  to  the  task  of  teaching 
man  how  to  think  rationally,  as  well  as  how  to  adore  that  great  and  good  Beiug  who  has 
famished  such  abundant  materials  for  the  delight  and  improvement  of  his  creatures.  In  the 
course  of  this  Introduction  we  purpose  enquiring  what  are  the  species  of  scientific  knowledge 
to  which  the  humblest  may  aspire,  and  beyond  which  even  the  most  wealthy  rarely  receive 
any  essential  advantage. 

The  structure  of  the  universe,  an  acquaintance  with  the  motions  and  general  mechanism 
of  the  heavenly  bodies,  are  subjects  within  the  ken  and  may  be  rendered  intelligible  to  the  mean- 
est capacities.  The  structure  of  the  human  body  also,  as  well  as  its  general  functions,  may 
readily  be  made  the  source  of  much  delightful  as  well  as  profitable  investigation.  By  combin- 
ing  a  knowledge  of  optics  with  this  branch  of  study,  we  are  enabled  to  illustrate  experimentally 
that  most  extraordinary  of  all  natural  structures — the  human  eye,  and  to  show  how,  by  the 
agency  of  certain  crystalline  bodies  differing  in  their  refractive  power,  an  optical  instrument 
may  be  formed  which  far  exceeds  in  perfection  all  that  the  sages  of  ancient  Greece  or  Rome 
bodied  forth  in  optical  science.  This  one  instance  may  sufiice  to  point  out  how  important  it 
18  for  the  student  to  combine  the  study  of  nature's  volume  with  that  of  the  laborious  deduc- 
tions from  experimental  investigation. 

Mechanical  science  offers  at  first  view  but  few  attractions  to  the  student,  and  it  cer- 
tainly does  not  abound  in  the  same  moral  lessons  which  may  be  acquired  by  a  careful  study 
of  natural  history ;  but  even  here  a  wide  field  of  interesting  investigation  opens  itself  to  the 
enquiring  mind.  He  finds  by  a  careful  comparison  of  his  most  perfect  mechanical  agents 
with  the  frame-work  of  "  nature's  master-piece,  man,"  that  they  are  but  clumsy  attempts  to 
AftTs  &  ScixircBS. — ^VoL.  I.  6 
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imitate  the  every-day  work  of  a  Being  who  has  surrounded  us  with  examples  of  his  own  per- 
fection, compared  with  which  our  most  ingenious  inventions  and  highest  wisdom  are  but 
foolishness. 

Even  the  mere  historical  enquirer  may  derive  considerable  advantage  from  this  branch 
of  study,  as  he  may  thus  be  enabled  to  point  out  the  processes  by  which  the  various  gi- 
gantic monuments  of  early  superstition  were  erected,  and  to  trace  the  history  of  edifices,  and 
to  fix  a  date  for  their  erection,  by  simply  referring  to  the  mechanism  of  their  construction. 

The  changes  observable  throughout  nature  result  either  from  the  mutual  actions  of 
the  minute  particles  of  bodies  exerted  at  imperceptible  distances,  and  producing  a  perma- 
nent alteration  in  their  constitution,  or  from  the  action  of  separate  masses,  exerted  at  sen- 
sible distances,  and  producing  alterations  in  their  relative  positions.  In  the  first  case,  the 
phenomena  belong  to  that  department  of  experimental  philosophy  which  is  denominated 
chemistry.  The  study  of  the  phenomena  exhibited  in  the  latter  case  constitutes  natural 
philosophy,  or  rather  that  department  of  experimental  science  to  which  the  term  physics 
is  applied. 

Thus  we  see  that  the  provinces  of  the  chemist  and  natural  philosopher  are  distinct* 
Whilst  the  business  of  the  former  is  to  ascertain  and  classify  the  primary  elements  of  bodies, 
and  to  trace  the  effects  and  comparative  degrees  of  agency  of  the  forces  exerted  among  the 
minute  particles  of  matter^  which  are  incessantly  and  insensibly  producing  permanent 
changes  in  the  constitution  of  these  bodies,  that  of  the  latter  is  to  classify  the  effects  and 
measure  the  intensity  of  those  forces  which  are  continually  tending  to  produce  changes  in 
the  relative  positions  of  bodies  as  they  exist  in  nature,  without  at  all  effecting  any  change 
in  their  constitution,  and  hence  to  explain  the  phenomena  which  result  from  different  com- 
binations and  modifications  of  these  forces.  In  many  cases,  indeed,  the  same  force  may 
come  within  the  province  of  each.  Heat,  for  instance,  is  the  object  of  the  chemist's  consi- 
deration, in  as  far  as  it  is  efiicacious  in  changing  the  character  of  various  substances,  or  in 
resolving  compound  bodies  into  their  component  elements,  and  uniting  elementary  substances 
into  distinct  compound  bodies ;  but  it  also  comes  within  the  cognizance  of  the  natural  phi- 
losopher, in  as  far  as  it  is  the  cause  of  alterations  in  the  dimensions  of  homogeneous  bodies 
that  may  be  subjected  to  accurate  measurement  or  calculation. 

The  importance  of  keeping  steadily  in  view  the  connection  between  the  physical 
sciences  may  be  best  illustrated  by  comparing  the  ancient  and  modem  systems  of  astro- 
nomy ;  for  it  was  the  study  of  terrestrial  mechanics  that  first  led  to  the  discovery  of  the 
mechanism  of  the  universe.  And  the  reason  why  the  ancient  theories  of  astronomy  were 
so  fanciful  and  absurd  is,  that  ancient  philosophers  went  to  investigate  what  was  distant, 
before  they  made  themselves  acquainted  with  what  is  near,  and  tried  to  know  the  heavens 
while  utterly  ignorant  of  the  earth.  To  show  the  hazard  of  investigating  one  science  inde- 
pendently of  another,  we  shall  quote  the  words  of  Mrs.  Somerville,  who  has  written  a 
valuable  work  on  this  subject. 

**  The  theory  of  dynamics,  founded  upon  terrestrial  phenomena,  is  indispensable  for, 
acquiring  a  knowledge  of  the  revolutions  of  the  celestial  bodies  and  their  reciprocal  inffu- 
ences.  The  motions  of  the  satellites  are  affected  by  the  forms  of  their  primaries,  and  the 
figures  of  the  planets  themselves  depend  upon  their  rotations.  The  S3anmetry  of  their  inter- 
nal structure  proves  the  stability  of  these  rotatory  motions,  and  the  immutability  of  the 
length  of  the  day,  which  furnishes  an  invariable  standard  of  time ;  and  the  actual  size  of  the 
terrestrial  spheroid  affords  the  means  of  ascertaining  the  dimensions  of  the  solar  system,  and 
provides  an  invariable  foundation  for  a  system  of  weights  and  measures,  llie  mutual  at- 
traction of  the  celestial  bodies  disturbs  the  fluids  at  their  surfaces,  whence  the  theory  of  the 
tides  and  the  oscillations  of  the  atmosphere.     The  density  and  elasticity  of  the  air,  varjring 
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witii  ercfj  alternation  <^  temperature,  lead  to  the  consideration  of  barometrical  changes,  the 
measurement  of  heights,  and  capillary  attraction  ;  and  the  doctrine  of  sound,  including  the 
theory  of  mumc,  is  to  be  referred  to  the  small  undulations  of  the  aerial  medium.     A  know* 
ledge  of  die  action  of  matter  upon  light  is  requisite  for  tracing  the  curved  path  of  its  rays 
througfa  the  atmosphere,  by  which  the  true  places  of  distant  objects  are  determined,  whether 
in  the  heavens  or  upon  the  earth.     By  this  we  learn  the  properties  and  nature  of  the  sun- 
beam, the  mode  of  its  propagation  through  the  ethereal  fluid,  or  in  the  interior  of  material 
bodies,  and  the  origin  of  colour.     By  the  eclipses  of  Jupiter's  satellites,  the  velocity  of  light 
is  ascertained)  and  that  velocity,  in  the  aberration  of  the  fixed  stars,  furnishes  the  only 
direct  proof  of  die  real  motion  of  the  earth.     The  effects  of  the  invisible  rays  of  light  are 
immediately  connected  with  chemical  action  ;  and  heat,  forming  a  part  of  the  solar  ray,  so 
ittal  to  animated  and  inanimated  existence,  whether  considered  as  invisible  Hght  or  as  a 
qnality,  is  too  important  an  agent  in  the  economy  of  the  creation  not  to  hold  a 
principal  place  in  the  order  of  physical  science,  whence  follows  its  distribution  over  the 
sor&ce  of  the  globe,  its  power  on  the  geological  convolutions  of  our  planet,  its  influence  on 
the  atmosphere  and  on  climate,  and  its  efiects  on  vegetable  and  animal  life,  evinced  by 
the  localities  of  organized  beings  on  the  earth,  in  the  waters,  and  in  the  air.     The  connec* 
tioQ  of  heat  with  the  electrical  phenomena,  and  the  electricity  of  the  atmosphere,  together 
witii  all  its  energetic  eflTects,  its  identity  with  magnetism,  and  the  phenomena  of  terrestrial 
polarity,  can  only  be  understood  (rom  the  theories  of  these  invisible  agents,  and  are  probably 
principal  causes  of  chemical  affinities.     Innumerable  instances  might  be  given  in  illustration 
of  the  immediate  connection  of  the  physical  sciences,  most  of  which  are  united  more  closely 
by  the  oommon  bond  of  analysis,  which  is  daily  extending  its  empire,  and  will  ultimately 
embrace  almost  every  subject  in  nature  in  its  formulae." 

Expensive  i^paratus  was  formerly  considered  as  essential  to  the  study  of  science  in  any 
osefnl  or  tangible  form ;  this  however  is  as  erroneous  as  it  is  to  suppose  that  highly  aristo- 
cntic  establishments  are  essential  to  a  well-grounded  acquaintance  with  the  principles  of 
msthfmatical  study.  Who  is  there  who  has  not  heard  of  the  unassisted  labours  of  James 
Fergoaoii  tiie  shepherd  boy  ?  For  him  the  figured  volume  of  a  Euclid,  and  the  laborious  in- 
vestigatioiii  of  a  Newton,  had  appeared  in  vain,  and  he  carved  out  a  path  of  study  for  himself, 
unaided  by  any  other  light  than  that  of  his  own  powerful  mind.  His  apparatus  consisted 
of  a  few  beads  and  a  piece  of  thread ;  and  with  these  he  marked  the  relative  positions  of  the 
heavenly  bodies,  and  was  enabled  to  show  with  tolerable  accuracy  the  degrees  of  velocity  with 
wkadk  they  moved  through  space. 

The  useless  prolusicm  and  complexity  of  apparatus  formerly  considered  essential  for  ex- 
perimental chemistry  was  a  great  obstacle  to  the  advancement  of  this  science  in  the  last  and 
preceding  centuries ;  and  it  was  only  in  the  ducal  palace  of  Magdeburg,  and  in  the  labora- 
tories of  our  own  Royal  Society,  that  they  were  pursued  with  any  success.  Chemical  ap« 
paratos  was  first  simplified  by  the  celebrated  Priestiey,  who  showed  that  a  few  glass  tubes 
and  a  Florence  fiask  were  all  that  was  essential  to  discoveries  of  the  greatest  magnitude. 

We  may  now  however  proceed  to  trace  in  detail  the  progress  of  some  of  the  most  import^ 
ant  branches  of  science,  commencing  with  the  employment  of  those  simple  mechanical 
af^ifiaiices  which,  on  account  of  their  general  utility,  must  have  evidentiy  earliest  engaged 
the  attention  of  mankind*  To  render  our  view,  however,  intelli^le  to  the  reader,  we  must 
first  examine  the  nature  of  attraction,  and  trace  our  acquaintance  with  that  invisible  yet  all- 
pervading  energy,  which  acts  alike  on  the  vast  frame  of  creation,  guiding  the  planetary  orbs 
in  their  course  dirough  vpace,  and  giving  a  form  and  character  to  the  minutest  drop  of  dew. 

The  great  principle  of  attraction,  in  tbe  Newtonian  sense  of  it,  seems  to  have  been  first  ex* 
amined  by  Copemieus.  "As  for  gravity,"  says  this  distinguished  philosopher,  '•  I  consider  it 
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aa  nothing  more  than  a  certain  natural  appetence  that  the  Creator  has  impressed  upon  all  the 
parts  of  matter,  in  order  to  their  uniting  or  coalescing  into  a  globular  form,  for  their  better 
preservation ;  and  it  is  credible  that  the  same  power  is  also  inherent  in  the  sun,  and  moon, 
and  planets,  that  those  bodies  may  constantly  retain  that  round  figure  in  'which  we  behold 
them/*     Kepler  calls  gravity  a  mutual  and  corporeal  afifection  between  similar  bodies,  acting 
so  as  to  produce  their  union ;  and  he  afterwards  more  positively  asserts  that  no  bodies  what- 
ever were  absolutely  light,  but  only  relatively  so,  and  consequently  that  all  matter  was  sub- 
ject to  gravitation.     Lord  Bacon  and  Dr.  Gilbert  come  next  in  order,  though  they  added  but 
little  to  our  knowledge  on  the  subject ;  and  we  must  look  to  Newton  for  the  first  correct 
notions  in  connection  with  gravitation.     The  ancient  attraction  was  supposed  to  be  a  kind 
of  quality  inherent  in  certain  bodies  themselves,  and  arising  from  their  particular  or  specific 
forms.     The  Newtonian  attraction  is  a  more  indefinite  principle,  and  he  states  that  he  uses 
the  words  attraction,  impulse,  and  propulsion  to  the  centre,  indifferently  ;  and  cautions  the 
reader  not  to  imagine  that  by  attraction  he  expresses  the  modus  of  the  action,  or  the  efiicient 
cause  thereof,  as  if  there  were  any  proper  powers  in  the  centres,  which  in  reality  are  only 
mathematical  points;    or  as  if  centres  could  attract.      So  that  he  considers  centripetal 
powers  as  attractions,  though,  physically  speaking,  it  were  perhaps  more  just  to  call   them 
impulses, and  he  concludes  by  observing  that  what  he  calls  attraction  "may  possibly  be  effected 
by  impulse,  though  not  a  common  or  corporeal  impulse,  or  after  some  other  manner  unknown  to 
us.  Attraction,  if  considered  as  a  quality  arising  from  the  specific  forms  of  bodies,  ought  there- 
fore, with  the  whole  list  of  absurd  occult  qualities,  to  be  exploded.     But,  when  we  have  set 
these  aside,  there  will  remain  innumerable  phenomena  of  nature,  and  particularly  the  gravity 
or  weight  of  bodies,  or  their  tendency  to  a  centre,  which  argue  a  principle  of  action  seem- 
ingly distinct  from  impulse,  where  at  least  there  is  no  sensible  impulsion  concerned.     Nay, 
what  is  more,  this  action  in  some  respects  differs  from  all  impulsion  we  know  of,  impulse  be- 
ing always  found  to  act  in  proportion  to  the  surfaces  of  bodies,  whereas  gravity  acts  accord- 
ing to  their  mass,  and  consequently  must  arise  from  some  cause  that  penetrates  or  pervades 
the  whole  substance  of  the  body.     This  unknown  principle — ^unknown,  we  mean,  in  respect  of 
its  cause,  for  its  phenomena  and  effects  are  most  obvious — ^with  all  the  species  and  modifica- 
tions thereof,  we  call  attraction,  which  is  a  general  name  under  which  all  mutual  tendencies, 
where  no  physical  impulse  appears,  and  which  cannot  therefore  be  accounted  for  from  any 
known  laws  of  nature,  may  be  ranged." 

Attraction  may  be  divided,  with  respect  to  the  law  it  observes,  into  two  kinds.  Firstly, 
that  which  extends  to  a  sensible  distance.  Such  are  the  attraction  of  gravity,  found  in  all 
bodies ;  and  the  attraction  of  magnetism  and  electricity,  found  in  particular  bodies.  For  an 
account  of  the  laws  and  phenomena  of  each,  see  their  respective  articles  in  this  cyclopaedia. 

The  attraction  of  gravity,  called  also  among  mathematicians  the  centripetal  force,  is 
one  of  the  greatest  and  most  universal  principles  in  all  nature.  We  see  and  feel  it  operate 
upon  bodies  near  the  earth,  and  find  by  observation  that  the  same  power  operates  on  the  other 
planets,  primary  as  well  as  secondary ;  and  even  that  this  is  the  very  power  by  which  they 
are  all  retained  in  their  orbits,  &c.  And  hence,  as  gravity  is  found  in  all  the  bodies  that 
come  under  our  observation,  it  is  easily  inferred,  by  one  of  the  settled  rules  of  philoso- 
phising, that  it  obtains  in  all  others ;  and,  as  it  is  found  to  be  as  the  quantity  of  matter  in 
each  body,  it  must  be  inherent  in  every  particle,  and  hence  every  particle  in  nature  b  proved 
to  attract  every  other  particle. 

From  attraction  then  arises  all  the  motion,  and  consequently  all  the  mutation,  in  the 
physical  world.  By  this  heavy  bodies  descend,  and  light  ones  ascend ;  by  this  projectiles  are 
directed,  vapours  and  exhalations  rise,  and  rains,  &c.,  fell.  By  this  rivers  glide,  the  air 
presses,  and  the  ocean  swells,  in  obedience  to  the  laws  which  regulate  the  tides. 
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We  may  now  notice  that  species  of  attraction  which  does  not  extend  to  sensible  dis- 
tances. Such  is  found  to  obtain  in  the  minute  particles  whereof  bodies  are  composed,  and 
which  attract  each  other  at  or  extremely  near  the  point  of  contact,  with  a  force  much  superior 
to  that  of  gravity,  but  which  at  any  distance  from  it  decreases  much  faster  than  thej)ower  of 
gravity.  This  is  termed  the  attraction  qf  cohesion,  as  being  that  by  which  the  atoms  or 
insensible  particles  of  bodies  are  united  into  sensible  masses. 

Tliis  latter  kind  of  attraction  owns  Sir  Isaac  Newton  for  its  discoverer,  as  the  former 
does  for  its  improver.  But,  besides  the  common  laws  of  sensible  masses,  the  minute  parts 
they  are  composed  of  are  found  subject  to  some  others,  which  are  thus  illustrated  by  New- 
ton : — ••  In  virtue  of  these  powers,"  he  says,  *'  the  small  particles  act  on  one  another  even 
at  a  distance ;  and  many  of  the  phenomena  of  n&ture  are  the  result  thereof.  Sensible 
bodies  act  on  one  another  in  divers  ways  ;  and  we  thus  perceive  the  tenour  and  course  of 
nature.  It  appears  highly  probable  that  there  may  be  other  powers  of  the  like  kind  ;  nature 
being  very  uniform  and  consistent  with  herself.  Those  just  mentioned  reach  to  sensible 
distances,  and  so  have  been  observed  by  vulgar  eyes  ;  but  there  may  be  others  which  reach 
to  snch  smaU  distances  as  have  hitherto  escaped  observation ;  and  it  is  probable  electricity 
may  reach  to  such  distances  even  without  being  excited  by  friction." 

These  phenomena,  "  in  virtue  whereof  the  particles  of  the  bodies  above  mentioned  tend 
towards  each  odier,"  Newton  calls  by  a  general  indefinite  name  attraction,  which  is 
equally  applicable  to  all  actions  by  which  distant  bodies  tend  towards  one  another,  whether 
by  impulse  or  by  any  other  latent  power ;  and  from  hence  he  accounts  for  an  infinitude 
of  phenomena,  otherwise  inexplicable,  to  which  the  principle  of  gravity  is  inadequate. 
•'  Thus,**  adds  our  author,  "  will  nature  be  found  very  conformable  to  herself  and  very 
8inq>le,  performing  all  the  great  motions  of  the  heavenly  bodies  by  the  attraction  of  gravity, 
which  pervades  those  bodies,  and  almost  all  the  small  ones  of  their  parts,  by  some  other  at- 
tractiTe  power  diffused  through  the  particles  thereof.  Without  such  principles,  there  never 
would  have  been  any  motion  in  the  world ;  and  without  the  continuance  thereof  motion 
would  soon  perish,  there  being  otherwise  a  great  decrease  or  diminution  thereof,  which  is 
only  sui^lied  by  these  active  principles.'* 

The  attraction  which  subsists  between  the  particles  of  fluid  bodies  was  first  investigated 
by  the  Academy  del  Cimento.  But  the  completest  series  of  experiments  on  capillary  action 
was  made  by  our  countryman  Hauksbee.  He  proved  that  it  is  not  affected  by  atmospheric 
pressure,  and  succeeds  equally  well  in  vacuo ;  he  showed  the  ascent  of  water  and  other 
liquids  between  proximate  glass  plates,  and  compared  it  with  the  rise  in  narrow  tubes ;  an  d 
be  ascertained  the  elevation  to  be  always  inversely  as  the  vridth  of  the  bore  or  the  separa- 
tion of  the  plates.  He  found  that  the  same  property  belongs  ^to  marble  and  brass,  and 
remarked  the  ascent  of  water  in  an  open  barometer  tube  filled  with  fine  ashes.  Dr.  Brooke 
Taylor  likewise  performed  several  ingenious  experiments  cm  this  subject :  having  joined 
two  plates  of  glass  at  their  vertical  sides  so  as  to  form  a  sharp  wedge,  he  dipped  it  in  a 
vess^  of  water,  and  observed  the  liquid  to  rise  and  form  a  rectangular  h3rperbola,  thus 
dearly  exhibiting  the  relation  of  the  ascent  to  the  interval  between  the  proximate  surfaces- 
Bat  he  pursued  the  phenomena  of  corpuscular  attraction  still  further,  and  measured  the  ad- 
hesion of  a  disk  of  glass  to  water  and  mercury.  Seventy  years  afterwards  this  enquiry  was 
resumed  by  the  celebrated  Ouyton  Morveau,  who  endeavoured  to  ground  upon  it  the  che- 
mical theory  of  elective  attraction.  The  attempt  however  was  fallacious,  because  the  force 
required  to  detach  a  disk  of  glass,  marble,  or  metal,  from  a  surface  of  water  or  mercury^  is 
not  a  single  effort,  but  combines  the  adhesion  of  the  liquid  particles  to  the  solid  with  their 
cohesion  to  each  other.  In  1718,  Dr.  Jnrin,  being  led  to  examine  the  phenomena  of  capil- 
lary attraction,  proposed  a  theory  for  their  explication  which  seemed  at  least  plausible.     He 
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rightly  ascribed  the  rise  of  water  in  the  cavity  of  the  tube  to  the  close  attraction  of  the  in- 
ternal surface  of  the  glass,  though  he  did  not  perceive  the  way  in  which  that  force  must  act. 
He  fancied  the  suspension  of  the  slender  coluBin  of  liquid  to  be  caused  by  the  cUtraction  of 
the  ring  of  glass  immediately  above  its  summit  But  such  an  assumption  was  quite  illusory ; 
for  the  ring  below  that  limit  would  evidently  exert  an  equal  force  in  the  opposite  direction, 
and  thus  extinguish  the  influence  of  the  former. 

It  is,  however,  to  Segner  that  we  are  indebted  for  the  first  accurate  view  of  the  theory 
of  capillary  attraction.  He  took  up  the  subject  in  1754,  and  gave  a  different  solution,  dis- 
tinguished by  its  depth,  ingenuity,  and  general  accuracy.  Assuming  as  a  principle,  that 
the  attractive  energy  is  confined  to  a  mere  exterior  film  of  the  liquid,  he  found  the  curve  of 
the  upper  surface  to  be  what  is  called  the  Lintearia,  or  the  cavity  of  an  inflated  sail  formed 
by  a  uniform  tension.  The  results  he  obtained  were  perfectly  accordant  with  the  pheno- 
mena, except  in  the  figure  of  a  drop  of  water,  in  the  determination  of  which  he  had«  from 
overlooking  the  double  curvature,  committed  a  small  error. 

Nearly  half  a  century  more  elapsed  before  any  further  attempt  deserving  notice  was  made 
to  improve  the  theory  of  capillary  attraction.  In  1804,  the  late  lamented  Dr.  Thomas  Young 
resumed  the  investigation  of  this  subject,  and  obtained  a  very  complete  solution,  but  which 
required  the  admission  of  a  repulsive  force  among  the  particles  of  the  liquid  at  a  certain 
small  distance.  These  investigations  were  subsequently  resumed  by  Mr.  Ivory,  who  threw 
considerable  light  on  the  subject  of  capillary  attraction. 

The  attraction  which  results  from  a  disturbance  in  the  electrical  equilibrium  may 
next  be  adverted  to.  There  were  some  very  ridiculous  doctrines  taught  by  the  ancient 
schoolmen  in  connection  with  this  species  of  attractive  energy.  They  believed  that  there 
were  sympathies  between  different  bodies  which  caused  them  to  attract  others  and  elicit 
light  when  they  were  excited  by  friction.  The  whole  train,  however,  of  these  absurdities 
have  been  swept  away  by  the  discoveries  of  Franklin,  Davy,  and  Faraday.  .  The  apparatus 
employed  by  the  early  experimentalists  in  this 
branch  of  science,  though  very  inefficient,  was 
yet  sufficiently  simple.  Mr.  Grey,  who  was 
resident  in  the  Charter  House  early  in  the  last 
eentury,  was  an  ingenious  electrical  philosopher. 
He  is  represented  with  his  apparatus  in  the  sub- 
joined sketch.  He  was  enabled  to  raise  light 
pieces  of  paper  by  exciting  a  glass  tube,  and  his 
apartments  oecame  the  resort  and  wonderment 
of  the  little  knot  of  philosophers  who  flourished  at  the  period,  and  whose  proceedings 
w^re  carefully  chronicled  by  several  members  of,  the  Royal  Society. 

This  ingenious  philosopher  was  also  enabled  to  give  a  spark  to  the  finger  when  presented 
to  the  tube,  as  is  shown  in  the  other  portion  of  the  figure.  When  Mr.  Grey  wished  to  in- 
crease the  power  of  his  apparatus,  he  went  out  into  his  balcony,  and  then,  by  the  agency 
of  a  long  piece  of  wire  suspended  by  a  silk  thread,  he  obtained  a  sufficient  conducting  sur* 
face  for  his  purpose.  We  cannot  in  the  present  place  pause  to  compare  this  pigmy  and  iU- 
«ssorted  apparatus  with  the  giant  machines!  employed  in  the  Teylerian  Museum,  which 
melted  bars  of  metal,  burnt  combustible  bodies,  illuminated  the  apartment,  and  indeed  exhi- 
bited all  the  terrific  phei^on^ena  of  the  very  bolts  of  heaven.  But  it  is  a  curious  and 
interesting  task  to  trace  these  incipient  efibrts  of  philosophy  in  her  infemcy,  as  a  little  more 
glass  and  metal,  aide4  by  a  little  more  experience,  would  have  converted  Mr.  Grey's  appa- 
ffttMA  into  one  fitted  for  the  lecture- table  in  the  present  day, 

l^trictly  speaking,  the  science  of  n^echi^nics  incliides  the  laws  of  matter,  motion,  and  force. 
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The  first  of  these  possesses  the  attributes  of  solidity  and  inertise ;  it  is  divi^tible  as  far  as  our 
senses  or  even  our  imagination  can  go,  but  we  are  certain  that  its  ultimate  particles  must  be 
indiTisible,  or  at  least  that  they  are  never  divided  in  the  operations  of  nature.  In  tlie  proper 
sense  of  the  term,  no  matter  is  solid ;  for  no  mass  is  destitute  of  pores  into  which  other  sub- 
stances may  not  be  introduced.  Thus  wood  contains  air  between  its  fibres,  and  air  contains 
mter  diffused  in  it  in  the  state  of  vapour.  With  reference  to  the  actual  solidity  of  the 
particles  of  which  firm  bodies  are  composed,  it  appears  certain  that  they  act  on  each  other 
without  really  being  in  contact,  by  means  of  powers  connected  with  them»  put  in  operation 
by  the  Author  of  all  things.  Where  the  forces  act  with  great  intensity,  the  body  presents 
the  quality  of  hardness,  resisting  any  attempt  to  separate  the  particles :  where  their  sphere  of 
aetum  is  of  some  extent,  it  is  termed  elastic,  and  possesses  the  power  of  resuming  its  original 
dimensions,  when  the  power  which  compressed  or  extended  it  ceases  to  act.  If  the  repulsive 
force  be  diminished,  or  the  cohesive  increased,  the  bulk  of  the  body  must  diminish,  as  when 
it  is  compressed  by  an  external  force,  or  when  its  temperature  is  reduced.  That  being  always 
an  antagonist  to  cohesion,  by  its  action  solids  become  fluid,  and  liquids  are  changed  into 
vapours,  the  intermediate  steps  being  marked  and  measured  by  their  expansion. 

Inertia  is  a  term  invented  to  express  that  quality  of  matter  by  which  it  is  indifferent  as  to 
lett  or  motion,  that  passiveness  to  every  impulse  which  is  so  decidedly  its  attribute.  Were 
there  no  other  being  in  the  universe  it  must  be  for  ever  unmoved  and  dead ;  were  it  once  put 
in  motion  it  must  move  for  ever :  and  they  who  dreamed  that  the  universe  was  caused  by  a 
fortuitous  concourse  of  atoms  showed  their  absolute  want  of  observation.  That  matter  has 
no  power  to  put  itself  in  motion  every  one  wiU  readily  admit ;  but  it  is  thought  by  some 
difficult  to  conceive  how  it  can  be  indifferent  to  rest.  At  the  first  view  it  appears  that  all 
motions  decay,  and  that,  as  some  cause  is  required  for  their  beginning,  so  it  is  necessary  to 
muT"*^'^  them ;  but,  if  we  exaniine  more  minutely,  we  find  that  there  exist  around  us  phe- 
nomena capable  of  producing  this  loss  of  motion,  and  to  which  therefore  it  must  be  attributed, 
such  as  the  resistance  of  the  air,  friction,  stiflPness  of  cordage,  &c.  If  these  be  diminished 
(for  they  can  never  be  removed),  the  motion  is  prolonged,  and  to  such  a  degree  as  decidedly 
diows  tiiat  if  they  were  entirely  removed  the  motion  would  be  perpetual.  The  quality  of 
abecdute  inertia  belongs  only  to  matter  in  the  abstract ;  for  every  atom  of  it  with  which  we 
are  acquainted  acts  on  others,  being  the  vehicle  of  the  energies  by  which  the  Oovemor  of 
the  untverse  has  ordered  his  works  to  be  swayed. 

We  have  seen  that  gravitation  resides  in  every  particle  of  the  solar  system ;  electricity, 
magnetism,  and  heat,  are  in  this  globe  almost  omnipresent;  and  the  actions  of  bodies  on 
figlit,  and  the  play  of  chemical  affinities,  indicate  the  existence  of  countless  forces  resident 
in  matter.  But  the  effects  of  these  are  obviously  distinct  from  the  formation  of  matter  itself, 
and  cannot  be  explained  by  any  mateiiid  agency :  besides,  we  see  that  they  cannot  affect  our 
conclusions,  for  in  our  enquiries  v^eare  aware  of  their  influence,  and  allow  for  it,  considering 
them  as  unconnected  with  matter ;  as  instances,  we  reason  as  if  rocks  were  inflexible,  cords 
pliable,  and  machinery  void  of  weight,  but  merely  conveyers  of  forces,  and  we  obtain  conclu- 
stoDs,  true  only  in  the  abstract,  but  capable  of  being  cotrected  for  paiticular  circumstances. 

The  sources  of  motion  with  which  we  are  acquainted  are,  the  energy  of  animated  beings, 
the  forces  to  which  we  have  already  alluded  as  Implanted  in  matter,  and  the  impulsion  of  a 
body  which  communicates  its  motion  to  another,  this  last  being  scarcely  entitled  to  the 
name  of  force. 

Where  one  body  communicates  force  to  another,  the  quantities  of  motion  lost  and  gained 
are  equal,  and  they  are  measured  by  the  quantities  of  matter  multiplied  into  the  velocities ; 
thus,  if  the  striking  body  be  doubled,  its  quantity  of  motion  must  be  doubled,  and  if  its 
velocity  also  be  doubled  its  motion  is  fourfold ;  and  in  the  same  way  when  a  disturbing  force 
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generates  motion  its  energy  is  as  the  product  of  the  mass  moved  into  the  vdocity  produced. 
The  strength  of  animals  is  more  manageable  than  most  other  movers;  but  the  employment  of 
it  is  narrowed  by  the  limited  velocity  which  they  can  produce*  and  by  the  variable  nature  of 
their  exertions ;  and  it  is  too  often  attended  with  circumstances  revolting  to  humanity. 

The  most  powerful  forces  which  man  has  subjected  to  his  industry  are  those  of  gravita- 
tion and  expansion.  A  mass  of  solid  matter  descending  from  a  height,  a  stream  of  water,  and 
a  current  of  air,  afford  potent  movers,  which  are  made  useful  by  means  of  machinery.  Still 
more  energetic  are  the  forces  causing  expansion ;  and  the  elastic  force  of  steam,  and  the  yet 
more  formidable  agency  of  gunpowder,  give  the  means  of  exciting  almost  unlimited  velocity. 
To  devise  the  means  of  applying  these  to  use  in  the  most  advantageous  manner  is  the  object 
of  practical  mechanics,  and  for  the  perfection  of  this  art  both  theory  and  experiment  must 
lend  their  aid,  as  it  is  equally  absurd  to  despise  the  investigations  of  the  analyst  without 
understanding  them,  and  to  found  elaborate  researches  on  false  data. 

Now  the  mechanical  powers,  as  they  are  called,  are  usually  employed  to  counteract  the 
effects  of  gravitation,  and  to  produce  effects  which  the  unassisted  powers  of  man  could  not 
otherwise  accomplish  ;  and  it  is  astonishing  how  small  is  the  change  which  time  has  effected 
in  their  arrangement.  It  is  true  that  amazing  advantages  have  been  effected  by  their 
combination,  but  the  elementary  instruments  were  as  well  understood  by  Archimedes  as  by 
the  philosophers  of  the  present  day. 

Without  such  instruments  it  would  rarely  be  possible  to  use  any  force  except  human 
strength,  and  the  employment  even  of  this  would  be  very  limited.  In  the  least  complicated 
of  all  mechanical  efforts,  that  of  raising  a  large  weight  as  soon  as  it  exceeded  the  strength 
of  one  labourer,  a  great  difficulty  would  be  experienced ;  and  the  average  force  of  each 
individual  would  be  proportionably  less  as  their  number  increased.  If,  however,  one  man, 
by  the  aid  of  any  mechanical  instrument,  can  act  against  a  force  equal  to  tenfold  his 
ordinary  strength,  and  at  the  same  time  it  be  easy  to  combine  the  efforts  of  many  with 
undiminished  effect,  there  can  be  no  limits  to  the  tasks  which  they  may  perform.  No  force 
is  generated  in  machines.  All  that  is  effected  by  them  is  to  move  a  light  body  with  speed,  or 
a  great  weight  slowly ;  and  therefore  they  who  have  sought  for  a  perpetual  motion  by  the 
aid  of  machinery  have  but  displayed  their  ignorance  of  the  first  elements  of  mechanics. 

The  implements  employed  by  the  early  mechanics  were  usually  of  the  most  simple 
character ;  a  bar  of  wood,  or  a  mound  of  earth,  i^pears  to  have  served  for  the  elevation  of 
large  stones  that  even  in  the  present  day  would  seem  to  require  much  more  complicated 
apparatus.  In  our  own  island,  even  after  the  invasion  of  the  Roman  power,  when  the  arts 
and  civilization  of  the  conquerors  of  the  world  might  have  taught  the  aboriginal  inhabitants 
the  use  of  mechanical  inventions,  we  still  find  them  in  the  most  lamentable  state  of  ignorance. 
The  vast  horizontal  stones  which  still  form  part  of  the  Druidical  circle  at  Stonehenge  have 
evidently  been  raised  by  the  agency  of  an  inclined  plane  of  earth ;  but,  as  this  subject  has 
excited  much  controversy  amongst  antiquaries,  we  had  better  illustrate  the  matter  by  a 
diagram. 

If  we  suppose  the  perpendicular  stones 
to  be  erected,  as  shown  in  the  fig^ure,  a 
mound  of  earth,  forming  an  inclined  plane, 
will  readily  suffice  for  placing  the  horizontal 
stone  in  its  proper  situation.  The  earthen 
plane  may  afterwards  be  removed,  and  thus  - 
all  trace  of  the  original  process  destroyed.  By  an  arrangement  of  this  kind,  the  cele- 
brated traveller  Belzoni  was  enabled  to  remove  masses  of  stone  which  would  otherwise  have 
defied  his  utmost  exertions.     It  must  still,  however,  be  borne  in  mind  that  a  much  greater 
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io80  of  power  ^m  friction  results  from  the  use  of  these  primeval  machines  than  when  the 
improred  imi^ements  of  science  are  resorted  to.  In  ancient  times,  whole  nations  of  slayes 
were  employed  to  raise  pyramids  and  erect  monuments,  by  which  their  energies  were  wasted 
and  their  lives  ultimately  destroyed,  merely  to  g^tify  the  caprice  of  a  successful  inyader ; 
while  at  the  present  period  we  are  enabled  to  effect  much  greater  works  by  the  agency  of 
machinery,  and  that  too  almost  unassisted  by  human  labour.  An  ingenious  foreigner  has 
published  an  estimate  of  the  mechanical  force  set  in  action  by  the  steam-engines  of  this 
country.  He  supposes  that  the  great  pyramid  of  Egypt  required  for  its  erection  the  labour 
of  more  than  100,000  men  for  twenty  years ;  but  that  if  it  were  required  again  to  raise  the 
stones  from  the  quarries,  and  place  them  at  their  present  height,  the  action  of  the  steam- 
engines  of  Eng^d,  which  are  managed  at  most  by  36,000  men,  would  be  sufficient  to 
produce  the  same  effect  in  eighteen  hours.  ^ 

A  good  notion  of  the  ordinary  pursuits  of  the  early  mechanicians  may  be  derived  from 
their  singular  predilection  for  the  construction  of  automata.  The  labour  of  a  life-time  was 
frequentiy  devoted  to  the  construction  of  a  single  figure.  Among  the  ancients,  Daedalus  was 
frmed  for  constructing  machines  that  imitated  the  motions  of  the  human  body.  Certain 
statues  of  his,  it  is  said,  had  the  power  of  moving  about,  and  would  run  away  unless  forcibly 
detained.  Aristotle  speaks  of  these  in  his  treatise  De  Anima,  and  affirms  that  the  effect  was 
produced  by  concealed  quicksilver.  This,  however,  could  not  be  the  case,  unless  the  automata 
moved  on  a  descending  plane,  like  the  Chinese  toy  called  a  tumbling  mandarin,  which,  by 
means  of  mercury  contained  in  the  cavity  of  its  body,  is  made  to  descend  a  series  61 
steps.  Friar  Bacon  and  Albertus  Magnus  both  exercised  their  ingenuity  in  the  construction 
of  androtdes,  which  appeared  so  wonderful  to  the  ignorant  multitude  as  to  draw  upon  their 
inventors  the  dangerous  imputation  of  being  addicted  to  magic  Bacon  is  said  to  have  con- 
structed a  brazen  image  capable  of  speaking ;  and  Albertus  Magnus  formed  an  artificial 
man,  in  the  construction  of  which  he  spent  thirty  years  of  his  life.  This,  we  are  told,  was 
broken  to  pieces  by  Aquinas,  who  came  to  see  it,  purposely,  that  he  might  boast  how  in  one 
minute  he  had  rendered  fruitiess  the  labour  of  so  many  years. 

But  these  singular  mechanical  contrivances  have  also  engaged  the  attention  of  many 
modem  mechanics.  Vaucanson  invented  some  which  are  thus  described  by  Beckman : — 
"One  of  them,  which  represented  a  flute-player  sitting,  performed  twelve  tunes,  and, 
as  we  are  assured,  by  wind  issuing  from  its  mouth  into  a  (German  flute,  the  holes  of  which 
it  opened  and  shut  with  its  fingers.  The  second  was  a  standing  figure,  which  in  like 
manner  played  on  the  proyen9al  shepherd's  pipe,  which  it  held  in  its  left  hand,  and  with  the 
right  beat  upon  a  drum.  The  third  was  a  duck,  of  the  natural  size,,  which  moved  its  wings, 
exhibited  all  the  gestures  of  that  animal,  quacked  like  a  duck,  drank  water,  ate  com,'*  &c. 

A  celebrated  machine  of  this  kind,  constructed  by  the  younger  M.  Droz,  of  the  Chaux 
de  Fronds,  is  thus  described  by  Mr.  T.  Collinson,  in  a  letter  to  Dr.  Hutton,  published  in 
tiiat  gentleman's  Mathematical  Dictionary : — "  Permit  me  to  speak  of  another  automaton  of 
Droz'Sy  which  several  years  since  he  exhibited  in  England,  and  which,  from  my  perscmal 
acquaintance,  I  had  a  commodious  opportunity  of  examining.  It  was  a  fig^ure  of  a  man,  I 
tiiink  the  size  of  life.  It  held  in  its  hand  a  metal  style :  a  card  of  Dutch  vellum  being  laid 
under  it,  a  spring  was  touched,  which  released  the  internal  clock-work  from  its  stop,  when 
the  figure  iqimediately  began  to  draw.  M.  Droz,  happening  once  to  be  sent  for  in  a  great 
hurry  to  wait  upon  some  considerable  personage  at  the  west  end  of  the  town,  left  me  in 
possession  of  the  keys  which  opened:  the  recesses  to  all  his  machinery.  He  opened  the 
drawing-master  himself,  wound  it  up,  explained  its  leading  parts,  and  taught  me  how  to 
make  it  obey  my  requirings,  as  it  had  obeyed  his  own :  M.  Droz  then  went  away.  After 
the  first  card  was  finished,  the  figure  rested.     I  put  a  second,  and  so  on  to  five  separate 
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ourdf ,  all  diffSerent  sobjectB ;  but  five  or  six  was  the  extent  of  its  delineating  powers.  The 
first  card  contained,  I  may  truly  say,  elegant  portraits  and  likenesses  of  the  king  and  queen, 
fticing  each  other ;  and  it  was  curious  to  observe  with  what  precision  the  figure  lifted  up  his 
pencil  in  the  transition  of  it  from  one  point  in  the  draught  to  another,  without  making  the 
least  slur  whatever :  for  instance,  in  passing  from  the  forehead  to  the  eye,  nose,  and  chin,  or 
from  the  waving  curls  of  the  hair  to  the  ear,  &c. 

M.  Malliardet  constructed  an  automaton  which  exhibited  great  mechanical  skill.  It 
consists  of  a  figure  of  a  boy  resting  on  one  knee,  and  holding  a  pencil  in  his  bands,  with 
which  he  executes  not  only  writings,  but  also  drawings,  equal  to  those  of  the  first  masters. 
When  the  figure  begins  to  work,  an  attendant  dips  the  pen  in  ink,  and  lays  the  paper  on  a 
brass  tablet  before  it,  which  is  adjusted  with  screws  to  the  proper  position.  On  touching  a 
spring  it  then  proceeds,  and  when  the  line  is  finished  it  then  returns  to  dot  and  cross  the 
letters,  when  this  operation  is  required.  In  this  way  it  executes  four  beautiful  pieces  of 
writing  in  French  and  EngUsh,  each  consisting  of  several  lines ;  and  three  drawings  of  land- 
scapes; all  of  which  occupy  about  an  hour.  The  figure  also  exhibits  all  the  motions  peculiar 
to  animated  existence*  The  difierent  parts  of  this  machine  are  put  in  motion  by  means  of 
springs ;  and  the  outiine  of  its  work  is  effected  by  the  combination  of  various  levers  or  ellipses 
traversing  the  circumference  of  metal  plates  or  wheels.  The  edge  being  cut  into  different 
shapes  at  different  places  produces  a  corresponding  outline  in  the  communications,  modified 
so  as  to  produce  the  particular  letter  or  line.  The  principal  motions  of  the  hand  are  three, 
two  horizontal  and  one  perpendicular,  by  which  the  thickening  of  the  stroke  by  an  extremely 
delicate  operation  is  effected. 

The  clearness  and  precision  with  which  a  mechanical 
figure  may  exhibit  specimens  of  the  graphic  art  is  beauti- 
fully exhibited  in  the  article  Automaton,  in  which  our 
artist  has  copied  an  original  drawing  made  by  the  figure. 
The  accompanying  engraving  shows  an  automaton  machine 
which  is  now  generally  considered  as  a  combination  of 
mechanical  skill  assisted  by  human  art.  We  have  all  heard 
of  the  automaton  chess-player  executed  by  Kempelen,  and 
the  above  engraving  gives  its  general  i^pearance,  while 
the  dotted  line  shows  the  probable  situation  of  the  human 
adjunct* 

The  chess-idayer  of  M*  de  Kempelen  consists  of  a  figure  as  large  as  life,  dressed  in  a 
Turkish  habit,  and  sitting  behind  a  table  with  doors,  three  feet  and  a  half  in  leng^,  two  in 
depth,  two  and  a  half  in  height,  and  running  on  four  wheels.  The  androides  sits  on  a  chair 
which  is  fixed  to  the  table  or  commode ;  he  leans  his  right  arm  on  the  table ;  in  his  left  he 
holds  a  pipe,  but  with. this  arm  he  plays  when  the  pipe  is  removed,  a  chess-board  of  eighteen 
inches  being  laid  before  him.  The  doors  of  the  conmiode  being  thrown  open,  it  is  seen 
to  contain  wheels,  levers,  cylinders,  and  otiber  pieces  of  mechanism ;  and  in  this  state  the 
machine  is  wheded  about  the  room.  The  vestments  of  the  automaton  are  then  lifted  over 
its  head,  and  the  body  is  seen  full  of  Mmilar  wheels  and  levers*  A  Httie  door  is  opened  in  its 
thigh  for  a  similar  purpose ;  after  which,  every  thing  being  disposed  in  its  place,  the  automaton 
is  ready  to  play,  and  it  always  takes  the  first  move*  At  every  motion  the  wheels  are  heard, 
the  figure  moves  its  head,  and  seems  to  look  over  every  part  of  the  chess-board.  When  it 
checks  the  queen  it  shakes  its  head,  and  thrice  in  giving  check  to  the  king.  It  likewise 
shakes  its  head  when  a  false  move  is  made,  replaces  the  piece,  and  takes  the  move  from  the 
adversary.  It  genlsrally,  though  not  invariably,  vnns  the  game.  M.  de  Kempelen,  or  his 
anbstitute,  was  always  near  the  machine  when  it  played,  and  wound  it  up  like  a  watch 
after  it  had  made  ten  or  twelve  moves.     A  small  square  box  was  frequentiy  consulted  by 
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tlie  exbibitor  during  the  game ;  and  herein,  he  said,  consisted  the  secret,  which  he  could 
rereal  in  a  moment. 

But  we  must  now  pass  to  the  history  of  mechanics  as  applied  to  the  construction  of  ho- 
fulogical  machinery.  Various  and  many  are  the  ages  and  persons  that  claim  the  merit  of  having 
eonstructed  the  first  machine  which  measured  time  by  means  of  gravitating  bodies  as  the  mov- 
ing and  regulating  powers.  (Germany,  however,  certainly  is  the  native  country  both  of  clocks 
and  watches.  In  1544,  a  corporation  of  dock-makers  was  established  in  Paris,  who  secured  to 
themselves  a  complete  monopoly.  They  effected  litUe  indeed  towards  the  improvement  of 
dieir  instruments ;  neither  did  any  important  change  take  place,  until  Hooke,  in  this  country, 
and  Huyghens,  in  Holland,  about  the  year  1658,  introduced  some  valuable  innovations. 
Satce  tiiat  time  the  art  has  been  approadiing  to  its  present  accuracy  as  well  in  France  as  in 
England,  and  the  encouragement  held  out  by  the  governments  of  both  countries  has  tended 
to  excite  a  laudable  emulation.  The  exact  measurement  of  time  is  the  subject  of  horology. 
This  it  is  which  constitutes  the  chief  utiHty  of  the  art  in  civil  life»  and  still  more  for  the  pur- 
poses of  sdence.  Now  tiiis  is  tiie  branch  to  which  the  attention  of  the  English  has  been 
paiticukriy  turned  ever  since  they  engaged  in  it.  The  mode  of  reckoning  time  in  which  the 
French  persist — that  is  to  say,  of  admitting  into  its  exact  computation  the  daily  variations 
arising  from  the  obliquity  of  the  ecliptic  and  the  eccentricity  of  the  orbit  of  the  earth,  must 
lender  superfluous  a  very  steady  march  of  the  tnachines  which  measure  it.  A  chronometer 
adjusted  to  apparent  time  in  November  would,  if  rigorously  examined,  appear  to  have 
kiet  in  February;  whereas,  in  England,  the  variations  of  the  great  luminary  which 
separates  day  from  night  are  reckoned  once  for  all.  In  this  case  the  accuracy  of  the 
instrument  is  immediately  perceived  and  valued,  while  in  the  former  method  it  is  useless,  as 
&e  thing  to  be  measured  has  no  settied  dimensions. 

To  correct  the  apparent  errors  of  a  chronometer  supposed  invariable  two  methods  exist : 
die  one  is  to  do  as  the  mechanics  of  this  country  have  done,  to  correct  the  errors  of  time — 
that  is  to  say,  to  suppose  a  mean  sum  which  shall  be  invariable ;  the  other  is  to  make  the 
machine  follow  the  errors  of  time,  but  this  method  complicates  and  loads  the  works,  and  is 
never  perfect.  Equation  watches,  showing  tiie  difference  between  mean  and  ai^wurent  time, 
were  originally  made  in  England,  but  were  soon  abandoned  as  inadequate  to  the  end 
proposed.  But  the  French  have  persisted  in  the  worst  method  of  correcting  the  error ;  and 
some  of  tiieir  most  emment  artists,  as  the  Le  Roys,  Le  Bon,  Enderlin,  Passemant,  and 
Berthoud,  have  squandered  away  as  much  talent  in  devising  methods  of  maridng  both  mean 
and  apparent  time  by  the  same  instrument  as  if  the  ends  of  navigation  or  the  perfection  of 
chronometry  could  be  promoted  by  success.  The  utmost  that  could  be  gained  would  be 
to  sare,  to  those  who  can  pay  for  such  machines,  the  trouble  of  calculating  the  daily  apparent 
Taxiations  of  an  instrument  too  accurate  always  to  be  true. 

There  is  another  circumstance  worth  noting  in  our  historical  view  of  the  art.  In  the 
year  1676,  the  celebrated  Bark)W  astcmished  the  amateurs  by  his  invention  for  making 
docks  and  watches  repeat  the  hour  at  pleasure.  But,  when  the  novelty  had  subsided, 
few  British  artists  of  eminence  occupied  themselves  about  it ;  while,  in  France,  it  became 
a  study  among  tiie  most  ingenious  and  philosophical  watch-makers;  and  they  who  have  ex- 
celledin  chronometry  are  they  who  have  done  the  most  to  improve  repeaters.  Hence,  then, 
two  English  inventions  in  horology,  the  one  useless,  the  otiier  luxurious,  were  soon  aban- 
doned in  their  native  country  as  not  congenial  with  the  wants  of  society,  and  were  seized 
upon  with  avidity  in  France ;  while  here  the  philosophic  branch  of  the  art  has  been  most 
nnremittin^y  and  successfully  cultivated. 

With  reference  to  the  invention  of  pendulum  clocks,  it  may  be  proper  to  state  that  Huy. 
ghens  was  the^rst  who  explained  the  true  relatioA  between  the  length  of  a  pendulum  and  the 
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time  of  its  least  vibrations,  and  gave  a  rule  by  whicb  the  time  of  the  rectilineal  descent  through 
•  a  line  equal  in  length  to  the  pendulum  might  from  thence  be  deduced.  He  next  applied  the 
pendulum  to  regulate  the  motion  of  a  dock,  and  gave  an  account  of  its  construction,  and 
the  principles  of  it,  in  his  Horologitun  OidUatortum  about  the  year  1670,  though  the  date 
of  the  invention  goes  as  far  back  as  1656.  Lastly,  he  taught  how  to  correct  the  imperfec- 
tion of  a  pendulum,  by  making  it  vibrate  between  cycloidal  cheeks,  in  consequence  of  which 
its  vibrations,  whether  great  or  small,  became  not  approximately,  but  precisely,  of  equal 
duration. 

Robert  Hooke,  a  very  celebrated  English  mechanician^  laid  claim  to  the  same  application 
of  the  pendulum  to  the  clock,  and  the  same  use  of  the  cycloidal  cheeks.  There  is,  however* 
no  real  ground  of  dispute  as  to  the  priority  of  Huyghens's  claim,  the  invention  of  Hooke  being  as 
late  as  1670.  Of  the  cycloidal  cheeks,  he  is  not  likely  to  have  been  even  the  second  inventor. 
Experiment  could  hardly  lead  any  one  to  this  discovery,  and  he  was  not  sufficiently  skilled 
in  the  mathematics  to  have  found  it  out  by  mere  reasoning.  The  fact  is  that,  though  very 
original  ani  inventive,  Hooke  was  jealous  and  illiberal  in  the  extreme ;  he  appropriated 
to  himself  the  inventions  of  all  the  world,  and  accused  all  the  world  of  appropriating  hb. 
It  may  be  right  to  add  that  Oalileo  conceived  the  application  of  the  pendulum  to  the 
clock  earlier,  by  several  years,  than  either  of  the  periods  just  referred  to.  The  invention  did 
great  honour  to  him  and  to  his  two  rivals ;  but  that  which  argues  the  most  profound  thinker 
and  the  most  skilful  mathematician  of  the  three  is  the  discovery  of  the  relation  between  the 
length  of  the  pendulum  and  the  time  of  its  vibration,  and  this  discovery  belongs  exclusively 
to  Huyghens.  The  method  which  he  followed  in  his  investigation,  availing  himself  of  the 
properties  of  the  cycloid,  though  it  be  circuitous,  is  ingenious  and  highly  instructive.  An 
invention,  in  which  Hooke  has  certainly  the  priority  to  any  one,  is  the  application  of  a  spiral 
spring  to  regulate  the  balance  of  a  watch.  It  is  well  known  of  what  practical  utility  this 
invention  has  been  found,  and  how  much  it  has  contributed  to  the  solution  of  the  problem  of 
finding  the  longitude  at  sea,  to  which  not  only  he,  but  Galileo  and  Huyghens,  appear  all  to 
have  had  an  eye. 

In  what  respects  the  theory  of  motion,  Huyghens  has  yet  another  strong  claim  to  our 
notice.  This  arises  from  his  solution  of  the  problem  of  finding  the  centre  of  oscillation  of  a 
compound  pendulum,  or  the  length  of  the  single  pendulum  vibrating  in  the  same  time  with 
it.  Without  the  solution  of  this  problem,  the  conclusions  respecting  the  pendulum  were 
inapplicable  to  the  construction  of  clocks,  in  which  the  pendulums  used  are  of  necessit}' 
compound. 

We  have  now  to  trace  the  history  of  a  very  important  application  of  the  pendulum.  This 
instrument  was  first  proposed  as  an  invariable  standard  of  length  by  Huyghens ;  but  Derham 
appears  to  have  been  the  earliest  who  made  experiments  to  determine  its  precise  length 
when  employed  for  that  purpose.  Desaguliers  and  Graham  also  pursued  the  subject.  The 
numerous  difficulties,  however,  which  attended  the  enquiry,  caused  it  for  some  time  to  be 
abandoned.  The  author  of  Hudibra$,  who  most  vehementiy  satirized  the  Royal  Society, 
and  especially  its  active  member,  Sir  Paul  Neale,  littie  imagined  what  would  be  the  result 
of  their  labours  in  this  respect  when  he  ridiculed  the  society's  early  attempt  to  form  a 
standard  of  measure,  and  accused  them  of  "  vapouring  that — 
•*  the  yibntion  of  this  pendulum 

Should  make  tU  tailors*  yards  of  one  unanimous  opinion." 

In  the  year  1774,  the  Society  for  the  Encouragement  of  Arts,  Manufactures,  and  Com 
merce,  offered  a  reward  of  1 00  guineas  for  a  mode  of  ascertaining  invariable  standards  for 
weights  and  measures,  communicable  at  all  times  to  all  nations ;  and,  this  offer  having  been 
continued  for  three  successive  years,  Mr.  John  Hatton,  a  watchmaker,  proposed,  in  March* 
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1779,  to  obtain  a  measure  by  applying  to  a  pendulum  a  movable  point  of  suspension,  in 
<Mrder  to  ascertain  the  difference  of  length  between  two  portions  successively  made  to  vibrate, 
and  measure  different  known  portions  <^  time.  Mr.  Hatton's  attempt,  for  some  cause  which 
does  not  appear,  was  not  considered  by  the  Society  of  Arts  as  entitled  to  the  reward  which 
they  had  offered,  but  they  presented  the  inventor  with  thirty  guineas.  Some  years  elaspsed 
without  any  thing  further  being  done ;  but,  in  1786,  Mr.  Hatton^s  plan  was  taken  up  by 
Mr.  John  Whitehurst,  and  a  machine  was  constructed  by  him,  an  account  of  which  he 
puUished  in  a  pamphlet,  entitled  An  Attempt  towards  obtaining  Invariable  Measures  of 
Length,  Capacity,  and  Weight,  from  the  Mensuration  qfTime^  independent  of  the  Mechanical 
Operations  requisite  to  ascertain  the  Centre  of  Oscillation,  or  the  true  length  of  Pendulums. 

Whitehurstf  s  apparatus  consisted  of  a  ball  suspended  by  a  £ne  flatted  steel  wire,  forming 
a  pendulum,  the  length  of  which  could  be  varied  by  means  of  an  adjustable  clip,  attached  to 
a  clock  which  gave  motion  to  the  pendulum.  The  pendulum  was  adjusted  to  vibrate  forty- 
two  and  eighty-four  times  in  a  minute,  and  the  distance  between  the  two  positions  of  the 
dip  was  marked  upon  a  brass  rule,  which  distance  was  afterwards  determined  by  Sir  G. 
Shnckbui^h  to  be  59.89358  inches  of  his  standard  scale. 

In  the  year  1790,  we  find  the  French  nation  directing  its  attention  to  a  reform  of  its 
system  oi  weights  and  measures.  It  appears  that  much  diversity -had  prevailed,  and  that 
several  plans  of  reform  had  been  presented  to  the  government,  but  not  acted  upon.  A  decree 
was  therefore  made  by  the  National  Assembly  on  the  subject.* 

In  pursuance  of  this  decree,  a  commission  was. named,  consisting  of  Messrs.  Borda, 
Lagrange,  Monge,  and  Condorcet,  and  their  report  delivered  in  1788  was  published  in  tl^e 
Memoires  de  VAcademie  des  Sciences  for  1791.  Three  fundamental  Units  were  considered 
^r  the  French  commissioners: — 1.  the  length  oi  the  pendulum  vibrating  seconds;  2.  a 
q[iiadrant  of  the  equator ;  and,  3,  a  quadrant  of  the  terrestrial  meridian. 

The  length  of  the  pendulum  vibrating  seconds  was  rejected,  on  the  ground  of  its 
depending  upon  an  arbitrary  division  of  the  day  into  86.400  seconds.  It  was  stated  that 
the  regularity  of  the  terrestrial  equator  was  not  more  certain  than  the  regularity  of  meridians ; 
and  tfaat&e*extentof  the  celestial  arc  corresponding  to  that  measured  upon  the  earth  is  less 
susceptible  of  being  determined  with  precision  on  the  equator  than  upon  a  meridian. 
Finally,  that  every  country  has  a  meridian  passing  tlurough  it,  but  not  an  equator. 

Witiiout  discussing  the  correctness  of  these  opinions,  we  shall  merely  state  that  a  quadrant 
of  the  terrestrial  meridian  was  preferred,  and  the  ten-millionth  part  of  it  was  to  be  taken,  under 
the  name  of  "  metre,^  as  the  unit  of  linear  measure.  For  this  purpose  it  was  proposed  to 
measure  an  arc  of  the  meridian  from  Dunkiric  to  Barcelona,  comprising  more  than  nine 
degrees  and  a  half,  and  this  arc  was  siq)posed  to  be  of  sufficient  length  for  the  purpose. 
At  ^e  same  time  that  this  resolution  was  adopted  it  was  determined  to  make,  under 
the  forty-fifdi  degree  of  latitude,  such  experiments  as  might  serve  to  deduce  the  number  of 
vibrations  which  would  be  nwde  by  a  pendulum  the  length  of  which  should  be  equal  to  the 
ten-nuBionthi  part  of  the  quadrant  of  the  meridian,  in  order  that  this  being  once  known  the 
leagth  of  the  metre  might  be  recovered  by  observations  of  the  pendulum. 

This  grand  work  was  commenced  in  1792  by  M^chain  and  Delambre,  and  carried  on. 


•  Tins  docmneot  is  lo  importaiit  that  we  quote  the  wordi  of  the  reporter  to  the  Assembly :— -"  Le  roi  Hoit 
mxp^Ha  d'^crire  2  S.  M.  Britannique,  et  de  la  prier  d*engager  le  parlement  d*  An^^eterre  i  ooncoonr  aveo 
r  AsMBblte  Natioimle  &  la  fixation  de  1'  iinit6  naturelle  des  mesores  et  des  poids,  afin  que,  sous  les  auspices 
das  deux  natkms,  des  commissionaires  de  1'  Acad6mie  des  Sciences  passent  se  r^onir  en  nombre  6gal  arec  des 
fimbroi  ehoisis  de  la  Soci^  Royal  de  Londres,  daus  de  lieu  qui  seroit  jngk  respectiTement  le  plus  con— 
TeoaUe,  poor  determiner,  a  la  latitude  de  quarante-cinq  d^gr^s,  ou  toute  autre  latitude  qui  pourroit  6tre  pr6f(§r£e, 
la  laogueor  da  pendole,  et  en  d^uire  nn  module  invariable  poor  toutes  les  mesures,  et  pour  tons  les  poids." 
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amidst  the  horrors  of  the  rerolatioii^  with  a  perseverance,  zeal,  and  sciencey  which  reflect  the 
highest  honour  upon  those  engaged  in  it.  Messrs.  Biot  and  Arago  were  occupied  at 
the  same  time  in  experiments  on  the  pendulum ;  and  a  few  years  afterwards  these  eminent 
philosophers  were  directed  to  extend  the  meridional  observations  southward  to  Formentara, 
one  of  the  Balearic  Isles ;  and  having,  by  means  of  general  Roy's  triangles,  extended  the 
arc  to  Greenwich,  the  whole  comprised  an  extent  of  nearly  thirteen  degrees* 

But,  however  valuable  we  may  consider  this  work  in  a  scientific  point  of  view,  we  cannot 
give  it  a  preference  as  a  standard  of  measure  to  the  length  of  the  pendulum ;  and,  indeed, 
the  French  themselves,  though  they  ncnninally  rejected  the  pendulum,  did,  in  huct,  virtually 
adopt  it  as  the  readiest  means  by  which  the  metre,  if  lost,  might  be  recovered.  It  is 
true  that  if  two  points  be  determined  upon  a  terrestrial  meridian,  by  means  of  their, 
latitudes,  these  points  might,  if  lost,  be  recovered  by  repeating  the  observations. 

But,  as  this  depends  upon  the  precise  determination  of  latitude,  any  circumstance 
which  interferes  with  this  element  will  materially  affect  the  accuracy  of  the  result.  Now, 
it  is  well  known  that  the  plumb-line  will  be  drawn  from  its  perpendicular  position  by  the 
attraction  of  any  neighbouring  mountain,  or  by  inequality  in  the  density  of  the  surrounding 
strata.  As  long  as  the  observations  are  confined  to  the  same  points  on  the  same  meridian, 
we  may  expect  to  obtain  results  differing  only  by  the  unavoidable  errors  of  observation ;  but 
on  any  other  portion  of  the  same,  or  under  a  different  meridian,  we  are  liable  to  errors  from 
local  attraction,  the  amount  of  which  cannot  be  accurately  appreciated.  This  will  sufficiently 
i^pear  by  an  examination  of  the  French  arc,  in  the  middle  of  which  the  length  of  the  degree 
appears  to  decrease  instead  of  increasing ;  and  a  similar  irreg^ularity  exists  in  the  arc  mea- 
sured in  our  own  country  by  lieutenant-oolonel  Mudge,  in  the  course  of  the  trigonometrical 
survey,  the  degrees  aj^earing  to  decrease  in  length  in  proceeding  northwards,  instead  of 
progressively  becoming  longer.  The  anomaly  is  now  known  to  have  been  occasioned  by  a 
deflection  of  the  plumb-line  of  the  zenith  sector,  either  at  Arbury  Hill  or  at  Clifton,  amount- 
ing to  more  than  five  seconds.  The  length  o£  the  pendulum  also  b  in  some  degree  influenced 
by  irregularity  of  density  in  the  atmosphere ;  but  the  error  to  be  i^prehended  in  the  case 
of  the  pendulum  is  much  less  than  in  the  determination  of  the  length  of  an  arc  of  the 
meridian. 

In  the  Phitos^ical  Transacttom  for  1798,  we  find  a  very  valuaUe  communication  by 
Sir  Gkorge  Shudcburgh.  under  the  title  of  An  account  of  gome  Endeavours  to  a$^ 
certoiH  the  Standard  of  Weight  and  Meeuure.  The  author  states  that  he  had,  as  early  as 
the  year  1780,  taken  up  the  idea  of  a  universal  measure,  from  which  all  die  rest  might  be 
derived,  by  a  method  similar  to  that  employed  by  Mr.  Whitehtnst,  and  by  which  all  tiie 
difficulties  arising  in  determining  the  actual  centre  of  motion  and  of  oscillation,  irhu^  had 
so  much  embarrassed  these  experiments,  would  be  got  ofrer. 

After  the  death  of  Mr.  Whitdliunt,  Sir  George  Shndcburgh  obtained  the  apparatus  with 
which  the  experiments  had  actually  been  made;  but,  upon  attpmpting  to  rq»at  tiiem,  the 
wive  by  which  the  ball  was  sospended  (either  firom  rust  or  scane  unknown  conse)  repeatedly 
broke,  after  the  pendulum  had  been  in  action  fifteen  or  twenty  hours ;  and»  having  tried  other 
stronger  wire  with  no  better  aucceas.  Sir  George  Shuddnngh  was  obliged  to  velinquiah  the 
attempt,  and  to  content  himself  with  the  accurate  measurement  of  the  distance  between  the 
marks  left  by  Mr.  Whitehurst,  indicating  the  difference  of  length  between  the  two  pendu^ 
lums,  and  which  was  found,  as  we  have  before  stated,  to  be  equal  to  50.89358  indies  of  hia 
standard  scale. 

This  standard  scale  was  made  for  Sir  George  Shuckburgh  by  Mr.  Troughton,  who 
made  a  copy  of  it  for  Professor  Pictet :  this  is  the  standard  which  has  been  taken  by  all 
Europe  as  indicating  the  linear  measure  of  Great  Britain* 
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In  ^e  y«ar  1814  we  find  another  committee  of  the  House  of  Commons  appointed  to 
•cmtider  the  sobject  of  weights  and  measures.  The  report  of  this  committee  derives  additional 
interest  frcHoi  its  containing  the  examinations  of  professor  Playfiair  and  Dr.  W.  Hyde 
WoUaaton,  who  were  called  upon  by  the  committee  for  their  ojunions  as  to  the  best  means 
of  comparing  the  standards  of  lengtli  with  some  invariable  natural  standard.  Hiese  gentie- 
men  were  deddedly  of  opinion  that  the  length  of  the  pendulum  was  the  best  standard  by 
which  a  measure  to  be  kept  as  a  standard  of  length  could  be  defined  by  comparison ;  and 
professor  Pla3riair  recommended  that  a  cube  of  a  given  linear  measure  should  be  assumed  as 
the  unit  of  capacity,  and  the  same  when  filled  with  distilled  water  of  a  given  temperature  as 
tiie  QDit  of  weight.  In  consequence  of  these  examinations,  the  committee  made,  among 
others,  the  following  statements : — 

That  the  length  of  the  pendulum  vibrating  seconds  is  39.13047  inches,  of  which  the 
yard  contains  thirty*six ;  and  ttiat  the  standard  yard  may  at  any  time  be  ascertained  by  a 
eonqnuiscm  either  with  an  arc  of  the  meridian  or  the  length  of  the  pendulum. 

That,  the  standard  of  Imear  measure  being  thus  established,  the  measures  of  capacity  are 
easfly  deduced  from  it  by  determining  the  number  of  cubical  inches  which  they  should  con- 
tam.  llie  standard  of  weight  must  be  derived  from  the  measures  of  capacity,  by  ascertaining 
the  weight  of  a  given  bulk  of  some  substance  of  which  the  specific  gravity  is  invariable. 

That  the  measures  of  capacity  should  be  ascertained  by  the  weight  of  pure  or  distilled 
water  contained  in  them,  rather  than  by  the  number  of  cubical  inches. 

That,  as  the  weight  of  water  appears  to  afford  the  best  and  most  simple  method  of 
dieddng  measures  of  capacity,  it  is  desirable  that  all  minute  fractions  of  weight  should  be 
aroided. 

That  the  most  accurate  mode  <^  ascertaining  the  standard  pound  is  to  immerse  in  water 
a  soBd  cjrlinder  of  brass  containing  27.648  culncal  inches,  and  to  ascertain  the  difiference 
between  its  weight  in  water  and  its  weight  in  air.  The  difference  between  its  weight  in 
water  and  its  wei^t  in  air,  or  tiie  weight  of  the  volume  of  water  occupying  the  same  space, 
IB  the  pound  avcnrdupois. 

In  the  manner  recommended  the  standard  of  length  is  kept  invariable  by  means  of  the 
pcDdnhnn,  the  standard  of  w^ght  by  the  standard  of  lengtii  and  the  standard  of  opacity  by 
diat  of  weight. 

A  bin  founded  upon  this  repor  was  brought  into  parliament,  and,  having  passed  the 
CoounoDS,  was  thrown  out  of  the  House  of  Lords  on  the  motion  of  the  late  lord  Stanh(^>e.. 
In  consequence  of  the  rejection  of  this  bill,  and  the  doubts  which  existed  respecting  the  true 
IsMgth  of  the  seconds'  pendulum,  which  had  been  pressed  as  an  invaxiahle  standard  for 
measures  of  length,  Bfr.  Davies  GKlbert,  in  tiie  year  1816,  moved  in  tiie  House  of  Gommona 
tiie  following  resolution  :-^ 

"  That  an  humble  address  be  presented  to  his  ro3ral  highness  the  prince  Regent,  that  he 
wffl  be  graciously  pleased  to  give  directions  for  ascertaining  the  length  of  the  pendulum 
vSNratiBg  seconds  of  time  in  the  latitude  of  London,  as  cconpared  with  the  standard 
meaanre  in  the  possesnon  of  tiiis  house,  and  for  determining  the  variations  in  the  length  of 
die  aaid  pendulum  at  the  principal  stations  of  the  trigonometrical  survey  extended  tiiroQgh 
OvctA  Britam ;  and  also  for  comparing  the  said  standard  measure  with  the  ten-millionth  part 
of  the  quadrant  of  the  meridian,  now  used  as  the  basis  of  linear  measure  on  a  part  of  the 
eentiBent  of  Europe." 

In  eooeequence  of  his  royal  highness's  compliance  with  the  prayer  of  this  address^  the 
aatrononer  royal  was,  in  the  first  instance,  directed  to  perform  the  necessary  operations ; 
b«t,  OB  his  requiring  further  aid,  an  application  was  made  by  his  majesty's  ministers  to  Sir 
Joacph  Banks,  requesting  that  the  Royal  Society  would  be  pleased  to  afford  all  the  assistance 
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in  tibeir  power  for  the  accompUBhinent  of  the  desired  objects.  A  committee  of  the  Royal 
Society  was  in  consequence  named,  consisting,  in  addition  to  the  president  and  secretaries, 
of  Sir  Charles  Blagden,  Mr.  Davies  Gilbert,  Dr.  WoUaston,  Dr.  Yoimg,  captain  Henry 
Kater,  general  Mndge,  Mr.  Henry  Browne,  Mr.  Rennie,  and  Mr.  Troughton.  The  greater 
part  of  these  distinguished  individuals  are  now  passed  to  that  "  bourne  from  whence  no 
traveller  returns,"  but  their  labours  were  of  the  greatest  service  to  the  cause  of  science. 
The  astronomer  royal  made  some  experiments  on  the  French  plan  for  determining  the  length 
of  the  pendulum ;  Dr.  Young  proposed  a  method  derived  from  that  of  Whitehurst,  which 
appeared  unexceptionable,  but  which,  from  some  difficulties  in  the  execution,  was  not  put 
in  practice ;  captain  Kater  availed  himself  of  a  property  of  the  pendulum  demonstrated  by 
Huyghens  and  after  nearly  two  years  passed  in  experiments,  and  in  contriving  proper 
apparatus,  and  methods  of  observing,  succeeded  in  obtaining  the  length  of  the  pendulum 
vibrating  seconds  by  a  method  free  from  all  objection  but  the  unavoidable  and  unimportant 
errors  of  observation.  But,  before  we  proceed,  we  must  endeavour  to  make  our  readers  under* 
stand  precisely  what  is  meant  by  the  leng^  of  the  pendulum,  and  how  it  furnishes  an  invari- 
able standard  of  measure.  And  here  we  must  observe  that  we  are  not  writing  for  mathema- 
ticians, but  for  the  purpose  of  rendering  the  subject  generally  intelligible. — ^A  rod,  or  any 
substance  suspended  from  a. certain  point,  and  made  to  vibrate,  is  called,  in  conanon  language, 
a  pendulum.  Suppose  a  cylindrical  rod  or  thick  wire,  fifty- two  inches  long,  to  be  suspended 
by  one  end,  and  to  vibrate ;  and  suppose  a'small  bullet  attached  to  a  very  fine  thread  be 
hung  up  and  also  made  to  vibrate,  the  distance  frt)m  the  centre  of  the  bullet  to  the  point  of 
suspension  being  thirty-nine  inches.  This  thread  and  bullet,  and  the  rod,  will  make  the 
same  number  of  vibrations  in  the  same  time,  though  the  one  is  fifty-two  inches  long  and 
the  other  only  thirty-nine.  These  two  pendulums,  because  they  perform  the  same  number 
of  vibrations  in  the  same  time,  are  said  to  be  equal,  and  the  length  of  the  pendulnm  in  both 
cases  is  nearly  thirty-nine  inches. 

We  perceive,  then,  that  in  the  case  of  the  rod  the  length  of  the  pendulum  is  mea- 
sured from  the  point  of  suspension  to  another  point  which  is  distant  from  it  about 
two-thirds  of  the  length  of  the  rod,  and  this  point  is  called  the  centre  of  oscillation. 
The  length  of  the  pendulum,  then,  means  the  distance  between  the  point  of  suspension 
and  another  point,  called  the  centre  of  oscillation.  Now,  the  place  of  the  centre  of  oscillation 
is  dependent  upon  the  figure  of  the  body,  or  upon  the  arrangement  of  the  parts  of  which  it 
is  composed.  Suppose  the  rod,  of  which  we  have  spoken,  to  be  furnished  with  a  sliding 
weight  which  poay  be  moved  upo«  it.  By  shifting  this  sliding  weight,  the  figure  of  the 
body,  and  consequently  the  place  of  the  centre  of  oscillation,  would  be  changed,  and  the  rod 
would  no  longer  vibrate  in  the  same  time  as  before ;  Me  length  of  the  pendulum,  therefore, 
would  be  dififerent,  though  the  length  of  the  rod  remains  the  same. 

To  compute  the  place  of  the  centre  of  oscillation,  and  to  find  in  that  way  the  length  of 
the  pendulum,  is  known  to  be  a  problem  of  extreme  difficulty,  if  not  of  impossibility.  The 
computation  requires  that  the  body  employed  as  a  pendulum  be  of  perfectly  regular  figure, 
and  of  uniform  density  throughout,  desiderata  which,  in  the  strict  sense  of  the  terms,  we 
know  to  be  unattainable.  It  is  not,  therefore,  surprising  that  the  experiments  which  were 
formerly  made  for  determining  the  length  of  the  pendulum  should  have  led  to  erroneous 
results. 

Captain  Kater's  method  is  fr^e  from  the  embarrassments  which  arise  from  irregular 
density  and  figure.  Let  a  pendulum  be  made  to  vibrate  upon  a  certain  point  of  suspension, 
and  suppose  it  possible  to  find  its  corresponding  centre  of  oscillation.  Now,  let  the  pendulum 
be  inverted,  and  suppose  it  to  vibrate  upon  its  centre  of  oscillation ;  the  former  point  of 
suspension  will,  under  this  new  arrangement,  become  the  centre  of  oscillation,  and  the. 
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anaber  of  nbradoiis  in  equal  times  will  be  the  same  in  either  position.    This  property  of 
tlie  pendnhnn  was  first  demonstrated  by  Huyghens. 

But  <rf  what  nac,  it  may  be  asked,  is  this  theorem,  when  the  centre  of  oscillaticm  cannot 
be  fbond?    True  ;  but,  in  the  method  which  we  are  describing,  the  centre  of  oscillation  is 
bvooght  to  a  pcwnt  which  it  is  previously  decided  that  it  shall  occupy.     Let  the  rod  of  fifty- 
two  inches  kmg  have  a  knife-edge  at  one  end,  to  serve  as  a  point  of  suspension,  and  let 
aaodier  knife-edge,  facing  it,  be  fixed  in  the  rod,  at  about  two-thirds  of  its  length  from  the 
fiiat;  let  the  rod  also  be  furnished  with  a  sliding  weight     Now  suspend  the  rod  upon  the 
knife-edge  which  is  at  its  end,  and  determine  the  number  of  vibrations  made  by  it  in  twenty- 
four  homa.    Next,  cause  the  rod  to  vibrate  upon  the  other  knife-edge,  and  determine  also 
the  nvnber  of  vibrations  made  during  the  same  period.     This  will  probably  differ  from  the 
mmiber  in  the  first  position.     Shift  the  weight  upon  the  rod  until  the  number  of  vibrations, 
in  eitber  position,  becomes  the  same.     Having  effected  this,  the  one  knife-edge  being  the 
point  of  soqpension,  it  is  evident  from  what  we  have  said  that  the  centre  of  oscillation  has 
been  brought  to  coincide  with  the  other  knife-edge ;  and  the  distance  between  the  knife- 
edges,  in  indies  and  parts,  is  the  length  of  the  pendulum  due  to  the  observed  number  of 
vibralions,  from  which  the  length  of  the  pendulum  vibrating  seconds  may  be  calculated  without 
dificalty.    Hie  length  of  the  pendulum,  therefore,  may  now  be  determined  at  pleasure,  with 
little  more  trouble  than  is  necessary  for  the  comparison  of  two  standard  scales.     Captain 
Kater's  experiments  are  minutely  detailed  in  the  Philosophical  Transactions  ;  and  we  shall 
merely  state  diat  their  result  gave,  for  the  length  of  the  pendulum  vibrating  seconds  in  vacuo, 
and  reduced  to  the  standard  of  the  seconds'  pendulum  (which  is  an  invariable  standard),  an 
amount  equal  to  39.1 3929  inches  of  the  present  day,  and  if  we  wished  at  any  time  to  recover 
tiie  standard  we  should  have,  by  simple  proportion,  39.13929  to  100  as  36  to  91.978  nearly 
•^-the  length  upon  the  scale  which  would  be  equal  to  our  present  standard  yard. 

Having  determined  the  length  of  the  pendulum,  captain  Kater  proceeded  to  compare 
the  French  metre  with  Sir  George  Shuckburgh's  scale.  For  this  purpose,  two  bars  of 
piatina  were  sent  from  France,  the  one  being  precisely  the  length  of  the  metre,  and  the  other 
having  this  length  marked  upon  it  by  two  fine  lines.  These  had  been  verified  with  the 
vtmoet  care  by  M.  Arago ;  and  the  metre  was  found  to  be  equal  in  length  to  39.37079  inches 
of  Sir  George  Shuckbuigh*s  scale.  The  next  object  was  to  determine  the  variation  in 
the  length  of  the  seconds'  pendulum,  at  the  principal  stations  of  the  trigonometrical 
survey.  For  this  purpose  ciq)tain  Kater  employed  an  apparatus  which  gave  the  relative 
lengUis  of  the  pendulum  at  the  different  stations ;  and,  knowing  the  absolute  length  of  the 
aeoonds*  pendulum  at  London,  he  was  enabled  readily  to  deduce  its  length  at  each  station 
whexe  the  experiments  were  made,  with  the  same  certainty  as  if  it  had  actually  been  mea- 
sured there.  Several  staticms  were  visited,  from  Unst,  the  most  northern  of  the  Shetland 
Isles,  to  Dunnose,  in  the  Isle  of  Wight ;  aiid  an  account  of  these  operations  forms  the  third 
part  of  the  Philosophieal  Transactions  for  1819. 

Hie  French  s^avans  had  employed  an  apparatus  contrived  by  Borda  for  determining 
the  length  of  the  pendulum.  It  consbts  of  a  ball  of  piatina,  most  carefully  made,  and  sus* 
pended  from  a  knife-edge  by  a  very  fine  wire.  This  mode  requires  the  place  of  the  centre 
of  osdOation  to  be  found ;  but  the  great  care  with  which  the  ball  was  figured,  and  the  try- 
ing it  in  various  positions,  enabled  these  gentlemen  to  attain  an  accuracy  of  result  which, 
from  thecny,  mi^t  have  been  supposed  impracticable. 

In  the  year  1817  M.  Biot  made  experiments  at  the  same  stations,  at  Unst  and  Lcith, 
dnring 


by  means  of  Borda's  apparatus,  the  length  of  the  seconds'  pendulum,  by  actual  measurement^ 
in  parts  of  the  metre.     This  being  converted  into  English  inches,  we  find  that  M.  Blot's 
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measurement  of  the  pendulum  exceeds  captain  Kater's  determinatiott  not  quite  two  ten- 
thousandths  of  an  inch  at  Unst,  and  at  Leith  falls  short  of  it  rather  more  than  that  quantity, 
the  mean  difference  being  absolutely  insenable.  This  very  near  agreement  of  results,  ob- 
tained by  methods  totally  dissimilar,  authorises  the  conclusion  that  the  determination  of  the 
length  of  the  pendulum  vibrating  seconds,  at  London,  cannot  be  far  distant  from  tiie  trutiiy 
— a  fact  which  it  is  of  the  greatest  importance  to  establish. 

Of  the  various  machines  of  luxury  or  utility  which  are  in  use  among  civilised  nali(His» 
none  have  been  more  generally  adopted  than  wheel  carriages,  and  a  brief  notice  of  the  his- 
tory of  their  construction  will  very  advantageously  illustrate  the  progress  of  this  branch  of 
mechanical  philosophy.  In  some  of  the  colder  parts  of  Europe  and  America,  where  ice  is 
to  be  met  with  in  considerable  quantities,  sledges  are  still  much  in  use,  as  they  may  be  made 
to  pass  over  the  face  of  a  lake,  or  frozen  snow,  witli  nearly  as  much  ease  as  a  plate  of  smooth 
metal  would  upon  one  of  glass. 

To  understand  the  advantages  which  a  wheel  carriage  possesses  over  these  primeval 
machines,  it  will  only  be  necessary  to  bear  in  mind  the  different  degrees  of  friction  which 
arise  from  rubbing  and  rolling  motions,  and  that  in  the  former  of  these  cases  the  sliding  of 
a  sledge  must  of  necessity  generate  a  degree  of  friction  which  will  materially  retard  the 
motion  of  the  body,  but  that,  when  we  apply  a  wheel  beneath,  the  rubbing  motion  is  con- 
verted into  a  rolling  operation,  and  the  friction  is  materially  diminished.* 

Thus  we  find  that  the  sledge  was  speedily  superseded  by  the  car,  and  the  latter  vehicle 
by  a  complete  carriage  supported  on  four  wheels.  But  the  ancient  mechanics  rarely  paused  in 
the  progress  of  change,  and  we  generally  find  some  most  extraordinary  attempts  to  excite  the 
wonder  of  their  contemporaries  coupled  with  each  step  in  the  march  of  really  usefrd  im- 
provement, llius  a  fl3ring  carriage  speedily  succeeded  to  a  terrestrial  anti-attrition  machine. 
Innumerable  indeed  are  the  schemes  that  have  been  proposed  by  the  learned  at  different 
periods,  to  enable  man  to  support  himself  in  the  air  by  the  means  of  artificial  wings,  &c.,  and 
some  of  these  ingenious  contrivances  have  formed  the  labours  of  the  most  distinguished  me- 
chanical geniuses  which  arc  recorded  in  the  early  annals  of  science* 

Bacon,  and  an  Italian  priest  named  Francisco  Lana,  endeavoured  to  accomplish  it  by 
means  of  two  thin  hollow  globes,  exhausted  of  air,  which,  being  considerably  lighter  than 
that  fluid,  were  intended  to  sustain  a  chair  suspended  to  their  lower  extremity,  and  on  which 
the  aeronaut  might  be  seated.  But  Dr.  Hook»  in  a  work  published  some  time  after  the  Pro^ 
dramo  of  Liana,  plainly  showed  the  fallacy  of  the  attempt,  though  without  in  the  least  at- 
tempting to  deny  the  possibility  of  eventually  effecting  this  object. 

Bishop  WilkinSy  who  was  also  a  disciple  of  the  flying  system,  describes  a  spedes  of 
land-sailing  vessels  or  chariots,  which  wero  then  commonly  used  in  China :  and  it  is  rather  m 
curious  fact  that  a  Oerman  count,  possessing  as  much  of  modesty  as  the  generality  of  foreign 


*  The  smoimt  of  friction,  though  not  very  considerable,  in  a  piece  of  light  wood,  may  yet  be  rendered 
tuffioiently  apparent  if  it  be  placed  upon  an  inclined  plane  :  at  a  email  angle  it  will  not  slide  down ;  dioiild, 
however,  a  piece  of  metal  of  the  same  weight  be  rabstitated  for  the  wood,  it  will  immediately  descend.  This 
then  shows  that  the  smoother  the  sor&ce  the  lees  the  friction. 

It  will  thns  be  seen  that  the  loss  of  power  from  friction  m^  diffnr  very  materially  in  the  same  «»«<*»»W 
by  the  employment  of  different  materials,  and  Mr.  Emerson  has  shown  that  when  a  cnbic  piece  of  wood  of 
eight  pounds  weight  moves  upon  a  smooth  plane  of  soft  wood,  at  the  rate  of  three  feet  per  second,  its  friction 
is  about  one-third  of  the  weight ;  but,  if  it  be  rough,  the  friction  is  litde  less  than  half  the  weight.  On  the  same 
supposition,  when  both  the  pieces  of  wood  are  Tery  smooth,  the  friction  is  about  one-fourth  of  the  weight ;  the 
friction  of  soft  wood  on  hard,  or  of  hard  wood  on  soft,  is  Ofi#-)l/M  ;  of  hard  wood  upon  hard  wood,  onemghih  ; 
and  of  polished  steel  moving  on  steel,  oiie-/oiirMofthe  weight.  It  is  also  found  that  dissimilar  metals  produce 
die  least  friction,  and  of  these  betas  and  steel  are  the  beet  edited  for  praotioal  purposes. 
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I,  hu  lately  ^Ten  to  the  public,  as  hia  own,  an  invention  wluch  has  been  known  in 
BoTOfie,  and  oocuioniily  employed  in  Asia,  for  the  last  400  years. 

We  may,  however,  quote  a  description  of  one  of  these  sailing  carriages  from  an  old  wi^lc 
en  phyitca,  which  will  furnish  a  tolerably  good  index  to  their  general  construction.  "  The 
body  at  the  mw-hine  ^old  not  be  la^e,  nor  placed  very  high,  not  mily  to  prevent  overturning, 
bat  that  its  motion  may  not  be  thereby  impeded ;  for  the  veloci^  will  be  in  proportion  to  the 
fivoe  ol  the  wind  on  the  sails  to  that  on  the  body  of  the  machine.  Therefore,  if  tKey  be 
bodi  equal,  it  will  stand  still ;  or,  if  the  force  on  the  body  be  greatest,  it  will  go  backwards, 
nnleaB  tliere  be  a  contrivance  to  lock  the  wheels.  The  upper  part  of  the  machine  may  he 
nade  to  take  off  when  the  wind  is  contrary ;  and  there  may  be  another  set  of  sails  placed 
between  the  two  hind  wheels,  which  will  considerably  increase  its  velocity.  But  after  all, 
for  general  oae,  a  common  carriage  must  be  preferable  ;  for  this  cannot  be  expected  to  go  np 
ft  moderate  ascrat  without  great  difficulty  ;  nor  down  a  declivity,  when  there  is  a  strong  wind, 
vitfaoat  danger ;  and  even  on  level  ground,  if  the  toad  be  rough,  its  progress  must  be  very 
dow,  ftttended  by  botli  difficult  and  danger.'* 


To  render  tiiis  description  intelligible  we  have  in  the  above  figure  appended  a  view  of 
one  of  the  best  of  these  carriages,  and  by  its  side  have  placed  the  great  wonder  of  modem 
locomotion — a  steam  carriage. 

Jbe  employment  of  an  internal  mechanism  to  impd  waggons  on  a  plane  road  is  of  very 
eariy  date,  but  the  first  application  of  the  steam-engine  to  this  purpose  took  place,  we  beUeve, 
in  the  Royal  Arsenal  at  Paris,  towards  the  close  of  the  last  century.  From  this  time  till 
1802  bnt  little  progress  appears  to  have  been  made  in  the  use  of  this  species  of  wbeet 
carriage ;  but,  about  the  Utter  period,  Mr.  Trevithick  commenced  a  series  of  experiments  on 
the  use  of  the  high-pressure  engine  for  the  above  purpose.  In  1 804  a  steam-carriage  was  in 
operation  on  the  rail-road  at  Meribyr  Tydvil,  in  South  Wales.  On  the  occasion  of  its  first 
trial,  it  drew  after  it  as  many  carriages  as  contained  ten  tons  of  iron  a  distance  of  nine  miles. 
It  performed  this  journey  without  any  fresh  supply  of  water,  and  travelled<at  the  rate  of  five 
nuke  an  hour. 

It  is  a  mngular  fact  in  the  history  of  this  invention  tiiat  much  of  time  and  ingenuity  were 
in  die  first  instance  vainly  expended  in  attempting  to  overcome  a  difficulty  which  in  the  end 
tinned  out  to  be  purelyimoginary.  To  comprehend  distinctly  the  manner  in  which  a  carriage 
is  propdied  by  steam,  let  us  suppose  that  the  wheels  of  a  common  carriage  be  locked,  the 
carriage  being  placed  on  a  level  road.  Let  the  force  be  now  ascertained  experimentally 
iriiidl  would  be  necessary  to  drag  the  carriage  along  the  road,  the  wheels  sUppiug  or  scraping 
■long  the  snrface.  Again,  suppose  the  wheels  disengaged  so  as  to  be  at  liberty  to  revolve ; 
let  another  carriage  be  attached  to  the  first,  behind  it,  so  that  the  one  cannot  proceed  without 
dragging  ibe  oihei  along  with  it ;  let  this  other  carriage  be  loaded  so  that  its  own  weight, 
together  irith  that  of  its  load,  shall  be  equal  to  the  force  which  was  found  necessary  to  drag 
tiie  first  carriage  when  the  wheels  were  locked.  If  the  wheels  of  the  first  carriage  be  now 
tiiTBod,  by  force  applied  to  thor  spokes  or  rims,  it  wiO  be  found  that  they  wiU  scrape  or 
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slip  on  the  road.  This  will  be  obidons  on  the  least  consideration ;  for  the  load  which  is  now 
attached  to  the  carriage,  so  as  to  resist  its  progressive  motion,  is  exactly  equal  to  that  which 
in  the  former  case  was  sufficient  to  move  the  carriage,  the  wheels  being  locked.  In  each 
case  the  resistance  to  be  overcome  is  the  friction  of  the  wheels  of  the  first  carriage  with  tiie 
road ;  and  consequently,  as  in  the  former  case  it  was  unable  to  overcome  this  resistance, 
so  in  the  latter  this  resistance  is  sufficient  to  overcome  the  same  load.  But,  if  the  wdght  of 
the  second  carriage  be  diminished  so  as  to  be  less  than  that  which  would  be  necessary  to 
move  the  first  carriage,  the  wheels  being  locked,  then,  on  causing  the  wheels  of  the  first 
carriage  to  revolve  by  any  force  applied  upon  their  spokes  or  rims,  the  first  carriage  will 
necessarily  advance,  drawing  the  second  after  it.  This  must  obviously  happen,  because  the 
weight  of  the  second  carriage  is  less  than  that  which  is  necessary  to  overcome  the  resistance 
of  the  friction  between  the  wheels  of  the  first  carriage  and  the  road. 

An  experiment  of  this  kind  will  obviously  determine  the  load  which  any  carriage  is 
capable  of  drawing  after  it,  by  the  fbrce  applied  on  the  wheels  to  cause  them  to  revolve,  and 
the  amount  of  this  load  will  depend  partly  on  the  quantity  of  adhesion  which  subsists  between 
the  wheels  and  the  road,  and  partly  on  the  evenness  of  the  road  itself.  The  more  smooth 
and  even  the  road  is,  and  the  greater  the  quantity  of  friction  or  adhesion  there  is  between  the 
wheeb  and  the  road,  the  less  will  be  the  obstructions  to  the  rolling  motion :  for  both 
these  reasons  the  greater  will  be  the  load  which  a  given  carriage  is  capable  of  drawing  after 
it  when  propelled  in  this  way. 

A  notion  was  impressed  on  the  minds  of  the  speculators  in  locomotive  engines  for  many 
years  that  the  friction  or  adhesion  between  the  wheels  and  road,  upon  which  the  propelling 
power  of  a  machine  of  this  kind  must  depend,  wbs  of  very  small  amount;  and  that  in  every 
practical  case  the  wheeLs,  instead  of  causing  the  carriage  to  advance,  would  slip  or  slide  on 
the  road,  or  that,  if  the  carriage  advanced,  still  that  a  portion  of  the  moving  power  would 
be  thus  lost.  It  is  singular  that  it  should  never  have  occurred  to  these  ingenious  persons  to 
ascertain  by  actual  experiment  the  amount  of  adhesion  in  any  particular  case  between  the 
wheeLs  and  the  road:  had  they  done  so,  we  should  probably  have  found  at  this  time 
locomotive  engines  in  a  much  more  forward  state  of  perfection  than  that  to  which  they  have 
really  attained. 

The  formation  of  the  Liverpool  and  Manchester  railway  may  be  considered  as  forming 
an  era  in  steam  locomotion.  When  this  project  was  undertaken  it  was  not  deciided  what 
moving  power  it  might  be  most  expedient  to  adopt  as  a  means  of  transport  on  the  proposed 
road :  the  choice  lay  between  horse-power,  fixed  steam-engines,  and  locomotive  engines ;  but 

the  first,  for  many  obvious  reasons,  was  at  once  rejected  for  one  or  other  of  the  last  two.  It  will 

« 

be  obvious  that  the  steam-engine  may  be  applied  by  two  distinct  methods  to  move  waggons 
either  on  a  turnpike-road  or  on  a  railway*  By  the  one  method  the  steam-engine  is  fixed,  and 
draws  the  carriage  or  train  of  carriages  towards  it  by  a  chain  extending  the  whole  length  of  the 
road  on  which  the  engine  works.  By  this  method  the  line  of  road  over  which  the  transport  is 
conducted  is  divided  into  a  number  of  short  intervals,  at  the  extremity  of  each  of  which  a 
steam-engine  is  placed.  The  waggons  or  carriages,  when  drawn  by  any  engine  to  its  own 
station,  are  detached,  and  connected  with  the  extremity  of  the  chain  worked  by  the  next 
stationary  engine ;  and  thus  the  journey  is  performed  from  station  to  station  by  separate 
engines.  By  the  other  metiiod  the  same  engine  draws  the  load  the  whole  journey,  travelling 
with  it. 

A  premium  of  500/.  was  offered  by  the  directors  for  the  most  improved  locomotive 
engines  to  run  on  the  liverxxxd  and  Manchester  railway,  under  the  conditions  that  they  should 
produce  no  smoke,  that  the  pressure  of  the  steam  should  be  limited  to  fifty  pounds  on  the 
square  inch,  and  that  they  should  draw  at  least  tliree  times  their  own  weight  at  the  rate  of 
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not  ksi  tium  ten  miles  an  hour ,  that  the  engine  shonld  be  supported  on  springs,  and  should 
not  exceed  fifteen  feet  in  height.  Precautions  were  also  proposed  against  the  consequences 
of  the  boiler  bursting,  and  other  matters  not  necessary  to  mention  more  particularly  here. 
Hie  proposal  was  announced  in  the  spring  of  1829,  and  the  time  of  trial  was  appointed  in 
the  foDowing  Octiker.  The  engines  which  underwent  the  trial  were  the  Rocket^  constructed 
by  Mr.  St^henson ;  the  Sanspareil,  by  Mr.  Hackworth ;  and  the  Novelty,  by  Messrs. 
Braithwake  and  Ericson :  of  these,  the  Rocket  obtained  the  premium. 

A  line  of  railway  was  selected  for  the  trial  on  a  level  piece  of  road  about  two  miles  in 
length,  near  a  place  called  Rainhill,  between  Liverpool  and  Manchester ;  the  distance  between 
the  two  stations  was  a  mile  and  a  half,  and  the  engine  had  to  travel  this  distance  backwards 
and  forwards  ten  times,  which  made  altogether  a  journey  of  thirty  miles.  Ghreat  improvement 
has  subsequently  been  made  in  the  working  parts  of  the  engines  now  running  on  the  Liverpool 
and  Manchester  railway,  though  there  is  no  alteration  in  their  principle,  and  a  corresponding 
increase  of  speed  and  power  has  been  thereby  obtained.*  One  of  the  engines  lately  con- 
structed for  the  Manchester  railway  ran  23,000  miles  with  the  most  trivial  repairs,  making 
every  day  four  or  five  journeys  of  thirty  miles  each. 

Passing  from  the  steam-carriage  as  we  find  it  employed  on  a  rail  or  track  road,  we 
come  next  to  consider  its  usefulness  on  a  common  highway.  Those  who  have  witnessed  the 
daily  journeys  of  one  of  these  engines  by  one  of  the  most  crowded  thoroughfares  in  the 
metropolis  can  have  but  one  opinion  as  to  the  ultimate  employment  of  steam  power  as  a 
»»^n™  of  transport  from  one  city  to  another.  In  a  great  commercial  country  like  Great 
Britain,  extending  as  it  does  its  ramifications  to  every  branch  of  natural  and  artificial 
prodnce,  it  is  almost  superfluous  to  remark  that  a  vast  capital  is  sunk  annually  in  the  mere 
transport  of  marketable  commodities,  and  which  is  not  only  a  loss  to  the  seller,  as  being  an 
mquoductiTe  outlay,  but  entails  a  heavy  increase  of  expense  to  the  buyer  also  upon  every 
article  of  daily  consumption.  Any  means,  therefore,  that  will  accelerate  the  conveyance, 
and  at  the  same  time  reduce  materially  the  expense  of  carriage,  offers  itself  as  a  national 
benefit.  This  desideratum  is  effected  by  general  locomotive  conveyance,  and  the  probalnlity 
is  that  the  steam  power  is  in  this,  as  well  as  in  many  other  of  its  applications,  still  but  in 

its  infancy. 

In  the  attempts  which  have  been  made  to  adapt  locomotive  engines  to  turnpike-roads,  the 
projectors  have  aimed  at  the  accomplishment  of  two  objects :  first,  the  construction  of  lighter 
and  smaller  engines,  and,  secondly,  increased  power.  These  ends,  it  b  plain,  can  only  be 
attained,  ^th  our  present  knowledge,  by  the  production  of  steam  of  very  high  temperature 
and  pressure,  so  that  t^e  smallest  volume  of  steam  shall  produce  the  greatest  possible 
mechanical  effiect.  The  methods  of  propelling  the  carriage  have  been  in  general  similar  to 
tiiose  used  in  the  railway  endues,  viz.  either  by  the  cranks  placed  on  axles,  the  wheels 
being  fixed  upon  the  same  axles,  or  by  connecting  piston-rods  with  the  spokes  of  the  wheels. 
In  some  carriages,  the  boiler  and  moving  power,  and  the  body  of  the  carriage  which  bears 
^  passengers,  are  placed  on  the  same  wheels.  In  others,  the  engine  is  placed  on  a  separate 
cairiage,  and  draws  after  it  the  carriage  which  transports  the  passengers,  as  is  always  the 
case  on  railways. 

*  Mr.  Staphenson  itatM  that  a  speed  of  forty  miles  an  hour  with  a  light  load  has  heen  attained,  and  that 
n  engine  might  be  oonstmcted  to  run  100  miles  within  the  hour,  although  at  that  velocity  the  resistance  of  the 
^Mospbeve  would  be  considerable.  He  fiirther  says  that  engines  are  now  made  with  eight  times  the  power  of 
the  Rocket,  yet  with  little  more  weight  upon  any  individual  point  of  the  rail,  the  load  being  equally  divided 
opoB  six  wheels  instead  of  four,  and  the  machinery  placed  in  a  more  advantageous  situation  than  formerly. 
Among  other  improvements  is  that  of  making  the  tubes  which  form  the  flues  of  the  boiler  more  numerous 
SMd  of  smiUer  dimneCer  than  before,  and  of  brass  instead  of  copper.  The  boiler  introduced  by  Mr.  Perkins  haa 
also  been  ibund  adrantageous. 
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The  chief  difference  between  the  steam-engines  used  on  railways  and  those  adapted  to 
propel  carriages  on  turnpike-roads  is  in  the  structure  of  the  boiler.  In  the  latter  it  is 
essential  that,  while  the  power  remains  undiminished,  the  boiler  should  be  lifter  and  smaller. 
The  accomplishment  of  this  has  been  attempted  by  various  contrivances  for  sobdividing  a 
small  quantity  of  water,  so  as  to  expose  a  considerable  quantity  of  surfiibe  in  contact  with 
it  to  the  action  of  the  fire :  spreading  the  water  in  thin  layers  or  flat  plates — inserting  it 
between  plates  of  iron  placed  at  a  short  distance  asunder,  the  fire  being  admitted  between 
the  intermediate  plates— dividing  it  into  small  tubes,  round  which  the  fire  has  play — and 
introducing  it  between  the  surfaces  of  cylinders  placed  one  within  another,  the  fire  being 
admitted  between  the  alternate  cylinders.  All  these  plans  have  been  resorted  to  by  different 
projectors ;  but  without  tracing  the  various  steps  in  the  history  of  steam  locomotion  uy  which  a 
rude  and  heavy  machine  has  been  converted  into  a  light  and  elegant  carriage,  fitted  almost  for 
every  degree  of  velocity,  it  may  be  enough  to  state  that  a  committee  of  the  House  of 
Commons  came  to  the  conclusion  "  that  the  substitution  of  inanimate  for  animate  power  is 
one  of  tiie  most  important  improvements  in  the  means  of  internal  communication  ever 
introduced.*'* 

The  art  of  building  is  indebted,  in  a  very  extraordinary  degree,  to  the.  labours  of  the 
scientific  mechanic.  With  respect  to  the  origin  of  architecture,  and  the  several  periods  to 
which  its  advances  towards  perfection  are  to  be  referred,  it  would  be  a  waste  of  time  to 
enter  into  an  enquiry  of  any  great  length.  The  great  antiquity  of  building  is  self-evident. 
When  men  first  felt  the  inclemencies  of  the  season  it  had  its  beginning,  and  has  spread 
wherever  the  severities  of  climate  demand  a  shelter  or  a  shade.  Its  rudiments  may  be 
traced  in  the  hut  of  the  Indian,  and  the  Ghreenlander's  cave,  as  well  as  in  the  proudest 
temples  of  ancient  Ghreece.  It  is  easy  to  conceive  that,  in  the  early  stages  of  society, 
genius  had  expanded  but  little.  The  architect's  first  efforts  were  but  vague,  and  the  structure 
he  erected  simple,  perhaps  no  more  than  a  number  of  trees,  leaning  together  at  the  top,  in 
the  form  of  a  cone,  interwoven  with  twigs,  and  plastered  with  mud,  to  exclude  the  weather. 
In  this  early  period  we  may  also  suppose  each  desirous  to  render  his  own  habitation  tiie 

*  It  has  been  argued,  with  tome  show  of  truth,  that  the  introdaetion  of  the  steam-carriage  wiU  hare  tiie 
effect  of  injuring  the  agricultural  interests ;  but  the  answer  given  by  Colonel  Torrens,  in  his  evidence  before  a 
committee  of  the  House  of  Conjnons,  is  so  lucid  and  convincing  that  we  readily  avail  ourselves  of  it  to 
illustrate  the  advantages  of  steam  locomotion.  Having  been  requested  by  the  committee  to  state  his  reasons 
for  believing  that  agriculture  would  be  benefited  by  the  substitution  of  inanimate  for  animal  power,  be 
answered, "  I  conceive  that  agriculture  is  prosperous  in  proportion  as  the  quantity  of  produce  brought  to 
market  exceeds  the  quantity  expended  in  bringing  it  there.  If  steam-carriages  be  employed,  instead  of 
carriages  drawn  by  horses,  it  will  be  because  that  mode  of  conveyance  is  found  the  cheapest.  Cheapening 
the  carriage  of  the  produce  of  the  soil  must  necessarily  diminish  the  quantity  of  produce  expended  in  bringing 
a  given  quantify  to  market,  and  wiU  therefore  increase  the  net  surplus,  ^diioh  net  surplus  constitutes  the 
encouragement  to  agriculture.  For  example,  if  it  requires  the  expenditure  of  200  quarters  of  corn  to  raise 
400,  and  the  expenditure  of  100  more  on  carriage  to  bring  the  400  to  market,  then  the  net  surplus  will  be  100. 
If.  by  the  substitution  of  steam-carriages,  you  can  bring  the  same  quantity  to  market  with  an  expenditure  of 
fifty-quarters,  then  your  net  surplus  is  increased  from  100  to  150  quarters,  and  consequently  either  the 
farmer's  profit  or  the  landlord's  rent  increased  in  a  corresponding  proportion.  There  are  many  tracts  of  land 
which  cannot  now  be  cultivated,  because  the  quantity  of  produce  expended  in  cultivation  and  in  carriage 
exceeds  the  quantity  which  that  expenditure  would  bring  to  market.  But,  if  you  diminish  the  quantity 
expended  in  bringing  a  griyen  quantity  to  market,  then  you  may  obtain  a  net  surplus  produce  from  such  inferior 
soils,  and  consequently  allow  cultivation  to  be  extended  over  tracts  which  could  not  otherwise  be  tilled. 

"  On  the  same  principle,  lowering  the  expense  of  carriage  would  enable  you  to  apply  additional  quantities 
of  labour  and  capital  to  all  the  soils  already  under  cultivation.  But  it  is  not  necessary  to  go  into  any 
iUustrative  examples  to  explain  this,  it  being  a  weU-known  principle  that  every  improvement  which  aUows 
us  to  cultivate  land  of  a  quality  which  could  not  previously  be  cultivated  also  enables  us  to  cultivate  in  a 
higher  manner  lands  already  under  tillage*" 


INTRODUCTION.  zxiil 

■Nflt  alUaetirfc.  aa  well  U  the  mo«t  conrenient.  Here,  tten,  we  find  the  first  dawn  of 
anhheetare  u  b  fine  u  Well  u  a  tuefiil  art. 

At  a  Ttty  early  pcrk>d,winight  be  expected,  architectore  had  made  BomeprogresBi  for 
we  are  mfonned,  in  hdy  writ,  that  Cain  "  builded  a  dty,  and  called  the  name  of  the  city 
bAw  die  name  of  hii  son.  Enoch ;  but  we  are  whoUy  in  the  darft  aa  to  the  perfection  to 
iriucfa  it  bad  attained  when  that  awful  visitation  of  the  Almighty,  the  univenal  deluge, 
ofalitctmted  almoat  erery  mait  of  previoua  habitation.  The  next  mention  of  it  is  ia  the 
Kooont  of  the  btulding  of  the  tower  of  Babel,  which  wao  stopped  by  the  confusion  of  tongues. 
Tto  WM  soon  surrounded  by  other  buildings,  and  walls  of  great  magnitude,  and  here. 
AeteCore,  we  may  date  the  ori^  <rf  port-diluvian  architecture.  Whatever  celebrity. 
howcTCT,  Hie  wonders  of  Babylon  attwned  among  the  ancients,  no  remwna  of  tiiem  have 
come  down  to  us,  and  it  is  the  masmve  edifices  of  Egypt,  built  t^parenfly  rather  for  eternity 
than  time,  that  now  excite  our  admiration  as  the  most  ancient  as  weU  as  stupendous 
Btnietaies  existing  upon  earth.  We  must  not  however,  under  this  qpoch,  omit  to  notice 
the  remwns,  and,  alas !  tire  only  remains,  of  Indian  and  Mexican  greatness.  But  for  the 
^dendid  nuns  at  Delhi  and  Agra,  and  that  moat  singular  specimen  in  the  island  of  Elephants, 
we  ohouM  scarcely  have  known  of  the  existence  of  civilization  among  the  ancient  Hindoos ; 
nd  die  aboripnea  of  Mexico  were  regarded  as  Uttle  better  dian  savages  before  die  late 
diaooTerics  by  Mr.  Bullock.  The  dates  of  dieae  buildings  are  wholly  unknown ;  but.  from 
die  great  rimilarity  they  bear  to  diose  of  Egypt,  it  is  supposed  diey  are  of  at  least  equal 
antiQuity- 

It  may  not  be  inrroper  here  to  remark  that  die  Utter  country  is  considered  to  have 
been  peopled  by  a  colony  from  India.  About  die  same  general  date  may  also  be  classed  die 
architecture  of  die  Hebrews,  or,  as  it  is  more  properly  characterized,  tiie  Phcenician  style,  die 
greatest  monument  of  which  was  the  far-famed  temple  of  Solomon.  The  description  of  diis 
edifice  as  it  occurs  in  die  sacred  text  wiU  be  found,  on  an  accurate  consideration,  to  bear  a 
great  resemblance  to  that  of  many  of  the  Egyptian  temples. 


In  the  accompanying  sketches  one  figure  furnishes  a  view  of  what  may  be  considered  n» 
the  first  attempts  of  the  uneducated  artisan,  regardless  only  of  strength  in  the  erection  of  his 
edifice,  and  the  second  mil  serve  to  iUustrate  the  advance  towards  a  higher  style  of  art,  and 
whea  the  modem  mode  of  combining  sti^ngth  and  ornamental  design  in  a  roof  had  been  dis- 
covered. It  is  obvioua  that  the  fint  step  would  be  to  reoiove  the  foliage  of  the  tree  which 
was  ultimately  to  form  the  walls  of  the  edifice,  and  then  to  employ  the  larger  boughs  to  con- 
»i«ct  the  roof.      From  this  follows  a  epecies  of  cornice  for  ornamenting  the  top  line  of  \ti 
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edifice,  and  we  ultimately  find  the  pediment  and  "jutting  friese  "  gWing  a  definite  arehite^ 
tnral  fonn  and  finish  to  die  whole.  This  brings  us  to  the  fint  dawn  of  Orecian  art ;  and 
now  the  cdumn  of  polished  marble  socceeded  to  the  rough  and  unhewn  tree,  and  tlie  chiselled 
(Hnament  took  die  place  of  a  goinitnre  of  boughs.  The  sister  art  of  paintittg  was  also  soon 
introduced. 

The  architecture  erf  a  people  is  an  important  part  ot  tlieir  history.  It  is  Ute  external 
and  endoring  form  of  their  pnbUc  life,  an  index  to  the  state  of  knowledge  and  social  progress. 
Some  persons,  indeed,  have  regarded  the  noblest  monuments  of  antiquity  but  as  the  maris 
Af  "  a  slavish  Bubmission  to  a  Merarchy."  But  it  may  safely  be  asserted  that  the  progress 
which  man  has  made  in  the  arts  is  mainly  due  to  the  influence  of  religious  systons,  and 
that  the  great  improrements  which  have  thus  been  gradually  effected  have  at  last  descended 
to  the  humblest  dwellings. 

Temples  formed  by  human  hands,  thoi^h  under  the  immediate  direction  of  the  Deity, 
have  been  raised  to  perpetuate  the  fisrms  of  worahip  earliest  known  on  the  earth ;  and,  when 
that  worship  was  degraded  by  a  aubatitutjon  of  the  creature  for  the  Creates,  we  still  find  the 
noblest  ener^ee  of  man  engaged  in  the  erection  of  eimilar  edifices.  Civil  architecture  made 
but  litde  progress  till  the  time  of  Pericles,  when  some  of  the  noblest  efforts  of  hnmaa 
ingenuity  were  executed  at  Athens.  This  celebrated  city  was  the  capital  of  Attica,  in  Greece. 
The  city  was  covered  with  magnificent  temples ;  and,  whilst  the  spoils  which  resulted  from 
her  conquests  in  Persia  furnished  the  means  for  a  most  profuse  expenditure,  it  was  fortunate  ■ 
for  mankind  that  thfe  highest  taste  directed  the  outlay  of  its  rulers.  The  moet  ancient  part 
of  the  city  of  Athene  was  built  upon  a  rock  called  the  Acropolis,  and  contained  the  most 
sumptuous  buildings  with  which  Athens  was  adorned.  The  monuments  called  the  Stgin  Mar- 
bles formed  part  of  the  fragments  of  these  edifices;  and  we  need  hardly -add  that  they  are 
now  preserved  in  the  British  Mnsenm  in  a  way  as  praiseworthy  to  the  nation  as  it  ia  to  the 
taste  of  its  govemmeut. 

Athens  contained  many  splendid  temples ;  but  the  greateat  wonder  in  this  world  of 
architectural  wonders  was  the  Parthenon.*  Thia  edifice  has  now  undergone  a  variety  of 
mutaticms ;  bift  the  accompanying  sketch  will  furnish  a  notion  of  what  it  was  in  the  days  of 
its  ancient  greatneaa. 


It  may  here  be  proper  to  remark  that  the  earliest  edifices  of  Greede  were  by  no  means 
remarkable  for  beauty,  as  even  the  temples  were  litUe  better  than  rude  buta,  aheltered,  if 

*  Phidiu,  tlie  principal  irohiteet  sm|iloy«d  in  Uie  BrBCtion  of  (his  mHgnificent  stmcture,  wu  ths  gmt  nrntw 
of  tlie  art  of  (CUuarr.   He  was  bora  M  Atlieai  aboitt  480  yeut  before  tlie  Cbrittian  en.    Athuu  wh  it  thai 
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sheltered  at  wH,  by  branches  ci  laurel  a^id  other  trees.  On  the  dedine  of  Gbeece,  and  its 
conquest  hj  the  Romans,  the  arts  appear  to  have  been  transferred  to  the  conquerors ;  bat 
among  that  hardy  and  waiUke  race  it  made  litde  progress  before  the  rdgn  of  Augustus. 
Under  the  ausjnces  of  that  munificent  monarch  it  rapidly  attained  to  almost  as  great  perfection 
as  in  the  £Kvoured  country  of  the  arts  in  its  best  days,  and  the  "  eternal  dty  *'  owes  much  of 
its  present  estimation  to  the  noble  structures  erected  by  him  and  his  successors.  With  Rome* 
however,  the  art  decayed,  and  was  oyerwhelmed  in  the  general  confusion  and  oblivion  of 
learning,  art,  and  science. 

The  PTiitting  monuments  in  Ghreat  Britain  which  are  supposed  to  be  anterior  to  the 
Roman  invasion  of  this  island  are  dassed,  whether  correctiy  or  not  we  shall  not  here  enquire, 
under  tiie  general  term  Druidical  or  Celtic.  The  most  remarkable  of  these  monuments,  both 
for  preservation  and  arrangement,  is  Stonehenge,  on  Salisbury  Plain,  in  Wiltshire.  Here 
we  find  stxmes  of  very  large  dimensions,  placed  upright  in  the  ground,  and  forming  a  series 
of  concentric  cirdes.  They  are  not  merdy  rude  masses,  like  those  of  Avebury  and  Silbury 
Hin,  but  they  have  evidently  undergone  some  sharping  and  rubbing  down,  so  as  to  form 
tolerably  r^^ular  paraUdopipedons.  We  here  observe  also  two  stones  placed  upright,  like 
posts  or  pillars,  and  another  large  stone  placed  over  them,  like  an  architrave  or  lintel ;  the 
Iintd  is  also  secured  by  means  of  mortises  and  tenons.  All  this  indicates  certainly  a  regular 
principle  of  construction.  The  attention  of  the  Saxons  in  our  own  country,  probably  about 
the  eighth  century,  was  exdted  by  the  remains  of  edifices  raised  by  the  Romans  during  their 
residence  in  England.  These,  in  their  newly  erected  churches,  they  aspired  t6  imitate ;  but 
Uieir  worionen,  ignorant  of  the  prindples  which  guided  the  architects  of  those  splendid 
ruins,  produced  only  the  general  outlines  of  tiieir  patterns ;  and  those  clumsy  forms  continued 
to  be  practised,  with  little  alteration,  till  the  beginning  of  the  twelfth  century.  But  now, 
as  the  tumult  excited  by  the  invasion  subsided,  and  the  genius  of  the  nation  improved,  a 
taste  for  the  fine  arts  began  to  show  itself,  and  architecture  assumed  a  different  and  novd 
aspect.  Instead  of  tamdy  treading  in  the  steps  of  their  predecessors,  the  architects  of  those 
times  devised  a  style  as  sdentific  as  it  was  grand,  and  as  beautiful  as  new.  The  pointed  or 
Saxon  style,  usually  termed  Oothic,  is  peculiarly  fitted  for  ecclesiastical  edifices ;  and  the 
kmg-drawn  aisle  and  fretted  screen,  with  its  dim  and  shadowy  light,  are  admirably  adapted 
for  the  purposes  of  devotion.  From  the  time  of  Edward  III.,  there  was  a  visible  deterioration 
in  the  style  of  English  architecture,  which  lost  itself  in  a  profusion  of  ornaments,  more 
attention  being  paid  to  the  details  than  to  the  general  forms  of  the  buildings. 

Purdy  Kngliah  architecture  made  but  littie  progress  during  the  reign  of  Elizabeth  and 
the  early  part  of  that  of  James ;  and  we  are  indebted  to  Inigo  Jones  for  the  introduction  of 
tiie  Italian  style  into  our  edifices.* 

Sir  Christopher  Wren,  Kent,  and  Wyatt,  are  the  only  modem  architects  who  have  left 


period  the  general  icbool  of  arts  and  letters.  From  Homer,  whose  poems  Phidias  had  deeply  studied,  he  drew 
imtem  of  greatness,  which  he  afterwards  modded  with  earthly  materiab  in  a  kindred  spirit ;  and  the  mind  of 
phidiv  was  adoned  wi&  all  the  knowledge  which  coald  he  nsefnl  to  his  profisasioD.  He  was  also  skilled  in 
hbloiy,  poetry,  geometry,  and  the  optics  of  that  day;  and,  whilst  Pericles  commanded  the  treasury  at 
AtbsM  and  the  attied  states,  he  had  the  means  of  giving  full  scope  to  the  efforts  of  his  gaiins.  In  the  art  of 
ftraoBg  statoes  of  bronBe,  both  for  the  number  and  excellence  of  his  works,  Phidias  was  without  a  riyal.  In 
the  production  of  iTOiy  statues  also  he  stood  alone  -,  nor  did  he  disdain  to  work  in  the  meaner  materials  of  wood 
and  day,  or  to  execute  articles  of  the  smallest  mechanism.  Among  the  most  celebrated  of  the  works  which 
PhadiM  execnted  with  his  own  hands  was  a  statue  of  Minerva,  which  adorned  the  interior  of  the  Parthenon. 

•  This  distinguished  English  architect  was  bom  in  1572,  and  apprenticed  to  a  joiner;  but,  having  dis- 
t^ayff^ii^^  faimsdf  in  landsc^[>e  painting,  he  was  sent  to  Italy  by  the  earl  of  Pembroke,  who  was  at  the  expense 
of  his  edscatioD.  His  principal  work,  the  Banqetting-house  at  Whitehall,  still  remains  an  enduring  monument 
of  his  genius,  and  the  s^le  that  he  first  introduced  into  this  country. 
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worics  wliieh  will  onffite  the  periods  of  their  eri^ctioD.  The  greatest  work  of  the  latter 
gentkman,  in  Gbdiic  architecture,  was  F<mthill  Abbey*  the  merits  of  which  buildiiig,  when 
we  consider  that  the  architect  had  no  model  to  work  from,  are  tmlj  extraordinary.  The 
purest  taste  Ibrmeriy  reigned  tiuroughout  the  whole  of  this  splendid  stmctore ;  and  Mr. 
Britton,  in  his  graphic  ddineations,  has  presented  to  succeeding  professors  a  legacy  of 
incalculable  value. 

We  have  seen  that  the  remains  of  Gredan  architecture  and  statuary,  which  have 
escaped  the  ravages  of  time,  and  descended  to  us  in  somewhat  of  a  perfect  state,  continue  to 
be  viewed  with  enthusiastic  admiration,  even  after  every  attempt  which  the  most  skilfiil 
modem  artists  have  made  to  rival  or  exceed  them.  Their  basso-relievos,  their  coins,  their 
gems  and  cameos,  are  not  of  less  admirable  execution ;  and  there  is  much  reason  to  believe 
that  in  painting  they  were  not  less  eminent,  although,  from  the  perishable  nature  of  the 
qpedmens  of  this  branch  of  the  arts,  but  few  models  have  descended  to  us,  and  none  of 
these  probably  of  much  intrinsic  value.  This  leads  us  to  the  connection  which  must  of 
necessity  subsist  between  the  arts  of  painting  and  architecture,  as  well  as  sculpture. 
Among  the  ancient  paintings  employed  in  architectural  edifices  which  have  reached  modem 
times,  the  principal  have  been  some  specimens  of  fresco,  rescued  from  the  ruins  of  Adrians, 
Herculaneum^  and  Pompeii,  on  which  it  cannot  be  supposed  that  much  gn^hic  skill  would 
be  employed.  To  these  we  have  to  add  the  Aldrobandine  nuptials,  the  figures  on  the  pyramid 
of  Cestius,  a  figure  of  Rome  on  the  palladium,  and  some  similar  perfonA&nces,  which  we 
cannot  suf^pose  to  have  been  works  of  the  highest  value.  It  would,  therefore,  be  unreasonable, 
from  the  evidence  which  we  possess,  to  refuse  to  the  early  architects  that  pre-eminence  in 
painting  which  they  undoubtedly  possessed  in  the  corresponding  branches  of  the  arts  of 
design.  On  this  subject  Sir  Joshua  Reynolds,  with  tmth,  remarks  that  "  there  can  be  no 
doubt  but  that  the  same  correctness  of  design  was  required  from  the  painter  as  the  sculptor ; 
and  if  the  same  good  fortune  had  happened  to  us  in  regard  to  their  paintings,  to  possess 
what  the  ancients  themselves  esteemed  their  masterpieces,  which  is  the  case  in  sculpture, 
I  have  no  doubt  but  we  should  find  their  figures  as  correctly  drawn  as  the  Laocoon,  and 
probably  coloured  like  Titian.  What  disposes  me  to  think  higher  of  their  colouring 
than  any  remains  of  ancient  painting  will  warrant  is  the  account  which  Pliny  gives  of 
the  mode  of  operation  used  by  the  celebrated  ApeUes.  In  regard  to  their  power  of 
giving  peculiar  expression,  no  x^orrect  judgment  can  be  formed ;  but  we  cannot  well  sup- 
pose that  men  who  were  capable  of  giving  that  general  grandeur  of  character, .  which  so 
eminently  distinguishes  their  works  in  sculpture,  were  incapable  of  expressing  peculiar 
passions.* 

The  causes  of  the  remarkable  pre-eminence  to  which  the  ancients  attained  in  the  fine 
arts,  particularly  in  sculpture,  statuary,  and  architecture,  form  an  interesting  subject  for 
speculation.  One  obvious  advantage  of  the  antique  imitation  of  the  human  form  arose  from 
the  frequent  opportunities  which  the  artists  enjoyed  of  viewing  nature  either  entirely  un- 
draped  or  veiled  only  with  light  and  graceful  clothing.  At  the  gymnasia,  or  public  places 
where  the  3rouths  performed  the  various  feats  of  running,  wrestling,  boxing,  and  leaping, 
they  had  an  opportunity  of  studying  the  finest  examples  of  the  natural  and  graceful  play  of 
the  muscles,  and  had  exhibited  before  them  every  variety  of  posture  and  attitude,  witii  a 
dignity  and  expression  which  cannot  now  be  obtained.  Another  essential  advantage  which 
the  ancient  works  of  art  possess  over  modem  productions  is  that  they  were  generally  works 
of  much  longer  time.  Among  the  ancients,  it  was  thought  a  great  deal  for  one  sculptor  to 
have  executed  four  or  five  statues  in  the  course  of  his  life ;  hence  the  high  finish  of  the  most 

*  See  Sir  Jot^ma  ReynoliPt  notes  upvn  Fresnoy. 
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cdebnted  marbles  ni  afitiqutfy  wiuoh  bean  die  mi]iiite«l  impwtitm,  and  the  tiM  of  every 
different  hf^U  It  was  likewise  no  small  advantage  to  possess  an  imoocnpied  field,  in  which 
tiie  exertions  of  g^ns  were  unfettered  and  free  from  the  reproadi  of  mutation.  A  modem 
artist  Jaboorsmider  the  disadvantage  of  acomparison  with  the  fine  models  of  antiquity,  which, 
while  he  despairs  of  surpassing,  he  is  compelled,  by  the  tyranny  of  taste,  in  some  measure 
to  copy.  Nothing  can  more  cruelly  cbunp  the  ardour  of  invention,  or  check  the  generous 
emulation  to  exoeL  We  ought  not,  however,  to  allow  our  admiration  of  the  antique  to 
transport  us  too  hx,  oir  to  blind  us  to  the  faults  whidi  appear  even  in  the  statues  of  Greece 
and  Rome,  while  we  refuse  a  just  tribute  of  ajqplause  to  the  exertions  of  am  most  esteemed 
modem  artists*  There  is  undoubtedly  the  greatest  dignity  and  beauty  in  many  specinrans 
ci  the  antique  which  we  possess ;  but  sometimes  this  is  obtained  at  the  expense  of  auima- 
tioa  and  just  expression.  ^' The  ancient  sculptors,"  says  Sir  Joshua  Reynolds,  "neglected, 
to  amimate  the  features,  even  with  the  general  expression  of  the  passions.  Of  this,  t^e  gnmp 
of  boxers  is  a  remarkable  instance ;  they  are  engaged  in  the  most  animated  action  with  the 
greatest  serenity  of  countenance.  This  frequent  deficiency,  in  ancient  sculpture,  eould 
proceed  frxmi  nothing  but  a  habit  of  inattention  to  what  was  considered  as  comparatively 
tiHmatftf  lal  ■ 

It  is  said  tiiat  Michael  Angelo,  demrous  of  exposing  the  undue  predilection  in  which 
the  ciasrical  antique  was  held  in  his  time,  formed  with  great  care  a  statue  of  Cupid,  winch 
he  buried  in  a  spot  where  he  was  sure  it  would  be  found,  after  having  broken  ofi^  one  of  its 
arms.  The  Cupid  having  been  dug  up,  all  the  world  pronounced  it  to  be  an  antique,  and 
resounded  with  its  praises ;  till  the  modem  artist  having  produced  the  arm,  which  fitted 
exactly  to  the  defective  trunk,  the  connoisseurs  were  compelled,  however  reluctantly,  to 
admowledge  their  blunder.  An  intimate  acquaintance  with  ancient  sculpture  and  architec- 
ture implies  something  more  than  a  skilful  discrimination  between  what  is  truly  beautiful 
and  classical  and  what  is  fantastic  or  deformed.  It  implies,  also,  a  knowledge  of  the  dif • 
ferent  styles  of  the  artists,  the  manners  of  the  various  ages,  and  the  different  kinds  of  ma- 
terials on  which  the  various  arts  have  been  practised,  whether  wood,  clay,  ivory,  precious 
stones,  marUe,  flint,  or  metal.  The  study  of  the  antique  has  served  to  prove  that  the 
ancients  had  attained  to  wonderful  skill  in  the  arts  of  metallurgy,  pottery,  gem-engraving, 
founding,  moulding,  &c. ;  and  in  many  respects  seem  rather  to  have  excelled  than  to  have 
fdlen  short  of  the  most  ingenious  productions  of  the  modem  workshop.  It  was  said  by  the 
late  Mr.  Wedgewood,  who  was  doubtless  the  most  sHIfrd  manufieu^turer  of  porcelain  of 
modem  times,  that  the  celebrated  Barberini  vase  afforded  evidence  of  an  art  of  pottery  among 
the  ancdents,  of  which  we  are  as  yet  ignorant  even  of  the  rudiments. 

Some  of  the  most  beautiful  works  of  modem  sculpture  have  been  employed  to  omament 
die  new  palace  in  St  James's  Park,  as  well  as  in  the  various  public  statues  which  have  been 
erected  in  the  squares  of  the  metropolis ;  and  it  is  gratifying  to  observe  the  growing  taste 
which  exists  for  blending  architecture  with  the  other  branches  of  the  fine  arts.  Our  space 
win  not  however  permit  of  our  pursuing  this  matter  further,  and  an  estimate  of  the  compa- 
rative degrees  of  excellence  obtained  by  ancient  and  modem  artists  will  be  found  under  the 
artides  Furx  Abts  and  Sculftubb. 

We  may  now  proceed  to  trace  the  history  of  our  acquaintance  with  the  mechanical  pro- 
perties of  the  air  or  atmosphere  which  surrounds  our  globe.  This  is  a  very  interesting  branch 
of  human  knowledge,  and  as  important  to  the  chemical  as  to  the  pneumatic  philosopher.  Some 
of  the  properties  of  the  air  in  which  we  live  and  breathe  were  well  known  to  the  ancient  phi- 
losophers. Thus  Aristotle  says  that  all  the  elements  have  weight,  with  the  exception  of  fite ; 
adding  that  a  bladder  inflated  with  air  will  weigh  more  than  when  quite  empty.  Plutarch 
and  Stroboras  quote  Aristotle  as  teaching  that  the  weight  of  air  is  between  that  of  foe  and 
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earth;  aad  the  latttr  phikwophwr  himself  quotes  Bmpedodes  as  attribatiiig  the  >ct  <rf  reqwra* 
tion  to  the  pressure  of  the  air,  by  wtdck  itinsinnRtes  itself  into  the  lungs.  Hero  of  Alexandria, 
in  his  woik  entitled  Sjinriialia^  applies  the  prindple  of  the  elasticity  of  the  air  to  produce  and 
cfzplain  various  eflfisctSy  in  such  a  way  as  sufficiently  to  convince  us  that  he  was  no  strangei 
to  the  properties  of  atmo^heric  air ;  and  Gtesibius,  adopting  the  principle  of  its  elasticity* 
constructed  wind-guns,  which  afterwards  passed  for  modem  inventions.  There  is,  however, 
some  difference  between  the  ancient  and  modem  air-guns.  In  that  of  Gtesibius,  for  example, 
the  ball  was  not  immediately  exposed  to  the  action  of  the  air,  but  was  impelled  by  the 
longer  arm  of  a  lever,  while  the  air  acted  on  the  shorter;  but  the  princii^  of  operation  is 
the  same  in  both*  and  shows  clearly  that  the  elasticity  of  common  air,  if  it  could  not 
be  accurately  measured,  was  at  least  well  known  at  that  period.  Hero,  who  is  now  gene- 
.  rAlly  considered  as  the  first  who  employed  high-pressure  steam  as  a  prime  mover,  describes 
several  ingenious  pneumatic  instruments.  The  effects  which  are  now  known  to  result 
from  the  weight  and  elasticity  ci  the  atmosphere  were  for  a  long  time  attributed  to  the  ima- 
ginary princq>le  of  what  was  called  "nature's  abhorrence  of  a  vacuum,**  an  explanation 
which  does  not  appear  to  have  been  called  in  question  tiU  the  time  of  Galileo.  This  philo- 
sopher had  studied  the  operation  of  a  sucking-pump,  which  had  been  erected  to  raise  water 
out  of  a  cistern ;  and  he  was  surprised  to  find  that  when  the  water  descended  to  a  certain 
point  the  pump  ceased  to  act,  and  continued  to  lose  its  power  by  any  further  subsidence  of 
the  fluid.  After  reflecting  for  some  time  on  this  singular  fact,  Gklileo  attributed  the  rising 
of  the  water  to  the  attraction  between  the  piston  and  the  fluid  particles.  Dr.  Young  says 
that  "  befbre  Galileo's  time,  it  was  generally  supposed  that  water  was  raised  in  a  sucking- 
pump  on  account  of  the  impossibility  of  the  existence  of  a  vacuum ;  if,  however,  a  vacuum 
had  been  impossible  in  nature,  the  water  would  have  followed  the  water  to  all  heights,  how- 
ever great :  but  Ghdileo  found  that  the  limit  of  its  ascent  was  about  thirty-four  feet,  and 
concluded  that  a  column  of  this  height  was  the  measure  of  the  magnitude  of  the  atmospheric 
pressure." 

It  occurred  to  Torricelli,  in  the  year  1643,  that,  whatever  might  be  the  cause  by  which 
a  column  of  water  thirty-four  feet  high  i&  sustained  above  its  level,  the  same  force  would 
sustain  a  column  of  any  other  fluid  which  weighed  as  much  as  that  column  of  water  on  the 
same  base ;  and  hence  he  concluded  that,  as  quicksilver  is  about  fourteen  times  as  heavy  as 
water,  it  could  not  be  kept  up  at  a  greater  height  than  twenty-nine  or  thirty  inches.  He 
then  made  the  experiment  still  called  after  his  name.  He  provided  himself  with  a  glass 
tube,  about  three  feet  long,  and  sealed  it  hermetically  at  one  end,  and,  having  filled  it  with 
mercury,  he  closed  it  at  the  open  end  with  his  finger,  and  inverted  it  in  a  basin  of  mercury. 
Upon  withdrawing  his  finger,  he  had  the  satisfacticm  of  seeing  the  column  of  mercury  descend 
and  settle  at  the  height  of  between  twenty-nine  and  thirty  inches  iu  tiie  tube.  He  was  still,, 
however,  not  aware  that  the  phenomenon  was  to  be  attributed  to  the  pressure  of  the  atmo- 
sphere, although  after  a  littie  reflection  he  fell  upon  that  explanation ;  and,  after  he  had  fuUy 
convinced  himself  of  the  truth  of  his  hypothesis,  it  is  said  that,  with  a  feeling  of  generosity 
of  which  we  have  few  examples,  he  expressed  his  regret  that  it  had  not  fallen  to  tiie  lot  of 
his  master,  Ghdileo,  to  have  completed  a  discovery  of  which  he  had  first  laid  the  founda- 
tion. 

The  invention  of  the  air-pump  is  the  most  important  feature  in  the  history  of  pneuma- 
tics, and  Otto  Guericke  has  jusUy  been  considered  its  first  constractor ;  yet  it  was  our  own 
countryman  Boyle  who  turned  the  instrument  to  useful  purposes.  In  the  hands  of  Otto 
Ghiericke  the  air-pump  was  a  pleasing  pneumatic  toy :  but  in  those  of  Boyle  it  became  a 
valuable  philosophical  instrument.  Hie  value  of  modem  mechanical  improvements  in  this 
tomch  of  science  will,  however,  be  best  understood  by  graphic  views  of  both  pumps  :  the 
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llrst  an  accnrate  aketcli  of  the  apparatus  aa  it  wxb  employed  by  Otto  Oneiu^,  and  the  othv 
tepreaenting  the  improred  appuatos  as  it  ia  noir  coiutnicted. 


Otto  Giiericjce  fonned  a  Tacunm  by  fitting  a  piston  in  a  harrel,  which  he  immersed  in  a 
tab  of  water,  and  then  raising  the  piston  he  formed  an  imperfect  vacuum  beneath  it.  In  hia 
■abseqnent  experiments  he  placed  the  appanttos  on  a  tripod  stand,  and  discontinued  the  use  of 
the  water.  It  may  be  proper  to  state  that  motion  was  in  the  first  instance  given  to  the  jaston 
by  a  atinup  beneath.  Now  with  this  apparatus  he  performed  many  pleasing  experiments,  but 
never  converted  it  to  any  really  philosophical  purposes. 

The  improved  air-pump  has  two  pistons  made  to  fit  accurately  in  brass  barrels,  and 
Bsotioia  is  given  to  them  by  a  lever  and  two  racks,  so  that  when  one  is  raised  the  other  is 
depresaed.  By  this  beautiful  mechanical  arrangement  the  pressure  of  the  atmosphere  is  equal 
in  both  barrels,  and,  when  the  pump  is  pnt  in  operation,  a  child's  force  will  accomplish  as 
modi  as  eould  be  effected  by  a  strong  man  with  the  old  apparatus. 

lie  barometer  is  a  pneutnatic  instrument  which  may  certainly  be  said  to  date  its  history 
front  the  Toiricellian  experiment  Mariotte  in  France,  and  Boyle  and  Townley  in  England, 
foond  from  experiment  that  the  dennty  of  the  atmosphere  was  proportional  to  the  compresrii^ 
va^tX ;  but  this  law  is  true  only  when  the  tempeiature  of  the  air  remmns  constant.  Atten- 
tion, however,  was  not  then  paid  to  this  important  restriction,  which  is  fact  could  not  be 
in£cated  by  experiments  where  the  compressed  vohunes  of  air  differed  but  Uttie  from  each 
other  in  respect  to  temperature.  The  law  of  compression  being  otherwise  known,  Halley 
Bade  nse  of  it  for  calculating  the  decrease  of  density  in  the  beds  of  the  atmosphere  at  different 
attitudes,  and  thus  led  to  the  mathematical  formuhe  by  means  of  which  the  difference  of 
altitTidp  d  two  places  may  be  calculated  from  the  heights  of  mercury  in  the  barometer  ob- 
served at  eadi  of  them.  Newton,  in  hIa  Frincipia,  perfected  Halley's  theory,  by  shomng 
that  regard  was  to  be  paid  to  the  diminution  of  gravity  according  as  the  distance  from  the 
snr&ee  of  the  earth  increased.  But,  what  is  very  remarkable  in  so  scrupulous  an  observer 
ot  the  laws  of  nature,  he  also,  as  well  as  Halley,  omitted  to  consider  the  effect  of  the  varia- 
tkma  of  heat,  and  of  the  progressive  decrease  of  the  temperature  and  density  of  the  different 
tfiaU  <d  the  atmoajdiere.  Ihe  barometrical  formuls  thus  obtained,  without  the  correction 
vfaidb  renders  them  appUcable  to  all  t«nperatures,  could  only  famish  a  very  imperfect  ap- 
pcoxiiaation ;  and  therefore  philosophere  and  mathematicians  who  endeavoured  to  apply  them 
fimnd  Aat  they  succeeded  only  in  a  few  instances,  and  that  generally  the  resnlts  seemed  to 
be  nbjcct  to  vuiona  oron,  which  ^ipeared  to  follow  no  unifonn  law. 
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M.  de  Luc  diacovered  the  troe  Bource  of  these  anomalies,  by  searching  in  the  obserra- 
tions  themselves  for  the  correspondence  between  the  temperature  of  the  air  and  the  correction 
which  the  general  formuls  required.  Numerous  experiments  on  the  comparative  expansions 
of  air  and  mercury  enabled  him  to  perceive  the  law  that  those  corrections  ought  to  follow, 
and  the  quantity  in  all  cases  which  should  be  assigned  to  them.  This  remarkable  discovery, 
by  giving  to  the  barometrical  formulae  an  unexpected  accuracy,  animated  the  zeal  of  philoso- 
phers, and  observations  were  multiplied  to  a  great  extent.  Dr.  Maskeleyne  undertook  to 
reduce  the  new  formulsB  into  English  measures,  while  Flayfair  added  a  correction  to  the 
variation  of  gravity  in  different  latitudes.  Sir  Oeorge  Shuckburgh,  by  very  exact  measures, 
verified  the  results  of  M.  de  Luc,  and  gave  them  a  greater  degree  of  precision.  General 
Roy  also  made  an  application  of  it  at  a  great  number  of  places  in  the  progress  of  his  survey. 
The  heights  of  the  principal  mountains  in  the  Alpine  chain  were  ascertained  by  M.  M* 
Saussure  and  Pictet,  the  Pyrenees  by  M.  Ramond,  and  the  Andes  by  Humboldt.  The  ba- 
rometer is  now  considered  as  valuable  an  instrument  for  measuring  the  heights  of  mountains 
as  for  foretelling  the  changes  of  the  weather,  and  it  is  rendered  so  portable  that  a  com-? 
plete  mountain  barometer  can  be  enclosed  in  a  case  very  little  larger  than  a  oonmion 
walking-stick. 

The  principles  of  the  science  of  acoustics  must  be  placed  in  connection  with  the  subject 
we  have  now  been  discussing.  The  transmission  of  sound  and  the  mechanism  of  audition  were 
but  little  understood  prior  to  the  middle  of  the  last  century.     Aristotle,  deriving  his  informa- 
tion probaUy  from  the  tenets  of  the  Pythagorean  school,  seems  to  have  formed  tolerably  just 
notions  of  the  theory  of  harmonics.     The  language  of  that  philosopher  was  so  much  cor- 
rupted, however,  and  disguised  by  ignorant  transcribers,  that  Galileo,  who  not  only  studied 
music  as  a  science,  but  practised  it  as  a  delightful  art,  may  be  fiedrly  allowed  to  have  re- 
discovered the  general  doctrines  of  harmony.    Mersenne  and  Kircher  afterwards  made  a 
variety  of  most  ingenious  experiments,  which,  though  rather  neglected  at  the  time,  tended 
greatly  to  extend  the  science.     But  it  was  reserved  for  the  genius  of  Newton  to  sketch  out 
the  true  theory  of  sound.    In  his  Principia  he  illustrates  the  experiment  of  aerial  pulses,  and 
by  a  fine  application  of  dynamics,  conducted  with  his  usual  sagacity,  he  succeeded  in  calculat- 
ing their  celerity  of  transmission.    The  solution  which  he  has  given  of  this  intricate  problem 
is  fai,  however,  from  being  unexceptionable  in  the  form  and  mode  of  reasoning.     Instead 
of  attempting  to  embrace  all  the  conditions  affbcting  the  problem  in  a  differential  equation, 
for  which,  indeed,  his  fiuxionary  calculus  was  not  yet  far  enough  advanced,  he  proceeds  less 
boldly,  and  only  arrives  at  the  conclusion  by  an  indirect  process  and  a  sort  of  compensation 
of  errors. 

The  velocity  of  sound  was  determined  with  considerable  accuracy  and  on  a  great  scale 
by  Gassini  and  Maraldi,  while  employed  in  conducting  the  trigonometrical  survey  of  France* 
During  the  winter  of  the  years  1738  and  1739  these  astronomers  repeatedly  discharged 
■t  night,  when  the  air  was  calm  and  the  temperature  uniform,  a  small  piece  of  ordnance  from 
their  station  on  Mont  Martre,  above  Paris,  and  measured  the  time  that  elapsed  between  the 
flash  and  the  report,  as  observed  from  a  signal-tower  at  the  distance  of  about  eighteen  miles. 
The  mean  of  numerous  trials  gave  1 130  feet  in  one  second  for  the  velocity  of  the  transmis- 
non  of  sound. 

About  the  same  time  Condjamine,  who  was  sent  with  the  other  academicians  to  ascertain 
the  length  of  a  degree  in  Peru,  took  an  opportunity  of  likewise  measuring  the  celerity  of 
sound  at  two  very  different  points.  He  found  this  was  1175  feet  on  the  sultry  plain  of 
Cayenne^  and  only  1120  on  the  frozen  heights  of  Quito.  It  was  obvious  therefore  liiat  the 
rarefaction  c^  the  air  in  those  lofty  regions  had  in  no  important  degree  affected  the  results. 
Compared  with  what  had  been  observed  in  France,  the  velocity  of  the  aerial  pulses  had 
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tomewbat  diminmliM  at  Qiuto  bytlie  prevaUing  cold,  but  was  on  tke  other  hand  considerably 
aagmented  by  the  excessive  heat  and  moisture  which  oppress  Cayenne.'*' 

Mr.  €h>1dingham,  who  made  a  series  of  experiments  on  the  velocity  of  sound  at  Madras, 
eonsidas  that  for  each  degree  of  the  thermometer  1.2  foot  may  be  allowed  in  the  velocity  of 
MMmd  for  a  second,  for  each  degree  of  the  hygrometer  1.4  foot,  and  for  one-tenth  of  an  inch 
di  the  barometer  9.2  feet.  He  concludes  that  ten  feet  per  second  is  the  difference  of  the 
idocity  of  sound  between  a  calm  and  in  a  moderate  breeze,  and  twenty-one  feet  and  a  quarter 
Id  a  second,  or  1275  in  a  minute,  is  the  difference  when  the  wind  is  in  the  direction  of  the 
■otion  of  the  sound  or  opposed  to  it. 

The  process  of  hearing  is  certainly  very  remarkable,  and  well  calculated  to  excite  our 
raipnse  and  cariosity,  when  we  think  of  that  infinite  variety  which  we  observe ;  single  sounds, 
Ttrjing  in  intensity  from  the  gentlest  whiflper  to  the  noise  and  violence  of  an  explosion ;  con- 
tiBned  sounds*  from  the  ripfde  of  waters  to  the  roar  of  the  cataract;  strains  of  melody  which 
eadumt  the  ear,  rising  from  grave  to  acute,  and  falling  again  to  the  lowest  in  the  compass ; 
0^  those  harsher  notes  which  only  grate  in  their  discord.  Can  it  be  possible  that  all  these 
fifciBities  arise  from  the  agitarions  in  the  air,  differing  only  in  the  manner  in  which  they  strike 
Ae  ear,  in  the  force  and  quickness  of  their  action,  or  in  the  regularity  of  their  succession  ? 
What  incredihle  sensibility  in  this  organ,  to  perceive  and  be  moved  by  such  imperceptible 
■lades  of  gradation,  and  to  recognise  such  infinite  diversities  in  kind !  The  powers  of  the  eye 
ia  discriminating  the  minutest  shades  of  colour  justly  eidte  our  astonishment ;  but  each  co- 
kmr  presents  a  peculiar  modification  of  light.  The  powers  of  the  ear  must  appear  still  more 
extraoidmary,  if  ever)*  sensation  in  it  arises  merely  from  a  mechanical  agitation  of  the  same 
Bstnre  in  every  case,  but  only  differing  in  the  force  of  the  impulse.  Yet  this  is  really  the 
case ;  and  the  more  we  examine  into  the  subject  the  more  clearly  does  it  appear  demonstra- 
Ue  by  tiie  laws  of  geometry  and  mechanics. 

That  che  air  is  the  ordinary  vehicle  of  sound  is  clearly  proved  by  the  beautSul  experi- 
BKnt  of  enclosing  a  bell  within  the  recdver  of  an  air-pump,  and  then  exhausting  the  air. 
As  the  process  of  exhaustion  proceeds,  the  sound  is  observed  to  become  continually  fainter 
and  funter,  until  at  last  it  dies  away  altogether.  The  bell,  however,  continues  to  ting: 
at  least  the  liammer  continues  to  strike,  and  thereby  agitate  the  bell,  as  before ;  and  yet  no 
sovnd  is  emitted,  plainly  because  there  is  no  medium  to  convey  the  agitation  to  the  ear.  If 
tbe  sound  in  this  experiment  cannot  be  altogether  extinguished,  this  will  be  found  to  arise 
from  the  impracticability  of  exhausting  the  air  altogether  out  of  the  receiver,  and  also  of  in- 
salating  completely  the  bell  from  the  plate  of  the  air-pump  on  which  it  stands,  the  support 
•errmg  to  convey  the  sound  even  after  the  air  is  exhausted.  A  very  g^ooa  mode  of  perform- 
i^  tins  experiment  is  to  have  a  bell  with  a  small  piece  of  clock-work  attached  to  it,  which 
itxftss  at  regular  intervals,  and  with  a  tone  of  uniform  intensity. 

In  order  to  conceive  the  mode  in  which  sound  is  propagated  through  the  air,  let  us  con- 
ader  what  takes  place  when  we  move  a  series  of  balls  ranged  in  a  line  on  a  table,  or  suspended 


*  TWb  dtstaaee  «t  whieh  aoimds  may  be  heard  is  mnch  §;reat«r  than  is  geaeraUy  imagined.  Dr.  Derbaoi 
miarmm  «a,  on  the  andionty  of  3.  Averrani,  that  at  the  siege  of  Messina  the  report  of  the  guns  was  heard  at 
lagoiland  8yraeiise,afaB0St  100  Italian  miles  distant;  and  he  alio  states  that  in  the  naral  engagement  between 
the  £o|^  and  the  Dnteh,  iHiich  took  place  in  167f,  the  report  of  the  gnns  was  heard  upwards  of  200  miles 
off.  Hmnboldt  mentions  the  reports  of  Toloanoes  in  South  America  heard  at  the  distance  of  SOO  miles ;  and  Dr. 
Thnmion  states,  on  the  authority  of  a  friend,  that  the  loud  explosioiis  which  took  place  from  the  volcano  m  St. 
Tmom^t  wers  beard  distine^  at  Demerara :  now  this  is  a  distance  which  must  considerahly  exceed  900  miles. 
Ob  the  odber  hod,  again,  sound  is  en^Mbledand  dissipated  sooner  in  slpine  regions :  tiius,the  traveller,  roring 
St  sone  hsi^  above  a  valley,  descries  with  uncommon  clearness  perhsps  a  huntsman  on  .'the  brow  of  the 
spposils  lioiistslu,  and,  while  he  watches  every  flash,  yet  can  he  scarcely  hear  the  report  of  the  fowling-piece. 
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by  tiireads.     If  we  strike  the  one  end  of  the  line,  by  impelling  a  ball  against  it,  it  is  only  the 
ball  at  the  other  end  which  appears  to  be  affected.     This  flies  off  from  the  rest,  and  leaves 
them  almost  stationary.     The  intermediate  balls,  therefore,  senre  merely  to  transmit  the  im- 
pulse from  the  one  end  to  the  other  of  l^e  series.   In  the  same  manner  it  is  that  the  agitation  or 
impulse  from  which  sound  arises  is  transmitted  through  the  air.    This  fluid,  like  every  other 
body,  consists  of  an  almost  infinite  number  of  small  particles,  a  single  series  of  which  may  be 
represented  to  us  by  the  balls  in  the  above  example.    These  particles  are  not  even  in  contact 
with  one  another :  they  are  separated  by  minute  intervals,  but  are  yet  connected  together  by 
attractive  and  repulsive  forces,  which  tend  to  retain  them  perpetually  in  equHibrio.     In  every 
case,  therefore,  there  is  in  reality  a  series  of  such  particles  reaching  from  the  sounding  body 
to  the  ear.    The  former  by  its  agitation  strikes  that  particle  which  is  next  to  it,  the  intermediate 
ones  serve  to  convey  the  impression,  and  the  last  one,  flying  off,  strikes  the  sentient  organ  of 
hearing.  The  ear  then  forms  merely  a  sort  of  organ  of  touch,  but  of  such  exquisite  sensibility  that 
it  becomes  affected  by  the  slightest  agitation  in  the  fluid  atmosphere  by  which  it  is  surrounded. 
But  this  fluid  is  continually  agitated,  and  in  a  thousand  different  ways,  by  the  various  motions 
and  actions  which  are  continually  going  on  among  the  bodies  on  the  smfetce  of  the  earth. 
Every  agitation  of  this  kind  communicates  itself  to  the  surrounding  atmosphere ;  it  is  by  it 
conveyed  and  propagated  in  all  directions  from  the  centre  of  agitation,  somewhat  like  what  we 
observe  in  a  smooth  surface  of  wa  terwhen  a  stone  b  thrown  into  the  middle  of  it— ^  series 
of  small  waves  are  observed  arising  and  propagating  themselves  in  concentric  circles  from  the 
centre  of  agitation  on  all  sides.     In  a  mmilar  manner  every  agitation  in  the  aerial  medium 
propagates  its  influence  in  all  directions,  and  from  these  varied  impressions  arise  all  those  di- 
versities of  sound  which  affect  tiie  ear. 

The  above  view  of  the  propagation  of  sound  explains  at  once  the  remarkable  phenomenon 
of  the  echo,  which  arises  in  every  case  from  obstacles  opposing  the  progress  of  sound.  The 
agitation  in  the  air  however,  though  interrupted  by  such  obstacles,  is  not  destroyed  :  each 
aerial  particle  which  strikes  against  the  opposing  suifeu^  is  reflected  from  it  like  an  elastic  ball 
which  strikes  against  any  wall  or  table.  The  sound  is  thus  reflected  at  an  angle  equal  to  the 
angle  of  incidence ;  and  it  is  when  a  number  of  these  reflected  impressions  are  thrown  back 
to  the  point  whence  the  original  sound  issues,  by  the  configuration  of  the  opposing  obstacles, 
as  so  fi^equentiy  happens  among  rocks,  walls,  &c.,  that  an  echo  is  produced. 

The  celebrated  Chladni,  whose  loss  will  be  deplored,  not  only  in  Germany,  but  by  all 
who  feel  the  importance  of  the  study  of  the  supreme  law  of  nature  by  the  analogy  of  its 
different  elements,  showed  many  years  since  that  the  vibrations  of  sounds  put  in  motion 
grains  of  sand,  united  on  a  glass  plate,  in  such  a  manner  that  when  the  tones  are  pure  the 
grains  unite  in  regular  forms,  and  when  they  are  discordant  the  grains  trace  upon  the  glass 
figures  without  symmetry.  His  latest  discovery  previous  to  his  death  was  that  of  the 
manner  of  the  propagation  of  sound,  by  means  of  applying  the  theory  of  liquid  waves  to  that 
of  aerial  ones.  When  a  sonorous  bar  of  metal  or  glass  is  plunged  into  a  liquid  surface,  four 
currents  are  observed  round  this  bar,  two  of  which  are  in  the  direction  of  the  vibratory 
movement,  and  the  others  perpendicular  to  the  direction  of  the  former.  Two  currents  are 
eccentric  or  flying,  and  two  concentric  or  returning,  and  between  them  is  formed  an  oval 
movement ;  and  from  these  phenomena  we  may  imagine  what  passes  in  the  waves  of  the 
air,  and  explain  the  interruption  of  sound  in  certain  directions  where  the  waves  take  a 
compound  course,  viz.  when  they  pass  from  the  centrifugal  to  the  centripetal  movement. 
Nothing  is  so  highly  satisfeu^ry  as  this  ipoialogy  when  shown  to  exist  in  different  elements, 
an  analogy  which  it  has  been  the  especial  merit  of  the  (Germans,  and  of  none  more  than 
Chladnif  to  inculcate  as  one  of  the  fundamental  principles  to  be  borne  in  mind  in  the  study 
of  nature. 
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A  very  moderate  aegmintence  witli  the  edence  of  acoustics  must  have  sufficed  to  enable 
tfte  ww'ifT't  miuidaita  to  construct  their  inatnimente,  as  they  were  usually  of  a  very  simple 
duiaeter,  and  as  tfaey  rarely  produced  more  than  five  or  six  different  tones.  The  invention 
of  the  organ  by  GttaibiQs  forms  a  remarkable  epoch  in  this  branch  of  acoustical  science. 
Tbt  lBif[ttwind  instinments  were  famished  with  hydxanlic  belloTVB,  the  smaller  with  bellows  i 
ot  leather  only ;  and  they  had  keys  which  were  depressed,  like  those  of  the  modem  organs, 
by  the  fingers  of  the  performer,  and  which  opened  valves  communicating  witli  the  pipes. 
The  eariy  stringed  instnunents  did  not,  however,  make  so  rapid  a  progress,  as  the  notes  pro- 
duced by  the  harp  even  in  the  last  century  were  fixed  and  determined  by  a  small  number  of 
coida  attached  to  the  sounding  body.  Exceptions  did  however  occaaionally  occur  to  this 
rule,  and  ^re  have  even  teen  the  sculptured  remains  of  an  early  Grecian  lyre  in  which  as 
t  ^ifH  for  flanging  the  disposable  length  of  the  string.  This  was  effected  by 
g  bar,  whi(^  might  be  moved  by  the  mnsidan  during  his  performance. 


This  was  a  great  step  in  the  march  of  improvement,  and  an  instrument  of  this  description 
is  carefn&y  delineated  in  the  above  figure.  But  whm  we  come  to  compare  it  with  the  instm* 
ment  [daced  by  its  «de  we  shall  readily  appreciate  the  value  of  modem  improvement.  In  the 
harp-late,  or  lyre,  which  forms  the  accompanying  figure,  there  are  only  eight  strings,  and 
yet  fbor-aod-twenty  distinct  tones  may  be  formed  by  the  agency  of  small  sliding  levers ;  and, 
in  the  most  perfect  form  of  the  harp,  nearly  500  tones  may  be  elidted  by  the  same  means. 
The  ^Killoiucon  invented  by  Mr.  Flight  combines  every  other  really  valuable  species  of  mud- 
cal  ixubument  within  one  range ;  and  a  series  of  vibrating  metallic  tongues  have  lately  been 
combined  so  as  to  form  a  valuable  wind  instrument. 

Hifdrotlatiti  may  be  said  to  date  its  origin  ^m  the  time  of  Archimedes ;  he  ascertained 
ttie  laws  which  determine  the  weight  of  bodies  immersed  in  fluids,  and  also  the  position 
which  they  would  assume  in  floating  on  tjiem.  According  to  some  authors,  the  work  which 
Archimedes  composed  on  hydrostatics  we  owe,  as  it  now  exists,  to  a  translation  from  the 
Arabic ;  while  others  maintain  that  we  have  derived  It  from  an  Immediate  translatioo  of  the 
original  Greek  texL  This  work  is  divided  into  two  books.  "Hie  basis  on  which  this  autiior 
fonnds  his  theory  is  this :  that  every  particle  of  a  fluid  being  supposed  equal,  and  equally 
heavy,  win  remain  in  the  place  in  which  it  is  found ;  or  that  the  whole  mass  will  remain  in 
cqaiHbrio  when  each  particular  particle  Is  equally  pressed  in  every  direction.  This  equality 
of  preKure,  on  which  the  state  of  equilibrium  is  made  to  depend.  Is  demonstrated  by  ex- 
The  author  afterwards  examines  tlie  conditions  which  ought  to  obtain  in  order 
Abts  &  SciaRCBS. — Vol.  I.  d 


xxxiv  INTRODUCTION. 

that  a  solid  homogeneous  body,  floating  on  a  fluid,  may  take  and  preserve  the  situation  of 
equilibrium :  he  shows  that  the  centre  of  gravity  of  the  body,  and  that  of  the  body  im- 
mersed, must  be  situated  in  the  same  vertical  right  line ;  that  the  weight  of  the  body  is 
equal  to  the  portion  of  fluid  displaced  by  it ;  that  the  body  will  be  entirely  immersed  when 
its  specific  gravity  is  equal  to,  or  exceeds,  that  of  the  fluid ;  and  he  also  examines  nearly  all 
the  other  principles  of  the  science  oJF  hydrostatics,  which  constitute  the  basis  of  our  present 
knowledge  on  the  subject.     It  appears,  likewise,  from  his  investigations,  that  two  bodies  of 
equal  magnitude,  both  heavier  than  the  fluid  in  which  they  are  immersed,  will  lose  equal 
parts  of  their  weights ;  and  that,  reciprocally,  when  the  weights  lost  in  the  same  fluid  are 
equal,  the  bodies  are  of  equal  magnitudes.     The  solution  of  the  well-known  problem  of 
Archimedes,  relative  to  the  crown  of  Hiero,  king  of  S^jrracuse,  depends  on  the  above  principles. 
Besides  the  theoretical  principles  of  hydrostatics,  we  owe  also  to  this  philosopher,  accoiding 
to  some  authors,  an  ingenious  hydraulic  machine,  called  from  the  name  of  its  supposed  in- 
ventor the  screw  of  Archimedes.     Diodorus  asserts  that  this  philosopher  invented  it  in  his 
voyage  to  Egypt,  and  that  the  natives  of  that  country  afterwards  employed  it  for  the  pur* 
pose  of  draining  the  extensive  marshes  with  which  it  abounds  ;  but  Vitruvius,  a  contemporary 
of  Diodorus,  does  not  enumerate  it  amongst  the  discoveries  of  Archimedes,  of  whom  he  was 
nevertheless  a  great  admirer ;  and  Claudius  Perrault,  the  translator  and  commentator  of 
Vitruvius,  adds  that  the  use  Diodorus  g^ves  to  this  machine  (namely,  that  it  was  employed 
to  render  Egypt  habitable,  by  draining  off*  the  waters  with  which  it  was  formerly  inundated) 
makes  it  highly  probable  that  the  engine  is  of  much  earlier  date  than  the  time  of  th%  Syracusan 
philosopher* 

The  early  philosophers  believed  that  water  was  absolutely  incompressible,  and  it  was 
not  till  the  middle  of  the  seventeenth  century  that  this  doctrine  was  attempted  to  be  con- 
troverted. The  members  of  the  Florentine  academy  tried  the  compression  of  water  in  three 
different  ways,  which  are  described  in  the  account  of  their  experiments  printed  in  1661. 
1.  Having  provided  two  glass  tubes,  terminated  by  hollow  balls,  they  filled  the  one  partly, 
and  the  other  to  excess,  with  pure  water^  and  joined  the  tubes  hermetically,  so  as  to  form 
one  piece.  Then,  applying  heat  to  the  first  ball,  till  the  water  boiled,  they  forced  its  vapour 
to  press  against  the  column  in  the  other  stem.  But  no  contraction^  of  the  fluid  took  place, 
though  a  copper  ball  was  afterwards  substituted ;  and,  when  the  action  of  the  heat  was  still 
further  urged,  the  tube  at  last  burst  with  violence.  2.  Into  a  glass  tube,  immediately 
above  six  poimds  of  water,  they  introduced  eighty  pounds  of  quicksilver,  without  causing 
any  diminution  of  volume.  3.  Their  most  celebrated  experiment  was,  having  filled  a  hollow 
silver  ball  with  water  by  a  small  hole,  afterwards  soldered  accurately,  to  give  it  a  few 
smart  blows  with  a  hammer,  when,  far  from  suffering  compression,  the  water  was 
seen  to  ooze  or  pass  from  the  pores  of  the  silver.  Mr.  Boyle,  whose  practice  it 
was  to  repeat  the  more  striking  experiments  made  on  the  continent,  had  a  round  tin  or 
pewter  vessel  filled  carefully  with  water,  and  tightly  plugged ;  the  blow  of  a  wooden 
mallet  beat  it  flat ;  but,  on  piercing  the  tin  with  the  point  of  a  small  nail,  the  confined 
water  instantly  sprang  to  the  height  of  two  or  three  feet.  About  the  year  1752,  Dr.  Peter 
Shaw,  who  read  public  lectures  in  London,  exhibited  a  strong  copper  ball  of  four  inches  in 
diameter,  and  filled  with  water  by  a  small  orifice,  into  which  a  screw  was  fitted,  and  forced 
to  enter  by  turning  an  iron  arm  or  lever :  the  globe  was  partly  opened  by  this  enormous 
squeeze,  and  the  water  spouted  from  the  crevice  as  from  a  fountain.  These  experiments  all 
concur  to  show  that  water  is  papable  of  sustaining  an  immense  pressure  without  undergoing 
any  very  sensible  contraction ;  but  they  prove,  at  the  same  time,  the  actual  existence  of  such 
a  contraction,  since  the  projecting  of  the  water,  after  a  crack  has  once  begun  in  the  vessel 
that  confines  it,  could  only  proceed  from  the  evolution  of  an  internal  repulsive  force. 
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The  com^rettibiiity  of  ixrater  was  first  satisfactorily  demonstrated  by  the  ingenious  Mi. 
Canton  in  1762,  by  a  very  simple  and  conclusive  experiment.  To  a  glass  ball,  of  rather 
more  than  an  inch  and  a  half  in  diameter,  he  joined  hormeticaliy  a  tube  about  four  inches 
kogp  and  having  a  bore  equal  to  the  hundredth  part  of.  an  inch.  The  relative  capacity  oi 
this  ball,  and  of  the  stem,  he  ascertained  by  introducing  mercury,  and  weighing  nicely  its 
tepante  portions.  The  stem  was  then  marked  by  the  edge  of  a  file  into  divisions,  corre* 
qK^mg  each  to  the  hundred-thousandth  part  of  the  whole  capacity  of  the  ball.  This 
iaitnmieat  was  now  filled  with  distilled  wat^»  carefully  purified  of  its  adhering  air,  and 
placed  under  the  receiver  of  an  air-pump :  on  producing  an  exhaustion,  the  water  appeared 
iofetsnlly  to  swell,  lising  four  divisions  and  three-fifths  in  the  stem,  or  a  space  nearly  equal 
tp  the  mercmial  expansion  corresponding  to  half  a  degree  of  heat  on  Fahrenheit's  scale.  In 
a  eoodenaing  engine,  the  water  sunk  just  as  much,  for  each  additional  pressure  of  an  atmo- 
ipheve, — the  ball  remaining  always  at  the  same  temperature,  or  at  the  fiftieth  degree  of 
Fahreididit.  Since  the  stem  was  left  open,  the  pressure  exerted  by  the  air,  both  on  the  in- 
■de  and  outside  of  the  instrument,  must  in  all  cases  have  been  precisely  the  same ;  and 
coosequenliy  tiie  ^ass  had  no  diiqK)8ition  to  alter  its  figure  and  modify  the  results.  The 
•attraction  oi'  expansion  produced  was,  therefore,  confined  wholly  to  the  body  of  water  and 
to  the  thin  shell  of  glass,  of  which  indeed  the  influence  might  be  rejected  as  insignificant. 
it  was  hence  decided  that  the  purest  water  suffers  a  visible  concentration,  or  a  diminution 
c£  its  vvdnnie,  under  a  powerful  compression.  But,  in  the  course  of  his  experiments,  Mr. 
Canton  <d)eerved  a  curious  circumstance,  that  water  is  more  compressible  in  cold  than 'in 
warm  weather.  Thus,  the  contraction,  imder  a  single  incumbent  atmosphere,  amounted  to 
4.9  diviaio&s  when  the  thermometer  stood  at  34^,  but  was  only  4.4  divisions  when  the  heat 
taut  to  64^.  This  singular  fact  might  afford  room  for  speculation ;  but  it  were  better,  in 
the  mean  while,  to  repeat  the  experiment  again  with  more  delicacy,  and  on  a  greater  scale. 

The  oHB^ression  of  some  other  fluids  was  likewise  measured  in  the  same  way.  The 
ooBtractioii,  under  the  weight  of  an  atmosphere,  and  at  the  ordinary  temperature,  amounted, 
IB  minirmtii  parts  of  the  entire  capacity  of  the  ball,  to  sixty-six  with  alcohol,  to  forty-eight 
witii  oiiie  oil,  to  forty  with  sea  water,  and  only  to  three  when  mercury  was  employed. 

In  1779,  jHxifessor  Zimmerman  of  Brunswick  printed  a  short  account  of  some  trials 
■ade  by  him  and  Abich,  director  of  the  salt-mines,  with  a  press  of  a  particular  construction, 
wmiBsting  oi  a  water«4aght  cylinder  of  very  thick  brass,  witii  a  piston  nicely  fitted,  to  be  pushed 
down  by  means  of  a  long  lever,  at  whose  extremity  different  weights  were  appended. 
Rtin*water  bong  introduced  into  the  cavity  was  subjected  to  an  enormous  pressure,  equiva- 
Int'to  tiiat  <^  313  atmospheres,  and  had  its  volume  then  diminished  between  one  thirty-fifth 
and  one  thirty-sixtii  part.  This  quantity  gives,  for  the  effect  of  a  single  incumbent  atmo- 
iphere,  a  condensation  amounting  to  seventy-five  millionth  parts,  instead  of  forty-six,  as 
found  by  Mr.  Canton.  The  excess  was  no  doubt  owing  to  the  distention  of  the  brass 
cyfindo*,  which,  with  all  its  strength  and  solidity,  would  yet  partially  yield  to  the  action  of 
ibch  a  prodigious  force.  This  circumstance  renders  the  experiment  somewhat  unsatis- 
&etory,  and  the  influence  of  friction  must  likewise  affect  the  accuracy  of  the  calculation. 
The  effect  of  such  distention  is  easily  witnessed  in  the  case  of  glass.  If  a  large  bulb  of 
a  thermometer  be  suddenly  squeezed  between  the  finger  and  thumb,  the  mercury  will  start 
up  in  the  stem  perhapa  several  degrees,  and  will  again  sink  as  quickly  after  the  pressure  is 
leaioved.  To  prevent  any  derangement  from  communication  of  heat,  the  hand  'may  be 
conrered  with  a  thick  glove.  But  tiie  fact  can  be  shown  in  a  less  exceptionable  way  :  let  a 
mercQiial  thermometer,  with  a  large  bulb  and  a  long  stem,  be  first  held  upright,  and  then 
mmiediately  inverted ;  between  these  two  positions  the  colimm  of  mercury  will  descend 
Hauo^  a  viaiUe  qtaoe.  This  apparent  change  of  volume  has  been  hastily  supposed  by  some 
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experimentalists  to  marie  the  compressibility  of  mercury,  which  could  not  be  sensible  but 
tmder  the  action  of  a  column  of  incomparably  greater  height. 

Mr.  Peridns,  a  most  ingenious  mechanic,  well  known  for  the  nmnber  and  yariety  of  his 
experiments,  employed  an  instrument  called  a  piezometer,  to  ascertain  the  amount  of  com- 
pression in  difPerent  fluids.  He  subjected  this  instrument  to  a  force  equal  to  that  of  about 
326  times  the  ordinary  pressure  of  the  atmosphere ;  and  he  found  that  the  water  it  con- 
tained had  been  increased  about  three  and  a  half  per  cent. 

The  clepsydra,  or  water-clock,  acts  upon  purely  hydrostatic  principles ;  and  it  was  em-^ 
ployed  as  a  means  of  measuring  time  at  a  very  early  period.  The  principles  on  which  it 
should  be  constructed  will  be  examined  under  the  article  HtDrostatics  ;  and  it  may  be 
enough  to  state  that  the  French  annals  mention  a  curious  water-dock,  sent  by  Aaron,  king 
of  Persia,  to  Charlemagne,  about  the  year  807,  which,  it  would  seem,  bore  some  resemblance 
to  the  clocks  now  in  use  :  it  was  of  brass,  and  showed  the  hours  by  twelve  little  balls  of  the 
same  metal,  which  at  the  end  of  each  hour  produced  sounds  from  a  bell.  There  were  also 
figures  of  twelve  cavaliers,  which  at  the  end  of  each  hour  came  out  through  certain  aper- 
tures, -or  windows,  in  the  side  of  the  dock,  and  shut  them  again. 

The  most  obvious  law  of  hydrostatics,  and  one  on  which  nearly  all  our  experiments  are 
founded,  is  this,  that  the  surface  of  every  homogeneous  gravitating  fluid,  when  at  rest,  ia' 
horizontal.     If  any  part  of  the  surface  were  inclined  to  the  horizon,  the  partides  would 
necessarily  tend  towards  its  lowest  part,  in  the  same  manner  as  if  they  moved  without 
friction  on  the  inclined  surface  of  a  solid.     And  if  any  two  portions  of  the  surface  of  the 
fluid  be  separated,  as  in  two  branches  of  a  tube,  or  pipe,  however  they  may  be  situated,  the 
fluid  cannot  remain  at  rest  unless  the  surfaces  be  in  the  same  level  plane  ;  for,  if  we  imagine 
such  a  tube,  containing^  water,  to  be  made  of  ice,  and  to  be  immersed  in  a  large  reservoir  of 
water,  and  then  thawed,  the  water  will  make  a  part  of  the  general  contents  of  the  reservoir ' 
and  it  is  obvious  that  the  tube  has  acquired  no  new  power  of  supporting  it  by  being  thawed; 
consequently  the  water  would  remain  in  a  state  of  equilibrium  at  the  same  height  in  the 
tube.     The  experimental  proof  of  this  proposition  is  easy  and  obvious,  and  the  property 
affords  one  of  the  most  usual  modes  of  determining  a  horizontal  surface.     But,  when  we 
compare  the  heights  of  fluids  occupying  tubes  of  different  magnitudes,  it  is  necessary,  if  the 
tubes  are  small,  to  apply  a  slight  correction  on  account  of  the  actions  of  the  tubes  on  the 
fluids  which  they  contain,  which  are  more  apparent  as  their  diameters  are  smaller.   There  ia 
a  very  singular  paradoxical  experiment  illustrative  of  this  part  of  our  subject.     It  is  this,  • 
that  any  quantity  of  water,  or  any  other  fluid,  however  small,  may  be  made  to  balance  and 
support  any  quantity,  or  any  weight,  how  great  soever.     Thus,  water  in  a  bent  pipe,  or 
canal,  open  at  both  ends,  always  rises  to  the  same  height  at  both  ends,  whether  those  ends 
be  wide  or  narrow,  equal  or  unequaL     And  since  the  pressure  of  fluids  is  directly  as  their 
peix^ndicular  heights,  without  any  regard  to  their  quantities,  it  follows  that  whatever  the 
'figure  or  size  of  the  vessels  may  be,  provided  their  heights  be  equal,  and  the  areas  of  their 
bottoms  equal,  the  pressures  of' equal  heights  of  water  are  equal  on  the  bottoms  of  those 
vessels,  even  though  the  one  should  contain  a  thousand,  or  even  ten  thousand  times  as  much 
as  the  other. 

When  a  machine  is.  constructed  expressly  for  the  purpose  of  showing,  in  the  most  strik- 
ing manner,  that  the  pressure  of  fluids  is  as  their  perpendicular  heights,  and  that  a  quantity, 
however  small,  may  be  made  to  support  a  weight  or  another  quantity  however  laige,  it  may 
be  most  advantageously  made  by  the  apparatus  called  the  hydrostatic  bellows.  This^in* 
genious  machine  was  much  employed  by  the  early  experimentalists,  under  the  name  of  the 
parcuhxical  instrument ;  it  was  however  in  truth  rather  employed  to  excite  the  admiration  of 
the  vulgar  than  to  duddate  the  prindples  of  hydrostatical  scicQce.     The  bellows  are  shown 
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in  (^lentioa  in  the  subjoined  figure  ;  two  or  three  persons  may  readily  be  placed  c 
psii  o[  bellows  and  actually  elevated  by  a  lew  ounces  of  water- 


To  illastmte  this  ungular  experiment,  we  may  suppose  a  bole  to  be  made  in  the  upper 
yart  of  the  board,  and  another  tube  to  be  inserted  there  ;  the  water  would  certunlj  rise  to  the 
nme  levd  in  them  both ;  and,  snppoBing  the  board  to  be  filled  with  tubes,  the  water  would  attain 
the  same  Icrd  in  them  all,  because  a  series  of  pipes  would,  in  fact,  form  a  solid  cylinder  of 
water.  If  we  suppose  the  hole  to  be  of  the  same  diameter  as  the  interior  of  the  tube,  end  fitted 
with  a  piston,  then,  if  the  tube  contained  two  ounces  of  water,  the  piston  would  sustain  a 
wd^t  of  two  onitces  without  being  depressed.  If  the  area  of  the  hole  were  twice  that  of  the 
bore  of  the  tube,  two  ounces  in  the  tube  would  sustain  four  ounces  on  the  piston.  In  this 
manner,  every  part  equal  to  the  bore  of  the  tube  is  pressed  upwards  ^th  a  force  equnl  to  the 
weigfatof  fluid  in  the  tube.  Hence,  if  the  proportion  subsisting  between  the  area  of  the  tube 
and  that  of  the  bellows  be  multijilied  by  the  weight  of  water  in  the  tube,  *^^i-  product  will  e:- 
freaa  the  force  with  which  the  boards  are  separated. 

Turning  £n>m  this  very  demonstratiTe  scientific  toy  to  the  practical  application  of  the 
principle  it  exhibits,  in  the  useful  arts,  we  may  refer  to  the  machine  placed  in  juxta-position 
to  the  "  paiadoiieal  instrument.''  This  exhibits  a  combination  of  powers  surpasung  that  of 
any  other  simple  hydrostatic  apparatus.  A  pressure  equal  to  fifty  or  sixty  tons  may  readily 
be  pat  in  opention  by  a  single  labourer.  We  are  indebted  to  Mr.  Bramah  for  the  invention 
of  this  piess,  and,  in  the  case  before  us,  it  is  applied  to  the  dyeing  and  pressing  of  linen.  In 
this  app«ratus,  Mr.  Bnunah  suggested  the  use  of  a  very  strong  metal  cylinder,  in  lieu  of  the 
bellows  part  of  the  appkratus,  the  leather  of  which  would  be  incapable  of  resisting  any  very 
conuderable  pressure.  A  piston  or  plug  was  so  arranged  as  to  move  water-tight  in  the  cylin- 
der; md,  as  a  substitute  for  the  high  fluid  column,  he  employed  a  small  forcing-pump  for 
raising  the  water,  and  dius  the  pressing  column  becomes  indefinitely  long,  although  the  whole 
apjmratos  is  otttself  comparatively  small.  Taken  as  a  whole,  Bramah's  press  may  be  con- 
ndered  as  one  of  the  most  important  discoveries  in  modern  times. 

Tliat  branch  of  the  smence  of  hydrostatics  which  relates  to  the  specific  gravity  of  bodies 
Bs^  be  sud  to  date  its  origin  from  the  time  of  Archimedes.  Hiero,  king  of  Syracuse,  b 
Mid  to  have  employed  an  artist  to  make  him  a  regal  crown  of  gold,  and  furnished  a  tufiicieut 
quantity  of  pure  metal  for  that  purpose.  When  the  crown  was  finished,  its  weight  was 
fettnd  to  equal  that  of  the  gold  delivered  for  it ;  yet  the  king  suspected  an  adulteration,  and. 
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despairing  of  being  enabled  to  ascertain  the  fact  by  the  ordinary  j^rociesses  then  rescnrted  to,  he 
applied  to  Archimedes  for  the  meana  of  detecting  the  fraud.  This  philosopher  could  not  for 
some  time  arrive  at  any  satisfactory  conclusion,  but  at  length  an  accidental  observation  which 
he  made  suggested  to  him  the  means  he  might  employ.  As  he  was  stepping  into  a  bath  he 
observed  that  the  water  rose  in  proportion  to  the  quantity  of  his  body  immersed  in  it ;  and 
immediately  reflecting  that  a  body  of  equal  balk  with  himself  would  rabe  the  water  in  the 
same  degree,  though  a  body  of  equal  weight,  but  not  of  equal  bulk,  would  not  raise  it  so 
much,  he  became  instantly  idive  to  all  the  consequences  of  tiiis  reasoning,  and,  in  the 
ecstasy  of  the  moment,  forgetting  his  clothes,  he  ran  into  the  streets  of  Syracuse,  exclaim- 
ing, "  I  have  found  it !  I  have  found  it !"  Obtaining  the  specific  gravity  of  a  substance  is, 
therefore,  nothing  more  than  ascertaining  how  much  it  is  heavier  or  lighter  than  its  own  bulk 
of  pure  water,  an  operation  which  would  be  in  ordinary  circumstances  attended  with  great 
difficulty  and  nicety ;  for,  to  obtain  the  comparative  weight  of  an  irregular  piece  of  metal 
and  its  equal  bulk  of  water,  it  would  be  necessary  to  have  an  exact  measure  of  its  capacity  to 
be  filled  a  certain  number  of  times  with  water,  which  would  be  difficult  or  even  impracticable 
with  precision  and  certainty ;  but,  since  every  substance  capable  of  sinking  in  water  loses  as 
much  weight  by  inmiersion  as  is  equal  to  the  exact  weight  of  its  own  bulk  of  water,  it  be- 
comes easy  and  certain  of  success.  From  this  it  would  be  seen  that  the  theory  of  specific 
gravities  is  a  very  interesting  subject  both  to  the  philosopher  and  the  man  of  business.  The 
theoretical  enquirer  considers  the  weights  of  bodies  as  measures  of  the  number  of  material 
atoms,  or  the  quantity  of  matter,  which  they  contain,  without  any  reference  to  their  external 
form  or  dimensions ;  and  there  are  many  cases  in  which  the  commercial  dealer  sufi^ers 
considerable  loss  from  a  want  of  acquaintance  with  the  principles  of  this  branch  of  hydro- 
statics. 

Instead  of  measuring  the  bulk  of  the  body  by  that  of  the  displaced  fluid,  as  was  suggested 
by  Archimedes,  we  now  observe  the  loss  of  weight  sustained  by  the  solid.  Tins  may  readily  be 
effected  with  perfect  precision.  Whatever  may  be  the  bulk  of  the  body,  this  loss  of  weight 
is  the  weight  of  an  equal  bulk  of  the  fluid ;  and  we  obtain  the  specific  gravity  of  the  body  by 
dividing  its  whole  weight  by  the  weight  lost.  By  this  simple  process  of  ascertaining  the 
specific  gravity  of  bodies  we  take  as  a  standard  a  fluid  body  least  affected  by  external  circum- 
stances. In  its  ordinary  state,  and  at  a  given  temperature,  it  b  sufficiently  constant  and 
uniform  in  its  weight  for  every  experimental  purpose ;  and  the  most  perfect  accuracy  may  be 
obtained  by  passing  the  water  through  a  still. 

There  are  two  modes  of  ascertaining  the  specific  gravity  of  a  fluid  body;  the  one  con« 
sists  in  the  use  of  a  hydrometer,  and  the  other  in  the  employment  of  a  bottle  containing  a 
definite  quantity  of  the  fluid  to  be  operated  upon.  Hie  hydrometer  is  usually  formed  of  glass 
or  metal,  and  consists  of  a  ball  loaded  at  one  side,  and  famished  at  the  other  with  a  long 
graduated  scale ;  when  this  is  placed  in  the  fluid,  the  spedfic  gravity  is  indicated  by  the 
depth  at  which  it  floats.* 

A  process  of  ascertaining  specific  gravities  by  means  of  the  hydrometer,  though  generally 
resorted  to  for  that  purpose,  is  not  the  most  accurate.  Indeed,  the  only  method  of  effecting 
this  with  certainty  is  to  weigh  a  certain  portion  of  the  fluid  in  a  bottle  against  a  similar 
quantity  of  pure  water.  Thus  we  may  employ  a  thin  phial,  holding  iOOO  grfins  of  distilled 
water,  at  the  temperature  of  60^.  If  filled  with  any  other  liquid,  and  weighed,  we  learn 
its  specific  gravity,  and  we  shall  find  that  it  would  contain  13,500  grains  of  mercury; 


*  This  instrument  was  the  inyention  of  a  lady  as  eminent  for  her  intellectual  accompliahments  as  she  was  ad- 
mired for  her  beauty.    Hypatia,  the  learned  daughter  of  the  celebrated  mathematician  Theon,  of  Alexandria, 
Woame  so  eminent  for  her  mathematical  knowledge  that  she  was  made  public  professor  in  the  first  school  of 
the  period. 
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1850  grains  of  sulphuric  acid;  1420  grains  of  nitric  acid»  &c.;  which  numbers,  of  course, 
represent  the  specific  gravities  of  those  liquids. 

The  air-hladder  in  aquatic  animals  may  be  considered  as  a  most  important  hydrostatic 
contrivance  to  vary  the  specific  gravity  of  the  body  at  pleasure.  There  is  a  philosophical  toy 
commonly  constructed  to  illustrate  the  internal  mechanism  by  which  this  is  efiected.  It  con- 
astB  of  a  glass  jar,  and  two  or  three  small  hollow  fish  of  the  same  material.  The  fish  are  so 
balanced  by  the  introduction  of  water  within  that  they  just  float  on  the  surface  of  the  water. 
If  a  piece  of  bladder  be  now  drawn  tightiy  over  the  mouth  of  the  jar,  and  the  hand  after- 
wards applied  to  the  animal  membrane,  so  as  to  compress  the  water  within,  they  will  descend, 
owing  to  their  increased  specific  gravity.  The  matiiem^cal-instrument  makers  also  con- 
struct small  hollow  figures  of  enamel ;  but  in  the  lower  parts  representing  the  feet  leave  a 
small  hole,  through  which  a  small  portion  of  water  may  be  introduced,  or  apply  to  the  back 
part  of  each  a  sort  of  appendage  in  the  form  of  a  tail,  pierced  at  the  lower  extremity.  They 
then  bring  the  figure  into  equilibrium  with  the  fluid  in  which  it  is  intended  to  float,  and,  fill- 
ing the  bottle  with  water  to  the  orifice,  cover  it  with  parchment  or  leather,  which  must  be 
closely  tied  round  the  neck.  To  put  the  figures  in  motion,  it  is  only  necessary  to  presd  the 
parchment  over  the  orifice,  and  the  figures  will  descend,  and,  on  the  hand  being  removed, 
they  will^rise  again.* 

We  have  seen  that  the  pressure  of  water  is  sometimes  employed  in  a  species  of  para- 
doxical ^paratus  called  the  hydrostatic  press,  and  we  shall  presentiy  trace  its  history  as  a 
prime  mover  in  hydraulic  machines ;  but  we  must  now  pause  to  examine  the  greatest  dis- 
covery in  modem  times,  in  which  a  small  quantity  of  water  expanded  by  heat  is  made  to 
act  with  enormous  force  in  an  apparatus  as  simple  as  it  is  powerful.  The  steam-engine  is  a 
moat  important  hydrostatic  machine ;  its  power  in  many  cases  exceeds  that  of  the  fabled 
genii  of  the  Eastern  world.  By  the  aid  of  this  potent  prime  mover  we  are  enabled  to  rend 
asunder  the  largest  masses  of  iron ;  and  yet  so  admirably  are  its  powers  regulated  that  we 
can  not  only  combine  in  one  engine  the  force  of  many  hundred  horses,  but  we  may  manu- 
fMlnre  the  most  delicate  parts  of  that  master-piece  of  human  ingenuity  a  watch.  The 
andenta  were  well  acquainted  with  the  expansive '  power  of  steam.  Agathius  furnishes  us 
with  an  account  of  the  employment  of  steam  in  a  highly  expansive  state.  He  states  that 
the  philosopher  Anthemius,  having  received  some  offence  from  Zeno  the  rhetorician,  re- 
aohred  to  avenge  the  affront  by  a  display  of  his  wonderful  mechanical  powers.  In  pur- 
suance of  this  plan,  the  man  of  words  was  invited  to  the  residence  of  the  Trallian 
pbakmopber^  but  he  was  scarcely  seated  ere  the  house  began  to  shake,  and  nearly  all  the 
symptuBis  of  a  violent  earthquake  became  apparent  Agathius  adds  that  the  eflect  was 
prodaced  by  tiie  passage  of  steam  through  pipes  from  a  cauldron  at  the  bottom  of  the 

bwiMing.t 

Hero  of  Alexandria,  a  disciple  of  Ctesibius,  describes  an  ingeidous  philosophical 
toy,  in  which  elastic  vapour  was  emplo3red  as  the  prime  mover,  more  than  100  yearn 
prior  to  the  Christian  era;  and  the  subjoined  beautiful  graphic  sketch  will  serve  to 
Shfltrate  the  theory  of  its  operation.  The  ornamental  ball  is  supported  by  two  upright  tubes, 
terminated  by  pointed  axes.     The  lower  part  of  these  tubes  enters  a  cauldron  in  which  elastic 

*We  have  been  Unit  ptftionUr  in  pointing  out  the  comtrnetion  of  tfaete  toys  in  oonsoqnonoe  of  their  import- 
Mee  m  ilhistnting  eereral  leientifio  heU  which  c«a  hardly  be  understood  bj  mere  deseription,  tnd  it  hat  long 
bean  a  aooreo  of  legret  with  pubUo  teachers  that  simple  apparatoa  for  experimental  illustration  ia  lesa 
acicfiible  now  than  formerly.  The  opticians  in  the  preaent  day  have  amasingly  improved  in  the  acouracj  of 
tkeir  inatrameBts,  but  they  hare  entirely  loat  sight  of  the  wanta  of  the  humble  and  unassisted  atndent,  and 
ia  nsdanng  their  apparatna  coatly  they  hare  materially  diminiahed  their  utility. 

t  Agaduaa  compoaed  hia  work  in  the  aizth  oentury.  It  was  edited  by  Vulosniiis  at  Leyden  in  1594 ;  and 
<igimi|  laprinted  in  folio  at  Paris,  ia  1666. 


xl  INTRODUCTIONv 

T^touT  is  generated  by  the  application  of  a  lamp  placed  beneath.  At  the  steam  ascend* 
from  the  cBtddron  it  enters  the  ball  by  the  hollow  aset,  and  oltimately  rushes  fiom 
the  t«-o  small  ^leitures  exhibited  in  the 
engraving.  From  this  it  will  be  seen  that 
the  action  of  Hero's  steam  apparatus  must 
be  precisely  similar  to  that  of  the  rocket- 
wheel,  only  high-pressure  steam  is  substi- 
tuted for  inflamed  gunpowder.* 

Without  ttaciag  the  various  steps  by 
which  this  "  potent  commander  of  the  ele- 
mente, — this  abridger  of  time  and  space," 
has  acquired  its  present  high  degree  of  per- 
fection, it  may  be  enough  in  the  present 
place  to  state  that  we  are  mainly  indebted 
to  tlie  celebrated  James  Watt  for  those  im- 
provements by  which  it  has  become  a  patient 
drudge  in  every  branch  of  our  manufactures, 
and  served  the  cause  of  humanity  most  effec- 
tually by  substituting  inanimate  power  for 
muscular  exertion. 

The  use  of  water  as  an  impelling  power,  ooth  for  the  turning  of  machinery  and  other 
purposes  connected  with  the  useful  arts,  appears  to  have  been  known  at  a  very  early  period. 
Vitruvius  describes  a  variety  of  machines  for  this  purpose,  the  earliest  of  which  were 
employed  merely  to  raise  a  portion  of  the  fluid  by  which  they  were  impelled.  The  most 
aimple  method  of  ^)ptying  this  element  aa  a  mechanical  agent  evidently  consisted  in  the 
construction  of  a  wheel,  the  periphery  of  which  was  composed  of  float-boards.  This,  oa 
being  exposed  to  die  action  of  a  running  stream,  was  aAerwards  employed  to  ^ve  motion  to 
a  variety  of  mills.  But  few  improvements  have  been  effected  in  the  construction  of  these 
machines ;  and,  though  we  now  apply  their  powen  to  a  greater  variety  of  purposes,  they  are 
yet  in  point  of  principle  nearly  identical  with  those  employed  in  the  time  of  Vitmvius.t 

Sextus  Julius  Frontinus,  who  was  inspector  of  the  public  fountains  at  Rome,  published 
a  valuable  work  on  the  conveyance  of  water  by  aqueducts ;  he  describes  those  which  the 
Romans  had  constructed,  and  the  dates  of  their  erection.  He  then  fixes  and  compares  with 
each  other  the  measures  of  capacity  which  he  employed  at  Rome  for  ascertaining  the  products 
of  the  ajutages.  On  these  subjects  he  made  several  correct  observations :  thus,  for  example, 
he  showed  tiiat  the  quantity  of  water  issuing  from  an  ajutage  did  not  whoUy  depend  upon 
its  magnitude,  but  that  the  height  of  the  reservoir  above  it  must  also  be  couHdered.  He 
showed  also  tiiat  tiie  tube  dewgned  to  carry  off  part  of  the  water  of  an  aqueduct  ought  to  hare, 

■  At  £tu  view,  the  power  of  H«ro'e  sppinbu  nould  ippMT  eice«diDgl7  until ;  but  (ha  editor  Ii«  •  model 
wloohheemplojimhiipubliolectuias  which  UnearljtipowerMuasmeUhjgh-preuureeiiguieortlMnmeiiM 

t  A  diMinpdehed  French  writer  on  hydrcdjn«iiiice,  when  apeiking  of  (Imm  nonamenta  of  hamu  genini.' 
tA»,  ••  to  whom  do  we  owe  (ll  theta  oaeliil  and  imporUnt  diaooreriea  1  What  honours,  what  recompansea, 
hare  theae  banefwton  of  man  receind  of  their  oonnti;  m  tie  worid  at  large  1  Hiatoiy  eommouly  aiuwera 
nothing  to  theae  enquiriea ;  whila  great  paina  are  taken  to  tniumit  the  namea  and  eiploita  of  couqnerora  who 
hare  UTaged  the  earth  and  left  tracaa  of  miaerr  "^  deatrootion  in  aU  their  atapfc"  Theae  obaemtioni  of 
Bwaut  apply  pretty  [enerally  to  aTaiy  age  of  acientific  diacorery  ;  and  it  i*  bat  joitiee  to  the  goToromenl  of 
Napoleon  Buonaparte  to  remark  that  ha  eat  the  eiample  of  bintowing  honoura  and  digniliea  on  thoae  moat 
ceUbrated  for  their  soiantiGc  eminence.  We  h«Te  aomewhat  tardUy  followed  in  the  march  of  joatice  to  tb«M 
best  baneftctors  of  mankind,  and  the  preaent  o«ntury  has  to  record  the  names  of  Davy,  Heracbal,  Brewstan 
and  Bell,  aa  instaicea  of  men  whoae  services  hare  lecaiTad  the  Bwad  of  their  country's  piaiae,  and  obtained  iu  - 
wsU-aaraed  honorr—  J:-'—- ■"— 
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•ccoffdiiig  to  drcnmstanees,  a  position  more  or  lesn  oblique  with  respect  to  the  course  of  the 
stream.  From  the  time  of  Frontinus  to  that  of  TOTrioelli  but  little  progress  was  made  in  our 
knowledge  of  the  motion  of  fluids.  This  eminent  mechanic  was  for  some  time  the 
contemporary  <rf  Galileo.  He  ascertained  the  velocity  with  which  water  issues  from  an 
aperture  in  the  side  or  bottom  of  a  vessel,  and  showed  that  it  must  be  the  same  velnn'fv 
which  a  body  would  acquire  by  falling  from  the  level  of  the  surface  to  the  level  of 
the  orifice.  This  proposition,  now  so  well  known  as  the  basis  of  the  whole  doctrine  of 
hydraulics,  was  first  published  by  Tonicelli  at  the  end  of  his  treatise  entitled  De  Motu 
Oravium  ei  Prqjeclorum. 

The  beginning  of  modem  experimental  improvements  in  hydraulics  may  periiaps  be  dated 
frun  the  investigations  of  Smeaton  respecting  the  efforts  of  wind  and  water,  which  were 
pddiahed  in  the  Philotophical  Tranioctians  for  1759.  His  observations  are  of  material  im- 
poitance,  as  fiur  as  they  are  ci^ble  of  immediate  application  to  practice,  but  he  has  done  little 
to  ihistrate  their  connection  with  the  general  principles  of  mechanics.  M.  Borda  first  de- 
rived from  a  just  theory  the  same  results  respecting  the  effects  of  undershot  water-wheels  as 
Smeaton  obtained  from  his  experiments  about  ten  years  after.  Before  this  time»  the  best 
essay  on  the  subject  of  water-wheels  was  that  by  Helvius,  published  in  1742 :  his  calcula- 
tkmft  are  accurate,  but  they  are  founded  in  a  great  measure  on  the  imperfect  suppositions 
reelecting  the  impulse  of  a  stream  of  water  which  were  then  generally  adopted. 

We  have  already  seen  that  the  ancients  ascribed  the  rise  of  water  in  pumps  to  nature's 
abhonrence  of  a  vacuum,  so  that  the  simple  operation  of  the  air's  pressure  was  converted  into 
an  occult  quality.  This  was  the  belief  even  as  late  as  the  time  of  Galileo,  who  inferred  frt)m 
some  of  his  experiments  that  nature's  abhorrence  of  a  vacuum  only  extended  to  between 
tiiirty  and  forty  feet.  Thus,  then,  we  find  that  so  late  as  the  seventeenth  century  the  science 
of  one  of  the  most  distinguished  philosophers  of  the  period  consisted  in  transferring  from  the 
mofal  to  Uie  physical  world  the  ideas  of  affection  and  hatred.  The  very  obvious  effect  of 
the  presaore  of  the  atmosj^ere,  forcing  the  water  into  the  vacuous  space  in  the  pump-barrel, 
does  not  appear  to  have  been  understood  till  the  weight  of  the  air  had  been  measured ;  and 
the  height  oi  the  column  of  water,  elevatedby  a  good  sucking-pump,  is  now  known  to  vary 
witib  tiie  density  of  the  medium  in  which  it  is  placed.  The  force  required  to  work  a  pump 
win  be  as  tiie  height  to  which  the  water  is  raised,  and  as  the  square  of  the  diameter  of  the 
pump-bore  in  that  part  where  the  piston  works ;  so  that  if  two  pumps  be  of  equal  heights, 
and  one  d  them  be  twice  as  wide  in  the  bore  as  the  other,  the  wider  will  raise  four  times  as 
mndi  water  as  the  narrowest,  and  will  therefore  require  four  times  as  much  strength  to  work 
it  The  wideness  or  narrowness  €i  the  pump,  in  any  part  but  that  in  which  the  piston  works, 
does  not  make  the  pump  either  more  or  less  difficult  to  woric,  except  what  difference  may 
arise  from  the  friction  of  the  water  in  the  tube,  which  is  always  greater  in  a  narrow  bore  than 
a  wide  one,  because  of  the  great  velocity  of  the  water. 

Hie  pump  now  employed  consists,  as  in  the  time  of  Ctesibius,  of  a  barrel  furnished 
with  a  jnston  made  to  fit  air-tight.  On  the  elevation  of  this  plug,  it  will  be  obvious  that  a 
vaconm  must  be  formed  beneath ;  and  the  perfection  of  the  pump  will  depend  upon  the 
aoeoracy  with  which  the  piston  is  fitted.  Hie  old  pumps,  by  admitting  air  round  the  piston, 
very  mudi  impaired  their  value  as  hydraulic  machines ;  and  in  many  cases,  instead  of  raising 
the  water  between  thirty  and  forty  feet,  they  could  scarcely  be  made  to  operate  till  the 
water  had  been  "  fetched"  by  the  assistance  of  the  same  fluid  poured  from  above.  In  other 
caaes  tiie  suction-pipe  is,  even  in  the  present  day,  frequentiy  so  disproportioned  to  the 
p«mq>-baiTel,  that  more  than  a  third  of  the  power  is  lost  by  the  undue  velocity  given  to  the 
— ^^"yfrptg  oolnmn ;  and  even*  at  the  present  time  a  pump  is  exhibited  in  which  cannon  balls 
ve  nised  by  this  defective  construction,  the  inventor  imagining  that  an  advantage  may  be 
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bbtauned  by  die  defect.  Some  of  the  best  pumps  now  coostructeil  are  thcue  intended  for 
nautical  purpoaee ;  and  the  subjoined  figure  will  serve  to  show  the  mode  of  combining  power 
in  these  hydraulic  machinec. 


The  fire-engine  is  very  aimi.ar  to  the  double  ship's  pump,  and  has  been  in  nse,  as  it  i» 
now  cuuEtructed,  for  more  than  a  century  ;  but  a  great  improvement  has  lately  been  efiect«d: 
by  Mr.  Braithwaite.  He  employs  a  portable  steam-engine  to  give  motion  to  the  pump-rod; 
and,  as  the  steam  is  prepared  during  the  passage  of  the  fire-engine  to  its  deatinatioii,  we 
Can  hardly  conceive  a  more  effective  or  powerful  hydraulic  apparatus. 

We  may  now  briefly  trace  the  history  of  optical  icience  ;  and  it  will  be  seen  that  the 
discoveries  connected  with  this  branch  of  our  subject  are  of  a  very  interesting  character. 
By  the  agency  of  optical  instruments  we  are  enabled  to  penelxate  the  moat  distant  regions 
of  epace,  and  mark  the  forms  and  orbits  of  the  planetary  bodies ;  and  at  the  same  time,  by 
a  slight  change  in  their  construction,  to  bring  before  the  eye  of  the  curious  investigator 
wondeis  in  the  animal  and  vegetable  kingdomg  which  farasurpass  all  that  the  wildest 
fictions  of  Arabian  enchantment  could  devise.  By  the  aid  of  the  magnifying  glass,  even  in 
its  simplest  form,  we  discover  that  almost  every  oiganized  body  teems  with  life  and 
motion,  and  that,  when  one  creature  fodes  before  the  passage  of  time  and  seasonal  change, 
another  and  jr^quently  a  more  numerona  species  of  sentient  creatures  is  wanned  into 
action  and  enjoyment  by  this  apparently  destructive  process.  In  fact,  we  discover  that  the 
eye  furnishes  but  the  first  link  in  the  chain  of  creative  goodness,  and  that  every  additional 
step  that  we  take  in  the  world  of  microscopic  wonders  furnishes  a  new  proof  of  the  all- 
pervading  power  of  that  Bung  whose 

—  Goodnesa  ^jdei  the  ruBhtog;  wind. 

And  tips  iLe  Iwlt  with  flame  ; 

Whoie  wiidom  bTsMben  in  erciy  breisie, 

And  mmu  witli  eisij  baun, 

llie  first  systematic  treatise  on  light  is  ascribed  to  Empedocles  ;  and  a  work  on  optica 
attributed  to  Euclid,  who  flourished  abont  400  years  before  the  Christian  era,  shows  the 
state  of  knowledge  on  the  subject  generally  about  that  period.  The  latter  work  adverts  to 
the  effect  of  bringing  into  view,  by  refraction,  an  object  at  the  bottom  of  a  vessel,  by  pouring 
water  upon  it ;  but  chiefly  treats  of  reflected  rays,  explaining  the  effects  of  different  kinds  of 
mirrors,  and  demonstrating  the  equality  of  the  angles  of  incidence  and  reflection.  Ptolemy, 
in  thfe  second  century,  prepared  a  treatise  on  the  scienee  of  optica  generally,  though  it  it 
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Hiw  kMt  From  diis  period  bdt  litde  occhxb  in^rtfa j  of  notice,  till  Alhazen,  an  AsOnan 
aiitbor,'ln  the  derenth  centory,  gave  an  aeoount  of  the  magnifying  power  of  len&ea ;  and  in 
1270  VitdUio,  a  Pole,  wrote  a  treatise  on  this  science,  containing  all  that  vras  vahialde  in 
Alhazen,  digested  in  a  better  manner,  and  with  clearer  explanations  of  various  optical  phe*- 
He  obserres  that  light  is  always  lost  by  redaction,  which  makes  objects  seen  through 
appear  less  luminous.  He  gave  a  table  of  the  results  of  his  experiments  on  the  re* 
firactiTe  powers  of  air,  water,  and  glass,  correi^nding  to  the  different  angles  of  incidence.  He 
asoribes  tbe  twinkling  of  the  stars  to  the  motion  of  the  air  in  which  the  Hght  is  refracted; 
and  ilhistrates  this  hypothesb  by  observing  that  they  twinkle  still  more  when  the  air  is  put  in 
aotian.  He  also  asserts,  that  refraction  is  necessary,  as  well  as  reflection,  to  form  the  rain- 
bow; because  the  body  which  the  rays  fall  npon  is  a  tranj^mrent  substance,  at  the  8ur£Eu» 
ol  widch  one  part  of  the  light  is  always  reflected  and  another  refracted.  H&  makes  some 
ingenkms  attempts  to  explain  refraction,  or  to  ascertain  the  law  of  it ;  and  considers  the  foci 
of  ^ass  spheres,  and  the  appar^t  size  of  objects  seen  throogh  them,  though  with  but  little 
accuracy.. 

John  Baptista  Porta  of  Naples  was  a  very  ingenious  experimentaUst,  and  is  si:q}posed,  on 
good  authority,  to  have  been  the  inventor  of  the  camera  obscura.  His  experiments  with  that 
iastrtanent  indtSiced  him  to  beUeve  that  light  must  certunly  be  a  substance,  by  the  reception 
of  whidi  into  the  eye  vision  was  accomplished.  The  importance  of  this  suggestion  will  be 
efident  when  it  is  observed  that  previous  to  his  time  vision  was  supposed  to  be  dependent 
vpoa  what  were  termed  visual  rays  proceeding  from  the  eye.  He  justiy  considered  the  eya 
Itself  as  a  natural  camera  obscura,  the  pupil  perfonning  the  office  of  the  hole  in  the.window* 
dintter ;  he  remarked  also  that  a  ddect  €i  light  is  remedied  by  the  dilatation  of  the  .pupil, 
winch  contracts  involuntarily  when  exposed  to  a  strong  light,  and  expands  when  the  light 
is  too  fisint  for  distinct  vision.  Baptista  Porta,  by  publishing  an  account  of  the  magic  lantern* 
tended  very  materially  to  diffuse  a  taste  for  scientific  pursuits,  as  he  was  enabled  with  that 
mgenioos  instrument  to  amuse  as  weli  as  to  instruct  his  pupils. 

The  commencement  of  the  seventeenth  century  is  justiy  celebrated  for  the  application  of 
the  tetttscc^  to  astronomical  purposes,  and  for  this  instrument  we  are  most  especially  in- 
debted to  Galileo.  Other  accounts  transfer  the  merit  of  the  first  discovery  to  Jansen,  whose 
diildreD,  wlnle  amusing  themselves  with  a  series  of  spectade-glasses  in  his.  shop,  perceived 
that  when  they  held  two  of  these  lenses  between  their  fingers,  at  a  certain  distance  from  each 
odier,  the  dial  of'the  dock  appeared  greatly  magnified,  but  in  an  inverted  position.  This 
incident  suggested  to  their  father  the  idea  of  adjusting  two  glasses  on  a  board  so  as  to  move 
tkem  at  pleasnre  to  any  required  distance.  To  the  Jansens  we  are  also  indebted  for  the  dis- 
covery of  the  microacope,  an  instrument  dqiending  upon  exactiy  the  same  principLas  m  the 
tdfawxuMC  tube.  In  fact,  it  is  not  improbable  that  the  douUe  lens  was  first  applied  to  the. 
observation  of  near  but  minute  objects,  and  afterwards  on  the  same  princqdes  to  objects 
whkh.  appeared  minnte  on  account  of  their  distance.  The  discovery  of  the  different  refrangi- 
bihty  of  the  component  rays  of  light  suggested  defects  in  the  ccmstruction  of  telescopes 
wlncb  were  before  nnthought  of;  and,  in  the  creative  hands  of  a  Newton  or  a  Dollond,  led 
to  some  no  less  extraordinary  improvements  in  them.* 

*  A  wy  beratiM  analogy  between  the  microscope  and  this  instroment  haa  been  drawn  by  Dr.  Chalmers. 
He  says,  q»eaking  of  the  two  instruments,  "  The  one  led  me  to  see  a  system  in  eveiy  star ;  the  other  leads  me 
to  aee  a  world  in  every  atom.  The  one  tanght  me  that  this  mighty  globe,  with  the  whole  burden  of  its  people 
and  of  its  oountriesy  is  but  a  grain  of  sand  on  the  high  field  of  immensity ;  the  other  teaches  me  that  ereiy 
of  sand  may  harbour  within  it  the  tribes  and  the  families  of  a  busy  population.  The  one  told  me  of  the 
of  the  wodd  I  tread  upon ;  the  other  redeems  it  from  all  its  insignificance,  for  it  tells  me  that  in 
the  leaves  of  every  ibreet,  and  in  the  flowers  of  every  garden,  and  in  the  waters  of  every  rividet ,  there  are  worlds 


]diT  INTRODUCTION. 

To  proceed,  however,  in  our  historical  view  of  the  science  of  optics,  it  may  be  proper  to 
state  that  it  was  Kepler  who  first  clearly  explained  the  effects  of  lenses  in  making  the  rays 
of  a  pencil  of  light  converge  or  diverge.  He  showed  that  a  plano-convex  lens  makes  rays 
that  were  parallel  to  its  axis  to  meet  at  the  distance  of  the  diameter  of  the  sphere  of  con- 
vexity ;  but  that,  if  both  sides  of  the  lens  be  equally  convex,  the  rays  will  have  their  focus  at 
the  distance  of  the  radius  of  the  circle  corresponding  to  that  degree  of  convexity.  But  he 
did  not  investigate  any  rule  for  the  foci  of  lenses  unequally  convex.  He  only  says,  in 
general,  that  they  will  fall  somewhere  in  the  medium  between  the  foci  belonging  to  the 
two  different  degrees  of  convexity.  It  is  to  Cavallieri  that  we  owe  this  investigation.  He 
laid  down  the  following  rule : — As  the  sum  of  both  the  diameters  is  to  one  of  them,  so  is  the 
other  to  the  distance  of  the  focus.  All  these  rules  concerning  convex  lenses  are  applicable 
to  those  that  are  concave ;  with  this  difference,  that  the  focus  is  on  the  contrary  side  of  the 
f^ass. 

It  is  generally  admitted  that  we  are  indebted  to  Kepler  for  the  first  development  of  the 
theory  of  the  astronomical  telescope.  The  rationale  of  this  instrument  is  explained,  and 
the  advantages  of  it  are  clearly  pointed  out,  by  this  philosopher,  in  his  Catoptrics;  but,  what 
is  very  surprising,  he  never  reduced  his  excellent  theory  into  practice.  Montuda  conjectures 
that  the  reason  why  he  did  not  make  trial  oi  his  new  instrument  was  his  not  being  aware 
of  the  great  increase  of  the  field  of  view,  so  that,  being  engaged  in  other  pursuits,  he  might 
not  think  it  of  much  consequence  to  take  any  pains  about  the  construction  of  an  instrument 
which  could  do  little  more  than  answer  the  same  purpose  with  those  of  which  he  was  already 
possessed.  He  must  also  have  foreseen  that  the  length  of  this  telescope  must  have  been 
greater  in  proportion  to  its  magnifying  power,  so  that  it  might  appear  to  him,  upon  the- 
whole,  not  quite  so  good  a  construction  as  the  former.  It  was  not  long,  however,  before 
Kepler's  suggestion  was  acted  on :  8cheiner  constructed  an  instrument  on  this  principle, 
and  published  a  description  of  it,  in  1630.  "  If,"  says  he,  "  you  insert  two  similar  lenses 
(that  is,  both  convex)  in  a  tube,  and  place  your  eye  at  a  convenient  distance,  you  will  see 
all  terrestrial  objects  inverted,  indeed*  but  magnified  and  very  distinct,  with  a  considerable 
extent  of  view."  He  afterwards  subjoins  an  account  of  a  telescope  of  a  different  con. 
struction,  with  two  convex  eye-glasses,  which  again  reverses  the  images,  and  makes  them 
appear  in  their  natural  position.  This  disposition  of  the  lenses  had  also  been  pointed  out  by 
Kepler,  but  had  not  been  reduced  to  practice  by  him  any  more  than  the  former.  This  con- 
struction, however,  answered  the  end  but  very  imperfectly ;  and  father  Rheita  was  the  first 
who  suggested  the  employment  of  three  glasses,  instead  of  two.  This  acquired  the  name  of 
the  terrestrial  telescope,  being  chiefiy  used  for  viewing  terrestrial  objects.  The  invention  of 
the  telescope  and  microscope  having  incited  mathematicians  to  a  more  careful  study  of 
dioptrics,  and  this  having  soon  become  a  perfect  science,  by  means  of  the  discoveries 
of  Snellius,  many  different  constructions  were  offered  to  the  public.  Huyghens  was  par- 
ticularly eminent  for  his  systematic  knowledge  of  the  subject,  and  was  the  author  of  some 
of  the  chief  improvements  which  were  made  on  dioptrical  instruments  till  the  time  of  DoUond'a 
great  discovery.     He  was  well  acquainted  with  the  theory  of  aberration  arising  from  the 

teaming  with  life,  and  numberless  as  are  the  glories  of  the  firmament.  The  one  has  suggested  to  me  that 
beyond  and  abore  all  that  is  risible  to  man  there  may  be  fields  of  creation  which  sweep  immeasurably  along  and 
carry  the  impress  of  the  Almighty's  hand  to  the  remotest  scenes  of  the  uniyerse ;  the  other  suggests  to  me  that 
within  and  beneath  all  that  minuteness  which  the  aided  eye  of  man  has  been  able  to  explore  there  may  be  a 
region  of  inrisibles,  and  that,  could  we  draw  aside  the  mysterious  curtain  which  shrouds  it  from  our  senses* 
we  might  there  see  a  theatre  of  as  many  wonders  as  astronomy  has  unfolded — a  unirerse  within  the  compass  of 
a  point  so  small  as  to  elude  all  the  powers  of  the  microscope,  but  where  the  wonder- working  God  finds  room 
for  the  exercise  of  all  his  attributes,  where  he  can  raise  another  mechanism  of  worlds,  and  fill  and  anhnalu  thena 
with  all  the  eridences  of  his  glory." 
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qdbtoind  Bgaxe  of  the  glasaes,  and  has  pointed  out  several  ingenious  methods  of  diminishing 
them  hj  proper  constnictions  of  the  eye-fneoes.  He  first  showed  the  advantages  oi  two  eye- 
l^asses  on  the  astronomical  telescope  and  double  microscope,  and  gave  rules  for  their  oon- 
stroction,  which  both  enlarges  the  field  and  shortens  the  instrument. 

4>ea  Cartes  pubfished  a  large  work  on  optics  in  1637,  and  from  that  period  a  consider- 
able interval  took  place,  during  which  optics,  and  indeed  science  in  general,  made  but  little 
progress,  till  the  Optica  Promoia  of  James  Gregory,  in  1663,  seemed  to  put  them  again  in 
moticm.  Tlie  author  of  this  work,  a  profound  and  inventive  geometer,  had  applied  diligentiy 
to  tiie  stndy  of  optics,  and  the  improvement  of  optical  instruments.  The  Optica  Promoia 
einbraced  several  new  enquiries  concerning  the  illumination  and  distinctness  of  the  images 
fonned  in  the  foci  of  lenses,  and  contained  an  account  of  the  reflecting  telescope,  still  knowi| 
by  the  name  td  its  author.  The  consideration  which  suggested  this  instrument  was  the 
imperfection  ci  the  images  formed  by  spherical  lenses,  in  consequence  of  which  they  are  not 
in  plane,  but  in  curved  surfaces.  The  desire  of  removing /this  imperfection  led  Gregory  to 
snbstitute  reflection  for  refraction  in  the  construction  of  telescopes;  and  by  this  means,  while 
he  ^fts  seeking  to  remedy  a  small  evil,  he  provided  the  means  of  avoiding  a  much  greater 
one,  with  which  he  was  yet  unacquainted,  viz.  that  which  arises  from  the  unequal  re- 
firangibility  of  light.  The  attention  of  Newton  was  about  the  same  time  drawn  to  the  same 
suliject,  but  with  a  perfect  knowledge  of  the  defect  which  he  wanted  to  remove.  Gb^egory 
thought  it  necessary  that  the  specula  should  be  of  a  parabolic  figure ;  and  the  execution 
pfDved  so  diflicult  that  the  instrument,  during  his  life,  was  never  brought  to  any  perfection. 
The  q>ecula  were  afterwards  constructed  of  the  ordinary  spherical  form ;  and  the  Gregorian 
telescope,  till  the  time  of  Herschel,  was  more  in  use  than  the  Newtonian. 

Newton,  in  some  of  his  earHest  experimental  investigations,  applied  himself  to  the  im- 
provement of  the  telescope ;  but,  imagining  that  Ghregory's  speculum  was  neither  very  necessary 
nor  fikely  to  be  executed,  he  b^an  with  prosecuting  the  views  of  Des  Cartes,  who  aimed  at 
making  a  more  perfect  image  of  an  object  by  grinding  lenses,  not  to  the  figure  of  a  sphere, 
bat  to  d&at  of  one  of  the  conic  sections.  Whilst  he  was  thus  employed,  three  years  after 
GTegoi3r's  publication,  he  had  his  attention  particularly  directed  to  the  colours  formed  by  aprism, 
and,  having  by  means  of  that  sinq>le  instrument  discovered  the  different  refrangibility  cH  the 
rays  ci  light,  he  then  perceived  Uiat  the  errors  of  telescopes  arising  from  that  cause  alone 
were  some  hundred  times  greater  than  such  as  were  occasioned  by  the  spherical  figure  of  the 
lenses.  Hus  circumstance  forced,  as  it  were,  Newton  to  foil  into  Ghr^^ry's  track,  and  to 
torn  his  thoughts  to  reflectors.  **  The  different  refrangibility  of  the  rays  of  light,"  says  he,' 
in  a  letter  to  Mr.  Oldenburg,  secretary  of  the  Royal  Society,  "  made  me  take  reflectors  into 
eooBideFBtion,  and  finding  them  regular,  so  that  the  angle  of  reflection  of  all  sorts  of  rays  was 
eqoal  to  the  angle  of  incidence,  I  understood  that  by  their  mediation  optical  instruments  might 
be  bronght  tp  any  degree  of  perfection  imaginable,  provided  a  reflecting  substance  could  be 
loond  which  would  polish  as  finely  as  glass,  and  reflect  as  much  light  as  glass  transmits,  and 
the  art  of  communicating  to  it  a  parabolic  figure  be  also  obtained.  Amidst  these  thoughts  I 
was  forced  from  Cambridge  by  the  intervening  plague,  and  it  was  more  than  two  years  before 
I  proceeded  further." 

Optics,  as  well  as  all  the  other  branches  of  natural  philosophy,  have  great  obligations  to 
Hnygfaens.  The  former  was  among  the  first  scientific  objects  which  occupied  his  mind ;  and 
his  Treatise  on  Optics,  though  a  posthumous  work,  is  most  of  it  the  composition  of  his  early 
jouth.  It  is  written  with  great  perspicuity  and  precision,  and  is  said  to  have  been  a  favourite 
book  with  Newton  himself.  Though  beginning  from  the  first  elements,  it  contains  a  full 
devekipment  of  the  matters  of  greatest  difficulty  in  the  construction  of  telescopes,  particu- 
lariy  in  what  concerns  the  indistinctness  arising  from  the  imperfect  foci  into  which  rays  art 
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united  by  ipherical  lenses ;  and  rules  are  deduced  for  constructing  f el^copes  whicH,  though 

of  different  sizes,  shall  have  the  same  degree  of  distinctness,  iHnmin^tion,  Slc.    Huy^iens 

was,  besides,  a  prftotioal  optician :  he  polished  lenses  and  constructed  telescopes  with  his  own 

hands,  and  some  of  his  o^ect-glasses  were  of  tiie  enormous  focal  distance  of  130  feet. 

It  is  generall J  supposed  that  the  great  reflecting  telescopes  enqployed  in  modem  time^have 

«  greater  focal  lengtii  tium  any  which  had  preceded  thenu  This,  howerer,  is  not  the  fact,  as 

Mf raoting  telescopes  of  much  greater  lengtii 

had  really  been  atten^^ted  to  be  employed 

by  M.  Auzot  in  France  in  the  seyenteenth 

century.    Hie  enormous  instruments  made 

by  Huyghens  and  others  at  the  same  period 

were  employed  without  a  tube.    Htiyghens 

j4aced  his  object-glass  in  a  tube  at  the  top 

of  a  long  pole;   the  a^  of  this  tube  he 

eould  command  with  a  silk  string,  so  as  to 

Mng  it  into  a  line  witii  the  axis  of  another 

short  tube  which  he  held  in  his  hand,  and 

whidi  contained  the  eye-glass.     In  the  sub- 
joined engraying  we  have    attempted  to 

delineate  one  of  these   extraordinary  in- 

stnunents,  which  for  cheapness  far  sur- 

pMses  any  tiling  of  the  kind  now  used. , 
It  will,  however,  be  sufBM^entiy  obvious 

that  die  important  discoveries  made  with 
tiie  Herschellian  telescope  could  never  have 

been  effected  by  this  instrument. 

Prior  to  the  invention  of  the  achromatic  glass  it  was  generaUy  supposed  that  the  objects 
viewed  through  the  telescope  must  in  every  form  of  the  instrument  be  coloured,  though  some 
vi^^  hopes,  grounded  chiefly  on  the  consideration  of  final  causes,  were  stiU  at  times  enter- 
tained of  removing- that  defect.  As  tiie  eye  consists  of  two  distinct  humours,  with  a  homy 
kiis  or  cornea  interposed,  it  was  naturally  imagined  that  such  a  perfect  structure  should  be 
iflutated  in  the  composition  of  glasses.  This  inviting  idea  is  concisely  mentioned  by  David 
Gregory,  the  nephew  of  James,  in  his  little  tract  on  dioptrics.  It  has  also  been  stated  that 
a  country  gentleman,  Mr.  Hall  of  Ghesterhall,  in  Worcestershire,  discovered,  about  the  year 
1729,  the  proper  composition  of  lenses  by  the  united  segments  of  crown  and  flint-glass,  and 
oansed  a  London  artist  in  \733  to  make  a  telescope  under  his  directions,  which  was  found 
on  trial  to  answer  extremely  well.  But,  whatever  might  be  the  fact,  no  notice  was  taken  of 
it  at  the  time,  nor  indeed  till  very  long  after,  when  circumstances  had  occurred  to  call  public 
attention  to  the  subject. 

The  Newtonian  principle  was  first  publicly  examined,  and  a  discussion  excited  which 
evaituaUy  led  to .  a  most  valuable  discovery  in  optics  by  a  foreign  mathematician  of  great 
celebrity  and  transcendant  talents.  Leonard  Euler  was  a  very  distinguished  mathematician, 
and  especially  directed  his  attention  to  the  subject  of  optics.  Endowed  with  a  penetrating 
gemus  and  profound  capacity,  he  was  capable  of  pursuing  his  abstruse  investigations  with 
unremitting  ardour  .and  unwearied  perseverance.  To  him  the  modem  analysis  stands  chiefly 
indebted  for  its  prodigious  extension,  and  he  continued  to  enrich  it  in  all  its  departments  with 
innumerable  improvements  and  fine  discoveries  during  the  whole  bourse  of  a  most  active, 
laborious,  and  protracted  life.  Unfortunately  the  philosophical  character  of  Euler  did  not 
correspond  to  his  superlative  eminence  as  a  geometer.    Bred  in  the  school  oi  Ldlmitz,  he  had 
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Mnbed  the  spedotis  bixt  delvaiTe  meti^hyBm  of  the  sujfficient  reaton,  and  of  the  necessarf 
aod  mbeolate  constitatioii  ci  the  laws  of  nature.  He  was  hence  disposed  in  all  cases  to  prefer, 
the  mode  of  investigating  ^  priori,  and  never  appeared  to  hold  in  due  estimation  the  humbler 
jet  only  safe  road  to  the  knowledge  of  physical  science^  by  the  method  of  experiment  and 
indnoticm.  In  the  BerUn  Menunrs  for  1747  he  inserted  a  short  paper,  in  whioh  he  deducted 
ttom  optical  principles  by  a  dear  analsrtical  process,  conducted  \nth  his  usual  skill,  the 
oompoaition  of  a  lens  formed  after  certain  proportions  with  glass  and  water,  which  should 
lemoiTe  entirely  all  extraneons  colours,  whetiier  caused  by  the  unequal  refraction  of  the 
aereral  rays  or  by  spherical  aberration ;  and,  in  concluding,  he  remariced,  vrith  high  sadafac-^ 
tion,  the  general  conformity  of  his  results  with  die  wonderful  straoture  of  the  eye. 

But  dds  paper  met  with  opposition  in  a  quarter  where  it  could  have  been  least  expected.* 
Jokn  DcJlond,  who  had  afterwards  the  honour  of  completing  one  of  the  finest  and  most 
itimMe  discoveries  in  the  science  of  optics,  was  bom  in  1706,  in  Spitalfields,  of  French? 
parents,  whom  the  edict  of  Nantes  had  compelled  to  take  refuge  in  England  from  the  cruel* 
peneeation  of  an  ignorant  and  bigoted  t3nrant.  Following  his  father's  occupation,  that  of 
a  weaver,  he  married  at  an  early  age ;  and  being  fond  of  reading  he  dedicated  his  leisure 
aoments  to  fhe  acquisition  of  knowledge.  By  dint  of  solitary  application,  he  made  some 
progress  in  the  learned  languages ;  but  he  mainly  devoted  his  attention  to  "the  study  of 
geometry  and  algebra,  and  the  more  attractive  parts  of  mixed  or  practical  mathematics*  He 
gave  instructions  in  these  branches  to  his  son  Peter,  who,  though  bred  to  the  hereditary 
profession,  soon  quitted  that  employment,  and  commenced  the  business  of  optician,  in  which 
he  vras  afterwards  joined  by  his  father.  About  this  time  the  volume  of  Hke  Berlin  Memoirs, 
containing  Euler's  papers,  fell  into  the  hands  of  the  elder  DoUond,  who  examined  it  witii  care; 
and  repeated  the  calculations.  The  result  of  his  examination  was  communicated  by  Mr.  Short 
to  die  Royal  Society  in  1752,  and  published  in  their  Transactions  for  that  year.  Dollond,  as 
might  wdl  be  expected,  could  detect  no  mistake  in  the  investigation  itself,  but  strenuously  con- 
tested the  principle  on  which  it  was  built,  as  differing  from  the  one  laid  down  by  Newton, 
whidi  he  held  to  be  irrefragable.  "  It  is,  therefore,"  says  he,  rather  uncourteously,  and 
certainly  with  little  of  the  prophetic  spirit,  "  it  is  therefore  somewhat  strange  that  any  body' 
Bow-a-days  should  attempt  to  do  that  which  to  long  ago  has  been  demonstrated  impossible.*' 
The  great  Euler  replied  with  becoming  temper,  but  persisted  in  maintaining  that  his  optical 
principle  was  a  true  and  necessary  law  of  nature,  though  he  frankly  confessed  that  he  had 
not  been  able  to  reduce  it  yet  to  practice.  Unsatisfied  by  the  arguments  of  Euler,  the  humble 
and  unassisted  optician  applied  himself  closely  to  experimental  investigation,  and,  having 
proved  the  power  of  an  achromatic  arrangement  of  prisms,  next  tried  so  to  adapt  the  oppo* 
aite  refractions  as  to  destroy  all  extraneous  colour.  This  effect  he  found  to  take  place  when 
the  angle  of  the  wedge  had  been  further  increased  till  the  refracting  power  of  the  water  was 
to  that  of  the  glass  in  the  ratio  of  five  to  four.  His  conclusive  experiments  were  made  in 
1757,  and  he  lost  no  time  in  applying  their  results  to  the  improvement  of  the  object-glasses 
of  telescopes.  Following  the  proportion  just  ascertained,  he  conjoined  a  very  deep  convex 
lens  <^  water  with  a  concave  one  of  glass.  In  this  way  he  succeeded  in  removing  the  colours 
occasioned  by  the  unequal  refraction  of  light ;  but  the  images  formed  in  the  foci  of  the  tele- 
scopes 80  constructed  still  wanted  the  distinctness  which  might  have  been  expected.  The 
defect  now  proceeded,  it  was  evident,  from  spherical  aberration ;  for,  the  excess  of  refraction 
in  the  compound  lens  being  very  small,  the  surfaces  were  necessarily  formed  to  a  very  deep 
curvature.  But  this  partial  success  only  stimulated  the  ingenious  artist  to  make  further  trials. 
Having  proved  that  the  separation  of  the  extreme  rays,  or  what  has  been  since  termed  the 
dispersive  power,  is  not  proportioned  to  the  mean  refraction  in  the  case  of  glass  and  water, 
£uriy  presume  that  like  discrepancies  must  exist  among  other  diaphanous  substances^ 
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luad  even  among  the  different  lands  of  glass  itself.  Having  made  this  discoverj,  which  at 
once  furnished  him  with  the  materials  for  his  achromatic  arrangement,  Mr.  DoUond 
was  encouraged  to  proceed,  with  the  confident  hope  of  ultimately  achieving  his  pur- 
pose. His  new  researches,  however,  were  postponed  for  some  time  by  the  pressure  of 
business.  But,  on  resuming  the  enquiry,  he  found  the  English  crown-glass  and  the  foreign 
yellow  or  straw-coloured,  commonly  called  the  Venice-glass,  to  disperse  the  extreme  raya 
almost  iJike,  while  the  crystal,  or  white  flint-^ass,  gave  a  much  greater  measure  of  disper- 
uon.  A  wedge  of  crown  and  another  of  flint-glass  were  afterwards  ground  till  they  refiracted 
equally,  which  took  place  when  their  angles  were  respectively  29^  and  25^,  or  the  indices 
of  refraction  were  nearly  as  22  to  19 ;  but,  on  being  joined  in  an  inverted  position,  they  pro- 
duced, without  changing  the  general  direction  of  the  pendl,  a  v^ry  different  divergence  of 
the  compound  rays  of  light.  He  now  reversed  the  experiment,  and  formed  wedges  of  crown 
and  flint-glass  to  such  angles  as  might  destroy  all  irregularity  of  colour  by  their  opposite 
dispersions. 

In  1758  the  labours  of  Mr.  IX^nd  were  rewarded  with  complete  success.  "  Notwith- 
standing," says  he,  in  concluding  his  paper,  "so  many  difliculties  as  I  have  enumerated, 
I  have,  after  numerous  trials,  and  a  resolute  perseverance,  brought  the  matter  at  last  to  such 
an  issue  that  I  can  construct  relucting  telescopes  with  such  apertures  and  magnifying 
powers,  under  limited  lengths,  as,  in  the  opinion  of  the  best  and  undeniable  judges,  who 
have  experienced  them,  far  exceed  any  thing  that  has  been  produced,  as  representing  objects 
with  great  distinctness,  and  in  their  true  colours."  The  Royal  Society  voted  to  Mr.  DoUond, 
for  his  valuable  discovery,  the  honour  of  the  Copley  medal.  To  this  new  construction  of  the 
telescope.  Dr.  Bevis  gave  the  name  of  achromatic,  which  was  soon  universally  adopted, 
and  is  still  retained.  The  inventor  took  out  a  patent,  but  did  not  live  to  reap  the  fruits  of 
his  ingenious  labours.  He  died  in  the  year  1761,  leaving  the  prosecution  of  the  business  to 
his  son  and  associate,  Peter  Dollond,  who  realized  a  very  large  fortune  by  the  exclusive 
manufacture,  for  many  years,  of  achromatic  glasses,  less  secured  to  him  by  the  invidious 
and  disputed  provisions  of  legal  monopoly  than  by  superior  skill,  experience,  and  sedulous 
attention.  In  1765,  the  younger  Dollond  made  another  and  final  improvement,  to  which  his 
father  had  before  advanced  some  steps.  To  cctrect  more  effectually  the  spherical  aberra- 
tion, he  formed  the  object-glass  of  three  instead  of  two  lenses,  by  dividing  the  convex 
piece ;  or  he  enclosed  a  concave  lens  of  flint-glass  between  two  convex  lenses  of  crown-glass. 

Mr.  Tulley  has  succeeded  in  applying  the  achromatic  prindple  of  Dollond  to  the  smallest 
sized  glasses,  and  the  improvements  effected  by  Guinaud  and  Faraday,  in  the  manufacture  of 
glass,  have  given  to  this  portion  of  the  telescope  a  degree  of  excellence  which  could  hardly 
have  been  contemplated  by  the  opticians  to  whose  labours  we  have  had  occasion  to  allude. 
Aided  by  instruments  of  this  description,  astronomers  have  been  able  to  observe  not  only 
stars,  planets,  and  satellites,  invisible  to  the  naked  eye,  but  to  measure  the  height  of  moun- 
tains in  our  own  satellite,  and  discover  volcanoes,  or  burning  mountains,  on  its  surface. 

We  are  mainly  indebted  to  the  late  Sir  William  Herschel  for  the  improvements  that 
have  been  made  in  the  reflecting  telescope.  In  1781,  Sir  William  Herschel  began  a  thirty- 
feet  aerial  reflector ;  but  his  mirror,  thirty-six  inches  in  diameter,  having  at  one  time  cracked 
in  the  cooling,  and  at  another  period  run  into  the  fire,  from  a  failure  in  the  furnace,  his 
object  was  partially  abandoned.  But,  the  plan  for  forming  a  telescope  of  extraordinary  size 
having  been  submitted  by  Sir  Joseph  Banks  to  the  king,  his  majesty  offered  to  defray  the 
expense  of  it,  and,  under  his  patronage,  this  distinguished  optician  began,  about  the  end  of 
the  year  1785,  to  construct  a  telescope  of  forty  feet  in  focal  length.  This  splendid  instru- 
ment, which  magnified  6450  times,  was  completed  on  the  27th  of  August,  1789 ;  and  on  the 
day  following  Herschel  discovered  a  new  satellite  belonging  to  the  planet  Saturn* 
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In  the  article  Microscope  we  have  fully  traced  the  various  improvements  that  have 
been  effected  in  that  instrument  from  the  time  of  Leuenhoek  to  the  present  period ;  and  we 
maj  content  ourselves  with  remarking  that  the  microscope,  as  it  is  now  constructed* 
amazingly  extends  the  boundaries  of  the  organs  of  vision,  enables  us  to  examine  the  struc- 
ture of  plants  and  animals,  presents  to  the  eye  myriads  of  beings  of  whose  existence  we  had 
before  formed  no'  idea,  and  furnishes  the  philosopher  with  an  exhaustless  field  of  investiga- 
tion. "  It  leads,"  to  use  the  words  of  an  ingenious  writer,  "  to  the  discovery  of  a  thousand 
wonders  in  the  works  of  his  hand  who  created  ourselves,  as  well  as  the  objects  of  our 
admiration ;  it  improves  the  faculties,  exalts  the  comprehension,  and  multiplies  the  inlets  to 
happiness ;  it  is  a  new  source  of  praise  to  him  to  whom  all  we  pay  is  nothing  of  what  we  owe ; 
and,  while  it  pleases  the  imagination  with  the  unbounded  treasures  it  offers  to  the  view,  it 
tends  to  make  the  whole  life  one  continued  act  of  admiration,''  The  oxy-hydrogen  micro- 
scope ia  peculiarly  fitted  to  explain,  on  a  large  scale,  the  wonders  of  the  animal  and  vege- 
table kingdoms :  and  its  simplicity  is  such  that  any  person  who  has  a  sufiicient  practical 
acquaintance  with  chemistry  to  produce  the  steady  white  light  which  results  from  the  com- 
bustion of  the  oxy-hydrogen  gases  on  lime  may  employ  the  apparatus. 

The  micrometer  is  an  important  part  both  of  the  telescopic  and  microscopic  apparatus* 
and  as  such  must  not  be  passed  unnoticed.  By  the  aid  of  a  micrometer  we  may  either  mea- 
sure tiie  size  of  a  planetary  body  or  the  smallest  object  of  microscopic  investigation.  But 
little  use  was  made  of  the  micrometer  for  telescopic  purposes  till  the  time  of  Mr.  Ramsden, 
who  invented  two  instruments  of  this  description.  Sir  William  Herschel,  also,  invented  a 
lamp  micrometer,  which  he  employed  with  one  of  his  powerful  telescopes.  Cavallo's 
micrometer  is  simple  and  valuable.  It  consists  of  a  small  semi-transparent  scale,  or  slip  of 
mother-of-pearl,  about  the  twentieth  part  of  an  inch  broad,  and  of  the  thickness  of  common 
writing-paper.  It  is  divided  into  a  number  of  equal  parts,  by  means  of  parallel  Hnes,  every 
fifth  and  tenth  division  of  which  is  a  little  longer  than  the  rest.  This  micrometer,  or  divided 
scale,  is  situated  within  the  tube,  at  the  focus  of  the  eye-lens  of  the  telescope,  where  the 
image  oi  the  object  is  formed,  and  with  its  divided  edge  passing  through  the  centre  of  the 
field  of  view,  though  this  is  not  absolutely  necessary.  It  is  immaterial  whether  the  tele- 
sec^  be  a  refractor  or  a  reflector,  provided  the  eye-lens  be  convex,  and  not  concave,  as  in  the 
OalOean  telescope. 

The  mother-of-pearl  micrometer  may  be  applied  to  a  microscope,  and  it  will  thus  serve 
to  measure  the  lineal  dimenoluns  of  an  object.  In  some  of  the  best  forms  of  the  micrometer, 
the  eye- tube  through  which  the  object  is  viewed  is  divided  by  tlireads  or  filaments,  and 
scientific  men  have  often  had  occasion  to  regret  the  difficulty  of  .procuring  fibres  sufliciently 
elastic  for  micrometers.  The  difi[iculty  of  obtaining  silver  wire  of  a  diameter  small  enough 
induced  Mr.  Troughton  to  use  the  spider's  web,  which  he  found  so  fine,  opaque,  and  elastic, 
as  to  answer  all  the  purposes  of  practical  astronomy.  But,  as  it  is  only  the  stretcher,  or 
long  line  which  supports  the  web,  that  possesses  these  valuable  properties,  the  difliculty  of 
procnring  it  has  compelled  many  opticians  and  practical  astronomers  to  emplov  the  raw 
fibres  of  nnwrought  silk,  or,  what  is  still  worse,  the  coarse  silver  wire  manufactured  in  this 
country.  For  these  Sir  David  Brewster  has  succeeded  in  obtaining  a  substitute  in  a  deli- 
cate fibre,  which  enables  the  observer  to  remove  the  errors  of  inflection,  while  it  possesses 
the  requisite  property  of  opacity  and  elasticity.  This  fibre  is  made  of  glass,  which  is  so  ex- 
ceedingly elastic  that  it  may  be  drawn  to  any  degree  of  fineness,  and  which  can  always  be 
procured  and  prepared  with  facility.  This  vitreous  fibre,  when  drawn  from  a  hollow  tube, 
wiU  always  be  of  a  tubular  structure,  and  its  interior  diameter  may  always  be  regulated  by 
that  of  the  original  tube.  When  such  a  fibre  is  formed,  and  stretched  across  the  diaphragm 
of  the  eye-piece  of  a  telescope,  it  will  appear  perfectly  opaque,  with  a  delicate  line  of  light 
Aan  &  SciBvcu. — Vol.  I.  e 
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'  extending  along  its  axis.  As  this  central  transpflorency  arises  from  the  transmission  of  the 
^  incident  light  through  the  axis  of  the  hollow  tuhe,  and  this  tuhe  can  he  made  of  any  calibre, 
the  diameter  of  the  luminous  streak  can  either  be  increased  or  diminished.  In  a  micrometer 
£tted  up  in  this  way  by  Sir  David  Brewster,  the  glass  fibres  are  about  1 -1200th  part  of  an 
inch  in  diameter ;  and  the  fringe  of  light  is  distinctly  visible,  though  it  does  not  exceed 
1-dOOOth  part  of  an  inch.  The  inventive  genius  of  Dr.  WoUaston  has,  however,  far  out- 
stripped those  who  preceded  him  in  the  production  of  a  micrometer  fibre.  The  contrivance 
by  which  it  is  effected  is  so  ingenious,  and  promises  to  be  productive  of  such  beneficial 
results,  that  it  may  be  advisable  to  annex  the  account  of  the  process  employed  by  this 
philosopher. — '*  The  extremity  of  a  platinum  wire,  having  been  fused  into  a  globule  nearly 
one-fourth  of  an  inch  in  diameter,  was  next  hammered  out  into  a  square  rod,  and  then 
drawn  again  into  a  wire  1  -253rd  of  an  inch  in  diameter.  One  inch  of  this  wire,  duly 
coated  with  silver,  was  drawn  till  its  length  was  extended  to  182  inches.  The  silver  was 
then  destroyed  by  the  action  of  a  corrosive  acid,  leaving  the  exquisitely  minute  core  of 
platinum  for  the  micrometer  fibre." 

The  nature  of  light  must  now  more  particularly  engage  our  attention.  There  are  two 
theories,  or  rather  hjrpotheses,  that  have  been  adopted  to  explain  the  action  of  light  with 
reference  to  its  transmission :  the  one  supposes  the  ray  to  consist  of  small  particles,  and  as 
such  material ;  while  the  otiier  presumes  the  existence  of  a  fluid,  pervading  all  space,  which,  by 
its  vibratory  motion,  enables  us  to  see  luminous  bodies.  According  to  the  latter  hypothesis 
light  may  be  considered  as  analogous  to  sound, ,  which  is  known  to  depend  entirely  upon  the 
pulsations  of  the  air  and  other  sonorous  bodies  transmitting  a  vibratory  motion  to  the  organs 
of  hearing.  A  very  striking  circumstance  respecting  the  propagation  of  light  is  the  uniformity 
of  its  velocity  in  the  same  medium.  According  to  the  projectile  hypothesis,  the  force  employed 
in  the  free  enussion  of  light  must  be  enormously  greater  than  the  force  of  gravity  at  the 
earth's  surface,  and  it  must  either  act  with  equal  intensity  on  all  the  particles  of  light, 
or  must  impel  some  of  them  through  a  greater  space  than  otiiers  if  its  action  be  less 
powerful,  since  the  velocity  is  the  same  in  all  cases ;  for  example,  if  the  projectile  force  is 
weaker  with  respect  to  red  light  than  with  respect  to  violet  light,  it  must  continue  its 
action  on  the  red  rays  to  a  greater  distance  than  on  the  violet  rays.  There  is  no  instance  in 
nature  besides  of  a  simple  projectile  moving  with  a  velocity  uniform  in  all  cases  whatever  may 
be  its  cause ;  and  it  is  extremely  difficult  to  imagine  that  so  immense  a  force  of  repulsion  can 
reside  in  all  substances  capable  of  becoming  luminous,  so  that  the  light  of  decaying  wood,  or 
of  two  pebbles  rubbed  together,  may  be  projected  precisely  with  the  same  velocity  as  the  light 
emitted  during  the  combustion  of  iron  in  oxygen  gas,  or  by  the  reservoir  of  liquid  fire  on 
the  surface  of  the  sun.  Another  cause  would  also  naturally  interfere  with  the  uniformity 
of  the  velocity  of  light  if  it  consisted  merely  in  the  motion  of  the  projected  corpuscles  of 
matter.  M.  Laplace  has  calculated  that,  if  any  of  the  stars  were  250  times  as  great  in  dia- 
meter as  the  sun,  their  attraction  would  be  so  strong  as  to  destroy  the  whole  momentum  of 
the  corpuscles  of  light  proceeding  from  it,  and  to  render  the  star  invisible  at  a  great  distance ; 
and,  although  there  is  at  present  no  reason  to  imagine  that  any  of  the  stars  are  actually  of 
this  magnitude,  yet  some  of  them  are  probably  many  times  greater  than  our  sun,  and  there- 
fore large  enough  to  produce  such  a  retardation  in  the  motion  of  its  light  as  would  materially 
alter  its  effects. 

If,  however,  we  adopt  the  opinion  that  the  particles  of  light  are  material,  and  that  they 
are  continually  passing  from  the  various  luminous  bodies  tiiat  surround  us,  it  may  be  enquired 
why  do  they  not  interfere  with  each  other  in  such  a  manner  as  to  confound  all  perception  of 
objects,  if  not  quite  destroy  the  sense  of  seeing  ?  Their  velocity,  however,  enables  us  to 
answer  these  questions,  by  convincing  us  that  they  may  be  separated  at  least  1000  mileS|  and 
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yet  be  perfectly  efficient  for  the  purposes  of  yision.     It  is  an  undoubted  fact  that  the  effect 
of  li^t  upon  the  eye  is  not  instantaneous,  but  that  the  impression  remains  after  the  light  has 
been  withdrawn.    Of  this  any  one  may  satisfy  himself  by  shutting  his  eye  after  having  looked 
for  some  time  on  a  candle,  a  star,  or  any  other  luminous  object,  when  a  faint  momentary 
picture  of  the  object  will  remain.     The  same  thing  may  be  proved  by  whirling  round  a  stick, 
the  exis'emity  of  which  is  on  fire,  if  the  motion  be  quick   enough  the  perception  of  a 
complete  circle  of  flame  will  be  impressed  upon  the  eye.    The  actual  duration,  for  a  certain 
time,  of  the  impression  of  light  being  thus  proved,  let  it  be  supposed  to  continue  distinct 
only  for  the  150th  part  of  a  second ;  then,  if  one  lucid  point  of  the  sun's  surface  emit 
150  particles  of  light  in  a  second,  these  will  be  amply  sufficient  to  afford  light  to  the  eye 
without  any  intermission,  and  yet  the  particles  emitted  will  be  more  than  1000  miles  apart. 
It  has  been  ascertained  by  the  astronomical  observations  of  Roemur  and  Bradley  that  each  ray 
of  light  emitted  by  the  sun  arrives  at  the  earth  in  eight  minutes  and  one-eighth  when  the 
earth  is  at  the  mean  distance  of  about  95,000,000  miles.    Roemur  deduced  this  velocity  horn 
observBtions  on  the  eclipses  of  the  satellites  of  Jupiter ;  and  Bradley  confirmed  it  by  his  dis- 
covery of  the  canse  of  the  apparent  aberration  of  the  fixed  stars.     But  we  have  other  proofs 
not  less  decisive  than  this  of  the  extreme  minuteness  of  the  particles  of  light,  when  we  observe 
with  what  facility  they  penetrate  the  hardest  bodies,  as  glass,  crystal,  precious  stones,  and 
even  the  diamond  itself,  through  all  which  they  find  an  easy  passage,  or  those  bodies  could 
not  be  transparent.     When  a  candle  is  lighted,  if  there  is  no  obstacle  to  obstruct  its  rays,  it 
win  fill  a  space  of  two  miles  round  with  luminous  particles  in  an  instant  of  time,  and  before 
tiie  least  sensible  part  is  lost  by  the  luminous  body.     Nay,  how  small  must  the  particles  of 
light  be,  when  they  pass  without  removing  the  minutest  particles  of  microscopic  dust  that 
lie  in  their  way,  and  even  these  minute  particles  are  rendered  visible  by  reflecting  back 
the  particles  of  light  that  strike  against  them.     Some  bodies  intercept  light,  or  are  opaque ; 
otiiers  allow  its  transmission,  and  as  such  are  transparent ;  and  there  are  gradations  from 
perfect  opacity  to  perfect  transparency.     It  is  probable  that  opacity  results  from  the  at- 
traction of  the  substance  for  light,  and  not  from  its  density ;  for  it  can  ^scarcely  be  supposed 
that  die  particles  of  bodies  should  not  be  far  enough  distant  to  allow  of  the  passage  of  light. 
Newton  supposes  the  particles  of  transparent  bodies  to  be  of  uniform  density  and  arrange- 
ment, and,  attracting  the  rays  of  light  equally  in  every  direction,  they  suffer  it  to  pass 
timnigh  them  without  obstruction ;  whereas,  in  opaque  bodies,  the  particles  are. either  of 
imeqaal  density  or  irregularly  arranged,  and  the  light,  being  unequally  attracted,  cannot 
therefore  penetrate  the  body. 

Experience  has  long  since  established  the  fact  that  vegetables  become  destitute  of 
naell  and  colour,  and  lose  much  of  their  combustibility,  by  growing  in  the  dark.  In  Dr. 
Black's  Lectures  we  find  an  illustration  of  this  circumstance  given  by  the  celebrated  Dr. 
RoUnson,  of  Edinburgh.  In  the  drain  of  a  coal-work,  under  ground,  he  accidentally  laid 
hi8  band  upon  a  very  luxuriant  plant,  with  large  indented  foliage,  and  perfectiy  white. 
He  bad  not  seen  any  tiling  like  it,  nor  could  any  one  inform  him  what  it  was.  He  had  the 
plant  bronght  into  the  open  air  in  the  light.  In  a  littie  time  the  leaves  withered,  and  soon 
after  new  leaves  began  to  spring  up,  of  a  green  colour  and  of  a  different  shape  from  that  of 
the  old  ones.  On  rubbing  one  of  the  leaves  between  his  fingers,  he  found  that  it  had  the 
smell  of  common  tansy,  and  ultimately  it  proved  to  be  that  plant,  which  had  been  so  changed 
by  growing  in  the  dark.  Indeed,  it  was  recollected  that  some  rubbish  had  been  taken 
down  into  the  drain  from  a  neighbouring  garden,  some  time  before  it  was  found  so  altered. 
This  effect  of  light  is  not  less  conspicuous  in  the  growth  of  celery.  By  covering  it  with 
earth,  the  light  is  shut  out,  which  would  very  soon  turn  it  green,  and  render  its  flavour  so 
ifaFODg  as  to  make  it  unfit  to  be  eaten,  at  the  same  time  that  it  would  render  it  more  fibrous. 
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We  have  seen  that  light  is  refracted  in  passing  from  one  medium  to  another,  and  that 
this  property  is  employed  in  the  formation  of  lenses  for  optical  instruments.  Familiar 
examples  of  the  effects  of  natural  refraction  may  be  adduced  by  the  bending  of  the  image  of 
a  rod  placed  obliquely  in  water,  or  the  e^cquisitely  painted  spectrum  depicted  in  the  heavens 
by  the  drops  of  falling  rain.  These  paradoxical  effects  were  observed  at  an  early  period ; 
but  the  most  singular  of  all  the  phenomena  of  refraction  is,  perhaps,  the  property  of  hjme 
natural  substances,  which  have  a  double  effect  on  the  light  transmitted  through  them,  as 
of  two  mediums  of  different  densities,  freely  pervading  each  other,  the  one  only  acting  on 
some  of  the  rays  of  light,  the  other  on  the  remaining  portion.  These  substances  are  usually 
crystallized  stones,  and  their  refractions  have  sometimes  no  further  peculiarity!;  but  the 
rhomboidal  crystals  of  calcareous  spar,  commonly  called  Iceland  crystal,  possess  the 
remarkable  property  of  separating  such  pencils  of  light  as  fEdl  perpendicularly  on  them  into 
two  parts,  one  of  them  only  being  in  the  usual  manner,  the  other  being  deflected  towards  the 
greater  angle  of  the  crystal.  It  appears  from  the  experiments  of  Huyghens,  confirmed  and 
extended  by  Dr.  Wollaston  and  Sir  David  Brewster,  that  the  medium  which  causes  the 
unusual  refraction  has  a  different  refractive  power,  according  to  the  direction  in  which  the 
light  passes  through  it ;  and  if  an  oblate  or  flattened  spheroid  be  described  within  a  circle, 
its  axis  being  in  the  middle  of  one  of  the  obtuse  solid  angles,  and  its  principal  diameters  in 
the  proportion  of  nine  to  ten,  the  refractive  power,  with  respect  to  light  passing  in  any 
direction,  will  always  be  inversely  as  the  diameter  of  the  spheroid  which  is  parallel  to  it, 
and  where  it  is  greatest  will  be  equal  to  that  of  the  medium  which  produces  the  usual  re- 
fraction. A  ray  of  light  falling  perpendicularly  on  any  siirface  of  the  spar,  its  point  of 
incidence  being  considered  as  the  centre  of  the  spheroid,  will  meet  the  surface  of  the 
•pheroid  at  the  point  where  it  is  parallel  to  t&at  of  the  spar ;  and  a  ray  incident  on  the  same 
surface  in  any  other  direction  will  preserve  a  relation  to  the  perpendicular  ray  which  is 
nearly  the  same  as  in  ordinary  refruction. 

There  is  a  considerable  analogy  subsisting  between  some  of  the  phenomena  of  light, 
electricity,  and  magnetism.  Electricity  appears  to  pervade  the  whole  of  created  nature, 
and  yet  our  acquaintance  with  some  of  its  most  simple  phenomena  can  scarcely  be  traced 
further  than  the  middle  of  the  last  century.  We  have  already  had  occasion  to  advert  to  the 
experimental  labours  of  Grrey,  a  pensioner  of  the  charter-house.  He  was  followed  in  the 
march  of  discovery  by  Dufay,  who,  in  1733,  described  the  existence  of  two  opposite  species 
or  kinds  of  electricity.  These  he  called  the  vitreous  and  the  resinous,  the  former  being 
excited  by  rubbing  glass,  and  the  latter  by  the  friction  of  amber,  resin,  &c  He  also  gave  a 
clear  view  of  the  phenomena  of  electrical  attraction  and  repulsion,  by  demonstrating  that 
bodies  similarly  electrified  mutually  repel,  while  those  dissimilarly  electrified  attract  each 
other.  We  have  exhibited,  at  page  vi.,  the  simple  electrical  apparatus  employed  by  these 
early  experimentalists ;  and  Francis  Hawksbee  appears  to  have  been  the  first  to  employ  a 
globe  of  glass  to  collect  the  electric  fluid.  One  or  more  gun-barrels,  suspended  horizontally 
by  silk  cords,  were  funushed  with  small  bundles  of  linen  threads,  and  the  curious  found 
amusement  in  drawing  sparks,  and  firing  inflammable  substances.  After  this  electricity  be- 
came a  favourite  remedy  with  the  empirics;  and  in  1745  a  very  important  discovery  was 
made  at  Leyden,  where  Messrs.  Cuneus  and  Lallemand,  in  attempting  to  electrify  some  water 
contained  in  a  glass  vessel,  received  a  severe  shock.  By  this  singular  discovery^  a  power 
was  obtained  incomparably  greater  than  that  of  the  mere  spark.'*' 

*  The  sbock  or  conirulsive  agitation  accompanying  the  discharge  of  a  loaded  jar  through  the  nervous 
system  at  first  inspired  terror,  and  still  continues  to  excite  surprise  and  astonishment.     The  swiftness  of 
electrical  communication  thus  displayed  seemed  to  exceed  the  rapidity  of  thought  itself.     Nollet,  a  popular 
lActorer  on  experimental  philosophy  at  Paris,  sent  the  shock,  with  inBtantaneoos  effect,  through  a  whoU 
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Hie  analogy  which  subsists  between  electricity  produced  by  artificial  means  and  that 
which  results  from  the  passage  of  an  electrical  cloud  appears  to  have  been  first  satisfactorily 
pointed  out  by  Dr.  Benjamin  Franklin.  His  experiments  also  led  to  the  formation  of  an 
hypothesis  intended  to  illustrate  the  existence  of  electricity  in  a  positive  and  negative  state, 
80  that,  when  the  Leyden  jar  has  its  electrical  equilibrium  destroyed  by  communication 
with  the  electrical  machine,  the  one  side  of  the  jar  is  plus  and  the  other  minus.  The  ap- 
paratus employed  for  exhibiting  these  and  other  experiments  now  assumed  a  new  and 
improved  character.  The  stick  of  glass  was  replaced  by  a  glass  globe,  or  cylinder,  whirled 
round  by  a  large  wheel  and  cord,  such  as  is  shown  in  the  subjoined  wood-cut. 


Dr.  Franklin,  continuing  his  experimental  researches,  was  enabled,  by  the  agency  of  a 
kite  raised  to  a  considerable  height,  to  bring  down  the  electric  fluid  naturally  from  the 
atmosphere.  The  success  of  this  trial  encouraged  him  to  entertain  the  bold  project  of 
taming  aside  the  stroke  of  the  thunderbolt,  and  of  guarding  our  edifices  from  the  flash  of 
tlie  forked  lightning,  by  the  erection  of  lofty  conductors. 

The  power  of  benumbing  the  touch,  which  belong^  to  a  certain  fish  of  the  ray  kind, 
thence  called  the  torpedo,  and  very  frequent  in  the  Mediterranean,  had  been  remarked  from 
the  earliest  times.  This  singular  property  was  now  suspected  to  be  owing  to  electrical 
influence ;  and  the  zeal  of  Walsh,  in  1733,  converted  the  conjecture  into  demonstration, 
showing,  by  satisfactory  experiments,  that  the  animal  could  send  its  shock  only  through 
condncting  substances.  But  the  power  of  stunning  its  prey  is  possessed  in  a  much  higher 
degree  by  the  silurus  electricus,  which  was  originally  brought  from  Surinam,  and  aboimdsin 
Ihe  pools  and  sluggish  streams  in  the  hot  region  of  Venezuela.  From  a  healthy  specimen 
exhibited  in  London  vivid  sparks  were  drawn  in  a  darkened  room. 

The  discoveries  of  Galvani  and  Volta  formed  a  new  era  in  the  progress  of  this  science. 
Gahrani,  professor  of  anatomy  at  Bologna,  remarked,  in  the  course  of  his  demonstrations, 
tiiat  the  Hrnbs  of  a  dissected  frog  were  strongly  convulsed  at  every  spark  which  one  of  his 
piapik  happened  to  draw  from  the  prime  conductor  of  an  electrical  machine  standing  in  the 
immediate  vicinity.  Being  thus  led  to  consider  the  subject,  he  made  several  curious  experi- 
ments, and  published  a  Dissertation  on  Animal  Electricity,  which  engaged  very  general 
attention.  The  femoral  muscles  of  a  frog,  bared  of  their  integuments,  but  left  connected 
with  the  trunk  of  nerves,  were  found  to  serve  as  a  most  delicate  sort  of  electrometer.    With 


rtpaent  of  guards ;  and  Watson,  an  ingenious  physician  in  London,  could  discover  no  interval  of  time  in  its 
trmsmiMion  through  a  circuit  of  about  six  miles.  Helvig,  however,  seems  to  hav^measured  its  velocity  by 
the  aid  of  a  camera  lucida,  and  Mr.  Wbeatstoue  has  lately  contrived  an  instrument  which  registers  the  precise 
that  it  occupies  to  pass  over  a  given  distance. 
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this  aid  it  was  easy  to  trace  the  fiaintest  vestiges  of  electrical  influence*  and  to  contrast  the 
properties  of  various  conductors.  The  very  weakest  chemical  solutions,  the  mere  contact  of 
different  metals,  nay,  the  apposition  of  animal  fibres,  were  all  found  in  their  several  degrees 
to  develope  electricity.  But  the  simplest  mode  of  exciting  it  now  known  is  by  the  mutual 
application  of  small  disks  of  copper  and  zinc.  Volta,  in  1800,  invented  the  pile,  which  still 
bears  his  name,  the  most  eneigetic  instrument  of  all  electro-chemical  analysis,  and  com- 
mencing deservedly  a  new  epoch  in  physical  science.  By  Cruikshanks  it  was  rendered  far 
more  commodious,  in  being  converted  into  the  Oalvanic  trough,  which  again  enlarged  into 
batteries,  sometimes  of  enormous  extent  or  dimensions,  has  conducted  Davy,  Berzelius, 
Faraday,  &c.,  to  the  most  splendid  and  wonderful  discoveries. 

We  have  seen  that  there  are  peculiar  attractions  and  repulsions  exhibited  by  electrified 
bodies ;  now  nearly  similar  phenomena  occur  with  those  that  are  magnetized.  The  ancienta 
appear  to  have  known  but  little  of  magnetism.  It  is  not  our  present  piurpose  to  enter  into 
the  long-disputed  question  as  to  whether  the  compass  was  really  invented  by  Columbus,  or 
whether,  as  some  suppose,  the  honour  of  its  discovery  belongs  to  the  Chinese.  In  this  coun- 
try, at  least,  but  little  was  known  of  the  matter  till  the  time  of  Dr.  Gilbert.  Kircher,  a  man 
of  extraordinary  talent  and  erudition,  produced  at  Cologne  a  full  treatise  on  Magnetism,  which 
contained  little  however  of  sound  doctrine,  but  abundance  of  fanciful  speculation.  Hooke 
remarked  the  injurious  effect  of  heat  on  the  power  of  the  magnet.  Newton  appears  to  have 
sometimes  amused  himself  with  magnetic  experiments,  but  he  did  not  bestow  much  thought 
on  the  subject :  he  was  disposed  to  consider  the  force  exerted  as  reciprocally  prc^ortional  to 
the  cube  of  the  distance.  The  celebrated  HaUey,  who  by  his  ingenuity,  learning,  zeal,  and 
enterprise,  contributed  so  largely  to  the  promotion  of  physical  science,  now  turned  his  atten- 
tion to  the  subject  of  terrestrial  magnetism.  In  1683,  and  more  distinctiy  in  1692,  he  en- 
deavbured  to  explain  the  declination  of  the  needle  and  its  variations,  by  supposing  the  earth 
to  be  a  hollow  sphere,  containing  a  magnet  of  analogous  polarity,  which  revolved  slowly 
within  it.  From  this  bold  hypothesis,  of  two  fixed,  combined  with  two  movable  poles,  he 
sought  to  calculate  the  changes  of  internal  constitution  that  are  continually  going  forward. 
Coulomb  was  enabled  by  the  ud  of  his  balance  of  Torsion  to  discover  the  true  law  of  magnetic 
attraction  and  repulsion.  *The  earlier  experimentaUsts  had  sought  to  ascertain  those  forces 
by  the  loads  required  to  effect  a  separation,  or  to  counterbalance  their  action.  Ghraham  pro- 
posed the  more  precise  method  of  computing  the  magnetic  forces  from  the  number  of  vibra- 
tions performed  in  a  given  time  by  the  needle ;  but  his  suggestion  was  overlooked,  to  be 
afterwards  invented  again,  and  generally  adopted.  The  properties  of  the  magnet  appear 
mysterious,  though  reducible  to  a  few  primary  facts.  But  to  diKX)ver  the  great  pervading 
principle  still  bafiies  the  ingenuity  and  penetration  of  the  most  ardent  research. 

We  have  briefly  adverted  to  the  magnetic  theory  of  Dr.  Halley.  Alpinus  adopted  a  dif- 
ferent and  more  fanciful  hypothesis  for  explaining  the  phenomena  of  magnetism  and  elec- 
tricity ;  he  also  furnished  an  improved  method  suggested  by  his  theory  for  imparting  mag- 
netism to  steel  bars,  by  what  he  called  the  *'  double-touch.  "  But,  with  regard  to  the 
mechanical  processes  for  communicating  magnetism,  they  have  all  been  considerably  improved 
by  captain  Scoresby.  Forster  made  some  very  important  magnetical  observations  during  one 
of  the  late  polar  voyages.  But  the  greatest  modem  discovery  in  magnetism  is  due  to  Professor 
Barlow  of  Woolwich,  who  has  pointed  out  the  mischievous  effects  produced  by  the  magnetic 
influence  of  the  metal  in  a  vessel ;  and  suggested  a  beautiful  contrivance  for  remedying 
its  very  injurious  influence  on  the  compass. 

The  science  of  elemfrO'magnetism  mainly  dates  its  origin  from  the  time  of  Oersted,  whose 
first  experiments  were  made  early  in  the  present  century.  Prior  to  that  period,  however ,^ 
we  find  Franklin,  and  Van  Marum,  pointing  out  the  power  which  a  common  electrical  machine 
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poMeascd  of  imparting  magnetism  to  ferruginous  bodies.  So  powerful  was  the  magnetism 
produced  by  the  discharge  of  a  small  electrical  battery,  through  a  wire  one-twentieth  of  an 
inch  in  diameter,  that  it  rendered  bars  of  steel  two  inches  long  highly  magnetic.  In  Oersted's 
early  experiments,  he  proposed  to  ascertain  "  whether  electricity  the  most  latent  had  any  ac- 
tion on  the  magnet."  He  soon  ascertained  that  an  electrical  current  passing  from  the  posi- 
tire  to  the  negative  pole  of  a  Voltaic  battery  would  cause  a  magnetic  needle,  placed  near  it, 
to  deviate  from  its  natural  position.  He  was  thus  led  to  believe  that  the  electric  action  was 
not  enclosed  within  the  conducting  wire,  but  that  it  must  possess  an  extensive  sphere  of  ac- 
tion around  it  He  was  also  led  to  conclude  that  the  above  influence  acted  by  revolution ; 
for  without  such  a  supposition  it  was  impossible  to  conceive  how  the  wire,  when  its  position 
was  changed  with  reference  to  the  needle,  should  act  in  opposite  directions.  Oersted's  ex- 
periments were  no  sooner  pubUshed  than  they  were  repeated  and  varied  by  philosophers  in 
every  part  of  Europe  ;  and  a  multitude  of  new  facts  were  soon  brought  to  light,  through  the 
labours  of  Davy,  Faraday,  Ampere,  Biot,  and  Arago.* 

The  study  of  the  heavenly  bodies,  and  as  such  the  dawn  of  astronomical  science,  must 
evidently  be  as  old  as  the  creation ;  though,  in  all  probability,  the  astronomer  of  that  period 
confined  his  observations  to  the  more  obvious  motions  of  the  sun  and  moon,  the  rising  and 
setting  of  the  principal  stars,  and  the  apparent  motions  of  the  planets.  The  progress  of  the 
sun  being  thus  followed,  the  regular  transitions  from  day  to  night  would  at  once  be  under- 
stood. The  level  and  extensive  plains  of  Chaldea  peculiarly  fitted  that  favoured  portion  of 
the  globe  to  the  study  of  astronomy ;  and  the  clear  nights  which  the  inhabitants  were  wont 
to  pass  in  the  open  air,  united  to  a  pure  and  serene  sky  and  an  unbroken  horizon,  all  con- 
spiled  to  engage  that  people  to  contemplate  the  motions  of  the  stars,  and  to  lead  them  to 
conjecture  on  the  laws  by  which  they  were  governed.  From  Chaldea,  astronomy  passed 
into  Egypt,  and  was  soon  afterwards  carried  into  Phcenicia,  where  the  people  began  to 
a|^ly  the  observations  which  had  been  made  to  the  uses  of  navigation,  and  thus  rendered 
themselves  botii  the  masters  of  the  sea  and  of  commerce.  Their  guide,  in  steering  their 
ships,  when  fieu*  frx)m  land,  was  one  of  the  stars  in  the  constellation  called  the  Little  Bear, 
which,  unlike  other  stars,  appeared  always  to  retain  the  same  situation.  Other  nations,  less 
skilful  in  astronomy,  observed  only  the  Great  Bear  in  their  voyages,— a  guide  too  imperfect 
to  enable  them  to  lose  sight  of  land  with  safety.  But  the  most  ancient  observations  of 
iidii<^  we  are  in  possession,  that  are  sufficiently  accurate  to  be  employed  in  astronomical 
calculations,  were  made  at  Babylon,  about  seven  centuries  prior  to  the  Christian  era :  they 
relate  to  three  eclipses  of  the  moon ;  and  Ptolemy,  who  has  transmitted  them  to  us,  em- 
ployed them  for  determining  the  period  of  the  moon's  mean  motion,  and  therefore  had 
probably  none  more  ancient  on  which  he  could  depend.  To  Anaximander,  one  of  the 
disciples  of  Thales,  is  ascribed  the  invention  of  the  terrestri^  globe,  and  of  a  gnomon  which 
he  erected  at  Sparta,  by  means  of  which  he  observed  the  equinoxes  and  solstices,  and 


*  A  voarj  remarkable  &ct,  for  which  we  are  indebted  to  the  latter  philoBopher,  may  here  be  briefly  noticed. 
He  fiiond  that  a  needle,  aoapended  over  a  revoWing  plate  of  copper,  was  drawn  aside  from  the  meridian  in  the 
directioa  of  the  motion,  and  that,  when  this  became  very  rapid,  it  would  even  follow  the  tide  of  circumrolution. 
It  was  at  first  supposed  that  this  very  extraordinary  effect  was  produced  by  the  action  of  a  current  of  atmospheric 
«b ;  but,  when  the  plate  was  enclosed  in  a  glass  box,  the  needle  still  continued  to  revolve.  It  may  be  proper 
to  add  that  a  variety  of  other  bodies  were  afterwards  substituted  for  the  copper  plate,  with  a  similar  result. 

The  connection  which  subsists  between  the  electrical  and  magnetic  influences  influenced  by  heat  was,  we 
Wbeve,  first  pointed  out  by  Dr.  Seebeck,  of  Vienna,  in  1823.  He  found  that,  by  combining  metals  of  different 
kinds,  deflections  of  the  magnetic  needle  might  be  produced  by  a  change  of  temperature  alone,  without  the 
aasstance  of  any  Voltaic  arrangement.  A  very  valuable  list  of  thermo-electrics  has  been  furnished  by 
psofessor  Camming,  and  M.  Ampere  ascribes  the  diurnal  variation  of  the  needle  to  the  corresponding  motion 
•f  die  ^obe,  which  produces  a  continued  variation  in  its  temperature. 


ivi  INTRODUCTION. 

■ 

determined  the  obliquity  of  the  ecliptic,  more  exactly  than  had  ever  been  done  before.  The 
Greeks,  assisted  by  the  instructionB  they  had  received  from  Thales  and  Anaximander, 
ventured  to  make  considerable  voyages,  and  planted  several  colonies  in  remote  countries; 
yet  the  latter  philosopher  and  his  children  were  proscribed  by  the  Athenians ;  and  their 
lives  would  have  been  sacrificed  but  for  Pericles,  through  whose  influence  the  sentence 
was  commuted  for  banishment.  The  charge  against  him  was  the  discovery  of  truth ;  for 
it  was  thought  impious  to  suppose  "  that  the  works  of  the  gods  could  be  subject  to  im- 
mutable laws." 

Pythagoras,  another  disciple  of  Thales,  taught  many  important  astronomical  truths.  To 
him  is  attributed  the  discovery  of  the  true  83^tem  of  the  world,  which,  after  the  lapse  of  many 
centuries,  was  revived  by  Copernicus,  and  which  is  now  settled  on  the  basis  of  so  many  truths 
that  it  can  never  be  overthrown.  It  was  thought,  even  in  his  school,  that  the  planets  were 
inhabited  like  the  earth ;  and  that  the  stars,  which  are  disseminated  through  infinite  space, 
are  suns,  and  the  centres  of  other  planetary  S3^tems.  He  ia  also  said  to  have  considered  the 
comets  as  permanent  bodies,  moving  round  the  sun ;  and  not  as  perishing  meteors  formed  in 
the  atmosphere,  as  they  were  thought  to  be  in  after  times.  The  Arabian  school  of  astronomy 
commenced  with  Almamoun,  the  son  of  the  caliph  Haroun  al  Raschid.  This  celebrated  war- 
rior and  philosopher,  having  conquered  the  emperor  Michael  III.,  made  it  a  condition 
of  peace  that  a  copy  oi  the  works  of  each  of  the  best  Greek  authors  should  be  delivered 
to  him,  and  among  them  were  the  works  of  Ptolemy,  of  which  he  procured  an  Arabic 
translation.  This  occurred  in  the  ninth  century ;  and,  about  400  years  later,  the  work  of 
Ptolemy  was  translated  into  the  Latin  language.  The  fifteenth  century  was  rendered  memo- 
rable by  the  revival  of  the  Pythagorean  system.  This  was  effected  by  Nicholas  Copernicus, 
a  native  of  Thorn  in  Prussia.  The  Ptolemaic  system,  which  supposes  the  earth  to  be  fixed  in 
the  centre  of  the  universe,  and  the  sun  and  moon,  with  Mercury,  Venus,  and  the  other  planets, 
revolving  round  it  in  concentric  circles,  he  perceived  to  be  inconsistent  with  the  celestial 
phenomena,  and  encumbered  with  many  absurdities,  which  did  not  affect  the  hypothesis 
which  considered  the  sun  to  be  in  the  centre,  and  the  earth  a  planet  revolving  about  it 
annually,  with  the  rest,  and  daily  turning  upon  its  own  axis. 

The  only  opposition  of  any  consequence  which  the  theory  of  Copernicus  ever  met  with 
from  science  and  argument  proceeded  from  Tycho  Brahe,  a  celebrated  Danish  astronomer 
who  attempted  to  set  up  against  it  a  theory  of  his  own.  His  system  is  not  very  different 
from  the  Ptolemaic,  but  is  generally  called  by  his  name.  He  supposed  the  earth  to  be  im- 
movable in  the  centre  of  the  universe,  and  the  sun  to  revolve  about  it  every  twenty-four  hours; 
the  planets,  he  thought,  went  round  the  sun  in  their  periodical  times.  Mercury  being  nearest 
to  that  luminary,  then  Venus,  Mars,  Jupiter,  and  Saturn  ;  and  of  course  to  revolve  also  about 
the  earth.  But  some  of  Brahe's  disciples  supposed  the  earth  to  have  a  diurnal  motion  round 
its  axis,  and  the  sun,  with  all  the  planets,  to  move  round  the  earth  in  one  year. 

Kepler  was  one  of  the  pupils  of  Tycho  Brahe,  and  a  man  of  a  truly  original  genius. 
Hipparchus,  Ptolemy,  Tycho  Brahe,  and  even  Copernicus  himself,  were  indebted  for  a  great 
part  of  their  knowledge  to  the  Egyptians,  Chaldeans,  and  Indians.  Pursuing  paths  abeady 
pointed  out,  they  did  little  more  than  separate  fancy  from  fact,  with  more  or  less  success ;  but 
Kepler,  by  his  own  talent  and  industry,  made  discoveries  of  which  no  traces  are  to  be 
found  in  the  annals  of  antiquity.  Galileo  was  contemporary  with  Kepler;  and  whilst  the 
latter  was  tracing  the  orbits  of  the  planets,  and  settling  the  laws  of  their  motions,  he  was  in- 
vestigating the  doctrine  of  motion  in  general,  which  had  been  neglected  for  2000  years;  and, 
from  the  result  of  their  united  labours,  Newton  and  Constantine  Huyghens  were  afterwards 
enabled  to  establish  the  most  complete  theories  of  all  the  planetary  motions. 

The  discoveries  of  Newton'^ with  reference  to  the  laws  of  gravitation  have  already  beea 
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adrerted  to  ;  and  we  m&y  add  that  from  the  time  of  our  Ulustrioos  cotintrymaD,  who  c&nied 
the  theoretical  part  of  the  science  to  its  present  state  of  perfection,  astronomy  has  never 
been  without  an  illustrious  phalanx  of  supporters,  whose  particular  discoveries  are  fully 
iOuAbated  in  the  various  articles  relating  to  the  science  of  astmaomy. 

Practical  astronomy,  to  which  we  must  now  more  particularly  direct  our  attention,  appears 
to  have  originated  in  Chaldea ;  but  it  found  still  more  active  supporters  in  the  Arabian  caliphs, 
and  the  philosophers  who  surrounded  their  courts.  The  caliph  Almanza  employed  many 
able  mechanics  in  the  construction  of  instruments  for  his  own  astronomical  observations  ;  and 
he  was  so  well  provided  with  apparatus  as  to  be  enabled  to  measure,  with  tolerable  accuracy, 
an  arc  of  the  meridian.  Ulug  Beg,  grandson  of  the  celebrated  Tamerlane,  was  a  great  pro- 
ficient is  practical  astronomy  :  he  is  said  to  have  had  very  large  instruments  for  making  his 
ofaeervations,  particularly  a  quadrant  as  liigh  as  the  church  of  Sancta  Sophia  at  Constantmo- 
I^.  But  the  practical  mechanics  of  the  east  is,  like  their  political  insUtutions,  of  a  very  en- 
dnring  character  ;  and  we  still  find  their  astronomical  apparatus  both  accurate  and  colossal. 
The  celebrated  observatory  at  Benares  still  exists  an  enduring  monument  of  the  learning  and 
mathematical  science  of  the  east ;  and  we  furnish  our  readers  with  a  characteristic  sketch  of 
its  appearance  when  visited  by  Sir  Robert  Barker.* 


The  euiiest  observatory  of  any  importance,  ntablished  in  Europe,  was  erected  by  the 

•  Sir  Robert  MT«,  wbeB  speaking  oftho  edifice,  "  Waentflredthis  building,  »nd  went  up  »  staircue  tothe 
top  of  I  put  of  it,  near  the  river  Ganges,  tbsC  led  to  a  large  terrace,  vhere,  to  my  Burpriie  and  satisfaction,  I 
nw  ■  number  of  initniments  yet  remsiniag  iD  the  belt  preservation,  slupeodouilj  large,  immorable  from  tbe 
tpat^tnd  buihofitone,  (ome  of  tbem  being  apvanU  of  twenty  feat  in  baighl;  and,  though  thej  were  laid  to 
bare  bean  eiwled  many  bundred  yeara  before,  tbe  gradationi  and  diriaioiuof  the  ae rend  arcs  appeared  u  w«]l 
cut,  and  as  accurately  divided,  ai  if  they  bad  been  the  pecforfnance  of  a  modera  artist.  The  eieoutioa  in  the 
oonitniction  orihese  instrumeats  exhibited  a  mathematical  enctaeu  in  the  fixing,  bearing,  and  fitting  of  the 
MTenl  partj,  in  the  necesinrj  and  sufficient  eupparti  to  tha  very  Inrge  atones  that  compose  them,  and  in  join' 
ing  and  faatening  them  into  each  other  by  means  of  lead  end  iron  cramps.  Theaitoationof  the  two  large  quad- 
imta.  wbow  radius  is  nine  feet  two  inches,  by  being  at  right  an;Iea  widi  a  gnomon  at  twentyfiva  degrees 
(kntim,  are  lbro*n  into  such  an  oblique  situation  aa  to  render  them  tha  most  difficult,  not  only  to  construct 
of  siKh  a  magnitade,  but  to  secure  in  the  position  for  so  long  a  period,  and  affords  a  striking  instance  of  tha 
ability  of  the  arcliitecl  in  their  construction  ;  for,  by  the  ahadoir  of  the  gnomon  thrown  on  the  quadrants,  they 
do  not  appear  to  have  altered  in  the  least  from  their  original  position  ;  and  so  true  is  the  line  of  tha  gnomon  that, 
by  Vl^ying  the  eye  to  a  small  iron  ring  of  an  incb  diameter  at  one  end,  the  sight  is  carried  through  three  otben 
tt  tbe  UBS  dimensions,  at  the  extremity  of  the  other  end.  distant  thirly-eight  feet  eight  inches,  without  ob- 
annetiM ;  such  it  the  firmness  and  art  with  which  this  instrument  has  been  erected. " 
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landgrave  of  Hesse-Cassel,  in  1561.  It  occupied  the  whole  upper  portion  of  his  palace,  and 
it  was  well  furnished  with  astronomical  instruments.  Tycho  Brahe,  who  was  engaged  about 
the  same  period  in  astronomical  observations,  very  materially  improved  on  the  landgrave's  ap- 
paratus, and  made  a  quadrant  capable  of  showing  single  minutes.  He  afterwards  erected  an 
observatory  in  the  island  of  Huenna ;  it  was  of  a  square  form,  and  provided  with  two  lofty 
round  towers.  The  instruments  consisted  of  quadrants,  sextants,  circles,  astrolabes,  globes, 
clocks,  and  sun-dials.  These  instruments  were  so  divided  as  to  show  single  minutes ;  and  in 
some  the  arc  was  so  divided  as  to  be  read  off  into  ten  seconds.  Most  of  the  divisions  were 
diagonal ;  but  he  had  one  quadrant  so  divided  as  to  form  forty-seven  concentric  circles.  The 
whole  expense  attendant  on  the  erection  of  his  observatory  is  said  to  have  amounted  to 
200,000  crowns. 

In  1671  the  royal  observatory  at  Paris  was  finished,  and  die  use  of  it  assigned  to 
M.  Cassini,  after  it  had  been  furnished  with  instruments  at  a  very  great  expense.  The  erec- 
tion of  the  Ghreenwich  observatory,  five  years  afterwards,  may  be  said  to  form  an  era  in  prac- 
tical astronomy.  Mr.  Flamstead  was  appointed  the  first  astronomer  royal,  and  the  office  has 
since  been  held  by  several  distinguished  mathematicians.  In  the  beginning  of  the  last  century 
the  practice  of  astronomy  made  but  little  progress,  in  consequence  of  the  imperfect  apparatus 
employed ;  but  since  that  period  the  names  of  Hooke,  Graham,  Bird,  Dolland,  Ramsden, 
Troughton,  and  Herschd,  as  practical  artisans,  give  abundant  warrantry  for  the  assertion 
that  the  natives  of  this  country  exceed  those  of  all  others  in  the  construction  of  astronomical 
instruments. 

The  art  of  navigation  is  closely  connected  with  astronomy,  and  as  such  will  next  engage 
our  attention.  Its  origin,  like  that  of  most  other  arts,  is  involved  in  the  fabulous  history  of 
early  times;  but,  according  to  the  accounts  of  the  most  ancient  historians,  it  was  in  the  Medi- 
terranean and  Arabian  gulfs  that  the  first  attempts  were  made  in  the  art,  as  in  those  places 
commerce  assumed  an  active  character  in  the  intercourse  between  the  Egyptians  and  Phceni- 
cians.  The  former,  who  lived  in  a  fertile  land  and  a  genial  climate,  which  rendered  them  in- 
dependent of  the  productions  of  other  countries,  devoted  themselves  to  the  cultivation  of  the 
sciences  rather  than  that  of  commerce,  and,  imbued  with  gross  superstition,  applied  only  a 
portion  of  their  knowledge  of  astronomy  to  navigation.  But  the  Phoenicians,  whose  country 
was  unequalled  in  its  beauty,  less  superstitious,  and  of  a  more  active  and  commercial  dispo- 
sition, boldly  extended  their  voyages,  and  established  their  colonies  nearly  in  every  country 
that  was  known.  They  improved  the  construction  of  their  vessels ;  they  forwarded  naviga- 
tion as  much  as  the  period  admitted;  and  they  became  the  teachers  of  this  art  to  all  nations, 
particularly  to  the  Gkuiitanos  (inhabitants  of  Cadiz)  and  the  Ghreeks.  The  Carthaginians 
and  Romans  succeeded  them ;  but,  although  each  in  their  turn  improved  their  ships,  the 
knowledge,  geography,  and  navigation,  limited  to  the  mere  performance  of  short  voyages, 
would  have  remained  in  its  infancy,  had  not  the  progress  of  mathematics,  and  particularly 
that  of  astronomy,  in  modem  ages,  roused  it  fr6m  its  lethargic  condition.  Navigation  at 
that  period  consisted  only  in  the  knowledge  of  coasts,  and  in  making  short  voyages  from  one 
place  to  another,  without  losing  sight  of  the  land ;  and  when,  by  any  unforeseen  accident 
this  became  invisible,  the  motions  of  circum-polar  stars,  and  the  flight  of  birds,  naturally  di- 
rected towards  the  shore,  served  as  guides  to  the  bewildered  mariner.  The  configura'don  of 
coasts,  and  their  mountains  and  principal  headlands,  with  the  use  of  the  lead,  formed  another 
species  of  knowledge,  for  which  the  mariner  was  indebted  to  his  experience  in  navigation.* 

*  Until  the  properties  of  the  magnet  were  discovered,  followed  by  the  invention  of  the  compass,  the  pro- 
great  of  navigation  could  not  be  otherwise  than  slow  ;  and  therefore,  from  this  important  period,  which  was 
about  the  end  of  the  thirteenth  century,  the  real  advancement  of  this  art  towards  perfection  can  only  be  dated. 
The  valuable  invention  of  the  compass  is  equally  involved  in  mystery,  and  its  real  discoverer  is  unknown 
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••  But  little  avail  would  it  be  to  the  mariner/'  says  Salazar, "  to  know  the  course  which 
his  vesad  may  make  with  respect  to  die  shore ;  or  the  means  of  measuring  the  distance  she 
might  sail,  unless  he  possessed  some  method  of  comparing  his  situation  with  reference  to 
tiie  various  parts  of  the  earth's  surface,  when  alone  and  forsaken  in  the  vast  watery  desert^ 
where  the  eye  can  discover  only  sea  and  sky.  In  this  condition,  astronomy  is  ready  to 
assist  him,  and  to  afford  him  the  means  by  which  his  latitude  and  longitude  may  be  ascer- 
tained, and  with  these  data  he  finds  out  the  position  he  occupies  on  the  globe.  But  even 
this  is  insufficient  to  enable  him  to  shape  his  course  in  his  lonely  situation,  surrounded  on 
all  sides  by  the  element  alone  in  which  his  vessel  moves,  nor  can  he  yet  direct  her  to  the 
port  he  is  seeking,  or  avoid  the  dangers  he  may  meet  in  his  way.  The  mariner,  unless  he 
knows  the  relative  situation  of  the  place  to  which  he  would  go,  must  stiU  be  at  a  loss  what 
to  do  ;  and,  to  ascertain  this,  he  must  be  informed  of  the  contour  and  direction  of  coasts, 
their  re^>ective  positions,  the  motions  of  the  tides  and  currents,  the  gulfs  and  depths  of  the 
sem,  as  weU  as  die  innumerable  rocks  with  which  it  is  scattered.  Such  are  the  important 
objects  which  constitute  hydrography,  all  of  which  are  essential  to  his  safety  and  conve- 
nience. 

The  exact  epoch  is  not  known,  with  any  probable  degree  of  certainty,  when  seamen 
first  made  use  of  maritime  charts,  the  ingenious  invention  and  valuable  guides  with  which 
geography  has  furnished  navigation,  and  which,  being  gradually  improved,  have  now  arrived 
at  that  state  of  perfection  which  enables  the  navigator  to  traverse  the  ocean  with  the  same 
confidence  that  a  traveller  would  perform  his  journey  across  a  country. 

The  celebrated  prince  Henry  of  Portugal,  seeing  the  importance  of  advancing  this 
blanch  of  navigation,  in  the  year  1417,  founded  an  academy  for  pilots  and  mathematicians 
at  Sagres,  and  established  as  the  president  of  it  Maestro  Jayme^  an  experienced  pilot  of 
Majorca,  one  who  was  well  acquainted  with  such  matters.  This  person  instructed  young 
Partnguese  officers  in  the  use  of  the  astrolabe,  and  the  method  of  finding  the  latitude  by 
means  of  the  sun's  altitude,  having  previously  constructed  tables  of  declination. 

Hutton,  in  his  Mathematical  Dictionary,  says  that  Ptolemy  was  the  first  to  whom  the  idea 
occurred  (^  varying  the  proportion  of  the  degrees  of  latitude,  and  that  Gerard  Mercator,  in 
1556,  published  charts  on  the  principle  of  those  which  now  bear  his  name ;  but  that  Edward 
Wright  was  the  first  who  conceived  the  true  principles  of  constructing  these  charts  in  1599, 
and  that  Mr.  Blundeville  published  an  account  of  Wright's  charts  in  1594.  Such  was  the  state 
ol  navigation  at  the  end  of  the  fifteenth  century,  when  Columbus,  well  versed  in  die  astronomi- 
cal and  mathematical  knowledge  of  his  day,  and  endowed  with  an  extraordinary  degree  of 
intrepidity,  boldly  ventured  across  the  ocean,  traversed  unknown  seas,  and,  by  discovering 
new  countries,  produced  a  total  change  in  politics  and  science.  In  his  first  celebrated  voyage, 
he  discovered  the  variation  of  the  needle,  a  phenomenon  which,  to  his  companions,  ap- 
peared so  wonderful,  that,  fearful  of  its  losing  altogether  the  virtue  of  pointing  to  the  north, 
they  imagined  they  must  become  victims  to  the  ambition  of  this  great  man.  But  the  safety 
of  the  navigator  was  yet  imperfect,  and  a  method  was  still  wanted  by  which  he  might 
find  his  longitude  at  sea,  and  which,  although  it  might  not  arrive  at  that  degree  of  precision 
by  which  the  course  of  a  vessel  could  be  found,  should  at  least  afibrd  an  approximation 

Lafiteao,  in  his  Hittory  of  the  Portuguese  Discoveriei  in  the  New  fVorld,  says  that  Vasco  di  Gama  brought  it 
io  Lisboo  from  the  coast  of  Africa,  on  bis  return  from  Melinda,  where  the  Arabs  then  used  it,  and  he  beUered 
the  Portognese  to  have  been  then  ignorant  of  it.  Some  attribute  it  to  Flayio  Gioja,  of  Amalphi,  about  the  year 
tSOi ;  wldle  others  again  are  of  opinion  that  the  invention  is  due  to  the  Chinese,  and  that  one  of  their  em- 
perors, a  celebrated  astronomer,  was  acquainted  with  it  1120  years  before  the  Christian  era;  nor  have  others 
again  been  wanting  who  have  supported  the  opinion  that  it  was  known  in  the  time  of  Solomon.  The  ancient 
Greeks  and  Romans  are  supposed  by  some  to  hare  used  it,  but  the  silence  of  Pliny  on  this  subject  renders 
this  donbtfol. 
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to  it.  For  this  purpose,  various  methods  were  proposed,  all  grossly  defective,  until  astronomy 
again  came  to  the  aid  of  navigation.  Hipparchus,  the  inventor  of  the  use  of  longitude  in 
charts,  was  acquainted  with  no  other  method  of  finding  it  than  hy  eclipses  of  the  moon. 
Kepler  added  those  of  the  sun,  at  the  expense  of  a  vast  deal  of  calculation ;  but,  as  each  re- 
quired that  the  observer  should  remain  stationary,  their  methods  were  of  no  service  to  the 
navigator.  The  first  person  to  whom  it  occurred  to  find  the  longitude  by  means  of  lunar  dis- 
tances was  Pedro  Apiano,  in  the  year  1510 ;  but  his  method  was  neglected,  because  it  was 
deficient  of  the  necessary  corrections  for  parallax  and  refraction,  in  consequence  of  which 
it  gave  results  that  were  even  more  erroneous  than  those  obtained  only  by  estimation.  His 
contemporary,  Re3rnero  Gemma,  adopted  the  same  method,  but  fell  into  similar  errors.  To 
remove  these  difficulties,  Philip  III.,  in  1598,  was  the  first  to  offer  a  considerable  reward 
to  the  person  who  should  discover  a  method  of  finding  the  longitude  at  sea  that  would  not 
only  serve  to  determine  the  situation  of  the  ship,  but  would  also  improve  the  state  of  the  charts. 
The  Dutch  government  next  followed  this  example,  and  in  1714  the  British  government 
voted  2000/.  to  perform  experiments,  and  a  reward  of  10,000/.  to  the  person  who  shoidd  find 
a  method  of  ascertaining  it  within  one  degree  of  the  truth ;  also  15,000/.  if  it  came  within 
two-thirds  of  it,  and  20,000/.  should  it  come  within  half  a  degree ;  but  if  the  method  em- 
ployed was  that  of  the  distance  between  the  moon  and  sun,  or  stars,  5000/.  were  offered  to 
bring  it  within  fifteen  minutes  of  error  in  the  distance,  which  is  equal  to  seven  minutes  of 
longitude.  With  these  encouragements,  men  of  science  applied  themselves  to  gain  the  pro- 
mised reward  in  Spain,  France,  and  in  England,  as  well  as  in  other  parts  of  the  world.  They 
invented  various  instruments  and  methods ;  but  the  results  obtained  did  not  fall  within  the 
proposed  limits.  The  application  of  Jupiter's  satellites  by  Gralileo,  previous  to  this,  for  de- 
termining the  longitude,  was  more  effectual ;  but  these  observations,  so  valuable  for  places 
on  land;  were  unavailable  at  sea.  The  Spanish  pilot,  Andres  de  San  Martin,  in  the  voyage 
which  he  made  with  Magellan,  had  already  employed  the  method  with  which  Ruy  Fallero 
had  supplied  him,  of  determining  the  longitude  by  lunar  distances;  but  the  results  he 
obtained  not  being,  as  he  considered,  correct,  with  much  discernment  he  attributed  it  to  er- 
rors in  the  tables  of  the  sun  given  in  the  almanac,  satisfying  himself  that  while  they  remained 
80  the  problem  would  never  be  determined.  At  the  end  of  this  century,  Pedro  Sarmiento  de 
Gamboa,  one  of  the  most  expert  navigators  of  his  day,  obtained  the  longitude  at  sea  by  the 
lunar  distances,  which  he  measured  with  an  instrument  of  his  own  making,  and  his  results 
were  so  good  that  he  was  enabled  to  correct  the  reckoning  of  his  ship,  which  he  ascertained 
amounted  to  220  leagues  of  error.     But  his  invention  was  lost,  as  he  did  not  make  it  known. 

Gemma  Frisius  is  the  first  who  mentions  the  use  of  time-keepers ;  and,  in  1665,  a  very 
interesting  attempt  was  made  to  apply  them  in  a  voyage  to  the  coast  of  Guinea,  by  major 
Holms,  with  a  watch  made  by  Huyghens.  With  this  the  longitude  of  the  island  of  Fogo 
was  obtained  with  tolerable  precision.  Tully  followed  up  the  art,  and,  in  1714,  published  a 
work  on  finding  the  longitude  at  sea  by  meems  of  chronometers,  and  continued  his  studies  at 
Paris.  Julian  le  Roy  was  his  pupil ;  and  the  son  of  this  latter  and  M.  Berthoud  carried  on 
the  subject  with  more  success  than  had  hitherto  been  known.  In  1 726  Mr.  Harrison  produced 
a  chronometer  the  error  of  which  did  not  amoimt  to  one  second  in  the  space  of  ten  years. 
Further  improvements  were  subsequentiy  made  by  the  same  ingenious  artist,  as  well  as  by 
Eamshaw,  Vulliamy,  &c. ;  and  the  time-piece  is  now  employed  with  great  advantage  for 
nautical  purposes. 

The  true  principles  of  the  art  of  navigation  appear  to  have  been  settied  by  Wright, 
Bond,  and  Norwood ;  and  the  subpequent  discoveries  of  Cook  and  the  other  voyagers,  who 
were  so  warmly  patronized  by  George  III.,  formed  a  distinct  era  in  this  branch  of  science. 
The  voyages  of  discovery  lately  undertaken  to  the  polar  regions  have  also  furnished  con- 
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aiderable  admntagea  both  to  the  practical  and  theoretical  navigator ;  so  that  the  Bailor  is 
now  enaWed  to  calculate  with  amazing  precision,  not  only  the  probable  effects  of  winds  and 
corrents  on  his  course,  but  to  predict  with  accuracy  the  day,  and  almost  the  hour,  when  his 
Toyage  will  be  terminated. 

Havmg  thus  traced  the  progress  of  navigation  from  its  earliest  dawn,  we  may  briefly 
pause  to  examine  the  vessels  that  have  been  employed  at  different  periods  for  carrying  the 
haidy  and  adventurous  mariner  over  the  trackless  ocean.  There  is  little  doubt  but  that  the 
first  voyagers  employed  the  trunk  of  a  tree,  which  was  afterwards  expanded  into  a  raft,  for 
their  eaiiiest  essays  in  navigation.  Soon,  however,  the  mass  of  solid  wood  was  hollowed 
into  a  rode  and  mis-shapen  canoe ;  and  at  a  still  later  period  the  wants  introduced  by 
civilized  society  rendered  it  necessary  to  increase  the  freight,  and  consequently  the 
capacity,  of  the  vessel.  Now,  indeed,  the  business  of  the  naval  architect  may  be  said  to 
have  commenced.  The  galleys  of  Greece  and  Rome,  which  were  principally  intended  for 
At  purposes  of  war,  were  formed  on  the  most  graceful  and  elegant  models,  and  appeared  to 
have  been  propelled  with  a  degree  of  velocity  scarcely  to  be  paralleled  by  any  of  the  war- 
boats  of  the  present  day.  But  little  progress,  however,  appears  to  have  been  made  in  naval 
architectnre  by  the  commercial  nations  who  rose  in  the  middle  ages.  The  huge  carracks  of 
Spain  and  Portugal,  like  the  well-freighted  argoseis  of  Venice,  appear  to  have  been  in- 
tended rather  for  convenience  of  freight  than  external  adornment.  The  ships  of  war  were 
evidently  moulded  on  the  same  plan ;  but  vastness  still  appears  to  have  been  the  great 
desderatom.  The  "  Qretit  Harry"  was  a  perfect  monster  of  the  deep ;  its  forecastle 
towered  over  the  element  on  which  it  floated ;  and  it  was  fitter  for  a  floating  battery  than  a 
sailing  TesseL  The  English  war-ships  of  that  period  were  generally  employed  for  commercial 
pmpu8ca  and  long  voyages ;  while  the  greater  part  of  the  Spanish  vessels,  destined  to  compose 
the  Armada,  were  mainly  such  as  we  have  now  been  describing.  Hence  die  greater  facility 
which  the  English  found  in  manoeuvering  their  vessels,  to  which  the  destruction  of  the 
Spanish  flotilla  may  be  principally  ascribed. — ^Passing  over  a  period  of  nearly  three  centuries^ 
we  find  bat  little  progress  made  in  naval  architecture ;  and  it  is  to  the  French  and  Germans, 
proverbially  the  worst  sailors  in  Europe,  that  we  must  ascribe  the  first  attempt  at  applying 
mathematical  science  to  ship-building.  Louis  XVI.  patronized  naval  science ;  and  Napoleon 
estahHshed  a  college  for  the  education  of  a  race  of  scientific  shipwrights.  In  our  own 
cuunlry  but  little  was  done  prior  to  the  improvements  mtroduced  by  Seppings,  whose 
labooia  are  fiilly  detailed  in  the  article  Naval  Architbctube. 

One  of  the  most  curious  features  in  connection  with  naval  architecture  is  the  speed 
wi&  which  a  large  vessel  is  now  constructed.  A  few  months  will  suflice  to  convert  the  tall 
and  ms^estic  oak  of  the  forest  into  a  portion  of  the  frame- work  and  timbers  of  a  large  vessel. 
The  iron  and  the  copper,  which  lie  buried  deep  in  the  bowels  of  the  earth,  are  as  rapidly 
nused  to  its  surface,  and  converted  into  the  sheathing  and  bolts,  which  connect  together  the 
hoge  strocture.  The  hemp  and  the  flax,  which  are  seen  as  waving  ornaments  in  oiur  fields, 
become  connecting  chains  to  attach  the  bark  to  the  bed  of  the  ocean ;  and  the  tar  sealed  up 
in  the  heart  of  the  lofty  pine  serves  to  lubricatiB  its  elastic  coils.  The  vessel  thus  rapidly, 
yet  perfectly  fcnmed,  obeys  each  command  of  the  mariner;  goes  before  the  wind,  and  almost 
against  it ;  and  forms  for  him  a  secure  and  stable  mansion,  in  the  midst  of  the  most  stormy 


The  frame-woriL  of  a  ship  furbishes  a  beautiful  example  of  strength,  durability,  and 
lightness,  and,  when  we  bear  in  mind  the  massive  and  precious  freights  that  are  brought  from 
the  most  distant  regions  of  the  earth  in  their  capacious  receptacles,  it  will  be  obvious  that 
no  ordinary  care  should  be  bestowed  on  their  construction.  The  theoretical  shipwright, 
panning  the  best  of  all  possible  paths,  has  evidentiy  gone  to  nature  for  his  guide  in  giving 
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stren^  to  the  auperstructure.  He  has  combined  the  oBseous  frame-work  of  the  bird  with 
the  lightneM  and  power  of  motion  exhibited  by  the  fish ;  but  this  miracle  of  human  art 
must  be  stripped  of  her  outer  cerements  to  be  properly  appreciated,  and  in  this  form  we 
present  her  to  the  reader  in  the  Bubjoined  engraving. 


It  in  dear  that  the  stability  of  the  vessel  will  in  a  great  measure  depend  upon  the 
weight  and  posidon  of  her  keel,  which  is  usually  so  formed  as  to  give  the  preponderance  to 
that  ude  of  the  vessel.  In  some  modeni  improvements  the  keel  is  made  movable,  so  that  it 
will  ascend  and  descend  predaely  in  the  seme  way  as  the  feet  of  a  bird  are  elevated  and  de- 
pressed, when  flying  through  the  air,  and  this  fonns  a.  beautiful  exanq)le  of  the  adaptation  of 
a  oatnial  action  to  an  artificial  structure.  The  rounded  and  expanded  bow  is  as  well  fitted 
for  the  conveyance  of  freight  as  it  is  for  speed ;  whilst  the  hehn,  acting  like  the  tail  of  the 
fish,  serves  to  guide  the  body  in  any  required  dh^ction.  The  inhabitants  of  the  air,  like 
those  of  the  waters,  are  usually  provided  with  a  smooth  external  covering,  to  facilitate  their 
passage  through  the  fluids  they  resptctively  inhabit.  The  sheathing  of  a  ship  answers  a 
similar  purpose;  and  Sir  Humphry  Davy  has  beautifully  applied  the  principlea  of  chemical 
science  to  its  protection  when  exposed  to  the  action  of  sea-water. 

Pasung  from  the  hull  of  the  vessel  to  tiie  means  by  which  she  is  propelled,  we  flnd  but 
few  early  attempts  to  construct  standing  ri^^ng.  In  some  of  the  sculptured  representabons 
of  Egyptian  vessels,  we  find  a  mast  and  flag,  though  a  sail  is  but  rarely  delineated.  Even  in 
the  best  days  of  Greece  and  Rome,  the  oar  was  generally  employed  both  for  conunerdal  and 
military  purposes ;  and,  when  canvas  was  resorted  to,  it  appeara  to  have  been  attempted 
with  fear  and  trembling.  The  paddle  u  still  the  ordinary  instrument  of  propuHon  vrith 
most  savage  nations,  though  a  bamboo  mast,  and  bark  sail,  are  sometimes  added. 

The  motion  of  a  ship  in  the  water  is  well  known  to  depend  on  the  action  of  the  wind 
upon  ite  sails,  regulated  by  the  direction  of  the  helm.  As  the  water  is  a  resisting  medium, 
and  the  bulk  of  the  ship  considerable,  it  thence  follows  that  there  is  always  a  great  resistance 
on  the  fore-part  of  the  vessel ;  and,  when  this  balances  the  moving  force  of  the  wind  upon  the 
sails,  the  ship  may  be  said  to  have  attained  her  utmost  degree  of  velocity,  and  her  motion  is 
no  longer  accelerated.  If  the  sails  occupy  too  extended  a  space,  and  be  raised  too  hi^  above 
the  centre  of  gra^ty  of  the  vessel,  the  first  gust  of  wind  is  liable  to  destroy  the  equilibrium, 
and  upset  the  vessel.  To  prevent  the  danger  which  would  result  from  this  drcumstance, 
tha  suls  of  a  vessel  are  rendered  movable.   More  or  less  canvas  may  thus  be  em^doyed  as  oc- 
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eaaioQ  reqnires  ;  and,  in  the  event  of  a.  hurricane,  the  whole  of  the  canvas  may  oe  removed 
firom  the  rigging.  A  very  ingemoDS  contrivance  has  been  .suggested  in  the  present  centiuy 
for  preserving  the  equilihrium  of  a  vessel  and  her  rig^ng.  It  conai«ta  in  halancing  the  mast, 
which  revolves  on  axes  beneath  the  deck,  to  that  when  a  sudden  gust  of  wind  acta  upon 
the  saila  witli  a  tendency  to  overset  the  vessel  the  hull  remains  nearly  atationary,  and  the 
sails,  by  giving  way,  form  n  species  of  inclined  plane  for  the  wind  to  pass  over.  It  will  how- 
ever be  obvious  that  this  plan  is  only  fitted  for  small  croft.  Another  contrivance  appUcable 
to  somewhat  larger  vessels,  and  of  a  etill  later  date,  ia  represented  in  the  subjoined  wood-cuL 

lieutenant  Shuldam  proposes  by  this 
airuigement  to  materiaJly  diminish  the  la- 
bour of  woriong  the  sails,  by  cauung  them 
to  turn  with  the  masts  npon  pivots  in  the 
hnD.  This  may  be  effected  either  by  the 
action  of  the  wind  npon  the  sails  or  by 
mTi"T*  labour.  One  of  the  figures  exhibits 
the  principle  applied  to  a  boat,  and  the 
other  to  a  I&i^r  vessel ;  but  in  the  latter 
esse  it  will  be  net^saary  to  form  the  masts 

ct  fbor  spars  rused  upon  a  cross  piece  at  bottom,  and  united  at  top  to  a  cap  or  mast-head, 
thus  farming  an  open  pyramidal  mast. 

The  history  of  navigation  would  be  obviously  imperfect  without  some  reference  to 
ibe  prognat  of  the  steam-boat  as  applied  to  nautical  purposes.  We  can  hardly  ctmceive 
a  we  extraordinary  monument  of  human  ingenuity  than  a  steam-boat — a  mere  hull,  as  it 
were,  fanished  with  one  of  these  potent  prime  moveiv,  and  breasting  her  way  against  both 
wind  and  dde.  Our  transatlantic  brethren,  who  erroneously  claim  the  credit  of  having  in- 
Tented  the  steam-boat,  certainly  have  the  merit  of  first  employing  it  usefully  on  thor  vast 
inland  waters.* 

We  might  have  observed  in  passing  that  the  steam-boat  was  really  invented  by  an  inge- 
nions  mechanic  named  Jonathan  Halls,  early  in  ttie  eighteenth  century.  He  proposed  to 
employ  the  atmospheric  steam-engine,  acting  oo  a  large  revolving  paddle-wheel  placed  in  the 
■tern  of  Iceboat.  But  how  different  is  the  first  dawn  of  this  invention  from  its  consumma- 
tion in  the  present  day !  Darwin  exclaimed,  in  the  spirit  of  prophecy,  long  before  steam-boats 
were  employed, — 

Soon  shall  thins  ann,  unconqaered  ateun,  B&r 

Di*g  ths  alow  carriage,  and  impal  tha  npid  car. 

Or  oa  wide-waving  wing*  eipinded  bear 

The  Bjia^  eliariot  through  the  fields  of  air. 
IJwlff  however  could  the  ingenions  philosopher,  who  thus  poetically  describes  the  advantages 
of  the  steam-engine,  have  contemplated  all  the  importance  of  this  discovery.  In  a  conmier- 
cial  point  of  view  it  is  second  only  to  that  of  the  ship  itself,  and,  by  rendering  ineffective  the 
attempts  at  naval  aggression  oo  the  part  ofjother  nations,  it  bids  fair  to  secure  to  us  all  the 
advantages  of  a  secure  and  lasting  peace. 

•  The  eariie«  appeataoea  of  a  ateam-boBt  on  the  great  riv«  Hudion  appears  to  have  extdted  the  muM 
IneljeDotiooaofrev  and  diamay,  and  has  beau  thoa  dew^bed  by  the  biogrsphar  of  Fulton  :—"  The  £nt 
ateaa-boBta  ued  dry  pine-wood  for  fual,  whieli  ioTambly  eant  forth  a  column  of  ^ited  rapour  and  ipaib, 
^Miy  feat  above  the  Dae.  Thia  anconunon  light  firat  attracted  the  ittcntioa  of  the  crewa  of  other  vesgela. 
NonritbattDding  the  wind  and  tide  were  sdverae  to  ita  approach,  they  aaw  with  aatoniilimeut  that  the  Teaiel 
WIS  r^idlj  coming  towards  them ;  and,  when  it  came  so  seal  that  the  noise  of  tha  machineiy  and  paddln  was 
kend,  tbe  cnw  ihrnnk  beneath  theii  deola  from  the  tetrifio  sight,  and  left  their  vessels  to  go  on  shore ;  while 
nthaii  praati^ed  themaelTea,  and  besought  Providence  to  protaoi  them  &om  the  appiDachea  of  the  hotribte 
■snatHT  which  waa  marehing  m  the  tides,  and  lighting  its  path  hj  the  firea  which  it  vomited." 
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The  inland  navigation  of  this  country  has  made  an  amazing  progress  since  the  com- 
mencement of  the  present  century ;  and  its  effects  are  equalled  only  by  those  produced  by  the 
still  more  modem  improvements  of  rail-roads.  It  was,  however,  in  the  middle  ages  that  navi- 
gable canals  began  to  be  considerably  multiplied;  first  in  China,  and  afterwards  in  other  parts 
of  the  world.  The  canal  from  the  Trent  to  die  Witham,  which  is  the  oldest  in  England,  is 
said  to  have  been  dug  in  1 1 34.  Now,  however,  almost  every  principal  town  in  Great  Britain 
is  furnished  with  one  or  more  of  these  fluid  roads.  Eg3rpt  has  been  celebrated  for  its  canals 
from  the  earliest  periods  of  history.  The  principal  are  the  canal  of  Alexandria,  between  that 
city  and  Rusetta  and  the  Nile,  and  parallel  to  it;  and  that  of  the  Red  Sea  and  the  Nile,  across 
the  isthmus  of  Suez.  The  existence  of  this  last,  though  a  subject  heretofore  of  some  discussion, 
is  now  established  beyond  doubt.  It  was  begun  by  Necho,  son  of  Psammeticus,  about  616 
B.  C,  and  the  work  was  continued  by  Darius  Hystaspes,  but  was  afterwards  abandoned,  from 
fear  of  inundating  a  great  part  of  Egypt,  which  was  supposed  to  be  lower  than  the  surface  of 
the  Red  Sea.  The  work  was,  however,  resumed,  and  completed  nearly  a  century  afterwards, 
about  521  years  before  the  Christian  era,  by  Ptolemy  II. 

If  we  may  believe  the  Chinese  Annals,  they  must  have  had  an  extensive  inland  naviga- 
tion at  a  period  much  earlier  than  any  other  country  of  the  world.  The  only  Chinese  canal 
our  space  will  permit  as  to  notice  forms  part  of  the  line  of  transportation  between  Pekin  and 
Canton.  Its  route,  including  sinuosities,  is  said  to  exceed  500  miles.  Italy  holds  a  fore- 
most rank  in  the  march  of  improvement ;  and  it  was  in  that  country  that  locks  and  sluices 
to  pass  boats  from  one  level  to  another  were  first  introduced.  It  was  the  invention  of  two 
engineers  of  Viterbo,  brothers,  whose  names  have  not  been  recorded.  This  improvement 
was  soon  after  adopted  in  the  Milanese  territory,  imder  the  direction -of  Leonardo  da  Vinci, 
the  celebrated  painter,  who  was  also  a  skilful  engineer.  Inland  navigation  became  so  import- 
ant that  the  Italian  governments  paid  great  attention  to  it,  and  enacted  many  regulations  on 
the  subject,  and  numerous  treatises  were  published  on  the  construction  of  locks,  and  the  art 
of  making  and  managing  canals.  The  following  are  some  of  the  principal  canals  of  modem 
Italy  : — ^The  Naviglio  Ghrande,  between  ^Milan  and  the  river  Tesina,  fifteen  miles  in  length, 
130  French  feet  broad  at  the  surface,  and  forty-six  at  the  bottom.  It  was  extended  to  Milan 
in  1257,  and  enlarged  in  1269,  with  a  branch  of  about  eleven  miles  in  length  fpom  Albiato 
southward.  The  Martesena  canal  branches  off  from  the  right  bank  of  the  Adda,  near  Con- 
tessa ;  is  twenty-four  miles  ih  length  and  thirty-three  feet  in  breath,  and  is  raised  in  some 
places,  by  walls  and  embankments,  1 10  feet  above  the  level  of  the  river.  In  1497,  five  locks 
were  introduced  into  this  canal. 

Canal  navigation  has  made  considerable  progress  in  France :  indeed  we  believe  at  the 
present  time  they  possess  rather  more  than  1 000  miles  of  artificial  canals  fitted  for  the  navi- 
gation of  boats.  The  first  important  work  of  the  kind  was  the  canal  of  Briare,  completed  in 
1 642 ;  but  the  most  extensive  line  of  inland  navigation  in  France  is  the  canal  of  Languedoc, 
which  forms  a  communication  between  the  Mediterranean  and  the  Atlantic  Ocean.  The  first 
considerable  work  of  this  kind  in  our  own  country  was  executed  by  the  duke  of  Bridgewater, 
This  patriotic  nobleman  devoted  the  whole  of  his  time  and  a  large  fortune  to  the  project,  and 
was  rewarded  by  the  most  complete  success.  Our  space  will  not,  however,  permit  of  any 
detailed  account  of  the  progress  of  canal  navigation,  which  appears  to  offer  commercial 
advantages  second  only  to  those  of  locomotion.  It  may  be  enough  to  add  that  there  are 
in  our  own  country  more  than  200  of  these  arterial  ramifications,  which  benefit  agriculture 
and  spread  happiness  and  fertility  through  their  paths. 

Canals  and  navigable  rivers  which  tend  seawards  have  usually  a  disposition  to  form  bars, 
which  speedily  choke  the  mouth  of  the  stream,  and  impair,  if  not  destroy,  the  navigation. 
The  ancients  had  no  means  of  removing  these  barriers  to  commerce,  and  some  of  the  oldest 
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V  were  of  necesinty  abandoned  &om  the  circumstance.  But  t^e  steam-engine,  which 
may  not  unaptly  be  termed  the  "  master  -  u  orkei "  of  modem  times,  fumiahes  iu  with  an 
cffectnal  remedy  for  this  inconvenience - 


The  anoent  cbaplet  or  bucket-pump  is  bere  seen  put  in  operation  by  this  giguiti* 
IRimC'inover,  and  it  digs  and  clears  avey  the  obstructing  matter  at  a  considentble  depth 
hrpgath  the  surface  of  the  water  as  ^ely  as  it  would  on  land.*  Now  those  who  have 
witnesaed  the  laborious  operatjou  of  "  ballast-heaving,"  as  it  is  called,  must  at  once  feel  the 
«MBng  mdvantages  of  this  process.  When  conducted  on  a  large  scale,  it  costs  conuderably 
Imb  than  the  tAd  method,  without  outraging  the  feelings  of  humanity  by  a  view  of  the  almost 
i^ier-haiuan  tasks  inflicted  on  our  fellow  creatures  by  the  former  system. 

Pmamg  from  the  contemplation  of  the  wonders  of  mechanical  skill,  as  displayed  in  the 
aitifictil  c^iention  of  fluid  bodies,  we  come  to  examine  the  history  of  anatomy,  and  trace  the 
|»ogre8s  of  human  knowledge  in  the  most  in^mrtant  of  all  the  sinences.  Man,  iu  the  earliest 
Mages  of  sodety,  must  soon  have  acquired  some  notion  of  the  structure  of  the  animal  frame, 
particulariy  oi  the  external  parts,  and  some  even  of  the  internal,  such  as  the  bones,  jointst 
tmdons,  and  blood-vessels,  ^lich  are  exposed  to  the  examination  of  the  senses  in  the  living 
bodf .  Tiaa  rude  species  of  knowledge  was  indeed  gradually  improved  by  the  accidents  to 
vfai^  frail  mortali^  is  exposed,  both  by  the  necessities  of  life,  and  the  various  customs  and 
IS  of  difiieient  nations.  Thus,  thcobservnneeof  bodies  killed  by  violence,  attention 
1  men  in  many  diseases,  the  various  ways  of  putting  criminals  to  death,  the 
i  a  variety  of  occurrences,  must  have  shown  men  more  and  more  of 
i,  and  their  own  wonderful  organization.  This  knowledge  was,  however,  of  a  very 
fieiieial  or  pcqralar:  character.  Anatomy,  properly  so  called,  or  the  knowledge  obttuned  by 
dssaections,  expressly  instituted  for  that  puipose,  is  of  a  more  recent  origin.  It  scans  now 
to  be  eleariy  ascertained  that  writing,  and  many  other  useful  and  ornamental  inventions  and 
arts,  were  cultivated  in  the  eastern  parts  of  Asia  long  before  the  earliest  tunes  that  they  are 
twted  (rf  by  the  Greek  or  other  European  writers,  and  that  the  arts  and  learning  of  the 
cast  were,  m  subsequent  ages,  gradually  communicated  to  adjacent  nations,  especiaUy  by  the 
■edinm  <tf  tnffic.  The  customs,  superstitions,  and  climates  of  eastern  countries  appear. 
however,  to  have  been  as  unfavourable  to  practical  anatomy  as  they  were  inviting  to  the 
xtndy  of  astmumy,  geometry,  poetry,  and  all  the  softer  arts  of  peace.     In  warm  cUmates, 

*  Tbu  InrtHMU  of  Akiandru  bad  bKome  go   ohoked  by  und  tint  it  hmd  tlmoit  become  valueleu  fbc    ' 
VMSal*  of  hasry  barren.     Ths  praMnt  pmchi  spptied  to  Mr.  Gillowty,  thg  aminoiil  enginmr, 
la  Am  ■attar,  md  be  coutraeted  two  Urgs  macbines,  sod,  motion  being  fprea  to  them  by  oxi 
WM  ipaadfly  rasund  id  it*  original  state. 
Amtm  &  BcuvcH. — Vol.  I. 
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animal  bodies  run  so  quickly  into  putrefaction  that  the  early  inhabitants  must  have  avoided 
such  offensive  employments  as  were  essential  to  anatomical  enquiries ;  in  fact,  it  does  not 
appear,  by  the  writings  of  the  Grrecians,  Jews,  or  Phcenicians,  that  anatomy  was  particularly 
cultivated  by  any  of  those  nations.  Hippocrates,  who  lived  about  400  years  before  the 
birth  of  Christ,  was  reckoned  the  eighteenth  in  descent  from  iEsculapius,  and  was  the  first 
physician  who  separated  the  professions  of  philosophy  and  physic  and  devoted  himself  ex- 
clusively to  the  latter  pursuit,  and  is  generally  supposed  to  be  the  first  wlio  wrote  upon 
anatomy.  If,  however,  we  read  the  works  of  this  distinguished  philosopher  with  impartiality, 
and  apply  his  statement  of  the  parts  to  what  we  now  know  of  the  human  body,  it  must  be 
allowed  his  descriptions  are  very  imperfect,  incorrect,  sometimes  extravagant,  and  often 
unintelligible. 

From  Hippocrates  to  Ghden,  who  flourished  towards  the  end  of  the  second  century,  in 
the  decline  of  the  Roman  empire,  that  is,  in  the  space  of  600  years,  anatomy  was  greatly 
improved,  philosophers  considering  it  as  a  most  curious  and  interesting  branch  of  natural 
knowledge,  and  the  physicians  as  a  principal  foundation  of  their  art.  Both  of  them,  in  that 
interval  of  time,  contributed  daily  to  the  common  stock  of  knowledge,  by  more  accurate  and 
extended  observations.  Aristotle,  a  disciple  of  Plato,  and  preceptor  to  Alexander  the  Gk'eat, 
formed  the  most  enlarged  design  which  perhaps  was  ever  conceived  by  man  ;  no  less  than  a 
general  and  detailed  history  of  all  nature,  a  plan  by  far  too  vast  for  the  short  life  of  any 
individual.  The  love  of  science,  which  distinguished  Alexander  the  Great  scarcely  less 
than  his  ambition  and  thirst  for  glory,  led  him  to  encourage  and  assist  the  plans  of  Aristotle 
in  a  manner  worthy  of  so  great  a  prince.  The  sum  of  money  devoted  to  his  works  on 
natural  history  would  be  almost  incredible  did  we  not  consider  the  great  resources  and  pro- 
fuse liberality  of  Alexander,  and  was  not  this  circumstance  stated  by  writers  of  unexception- 
able authority.  Athennus,  Pliny,  and  iElian,  concur  in  representing  it  at  between  100,000/. 
and  200,000/.  Shortly  after  the  foundation  of  Alexandria,  a  celebrated  school  was  estab- 
lished there,  to  which  the  Greeks  and  other  foreigners  resorted  for  instruction,  where  physic 
and  every  branch  of  natural  knowledge  were  taught.  Herophilus  and  Erasistratus,  two 
anatomists  of  this  school,  particularly  celebrated  in  the  history  of  anatomy,  seem  to  hove 
been  the  first  who  dissected  the  human  body :  for  in  the  time  of  Aristotle  animals  only  were 
dissected. 

The  Romans,  in  prosecuting  their  schemes  of  universal  conquest  and  dominion,  soon 
became  acquainted  with  the  Greeks,  and  the  intercourse  of  the  two  nations  was  constantly 
increasing.  Thus  the  arts,  the  philosophy,  and  the  customs  of  the  Greeks  were  introduced 
into  Italy.  Military  glory  and  patriotism,  which  had  formerly  been  the  ruling  passions  of 
the  Roman  people,  now  began  to  give  place  to  the  more  refined  arts  of  peace;  thus  literature 
and  philosophy  were  transported  from  the  Greeks  to  the  Romans,  and  gave  rise  to  ^e  taste 
and  elegance  of  the  Augustan  age.  In  this  way  did  conquered  Greece  triumph  over  tiie 
unpolished  roughness  of  her  conquerors.  Ghden,  who  was  physician  to  four  emperors,  re- 
sided chiefly  at  Rome ;  he  arranged  all  the  prior  anatomical  science  that  Herophilus  and 
Erasistratus  had  obtained  from  the  actual  dissection  of  human  subjects,  and  incorporated  it 
into  his  voluminous  treatises  on  the  different  branches  of  medicine.  The  medical  prin- 
ciples of  this  great  man,  formed  on  the  peripatetic  philosophy  of  Aristotle,  are  not  to  the 
present  purpose,  except  that  they  reigned  triumphantly  in  the  schools  and  universities,  dis- 
daining and  crushing  all  the  innovators  or  improvers,  for  a  period  of  nearly  1500  jean. 
Galen  was  the  first  author  who  seems  to  have  digested  in  regular  order  the  human  fundtionsa 
the  brain  and  its  membranes,  the  senses,  the  contents  of  the  thorax  and  abdomen,  osteology, 
a  complete  myology,  and  neurology,  in  which  are  the  origin  and  insertions  of  the  musclea, 
t^eir  actions,  &c.,  and  the  distribution  of  the  whole  nervous  system.    The  lacteal  vettela 
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likewite  well  known,  though  the  extent  of  their  effects,  their  passing  through  the  tho- 
racic duct  and  subclavian  vein  to  the  blood,  were  not  comprehended.  Anatomy,  however, 
eoEperienced  the  same  fate  as  learning  in  general,  on  the  decline  and  fall  of  the  Roman  em- 
pve.  The  moral  and  intellectual  character  of  the  Romans  had  been  much  debased  in  the 
latter  ages  of  the  empire,  and  the  successive  irruptions  of  the  northern  barbarians  accelerated 
the  approaching  fall.  The  inundation  of  the  Goths  into  Italy,  in  the  fifth  century,  extin- 
goishcd  with  the  Roman  empire  its  laws,  manners,  and  learning,  and  plunged  the  world  into 
the  depths  of  ignorance  and  superstition.  The  succeeding  ten  centuries,  which  have  received 
the  ^jpellation  of  the  daric  ages  of  the  world,  presents  a  melancholy  picture  to  the  philoso- 
phical observer  of  human  nature,  a  barren  and  dreary  waste,  unenlivened  by  a  single  trace 
of  cultiTation. 

Anaong  the  circumstances  which  contributed  to  the  restoration  of  anatomy  is  to  be 
reckoned  the  assistance  which  it  derived  from  the  great  painters  and  sculptors  of  the  age.  A 
knowledge  of  the  anatomy  of  the  surface  of  the  body,  at  least,  is  essential  to  the  prosecution 
of  these  aits.  Michael  Angelo  dissected  men  and  animals,  in  order  to  know  the  muscles 
which  lie  under  the  skin.  A  collection  of  anatomical  drawings  made  by  Leonardo  da  Vinci 
at  this  period  is  still  extant,  and,  with  subjoined  explanations,  formed  part  of  the  library  of 
kk  late  majesty.  Dr.  Hunter  has  borne  witness  to  the  minute  and  accurate  knowledge  which 
these  sketches  discover,  and  does  not  hesitate  to  consider  Leonardo  da  Vind  as  the  best 
anatomist  of  his  time.  About  the  middle  of  the  sixteenth  century  appeared  Vesalius,  who 
may  with  propriety  be  termed  the  restorer  of  anatomy,  being  the  first  who  dared  to  expose 
die  errors  of  Galen,  in  medicine  and  anatomy,  by  referring  to  the  human  body.* 

Vesaliiis  published  in  1539,  at  the  age  of  twenty-five,  his  grand  work  on  the  structure 
^tke  kwmoH  body,  with  numerous  elegant  figures,  supposed  to  have  been  drawn  by  the 
celehrmted  Titian.  This  work  contains  such  a  mass  of  new  information,  that  it  may  justly 
be  considered  as  forming  an  era  in  the  history  of  anatomy. 

Falophis  comes  next  in  order.  He  was  a  friend  and  pupil  of  Vesalius,  and  published 
a  most  extraordinary  work  on  the  same  subject.  The  beginning  of  the  seventeenth  cen- 
tury is  remarkable  for  the  discovery  of  the  most  important  function  of  animated  bodies, 
riz.  the  drcolation  of  the  blood,  by  our  celebrated  countryman.  Dr.  William  Harvey. 
In  the  year  1616,  Dr.  Harvey  read  a  course  of  lectures,  in  which  he  first  illustrated 
las  views  relating  to  the  circulation  of  the  blood,  which  some  judicious  anatomists  had  only 
eonjectoied  to  exist  in  a  vague  and  confused  manner,  and  had  only  known  it  to  take  place 
in  KAe  particiilar  part.  From  this  period,  Harvey  demonstrated  and  taught  in  his  public 
lectures,  and  by  simple  and  clear  experiments  proved  to  the  most  sceptical,  that  the  blood  not 
sBly  traversed  the  structure  of  the  lungs,  but  that  it  also  circulated  through  every  part  of  the 
body,  by  means  of  an  admirable  arrangement,  on  which  depends  the  life  of  man.  He  fully  illus- 
trated the  alternate  contraction  and  dilatation  of  the  heart,  the  passage  of  the  blood  through 
the  longs,  its  reception  into  the  left  auricle  from  the  pulmonary  veinb,  its  expulsion  from 
^ence  into  the  left  ventricle,  by  which  it  is  propelled  through  all  the  arteries  of  the  body, 
Mi<i  xetnmed  by  the  veins.  So  clearly  were  the  phenomena  of  the  whole  circulation  under- 
stood, and  so  admirably  explained  by  Dr.  Harvey,  that,  although  he  wrote  two  centuries 
ago,  this  function  has  never  been  laid  down  with  more  truth,  simplicity,  and  elegance. 

After  the  discovery  and  knowledge  of  the  circulation  of  the  blood,  the  next  question 


*  Ha  WM  bora  at  BniMeU,  in  1514,  and  atudied  aoccMsirely  at  the  different  uniTersitiea  of  France  and 
Ittkf.  Tlias  he  aoqufed  all  the  knowledge  of  antiquity.  Not  content  with  this,  he  took  every  opportunity  of 
tnrtmfiT^  the  fansan  body,  and  foUowad  the  army  of  the  emperor  Charles  V.  into  France  for  diat  purpose  in 
ISSSw  VeniiM  was  the  ixst  who  maintained  that  dissection  was  the  proper  way  of  learning  anatomy,  in  oppo. 
alMa  to  the  stady  of  the  works  of  Galen.  ^2 
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would  naturally  be  about  the  passage  and  route  of  the  nutritious  part  of  the  food,  or  chyle, 
from  the  bowels  to  the  blood- vesseb.  The  name  of  Asellius,  an  Italian  physician,  is  rendered 
illustrious  by  the  discovery  of  the  vessels  which  carry  the  chyle  from  the  intestines.  He 
observed  them  full  of  a  white  liquor  in  the  mesentary  of  living  animals,  and  from  this  cir- 
cumstance called  them  milky  or  lacteal  vessels.  For  many  years  the  anatomists  in  all  parts 
of  Europe  were  daily  opening  living  animals,  either  to  see  the  lacteals  or  to  observe  the 
phenomena  of  the  circulation.  In  making  an  experiment  of  this  kind,  Pecquet,  in  France, 
in  the  year  1651,  was  fortunate  enough  to  discover  the  thoracic  duct,  or  common  trunk  of 
all  the  lacteals,  which  conveys  the  chyle  into  the  subclavian  vein.  And  now  the  lacteals 
having  been  traced  from  the  intestines  to  the  thoracic  duct,  and  that  duct  having  been  traced 
to  its  termination  in  a  blood-vessel,  the  passage  of  the  chyle  was  completely  illustrated.  The 
discovery  of  the  absorbent  vessels  in  various  parts  of  the  body,  where  they  are  known  by  the 
name  of  lymphatics,  from  the  transparent  colour  of  their  contents,  very  soon  followed  that 
of  the  lacteals  and  thoracic  duct  They  were  discovered  in  the  year  1653,  Rodbek,  a 
Swede,  is  generally  allowed  to  be  the  first  who  discovered  these  vessels ;  but  this  honour 
was  disputed  with  him  by  Bartholin,  a  Dane,  who  has  however  obtained  additional  credit 
from  his  having  entertained  very  accurate  ideas  of  the  physiology  of  the  lymphatic  system, 
which  was  afterwards  more  fully  elucidated  by  Glisson.  By  these  vessels  the  old  particles 
of  our  bodies,  which  are  no  longer  fit  to  remain  in  it,  are  removed  and  conveyed  into  the 
blood,  to  be  rejected  or  thrown  out  by  the  excretory  organs. 

Leuenhoek  took  up  the  subject  of  anatomical  enquiry  where  others  had  left  it.  He  in- 
vestigated the  minute  structure  of  the  body  by  means  of  magnif3ring  glasses,  and  was  thereby 
enabled  to  demonstrate  the  circulation  of  the  blood  in  the  pellucid  parts  of  living  animals» 
and  the  red  globules  of  the  blood.  Malpighi  also  directed  his  attention  chiefly  to  the 
development  of  the  more  minute  portions  of  the  human  structure,  especially  of  the  glands  or 
secretory  organs  of  the  body.  About  this  time  anatomy  made  two  great  steps  by  the 
invention  of  injections,  and  the  method  of  making  anatomical  preparations.  For  these  we 
are  indebted  to  the  Dutch,  particularly  Swammerdam  and  Ruysch.  The  anatomists  of 
former  ages  had  no  other  knowledge  of  the  blood-vessels  than  what  they  could  collect  from 
laborious  dissections,  and  frt>m  examining  the  smaller  branches  of  them  on  some  fortunate 
occasion,  when  they  were  found  more  than  commonly  loaded  with  red  blood.  But  filling  the 
yaaeular  system  with  a  bright-coloured  wax  enables  the  anatonust  to  trace  the  large  vessels 
with  great  ease«  renders  the  smaller  much  more  conspicuous,  and  makes  thousands  of  the  very 
minute  ones  visible,  which*  from  their  delicacy  and  the  transparency  of  their  natural  contents, 
are  otherwise  imperceptible.  The  modem  improved  methods  of  preserving  animal  bodies,  or 
parts  of  them«  in  spirits  and  saline  solutions,  has  also  been  of  the  greatest  service  to 
anatomy,  especially  in  saving  the  time  and  labour  of  the  anatomist  in  the  nicer  dissections 
of  the  small  parts  of  the  body.* 

It  would  occupy  too  much  space  to  detail  the  laboura  and. discoveries  of  all  the  eminait 
men  who  have  distinguished  themselves  in  anatomy  during  the  last  century.  We  may,  how- 
ever, state  generally  that  every  part  of  the  human  body  kas  been  most  minutely  and  elabo- 

*  The  act  of  parluunent,  which  pasied  in  1832,  for  regulating  the  lupply  of  lubjects  for  dissection,  and  for 
legalizing  the  same,  has  been  of  the  greatest  importance ;  for,  although  the  supply  is  still  insuiBcient  for  the 
great  number  of  pupils  who  annually  resort  to  London  for  prosecuting  their  medical  education,  yet  it  has  the 
following  great  advaatagies : — It  prevents  the  recurrence  of  tluMe  draadful  murders  which  wese  perpetrated  by 
Butlce  and  Hare  in  Edinburgh,  and  by  Biabop  and  Williams  in  the  metropolis;  and,  secondly,  it  has  removed 
the  necessity  of  the  anatomical  professors  and  students  being  compelled  to  purchase  subjects  firom  the  lowest 
and  vilest  of  mankind.  There  are,  however,  many  objections  to  some  parts  of  the  statute,  which  no  doubt  the 
ejiecutive  will  remove,  when  the  necessity  for  doing  so  is  pointed  out. 
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rately  examined  and  described,  and  accurate  and  elegant  engravings  have  appeared  of  every 
part :  so  that  a  student  of  the  present  day  possesses  the  greatest  facilities  for  the  prosecution 
of  his  anatomical  labours*  The  bones  and  muscles  have  been  most  elaborately  represented 
and  described  by  Albinus,  Cheselden,  Cowper,  John  and  Charles  Bell,  and  lizars.  The 
vascular  system  has  been  illustrated  by  a  splendid  work  of  the  baron  Haller.  Meckel  of 
Berlin,  and  Siparpa  at  Pavia,  and  Sir  Charles  Bell  in  England,  have  bestowed  equal  or  even 
superior  diligence  in  tracing  the  distribution  of  the  most  important  nerves,  and  faithfully 
delineating  them.  Dr.  Cruikshank  distinguished  himself  by  an  excellent  work  on  the  ab- 
sorbent system ;  and  Mascagni  has  given  to  the  public  a  most  elaborate  account  of  the  absorbent 
system,  with  splendid  plates.  Dr.  Hunter,  to  whom  anatomy  owes  more  in  this  country  than 
to  any  other  individual,  published  a  complete  history,  with  beautiful  explanatory  engravings, 
of  the  growth  of  the  human  ovum.  His  brother,  the  late  Mr.  John  Hunter,  also  deserves  to 
be  mentioned  in  this  place,  as  an  accurate  and  minute  dissector,  and  a  laborious  experi- 
mentalist. He  surveyed  in  his  researches  the  whole  field  of  animated  nature,  and  greatly 
promoted  the  science  of  physiology.  He  formed  also  one  of  the  grandest  and  most  beautiful 
tiffitfyn^rjftl  museums  in  Europe,  which  precious  treasure  passed  into  the  possession  of  the 
Royal  College  of  Surgeons.  The  next  collection  to  John  Hunter's  was  that  of  the  late 
Joshua  Brookes,  which,  to  the  disgrace  of  an  enlightened  country,  was  dispersed  by  the  ham- 
mer of  an  auctioneer,  although  only  10,000/.  was  the  sum  required  for  a  museum  that  had 
eo0t  him  forty  years  of  devoted  attention. 

Tlie  structure  of  the  brain  has  been  represented  with  unrivalled  elegance  by  Vicqd ' Azyr, 
a,  French  anatomist.  Some  jparts  of  this  important  organ  have  also  been  illustrated  by  the 
labours  of  Soemmering,  who  prosecuted  the  study  of  anatomy  with  unwearied  industry.  The 
spkcadid  works  of  Jules  Cloquet,  now  publishing  by  professor  Quain,  of  the  University  of 
London,  bids  £air  to  be  an  invaluable  addition  to  the  student's  library.  The  fine  works  of 
Sabatier,  Winslow,  Heister,  Bichat,  Weber,  Automarchi,  Tiedemann,  Munro,  Tuson,  &c., 
are  highly  deserving  the  public  attention,  and  it  is  to  be  lamented  that  their  high  price  should 
preclude  pupils  generally  from  enjoying  the  advantages  that  must  accrue  from  consulting 
them.  The  new  doctrine  promulgated  by  Drs.  Grail  and  Spurzheim,  under  the  title  of 
Phrenology,  has  gained  a  considerable  share  of  attention,  and  has  been  ably  illustrated. 
We  have  from  the  hands  of  Soemmering  two  most  finished  productions  in  every  respect  on 
the  anatomy  of  the  eye  and  ear :  but  it  would  be  unjust  not  to  enumerate  with  a  due  tribute 
of  applause  the  labours  of  Zinn,  Scarpa,  Lizars,  and  Dewhurst,  on  the  same  subjects.  Mor- 
gagni,  who  taught  anatomy  in  Padua,  published  a  work  of  great  utility  on  pathological 
anatomy.  He  has  been  followed  in  this  country  by  the  late  Drs.  Baillie  and  Armstrong;  and 
it  18  but  justice  to  state  that  the  graphic  illustrations  attached  to  works  of  this  character  are 
rery  8<dentific  and  accurate. 

Having  said  thus  much  respecting  the  history  of  anatomy,  we  shall  now  take  a  similar 
retrospect  of  the  science  of  medicine.  With  regard  to  the  early  history  of  medicine,  Schultzc 
piofesflor  at  Altorf  in  the  beginning  of  the  eighteenth  century,  has  traced  it  to  the  fall  of 
man,  showing  with  great  gravity  that  Adam  and  Eve  were  likely  to  discover  some  remedial 
agents  for  the  cure  of  those  maladies  which  an  indulgence  of  their  appetites  was  likely  to 
create.  The  most  ancient  physicians  we  read  of  were  those  who  embalmed  the  patriarch 
Jacob,  by  command  of  his  son  Joseph.  It  is  not  improbable  that  among  the  Egyptians 
rdigion  and  medicine  were  originally  combined ;  and  most  writers  are  of  opinion  that  the 
priests  were  the  phyudans  of  both  the  Egyptians  and  the  Israelites  for  a  considerable  period : 
but  after  tiie  liberation  of  the  latter  they  were  disunited,  and  after  that  time  the  word 
nkgsidan  is  very  commonly  employed,  and  totally  distinct  from  that  of  priest ;  for  we  read 
^y^f;  when  one  of  the  kings  of  Israel  was  diseased  in  his  feet,  "  he  sought  not  the  Lord,  but 
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went  to  the  physicians.'*  Hence  we  may  conclude  that  among  the  Jews  medicine  was  looked 
on  as  a  mere  human  invention.  The  Egyptians  believed  that  the  science  of  medicine  was 
invested  in  Thoth,  the  Hermes  or  Mercury  of  the  Greeks.  His  name  is  said  to  have  been 
written  on  pillars  in  hieroglyphics,  in  order  to  perpetuate  his  knowledge.  The  Greeks  also 
had  several  deities  to  whom  they  attributed  the  invention  of  physic,  particularly  Prometheus, 
Apollo,  and  iEsculapius,  the  latter  being  the  most  celebrated.  If  we  may  belieye  the  ancient 
poets,  the  warriors  were  physicians  also ;  for  according  to  them  the  knowledge  of  medicine 
was  imiversally  diffused.  Most  of  them  received  instruction  from  the  centaur  Chiron.  From 
him  Hercules  is  said  to  have  obtained  his  knowledge  of  physic,  in  which  he  was  no  less  expert 
than  in  deeds  of  arms. 

The  practice  of  the  Grreek  physicians,  notwithstanding  the  praises  of  their  poets,  appears 
to  have  been  very  limited,  and  often  pernicious.     A  great  many  of  their  remedies  consisted 
of  charms,  incantations,  amulets,  &c.     In  this  way,  then,  medicine  continued  for  many  ages. 
Its  first  professors  were  ignorant  of  anatomy,  and  knew  as  litt}e  of  the  theory  of  diseases.    It 
is  plain  therefore  that  whatever  they  did  was  mere  random  trials,  or  empiricism,  in  the  strict 
and  proper  sense  of  the  word.     Among  the  Greeks,  however,  iGsculapius  was  considered  the 
most  eminent « practitioner  of  his  time,  and  his  name  was  revered  after  his  death.     He  was 
ranked  among  the  gods,  and  the  principal  knowledge  of  the  art  remained  in  his  family  to 
the  time  of  Hippocrates,  who  was  one  of  his  descendants.   This  physician  is  justiy  considered 
as  the  father  of  medicine.   From  his  time,  medicine,  separated  from  religion  and  metaphysics, 
seems  to  have  assumed  the  form  of  a  science,  and  to  be  adopted  as  a  profession.     After  the 
days  of  Hippocrates,  the  science  gradually  improved  through  other  physicians,  particularly 
Proxagoras,  Eristratus,  and  Herophilus.  The  first  physician  of  eminence  who  gready  differed 
from  Hippocrates  was  Proxagoras;  the  next  is  Eristratus,  who  was  a  man  of  great  talent, 
and  flourished  in  the  time  of  Seleneus.      He  was  instructed  by  Chrysippus,  who  prohibited 
the  use  of  aperients,  emetics,  and  lavements ;  and,  according  to  Galen,  he  banished  venesec- 
tion or  bleeding  from  his  practice.   Others,  however*  affirm  that  he  did  not  totally  discard, 
but  only  employed  it  less  frequentiy  than  his  contemporaries.     Herophilus  was  the  first  who 
properly  knew  the  doctrine  of  the  pulses,  of  which  Hippocrates  possessed  but  litUe  know- 
ledge— a  branch  of  medical  science  of  such  vast  importance  that  Dr.  Rucco  has  published 
two  large  volumes  replete  with  practical  information  on  the  subject.   Herophilus  also  noticed 
the  disease  now  known  by  the  name  of  anguina  pectoris,  but  which  he  called  palsy  of  the 
heart ;  and  to  this  it  was  that  he  ascribed  certain  hidden  deaths.     According  to  Celsus, 
medicine  was  at  this  period  divided  into  three  branches,  viz.  the  dietetic,  pharmaceutical,  kad 
chirurgical  medicine.    The  first  of  these  employed  a  proper  regimen  in  the  cure  of  diseases ; 
the  second,  medicines  as  remedial  agents ;  and  the  third,  the  operation  of  the  hands ;  and 
from  this  time  we  may  date  the  division  of  practitioners  into  physicians,  apothecaries,  and 
surgeons.     Previous  to  this  period,  the  physician  performed  all  the  duties  of  the  other  two 
classes. 

Avicenna,  who  was  bom  A.D.  1078,  placed  Arabian  medicine  at  its  height,  and  for  a 
considerable  length  of  time  superseded  the  doctrines  of  Gblen,  which  however  ultimately 
revived.  The  cultivation  of  medicine  in  the  western  parts  of  the  world  commenced  at 
Salerno,  perhaps  as  early  as  the  ninth  century,  but  in  1 143  and  1233  was  finally  established ; 
and  here  medicine  was  taught  according  to  the  principles  of  the  Greeks.  The  Graleno- 
Arabian  science  of  medicine,  which  flourished  during  the  middle  ages,  was  mostiy  fostered 
by  the  monks,  and  only  existed  through  ignorance  and  superstition.  Mundinus,  in  the 
fourteenth  century,  by  improving  the  study  of  anatomy,  caused  that  of  medicine  to  be  better 
cultivated ;  and  he  describes  the  discovery  of  several  new  remedies,  both  foreign  and  domestic. 
The  study  of  Greek  literature  was  revived  by  the  scholars  who  were  driven  from  Ghreece  by 
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the  conqoest  of  ConBtantiiiople  in  1453,  when  the  Greek  medical  writings  were  read  in  theii 
original  language,  particidarly  Hippocrates.  This  caused  a  more  scientific  and  liberal  spirit 
c^  investigation  to  take  the  place  of  antiquated  prejudices.  Thus  tiie  ultimate  fall  of  the 
Galenic  system  was  prepared  and  completed  in  the  sixteenth  century,  and  forms  the  most 
essential  part  of  the  reformation  accomplished  by  Paracelsus  in  1526.  The  chemico- 
tiieoeophical  system  of  this  enthusiast  was  refined  and  arranged  by  Van  Helmont,  who  died 
in  1644,  until  deprived  of  its  theosophical  character  it  passed  over  into  the  chemico-material 
system  of  Franciscus  Sylvius,  who  flourished  about  1660,  and  at  length  into  the  peculiar 
views  of  StahL  Dr.  Frederick  Hoffinan  methodized,  i^  he  did  not  originate,  the  dynamic 
system,  from  which  all  the  dynamic  schools  of  modem  times  have  proceeded.  The  newest 
systems  are  those  of  M.  Broussais,  who  traces  all  diseases  to  inflammation  of  the  bowels,  and 
of  Dr.  Samuel  Hahneman,  who  denominates  his  doctrine  homoeopathy,  the  essential  characters 
of  vdiich  are  that  such  remedies  should  be  employed  against  any  disease  as  in  a  healthy  per- 
son wofidd  produce  a  similar  but  not  precisely  the  same  disease,  and  in  the  conviction  that 
every  malady  carries  with  it  a  great  susceptibility  for  the  proper  medicine,  and  that  the  power 
of  medicine  increases  by  minute  division.  The  homceopathist  gives  but  one  drug  at  a  time, 
and  does  not  administer  another  dose  of  a  new  medicine  until  the  first  has  taken  effect ;  at 
tlie  same  time,  a  strict  diet  is  prescribed,  that  the  operation  of  the  medicine  shall  not  be  dis- 
tnibed.  In  the  preceding  sketch  we  have  of  course  omitted  all  reference  to  the  modem 
medical  writers,  as  a  bare  enumeration  of  the  titles  of  their  works  would  form  an  extensive 
eatalogne.  But  the  labours  of  Cullen  and  Mason  Goode  have  fortunately  brought  into  one 
focus  nearly  the  whole  of  modem  medical  science. 

Surgery  is  that  branch  of  the  healing  art  which  cures  or  prevents  diseases  by  the  applica- 
tioo  of  the  hand.  War  early  made  the  healing  of  wounds  more  important  than  the  curing 
of  ^KseaseSj  which  were  then  less  frequent,  on  account  of  the  simple  manner  of  living.  In  the 
tiflse  of  ICppocrates,  lithotomy  was  forindden  to  be  performed  by  the  physicians.  The  Arabians 
fikewise  felt  an  aversion  to  operations,  and  it  was  considered  beneath  the  dignity  of  the  phy- 
aciaDS  to  operate  themselves.  In  the  middle  ages,  the  practice  of  the  healing  art  was  almost 
entirely  confined  to  the  priests  and  monks.  But  in  1 163  the  Council  of  Tours  prohibited  the 
dergy,  who  then  shared  with  the  Jews  the  practice  of  medicine  in  Christian  Europe,  from  per- 
forming any  bloody  operation.  Surgery  was  banished  from  the  universities  under  the  pretext 
that  tlie  church  detested  all  bloodshed ;  consequently  the  usefril  sciences  of  medicine  and 
sorgery  became  separated  from  each  other.  The  separation  was  the  more  easily  efleeted  since 
tiie  bath-keepers  and  barbers  had  undertaken  the  practice  of  surgery.  In  France  the  company 
of  barbers  was  formed  in  1096,  when  William,  then  archbishop  of  Rouen,  prohibited  the  wear* 
ing  of  tiie  beard.  These  bath-keepers  and  barbers  remained  for  several  centuries  in  possession 
of  Uie  practice  of  surgery.  Meanwhile  the  mists  of  the  middle  ages  gradually  disappeared. 
Enlightened  by  the  science  of  anatomy,  torgery  began  to  assume  a  new  and  brilliant  position, 
and  the  productions  of  Berengario  de'  Carpi,  of  Fallopius,  of  Eustachius,  &c.,  were  the  tme 
sooices  of  knowledge  from  whence  Ambrose  Par£  enriched  this  science,  which  had  been  previ- 
oody  d^raded  by  its  unison  with  the  trade  of  a  barber,  but  in  this  country  the  appellation 
of  barber-surgeon  continued  until  the  establishment  of  the  Royal  College  of  Surgeons  by  char- 
ter, granted  by  George  III.,  when  this  unscientific  union  was  dissolved.  By  the  important 
fiseoveries  of  Fabricius,  Wiseman,  and  Dr.  William  Harvey,  surgery  made  a  very  rapid  pro- 
gress. In  1731  the  Academy  of  Surgery  was  established  in  France,  and  soon  became 
celdirated  throughout  Europe.  The  Marechal  la  Peyronie,  Lamartiniere,  &c.,  were  dis- 
tinguished surgeons.  The  collection  of  memoirs  and  prize  writings  of  this  academy  contains 
the  history  c^  this  flourishing  period.  There  are  preserved  the  labours  of  I.  L.  Petit,  Lafage, 
Le  Gat,  Sahatier,  and  many  other  eminent  practitioners.     At  this  period  flourished  in  Ger- 
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many  and  the  north  of  Europe  HeLster,  Zach,  Platner,  Roderer»  Theder,  and  lUchter.  In 
Holland,  Albinos,  Deventer,  and  Camper ;  in  Italy,  Molinelli  and  Moscati ;  in  Great  Britain* 
Cheselden,  who  wajs  celebrated  as  a  successful  lithotomist,  Douglas,  the  two  Munro8»  Sharp, 
Alanson,  Smellie  and  Percival  Pott  of  St.  Bartholomew's  Hospital,  Cline,  and  Abemethy.  At 
the  present  day  we  have,  besides  Sir  William  Blizard,  who  has  justly  been  oonsidered  as  the 
father  of  modem  surgery.  Sir  Astley  Cooper,  Sir  Benjamin  Brodie,  Mr.  Lawrence;  Mr.  Guthrie, 
and  Sir  Charles  Bell,  and  many  of  these  gentlemen  are  the  authors  of  productions  that  are  a 
credit  to  the  age  we  live  in.  Our  space  does  not  permit  of  our  pursuing  the  subject  further ; 
but  it  must  be  obvious  that  now  surgery  goes  hand  in  hand  with  medicine,  and  is  supported 
by  minute  anatomical  knowledge,  it  must  advance  rapidly  towards  perfection. 

Chemistry  is  the  handmaid  of  medicine  no  less  than  the  domestic  arts ;  a  brief  history  of 
the  progress  of  this  branch  of  knowledge  is  therefore  essential  to  the  plan  we  have  sketched 
out.  Chemical  research  is  indeed  a  most  delightful  emplojrment ;  and,  as  we  have  already  had 
occasion  to  state,  it  in  no  shape  involves  the  necessity  of  purchasing  costly  apparatus*  Ex- 
perimental data  perfectly  illustrative  of  the  science  may  be  procured  by  the  simjdest  means, 
and  with  almost  as  much  certainty  as  in  the  various  branches  of  mechanical  science.  In  this 
respect  the  modems  enjoy  amazing  advantages  over  the  ancient  alchemists.  They  laboured 
with  a  degree  of  incertitude  equalled  only  by  the  followers  of  the  occult  art,  and  at  a  period 
when  sober  utilitarian  science  would  have  had  but  few  followers.  But,  however  vague  and 
visionary  we  may  consider  the  labours  of  the  early  alchemists,  they  certainly  have  the  merit 
of  having  invented  much  of  the  chemical  apparatus  we  now  employ.  To  render  our  sketch, 
therefore,  of  the  history  of  chemistry  intelligible  to  the  reader,  it  will  be  necessary  for  us  to 
trace  somewhat  in  detail  the  labours  of  these  amusing  visionaries. 

Passing  by  the  first  dawn  of  alchemy,  which  evidently  conmienced  at  a  very  early  period, 
we  find  the  art  formed  into  a  regular  code  of  knowledge,  under  the  patronage  of  the  Gothic 
king  Alonzo.  In  the  Libro  del  Tesora,  written  by  that  monarch,  he  states,  with  an  appear- 
ance  of  great  devotion  and  humility,  that,  although  he  had  not  wished  for  the  phOosopher'a 
stone,  yet  the  gift  was  bestowed  upon  him,  that  he  might  defend  the  kingdoms  of  his  fathers. 
"  In  secrecy,"  he  says,  "I  was  instmcted  in  this  inestimable  treasure,  and  therewith  did  I  in- 
crease my  wealth."  It  would  have  been  fortunate  if  he  could  have  employed  this  power  in 
the  season  of  distress ;  for  letters  are  extant  in  which  king  Alonzo  solicits  alms ;  and  at  a 
prior  period  he  actually  pawned  his  crown  jewels  to  the  governor  of  Morocco.  The  fancied 
treasure  pi  Alonzo  was  guarded  with  much  jealousy.  A  copy  is  extant  in  the  royal  library 
of  Madrid,  bound  in  boards  of  massy  oak.  The  manuscript  was  locked  with  an  iron  lock» 
a  circumstance  from  whence  it  also  obtained  the  name  of  the  JUbro  del  Candado.  This 
precaution,  however,  seems  to  have  been  needless ;  for  all  the  efficient  lessons  of  the  art 
were  written  in  secret  characters,  so  that  the  opening  of  the  volume  is  of  little  service,  even 
to  the  "good  and  the  wise,"  for  whose  profit  Alonzo  wishes  to  reserve  the  exposition  of  the 
secret,  which  he  wa£  also  equally  anxious  to  conceal  from  the  profane.  The  cipher  employed 
by  Alonzo  indicates  the  source  of  his  knowledge.  His  alphabet  appears  to  be  a  current  Cu- 
phic  character,  or  rather  that  modification  of  the  Cuphic  which  is  still  used  by  the  Occidental 
or  Mauritanian  Arabs,  but  the  letters  are  varied  by  points  and  flourishes ;  they  are  probacy 
not  employed  according  to  their  original  powers ;  and  it  appears  from  the  table  or  key  at  the 
^nd  of  the  Madrid  manuscript  that  each  letter  of  the  Roman  alphabet  has  ten  or  twelve  cor- 
responding signs  in  the  secret  character.* 

*fiy  the  common  consent  of  the  ancient  writera  we  ve  taqght  to  consider  Egypt  as  the  parent  land  of  al- 
chemical science.  Perhapa  some  of  the  numerous  symbols  which  the  astronomer  employed  in  common  with 
the  alchemist,  if  not  truly  Egyptian  hieroglyphics,  may  at  least  be  reminiscences  or  imitations  of  the  sa* 
9red  character.     The  ai^pa  denoting  the  seven  planets  are  unqueattonably  of  high  antiquity,  and  figures 
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In  the  thiiteeutli  century,  Albertns  Magnus.  Roger  Bacon,  and  Raymond  liully,  seem  to 
hxwt  been  the  great  stara  of  alchemy,  which  they  raised  to  a  degree  of  credit  somewhat  beyond 
Its  merits.    Tlie  alchemists,  however,  still  endeavoured  to  veil  the  t^rms  as  well  as  the  prin* 
cqiles  of  their  art  under  mystical  characters.    That  the  alchemist  possessed  a  certain  portion 
of  useful  knowledge  cannot  be  doubted.     Mr.  Brande,  who  has  ably  traced  the  history  of 
ciiemistry  from  its  rude  and  expirical  origin  until  the  present  era,  says  that  the  works 
ascribed  to  Oeber  contain  matter  that  well  justifies  the  praise  of  Boerhaave,  who  conuders 
him  as  a  first-rate  philosopher  of  his  age.     But  the  secrecy  which  the  alchemists  affected 
rq»eUed  improvement,  and  almost  every  discovery  died  with  its  inventor.    Until  the  "Trium- 
pbant  C^iariot  of  Antimony"  rdled  forth,  and  the  bold  but  credulous  physicians  of  the  six* 
teenth  and  seventeenth  centuries  borrowed  the  powerful  materia  meJdica  which  they  found 
in  thv  laboratory,  by  which  they  discomfited  the  foUowers  of  Galen,  the  chemistry  of  Htrmes 
had  scarce  produced  any  practical  benefit  in  the  higher  pursuits  of  science,  and  the  assist- 
ance which  some  of  its  preparations  afforded  to  a  few  branches  of  the  arts  was  accomplished 
nrfher  fay  acddeut  than  by  intention."  Mr.  Brande  observes  that "  the  transmutation  of  baser 
metals  into  gold  and  sQver,  which  was  the  chief,  and,  in  most  cases,  the  only  object  of  the 
genuine  aldiemists,  was  not  merely  regarded  as  posuble,  but  believed  to  have  been  per- 
ibnaed«  by  some  of  tiie  more  enlightened  chemists  of  the  seventeenth  century;  and  in 
penmn^  the  history  of  these  transmutations  as  recorded  by  Helvetius,  Boerhaave,  Boyle, 
and  otfier  sober-minded  men,  it  would  be  difficult  to  resist  the  evidence  adduced  vnthout  the 
aid  cf  modem  sdence.    Lord  Bacon's  sound  sense  has  been  arraigned  for  his  belief  ia 
•khemj,  although  he  in  fact  rather  urges  the  possibility  than  the  probability  of  transmuta- 
tion; and,  considering  the  infant  state  of  tiie  experimental  sciences,  and  of  chemistry  in  par- 
liealar,  in  his  age,  and  the  plausible  exterior  of  the  phenomena  that  the  chemists  were  able 
to  produce,  he  is  rather  to  be  considered  as  sceptical  then  credulous  upon  many  of  the  points 
which  he  discusses.    Some  of  the  narratives  of  the  effects  of  transmutation  are  indeed  of  a 
most  extraordinary  character.    Hdvetius  positively  affirms  that  he  converted  half  an  ounce 
of  lead  into  pure  gold,  the  materials  for  which  were  furnished  him  by  an  artist  named  Elias. 
Tbe  aldienust  who  arranged  the  process  is  said  to  have  been  absent  when  the  experiment 

made,  which  however  succeeded  so  perfectly  that  the  precious  metal  made  from  the  lead 

woilh  twen^-five  florins. ' 

Frederick  III.,  enq>eror  of  Germany,  is  said  to  have  caused  a  medal  to  be  struck  of  the  gold 
prodnoed  by  an  alchemical  operation,  which  was  performed  in  his  presence  by  an  alchemist  of 
thenameofRichterhansen.  Frederick  was  so  well  satisfied  with  the  result  that  he  granted  let- 
ten  of  BobiHty  to  the  adept,  and  called  him  up  amongst  the  barons  of  die  Holy  Roman  Empire 
by  the  appropriate  style  of  '^  Baron  of  Chaos."  Such  a  fief  was[worth  afortune,  and  accordingly, 
wfaeiever  he  went,  the  baron  of  Chaos  met  with  capital  success.  At  the  court  of  the  elector 
of  Mayence  he  offered  to  effect  a  transmutation,  for  which  purpose  he  produced  a  small  por- 
tioa  of  the  matter  of  projection,  in  size  and  shape  like  a  lentil.  The  powder  had  been  mixed 
«p  with  gum  tiagacanth,  for  the  purpose,  as  he  said,  of  binding  it»  and  then  again  the  pellet 
WIS  enveloped  in  wax.  The  elector  was  desired  to  put  it,  together  veitb  four  ounces  of 
luieicBilver,  in  a  crucible,  which  was  afterwards  covered  with  charcoal.    The  elector  and  the 


thtm.  though  they  may  not  bear  the  ssme  signifieatioti,  are  found  on  Egyptian  monumenta.  Alche- 
ajBbok  are  diaoorered  in  the  sacred  edificea  of  the  middle  agea ;  and  their  appearance  need  not  excite 
DoCwitfastanding  the  aeeming  incongruity  of  their  position,  aa  alchemy  waa  then  oonaidered  the  most 
pKva  and  holy  art  vouchsafed  to  man  by  the  benignity  of  Prondence.  It  was  a  favourite  study  of  the  clergy ; 
and  fenerable  cohort  of  adepts  might  be  assembled  from  the  cloister  and  the  cathedral.  The 
walls  and  tbe  storied  window  hare  displayed  the  symbols  of  the  magiatary  and  the  elixir;  and  the 
Mue  lisa  aod  green  lion,  the  red  man  and  the  white  woman,  the  toad,  the  crow,  the  dragon,  and  the  panther^ 
ill  ikilwinl  signs, were  blended  with  the  legoids  of  the  saints  and  martyrs. 
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buon  ef  Chaot  ihai  Uew  tlie  fixe  vigorously,  and  ait  the  ez|iinitioii  of  half  an  hour  the  cni- 
cihle  was  taken  firom  the  fomaoe*  and  the  baron  poured  out  the  molten  gold.  The  liquid 
■Mtal  appeared  of  a  bright  red,  and  the  baron  exclaimed  that  its  touch  was  too  high — ^it  must 
be  lowered  by  the  addition  of  silver.  The  elector  threw  in  a  bar  of  silyer,  and  after  a 
second  fusion  the  metal  was  cast  in  an  ingot.  It  was  very  pure,  but  rather  brittle.  The 
baron  of  Chaos  easily  accounted  for  this  defect,  as  he  said  that  "some  particles  of  tin  had 
probaUy  adhered  to  the  ingot  mould,  but  a  third  fusion  would  remove  the  alloy."  This 
was  done  at  the  mint,  and  the  gold  then  became  exceedin^y  ductile,  and  tiie  mint-master  told 
his  serene  highness  "  that  he  had  never  seen  such  fine  gold,  and  that  its  touch  was  more  than 
twmty-four  carats."  Monconnis  tells  the  story  in  the  words  of  the  elector,  and  it  is  evident 
that  bodi  of  them  beli^ed  that  a  real  transmutation  had  actually  taken  place. 

Less  fortunate  than  the  baron  of  Chaos  was  an  alchemist  of  the  name  of  John  Henry 
MuUer,  who  originally  practised  as  a  barber  in  Alsace,  his  native  province.  The  court  of 
the  emperor  Rodolph,  a  munificent  patron  of  the  occult  sciences,  oflfered  great  temptations 
to  adventurers  of  this  description,  and  Muller's  management  of  the  emperor  vras  so  satisfac- 
tory that  he  obtained  large  presents.  He  was  exalted  into  tiie  caste  of  nobility,  and  hk 
humble  surname  of  Muller,  or  Miller,  was  judiciously  expanded  into  the  title  of  "Baron  of 
Muhlenfels."  After  many  adventures,  the  baron  arrived  at  Stuttgard.  Duke  Frederick  of 
Wirtemburg  was  as  ardent  an  alchemist  as  the  emperor,  and  the  baron  performed  many 
transmutations  with  great  success.  The  duke  poured  the  metals  into  the  crucible,  the  doors 
of  the  laboratory  were  locked  and  sealed,  and  on  the  following  morning  the  amalgam  of  lead 
and  mercury  was  found  richly  im^regpiated  with  gold.  Another  operation  performed  in  the 
castle  of  Reidlingen  had  the  same  result.  It  appears  that  the  baron  of  Muhlenfels  was  enabled 
to  effect  the  first  transmutation  by  the  help  of  a  confederate  concealed  in  a  chest  which  was 
supposed  to  contain  chemical  apparatus ;  and  at  Reidlingen  the  same  useful  agent  found  his 
way  through  a  vault.  But  the  baron  was  not  allowed  to  enjoy  his  credit  in  peace ;  for  now 
the  far-famed  Sandivogius  made  his  appearance  at  Stuttgard.  He  was  really  a  Polish  noble- 
man, and  universally  considered  as  the  greatest  alchemist  and  magician  of  the  age.  The  two 
adepts  were  placed  in  a  dramatic  situation,  which  would  be  ludicrous  enough  were  it  not  for 
the  catastrophe.  The  baron  of  Muhlenfels  was  a  credulous  rogue,  and,  conscious  that  he 
was  an  impostor,  he  was  dreadfully  perplexed  by  the  presenifc  of  a  rival  whom  he  verily  be^ 
lieved  to  be  a  true  master  of  the  occult  sciences.  By  insinuating  to  Sandivogius  (whose 
conscience  was  probably  not  very  dear,  and  who  seems  to  have  been  equally  apprehensive  of 
coming  in  contact  with  any  genuine  sage)  that  the  duke  intended  to  put  him  to  the  torture 
for  the  purpose  of  obtaining  the  secret,  the  baron  induced  him  to  run  away-from  Stuttgard. 
Muhlei^^  then  contrived  to  arrest  the  adept  on  his  road,  by  virtue  of  a  feigned  order. 
Sandivogius  was  thrown  into  a  dungeon  by  a  village  judge,  and  Muhlenfels  todc  possession 
of  his  property,  which  was  very  considerable.  The  unlucky  alchemist  was  nearly  killed  by 
the  severities  which  the  false  brother  inflicted  upon  him,  in  order  to  compel  him  to  disclose 
the  mysteries  of  the  art ;  for,  as  we  have  observed  before,  Muhlenfels  never  doubted  but  that 
Sandivogius  possessed  the  philosopher's  stone.  Sandivogius  at  length  escaped  from  his 
prison,  and  accused  the  baron  before  the  imperial  tribunal;  and  Muhlenfels  was  found  g^ty 
of  robbery,  and  condemned  to  die. 

The  old  jurists  had  some  difiiculty  in  determining  whether  it  was  lawfuUy  allowable  to 
make  money  by  alchemy.  Baldus,  a  high  authority  amongst  the  civilians*  gave  his  opinion 
that  the  practice  was  legal.  Our  common  lawyers  thought  otherwise,  and  in  the  reign  of 
Henry  VI.  an  act  was  passed  (according  to  lord  Coke  it  is  the  shortest  in  the  statute  book) 
which  ordains  "  that  no  one  from  henceforth  shall  use  to  multiply  gold  or  silver,  nor  the  craft 
of  multiplication.''    Boyle  is  said  to  have  procured  the  repeal  of  the  prohibitory  enactment. 
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on  aoeount  of  the  impediments  which  it  offered  to  the  study  of  alchemy;  hut,  by  inspecting 
the  petitioa  upon  which  the  act  was  founded,  it  appears  that  it  was  intended  merely  to  r^ess 
tbe  ingenuity  of  a  most  unphilosophical  class  of  artists.  The  commons  prayed  that  the  prac* 
tiseiB  of  tiie  aforesaid  art  should,  upon  conviction,  incur  the  punishment  of  felony ;  *'  because 
many  persons,  by  colour  of  this  multiplication,  make  fedse  money,  to  the  great  discredit  of  the 
king,  and  the  injury  of  his  people. " 

It  might  be  tnought  that  the  number  who  had  lost  their  all  in  this  absurd  and  "nsionary 
pursuit  would  have  induced  more  correct  and  scientific  views.  Yet  alchemy  stood  its  ground 
and  flourished ;  and  the  adept,  though  a  felon  by  act  of  parliament,  worked  in  peace,  with 
unchanged  hope  and  unwearied  earnestness.  All  the  sad  experience  which  he  obtained  could 
never  saffice  for  his  instruction.  Retorts  burst,  and  crucibles  are  shivered  in  the  process, — the 
aldiffiuint's  projection  evaporates  in  smoke  and  fume ;  but  the  adept  is  not  to  be  roused  from 
his  day-dteam.  Again  he  returns  to  the  laboratory.  He  refils  the  alembic  and  the  aludd » 
and  the  '*Batii  of  Mary"  is  replenished  anew.  Salt,  sulphiir,  and  mercury  are  blended  in  pro- 
portionate measure,  and  once  more  the  parched  disciple  of  Geber  watches  the  concoction  of 
the  tincture  and  the  menstruum,  whilst  he  nourishes  the  slow  reverberating  flames  of  the  fur- 
nace. His  diligence  abates  not  with  increasing  age.  Years  roll  on.  The  colours  of  the 
fiqnid  change ;  it  reflect^  the  azure  line,  which  gradually  softens  into  the  play  of  the  opal^  and 
it  length  the  iridescent  tints  concentrate  into  the  gleam  of  the  orient  ruby.  Breathless  and 
feveriali,  he  hails  the  appearances  which  the  mystic  sages  of  the  east  have  taught  him  to  con- 
«der  as  the  tokens  that  the  great  work  is  fisst  approaching  to  its  consummation.  He  rejoices, 
and  expects  tiiat  his  toils  are  about  to  terminate  and  the  elixir  is  in  his  power.  But  at  the 
very  moment  of  joy  he  discovers  again  that  fate  denies  the  boon  :  and  the  transmutation  ia 
as  ineffectual  as  when,  3roung  in  spirit  and  in  years,  he  first  read  the  perplexed  alfegoiles  in 
wlddi  he  has  so  long  placed  his  trust. 

While  the  alchemist  was  thus  deceiving  himself,  and  by  his  example  tending  to  hire 
others  into  the  same  visionary  track,  he  was  in  reality  most  materially  benefiting  the  cause 
of  diemical  science.  The  furnace  of  the  adept  was  nearly  identical  with  that  of  the  chemist 
in  the  presoit  day.  The  retorts,  crucibles,  and  other  instruments  for  manipulating  in  con« 
aection  with  the  furnace  were  also  similar  in  their  character ;  and,  though  alchemists  wanted 
the  metal  platinum  for  very  high  temperatures,  their  vessels  must  have  possessed  great 
power  of  resisting  heat,  as  there  are  well  recorded  instances  of  their  enduring  the  action  of 
fire  for  many  years  without  intermission. 

The  preparatory  essays  of  the  alchemist  lead  us  to  the  history  of  chemistry,  properly 
to  called.  This  cannot  be  said  to  have  existed  as  a  science  previous  to  the  commencement 
of  the  seventeenth  century.  Its  general  principles  may  be  acquired  from  the  ordinary  phe- 
nomena of  nature  as  they  exist  around  us ;  and  it  is  truly  extraordinary  that  so  many 
persons,  not  uninformed  in  other  respects,  should  remain  ignorant  of  the  constitution  of 
bodies  upon  which  their  very  existence  may  be  said  to  depend.  And  it  is  but  too  true  that 
even  at  the  present  moment  there  are  numbers  who  have,  generally  speaking,  received  a 
fiberal  education,  that  still  consider  earth,  air,  fire,  and  water  as  the  only  elementary  bodies. 

The  names  of  Bacon,  Boyle,  and  Hooke  stand  foremost  in  the  list  of  the  early  cultivators 
of  diemistry.  The  last  of  these  writers,  in  his  Micographia,  published  in  1664,  has 
^etdied  a  beautiful  theory  of  combustion,  in  which  he  dwells  chiefly  upon  the  influence 
and  necessity  of  air  to  the  process,  and  refers  the  power  of  supporting  combustion 
to  a  prindple  existing  in  saltpetre.  The  following  are  the  principal  passages  re- 
lating to  tiiis  subject: — ^*'From  the  experiment  of  charring  of  coals  (whereby  we  see 
^■t,  notwithstanding  the  great  heat,  and  the  duration  of  it,  iae  solid  parts  of  the  wood  re- 
oann,  whUst  they  are  preserved  from  the  free  action  of  the  air,  undiBsipated)  we  may  learn 
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thfX  which  naa  not  Uiat  I  know  of.  been  published  or  hinted  at,  nay » not  so  much  as  thought  of » 
by  uiy;  end  that,  in  short,  is  this  :^First,  that  the  air  in  which  we 'live,  move,  and  breathe, 
and  which  encompasses  yery  many,  and  cherishes  most  bodies  it  encompasses,  that  this  air  is 
the  menstruum,  or  uniyersal  dissolvent  of  all  sulphurous  bodies.  Secondly,  that  this  action 
it  performs  not,  till  the  body  be  first  sufficiently  heated,  as  we  find  it  requisite  also  to  the  dis- 
solution of  many  other  bodies  by  several  other  menstruums.  Thirdly,  that  this  action  of 
dissolution  produces  or  generates  a  very  great  heat,  and  that  which  we  call  fire ;  and  this  is 
common  also  to  many  diss(^utions  of  other  bodies,  made  by  menstruums,  of  which  I  could  give 
multitudes  of  instances.  Fourthly,  that  this  action  is  performed  with  so  much  violence,  and 
does  so  minutely  act,  and  rapidly  agitate  the  smallest  parts  of  the  combustible  matter,  that 
it  produces,  in  the  diaphanous  medium  of  the  air,  the  action  or  pulse  of  light ;  which  what  it  is 
I  have  elsewhere  already  shown.  Fifthly,  that  t)^e  dissolution  of  sulphureous  bodies  ia 
made  by  a  substance  inherent,  and  mixed  with  the  air,  that  is  like,  if  not  the  very  same,  with 
that  which'  is  fixed  in  saltpetre,  which,  by  multitudes  of  experiments  that  may  be  made  with 
sal^^etre,  will,  I  think,  most  evidently  be  demonstrated." 

Mayow,  in  1674,  appears  to  have  thrown  out  a  suggestion  tending  to  show  the  existence 
of  vital  air  as  an  agent  in  the  process  of  combustion.  Newton,  to  whom  every  branch  of 
science  owes  a  deep  obligation,  made  two  important  contributions  to  chemistry.  He  subverted 
the  ancient  doctrine  concerning  the  causes  of  chemicalaffinity ;  and,  instead  of  referring  tha 
tendencies  which  bodies  have  to  combine  to  the  peculiar  forms  and  attributes  of  their  atoms, 
he  referred  it  simply  to  the  attractions  belonging  to  their  ultimate  particles.  His  queries  on 
this  subject  attached  to  his  work  on  optics  are  so  explicit  and  distinct  as  to  be  creditable  even 
to  the  sagacity  of  Newton.  To  him  we  are  also  indebted  for  the  discovery  of  a  mode  of  gradu> 
ating  thermometers,  so  as  to  render  them  correspondent  with  each  other ;  this  was  that  real 
utility  conferred  upon  the  instrument,  by  which  philosophers  were  afterwards  enabled  to  carry 
on  their  researches  in  a  very  difficult  department  of  chemistry  with  renuurkable  facility  and 
precision. 

In  France,  about  the  same  period,  we  find  Geoffroy,  the  two  Lemerys,  and  Hcmiberg.  ac- 
tively engaged  in  experimental  pursuits.  The  last  of  these  chemists  is  well  known  as  the 
discoverer  of  pyrophorus.  Beccher  allowed  the  existence  of  five  elementary  substances:  water, 
air,  and  a  vitrifiable,  an  inflammable,  and  a  mercurial  earth ;  he  considered  acids  as  derived  from 
the  union  of  earth  and  water ;  stones  as  produced  by  the  combination  of  two  earths ;  and 
metals  by  the  combination  of  the  three  earths  in  variable  proportions.  Beccher  abo  added  to 
the  instruments  of  chemical  research,  and  simplified  many  of  the  very  complex  operations 
then  prevalent  in  the  laboratory.  As  a  practical  chemist  he  is  perfectiy  intelligible,  but  his 
theories  are  involved  in  so  much  contradiction  and  mystery  that  it  is  barely  possible  to  under- 
stand the  ends  he  aijns  at.  He  was  succeeded  by  Stahl,  whose  name,  as  coupled  with  the  once 
prevailing  and  generally  received  phlogistic  theory,  is  familiar  to  chemists.  Stahl's  doctrines 
are  perspicuously  set  forth  in  his  Fundamenta  ChemidB,  published  at  Nuremberg  in  1723.  He 
refers  combustion  to  the  separation  of  a  highly  subtile  and  elastic  matter,  which,  under  certain 
circumstances,  is  thrown  into  violent  agitation,  and  then  constitutes  flame  or  fire :  this  principle 
he  termB phlogiston.  He  asserts  that  when  substances  are  burned  they  throw  off  pkiogiston, 
and  that,  by  its  addition  to  the  residuary  matter,  the  original  substance  is  reproduced ;  and 
endeavours  to  demonstrate  this  assertion  by  reference  to  the  combustion  of  sulphur  and  some 
of  the  metals. 

The  discoveries  of  Dr.  Black  come  next  in  order ;  and,  whether  with  reference  to  their  own 
value  or  their  immediate  influence  upon  other  branches  of  chemistry,  may  be  considered  as 
forming  an  era  in  the  science.  His  first  experiments  refer  to  the  causticity  of  the  earths  and 
alkalies.     It  was  long  known  that  chalk,  which  is  a  mild  insipid  substance,  after  having  been 
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red  hot*  ^became  converted  into  qnick-lime,  which  is  caustic  and  acrid ;  but  the  cause  of 
this  flange,  though  it  had  been  looked  for  by  Macquer  and  others,  remained  unknown ;  it  was 
generally  referred  to  the  absorption  of  fire.  Black's  attention  was  drawn  to  this  subject  by 
die  diacovery  of  magnesia,  which,  in  1720,  was  first  distinguished  from  lime  by  the  celebrated 
Hoffiaun,  who  also  obtained  it  firom  sea- water.  Dr.  Black's  researches  led  him  to  ascertain 
die  eTJstence  of  a  peculiar  aeriform  matter  in  the  mild  earths  and  alkalies,  which  was  driven 
off  by  heat  and  expelled  by  acids,  and  which  he  called  Jixed  air*  But  the  enquiries  which 
hare  generally  been  considered  as  the  main  foundation  of  Dr.  Black's  scientific  eminence  are 
thoae  relating  to  the  operation  of  heat  in  changing  the  states  of  bodies,  as  in  converting  solids 
into  fiqmds  and  liquids  into  vapours. 

Dr.  Priestley's  first  vmtten  contribution  to  the  cause  of  chemical  science  appeared  in 
1771 ;  and  two  years  later  he  fully  explained  the  influence  of  vegetables  upon  the  purity  of 
the  atmo^>here.t 

In  1774  Dr.  Priesdey  procured  oxygen  gas  from  red  lead.  This  h6  called  "dephlogis- 
ticated  ur ;  '*  he  also  discovered  several  other  gases.  Five  years  afterwards,  Bergman  pub- 
lished hia  Ojnuculos  containing  a  variety  of  important  essays  on  chemical  subjects.  He  was 
succeeded  by  Scheele,  who  exhibited  the  results  of  a  series  of  experiments  on  air  and  fire. 
Sdieele  discovered  baryta,  and  ascertained  the  existence  of  nitrogen  in  anmionia ;  he  also 
pointed  out  the  mode  of  obtaining  several  acid  bodies.  Cavendish  was  the  first  who  obtained 
hydrogen  in  its  pure  state ;  and,  combining  that  gas  with  oxygen,  he  was  enabled  to  produce 
a  definite  quantity  of  water.  He  also  showed  the  constituents  of  nitric  acid.  About  this 
period  Lavoisier  gave  importance  to  the  French  school  by  the  publication  of  his  antiphlo- 
giatie  tiieory.  He  endeavoured  to  prove  that  oxygen  was  of  necessity  present  in  every  case 
of  oombostion.  This  doctrine,  however,  we  now  know  to  be  erroneous.  Guyton,  Morveau, 
and  Fourcroy,  assisted  him  in  his  experimental  investigations,  and  by  their  united  labours 
materially  improved  the  system  of  chemical  nomenclature.  We  now  arrive  at  a  brilliant 
period  in  the  hbtory  of  chemistry.  The  labours  of  Sir  Humphry  Davy,  Thomson,  Ure, 
Henry,  Leslie,  Dalton,  WoUaston,  Brande,  Philips,  and  Faraday,  OQiitting  the  discoveries  of 
the  modem  foragn  chemists,  would  alone  form  a  series  of  volumes  ;  and  we  must  content 
omelves  widi  a  reference  to  the  results  of  their  labours  as  they  are  detailed  in  the  various 
aitidea  in  the  subsequent  pages  of  this  CTCLOPJtniA. 

A  Inranch  of  chemistry  which  the  French  have  altogether  raised  to  the  rank  of  a  science, 
and  whidi  in  diis  point  of  view  is  in  a  great  measure  their  own,  is  cry$taUograph^.  They 
were  not  indeed  the  first  who  discovered  the  tendency  of  certain  minerals  always  to  assume 
regidar  forms ;  but  Rom6  de  Lisle,  and  infinitely  more  the  abb6  Haiiy,  have  deduced  from 
this  property  such  an  admirable  series  of  laws,  and  so  beautiful  &.system  of  nature,  that  any 

*  It  k  a  curious  droumstanee  that  Dr.  Brownrig,  in  1765,  appears  to  hare  posiefied  a  tolerable  aoqaaint- 
aaee  with  the  aaCnre  of  the  elioke-daiiip  of  the  nunera,  as,  in  a  paper  read  before  the  Royal  Society,  he  pointed 
eat  the  analogy  whieh  aobdsted  between  that  gas  and  the  aubtile  principle  of  mineral  waters. 

t  The  Royal  Society  T0ted  Dr.  Priestley  the  Copley  medal  for  hia  paper  on  different  Idnda  of  air,  read  before 
( ;  and  the  learned  preaident  thua  illnstrated  one  branch  of  the  Doctor'a  obaenrationa :— '*  From  these 
w%  are  aaaiirciil  dnt  no  Tegetable  growa  in  rain,  but  that,  from  the  oak  of  the  6)reat  to  the  graaa  of 
Ae  ield,  every  indiridiial  plant  is  aerriceable  to  mankind,  if  not  alwaya  diatingoiahed  by  aome  prirate  virtue, 
y«t  aaikiig  a  part  of  the  whole  which  cleanaea  and  purifiea  our  atmosphere.  In  this  the  fragrant  roae  and 
4eedly  ai^rtahade  oo-operate ;  nor  are  the  herbage  nor  the  wooda  that  llonriah  in  the  moat  remote  and  unpeopled 
TCgiona  uapfofitable  to  ua,  nor  we  to  them»  considering  how  oonatantly  the  winda  convey  to  them  our  ritiated 
air,  for  our  rriief  and  for  dieir  nouriahment.  And,  if  ever  theae  salutary  galea  rise  to  storms  and  hurricaneaK 
lat  ns  aliD  trace  and  revere  the  waya  of  a  beniicent  Being,  who,  not  in  wrath,  but  in  mercy,  thua  ahakes  the 
mmm  and  die  air  toge^er,  to  bury  in  the  deep  thoae  putrid  and  pestilential  efBuvia  which  the  vegetables  oa 
te  free  of  the  eavdi  had  been  insufficient  to  consume.** 
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preriotu  knowledge  which  othen  may  Iutc  bad  of  the  mon  leading  £Mta  4flet  not  id  tbe 
least  Jimjpwh  the  credit  of  their  diacoreries. 

It  ia  commonly  obaerred  that  cryatalline  bodiea  affect  cam  fonn  in  preference  to  ethen. 
"Hie  fluor  i^tar  of  Derbyahire  cryatallizea  in  onbea :  eo  doea  common  aalt  Nitze  aaaumea  the 
fonn  of  a  ux-aided  prion,  and  aolphate  of  magneaia  that  of  a  four-aided  priam.  These  forma 
are  liable  to  vary.  Fluor  apar  and  aalt  crystallize  sometimes  in  the  form  of  octohedra,  and  ' 
there  are  so  many  forma  of  carbonate  of  lime  that  it  is  difficult  to  select  that  which  most 
commonly  oecora.  Bo&m  de  lisle  referred  these  variationa  of  form  to  certain  buncatioos  at 
an  invariable  primitiTe  nndeoa  ;  and  Qahn  afterwards  obaerred  that  when  a  piece  of  caloa- 
reooB  apar  was  carefuUy  broken  all  ita  particles  were  of  a  ihombotdal  fi^re.  This  induced 
Bergman  to  aaq)ect  the  eziatence  of  a  primitive  nucleoa  in  all  crystaUine  bodies.  When 
HaUy  entered  this  field  of  enqniiy,  he  not  only  corroborated  the  c^iiniona  of  Bergman,  and 
submitted  former  hypotheses  to  eiperimental  proof,  but  treced  with  much  anccess  tbe  law* 
of  crystallization,  and  pointed  out  the  modes  of  transition  from  primitiTe  to  secondary  figures. 
If  we  attempt  to  split  a  cube  of  fluor  spar  with  the  blade  of  a  knife,  aasisted  by  a  hammer,  it 
will  only  yield  with  facility  in  the  direction  <d  tbe  solid  an^ea ;  and,  pursuing  the  division  in 
these  directions,  an  octobedros  will  be  tbe  resulting  figure. 

Haiiy  obtained  six  primitive  forms,  which  by  further  mechanical  analyaia  may  be  re- 
duced to  three  integral  elements.  The  secondary  fonna  are  supposed  to  arise  from  decrementa 
of  particles  taking  place  on  different  portions  of  the  primitive  fonna.  Thua  a  cube,  havmg 
a  series  of  decreanng  layers  of  cubic  particles  upon  each  of  its  six  foces,  will  become  a  dode- 
cahedron  if  the  decrement  be  upon  the  edges,  but  an  octohedron  if  upon  die  angles ;  and  by 
inegular,  intermediate,  and  mixed  decrements,  an  infinite  variety  of  secondary  forms  will 
ensue,  oae  example  of  which  is  given  in  the  first  of  the  accompanying  figures. 


In  crystallogiaphv  we  meet  with  appearances  which  Haiiy 's  theory  but  imperfectly  ex- 
plains i  a  slice  of  fluor  spar,  for  instance,  obtained  by  making  two  successive  and  parallel 
sections,  may  be  divided  into  acute  rhomboids  ;  but  these  are  not  the  primitive  form  of  the 
^tar,  because,  by  the  removal  of  a  tetrahedron  from  each  extremity  of  the  rhomboid,  an  octohe- 
dron is  obtained.  Thus,  as  the  whole  mass  of  fluor  may  be  divided  into  tetrabedn  and 
octohedra,  it  becomes  a  question  which  of  these  forms  is  to  be  called  primitive,  especially  as 
■either  of  them  can  £11  space  without  leaving  vacuities,  nor  can  they  produce  any  arrangement 
luffidentiy  stable  to  form  the  bans  of  a  permanent  crystal.  To  obviate  this  incongruity. 
Dr.  'Wollaston  very  ingeniously  proposed  to  consider  the  primitive  particleo  aa  spheres,  whidi, 
by  matual  attraction,  have  assumed  tbe  arrangement  which  brings  them  as  near  as  poanble 
to  each  other.    When  a  number  of  siinilar  balls  are  pressed  together  in  the  same  plane,  tbey 
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kaa  equikteiil  triangles  with  each  other ;  and  if  balls  so  placed  were  cemented  together, 
and  alterwarda  broken  asunder,  the  straight  lines  in  which  they  would  be  disposed  to  separate 
would  form  angles  of  60^  with  each  other.  A  single  ball,  placed  any  where  on  this  stratum, 
would  touch  three  of  the  lower  balls,  and  the  planes  touching  their  surfaces  would  then 
indode  a  r^ular  tetrahedron.  An  example  of  this  simple  and  beautiful  theory  Ib  exhibited  in 
the  right-hand  figure  on  the  previous  page. 

.  The  working  of  metals  is  a  strictly  chemical  art.  According  to  Moses,  it  was  known 
before  the  deluge,  fiut  that  dreadful  calamity  deprived  the  greater  part  of  mankind  of  this 
as  weD  as  other  arts  useful  to  life.  It  was  not  long,  however,  after  this  period,  till  some 
metals,  at  least,  were  known  to  the  eastern  nations ;  for  in  the  days  of  Abraham  they  seem 
to  have  been  common  in  Egypt,  and  several  countries  of  Asia.  In  many  parts  of  the  world 
die  precioas  metals,  and  especially  g^ld,  may  be  found  without  the  necessity  of  digging  into 
the  boweb  of  the  earth.  Torrents  pouring  down  from  the  mountains  deposit  great  quantities 
of'  gold  in  the  beds  of  brooks  and  rivers.  "The  ancients  speak  of  several  rivers  famous  for 
rolling  down  gold,  silver,  copper,  and  even  tin,  in  their  waters ;  and  we  still  know  of  certain 
streams  which  enjoy  this  advantage.  €bld  is  found  in  tins  way  not  only  in  grains,  but  in 
maaees  of  considerable  bulk.  In  Peru  pieces  of  neariy  pure  gold  have  been  found,  some  of 
which  weighed  more  than  an  ounce,  and  in  Africa  we  have  instances  of  natural  ingots  of  a 
still  larger  size. 

Bven  when  men  came  afterwards  to  dig  for  metals  in  mines,  they  would  at  first 
find  little  difficulty  in  refining  them ;  for  on  the  tops  of  mines  metals  are  commonly 
found  quite  pure,  or  with  very  little  foreign  admixture.  At  the  discovery  of  the 
celebrated  mine  at  Potosi,  we  are  told  that  the  vein  was  so  rich  that  the  metal  ap- 
peared elevated  like  a  rock  above  ground.  According  to  Acosta,  it  was  a  kind  of  ridge 
upon  die  top  of  a  mountain,  300  feet  in  length,  and  thirty  in  breadth.  "  In  the  mine  of 
Sakedo,"  says  Ulloa, "  they  at  first  found  lumps  of  silver,  which  gave  them  no  further  trouble 
t*i*ti  to  cut  them  with  a  chisel ;  and  on  the  mountain  Ucuntaya  there  was  discovered,  in  the 
year  1713,  a  prodigious  crust  of  solid  silver,  which  yielded  several  millions  of  dollars.'*  In 
Hudson's  Bay  tiiere  is  a  mine  of  red  copper,  so  rich  and  pure  that  without  using  fire,  and 
only  by  beating  it  between  two  stones,  the  inhabitants  are  enabled  to  form  it  into  all  kinds 
of  utensils  that  they  have  occasion  for.  It  is  reasonable  to  judge  of  the  ancient  mines  by 
these  q»ecimens  of  the  metallic  treasures  of  modem  countries  which  are  but  littie  frequented ; 
and,  when  we  conrider  these  facts,  we  shall  not  be  greatly  surprised  at  the  abundance  of  im- 
plements of  metal  in  very  remote  times.  Copper  is  a  metal  of  great  tenacity  and  consider- 
able hardness:  so  that  it  furnishes  a  material  not  unfit  for  the  fabrication  of  workmen's  tools, 
and  catting  instruments.  The  swords,  hatchets,  and  daggers,  of  very  ancient  nations  were 
of  copper,  either  pure  or  mixed  with  tin,  by  which  its  hardness  is  considerably  increased. 
But  copper  is  very  inferior  as  a  material  for  sharp-edged  instruments  to  iron,  which  may  be 
made  by  certain  processes  to  cut  the  hardest  substances,  and  to  retain  its  edge  for  a  long 
time.  Iron,  however,  is  by  no  means  easily  disengaged  from  its  ore,  and  is  hardly  ever 
found  natural  in  its  metallic  state.  To  convert  the  ore  of  iron  into  metal,  it  must  be  pounded 
and  washed,  and  smelted  by  intense  heat  more  than  once,  and  in  contact  with  charcoal,  or 
some  substance  capable  of  reviving  it  from  the  state  of  dross;  and,  to  form  it  into  steel,  stiU 
more  complicated  processes  are  necessary,  and  nearly  all  these  manipulations  require  the 
hbour  of  ^e  chemist  for  their  first  invention.  Iron  forms  the  great  source  of  our  commer- 
dal  wealtii,  and  those  who  have  only  seen  the  vast  sledge  whirled  by  human  arms  can  have 
but  little  notion  of  the  giant  powers  of  the  tilt  hammer  when  put  in  motion  by  machinery. 
UmuHtMmvti  weighing  many  hundred  weight  carry  on  their  unvaried  course  as  though  their 
pooderooa  anns  poasessed  the  mhraculous  powers  ascribed  to  Briarius  in  the  olden  time.  They 
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are  Bometinies  impelled  by  water  and  at  other  times  by  stean ;  but  la  all  caK*  they  nre  pro- 
vided with  a  Urge  fly-wheel  to  equalise  their  motioii.  as  in  tiie  accompanying  eDgraving. 


The  mass  of  ironfoiminga  tilt  hammer'is  now  supported  on  a  large  beain,sainewhat  similar 
to  a  scale-beam,  and  a  strong  axis  passes  through  the  beam,  on  which  it  works  as  a  fulcrum. 
The  projecting  pegs  are  made  to  depress  tiie  one  extremity,  which  of  course  tends  to  elen^ 
the  opposite  end;  and  the  raomeDtum  which  it  acquires  in  its  subsequent  descent  presses  on 
the  iron  and  moulds  it  into  the  required  form. 

Although  all  the  metals  are  skilfully  worked  by  English  artificers,  yet  it  is  most  re- 
maricable  that  those  in  which  they  eiccl  are  the  most  re&actory;  Uiote  which,  when  dug  out 
of  the  earth,  have  the  smallest  importance,  but  to  which  thought  and  labour  give  the  highest 
utility :  those  on  which  the  hand  of  man,  directed  by  his  genius,  accumulates  the  greatest 
factitious  value ;  that  is  to  say,  a  value  which  is  nearly  null  in  the  savage  rt^,  but  which 
goes  on  increasing  in  the  exact  ratio  of  intellectual  avilization.  The  French,  on  the  con- 
trary, have  turned  their  attention  to  the  metals  which  have  the  greatest  value  in  themselves, 
and  to  which,  when  wrought,  the  woricmanship  adds  the  smallest  merit  Thus  jewellery  has 
iong  beesi  a  favourite  manufacture  with  them,  as  w«ll  as  the  fabrication  of  the  precious  metals 
in  all  their  Bh^)es.  These  are  the  most  luxurious  and  the  least  useful  of  the  metallurgic 
arts;  they  are  the  least  intellectual  also,  as  gold  and  silver  are  more  easily  purified  and  melted 
than  iron.  Necessitous  nations  have,  indeed,  fabricated  jewellery,  but  not  until  more  urgent 
wants  had  been  satisfied,  and  previous  exertions  had  brooght  home  the  wealth  which  ia 
some  measure  entitles  man  to  indulgence.  Some  nations,  too,  whose  demand  for  domestic 
consumption  was  small,  yet  falnicated  them  for  the  gratification  of  others :  thus  ancientiy 
did  Tyre  and  Sidon.  Thus  Venice  and  the  Netherlands  have  at  different  times  been  cele- 
brated for  their  gold  and  silver  works,  but  only  when  the  immediate  necessities  of  those 
republics  had  been  satisfied,  only  when  other  objects  more  useful  had  been  produced  both  for 
tiie  home  and  the  foreign  market;  and  the  woollen  cloths  of  Bruges  were  some  centuries 
earlier  than  the  plate  and  jewellery  of  the  same  dty. 

AgricMliure  owes  almost  all  its  present'  improvements  to  the  science  of  chemistry.  It 
is  true  that  many  ingenious  mechanical  contrivances  have  been  suggested  by  the  mere  tiller 
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dthe  cardi,  and  l^  this  means  the  labour  of  the  husbandman  considerably  abridged.  But 
the  real  diarBcter  erf  the  various  soils,  which  must  form  the  basis  of  all  theoretical  agriculture, 
was  acarcely  at  all  developed  prior  to  the  dose  of  the  last  century.  It  is  indeed  to  the 
discovery  of  agriculture  that  we  owe  a  large  nortion  of  the  arts  and  aeienfiP*      A«  inn*,  oo 


oaa  no  otner  way  of  subsisting  but  by  hunting,  fishing,  and  feeding  their  flocks,  the 
wcfal  arts  made  but  little  progress ;  and  those  nations  who  do  not  practice  agriculture 
have  still  but  a  very  slender  acquaintance  with  the  arts  and  sciences.  We  cannot  better 
iUustrate  the  past  and  present  states  of  agriculture  than  by  taking  one  of  the  most  elementary 
cf  agticaltiinl  instnunenti,  and  comparing  its  modem  with  its  ancient  form. 


The  plough,  as  it  was  employed  by  the  Roman  agriculturist  above  2000  years  ago, 
int  1>e  adverted  to.  It  will  be  seen  by  a  reference  to  the  above  sketch  that  it  consisted 
merdy  g€  a  hook,  whidi  had  no  way  of  clearing  itself  of  the  soil  through  which  it  was  im- 
pelled, sometimes  by  the  labour  of  men  and  at  other  times  by  animal  power.  It  did  not,  in 
iut,  cut  a  track  through  the  earth,  but  tore  a  groove  in  the  soil.  Let  us  contrast  this 
primeval  instrument  with  lord  Somervi]le*s  double-furrow  plough,  and  we  shall  then  find 
that  the  chemical  and  mechanical  construction  of  the  apparatus  is  strildn^y  diasjmilar  to  the 
one  just  examined.  Chemically  speaking,  air  is  essential  to  the  existence  of  vegetable  life: 
tiie  root  serves  to  attach  the  {flant  to  the  soil,  and  is  one  of  its  organs  (rf  nutriment.  Now, 
to  enalde  tiie  root  to  shoot  fredy,  the  earth  must  in  the  first  instance  be  broken  up  and  then 
exposed  to  the  action  of  the  atmo^here.  This  is  most  eSS^tually  performed  by  the  opera- 
tioa  of  the  improved  plough;  for  instead  of  the  earth  being  raked  or  torn  up,  as  in  the  former 
ease,  it  is  now  cut  in  a  series  of  ^ces,  forming  in  some  cases  a  single  and  in  others  a  double 
fonow.  The  old  mode  of  ploughing  was  in  fact  little  more  than  the  preparation  of  a  series 
of  grooves  for  tiie  seed,  and  with  little  chemical  advantage  to  the  soil,  which  was  afterwards 
to  He^Jlow  for  a  considerable  period  of  time.  Indeed  we  find  that  though  the 
of  light,  air,  and  moisture,  aided  by  a  due  temperature,  are  necessary  requisites  for 
the  growth  of  plants,  yet  they  also  derive  considerable  nutriment  from  the  soil,  which  becomes 
Impoverished  by  thcdr  growth,  and  ultimately  incapable  of  supporting  vegetation,  unless 
aided  by  manures.  Now  it  is  to  tiie  chemist  that  we  must  look  for  the  sort  of  manures  best 
fitted  for  tins  -pwppose ;  and  the  agriculturist  who  seeks  for  information  upon  the  subject 
cannot  do  'better  than  consult  Sir  Humphry  Davy's  Elements  of  Agricultural  ChemUtrtf^ 
iHnch  has  formed  tiie  ground-work  of  all  the  subsequent  treatises. 

Onr  space  does  not  permit  of  any  detailed  view  of  the  useful  arts,  but  there  is  one  to 
whidi  this  country  is  so  much  indebted,  and  which  owes  so  much  of  its  excellence  to  the  aids 
afforded  by  chemistry,  that  some  notice  appears  essential.  The  lustory  of  the  cotton  manu- 
facture akme  would  form  a  useful  as  well  as  an  interesting  volume,  and  it  would  serve  to  show 
from  what  comparatively  inrignifieant  sources  first-rate  cities,  and  even  large  districts,  may 
become  wealtiiy  and  influential.  The  art  of  weaving  is  of  great  antiquity,  and  appears  even 
to  have  arrived  at  considerable  perfection  in  Mtm  remotest  ages.  To  do  this  it  is  not  neces^ 
lary  to  have  reeourse  to  very  con^licated  machinery,  as  the  inhabitants  of  the  east  at  present 
weave  veyy  fine  and  beautifal  stuffs  with  comparativdy  simple  instruments.  A  shuttle,  and 
a  few  small  pieces  of  wood,  are  sn^l^nt  for  their  purpose. 
AsTs  &  Scnurcsa.— Vol.,  I.  g 
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It  may  not  be  improper  to  observe  thst,  in  Bncient  times,  the  work  of  veanng  wn 
performed  in  a  Etanding  potture.  This  is  attested  both  bj  HomN  and  Virgil,  llie  warp  wu 
extended  perpendicularly  from  top  to  bottom,  and  kept  finn  by  means  of  a  piece  of  wood,  to 
which  heavy  weights  were  appended.  The  Bgyptiana,  it  is  said,  were  the  first  who  changed 
this  incommodious  and  fatiguing  posture  into  that  of  sitting  at  the  woik  as  our  weavers  do 
at  present.  It  is  well  known  that  it  was  women  alone  who  originally  epim,  wore,  and  even 
dyed  wool  and  doth.  Besides  the  materials  for  clothing  faniished  by  the  animal  tribes, 
there  are  a  variety  of  plants,  such  as  cotton,  fiaz,  hemp,  &c.,  which  supply  a  subataace  ex- 
ceedingly proper  for  this  purpose.  It  probably  would  not  be  long  before  men  began  to 
manufacture  cotton,  as  the  seeds  of  this  shrub  are  lodged  in  a  kind  of  down,  which  baa  a  great 
resemblance  to  fine  wool,  and  requires  but  little  preparation  to  render  it  fit  for  spinning. 
We  may  therefore  conclude  that  cloth  of  cotton  was  a  very  ancient  invention. 

'ITie  early  cotton  weaver,  placed  before  a  loom  of  the  simpleiit  kind,  could  scarcely  inter- 
lace more  of  the  fabric  he  proposed  to  manufacture  than  would  suffice  for  the  wants  of  his 
own  family.  The  water-wheel  and  steam-engine  now,  however,  afiTord  such  admirable  sub- 
stitutes for  animal  power,  that  a  single  manufactory  will  supply  enough  cotton  for  a  large 
city.     One  of  these  wholesale  producing  mills  is  exhibited  in  tiie  subjoined  engraving. 


In  this  case  water  is  the  impelling  power ;  the  mountain  stream,  guided  by  the  hand  of 
buman  ingenuity,  is  made  to  strike  against,  and  cause  to  revolve,  the  prinapal  axis  of  the 
machine.  Its  power  is  then  conveyed  into  a  variety  of  channels,  each  putting  in  motion  the 
machinery  for  one  or  two  individuals.  Here,  then,  the  produce  of  the  cott»n  plant  is  con- 
verted into  a  durable  and  beautiful  fabric,  frequHitly  vieing  in  tints  with  those  produced  by 
the  boms  of  Tyre  in  the  olden  time ;  whilst  those  fabrics  which  are  intended  to  retain  a  glossy 
whiteness  acquire  that  character  by  tJic  agency  of  a  chemical  process  in  a  few  hours,  tiiough 
the  old  arrangement  of  bleaching  required  weeks,  and  in  some  cases  months,  of  toU^ome 
labour.  In  conclu^on,  it  may  be  proper  to  state  tiiat  the  application  of  chemistry  to  the  use- 
ful arts  has  been  one  of  the  primary  objects  in  the  fcdlowing  pages,  which  are  intended  aa 
fiir  as  possible  to  familiarize  science,  by  stripping  it  of  diose  teduucalities  which  serve  rather 
to  astonish  and  confound  ^lan  to  instruct  the  real  enquirer  after  knowledge. 
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[Thx  alphabetical  fbnn  oi  anrangement  necessarily  adopted  in  all  cydopsedical  works  ha« 
hitiierto  prevented  their  being  employed  as  a  means  of  systematic  instruction.  To  remedy 
this  inconveaience,  we  have  prepared  the  following  analytical  table,  in  which  we  purpose 
pmnting  out,  under  each  head,  the  most  useful  mode  of  studying  tl^e  branches  of  science 
there  classed  together.  It  is  obvious  that  by  pursuing  this  plan  tl^e  Bbitisq  CTCLOPiBDiA 
win  poeaess  all  the  advantages  of  an  Alphabetical  Dictionary,  combined  with  the  syste- 
satie  form  of  a  Series  of  distinct  Treatises,  an  arrangement  wh^h  has  been  a  primary  object 
from  the  commencement  of  the  work.] 

MECHANICS. 

We  comiQence  with  this  science,  as  it  should  evidently  form  the  foundation  of  a  syste- 
matic education  in  the  various  branches  of  knowledge  comprised  in  this  division  of  our  work. 
The  nature  of  matter,  with  reference  to  attraction,  should  in  the  first  instance  be  examined* 
TUs  includes  the  ordinary  effects  ci  gravitation^  cohesion,  capillary  attraction,  as  well  as 
the  simplest  phenomena  of  electrical  and  magnetic  attraction.  The  centripetal  and  centri- 
ingal  forces  may  be  best  examined  in  the  introductory  portion  of  the  article  Mechanics. 
Tliis  should  be  followed  by  an  acquaintance  with  the  simple  instrun^ents  to  facilitate  labour 
called  TOi^A^F^'f^^  powers,  also  described  ui^er  that  article.  The  construction  of  instrur 
meats  for  measuring  time,  which  in  reality  consist  of  a  c(unbinatipn  of  mechanical  powers^ 
it  fuUy  illustrated  under  Clock,  Watch,  and  Pendulum.  The  mode  of  combining  mar 
chinery  in  the  construction  of  Mill-Work  should  be  succeeded  by  an  examination  of  the 
theory  of  Wheel  Caeeiaoes. 

The  mechanical  properties  of  the  atn^osphere  form  an  interesting  branch  oi  this  subject. 
They  are  discussed  under  the  articles  Aie,  Atmosfhbeb,  and  PNEUif  atics.  The  air-pump, 
whidi  fbnns  an  important  auxiliary  to  this  branch  of  science,  is  illustrated  with  a  plate  under 
Pnfp.    The  ela^^ty  of  the  lur  is  shown  under  the  article  Aie-(>uk. 

Hie  jdienomena  of  sound,  which  are  mainly  produced  by  the  mechanical  vibrations  of  the 
pir,  smy  now  be  eJ(an^ned  with  advantage.  The  articles  Acoustics,  Sqund,  Eae,  and 
Wijn>-Ijr8TEUMEifT8,  cout^in  all  that  is  necessary  under  this  head. 

Having  tiius  pointed  out  the  sources  by  which  an  acquaintance  may  be  acquired  with  the 
sneduoiical  properties  of  the  atmosphere,  we  ma^  next  proceed  to  apply  them  in  the  con- 
atmction  of  the  Baeomstee  and  the  Watee-Puj^p. 

The  nature  of  the  fluidity  of  water,  as  well  as  its  pressure,  is  described  under  HroEa 
statics  and  Peess  ;  and  the  history  of  our  ac(juaintance  with  its  compressibility  at  page  xxxv 
in  the  Introduction.     The  theory  of  SpBCinc  Geaviti|bs  shoqld  al^o  be  carefully  studied,  an4 
jf  possible  experimentally  illustrated.    The  motion  of  water,  as  well  as  its  mechanical  pror 
perties,  is  examined  under  WATEE-Wni^Ef.,   Puirpsi  a9d  WATaa-RAM,  ai&d  \t^  pasiw^ 
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through  various  sized  orifices,  under  Aiutagb.  Aerostation,  as  a  branch  of  hydrostatics, 
and  the  various  mechanical  contrivances  for  elevating  and  depressing  balloons,  will  be  found 
under  Aeronautics. 

The  theory  and  construction  of  the  Stbam-Enoine  may  now  be  understood.  Its  history 
is  given  under  that  article,  and  its  application  to  locomotive  purposes  is  also  treated  of  under 
Gabbiaob  and  Rail-Roads. 

Mathematical  investigations  have  been  as  much  as  possible  avoided  in  discussing  the 
subjects  to  which  we  have  thus  briefly  adverted.  -  The  reader  should,  however,  make  himself 
perfectly  acquainted  with  the  articles  Alobbra  and  Gboitbtrt  at  the  commencement  of  his 
mechanical  studies,  as  they  are  essential  to  a  right  understanding  of  many  of  the  articles 
which  occur. 


Abacus 

Acceleration.  See  Motion 

Acoustics 

Addition.  See  Arilhmetic 

and  Alf^ebra 
Adhesion 
iBolian  Harp 
.£olipile 
Aeronautics 
.fither 
Aggregation 
Air 

Air-Gnn 

Air-Pump.    See  Vump 
Air-Thermometer 
Ajutage 
Algebra 
Anemometer 
Anemoscope 
Approximation 
Arc 

Arcubalista.     See  Balitia 
Area 
Aries 

Arithmetic 
Atmosphere 
Atomic  Philosophy 
Attraction 
Atwood's  Machine 
Automata ' 
Aiis 
Balance 

Balloon.    See  Aeronaittict 
Barometer 

Battering.Ram.  See  Jriet 
Bellows,  Hydrostatic 
Binomial  Theorem 
Bipartient 
Biquadrate 
Body 

Breast-Wheel 
Bruiser 
Calculus 
Camel 
Canal 
Capillary  Tubes.    See  also 

Attraclion 
Carriage.    See  also  Rail- 

Roadt 
Central  Forces 
Centrifugal  Force 
Chimes 
Chronometer 
Circle 
Clock 

Compound  Numbers 
Contraction 


Converging  Series 

Conyerse 

Conversion  of  Equations 

Corpuscular  Philosophy 

Crank 

Cube 

Cube  Root 

Curve 

Cylinder 

Decimal  Arithmetic 

Denominator 

Density 

Diameter 

Digit 

Diying  Bell 

Divisibility 

Division.     See  also  Arith' 

metic  and  Algebra 
Dynameter 
Dynamics 
Ear-Trumpet 
Echo.    See  also  Acouttiet 
Ellipsis 
Epicycloid 
Equation 
Expansion 
Exponent 
Factor 

Fall  of  Bodies 
Fellowship 
Figurate  Numbers 
Finite 
Fluent 

Fluid.  See  tHiMoHydrottaHet 
Fluidity 
Fluids,  Motion  of.  See  also 

Pipe,  Ajutage,  and  //y- 

draulicM 
Fluxions 
Fly 
Force 
Fountain.  See  also  Air  and 

Fountain'Pump 
Fractions 
Friction 
Frustum 
Function 
Grenerated 
Geometry 
Grarity 
Gunter's  Line 
Hardness 
Horse  Power 
Hydraulics.  See  also  Aju' 

Hydrometer 
Hydrostatics 


Hydrostatic  Press 

Interest 

luTolution 

Irrational  Quantities 

Lemma 

Limit 

Line 

Lock.    See  Canal 

Locomotive 

Logarithm 

Machinery 

Malleability 

Mathematics 

Mechanics 

Mensuration 

Mill-Work 

MontgoMer  Balloon 

Motion 

Multiple 

Multiplication.  SeeArith" 
metic  and  Algebra 

Negative  Sign 

Newtonian  Philosophy 

Notation 

Number 

Numeration.     See  Arith- 
metic 

Numerator 

Octagon 

Orthography 

Octohedron 

Oscillation 

Parabola 

Paraboloid 

Parachute.    See  AeronaU' 
tics. 

Parallel  Lhies 

Parallelogram  of  Forces 

Parallelopiped 

Pendulum 

Pentagon 

Perimeter 

Periphery 

Peritrochium 

Permutation 

Perpendicular 

Philosophy , 

Phonics.  See  ^cat/«/tc<  and 
Sound 

Physics 

Pinion 

Piston 

Plane 

Planimetry 

Plenum 

Plus 

Pneumatics.    See  also  Air 


Polygon 

Polyhedron 

Porism 

Powers 

Progression  ' 

Prolate 

Proportion 

Proportionals 

Proposition 

Pulley 

Pumps,  Water.    See/ff- 

draulict 
Pump,  Pneumatic.  Seealso 

Air-Pump 
Quadrangle 
Quadrant, 

Quadratic  Equations 
Quadratrix 
Quadrature 
Quadrilateral 
Quantity 
Quotient 
Ratio 
Receiver 
Rectangular 
Reduction 

Remontoire  Escapemeii*. 
Repeating  Watch 
Repulsion 
Resistance 
Rhomboid 
Rhombus 
Root 

Rule  of  Three 
Sarieant's   Pump.      See 

Pump,  Water 
Science 
Screw.     See  also  Mecha- 

nici 
Screw,  Archimedean 
lections,  Conic 
Sector 

Segment  of  a  Circle 
Series 

Sexagesimals 
Sextant 
Signs 
Sledge 
SoUd 

Sound.   See  also  ylcoutftcs 
Specific  Gravities.  See  also 

Balance, 
Spheroid 
Spiral 
Spring 
Square 
Statics 
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Sec  also  Tabl©  Triangle  Water 

JBoHpUe^  Carriage^  vkA  Tackle  Triangular  Numben  Water-Ram 

Rail-Roadt                       Tangent  Trigonometry  Water- Works.      See  also 

SUNnach.Pnmp.  See  PMfnp,  Tangential  Force  Vacuum                                     Pumps  and  Hydraulics 

StomaeA  Temperature.     Ste  Jlmo-   Variable  Quantities  Wares 

S«betanc«                                 sphere  Variation  of  Curvature  Wedge 

Stibtangent                            Tetragon  Variations,  Calculus  of  Wheel 

Svbtente                                Tetrahedron  Vibration.    See  Acoustics  Wheel-Carriage 

Subtraction.     See  Ariih-  Thermometer.      See  Air    VolatUe  Whirling  Table. 

metic  mnA  Algebro.                Thermomeier  Vortex  Wind.  See  also  ^/moipAtfrtf 

Suds                                     Transcendental  Vulgar  Fractions  Windlass 

Syphon                                  Trapezoid  Watch-Making  Windmill 

UGHT,  ELECTRICITY,  AND  MAGNETISM. 

Hie  jdienomena  at  present  known  in  connection  with  these  sciences  are  so  analogous 
as  to  render  it  necessary  for  them  to  be  studied  in  conjunction.  Some  of  the  properties  of 
LioHT,  with  reference  to  its  natural  effects,  are  discussed  under  that  article,  and  should  first 
be  examined.  The  history  of  Optics,  combined  with  the  Introduction,  exhibits  a  com- 
pkte  view  of  the  progress  of  that  science ;  and  the  articles  Microscope,  Miceombtbe, 
and  Tbi«sscopk,  illustrate  the  present  state  of  knowledge  with  reference  to  the  construction 
of  tfaoee  optical  instruments.  The  theory  of  the  Burnikq-Glass  and  Burniko-Mieboe 
win  be  best  understood  by  examining  those  articles  in  connection  with  Rbfeactiok  and 
RSFI.XCTION.  The  Rainbow  and  Polarization  of  Light,  which  are  usually  found  difficult 
anl^ectB  to  comprehend,  may  now  be  understood. 

Electricity  and  magnetism  are  intimately  connected  with  the  previous  subjects.  After 
mnanlring  the  general  articles  Elrctricitt,  Galvakisit,  and  Maonbtism,  their  connection 
will  be  furtiier  illustrated  under  Elbctro-Maonbtism,  and  Spectrum.  The  best  forms  of 
tibe  Compass,  and  mode  of  constructing  Professor  Barlow's  improved  apparatus,  will  be  found 
under  that  article  and  MAONSTibM. 

Abemtion  of  Light  Colonn,  Doctrine  of  Lens  FUne 

AofMlcnm,  Electrical  Compass,  The  Mariner's  Leyden  Phial  or  Jar  Polariiation  of  Light 

As^itnde,  Magnetical  Condoctor.  See  Electricity  light.    See  also  Polarita-  Rainbow 

f^m^wmai  Magoetiam.     See  waA  Lightning                    turn  of  Light,  Rejection ,  Ray.     See  Light  and  Re- 

Magnetism,  Animal  ^Converging  Rays                       and  Refraction                     flection 

Aspect,  Double.  See  Op/ic<  Dioptrics  Lightning  R^ection 

Astronomical  Telescope  Dipping  Needle  Magnetism  Refraction 

Attraction.  See  £/«c/rict/y  Electric  Column  Magnetism,  Animal  Refrangibility  of  Light.  See 

and  Magnetism  Electrical  Eel                     .  Magnitude,  Apparent               Optics 

Aurora  Borealis  Electrical  Condenser  Meridian,  Magnetic  Shade 

AuatraHse  Electrical  Doubler  Micrometer  Spectacles 

Ajqs  of  a  Magnet  Electricity.     See  also  Air,  Microscope  Spectrum 

Axis  of  a  Lens  Thermometer,  Balance,  Multiplying  Glass  Speculum.    See  Telescope 

Axis  of  Incidenoe  Electrical,  and  Balance,  Object-Glius.     See  Tele^  Shooting  Stars 

Axis  of  Refraction  Tursian                                scope  Tabasheer 

BalsBee,  Electrical  Electrometer,  Gold  Leaf  Optics.  See  also  the  Bum-  Telescope 

Balanee,  Torsian  Electro-Magnetism                 ing'Glass,Burmng'Mir'  Telescope,  Reflecting 

Battery  Electrophorus                         ror,     Camera     Lucida,  Thermo  -  Electricity.    See 

Bvnuag-Glass.    See  also  Eye                                          Camera  Obtcura,  Catop-       Galvanism 

Refraction  Fata  Morgana                         tries.  Lens,  and  Light  Thunder  and  Lightning 

Bvnuag-Mirrors  Gabranism  Ozyhydrogen  Apparatus  Transparency 

Calorimeter  Halo  Parhelia  Variation  of  the  Compass* 

Camera  Lucida  Heliescope  Pearl,  Mother  of                     See  Magnetism 

Cansera  Obscura  Kaleidoscope  Penumbra  Vision 

Lantern,  Magic  Photometer  Voltaic  Electricity 


ASTRONOMY. 
TflK  study  of  thisbrancb  of  science  may  be  best  commenced  with  the  artides  Newtonian 
Philosopht  and  Attraction.  The  bistory  of  Astronomy  should  be  followed  by  an 
acquaintance  with  the  sizes  and  relative  situations  of  the  planetary  bodies,  and  their  satel- 
lites taken  in  detail ;  the  phenomena  of  eclipses,  and  the  causes  of  the  tides,  may  also  then 
be  remdfly  understood.    The  Seasons  are  beauttfully  illustrated  by  Mr.  C^ixistieV  tellu- 
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rium,  described  undet  that  article,  and  a  knowledge  of  practical  astronom  j  maj  be  best  ad^ 
quired  by  a  reference  to  the  various  instruments,  as  they  occur  in  the  work. 


iEflculapioi 

Algol 

Algorab 

Almacantor 

Altitude 

Amplitude 

ApheHon 

Apogee 

Apsides 

Aquarius 

Arctic 

Arctophylaz 

A  returns 

Arctus 

Aigetenar 

Aigo 

Argument 

Arided 

Aries 

Arista 

Armillarj  Sphere 

Armillarj  lYigondmeter 

Artifloal  Day 

Artificial  liuet 

Ascendant 

Ascending 

Ascension 

Ascensional  Difference 

Asda 

AseUi 

Aspect 

Asterion 

Asterism 

Asteroides 

Astrea.    See  Virf^ 

Astrodicticum 

Astrognoda 

Astrognosy 

Astrolabe 

Astrology 

Astronomical 

Astronomical  Calendar 

Astronomical  Quadrant 

Astronomical  Telescope 

Astronomical  Sector 

Astronomy 

Astroscope 

Astroscopia 

Astrothemata 

Astrum 

Atlantides 

Augea 

Auriga 


Austral  Signs 

Australia  Pisoes 

Autumn 

Autumnal  Point 

Auz 

Axis 

Axelfoge 

Azimuth 

Back-Staff 

Bear 

Bootes 

BuU 

Camelopardalus 

Cancer 

Canis  Migor 

Canis  Minor 

Capricorn 

Cardinal  Points 

Cassiopeia 

Centaur 

Cepheus 

Cerberus 

Oeres 

Cetus 

Cometo.    See  Attronomy 

Constellations 

Crosier 

Cross-Staff 

Culmination 

Curtate  Distance 

Curtation 

Declination  of  a  Planet- 
ary Body 

Declinator 

Degree  of  Latitude 

Degree  of  Longitude 

Degrees,  Measurement  of 

Descension 

Dial,  Sun 

Digit 

Disk 

Dog-Days 

Dog-Star 

Dragon 

Eagle 

Earth     * 

East 

Ebb 

Eccentricity  of  the  Pla- 
neta 

Eclipsareon 

Eclipse 


EcUptic 

Elongation 

Ephemeridet 

Epicycle 

Equation  of  time 

Equator 

Equatorial,  Univenal 

Equinoctial 

Equinoctial  pointa 

Equinox 

Firmament 

Fixed  Stars 

Fomahant 

Galaxy 

Geocentric 

Gteocydic  Machine 

Globe 

Gnomon 

Heliacal 

Heliocentric   Place  of  a 

Planet 
Heliometer 
Helioscope 
Horary. 
Horison 

Horizon  of  a  Globe 
Horoseope 

Libration  of  the  Earth 
Libration  of  the  Moon 
Limb 
Longitude 
Lunar  Tear 
Mercury 
Meridiui 
Month 
Moon 
Nebula 
Nodes 
North 
Nutation 
Observatory 
Obtant 
Orion 
Orrery 

Orrery,  Hydraulic 
Ortive 

Ortus  Cosmicus 
PaUas 
Parallax 
ParalleliBm  of  the  Earth's 

AxiA 
Pavo 
Pegasus 


Penumbra 

Perigee 

Perihelium 

Period 

Planet 

Planetarium 

Planetary 

Planetary  System 

Planetary  Years 

Pleiades 

Pollex 

Pollux 

Precession  of  the  Equi- 
noxes 

Quadrant 

Quadrature 

Repeating  Cirde 

Sagittarius 

SateUites 

Saturn 

Scorpio 

Seasons 

Selenography 

Serpens 

Setting 

Sextans 

Sextant 

Sidereal  lime 

Solar  Time 

South 

Sphere,  Projection  of 

Spring 

Spring-Tide 

Star.    See  Aiironomi/ 

Summer 

Sun 

Telescope 

Telescope,  Reflecting 

Theodolite 

Tides.    See  Attronomy 

Transit 

Transit  Instrument.  Se6 
Astronomy 

Tropics 

Twilight 

Ursa 

Vertex 

Vertical  Circle 

Vertical  Prime 

Virgo 

Zodiac 

Zodiacal  Light 

Zone 


ANATOMY,  MEDICINE,  AND  CHEMISTRY.. 

The  history  of  these  subjects,  as  well  a^  physiology,  pathology,  &c.,  is  gtven  in  th^ 
Introduction  to  this  work ;  and  our  acquaintance  with  the  structure  of  the  human  body 
must  evidently  be  commenced  with  the  articles  Anatomy,  PhVsiolooy,  Muscles,  and 
Nervbs.  Hie  study  of  the  Atomic  Theory  is  an  important  part  of  Chemistry,  and  the 
student  in  this  science  will  do  well  to  make  himself  acquainted  with  the  phenomena  of  lights 
heat,  and  electricity,  preparatory  to  an  examination  of  ponderable  matter.  OxVoen,  Chlo^ 
RiNE,  and  loDiNfi,  will  next  come  under  his  consideration,  to  be  followed  by  the  simple 
addifiable  and  inflammaUe  substancedi    The  metals^  as  well  as  the  bodied  which  composts 
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oeDaneous  articles  of  the  work. 

Abdomen 

Ajgemon 

Astralinb 

Abfaieiite 

ArgiUaceons 

Astriota 

khomumm 

Argyropia 

Astriction 

Afcioen 

Andnra 

Astrictoria.    See  Aitrin 

Abicnrbent  System 

Arm.  See  Anatomy,  Bra' 

gentia 

rJtium 

Astnngentia 

Acetabohmi 

AnUy  Fore 

Astringents 

Acetic  Add 

Armabos 

Astrobolismos 

Acetous 

Armenins  Lapis 

Astrum 

Acbiotte 

Amaldia 

Ataraxia 

Adds 

Aropb 

Ataxy 

Arqnebnsade 

Atebras 

Adductors 

Arrest 

Athanasia 

Adipodre 

Arrhapbon 

Atbanor 

Adnati 

Arriagi 

Athena 

Adnstioa 

Arsenic 
Arsenial  Magnet 

Athenatorinm 
Athenorius  Catapotiom 

^Rrobths 

Arsnra 

Athenippum 

JBtopkuolbiA 

Arthritis.    See  Gout 

Atheroma 

Mn^pDOQM 

Arteriosa  Vena 

Atlas 

iEngo 

Arterious  Canalis 

Atmospheric  Stones 

iEtealdiriam 

Artery 

AtoUens  Oculi 

iStUstnm 

Artbron 

Atony 

iBther.    See  EiAtr 

Arthrocace 

Atra  Rilift 

M&aeai  Oil 

Artbrodia 

Atrophy 

jCtheretl  Fhosphoms 

Artbrodymia 

Attaint 

JBtidopB 

Arthropnosis 

Attenuants 

JEthiope  Antimonialis 

Artbrosis 

AttoUens 

AflbdW 
AgieCake 

Articulation 
Artomeli 

Attractives 
Attraents 

Air 

ArondelOil 

Atypos 

Air-Tbermometer 

Arytseno  Epiglotti 

Avante 

ABmaiffl 

Arytaenoid^ 

Adbin 

AldiemY 

Asapbeis 

Anditoria  Arteria 

Aleobol 

Asarites 

Auditorins  Meatus 

Alenbie 

Ascending 

Auditorius 

Alnngnt 

Ascending  Vessels 

Aura 

AfimeBtsry  Canal 

Ascensns  Morbi 

Aurea  Alexandrina 

AKmrntary  Dnct 

Ascia 

AuricuiR 

ADcabest 

Asdtes 

Auris 

Alkali 

Ase 

Auriscalpum 
Aurum  rotabile 

Ahaottd 

Asepta 

Afam 

Asbes 

Aurum  Fulmmans 

Ahadaa 

Asiti 

Aurum  Horizontale 

AUBODUI 

Asinesia 

Aurum  Mosiacum 

AOBiDoiiiacai  irepan* 

Autopyrites 

tiont 

Aspalatbns 

Axilla 

Axtttomj 

Asparagin 

Axillary 

Ancbyiosis 

Aspasia 

Axis 

ABCSMMOOpe 

Aspera  Arteria 

Azamm 

Anaallife 

Aspergines 

Azote 

Aaiul  Matter 

Aspbalitis 

Asoth 

Anodynes 

Aspbaltnm 

Aayges 

Aiktinony 

Asphyxia 

Arygos 

*  _  ^  •          ^  • 

Aspiny 

Bacca  Bermudensis 

Antispasmodic 

Assac 

Bacchans 

Antisy^kititic 

Assafoetida 

Badlli 

Aorta 

Assanegi 

Bacillum 

Apepna 

Badiaga 

A|ierie&ts 

Assay 

Bag 

Apsploy 

Atfay  Balance.    See  Ba^ 

Baldwin's  Phosphorus 

AqaaPortis 

lanee 

Balloon 

AqoaBcgia 

Assimng 
Asddent  Signs 

Baku  of  Gilead 

AijaaTo&im 

Balsam 

Araeometer 

Assimilation 

Banque 

Arctatio 

Assis 

Bark,  Peruvian 

Artnatio 

Assistentes 

Benzoic  Add 

Ardor  Ytttricak 

Assodes 

Benzoin 

Arena 

Astazof 

Bergamotts 

Areola 

Astcbacbilos 

Bezoar 

Ares 

Asthma 

Biceps 

Aipl 

Astragnhis 

BOe 

Biliaris  Calculus 

Bismuth 

Bistoury 

Bitumen 

Biventer 

Bladder 

Blast-Fumace 

Bleeding 

Blind 

Blister 

Blood 

Blood-Yessels 

Blowing 

Blow-Pipe 

Blubber 

Blue,  Prussian 

BoU 

Bone 

Borado  Add 

Borax.   See  Boracic  Acid 

Bracbium 

Brain.    See  also  Phreno^ 

logv  and  Physiology 
Branch 

Breast.    See  Chetl 
Breath 
Breathing 
Breyis  Cubiti 
Brimstone 
Brome 
Bronchia 

Bronchial  Arteries 
Bronchial  Glands 
Bronchial  Veins 
Bronchotomy 
Bronchus 
Bruising 

Buccinator  Musculus 
Buccula 
Bulimia 
Cajeput  Oil 
Calamine.    See  Zinc 
Calcination 
Calculus 
Calenture 
Callus 
Calomel 
Caloric 
Calorimeter 
Calx 

Camphor 
Canalis  Arteriosus 
Canalis  Medius 
Cancer 
Canderos 
Canella  Alba 
Cantbarides 
Cantharidin 
Caoutchouc 
Capillary  Vessels 
Capsidn 
Caput  Mortuum 
Carbon 
Carbonic  Acid.   See  Cat' 

bon 
Carbonic    Oxide.      See 

Carbon 
Carbuncle 
Cardiacus  Plexus 
Caribbee  Bark 
Canninatiye 
Carotid 
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Caitilage 

Castor  OU 

Catalepsy 

Cataplasms 

Cataract 

Catarrh 

Catechu 

Caustic 

Caustic  Potassa 

Caustic  Soda 

Cellular  SubstKntfe 

Cementation 

Centaury 

Cephalic  Vein 

Cerate 

Cerebellum 

Cerebrum 

Cerium 

Chalk.    See  Lime 

Chamomile,  Roman 

Chstrcoal 

Chemistrj 

Chest 

Chilbhiintf 

Chiragra 

Chlorine 

Cholera 

Chromate  of  Iron 

Chrome 

Chromic  Add.     See 
Chrome. 

Chronic 

Chyle 

Cieuta 

Cineona.    See  Bark 

Cinnabar 

Circulation  of  the  Blood. 
See  Heart  and  Phy no- 
logy 

Cities,  Medical  Statistics 
of 

Citric  Acid 

Clarification 

Climate 

Clinical  Medicine 

Clothing 

Cloud 

CloTc  Bark 

Coalition 

Cobalt 

Colchicum 

Colcothar 

Cold 

CoUc 

Columbium 

Combustion 

Comparative  Anatomy 

Concentration 

Concretions,  Morbid 

Congestion 

Conserve 

Constitution 

Consumption.     See  At- 

roph 
Contagion 

Convidsion 
Copaiba 
Copper 
Coriander 
Com 

Corpulence 
Corrosives 

Corrosive  Sublimate.  See 
Mercxtry 


Corset 

Couching 

Cough 

Cramp.    See  Spasm 

Cranium 

Cream  of  Tartar.      See 

Tartar 
Cretinisin 
Crisis 
Crocus 
CrotonOil 
Croup 
Crucible 

Crucible  Furnace 
Cruor 
Cryophorus 
Cucurbit 
Cupel 

Cupelling  Fumaee 
Cupping 
Cuticle 
Cutis 

Cutis  Anserma 
Cyanogen 
D^hnin 
Deaf  and  Dumb.      See 

Dumb 
Death 

Death,  Agony  of 
Decline 
Decoction 

Decomposition,  Chemical 
Decrepitation 
Deltoides 
Dentrifics 
Dejphlogisticsted  Air.  See 

Oxygen 
Desiccation 
Detonation 
Dew 

Diagnosis 

Diagnostic  Symptoms 
Diamond 
Diaphragm 
tHet 

Diet  Drink 
Digester 
Digestion 
Digitaline 
Digitalis 
Diploe 

Diseases,  Hereditary 
Dispensatory 
Distillation 
•Dog-Bane 
l!)og-Grass 
Dog-Wood 

DormantState  of  Animals 
Dove-tail  Joint 
Dracunculi 
Dragon's  Blood 
Dropsy 
Drosometer 
Drowning 
Drunkenness 
Ductility 
Dumb  and  Duf 
Dwarfk 
Dyeing 
Dyscophosis 
Dyscracy 
Dysorexy 
Dyspepsia 
Dysphonia 


Dysphonoea 

Ear 

Earths 

East  India  Fly 

£au  de  Cologne 

Eau  de  Luce 

Ebullition 

Ecchymosis 

Edulcoratioli 

Effervescence 

Efflorescent 

Elain 

Elhow 

Elecampane 

Electuary 

Element 

Elephantiasiti 

Elixir 

Embalming 

Embryo 

Emery 

Emetic 

Emetin 

Empiric 

Emulsiont 

Endemic 

Enteritis 

Epidemic 

Epidermis 

Epigastric 

Epiglottis 

Epilepsy 

Epsom  Salt 

Ergot 

Er^tion 

Erysipelas 

Essential  Oiltf 

Ether 

Euchlorine 

Eudiometer 

Evaporation 

EzanthematK 

Expansion 

Expectorants 

Expectoration 

Explosion 

Extract 

Extractor 

Extravasation 

Extremities 

Eye 

Face 

Facial  Artery 

Fallopian  Tube« 

Farina 

Fat  of  Animals 

Feeling 

Femoralis  Arteria 

Femor 

Fenestra 

Fennel 

Fennentatioii 

Ferruginous 

Ferrugo 

Fever 

Fibre 

Fibrin 

Fibula 

Filaments 

Fire 

Fixation 

Fixed  Air 

Fixed  Oils 

Flame 


4*^ 


Fkam 

Flesh 

Flexor 

Flint 

Flowers 

Fluates 

Fluoric  Add 

Flux 

Focile  Miyus 

Foetus 

Fog 

Fomentation 

Food 

Food,  Abstinence  from 

Foramen 

Forceps 

Formic  Add 

Fracture 

Frankincense 

Freckles 

Freesing 

Freexing  Point 

Frontal 

Frontalis 

Frontis,  Os 

Frost 

Fruitfulness 

Fnlmination 

Fulminic  Add 

Fumigation 

Galactometer 

Galbanum 

Gall 

Gail-Bladder 

Grall-stones 

Gallates 

Gallic  Add 

Grangrene 

GarUc 

Gas 

Gasometer 

Gastric 

Gastric  Juice 

Gastric  System 

Gelatine 

Ginseng 

Gkuber  Salts.    See  Sti/^ 

phate  of  Soda 
Glottis 
Gludne 
Gluten 

Goitre.    See  H^en 
Gold 

Goniometer 
Gout 

Granulation 
Gum 

Gum-Arabie 
Gum  Resins 
HaU 
Hair 
HareUp 
Head 
Heart 
Heat.    See  Calorie  and 

Temperature 
Hellebore 
ftelminthagoga 
Helminthiasis 
Hemorrhage 
Hemorrhoids 
Henbane 
Henna  Plant 
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HcnDdtle  Art« 


Se%AU 


Home-Sckness 

Homoeopathy 

Honej 

Hooping  Cough 

H<mi 

Ho^talFerer 

Humeral 

Hydrocephalus. 

Droffnf 
Hydrogen 
Hydrometer 
Hydrophobia 
Hygrometer 
Hypodiondriaaia 
Hypogastric 


Ice 

Idiosyncrasy 
Ignis  Fatons 


Injectioiis 
IntrsriiMi 

Intoxication.  SetDnmk* 
amen  md  Temperance 
Inralida 


Iridii 
Iron 

lrrital»lity 
Jamdioe 


Laboratory 

i«bo«r 

Lactometer 

Lamp  Black.  SeeCoF^Ofi 


liOia 
lithieAcid 
Utootomy* 
lidiotritie 


SctSione 


LoDgeirity 
Lotion 

linacy.  Set  Meniid  De* 
TttHffemenl 


Lqmlin 


Lycanthn^y 
Lfnoh 


Magnetism^  1"^*!^*^ 

Malleability 

MaDens 


Maaqvidation 


Mastic 


Materia   Medica.      See 

MeiUcine 
Measles 
Medicine 
Mellitic  Acid 
Bienses 

Mental  Derangement 
Mepfaitic 
Mercnry 
Mesentery 
Metals 
Metalloid 
MetaUnrgy 
Meteorology 
Miasma 
Midwifery 
MUk 

Mineral  Waters 
MoUites  Ossinm 
Molybdenum 
Monsoons 
Monsters 
Morozylic  Add 
Morphia 
Mortality 
Mortification 
Month 
Moza 

Mndc  Add 
Mncus 
MnUtto 
Mmnmies 
Muriates 
Mnriatic  Add 
Mnrrain 
Mnsde 
Mnsk 
Myrrh 
N^htha 
Natron 
Neck 
Kecrods 

Kephriticam  Lignvm 
Nenrons  Diseases 
Nentralisation 

ickd 
Nicotine 

Nictitating  Membrane 
Night-Mare 
Nightshade 
Nitro 

Nitric  Add 
Nitrogen 

Nitro-Mnriatic  Add 
mtrons  Add 
Nose 
Nosology 
Nutrition 
Nnz  Vomica 
Nyctalopia 
Odonta^jic 
CBsophagns 
(Enanthe 

oa 

'Olefiant  Gas 
Okie  Add 
Ophthalmia 
Opinm 

Organic  Analysis 
Ortiiopnoea 
Osmasome 
Osmimn 
Oxalic  Add 
Oxide,  Nitric 
Oxide,  Nitrous 


Oxjg^n  Gas 

Oxyglycu 

Ozy-Hydrogen    Appara- 
tus 

Oxymd 

Palate 

Palladium 

Palpitation  of  the  Heart 

Palsy  See  ParcUytu 

Panada 

Pancreas 

Papin's  Digester 

Paregoric  Elixir 

Paronychia 

Pasta 

Patella 

Pathogony 

Pkithology 

Pectoral  Medicines 

Pectoralis  Major 

Pecto  Mralisinor 

Pelican 

Pellagra 

PeUicle 

Pdris 

Perfome 

Pericardium 

Perichondrium 

Pericranium 

Periosteum 

Peristalticus 

Peritonwun 

Perspiration 

Pertusis.    See   Hooping 
Cough 

PenrrianBark 

pestilence.  See  Plague 

Petecbitt 

Petriftu!tion 

Petrosa  Ossa 

Phalangosis 

Phalanx 

Pharmaca 

Pharmacopoeia 

Pharmacy 

Philter 

Phlebotomy.  See  Feneiec- 
Hon 

Phlogiston 

Phocenic  Add 

Phonics 

Phosgene  Gas 

Phosphatic  Add 

Phosphoreseence  of  Mi- 
nerals 

Phosphorescence  of  In- 
sects 

Phosphoric  Add 

Phosphuretted  Hydrogen 

Photophobia 

Fhrenitis 

Phrenology 

Phthisis.  See  Atrophy  and 
Pulmonary  Diteau 

Phylactery 

Phyuognomy 

Fhydology 

Pia  Mater 

Picromel 

Picrotoxia 

Pigmentum 

Piles.    See  H  morrhoidi 

Pills 
Piperine 

Pityriasis 


Plague 
Platinum 
Pleura 
Plexus 

Plica  Polonica 
Plumbago 
Podagra 
Poison 
Pollenin 
Polypus 
Potash 
Potasuum 

Precipitation.     See  Che» 
mitiry  and  Pharmacy 
Probe 
Pronation 
Prussian  Blue 
Prussic  Add 
Pulmonary  Diseases 
Pulsation 
Pump,  Stomach 
Puigatives 
Purpuric  Add 
Putrefaction 
Pyrodtric  Add 
Pyroligneous  Add 
PyrolytWc  Acid 
Pyromalic  Add 
Pyrometer 
Pyromudc  Add 
Pyrophorus 
Quadratus 
Quartan 
Quasda 
Quicksilyer 
Quinine 
Quinsey 
Rain 

Itain-Gauge 
Rash 

Re-agents.    See  Tem 

Realgar 

Rectum 

Rectus 

Refrigerants 

Regimen 

Resins 

Resolution 

Resolvents 

Respiration 

Rete 

Rate  Mucosum 

Rtina 

Retorts 

Rheumatism 

Rhodium 

Rhododendron 

Rhomboides 

Rhubarb 

Rackets 

Ring-Worm 

Rue 

Rumination 

Rupert's  Drops 

Rusma 

Saccharometer 

Saccholactic  Add.    See 

Mucic  Acid 
Saffron 
Sagapenum 
Sal-Ammoniac 
Sal-Polychrestus 
Sandarach,  Gum 
SarcocoU 


Se 
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SeammoDj 

Scarification 

Scarlet  FcTcr 

Scrofula 

Scurvy 

Sea-Air 

Sea.Water 

Sedlitx  Water 

Selenium 

Seltzer  Water 

Senna 

Seneka 

Sensea 

Serratus 

Sesamoid  Bones 

Seton 

Shingles 

Shower  Bath 

Sialogogues 

SUex 

SQTer 

Simarouba 

Sinapism 

Sinus 

Siriasis 

Skeleton 

Skin 

SkuU 

Sleep 

Small.Pox 

Smell 

Smoke 

Snake-Root 

Sneezing 


Soap 

Soda 

Soda  Water 

Somnambulism 

Soporific 

Spasm 

Spermaceti 

Spine 

Splanchnology 

Spleen 

SquiU 

Starch 

Stearine 

Steel 

Stethoscope 

Still 

Stimulants 

Stomach.  ^etPkyMogf 

Stomach-Pump 

Stomach-Staggers 

Stone 

Storaz 

Strangles 

Stroke  of  the  Sun 

Strontites 

Strychnia 

Stye 

Styptic 

SubclaTiam  Artertos 

Sublimation 

Succinic  Add 

Suffocation 

Sugar 

Sulphur 

Surgery 


Sweating  Sieknesi 

Sympathy 

Symptoms 

Syncope 

Syrups 

Tamarinds 

Tannin 

Tartaric  Add 

Taste.    See  PhyMogy 

Teeth 

Tellurium 

Temperaments 

Temperature 

Test 

Tetanus 

Therapeutics 

Thermometer 

Thorax 

Thorium 

Tic  Doloureux 

Tin 

Tincture 

Titanium 

Tongue 

Tonics 

Topical 

Toxicology 

Tracheotomy 

Transfusion 

Trepanning 

Tungsten 

Twin 

Tympanum.    See  Enr 

Typhus.    Sise  Feo«r* 

XJlmin 


Uraiiism 

Vaccination 

Vanadium 

Vapour-Bath 

Vegetable  Chemistry 

Veins 

Vertebra 

Vessels 

Veterinary  Art 

Virulent 

Visddity 

Vitrification 

Vitriol 

Vitriolic  Add*  See  Jcid^ 

Sulphiaic 
Voktile 
Volatilization 
Vomiting 
Vulnerary 
Water 
Wax 
Weather 
Wen 
Whitlow 
Wind 
Wood 
Wormwood 
Yttrium 
Zinc 

Zirconium 
Zootomy 
Zygoma 
Zymosimeter 


FINE  ARTS. 

Painting  and  sculpture  form  the  princ^al  features  of  this  division.  The  history  of 
painting  will  be  found  under  the  article  Abts,  Fine,  and  the  principal  styles  of  the  art  are 
illustrated  under  the  general  titles  of  Byzantine,  iEoiNETAir,  German,  Italian,  and 
Netherlands,  Stales.  These  should  be  read  preparatory  to  the  study  of  the  technicat 
parts  of  the  subject,  which  are  discussed  under  Drawino,  Group  r no.  Painting^  Por- 
traiture, and  Water-CoLouRs.  EnoRatino  forms  a  middle  link  between  paintmg  and 
Sculpture;  the  latter  is  discussed  in  the  general  artideur  Sculpture,  Arts,  Basso 
Relievo,  Gem  Enoravino,  and  DacttliotiIeca. 

Music  holds  the  next  rank  in  the  fine  arts.  The  general  article  must  be  consulted  in 
connection  with  Chord,  Concord,  Chorus,  Note,  Sinwno,  Solo,  Solfaino,  Time, 
Tone,  and  the  various  minor  articles  which  occur* 

Heraldry  is  illustrated  in  that  article,  and  the  general  terms  occur  in  the  miscel- 
laneous articles  diiqpersed  through  the  work. 


Abaissed 
^Abyss 
Accent 
Accident 
Accol6 

Accompaniment 
Accora 
Accordion 
Accroche 
Acroteria 
Acute 
Additions 
Adjunct 
.£ginetan  Style 
Allegro 
Alto 
Andante 


Appoggiato 

Assumptiye  Arms* 

Appoggiatura 

Armt 

Aquatinta 

Aehievement 

Arabesque 

A  Tempo 

Argent 

Atempo  Giitsto 

Arms 

Attitude 

Arpeggb 

Attributes 

Arrach6 

Ayellane 

Arrondee 

Augmented 

Arrotino 

Aurigraphus 

Arts,  Fine 

Aximenta 

Arundelian  Marbles 

Azure 

Arythmut 

Back-Painting 

Ass 

Bagpipe 

Assai 

Bailbone 

Assis 

Balalaika 

Baldacbin 

See  Base 
Bass 
Bass  Relief.     See  BiU» 

Relievo 
Basso  Relievo 
.Basset  Horn 
Bassoon 
Bass-Viol 
Battle  Piece 
BeU 

Bend  Dexter 
Beryl 
Bice 

Bird-Bolt 
Bis 

Bismia 
Bistre 
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Blick 

Cymbals 

Blasoiii]^ 

Da  Capo 

BhM 

DactyUothecft 

fiordmre 

Dal  Segno 

Bow 

Death,  Dance  of 

Bow   "'*^>"'MffHftt 

Decked 

Braced 

Decresoendo 

Brarvre  Air 

Defences 

Bmre 

Descant 

BnmthtBt 

Design.    See  Drawing 

BroBsee 

Detranche 

Brown 

Device 

BnffMie 

Dexter 

Bogie-Honi.    SteHom 

Deztroch^ 

Buna, 

Diaglyphon 

Bymrthie  School  of  Arts 

Dii^ason 

Cmiatee 

Diatonic 

Calcogpuphy.     See  Bn- 

Diatonmn  Intebsam 

^granng' 

Diorama 

Camakm^ 

Displayed 

Cmeo 

Dissonanoe 

Cnopj 

Drawing 

Dram 

CitttttU 

Easel 

Cqpriodo 

£eho 

CuiMtioo 

Schometer 

Cvtoon 

Eidogrtph 

CtftowA 

Unm^M^g 

Cmer 

Encansticrainting 

Cttyvtidet.    See  ^rcAi^ 

EngraTing 

toc#Mr« 

Enharmonic 

Cast  Engrtriiigt 

Ensemble 

Cevatma 

Escntcheon 

Ceaot^ 

Etching  on  Glass 

Centro-IiiMmL  See  Fa. 

Facsimile 

mMn^Pomi 

Fklse 
Fdsetto 

Ckanng 

Ftofiure 

Ckisro  Scvo 

Euitasla 

OMnd 

Fonx  Jour 

Ckoid 

F^sse 

^ar^rqkhy 

Festoon 

ChOlM 

Field 

vhraBUrtic 

Fife 

Cluidiord 

Fifth 

dvinet 

File 

CImckord.     See  CAm- 

Finale 

cAoni 

Fine  Arts.  SteArU,Fine 

G]s?1CBIuM1i|]|| 

Finger-Board 

OiCi 

Coal  of  AnM 

Fingering 
Fitdiee 

Coloor 

Flageolet 

C^olouing 

Flanch 

Coloed 

Flask 

ColBBn 

Fleece.  Order  of  the 

CooeSopca 

Golden 

CoBoSte 

Fleeces,  Order  of  the 

CotBCt 

three  Golden 

CoroMt 

Flourish 

CoetHiiie 

flower  de  lis 

Coachant 

Flute 

Coutenaark 

Foreshdrtening 

Forte.     See  Piano 

Cdaaterpointed 

Fourteenth 

Coaoteqvoof 

Fourth 

Coaater-Salient 

Fresco  Painting 

Crayons 
Craeeado 

Frets 
Wgue 

Craou 

Fundamentfed  Note 

CroaKMne 

Ghunut 

Crav 

Gardant 

ChMselet 

Gardening 

Cnteket 

Garter,  Order  of  the 

Crovn 

Gems 

Croirtfa 

Gems,  Sculpture 

German  School  of  Paint* 
ing 

Ghost,  Holy,  Order  of  the 

Glass,  Painting  on 

Glee 

Grave 

Graven    See  Butin  and 
EngTCKvtng 

(xroteique 

Grouping 

HandB 

Harmony,  Figured 

Harp 

Harpsichord 

Herald 

Heraldry 

Hezachord 

HierogWphics 

Horn,  much 

Iconography 

Ideal 

Impression 

tnArument 

Instrumental  Music 

Intaglio.    See  Gem 

Interval 

Intonation 

Isometrical  Perspective 

Italian  School 

Keeping 

Key 

Keys  of  an  Organ 

King  at  Arms 

La 

lisndscape-Psinting.  See 

Painttng 
JLaocoon 
Legato 

Tiimning 

I/Istesso  Tempo 

lithochromics 

lithography 

Loggedi  RaffaeUo 

Lute 

I^ra 

Migor 

Mandoline 

Manner 

Medallions 

Medals.  See  Nutnismaiiei 

Melody 

Mezzo 

Mode 

Model 

Modiilation 

Molle 

M(dto 

Monochord 

Monochrome 

jklonolithic 

Monument 

Mosaics 

Motet 

Mound 

Mural  Crown 

Music 

Netherland  School  of 

Painting 
Notes 

Numismaties 
Obligato 
Octave 
Opera 
Or 
Oratorio 


Oratory 

Ordonnsnee 

Organ.    See  fFind  In^ 

ttruments 
Organ  Pipe 
Orthography 
Outline 
Oval 
Overture 
Ox-Gall 
Painting 
Palisse 
Pall 
Pallet 
Panorama 
Parallel  Rules 
Passings 
Pastel 
Pastorale 
Pavilion 
PeUets 
Pencil 
Pendants 
Pentachord 
Pentagraph 
Perspective 

Perspective  Instmmenti 
Pheons 
Pianissimo 
Piano-Forte 
Pibroch 
Picturesque 
Piece 
Pile 

Port-Crayon 
Portland  Vase 
Portraiture 
Preparation  of  Disso« 

nances 
Prints 
Profile 

Proof  Impressions 
Proportion 
Proslambomene 
Psaltery 
Quarter 
Quartering 
Quaver 
Rampant 
Rebus 
Recitative 
Relievo 
Resolution 

Resonance,  Resounding 
Restoration 
Sable 
Sackbut 
Saraband 
Scale 
Scarlet 
Scarfs 
Sculptura 
Seal 
Second 
Sector 
Segue 

Sensible  Note 
Serenade 
Serpent 
Sestetto 
Seventh 
Shade 
Sharp 
Shield 
Sicilian  Muste 
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Silhouette 

Stop  of  an  Organ 

Singing 

Stretto 

Siatrum 

Style 

Solfaing 

Supporters 

Solo 

Symphony 

Sonata 

Tablatnre 

Soprano 

Table 

Sordino 

Tempo 

Sphinx 

Tenor 

Spinet 

Terpodion 

Stuccato 

Terra  Cotta 

Statues 

Tetrachord 

8H11  life 

Time 

Stop 

Tone 

Urn 

Tonic 

Ut,  Re,  Mi,  &e. 

III 

Vanishing  Point 

Variation 

Vase 

TriU 

Vertical  Plane 

THo 

Violin 

Triton 

Violoncello 

Trumpet 

Tuba 

Tutti 

Violono 

Vitrified  Painting 
Vocal 

Ultramarine 

Wind-instruments 

Umber 

Yellow 

USEFUL  ARTS. 

This  divison  occupies  a  very  wide  range.  Architecture  would  properly  belong  to  the 
preceding  division ;  but,  as  it  would  separate  the  theoretical  from  the  practical  parts  ot 
building,  it  has  been  deemed  advisable  to  keep  the  group  of  articles  connected  with  archi- 
tecture under  the  present  head.  The  other  branches  of  the  useful  arts  require  no  particular 
classification,  only  it  may  be  proper  to  remark  that  they  are  kept  as  much  as  possible  in  a 
systematic  form.  Thus  the  manufacture  of  hats,  of  which  the  base  is  generally  a  woollen 
fabric,  is  given  under  Woollen  Manufacture,  and  under  Ores  we  give  the  general  pro- 
cesses for  preparing  the  metals  employed  in  different  metallurgical  works. 


Abacus 

Abas 

Abassi 

Abatis 

Abb 

Abutment 

Acanthus 

Acsna 

Acetabulum 

Acherset 

AchteUng 

Acuna 

Acre 

Actus 

Adit 

.fiolipile 

iEs-Corinthium 

.£s*Graye 

Ago 

Agriculture 

Alcove 

Ale 

Alloy 

Amalgam 

Anchor 

Anker 

Annealing 

AnTil 

Aqueduct 

Arrack 

Arch 

Architecture 

Architrave 

ArchiTault 

Ardasses 

Ardassines 

Area 

Arena 

ArgandLamp.  See  Lamp 

Argentum,  Album 

Aresh 

Arithmeti 

Arm  of  an  Anchor 

Arms 

Amotta 

Arnulphin 


Arroba 

Aroura 

Arrow 

Arrow  Stick 

Arschin 

Arsenal 

Arshin 

Artillery 

Artificers 

Artimourantico 

Arts,  Useful.  See  Com- 
merce and  Manufac- 
turet 

Arundo 

Arx 

As 

Asaphatum 

Asar 

Asbestinum 

Ascendant 

Ash-Pit 

Ashkr  Work 

Aslani 

Asper 

Assanus 

Assaron 

Assault 

Assers 

Assignat 

Astern 

Astragal.  See  Architec- 
ture 

Atabal 

Atche 

Ategar 

Athanati 

Athwart 

Athwart-Hawse 

Atlantides 

Atlas 

Atrip 

Attack 

AttalicK  Vestes 

Attic 

Attic  Base 

Avant-Guard 


Aventura 

ATcnue 

Averti 

Auger 

Aulos 

Aume 

Auncel  Weight 

Aune 

AToirdupois 

Aureus 

Awl 

Awn 

Awning 

Axe 

Azoga  Ships 

Azzaium 

Baat 

Bac 

Baccharach  Wine 

Back-Board 

Back-Frame-Wheel 

Backing  of  a  Wall 

Back  an  Anchor 

Back  astern 

Back  the  SaUs 

Back-piece 

Back-Stays 

Back-sword 

Bacon 

Bacule 

Bacudometry 

Badigeon 

Bag 

Baggage 

Baguette 

Bag-reef 

Bails 

Baiocco 

Baize 

Baking 

Balance 

Balancing 

Balcony 

Balistc 

Balk 

Ballium ' 


Ballast 

Baluster 

Balustrade 

Banner 

Banquette 

Barbette 

BariUa 

Barricade 

Base 

Base 

Bastion 

Bath 

Battery 

Battle 

Battle-Aze 

Bayonet 

Beam 

Beer 

Bellows 

Berguet 

Bessich 

Bevel 

Bezant 

Bezel 

Bigot 

Bill 

Binnacle 

Biremis 

Bisti 

Bit 

Bivouack 

Blanket 

Blasting 

Bleaching 

Blight 

Blind,  Institutions  for 

Blinds 

Blocks 

Blockade 

Block-House 

Blocking-Course 

Blomary 

Blotting-Paper 

Blowing-Machines 

Blunderbuss 

Board 
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BotrdiBg 

Calender 

Boat 

Calends 

Booed  8nks 

Calibre 

BoiseM 

Calico 

Bole 

Calk 

Bolknlfl 

Camblet 

BoMb 

Cambrie 

Bomb-Ketch 

Games 

Bonnet 

Camp 

Book-Biadiiig 

Campaign 

Book-Keepiiif 

Campai^e 

Booms 

Canals 

Bootj 

Candelabra 

Boring 

Candle 

Boeiige 

Candil 

Boodoir 

Cannon 

Bontaat 

Canoe 

Bow 

Canteen 

Bowsprit 

Cant  Timbers 

BradEeC 

CanTss 

Bnu^te&tes 

Capital.  See  Arehiteciure 

Bnik 

and  Acantkut 

Brandy 

Cq>oc 

Bfus 

Caponier 

Bmdi 

Capstan 

Bread 

Carabine 

Breakinf  Bulk 

Carcass 

Breakwater 

Carding 

Breast-Plate 

Careening 

Breast-Work 

Carmine 

Breeching 

Carpenter 

Brewing 

Caipentry 

Bridunaking 

Carpets 

Bridge 

Carnage 

Brig 

Carronades 

Cart.    See  Carriage 

Brigandine 

Cartonch 

BrMdi 

Cartridge 

Broad.Pfece 

Case-Hardening 

BroMiride 

Casemates 

Broadsword 

Case  Shot 

Brocade 
Bronxing 

Casqne 
Casling 

Brwiser 

Castor 

Bncking.  See  Bleaching', 

Castramentation 

Buffet 

Catapnlts 

Boflding  Materials 

Catgnt 

Bnlk-Heads 

Cat  Harpings 

Ballet 

Caulking 

Ballion 

Cavalier 

Bnhrark.    See  Basium, 

Cavalry 

BuB.Boat 

Caviare 

Cayenne  Pepper 

But 

Cements 

BwBting 

Centering 

Bnor 

Centiare 

BMj^Iife 
Bvbas 

Century 
Ceruse 

Bvder 

Chain 

Bveaa 

Chair 

Bvgnndy  Wines 

Chamade 

Bvnisher. 

Chamber 

Bvsa  Mucosa 

Champagne 
Champ  De  Bataille 

Bnshel 

Bnttsr 

Chancel 

Bwttons 

Channels 

BvttrcMet 

Cheese 

Cabin 

Check 

Cabinet 

Chevanxde  Frise 

Cable 

Chimney 

China  ware.    See  Porce- 

Caboose 

Cacao 

lain 

CaborsUHne 

Chocolate.    See  Cacao 

Caisson 

Choir 

Calamanoo 

Cider 

Calendar 

Circular  Saw 

Circulating  Medium 

Ciroumvallation 

Citadel 

Claret.    See  JVinet 

CUy 

Clepsydra 

Clock 

Close-Hftuled 

Close  Quartera 

Cloth.  See  Weaving  kuA 

fVooUen 
Clove 

Coach.    See  Carriage 
Cockswain 
Codex 
Coffee 
Coffin 
Coining 
Coke 
Collier 
Colonel 
Colonnade 
Colouring 

Commerce  of  the  World 
Commission 
Commodore 
Commodore  Ship 
Company 
Composite  Order.      See 

Architecture 
Compost 

Compression  Machines 
Conduit 

Congreve  Rocket 
Conservatory 
Contravallation 
Convoy  , 

Cookery 
Copal 
Copeck 
Copperas 

Copying  Machines 
Cordage 
Cordovan 
Corinthian  Order.     See 

Architecture 
Coik 
Com 
Comet 
Corporal 
Corps 
Corridor 
Corvette 
Cotton 
Course 

Counter-Ghuu'ds 
Counterftcarp 
Coiq> 
Coupums 
Covered  Way 
Cowry.Shells 
Crab 
Cradle 
Craft 
Cramp 
Crane 
Crape 
Crest 
Crocket 
Crop 
Cross 
Cross 

Cross-Bar  Shot 
Cross-Bow 
Cross  Fire 
Crotchet 


Crow's  Feet 
Crown 
Crown  Glass 
Crypt 


Cubic  Foot 

Cubit 

Cuirass 

Culm 

Cupola 

Currancy.    See  Money, 

Current 

Currying 

Curtin 

Customs 

Cutlery 

Cutler 

Cut-Water 

Cycle 

Cyclopean  Works 

Cyder.    See  Cider 

Cyma 

Dairy 

Damask 

Damaskeening 

Dart 

Davit 

Dead-Eye 

Dead  Reckoning 

Deal 

December 

Decimal  Measure 

Deep  Sea  line 

Defile 

Delft  Ware 

Demonstration 

Denarius 

Detachment 

Diamond 

Diaper 

Dibble 

Dike 

Dipping 

Dismounting 

Diversion 

Docks 

Dagger 

Doit 

Dollar 

Dome 

Dominical  Letter 

Donjon 

Doubloon 

Dove-Tailing 

Drachm 

Drag 

Dragoon 

Draining 

Draught 

Draimck 

Drawing  a  Pattern 

Drosky 

Ducat 

Ducatoon 

Ductilimeter 

Dynanometer 

Eagle 

Earth-Banks 

East  India  Commercial 

Companies 
Eaves 
Ebony 
Echelon 
Elbow 
Elder 
Elend 
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Embargo 

Embayed 

Embosfling 

Enfilade 

Ensign 

Entablature 

Epacts 

Epaulement 

Epaulette 

J^rouyetto 

Ermine 

Escalade 

Esplanade 

Esqnire 

Excise  Duty 

Extinguisher 

Facade 

Facing 

Faden 

Faience 

Fair 

Fake 

Fallow  Land 

Farthing 

Fascets 

Fascines 

Fashion  Pieces 

Fathom 

Feeder 

Felloe 

Fellowship 

Felling  of  Timber 

Felting 

Felucca 

Fence 

Ferretto 

Fibula 

Fid 

Field-Pieces 

Field-works 

FUe 

Fillagree  Work 

FiUet 

FUter 

Finery 

Fire-Balls 

Fire-Dress 

Fire-Engines 

Fire-Greek 

Fire-Escape 

Fire-place 

Fire-Ships 

Fire-Works.    See  Pyro- 

iechny 
IPlrkin 
Firlot 
Fishery 
Flag 

Flambeau 
Flank 
Flannel 
Flask 
Flasquet 
Flax 
Fleet 

Floating  Breakwater 
Floating  Bridge 
Floating  Light 
Floodgate 
Flood-Mark 
Floor-Timbers 
Florentine-Work 
Florin 

Flower  Trade 
Flowing 


Flutes 
FoU 

Foliage 

Foot 

Forage 

Fore 

Forecsstle 

Forge 

Forestalling 

Forlorn  Hope 

Form,  Printers 

Fort 

Fort&cation 

Pothering 

Foundation 

Founder 

Foundry 

Fount 

Franc 

Free  Corps 

Freight 

Friese 

Frigate 

Frontignao 

Fuel 

Fuller 

Fuller's  Earth 

Fulling 

Funds.    See  Stceks  and 

Money 
Furlough 
Furnace 
Fur  Trade 
Fustic  Wood 
Gradara 
Galeasse 
Galleons 
Gallery 
Galley 
GaUiot 
Gallon 

Galloon 
GaUy 

Gamboge 

Grangway 

Gari 

Garrison 

Gas-Lighting 

Gasket 

Gastronomy 

Gauze 

General 

Geneva 

Gens  D'Armes 

Gilding 

Grimbals 

Gin.    See  Geneva, 

Glacis 

Glass 

Glazing 

Glue 

Goldsmith 

Grain 

Gramme 

Grape-Shot 

Ghrapnel 

Grate 

Gratings 

Gk^nade 

Grenadier 

Groin 

Groschen 

Grosch 

Gross 

Guides 

GuUd 


Guillotine 

Guinea 

Guinea  cloth 

Gun 

aunnery 

Grunpowder 

Gunwale 

Gymnastics 

Gypsum 

Hair's  Breadth 

H^lbert 

Half-Moon 

Half-Pike 

Hammer 

Hammock 

Hand 

Hand-Cu£fs 

Hardi>a-Lee 

Harpoon 

Harpoon-Ghin 

Harquebuse 

Hartshorn 

Hautelisse 
Hazel 

Heating  Buildings 
Hehn 
Helmet 
Hemp 
Hermitage 
Hold 

Hollow  Square 
HoUy 
.Hone 

Honey-Comb 
Hong-Merchants 
Hops 

Horsemanship 
Horticulture 
Hospital 
Ho?ritzer 
Hychrography 
Ice-House 
Infantry 
Ingot 

Inky  Writing 
Inland  Navigation 
Insurance 
Interest 
Intrenchment 
Invalid  Bed 
Invoice 
Ionian  Order.  See  Archi' 

tecture 
Iodine 
Iron 

Irrigation 
Isinglass 
Ivory 
Japanning 
JeUy 
Jet 

Joint-Stock  Companies 
Journal 
Journeyman 
Jugerum 
July 
June 
Juniper 
Jury  Mast 
Kedge 
Keel 
Keelson 
Keep 
Kelp 
Ketch 
Key-Stone 


Knee 

Labour  and  Labourers 

Labour-saving  Ma<^es 

Labyrinth 

Lae 

Lace 

Jjtmp 

I^anee 

Land 

Land-Breese 

Land-Mark 

Laniard 

Lantern 

Lapidary 

Lapis  Lazuli 

Laquering 

Larboard 

Lazaretto 

League 

Leeward,  To 

Leghorn  Plat 

L^on 

Lemonade 

Levee-en-Masse  * 

Ley 

Li 

libra 

Lieutenant 

Life-Boat 

life-Preservers 

Ligatures 

Light-Houses 

Lime 

line 

linen 

Liqueur 

Liquorice 

Listel 

livre 

Loan,  Publie 

Lock 

Locks 

Locomotion 

Log 

Log-Board 

Log-Book 

Lombard  Houses.     See 

Pawnbrokere 
Loom 
Loth 
Lottery 
Lungs 

Maccaroni 

Mace 

Mace 

Machinery 

Madder 

Mahogany 

Maiden 

Mail,  Coat  of 

Main-Mast 

Mi^or 

Malmsey  Wine 

Manege 

Mangd-Wurzel 

Manifest 

Manoeuvre 

Mantelets 

Manufactures 

Manures 

Maple 

Marble 

Mask 

May 

Measures 

Mercantile  System 
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xev 


MCfloil 

Mflfltre  De  C«Mp 

Metope 

Metre 


Military  Schools 


Military 

Militia 

Min.Stoiie 

MiU-Work 

Mina 

Minant 
Mine 

Mtning 

Mite 
Mitre 


Moat 

Model 

ModiDioii 

Module 

Mole 

Money 

Monopoly 

Mordants 

Mortar 

Mortar 

MoaeUe  Wines 

Moulding.   Bee  JrckHee- 

ture 
Mowing  Macnine 
Mulberry 
Mule 

Maral  Arch 
V&cn 

Nafl-Making 
Nankeen 
Naphtha 
Naples  TeDow 
Nard 

Naral  Architector* 
NaTigatioi& 
Neaped 
Net 
NieOo 
Nilometer 
Norembtf 
Noyan 
Natneg 

Oakom 

Oar 

Oat 

Ob^sk 

ObohM 

October 

Oftag 

OQorVhriol 

CMfes 

OUaPodrida 


Oia 

Otai^e 

Orchan 

Ordicstni 

Order 

Ordnance 


Ores 

Orkhakh 

OriDon 

Orlop 

OnkmUfU 


Orpinent 

Orthography 

Ottar  of  Roses 

Ounce 

Oatrigger 

Outworks 

Ovum 

Oxymuriatic  Boxes 

Painting 

Palaeography 

Palanquin 

Palisades 

Palm 

Palm.Tree 

Pftnel 

Phpcr-Making 

Paper-Money 

Pan^pet 

Pkirasang 

Parchment 

Pftrmesan  Cheese 

Pftrrels 

Party 

Partnership 

Pass 

Passade 

Passage,  Right  of 

Paste.Board 

Pftstem  of  a  HorM 

VtLSte  Stones 

Pasture 

Patent 

Patrol 

PaTcment 

PkTilion 

Pawnbrokers 

Pearl 

Pearl-Ash 

Peat 

Peck 

Pedals 

Pedestal 

Pedometer 

Peek 

Penny 

Penny-Weight 

Penstock 

Pepper 

Perch 

Percnsdon-Ghms 

Peristyle 

Perry 

Petard 

Petronel 

Pewter 

Phalanx 

Pharos 

Fhodum 

Photometer 

Physeter 

Pins 

Piassa 

Pica 

Picket 

Picke 

Piecy 

Pier 

Pike 

Pilaster.      See  Arefntec' 

iure 
Pfle 
Piles 
PiUar 

Pillar.    See  Column 
PUum 


Pint.    See  Meaturet 
Pioneers 

Pipe.    See  Meamn 

Pistol 

Pistole 

Piston 

Piteh 

Pitching 

Plane 

Plaster.    See  Shico9. 

Plaster  of  Paris 

Platform 

Platform 

Plating.    See  Sihering 

Plinth 

Plough 

Plumbery 

Plummet 

Polacre 

Polygon 

Polygraph 

Pontoon 

Pontoon  Carriages 

Pood 

Porcelain 

Porch 

Port 

Portcullis 

Porter 

Ports 

Post 

Potato 

Pottery 

Pound 

Power  Loom 

Pozsolano 

Pram 

Pranne 

Press 

Priming 

Printing 

Prisons 

Priyateers 

Proa,  Flying 

Profile 

Pronaos 

Proof 

Proportion 

Pruning  Instrument 

Pulley 

Pumice-Stone 

Punch 

Puncheon 

Puncheon 

Punctuation 

Pyramid 

Pyrotechny 

Quarantine 

Quarrying.    See  Stone 

Quarto 

Quartz 

Quick-Mateh 

Quills 

Quoin 

Quoins 

Raft 

Rail-Roads 

Rake 

Raking 

Rammer 

Rampart 

Ramsden*s  Engine 

Ratan 

Ratafia 


Rate 

Rateen 

Ration 

Ratlines 

RaTclin 

Reargua 

Rebate 

Receipt 

Reckoning 

Recoil 

Reconnoitre 

Rectification 

Redoubt 

Reef 

Reeling.    See  fFtofrimg 

Refining 

Repeating  Watch 

Reserve 

Rice 

Rice  Paper 

Rifie 

Rigging.    See  Shipping 

Ring 

Roads 

Roasting 

Rockets 

Roof 

Rope-Making 

Rope-Pump 

Rose- 

Rotten  Stone 

Rotundo 

Rudder 

Rum 

Rural  Economy 

Sack 

Saddle 

Safety-Buoy 

Safety-Lamp 

Safety-Valve 

Sago 

Salt 

Saltpetre,    See  Niire 

Salute 

Sampan 

Sand 

Sapphire 

Sardonyx 

Sash 

Savings'  Banks 

Saw 

Scaffold 

Scagliola 

Scaip 

Schooner 

Screw 

Screw-Wrench 

Scuppers 

Scutehing 

Seal 

Sealing-Wax 

Seize 

Seizure 

Sepoys 

September 

Sequin 

Sesterce 

Settee 

Setting 

Seweni 

Shaft  of  a  column 

Shaft 

Shafts,  Movable 

Shagreen  \ 

Shank 


sen 
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Shtrp-Shooters 
Sheariiig  Machine 
Sheering 
Sheers 
Sherbet 
Sherry 
ShieUi 
Shilling 
Ship 

Shipwreck 

Ships,  Suspension  of 
Shoe 

Short-Hand.    See  Steno- 
graphy 
Shot 
Shroads 

Shuttle.    See  Weaving 
Sicera 
Siege 
Signals 
Silk 
Stto 

Silvering 
Sinking-Fund 
Size 
Skating 
Skids 
Skin 
Skirmish 
Slate 

Slate,  Transparent 
Slating 
SUdiDg  Role 
Sling 
Sling 
Sloop 
Sluice 
Smack 
Smalt 

Smiting-Line 
Smoke-Jack 
Smuggling 
Snuff 
Soap 
Soldier 
Sounding 

South  Seii  Company 
Sorereign 


Sov 

Tailors,  Improved  TaUe 

Spade  Husbandry 

for 

Spahis 

Tambour 

Speculum  Metal 

Tambour 

Spinning 

Tanning 

Spirits,  Ardent 

Tapestry 

Splicing 

Tapioca 

Sponge 

Tare 

Spring 

Tariff 

Stainhig  of  Wood 

Taxation 

Tea 

Standard 

Technology 

Standard  of  Money 

Telegraph 

Staple 

Temple 

Starboard 

Tenter 

Steam-Engine 

Theatre 

Steel 

Threshing-Machine 

Steelyard 

Timber 

Steerage 

Tirailleurs 

Stem 

Tobacco 

Stenography 

Tokay.    See  fVina 

Stereometry 

Tontines 

Stereotyping 

I^'P,, 

Stem 

Top-Mast 

Stem.Post 

Torpedo 

Stockings 

Transit  Trade 

Stock,  Public 

Transoms 

Stock-Exchange 

Treadmill 

Stone  Masonry 

Treckschuyt 

Stone  Ware 

Tree-Nails 

Stove 

Trenches 

Straw 

Tripod 

Streeks 

IViumphal  Arch 

Strelitz 

Trophies 

Strike 

Trying 

Stucco 

Tunnel 

Studding  Sails 

Turmeric 

Sugar 

Turning 

Suspension  Bridge 

Turpentine 

Swimming 

Tuscan  Ord^n  ^ttArehi* 

Swivel 

tectwre 

Sword 
Table 

Tutenag 
Types,  Printing 
Typography.    See  Print' 

Tackle 

Tactics 

mg 

Tachometer 

IJlans 

Tafhrel 

Umbrella 

Tallow 

Usquebaugh 

Value 
Vane 
Vanguard 
Varnish 
Ventilation 

Vent-Peg.    See  fFat^ 
Verdigris 
Verditer 
Veijuice 
Vermicelli 
Veterans 
Vice 
Vidonia 
Vinegar 
Vivifieatevr 
Volute 
WaU 

Wall,  Sea 

W^arp*    See  wv&ctfftHg 
Wateh-Making 
Water-Works 
Wax 
Weaving 

Weighing  Machine 
Weight,  Standard  of 
WeU 

Wheel  Carriage 
Wheel,  Expanding 
Wheel,  Spiral 
Whiskey 
Windmills 
Window 
Wine 
Wire 
Woad 
Wood 

Woollen  Manufacture 
Woolwich  Military  Aca- 
demy 
Worsted 
Wort 
Writing 
Yard 
Yam 
Year 
Yeast 
Zaffre 
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Bnvisiiaif  E.-&IBWS  AHm  aeHHwaiis. 


A*Ans,  or  Abaciscus,  in  ArdUtfetm-e.  The  Greek 
denvattre  of  this  word  signifieB  b  table  or  tablet,  which 
ferm  the  ancient  nbacos  invariably  assumed.  The 
accompanying  wood-cut  will  point  out  the  situation 
of  thr  abacus  with  reference  to  the  capitftl  of  a  Gre- 
dan  column,  of  which  this  species  of  architectural 
It  fonued  the  upper  part. 


The  shape  of  the  abacus  differs  in  the  various  orders. 
In  the  remains  of  ancient  Egyptian  architecture  it  is, 
IB  Mine  instances,  nothing  more  than  a  plain  cube  of 
stone;  and  in  others,  two  or  more  such  cubes  placed 
oDc  abore  the  other.  Amoug  the  Greeks  and  Romans 
the  abacus  it  the  most  essential  portion  of  the  capital, 
riwmgli  in  the  original  column  it  was  only  a  tile  to 
pcotect  the  upper  portion  of  the  shaft.  In  the  Tus- 
tan,  the  Doric,  and  the  Ionic  orders  of  architecture, 
the  plan  of  the  abacus  ie  rectangular;  but  in  the 
Corinthian,  and  Roman,  or  Composite  orders,  it  is 
hoDowed  into  circular  indenCationa ;  and,  except  in  a 
rery  few  instances,  as  in  those  of  the  capitals  of  the 
nMkile  at  Athens,  cut  off  at  the  angles.  Hie  term 
ahacBS  is  also,  but  inappropriately,  appUed  to  the 
■l^ier  member  uf  any  large  pedestal. 

AaAcra  is  also  the  name  of  on  ancient  instrument 
fcc  bdlitating  operations  in  arithmetic.  The  workins 
«f  siin[^  numbers  by  counters,  was  obviously  well 
fitted  for  unfolding  the  principles  of  calculation,  and 
^  b  a  carious  lact,  that  in  our  own  times,  both  Bell 
mhI  Lancaster  have  found  it  advisable  to  resort  to  in- 
strumeDtB  closely  resembling  those  employed  in  the 
dementary  schools  of  Greece  and  Rome.  The  greater 
part  o(  the  instruments  used  by  the  ancients  were  of 
a  very  simple  character,  and  fitted  but  for  the  most 
■mple  pmcesses;  but  the  apparatus  of  Napier,  Pas- 
cal, and  Babbage,  have  given  an  importance  to  the 
nbject,  which  can  only  be  appreciated  by  those  ac- 
quainted with  the  detail  of  their  several  assertions. 
To  render  this  intelligible  to  our  readers,  we  propose 
commencing  with  the  earliest  form  of  the  abacus,  and 
then  tndng  its  rooet  important  improvemeota,  until 
we  arrive  at  that  master-piece  of  mechanical  Inge- 
BBity.  die  machine  invented  by  Mr.  Babbsge. 

A«r»  &  5cmtcE*.—Voi~  I. 


"Hie  ancient  abaaa  was  divided  from  the  right  to 
the  left  hand,  by  vertical  columns,  on  which  a  series 
of  pebbles  were  placed  as  counters,  to  denote  units, 
tens,  hundreds,  thousands,  &c.  The  labour  of  count- 
ing and  arranging  those  pebbles  was  afterwards  sen- 
sibly abridged,  by  drawing  across  the  board  a  hori- 
zontal line,  above  which,  each  single  pebble  had  the 
power  of  five.  Id  the  progress  of  luxury,  lali,  or 
dies  made  of  ivory,  were  used  instead  of  pebbles, 
and  small  silver  coins  came  to  supply  the  place  of 
counters.  But  the  operations  with  the  abacut  were 
rendered  still  more  commodious  by  substituting  for 
such  laii  or  counters,  small  beads  strung  on  parallel 
threads,  and  sometimes  pegs  stuck  along  grooves. 
With  such  an  instrument  it  is  not  difficult  to  perceive 
how  the  simpler  additions  and  subtractions  could  be 
performed  with  tolerable  expedition ;  but  to  accom- 
plish a  process  of  multiplication  or  division,  even  on 
the  smallest  scale,  must  have  been  a  work  of  tedious 
and  most  irksome  labour.  Accountants  by  profession, 
among  the  Romans,  were  styled  eataitalori  or  rationa- 
rii.  Various  expedienlsseemtohave  been  employed  for 
shortening  the  arithmetical  operations.  The  different 
positions  of  the  fingers  were,  for  that  purpose,  used 
to  a  certain  eitent.  Boethius  treated  largely  of  the 
subject ;  and  even  the  venerable  Bede  has  given  very 
diffuse  rules  for  what  was  called  digital  arilhmelic. 

When  calculations  with  counters  became  more  in- 
volved, the  table  on  which  they  were  performed,  being 
necessarily  of  a  very  considerable  size,  was  called  the 
bench  or  hank ;  and  hence  our  term  for  an  office 
where  money  transactions  are  negoclated.  The  Court 
of  Exchequer,  introduced  into  England  by  the  Nor- 
man Conquest,  and  Intended  for  auditing  the  revenue 
of  the  crown,  had  its  name  from  icaccariiim,  which 
in  modern  Latin  signifies  a  cheai-baard.  The  accounts 
were  cast  np  by  the  tellers,  or  eompulalors,  on  a 
large  table  covered  with  black  cloth,  chijiiered  with 
white  lines,  on  which  were  placed  counters,  or  small 
foreign  coins,  to  denote  successively  pence,  shillings, 
and  pounds;  proceeding  afterwards  on  the  several 
distinctures  of  the  cloth,  by  unlbi,  tens,  hundreds, 
&c.  Sums  of  money  were  also  ruddy  marked  on 
tallies,  so  called  because  they  consisted  of  white  sticks 
of  hazel  or  willow,  split  up  and  cut  aquaic  at  both 
ends ;  a  very  fine  notoh  on  them  denoted  a  penny, 
one  rather  larger  a  shilling,  and  one  s^ill  larger  a 
pound ;  the  notch  next  in  size  represented  twenty 
pounds,  a  larger  one  expressed  a  hundred,  and  the 
largest  of  all  a  thousand.  This  very  strange  practice 
has  been  handed  down  to  our  own  times ;  anothw 
striking  instance  of  the  blind  obstinacy  with  which 


WCicDt  UMges,  howerer  absurd  wul  ridiculous  they 
nifty  throDgh  time  have  become,  ue  vet  retained  in 
public  offices,  and  especially  in  our  courts  of  law. 

The  Chinese  have,  from  the  remotest  antiauity,  used 
m  all  their  calculations,  an  ioatrument  which  they  call 
StBam-pKran,  or  Swan  pan,  and  whica  is  somewhat  si- 
milar to  the  Grecian  abacus.  There  are  large  and  small 
ones.    Those  for  mercantile  purposes  consist  of  many 
rows  or  small  balls  strung  on  wires,  contaialng  fifteen 
balU  on  each,  with  space  for  their  being  moved  up  or 
down  with  ease.     Those  rows  of  balls  are  divided  by 
a  ciou  bar  of  wood,  extending  from  side  to  side,  leav- 
ing five  balls  above  and  ten  below.     E^b  ball  of  the 
apper  row  is  of  the  value  of  the  ten  lower  balls.     By 
moving  one  of  the  upper  balls  down  to  the  bar,  the 
ten  lower  balls,  which  had  been  moved  np  to  the  bar, 
are  at  liberty  to  represent  any  further  sum,  till  they 
have  all  agajn  reacned  the  bar,  when  another  of  the 
Dpper  division  is  moved  dovm,  and  bo  on  till  the  five 
balls  are  engaged,  when  theu*  value  ia  represented  by 
one  ball  on  the  adjoining  wire,  on  the  left  hand,  and 
so  on  to  any  amount ,   For  example:  the  product  of  the 
first  five  halts  would  give  SO,  or  five  tens ;   and  five 
of  the  second  would  give  350,  or  five  fifties)  and  five 
of  the  third  would  give  1350,  or  five  aso's,  and  so  on 
to  any  extent.     The  person  who  reckons  generally 
begins  about  the  centre  of  the  board,  allowmg  him- 
scii  sufficient  space  towards  the  left  hand.      To  il- 
lustrate the  principle  by  English  money,  the  process 
is   simply  thus  : — Suppose  an  article  cost  £17     4 
it  would  be  denoted  by  one  ball  on  one  row, 
seven  on  the  second  row,  and  four  on  the 
third;    and   the   second    sum  to  be  added  10     I    9. 
They  now  begin  on  the  right  hand,  9  and  4 
being  1 3,  they  would  move  one  ball  up  under 
the  seven  balls,  and  move  down  three  balls 
from  the  foni.  leaving  one  ;  by  adding  one 
to  the  eight  balls,  it  would  become  nine ; 
10  and  1  making   11,  they  would  move 
down  one  from  the  upper  balls,  and  retain 

the  lower  ball,  the  total  would  then  read 

£11  9i.  Id. :  as  shown  in 


In  the  divisiosB  of  a  tale  or  of  a  dollar,  tbeii  highest 
fractioti  being  nine,  and  two  nines  giving  18,  the  ten 
being  represented  by  one  ball,  and  the  e^t  differently 
placal,  an  error  can  seldom  occur  in  their  mode  of 
addition,  or  even  in  subtraction.  The  swan-pwan  is 
an  invariable  companion  of  every  counter  dironghotit 
the  whole  of  China,  as  it  saves  the  trouble  of  putting 
down  the  prices  of  a  number  of  articles,  and  then 
casting  them  up,  the  amount  beine  shown  as  quick  as 
a  person  can  name  them  sepamteTy. 

In  performing  the  ordinary  operations  of  multi- 
plication and  division,  it  is  easy  to  perceive  that 
oqr  object  would  be  much  facilitated,  if  we  pos- 
Mssed  previously  a  set  of  numbers  expressing  the 
several  products  of  the  multiplicand  and  each  of 
the  nine  digita.  Such  a  table  might  lie  procured  by 
the  simple  addition  of  that  multiplicand  to  itself,  the 


requisite  number  of  times  in  order  to  prodne«  its 
double,  triple,  quadruple.  Sec. ;  but  an  abridgement  of 
this  natore,  in  the  calculation,  could  only  be  obtained 
by  an  operation  much  longer  than  that  which  it  is 
desired  to  abridge.     The  celebrated  Napier,  the  in- 
genious inventor  of  logarithms,  has,  however,  con* 
trived  an  instrument,  by  means  of  which  this  difflculty 
is  removed,  and  which,  by  the  performance  of  a  very 
simple  mechanical  operation,  is  made  at  once  to  pre- 
sent the  required  product  of  the  multiplicaud  and  any 
single  figure.     It  is  usually  known  by  the  name  of 
Napier's  Rods  or  Bones,  and   is  described   by   the 
noble  inventor  in  hie  RAabdologui,  published  at  Edin- 
burgh in  1617. 
The  accompanying  engiav- 
ing  exhibits  this  instrument, 
or  rather  a  portion  of  it,  the 
nature  of  which  may  be  best 
imagined  by  supposing  the 
ordinar)'  multiplication  table 
to  be  dravm  on  a  plate  of 
metal,  ivory,  or  pasteboard, 
and  conceiving  the  vertical 
columns  of  which  it  is  com- 
posed, to  be  then  cut  asunder, 
so  a*  to  be  rendered  move- 
able.   Hie  figures  contained 
in  the  small  squares  of  that 
table  are,  however,  differ- 
ently written  on  these  co- 
lumns or  rods,  each  of  which 
is  divided  by  a  diagonal  line 
into  two  small  triangles,  in  L 

the  one  of  which  is  found  the  unit's  digit,  and  in 
the  other  the  ten's  digit  of  the  nnmber  which  belongs 
to  that  square,  the  same  airangement  being  umformly 
preserved  throughout  the  whole  number  of  squares. 
The  apparatus  will  then  consist  of  a  number  of  tbes« 
rods  ranged  vertically,  each  of  which  is  headed  by 
one  of  the  nine  digits,  beneath  which  are  placed  in 
sncccssiou  the  respective  products  of  that  number 
multiplied  by  2.  3,  4,  &c.,  9.  It  Is  obvious  that  of 
each  of  these  rods  there  must  be  more  than  one ;  for  as 
many  times  as  any  figure  occutB  in  the  multiplicand, 
so  many  rods  of  that  species,  that  is,  with  that 
figure  at  the  top  of  them,  mtist  we  have.  For  all 
ordinary  calculations,  six  of  each  will  be  sufficient; 
and  there  must  also  be  as  many  rods  of  cyphers.  To 
perform  the  operation  of  multiplication  with  this  in- 
strument, we  must  first  lay  down  a  rod  headed  by 
unity,  which  may  be  called  the  index  rod;  to  the 
right  of  this  is  to  be  placed  another,  at  the  top  of 
which  is  the  figure  in  the  highast  place  of  the  multi- 
plicand ;  adjoiiung  this  is  to  be  set  a  third,  headed  by 
the  next  figure  of  that  number,  and  so  oil  with  each, 
until  as  many  rods  (exclusive  of  the  index)  have  been 
laid  down  as  there  are  digits  in  the  multiplicand. 
The  instrument  will  then  present  a  table  of  productB 
of  the  multiplicand  and  each  of  the  nine  digits ;  for 
in  the  line  of  squares  standing  against  any  figure  of 
the  index  rod,  is  the  product  of  the  multiplicand  and 
that  figure.  Tlierefort,  the  sum  of  the  products  con- 
tained in  the  respective  Ibes  of  squares  which  stand 
opposite  to  each  figure  of  the  index  rod,  corresponding 
to  the  figures  of  3ie  multiplier,  is  the  result  reqnir^ 
in  an  operation  of  multiplication. 

It  should  be  observed,  however,  that  the  figures  in 
those  squares  must  be  reduced  to  the  ordinary  rota- 
tion, before  they  can  be  so  transferred  for  additimi,  U 


ABACUS. 
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win  be  teen  in  the  following  nunple : — to  multiply 
S,978  by  337.  Having  placed  the  rods  id  the  proper 
(itnatkMi  for  5,978,  as  in  the  above  figare,  we  most 
pneced  to  add  together  the  numben  contained  in  the 
Bm  of  sqnarei  opposite  to  the  fignre  in  the  index  rod, 
whidi  correspond  to  the  first  figure  of  the  multi- 
ptier,  namely,  7.  A  simple  inspection  of  the  illus- 
bation  will  show  that  the  figures  contained  in  the 
two  contignoos  triat^les  of  each  two  sqaares  are  of 
dw  same  denomination,  thereby  greatly  fikcilitating 
die  addition  of  the  numbere  contained  in  any  line  of 
squares.  Hie  snm  of  the  prodacts  contained  in  the 
line  oppo«te  7  is  41,846;  the  result  for  the  next 
Ignie  sk  the  multiplier  3,  is  17,934  tens ;  and  for  9, 
53,808  hnodreds ;  the  snm  of  these  three  numbers  is 
5,601,386,  the  result  required.  Tite  application  of 
the  instniment  to  the  purposes  of  division  will  be 
evident  npon  a  moment's  reflection. 

One  gnat  and  ofovioos  defect  of  an  instrument  of 
the  above  nature  is,  that  its  performance  is  imperfect, 
■nasmnch  as  the  sum  of  the  products  contuned  in 
any  line  of  squares  is  not  completely  arranged ;  the 
naitat  operation  of  adding  together  the  digits  of  the 
same  deDomination  being  requisite  in  order  to  obtain 
a  result  conformable  to  the  ordinary  system  of  nota- 
tion. To  obviate  this  defect,  several  machines  have 
been  invented  by  various  individuals  so  constructed 
■s  to  collect  t(^;ether  all  the  digits  of  the  same  deno- 
mination, and,  as  it  were,  register  the  excess  of  any 
above  p.  The  great  Pascal  was  the  first  who  suc- 
oeoled  in  redncmg  to  pure  mechanism  the  perform- 
ance of  «  variety  of  arithmetical  operations,  and  a 
description  of  the  instrument  by  which  he  effected 
tikis  object  is  to  be  found  in  the  fonrtb  volume  of  the 
JfacAtset  AppromtA  of  M.  Gallon.  In  1673,  Sir 
Samiiel  Morland  published  an  account  of  two  diffe- 
lenl  machines  which  he  had  invented,  one  for  the 
peribnnasce  of  addition  and  subtraction,  and  the  other 
for  that  of  multiplication,  without  however  develop- 
Of  their  internal  construction.  About  the  same 
period  the  celebrated  Leibnitz,  the  marqnis  Polcni, 
and  M.  Leapold,  directed  their  attention  to  the  sub- 
ject, and  invented  instruments  ibr  accomplishing  the 
same  poipose  by  diifercnt  methods.  Leilmitz  pub- 
bihed  his  plan  in  the  MuadloMa  Berotemia  of  the 
year  1700,  giving,  however,  only  the  exterior  of  the 
^^^i^" ;  and  Foleni  communicated  an  account  of 
hii  to  the  same  work,  but  also  explained  its  Internal 
eoaatractioa.  Both  of  these  machines,  tof;ether  with 
ttHt  of  Lfapold,  were  subsequently  described  in  the 
TWolmjirtfhaefica-Geosieirictniof  the  latter,  pnb- 
liihol  at  Leipsic  in  1727.  We  must  not  omit  to 
futinm  the  Aba^ue  Rhabdologigtie  of  M.  Perrault, 
iiwihil  in  the  first  volume  of  the  work,  which  we 
have  referred  to  above,  the  MocAiRei  Apprvuneit,  by 
Om  Paris  Academy,  which  contains  also  an  account 
of  k  JfiacikuH  ArWmUli^nt  of  M.  Lespine,  and  of 
tarce  distinct  one*  of  M.  Hillerin  de  Boistissandeau. 
In  1735,  jHXifeaaor  Gersten,  of  Glessen,  communicated 
to  the  Royal  Society  of  London,  a  very  detailed  de- 
scTgitiow  trf"  an  instrument  of  this  nature  which  he 
had  iBveBted,  and  the  hint  of  which,  he  says,  "  I  took 
from  that  of  M.  de  Leibnitz,  which  put  me  upon 
ttiip^ifif  how  the  inward  stractnre  might  be  con- 
Irfved."^ 

To  p*e  our  readers  an  idea  of  the  ^neral  construc- 
bOB  ol  theae  machines,  and  of  the  pnnciples  on  which 
*  proceeded,  we  will  aelect  for  explanation  that  of 
tacal,  the  emrliest.    Of  those  which  have  lince  been 


contrived,  there  are  aome  which  have  been  conii- 
dered  to  possess  advantages  over  that  in  practice ;  bnt 
the  first  of  its  kind,  and  as  one  which  may  have 
served  as  a  model  to  many  of  its  si  ■    ■    - 
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The  accompanying  illustratiou  exhibits  a  general 
ew  of  the  instrument  with  the  operator  at  work  on 
it,  who  has  one  hand  employed  in  putting  into  mo- 
tion one  of  the  moveable  wheels  of  the  apparatus, 
and  the  other  engaged  in  connecting  the  operations  of 
the  machine  with  tie  figures  contained  on  the  paper 
by  his  side.     It  consists  of  a  box   covered  with  a 

Elate  of  metal,  pierced  on  one  side  with  several  square 
oles,  as  represented  in  the  figure.  On  the  opposite 
side  of  the  plate  are  a  number  of  toothed  wheels,  each 
moveable,  and  turning  freely  about  its  own  centre. 
The  first  to  the  extreme  right  has  13  teeth ;  the  se. 
cond,  proceeding  from  right  to  left  has  20,  and  all 
the  others  have  10.  About  each  of  these  wheels  an 
-  lim  or  circle  is  described  on  the  surface  of  the 
plate,  which  circle  is  divided  into  the  same  number  of 
equal  parts  as  there  are  teeth  in  the  wheel  which  it 
DOnds,  and  which  is  moveable,  as  it  were  within 
The  figures  corresponding  to  each  of  these  points 
of  division  are  inscribed  on  all  the  fixed  circles,  com- 
mencing with  0  at  that  portion  of  each  which  is 
nearest  to  the  extremity  of  the  side  of  the  box  on 
which  they  are  placed,  and  proceeding  round  in  the 
direction  of  from  left  to  right.  Passing  over  at  each 
of  these  tero  points  of  division,  and  attached  to  the 
surface  of  the  plate,  is  a  small  tongue  of  metal  which 
projects  slightly  over  the  enclosed  wheel,  so  as  not 
however  to  rest  on  or  be  in  contact  with  it,  but 
umply  for  the  purpose  of  arresUng  the  progress  of 
the  rod  held  in  the  hand  of  the  operator,  as  seen  in 
the  above  illustration,  when  engaged  in  imparting 
motion  to  any  one  of  the  wheels.  From  the  number 
of  teeth  which  we  have  given  to  those  wheels.  It  is 
evident  that  the  one  to  the  extreme  right,  which  con- 
tains 13,  is  intended  for  what  may  be  termed  a  pence 
wheel;  the  second,  which  has  20,  fur  a  shillings 
wheel ;  the  third,  which  has  10,  for  the  onits  of 
pounds ;  the  fourth,  for  tens  ;  the  fifth,  for  hundreds ; 
the  sixth,  for  thousands;  the  seventh,  for  tens  oil 
thousands ;  and  the  eighth,  for  hundreds  of  thon- 
sands.  By  enlarging  the  machine,  this  number  might 
be  increased,  ai^  Uie  power  of  the  instrument  ex 
tended. 

AS 
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We  may  now  proceed  to  point  out  the  interaal  ar- 
rangement of  the  machinery.  Motion  is  communi- 
cated by  the  wheel  and  axis  a  b,  which  is  furnished 
with  a  contrite  wheel  c.  This  actuates  the  next  in 
the  series  which  is  placed  in  the  opposite  direction. 
On  the  same  axis  are  placed  two  similar  wheels  d  e, 
the  last  of  which  gives  motion  to  the  wheel  and  barrel 
/  g.  There  are  two  apertures  in  the  upper  plate  A  B, 
through  which  the  figures  on  the  barrel  may  be  seen, 
so  that  the  person  who  moves  the  wheel  a  may 
readily  register  the  amount  of  motion,  by  observing 
the  figures  as  they  pass  these  apertures. 


a/ 
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In  the  complete  machine  there  are  several  of  these 
trains  of  wheels,  and  they  communicate  with  each 
other  by  a  small  lever  h,  shewn  in  the  diagram. 
Now,  if  we  suppose  the  first  of  these  barrels  to  have 
jnade  an  entire  revolution,  the  two  connecting  bars 
1 1,  will  have  raised  the  lever  and  moved  the  commu- 
nicating wheel  of  the  next  train  one  tooth  forward  in 
its  course.  If,  for  example,  it  be  the  barrel  which 
represents  shillings,  it  will  by  this  means  indicate  a 
single  pound  on  the  divided  circle  of  the  next  train. 

Notwithstanding  the  skill  and  contrivance  bestowed 
upon  instruments  of  a  nature  similar  to  that  we  have 
just  described,  their  power  is  necessarily  but  very 
limited,  and  they  bear  no  comparison  either  in  inge- 
nuity or  magnitude  to  the  grand  design  conceived,  and 
nearly  executed,  by  Mr.  Babbage.  Their  very  highest 
functions  were  but  to  perform  the  operations  of  com- 
mon arithmetic ;  Mr.  Babbage's  engine,  it  is  true,  can 
perform  these  operations,  it  can  also  extract  the  roots 
of  numbers,  and  approximate  to  the  roots  of  equations, 
and  even  to  their  impossible  roots ;  but  this  is  not  its  ob- 
ject. Its  function  in  contradistinction  to  that  of  all  other 
contrivances  for  calculating,  is  to  embody  in  machi- 
nery the  method  of  differences,  which  has  never  before 
been  done ;  and  the  effects  which  it  is  capable  of  pro- 
ducing, and  the  works  which,  in  the  course  of  a  few 
years,  we  expect  to  see  it  execute,  will  place  it  at  an 
infinite  distance  from  all  other  efforts  of  mechanical 
genius.  Great  as  the  power  of  mechanism  is  known 
to  be,  yet  we  venture  to  say,  that  many  of  the  most 
intelligent  of  our  readers  will  scarcely  admit  it  to  be 
possible,  that  astronomical  and  navigation  tables  can 
be  accurately  computed  by  machinery ;  that  the  ma- 
chine can  itself  correct  the  errors  which  it  may  com- 
mit ;  and  that  the  results,  when  absolutely  free  from 
error,  can  be  printed  off  without  the  aiS  of  human 
hands,  or  the  operation  of  human  intelligence.  "All 
this,  however,"  says  Sir  David  Brewster,  in  his  enter- 
taining Letters  on  Natural  Magic,  "  Mr.  Babbage's 
machine  can  do  ;  and,  as  I  have  had  the  advantage  of 
seeing  it  actually  culculate,  and  of  studying  its  con- 
ttruction  with  Mr.  Babbage  himself,  I  am  able  to 


make  this  statement  on  personal  observation."  It 
consists  essentially  of  two  parts,  a  calculating,  and  a 
printing  part,  both  of  which  are  necessary  to  the  fulfil- 
ment of  the  inventor's  views,  for  the  whole  advantage 
would  be  lost  if  the  computations  made  by  the  ma- 
chine were  copied  by  human  hands  and  transferred  to 
types  by  the  common  process.  The  greater  part  of 
the  calculating  machinery,  of  which  the  drawing 
alone  cover  upwards  of  400  square  feet  of  surface,  is 
already  constructed,  and  exhibits  workmanship  of 
such  extraordinary  skill  and  beauty,  that  nothing  ap- 
proaching to  it  has  hitherto  been  witnessed.  In  the 
printing  part,  less  progress  has  been  made  in  the 
actual  execution,  in  consequence  of  the  difficulty  of 
its  contrivance,  not  for  transferring  the  computations 
from  the  calculating  part  to  the  copper,  or  odier  plate 
destined  to  receive  them,  but  for  giving  to  the  plate 
itself  that  number  and  variety  of  movements  which 
the  forms  adopted  in  printed  tables  may  call  for  in 
practice. 

Tke  practical  object  of  the  calculating  engine  is  to 
compute  and  print  a  great  variety  and  extent  of  astro- 
nomical and  navigation  tables,  which  could  not  other- 
wise be  done  without  enormous  intellectual  and  ma- 
nual labour,  and  which,  even  if  executed  by  such 
labour,  could  not  be  calculated  with  the  requisite  ac- 
curacy. Mathematicians,  astronomers,  and  navigators 
do  not  require  to  be  informed  of  the  real  value  of  such 
tables;  but  it  may  be  proper  to  state,  for  the  infor- 
mation of  others,  that  seventeen  large  folio  volumes  of 
logarithmic  tables  alone  were  calculated  under  the 
superintendance  of  M.  Prony,  at  an  enormous  expense 
to  the  French  government ;  and  that  the  British  go- 
vernment regarded  these  tables  to  be  of  such  national 
value,  that  they  proposed  to  the  French  Board  of 
Longitude*  to  print  an  abridgement  of  them  at  the 
joint  expense  of  the  two  nations,  and  offered  to  advance 
£5000  for  that  purpose.  But,  besides  logarithmic 
tables,  Mr.  Babbage's  machine  will  calculate  tables 
of  the  powers  and  products  of  numbers,  and  ail  astro- 
nomical tables  for  determining  the  positions  of  the 
sun,  moon,  and  planets;  and  the  same  mechanical 
principles  have  enabled  him  to  integrate  innumerable 
equations  of  finite  differences,  that  is,  when  the  equa- 
tion of  differences  is  given,  he  can,  by  setting  an  en- 
gine, produce  at  the  end  of  a  given  time,  any  distant 
term  which  may  be  required,  or  any  succession  of 
terms  commencing  at  a  distant  point. 

On  the  means  of  accomplishing  this,  we  need  make 
no  apology  for  quoting  Mr.  Babbage's  own  words. 
"  As  the  possibility  of  performing  arithmetical  calcu- 
lations by  machinery  may  appear  to  non-mathema- 
tical readers  too  large  a  postulate,  and  as  it  is  con- 
nected with  the  subject  of  the  division  of  labour,  I 
shall  here  endeavour,  in  a  few  lines,  to  give  some 
slight  perception  of  the  manner  in  which  this  can  be 
done ;  and  thus  to  remove  a  small  portion  of  the  veil 
which  covers  that  apparent  myster)\  That  nearly  ail 
tables  of  numbers  which  follow  any  law,  however 
complicated,  may  be  formed,  to  a  greater  or  less  ex- 
tent, solely  by  the  proper  arrangement  of  the  succes- 
sive addition  and  subtraction  of  numbers  befitting 
each  table,  is  a  general  principle  which  can  be  demon- 
strated to  those  only  who  are  well  acquainted  with 
mathematics ;  but  the  mind,  even  of  the  reader  who 
is  but  very  slightly  acquainted  with  that  science,  will 
readily  conceive  that  it  is  not  impossible,  by  attending 
to  the  following  example.  Let  us  consider  the  sub- 
joined table.    This  table  is  the  beginning  of  one  in 
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fcry  eztensnre  uae,  which  has  been  prinUd  aod  re- 
printed very  frequently  in  many  countries,  and  is 
called  a  table  of  square  numbers. 


Termor 
(bcTaUt. 

A. 

Tablaof 

■qvarta. 

B. 

FintDif^ 

rcneact:. 

c. 

Second 
Diflerence. 

1 

1 

3 

2 

2 

4 

5 

3 

9 

2 

7 

4 

16 

2 

9 

5 

25 

2 

11 

6 

36 

2 

13 

7 

49 

Any  number  in  the  table,  column  A,  may  be  ob- 
tained by  multiplying  the  number  which  expresses 
the  distance  of  that  term  from  the  commencement  of 
the  table  by  itself;  thus  25  is  the  fifth  term  from  the 
beginning  of  the  table,  and  5  multiplied  by  itself,  or 
by  5,  is  equal  to  25.  Let  us  now  subtract  each  term  of 
&is  table  from  the  next  succeeding  term,  and  place  the 
results  in  another  column  (B),  which  may  be  called 
int-difference  column.  If  we  again  subtract  each 
tenn  of  this  first-difference  from  the  succeeding  term, 
we  find  the  result  is  always  the  number  2  (colunm  C) ; 
and  that  the  same  number  will  always  recur  in  that 
fj^wTffn,  which  may  be  called  the  second-difference, 
will  appear  to  any  person  who  takes  the  trouble  to 
carry  on  the  table  a  few  terms  further.  Now,  when 
once  this  is  admitted  as  a  known  fact,  it  is  quite  clear 
that,  provided  the  first  term  (1)  of  the  table,  the  first 
tenn  (3)  of  the  first-differences,  and  the  first  term  (2) 
of  the  second  or  constant  difference  are  originally 
g^ren,  we  can  continue  the  table  to  any  extent,  merely 
by  simple  addition :  for  the  series  of  first-differences 
may  be  formed  by  repeatedly  adding  the  constant  dif- 
fercBce  2  to  (3)  ihe  first  number  in  column  B,  and 
we  then  necessarily  have  the  series  of  odd  nimibers, 
Z,  S,  7,  &c. ;  and  again,  by  successively  adding  each 
of  these  to  the  first  number  (1)  of  the  table,  we  pro- 
dace  the  square  numbers." 

Having  thus  thrown  some  light  on  the  theoretical  part 
of  the  question,  Mr.  Babba^  proceeds  to  shew  that 
tike  mechanical  execution  of  such  an  engine  as  would 
produce  this  series  of  numbers,  is  not  so  far  removed 
from  that  of  ordinary  machinery  as  might  be  conceived. 
He  imagines  three  clocks  to  be  placed  on  a  table, 
by  side,  each  having  only  one  hand,  and  a  thou- 
divisions  instead  of  twdve  hours  marked  on  the 
;  and  every  time  a  string  is  pulled,  each  strikes 
oo  a  bell  the  numbers  of  the  divisions  to  which  the 
hand  points.  Let  it  be  supposed  that  two  of  the 
dociEa,  for  the  sake  of  distinction  called  B  and  C,  have 
mechanism  by  which  the  clock  C  advances  the 
of  the  clock  B  one  division  for  each  stroke  it 
on  its  own  bell ;  and  let  the  clock  B  by  a  simi- 
lar oontrivanoe  advance  the  hand  of  the  clock  A  one 
dirisicm  for  each  stroke  it  makes  on  its  own  bell. 
Having  set  the  hand  of  the  clock  A  to  the  division  I, 
that  of  B  to  III,  and  that  of  C  to  II,  pull  the  string 
of  dock  A,  which  will  strike  one ;  pull  that  of  clock  B, 
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which  will  strike  three,  and  at  the  same  time,  in  con- 
sequence of  the  mechanism  we  have  referred  to  above, 
will  advance  the  hand  of  A  three  divisions.  Pull  the 
string  of  C,  which  will  strike  two  and  advance  the 
hand  of  B  two  divisions,  or  to  division  V.  Let  this 
operation  be  repeated;  A  will  then  strike  four;  B 
will  strike  five,  and  in  so  doing  will  advance  tlie  hand 
of  A  five  divisions ;  and  C  wUl  again  strike  two,  at 
the  same  time  advancing  the  hand  of  B  two  divisions. 
Again  pull  A,  and  it  will  strike  nine ;  B  will  strike 
seven,  and  C  two.  If  now  those  divisions  struck,  or 
pointed  at  by  the  clock  A  be  attended  to  and  written 
down,  it  will  be  found  that  they  produce  a  series  of 
the  squares  of  the  natural  numbers;  and  this  wili 
be  the  more  evident,  if  the  operation  be  continued 
further  than  we  have  carried  it.  Such  a  series  could 
of  course  be  extended  by  this  mechanism  only  so  far 
as  the  three  first  figures ;  but  this  may  be  sufficient  to 
give  some  idea  of  the  construction,  and  was  in  fact, 
Mr.  Babbage  states,  the  point  to  which  the  first 
model  of  his  calculating  engine  was  directed. 

In  order  to  convey  some  idea  of  the  power  of  this 
stupendous  machine,  we  may  mention  the  effects  pro- 
duced by  a  small  trial  engine  constructed  by  the  in- 
ventor, and  by  which  ne  computed  the  following 
table  from  the  formula  sfi  -\-  x  -^  Al.  The  figures  as 
they  were  calculated  by  the  machine,  were  not  exhi- 
bited to  the  eye  as  in  sliding-rules  and  similar  instru- 
ments, but  were  actually  presented  to  it  on  two 
opposite  sides  of  the  machine,  the  number  383,  for 
example,  appearing  m  figures  before  the  |)erson  em- 
ployed in  copying.  The  following  table  was  calcu- 
lated by  the  engine  referred  to : 


41 
43 
47 
53 
61 

71 
83 

97 
113 


131 
151 
173 
197 
223 
251 
281 
313 
347 


383 
421 
461 
583 
547 
593 
641 
691 
743 


797 
853 

911 

971 

1033 

1097 
1163 
1231 
1301 


1373 

1447 
1523 
1601 
1681 
1763 

1847 
1933 
2021 


While  tiie  machine  was  occupied  in  calculating 
this  table,  a  friend  of  the  inventor  undertook  to  vnite 
down  the  numbers  as  they  appeared.  In  consequence 
of  the  copyist  writing  quickly,  he  rather  more  than 
kept  pace  with  the  engine  at  first,  but  as  soon  as 
five  figures  appeared,  the  machine  was  at  least  equal 
in  speed  to  the  writer.  At  another  trial,  thirty-two 
numbers  of  the  same  table  were  calculated  in  the 
space  of  two  minutes  and  thirty  seconds,  and  as  these 
contained  eighty-two  figures,  the  engine  produced 
thirty-three  figures  every  minute,  or  more  than  one 
figure  in  every  two  seconds.  On  a  subsequent  oc- 
casion, it  produced  44  figures  per  minute ;  and  this 
rate  of  computation  could  be  maintained  for  any  length 
of  time. 

It  may  be  proper  to  add,  that  M..  Babbage  stated 
to  the  editor  of  this  work,  that  he  considered  the 
powers  of  his  machine  as  scarcely  at  all  developed^ 
indeed,  that  the  automaton  was  yet  but  in  its  infancy. 
If  such  be  the  childhood  of  this  gigantic  engine,  what 
may  we  not  expect  from  its  maturity  ?  There  is  a 
general  belief  that  this  gentleman  has  received  a  large 
parliamentary  grant  as  a  reward  for  his  invention; 
this  is,  however,  a  vulgar  error.  He  has  superin- 
tended the  construction  of  the  instrument  at  the  ex- 
pense of  the  Grovemment,  but  he  has  not  directly  or 
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mdirectly  received  the  slightest  pecnniary  compensa- 
'tion  for  h^s  services. 

Abaissbd,  abaiss^,  a  term  used  in  Heraldry  to 
express  the  situation  of  the /erne,  or  any  other  bear- 
ings when  it  is  depressed  below  the  centre  of  the 
shield. 

Abas,  a  weight  which  is  used  in  Persia  for  weigh- 
ing pearls.  According  to  Dr.  Kelly's  late  work  on 
Oriental  Metrology,  it  answers  to  3.66  diamond 
grains  English,  or  2.25  troy  grains  :=  .148  deci-. 
gramme. 

Abassi,  or  Albaajbr,  a  silver  coin  current  in  Per- 
sia, equivalent  in  value  to  two  mamoodis,  or  four 
chay^s.  It  took  its  name  from  Schah  Abbas  II., 
king  of  Persia,  under  whom  it  was  struck,  and  is 
worth  about  one  shilling  of  our  money. 

Abatbmbnt,  a  term  used  in  Heraldry,  to  denote  a 
marie  annexed  to  the  paternal  coat,  in  order  to  express 
or  point  out  some  ungentlemanlike  behaviour  or  in- 
famy, by  which  thai  coat  is  abated  or  lowered  m 
dignity.  The  marks  of  abatement  mentioned  by 
heraldic  authors  are  nine  in  number ;  but  although 
anciently  heralds,  or  officers  of  arras,  might  have 
settled  these  bearings  as  the  proper  teatera  or  abate- 
ment of  honour  to  deter  men  from  the  commission  of 
such  dishonourable  acts,  scarcely  an  instance  of  any 
one  of  them  having  been  actually  borne,  is  given  by 
heraldic  writers,  and  the  French  discard  it  altogether 
as  an  English  fancv. 

Abatis,  a  species  of  military  defence  formed  of 
trees  cut  down  and  laid  with  their  branches  turned 
towards  the  enemy,  so  as  to  protect  troops  stationed 
behind  them.  They  are  sometimes  placed  before  re- 
doubts and  other  works,  to  render  attacks  difficult ; 
and  along  the  skirts  of  a  wood,  in  order  to  prevent 
the  enemv  from  getting  possession  of  it.  In  this 
case,  the  vrunks  serve  as  a  breast- work,  behind  which 
the  troops  are  posted,  and  should  therefore  be  so  dis- 
posed, that  the  parts  may,  if  possible,  flank  one  an- 
other. In  addition  to  these  applications,  the  abatis 
may  often  be  of  essential  service,  by  retarding  the 
progress  of  the  enemy. 

Abb,  the  vam  of  a  weaver's  warp,  whence  the 
wool  of  whicn  it  is  mad6  is  termed  abb-Wool. 

Abdomkn,  or  lower  venter,  the  anatomical  term 
for  the  belly.  This  cavity  is  ttiat  division  of  the  hu- 
man body  which  is  situated  betwixt  the  thorax  and 
the  pelvis.  It  is  hounded  above  by  the  arch  of  the 
diaphragm,  behind,  by  the  spine,  on  the  sides  and 
fore  part,  by  the  abdominal  muscles ;  and  below,  the 
abdominal  viscera  are  supported  by  what  are  termed 
the  aloe  ilii  and  the  pubis.  It  contains  the  viscera 
more  or  less  immediately  connected  with  digestion, 
and  the  kidneys  which  secrete  the  urine. 

To  give  greater  accuracy  to  the  description  of  the 
seat  of  the  viscera,  or  perhaps  rather  more  strictly,  to 
connect  the  knowledge  of  the  internal  parts  with  the 
exterior  of  the  belly,  it  has  been  long  customary  to 
mark  certain  arbitrary  divisions  on  its  surface,  which 
are  called  regions. 

The  epigastric  reffion  is  the  upper  part  of  the  belly, 
under  the  point  of  the  sternum,  and  in  the  angle 
made  by  the  meeting  of  the  cartilages  of  the  ribs  with 
the  sternum.  Upon  the  sides,  under  the  cartilages  of 
the  ribs,  are  the  hypochoAdriac  regions,  or  the  right 
and  left  hypochonchium.  These  three  regions  com- 
pose the  upper  division  of  the  abdomen,  in  which  are 
seated  the  stomach,  liver,  spleen,  pancreas,  duode- 
num, and  part  of  the  arch  of  the  colon,    llie  space 


surrounding  the  umbilicus  between  the  epigastrium 
and  a  line  drawn  from  the  crest  of  one  os  ilii  to  the 
other,  is  the  umbilical  region.  The  hypogastric  re- 
gion is  of  course  the  lowest  part  of  the  belly,  consist- 
ing of  the  angle  between  the  umbilical  region,  the 
spines  of  the  ossa  ilii,  and  the  pubis.  The  two  lateral 
spaces  between  the  false  ribs  and  the  spine  of  the  os 
ihi,  are  the  iliac  regions,  or  the  louis. 

The  boundaries  of  the  abdomen  are  everywhere 
lined  by  a  thin  and  elastic  membrane  called  the  peri- 
toneum, which  also  more  or  less  envelopes  the  con- 
tained viscera.  The  peritoneum  ma^  be  compared  to 
a  flaccid  bladder  behind,  and  on  the  outside  of  which 
the  intestines  and  other  supposed  contents  are  placed. 
This  membrane  is  then  folded  around  them,  and  the 
two  sides  of  the  bladder,  after  enfolding  the  intestines, 
are  brought  togetiier,  forming  the  mesentery.  The 
peritoneum  is  therefore  contiguous  on  its  internal 
surfaces,  or  only  separated  by  a  vapour  called  halitns, 
which  after  death  condenses  into  a  watery  fluid. 

The  term  viscera,  though  referring  more  particu- 
larly to  the  fleshy  or  solid  contents  of  the  great  cavi- 
ties, is  applied  generally  to  all  the  parts  contained  in 
them.  The  economy  of  the  abdominal  viscera  is  very 
important  in  the  processes  of  digestion.  The  organs 
destined  to  receive  the  food,  and  to  perform  the  flrst 
of  those  changes  upon  it,  which  after  a  due  succession 
of  actions  fit  it  for  becoming  a  component  part  of  the 
living  body — are  the  stomach  and  intestines,  which 
may  be  considered  as  primary,  and  the  glandular 
viscera,  the  liver,  the  pancreas,  and  in  all  probability 
the  spleen,  as  subservient  or  secondary  organs.  These 
may  be  divided  into  the  membranous  or  floating  vis- 
cera, comprising  the  whole  track  of  the  intestinal 
canal,  and  the  glandular  viscera;  or,  what  is  still 
better,  they  may  be  distinguished  into  those  parts 
which  have  action  and  motion,  and  those  which  are 
quiescent,  or  possessed  of  no  power  of  contraction. 
Thus  the  stomach,  intestines,  gall-bladder,  and  blad- 
der of  urine  (though  this  belongs  to  the  pelvis),  have 
muscular  coats,  and  possess  the  power  of  contracting 
their  cavities ;  while  the  liver,  spleen,  pancreas,  and 
kidneys  have  no  muscularity  but  in  their  vessels  and 
excretory  ducts. 

The'  intestinal  canal  may  be  divided  into  three 
parts;  the  stomach,  the  great  and  the  small  intes- 
tineft.  The  small  intestines  are  subdivided  into  the 
duodenum,  jejunum,  and  ileon;  the  great,  into  the 
ccecum,  colon,  and  rectum.  The  stomach,  into  which 
the  food  is  conveyed  by  the  cesophagus,  or  gullet,  is 
the  seat  of  the  digestive  process ;  in  the  duodenum, 
the  food  receives  the  addition  of  the  secretions  from 
the  liver  and  pancreas,  and  is  still  further  adapted  to 
animalization ;  in  the  long  tract  of  the  jejunum  and 
ileon  the  nutritious  part  is  absorbed ;  and  in  the  great 
intestines  the  effete  matters  are  carried  slowlv  for- 
ward,  and  at  the  same  time  suffer  a  further  absorption 
of  their  fluid  contents,  until  as  foeces  they  lodge  in  the 
rectum,  or  last  division  of  the  canal.  From  this  view, 
it  is  apparent  that  each  of  the  divisions  of  the  intes- 
tinal canal  is  marked  by  some  peculiarity  in  its  use 
or  function ;  and  for  a  more  detailed  account  of  their 
structure  individually,  we  must  refer  to  the  several 
portions  of  which  it  is  composed. 

Abductor,  a  term  applied  to  those  muscles  which 
draw  backwards  the  moveable  parts  into  which  they 
are  inserted,  and  of  which  there  are  many  in  the 
human  body. 

Aberration  of  light.    We  see  an  object  because 


Ifaft  nyt  of  lig)kt  proceediDg  from  it  strike  oar  eyes, 
ud  we  tee  the  place  of  the  object  in  the  direction  b 
whidi.  they  proceed.    Let  na  now  imagine  the  earth, 
in  its  circait  round  the  son,  just  arrived  opposite  to 
a  fixed  star,  which  sends  off  rays  perpendicularly  to 
^direction  of  the  earth's  motion.    The  eye  of  the 
spectator  meets  the  ray,  and  as  he  perceiyes  not  his 
own  motion,  he  supposes  the  light  to  be  moving  in 
an  opposite  direction ;  as»  when  we  sail  in  a  boat, 
the  trees  on  the  shore  appear  to  pass  along  by  us. 
Thus  the  eye  misses  the  perpendicular  ray,  but  meets 
an  oblique  one,  and  thence  receives  the  impression  of 
tile  light  in  the  durection  which  results  from  this 
compcmnd  motion,  namely,  in  the  diagonal  of  a  pa- 
ralWogram,  the  sides  of  which  represent  tiie  real 
notion  of  the  light,  and  the  apparent  one  (u  e.  the 
motion  of  the  earth),  which  take  place  at  the  same 
time.    TTie  specUtor  sees  the  star  in  its  true  place 
^J  when  he  is  either  approaching  it,  or  receding 
firom  it,  in  a  straight  line.    When  moving  in  any 
other  direction,  the  star  appears  a  little  in  advance 
of  its  true  position  in  the  same  direction  (the  maxi- 
mum is  20^—25*0 ;  and  we  call  by  the  name  of  aber- 
ratiom  uf  iigki  these  apparent  changes  in  the  situa- 
tion of  the  heavenly  bodies,  occasioned  by  the  motion 
of  the  earth.    We  easily  see  that  these  changes  are 
common  to  all  the  heavenlv  bodies,  and  are  only 
■ore  striking  in  the  case  of  the  &Led  stars.    They 
afford  an  additional  proof  of  the  motion  of  the  earth. 
In  consequence  of  this  abberration,  the  fixed  stars 
appear,  during  the  revolution  of  tiie  earth  about  the 
SM,  according  as  they  are  situated,  either  in  the 
^ane^  the  ecliptic,  or  in  its  poles,  or  somewhere 
between  them,  in  the  first  case  to  deviate  in  a  straight 
line  to  the  ri^t  or  left  of  their  true  phice,  in  the  se- 
cond to  describe  a  circle,  in  the  third  an  ellipse  about 
that  point,  which  further  observation  determines  to 
be  their  real  situation.    This  discovery  we  owe  to 
Bradley. 

The  spherical  abmrraiian  of  leuae»  must  be  under- 
«ood  before  the  student  can  at  all  comprehend  the 
principles  of  optics.  It  is  generally  supposed  that 
the  TVfh  refracted  firom  lenses  or  magnifymg  glasses 
meet  exactly  in  a  focus;  but  this  is  by  no  means 
strictly  true,  as  those  which  pass  through  the  centre 
•r  axis  of  the  lense  go  beyond  those  which  are  inci- 
dent at  a  greater  distance. 

In  order  to  understand  the  cause  of  spherical  aber- 
mtion,  let  UL  be  a  plano-convex  lens,  one  of  whose 
sor&ces  is  spherical,  and  let  its  plane  surface,  L  m  L, 
be  turned  towards  parallel  rays  RL,  RL.  LetR'L', 
If  L',  be  rays  very  near  the  axis  A  F  of  the  lens,  and 
let  F  be  their  focus  after  refraction.  Let  RL,  RL 
be  parallel  rays  mcident  at  the  very  margin  of  the 
kns,  and  it  will  be  found  by  the  method  of  projection, 
that  the  corresponding  refracted  rays  L/,  L/  will 
meet  at  a  point  much  nearer  the  lens  than  F.  In  like 
maner  intermediate  rays  between  R  L  and  R'  L'  will 
have  die  foci  intermediate  between/ and  F.  Continue 
te  rays  L/,  L/,  till  tiiey  meet  at  G  and  H,  a  plane 
passing  throu^  F.  The  distance  /F  is  called  the 
I^^^I^Mo/  ipherical  abetraium,  and  G  H  the  Uieral 
^fkerieal  mbemUiom  of  ike  lau*  In  a  plano-convex 
kns  placed  like  that  in  the  figure,  the  longitudinal 
iphencal  aberxation/F  is  no  less  than  4^  times  m  a, 
me  thickness  of  the  lens.  It  is  obvious  that  such  a 
kns  cannot  form  a  distinct  picture  of  any  object  in 
iti  focus  F.  If  it  is  exposed  to  the  sun,  the  central 
pmtafthe  leas  U  m  L\  whose  focus  is  at  F,  will  form 
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a  pretty  bright  image  of  die  sun  at  F;  but  as  the  rays 
of  the  sun,  which  pass  through  the  outer  part  of  LL 
of  the  lens,  have  their  foci  at  points  between  /  and  F, 
the  rays  vrill,  after  arriving  at  those  points,  pass  on 
to  the  plane  G  H,  and  occupy  a  circle  whose  diameter 
is  G  H ;  hence  the  image  of  the  sun  in  the  focus  F 
will  be  a  bright  disc,  surrounded  and  rendered  indis- 
tinct by  a  broad  halo  of  light,  growing  fainter  and 
fainter  from  F  to  G  and  H.  In  like  manner,  every 
object  seen  through  such  a  lens,  and  every  image 
formed  by  it,  will  be  rendered  confused  and  indistinct 
by  spherical  aberration. 


The  form  assumed  by  the  sun's  disc  is  shown  by 
the  radial  circles  at  the  opposite  extremity  of  the 
wood-cut. 

These  results  may  be  illustrated  experimentally  by 
taking  a  ring  of  black  paper  and  covering  up  the 
outer  parts  of  the  face  L  L  of  the  lens.  This  will 
diminish  the  halo  G  H,  and  the  indistinctness  of  the 
image ;  and  if  we  cover  up  all  the  lens  excepting  a 
small  part  in  the  centre,  the  image  will  become  per- 
fectiy  distinct,  though  less  bright,  than  before,  and 
the  focus  will  be  at  F.  If,  on  the  contrary,  we  cover 
up  all  the  central  part,  and  leave  only  a  narrow  ring 
at  the  circumference  of  the  lens,  we  sdall  have  a  very 
distinct  image  of  the  sun  formed  about/. 

For  the  aberration  of  light,  see  the  elementary 
works  on  astronomy,  the  dictionaries  of  natural  phi- 
losophy by  Gehler,  Fischer,  &c.  There  is  a  very 
good  account  of  it  in  Biot's  Traits  E'l^entaire 
d^Astronomie  Physique,  Paris,  1811,  2d  Treatise,  vol. 
3,  page  120,  ct  seq.  Tables  of  aberration,  accom- 
panied with  explanations,  are  to  be  found  in  the 
baron  von  Zach's  works.  Tabula  apeciales  Aberra- 
tionis  et  Nutationis,  etc.,  Gotha,  1806,  and  in  the  same 
author's  Nouoelles  Tables  cTAbAration  et  de  Nutation 
pour  1404  Etoileg,  avec  une  Thble  g^n^aU  d'Aherra- 
Hon  pour  les  Plan^tes  et  les  Comktes,  Marseilles,  1812, 
and  SuppUment,  1813. 

Abluents,  medicines  applied  to  wash  off  from  the 
external  or  internal  surfaces  of  the  body  any  matters 
adhering  improperly  to  tiiem. 

Abomasum,  the  fourth  stomach  of  ruminating  ani- 
mab,  or  that  in  which  the  process  of  digestion  is 
completed. 

Abscess,  a  term  applied  in  Surgery  to  a  cavity 
containing  pus  or  a  collection  of  punform  matter. 
Abscissa.  See  Conic  Sections. 
Absorbent  System,  the  organs  which  are  em- 
ployed in  the  performance  of  the  process  of  absorp- 
tion, or  that  by  which  the  substances  that  serve  for 
the  growth  and  support  of  the  body  are  carried  into 
the  blood  and  are  assimilated  to  tnat  fluid.  It  ap- 
pears to  be  a  general  principle  in  the  animal  economy, 
that  all  the  particles  of  which  the  body  is  composed, 
after  a  certain  period,  lose  the  power  of  performing 
their  appropriate  functions ;  and  that  it  consequently 
becomes  necessary  to  have  them  replaced  by  new 
matter.  It  is  by  means  of  absorption  that  this  ex- 
change of  particles  take  place,  the  former  constituents 
being  taken  up  by  the  vessels  and  returned  into  the 
general  circulation,  to  be  either  discharged,  or  em- 
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ployed  under  some  new  fonn,  while  a  diflferent  set  c^ 
absorbents  receive  the  recent  matter  from  the  products 
of  digestion,  and  likewise  convey  it  to  the  blood, 
whence  it  is  distributed  to  all  parts  of  the  body.  The 
apparatus  by  which  this  process  b  effected,  or  the 
absorbent  system,  may  be  regarded  as  consisting  of 
four  parts,  the  lacteals,  the  lymphatics,  the  conglo- 
bate glands,  and  the  thoracic  duct.  It  is  to  Aselli 
that  we  are  indebted  for  our  acquaintance  with  the 
lacteals  as  a  specific  and  distinct  system,  possessing  a 
peculiar  structure  and  an  appropriate  office — a  disco- 
very which  he  made  in  the  year  1622.  In  the  course 
of  his  dissections,  he  observed  a  series  of  vessels,  un- 
connected with  the  arteries  and  veins,  dispersed  over 
the  mesentery  of  a  dog ;  and  in  consequence  of  the 
chyle  with  which  they  were  filled,  he  gave  them 
the  name  of  lacteals.  After  they  have  acquired  a 
sufficient  degree  of  magnitude,  these  vessels  may 
be  easily  recognized  along  the  mesentery;  like  the 
;enous  part  of  the  sanguiferous  system,  the  small 
branches  nm  together  to  four  larger  ones,  while  these 
again  unite,  until  the  whole  compose  a  few  great 
trunks  which  terminate  in  the  lower  end  of  the  tho- 
racic duct.  They  are  furnished  with  numerous  valves 
of  a  semi-lunar  form,  disposed  in  pairs,  and  so  as  to 
prevent  the  retrograde  motion  of  the  contents  of  the 
vessels. '  llie  small  branches  frequently  anastomose 
with  each  other,  more  so,  indeed,  than  either  the 
veins  or  the  arteries ;  for  it  is  a  general  law  of  na- 
ture, that  the  smaller  the  vessels  of  every  kind, 
the  more  freely  they  communicate  and  unite  with 
each  oUier.  The  lacteals  are  further  characterized 
by  the  thinness  and  transparency  of  their  coats,  by 
which  they  are  rendered  very  difficult  of  detection, 
except  when  they  are  distended  with  the  white  and 
opaque  chyle. 

The  discovery  of  the  lymphatics  was  a  few  years 
posterior  to  that  of  the  lacteals ;  for  although  their 
structure  and  composition  are  nearly  similar,  yet,  in 
consequence  of  their  contents  being  transparent  and 
colourless,  they  are  less  easily  detected.  Like  those 
vessels,  they  are  composed  of  a  fine  and  transparent, 
but  firm  and  elastic  substance,  are  provided  with 
numerous  valves,  and  form  frequent  anastomoses. 
But  though  analogous  to  the  lacteals  in  their  principal 
fimction  and  in  their  ultimate  destination,  they  differ 
from  them  in  their  situation  and  in  their  contents ; 
for  while  those  vessels  are  confined  to  the  mesentery, 
and  serve  only  to  convey  the  chyle,  the  lymphatics 
are  found  in  almost  every  part  of  the  body,  and  are 
filled  with  a  transparent  and  colourless  fluid,  wMch, 
as  its  name  imports,  was  supposed  to  consist  princi- 
pally of  water.  Their  larger  channels  are  arranged 
mto  two  principal  series  or  systems,  one  near  the 
surface,  and  the  other  more  deeply  seated.  These 
main  branches,  for  the  most  part  follow  the  course  of 
the  great  veins,  and  are  finally  reduced  to  three  or 
four  great  trunks,  terminating  in  the  thoracic  duct. 
This,  as  we  have  before  observed,  receives  also  the 
tributary  stream  of  the  anastomosing  lacteals,  and 
pours  the  whole  of  the  complicated  fluid  steadily  and 
slowly,  by  means  of  a  valve  placed  for  this  purpose 
at  its  opening,  into  the  left  subclavian  vein,  whence 
it  b  conveyed  to  the  heart. 

The  conglobate,  or  lymphatic  glands,  compose  a  con- 
spicuous portion  of  the  absorbent  system.  They  are 
met  with  in  different  parts  of  the  body,  always  con- 
nected with  the  lymphatics.  They  are  of  various  sizes, 
sometimes  simple,  sometimes  in  clusters ;  and  although 


their  use  is  not  understood,  we  may  presume  that  tliey 
fulfil  some  important  purpose  from  the  circumstance 
of  every  absorbent  vessel  during  its  course  passing 
through  one  or  more  of  these  glands.  Although  we 
are  not  acquainted  with  the  nature  of  the  function 
which  is  exercised  by  these  glands,  we  may  fairly 
presume  that  they  tend  in  some  way  or  other  to  the 
completion  or  the  perfection  of  the  absorbent  sys- 
tem, as  they  are  found  principally  in  the  higher 
orders  of  animals.  In  those  of  an  inferior  description, 
we  have  the  vessels  without  the  glands,  while  in 
those  of  a  still  lower  order,  neither  the  vessels  nor 
the  glands  can  be  detected,  so  that  the  process  of 
absorption  must  be  carried  on  by  some  more  simple 
apparatus.  Respecting  the  structure  of  these  glands 
there  exists  a  controversy,  whether  they  contain  cells, 
or  whether  they  consist  of  a  mere  congeries  of  ves- 
sels ;  tiie  earlier  anatomists  maintaining  the  former, 
while  the  more  recent  authors  adhere  to  the  latter 
opinion. 

The  office  of  the  absorbents  is  literally  expressed 
by  their  name ;  it  consists  in  receiving  or  taking  up 
certain  substances,  and  in  transporting  them  from 
one  part  of  the  body  to  another.  The  substances 
which  are  thus  taken  up  may  be  referred  to  two  only, 
the  chyle  and  the  lymph,  the  former  being  received 
by  the  lacteals,  and  the  latter  by  the  lymphatics, 
llie  immediate  object  of  the  action  of  the  two  sets  of 
vessels  is  also  essentially  different,  that  of  the  first 
being  to  convey  a  fluid  from  the  part  where  it  is 
formed,  into  the  blood,  in  order  that  it  may  directly 
conduce  to  the  nutrition  of  the  body,  the  latter  serv- 
ing  to  remove  what  is  useless  and  noxious,  and  to 
dispose  of  it  in  such  a  manner  that  it  may  either  be 
applied  to  some  secondary  purpose  of  utility,  or  be 
finally  discharged  from  the  system.  Although  there 
is  some  uncertainty  respecting  the  anatomical  struc- 
ture of  the  mouths  of  the  lacteals,  and  considerable 
difficulty  in  explaining  the  mode  in  which  the  chyle 
enters  them,  we  can  have  no  doubt  that  they  are  so 
dispersed  over  the  surface  of  the  intestines,  as  to  be 
able  to  receive  the  chyle  when  it  is  presented  to  tHem. 
By  their  contractile  power,  assisted  by  the  mechani- 
cbI  action  of  the  valves,  and  probably  by  other  causes, 
the  fluid,  when  it  has  once  entered  the  vessels,  is 
necessarily  propelled  from  their  extremities  towards 
their  trunks,  until  at  length  it  arrives  at  the  thoracic 
duct.  The  action  and  functions  of  the  lymphatics 
do  not  appear  to  be  essentially  different  from  those 
of  the  lacteals;  but  there  is  one  circumstance  in 
which  these  two  sets  of  vessels  seem  to  differ,  that 
while  the  latter  appear  to  be  capable  of  receiving 
nothing  but  chyle,  which  they  are  in  some  way 
or  other  enabled  to  select  from  the  heterogeneous 
mass  of  matter  through  which  it  is  diffused,  the 
lymphatics,  on  the  contrary,  possess  the  distin- 
guishing property  of  taking  up,  as  occasion  may  re- 
quire, every  substance  that  enters  into  the  com- 
position of  the  body,  as  well  as  extraneous  matters 
of  various  kinds  that  are  accidently  or  intention- 
ally placed  in  contact  with  their  mouths.  With  re- 
spect to  the  thoracic  duct  we  have  no  reason  to  suppose 
that  there  is  any  thing  specific  in  its  action,  or  that, 
except  in  size,  it  differs  from  the  other  absorbent 
vessels.  Its  particular  office  appears  to  be  that  of 
serving  as  a  reservoir  in  which  the  chyle  may  be  de- 
posited for  the  purpose  of  being  gradually  trans- 
mitted into  the  sanguiferous  system,  as  there  is  some 
reason  to  suspect  that  injury  would  ensue  if  too  large 
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a  qointity  of  ttiis  flvid  were  poured  into  the  veins  at 
any  one  time. 

From  die  above  remarks  it  appears  that  we  are  in 
little  donbt  respecting  the  use  of  the  vascular  part  of 
the  absorbent  system  ;  hut  this  is  not  the  case  with 
its  glandular  appendages.  It  can  scarcely  indeed 
appear  surprising  that  we  are  unable  to  explain  their 
use,  while  their  structure  is  still  involved  in  so  much 
obscurity,  and  yet,  on  the  other  hand,  it  may  be  said 
that  we  know  so  little  of  glandular  action,  or  of  the 
change  which  it  produces  upon  the  fluids  that  are 
sobJMted  to  it,  that  we  should  rather  attempt  to  elu- 
ddate  the  subject  by  physiological  than  by  anatomi- 
cal  investigations,  llie  most  probable  opinions  that 
have  been  entertained  upon  the  point  are,  either  that 
th^e  glands  are  proper  secreting  organs,  and  are  in- 
tended to  prepare  a  peculiar  substance,  which  is  mixed 
with  the  diyle  and  lymph,  or  that  they  offer  a  mecha- 
nical obstruction  to  the  progress  of  these  bodies,  by 
which  means  their  elements  are  allowed  to  act  upon 
each  other,  and  thus  to  produce  some  necessary 
change  in  die  nature  of  the  fluids  which  pass  through 
diem. 

From  the  period  of  the  complete  discovery  of  the 
lacteab  and  lymphatics,  it  has  been  a  general  opi- 
aton  both  with  anatomists  and  physiologists,  that 
their  appropriate  office  was  absorption;  but  it  has 
been  a  very  warmly  contested  point  whether  this  ope- 
ritkm  was  exclusively  performed  by  those  organs. 
The  ancients  supposed  die  process  of  absorption  as 
well  as  that  of  secretion,  to  be  effected,  not  by  a  dis- 
tmct  set  of  vessels  expressly  formed  for  that  purpose, 
but  by  the  peculiar  construction  of  the  arteries,  or  of 
•the  vnns,  or  of  both.  This  hypothesis  of  the  ab- 
sorption of  veins  without  the  interference  of  Ijrm- 
|hatics,  has  been  revived  within  the  last  twenty 
years  by  M.  Majendie  and  M.  Flandrin,  of  Paris ;  by 
diese  gentlemen  experiments  have  been  adduced  which 
bear  &  marks  of  great  ingenuity  in  their  contrivance, 
and  accuracy  in  their  execution,  and  the  results  of 
which  are,  peiiiaps,  at  l<*a9t  as  dedsive  in  favour  of 
venous  absorption  as  had  been  those  of  Hewson,  the 
Hooters,  and  Monro,  in  support  of  the  opposite 
ioctrine.  The  positions  attempted  to  be  established 
by  M.  Majendie  are  first,  that  it  b  certain  that  the 
dyiiferons  vessels  (lacteals)  absorb  chyle ;  secondly, 
that  it  is  doubdul  whether  they  absorb  anv  thing 
dse;  and,  thirdly,  that  it  is  not  proved  that  tne  lym- 
phatic vessels  possess  the  power  of  absorption ;  and  it 
is  proved  that  the  veins  have  this  power.  However 
fittie  we  may  feel  disposed  to  assent  to  this  doctrine 
of  absorption  merely  upon  the  faith  of  experiments, 
at  least  until  they  have  been  further  repeated  and 
diversified,  we  may,  in  the  mean  time,  go  so  far  as 
to  assert  that  venous  absorption  is  neither  impossible, 
aor  perhaps  improbable ;  and  that  with  the  evidence 
which  we  now  have  in  its  favour,  we  can  admit  of  no 
pbysic^ogical  hypothesis,  or  train  of  reasoning  which 
necessarily  involves  its  non-existence. 

We  have  before  observed,  that  the  only  substance 
which  the  lacteals  appear  destined  to  receive,  is  the 
chyle,  which  is  conveyed  by  them  from  the  intestines, 
where  it  is  produced,  to  the  thoracic  duct;  but  we 
have  reason  to  suppose  that  the  contents  of  the  lym- 
phatics are  of  a  more  miscellaneous  nature.  How 
fu  they  may  serve  for  the  purposes  of  nutrition,  it 
is  not,  perhaps,  very  easy  to  ascertain ;  but  we  may 
venture  to  assert  that  nutrition  is  not  their  sole,  or 
even  their  primary,  function,  that  being  rather  the 


appropriate  office  of  the  chyle.  We  are  indebted  to 
John  Hunter  for  the  first  consistent  hypothesis  upon 
this  subject ;  he  conceived  that  the  primary  use  of  the 
lymphatics  was  to  form  and  fashion  the  body  so  as 
to  give  it  its  proper  shape,  and  to  enable  it  to  increase 
in  bulk,  while  its  individual  parts  retained  their  ap- 
propriate figure  and  proportionate  size.  Thus  we 
observe  the  bone  of  a  young  animal  to  possess  a  cha- 
racteristic shape,  to  have  a  certain  number  of  projec- 
tions and  depressions  in  the  different  parts.  If  we 
examine  the  same  bone  in  the  adult  animal,  we  shall 
find  a  general  correspondence  between  the  parts  of 
both ;  we  have,  for  the  most  part,  the  same  number 
of  projections,  and  bearing  the  same  relation  to  each 
other.  But  it  is  obvious  that  this  chango  of  shape 
could  not  have  been  effected  by  the  accretion  of  new 
matter  to  the  original  bone,  nor  by  the  distention  of 
the  parts  already  existing ;  in  short,  the  only  way  in 
which  it  could  have  been  accomplished,  is  by  the  re- 
moval of  the  particles  of  which  the  young  bone  was 
formed,  and  the  gradual  deposition  of  others  in  their 
proper  situations.  An  operation  of  this  kind  can  be 
effected  by  no  means  with  which  we  are  acquainted, 
except  absorption;  thence  we  conclude,  that  the 
lymphatics  alone,  or  at  least  in  conjunction  with 
the  veins,  are  the  agents  employed  for  this  pur- 
pose. The  action  of  the  absorbents  is  still  more 
strikingly  displayed  in  many  morbid  states  of  the 
system  where  the  effects  are  more  visible  to  the  eye, 
in  the  occurrence,  in  an  unnatural  situation  of  an 
effusion  of  a  fluid  or  a  deposition  of  a  solid,  in  which 
cases  these  extraneous  substances  are  gradually  re- 
moved. 

The  mode  in  which  the  absorbents  act  is  a  point  of 
great  uncertainty ;  with  respect  to  the  lacteals,  they  are 
said  to  be  furnished  with  a  peculiar  apparatus  attached 
to  their  mouths,  called  villi,  consisting  of  a  number  of 
small  vessels  that  are  so  disposed  as  to  be  brought 
into  direct  contact  with  the  fluid  intended  to  enter 
them,  as  is  supposed,  upon  the  principle  of  capillary 
attraction,  or  of  an  elective  attraction  between  the 
mouths  of  the  vessels  and  the  chyle.  The  l3rmphatic8 
are  capable  of  absorbing  a  variety  of  substances  differ- 
ing most  widely  in  their  nature,  and  a  peculiar  diffi- 
culty attends  this  part  of  the  subject,  arising  from 
the  circumstance  of  the  densest  solids,  being  so  acted 
upon,  as  well  as  the  more  fluid  components  of  the 
body.  If  solution  of  the  substances  be  necessary, 
we  are  at  a  loss  for  a  proper  solvent ;  and,  on  the 
other  hand,  it  is  not  easy  to  conceive  how  they  can 
else  be  absorbed.  This  difficulty  is  partiy  explained 
by  some  physiologists,  who  bring  forward  the  opera- 
tion of  the  vital  principle,  and  say  that  as  long  as  a 
part  possesses  that  principle,  it  is  enabled  to  resist  the 
action  of  the  absorbents,  but  that  it  immediately  be- 
comes subject  to  their  influence,  when  it  loses  that 
agent,  lliat  part  of  the  process  which  is  the  most 
dMcult  to  comprehend,  is  not,  however,  developed, — 
the  nature  of  the  change  which  converts  the  mate- 
rials into  that  state  which  adapts  them  for  being 
taken  up  by  the  absorbents. 

M.  Majendie  has  originated  a  new  hypUhesis  re- 
specting the  mode  in  which  the  organs  act ;  he  con- 
ceives it  to  be  that  of  capillary  action  exercised  by 
the  sides  of  the  vessels  upon  the  substances  to  which 
they  are  exposed.  It  is  evident,  however,  that  nothing 
can  enter  the  vessels  by  this  kind  of  filtration,  except 
what  is  perfecUy  dissolved  in  the  fluids,  and  he  doei^ 
not  inform  us  how  this  solution  is  effected.    The 
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coDcloftioni  of  this  dlatingnithed  physiologiit  have 
been  more  lately  enforced  by  a  lene*  of  elaborate  and 
ingcDioas  eiperimtats,  excuted  by  M.  Fodeim,  from 
wbicb  be  deduces  the  following  conclnnont :  1.  That 
exhalation  and  absorption  may  be  referred  to  tranaa- 
datioD  and  imbibitioD  through  the  poret  ofthe  mem- 
branoDB  teitnreB,  "  capillarity  de«  tisiuB,"  which 
enter  into  the  composition  of  the  organs.  1.  That 
ttaa  double  effect  may  be  prT>diiced  in  «U  parts  of  the 
body,  and  that  the  fluids  which  are  imbibed  may  be 
conveyed  equally  by  the  lymphatics,  or  by  the  arte- 
ries and  veins.  'Ilie  natnre  of  the  eipcriment*, 
however,  implying  u  they  do  BO  great  a  degree  of 
correctness  in  the  execution,  ought  to  render  ni  ex- 
tremely cautious  ia  receiving  them  as  conclusive  of 
the  results  which  are  attempted  to  be  established  from 

A  series  of  experiments  have  been  performed  by 
Dr.  Barry,  from  which  he  infers,  that  absorption  de- 
pends altogether  upon  atmospherical  pressure.  A 
dose  of  poison,  under  ordinary  circumstances  proving 
fatal  in  a  few  seconds,  being  introduced  into  a  wound. 
was  rendered  completely  harmless  by  the  application 
of  an  exhausted  cupping  glass  over  it ;  and  even 
wben  the  symptoms  had  commenced,  still  the  vacuum 
had  the  effect  of  speedily  and  entirely  removing  them. 
We  may  observe,  however,  that  the  poison  was  not 
•imply  laid  on  tfie  surface,  but  was  inserted  into  a 
wotiad;  hence  it  won  Id  be  immediately  mixed  with 
the  blood,  and  carried  by  the  veins  to  the  central 
parts  of  the  system. 

Besides  this  absorption  of  substances  applied  to 
tike  skin,  and  forced  into  the  mouths  of  the  vessels  by 
(Hction,  or  other  mechanical  means,  it  is  supposed, 
that  when  the  body  is  immersed  In  water,  the  cuticle 
still  remaining  entire,  the  same  kind  of  absorption 
takes  place,  and  even  that  the  skin  has  the  power  of 
imbibiDg  water  from  the  atmosphere  if  it  exist  there 
in  unusual  quantity.  M.  Majendie  thinks  that  tbe 
cuticle  does  not  possess  this  power  while  in  a  sound 
state,  either  by  veins  or  lymphatics,  but  that  if  ab- 
■aided  or  strongly  urged  by  tbe  pressure  of  minute 
substances  that  enter  into  its  perspirable  pores,  the 
mouths  of  its  minute  veins  are  thus  rendered  ab- 
sorbent. The  experiments  of  Dr.  Edwards,  however, 
seem  conclusive  on  this  point,  and  would  lead  us  to 
infer  that  the  fiinction  of  absorption  is  actually  car- 
ried on  to  a  considerable  extent,  and  probably  with- 
out interruption,  although,  in  differerent  degrees, 
according  to  the  condition  of  the  animal,  and  the 
cimimBtances  to  which  tbe  body  is  exposed. 

Abdtmbnt.  TTiis  architectural  term,  though  very 
general  in  its  signification,  is  usually  understood  to 
apply  bat  to  the  extremities  of  an  arch  or  bridge. 
Butments  of  arches  are  the  same  with  buttressee,  and 
Oiey  answer  to  what  the  Romans  called  tubliett. 

One  of  the  most  beautiful  applications  of  the  abut- 
ment will  be  found  in  the  curved  support  of  the  early 
ecclesiastical  and  other  etUEces. 

Any  person  accustomed  to  the  heavy  masses  of 
stone  and  brick  work  usually  employed  to  resist  the 
lateral  pressure  in  modem  edifices,  most  at  once  see 
the  advantages  of  the  Jlyi'ig  buUrtn,  or  abutment. 
About  one-third  of  the  materials  need  in  this  form 
possesses  a  greater  degree  of  strength  than  could  be 
obtained  if  the  mass  had  been  solid ;  and  then  on  the 
•core  of  picturesque  effect,  the  early  architect  had 
decidedly  tbe  advantage. 

The  abutments  of  a  bridge,  when  formed  arliG- 
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cially,  nsuatly  conuit  of  solid  maaacs  of  masonrv, 
formed  by  the  aid  of  coffer-dams,  or  water-tig^ 
boxes,  in  which  the  abutment  is  erected;  thoogh 
there  are  cases  in  which  the  abutmmt  is  formed  na- 
turally. 


In  tbe  above  wood-eat,  repicsentiag  a  portioo  at 
the  wooden  bridge  erected  over  the  Thames  at  Walton, 
by  Mr.  Ethridge,  we  have  the  gravelly  soil  of  the  river 
acting  in  unison  with  courses  of  masonry  which  form 
the  abutment.  The  pier  in  the  river  acts  by  forming 
a  direct  support,  while  the  abutment  combines  tbe 
perpendicular  pressure  with  the  lateral  thrust.  It 
will  be  obvious  that  tbe  chain  bridge,  constructed  on 
suspension  principles,  forms  an  exception  to  this  view 
of  the  abutment ;  as  in  the  latter  case  the  chains  are 
attached,   bat   have  not  the  same  species  of  pres- 

Abtss,  in  HtraUiy,  the  centre  of  an  escutcheon. 
AcjEHA,  a  Grecian  land  measure  of  ten  feet. 
AciNTHus,  in  Arckitecturr,  ai\  ornament  repre- 
senting the  leaves  of  tbe  herb  bear's  breech,  which 
are  large  and  shaggy.  It  was  at  first  used  by  tbe 
ancients  as  an  ornament  to  friezes  and  cornices,  and 
at  length  to  the  other  members  of  architecture,  but 
is  principally  employed  as  the  grand  ortMment  ofthe 
CorimtliUBi  md  Compante  eapilalt  (See  those  articles). 
The  Greeks  used,  for  this  purpose,  the  leaves  of  the 
cultivated  acanthus  faeanthtu  nuilluj,  commonly  called 
brank  ursine,  or  bear's  breech,  from  its  shsgginest, 
which  grew  spontaneously  both  in  Greece  and  Italy. 
The  Gothic  architects  and  sculptors,  on  the  contrary, 
have  used  the  wild  and  prickly  acanthus  (acmUhuM 
»piimiaj,  being  smaller  in  its  parts,  and  more  suited 
to  the  littleness  of  their  styles  of  art.  Although  ar- 
chitecture has  made  the  greatest  use  of  the  acanthus, 
yet  the  other  arts  have  also  adopted  it  as  a  chaste 
and  splendid  decoration.  We  find  among  the  ancients, 
as  well  as  among  the  modems,  various  instruments, 
household  furniture^  and  utensils,  ornamented  with 
leaves  of  tbe  acanthus.  These  artists,  in  preserving 
tile  general  form  and  character  of  the  plant,  have 
lade  their  sinuosities  and  curves  more  or  less  promi- 
ent  to  suit  their  pnrpones,  and  have  thus  given  them 
more  sculpturesque  effect.  In  the  Corinthian  capi- 
tal they  are  executed  vrith  more  fidelity  and  elegance ; 
the  whole  plant  surTouuds  with  its  aspiring  leaves  the 
e  or  bell  of  the  capital,  as  if  attempting  to  lift  up 
abacus  that  covers  the  whole,  they  then  turn  down 
and  form  themselves  into  graceful  volutes. 

The  wood-cut  on  the  next  page  represents  the  leaves 
of  the  plant  gracefiilly  bending  in  the  form  already 
described,  and  the  artist  has  given  all  that  beauty  of 
form  which,  under  accidental  circumEtonces,  is  said 
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Amtbassia,  an  impurity  of  the  blood. 

ACCBUKATIOIT.      ScC  Motiot. 

AccK^T,  a  term  used  in  Untie  to  denote  ■  oertaiu 
nfbTMDKDt  of  ptuticular  sounds,  whether  by  die 
TOKe  or  bf  instrumenti.  It  u  geaerally  used  at  the 
b^jiuiuag  of  ban. 

AonoKKT,  in  Htr^ry,'a  an  additioaal  Dote  or 
maik  in  a  coat  of  am*,  not  neccMarily  belonging  to 
it,  bat  capable  of  haag  cither  omittnl  or  retained, 
aitboat  altering  the  essence  of  the  armonr ;  auch  as 
■bstement,  difference,  and  tinctore.  Although  often 
nKatioaed  by  heraldic  writers,  accidents  seem  to  have 
no  psTticnlar  meaning  in  blozonry,  generally  apply- 
ing to  strietores  and   moiLa  of  diffEreQce  in   coat 

AcciDSNTAi.,  in  Phiiotophy,  is  a  term  applied  to 
that  effect  which  results  from  a  canse  occurring  by 
icadent,  witboot  kpparently  following  any  genenil 
hvi.  Accidental  colours  are  those  which  seem  to 
depad  on  the  affections  of  the  eye  ia  contnulistinc- 
tion  to  such  as  belong  to  light  itself.  If  we  look  in- 
tenidy  with  one  eye  upon  any  coloured  spot,  such  as 
1  wafer  placed  on  a  sheet  of  paper,  and  immediately 
(fterwards  tnm  the  same  eye  to  another  part  of  the 
paper,  we  shall  see  a  similar  spot,  but  of  a  different 
eolimi.  Tbns,  if  the  wafer  be  red,  the  seeming  spot 
win  be  green ;  if  black,  it  will  be  changed  into  white; 
and  Id  the  same  manner  every  colour  has  a  corres- 
ponding noe  into  which  it  is  transformed. 

AccoLi',  a  French  heraldic  term  which  English 
heraUs  express  by  goryrd,  and  eoUartd.  Tile  same 
word  is  likewise  used  by  the  French  to  denote  two 
Wmu,  swords.  Sec.  placed  behind  a  shield. 

AccoMPAKiifKHT,  in  Miuic  (French,  a/xompagiu- 
■«';  Italian,  aecompagiumttUo),  is  that  part  of  music 
which  serves  for  the  support  of  the  principal  melody 
(lolo  or  obligato  part).  This  can  be  executed  either 
by  many  instmmcnts,  by  a  few,  or  even  by  a  single 
one-  We  have,  therefore,  pieces  of  music  with  an 
■ccompaniment  for  sereral,  or  only  for  a  single  in- 
•trament.  The  principles  on  which  the  effect  of  the 
accompaniment  rests  are  so  little  settled,  that  its 
ompasitioD  is  perhaps  more  difficult  than  even  that 
cf  t&e  melody,  or  principal  part.  Frequently,  the 
nne  imsical  thougU,  accordmg  to  the  character  of 
the  actompaniment,  produces  a  good  or  bad  effect, 
without  ODi  being  able  to  give  a  satisfactory  reason 
K«  (he  difference.  Hitherto,  the  Italians  have  been 
'■ott  distingnished  for  expressive  accompaniments 
contained  in  a  few  notes,  but  productive  of  great 
HTert.     In  this  respect,  the  Italian  music  generally 


surpasses  the  German  and  French,  as  it  n  . ._ 

the  effect  of  the  principal  part  by  means  of  the 
accompaniment.  The  French  are  far  behind  both  the 
other  nations,  in  respect  to  this  part  of  coraposltioD, 
as  they  frenoentiy  estimate  the  effect  by  the  quantity 
of  notes.  The  accompaniment  requires  of  tile  per- 
former the  most  scmpulous  study,  and  of  the  com- 
poser the  greatest  care  and  delicacy.  The  accompa- 
niment of  various  solo  instruments,  as  the  violin, 
flote,  piano.  Sec.  is  extremely  difficult,  and  to  give  it 
Ml  effect  requires  great  knowledge  and  skill.  The 
Italian  composers  accordbgly  consider  a  piano  ac- 
companiment for  a  lull  orchestra,  especially  in  the 
recitativo,  as  a  great  problem,  which  they  have  la- 
boured zealously  to  solve.  As  the  object  of  every 
musical  accompaniment  is  to  give  effect  to  the  prin- 
cipal part,  the  accompanier  should  always  aim  to 
support,  and  by  no  means  to  overpower  and  oppress 
it.  Of  all  composers,  Mozart,  even  in  respect  to  the 
accompaniments,  claims  the  first  place  for  the  sim- 
plicity and  beauty  with  which  he  amalgamates  the 
leading  and  accompanying  parts,  through  his  unri- 
valled knowledge  and  excellent  management  of  the 
parts  for  every  indlvidoal  instrament. 

AccouD,  in  Painting,  denotes  the  borraony  that 
reigns  among  the  lights  and  shades  of  a  picture. 

AccoHD,  in  Mtuie,  see  Concord. 

AccoaniAN.  A  new  musical  instrument  nnda 
this  title  has  lately  been  imported  from  Germany, 
and  many  of  them  since  constructed  in  this  country. 
They  consist  of  a  double  series  of  vibrating  tongues, 
pat  in  motion  by  a  current  of  air  from  a  pair  <Kf 
moveable  bellows,  and  when  well  made,  they  produce 
~~i  effect  but  little  inferior  loan  organ. 

Accbochb',  a  term  used  by  French  heralds  to  ex- 
press one  heraldic  charge,  or  bearing,  hooked  into 
another. 

AcBTABULUif,  in  ancient  Mttrohgy,  a  Roman 
measure  equal  to  about  one-eighth  of  our  pint,  and 
applicable  to  both  liquid  and  dry  substances.  Ac- 
cording to  Do  Pinet,  it  varied,  beii^  for  oil,  two 
ounces  and  two  scruples ;  for  wine,  two  ounces,  two 
drachms,  and  ll  grains  i  and  for  honey,  three  ounces, 
three  drachms,  one  scruple,  and  two  siliqUR. 

AcBTABCLDH,  Is  Anotomy,  is  a  large  sphenca. 
cavity  in  a  bone,  which  receives  the  convex  head  of 
another,  thereby  fonning  that  species  of  articnlatioD 
technically  termed  enarthrosis.  This  word  is  also 
sometimes  used  synonimously  'mth  cotyledon,  to  sig- 
nify a  sort  of  glandular  substance  found  in  the  pla- 
centa of  some  animals. 

Acetic  Acid.     See  Acid. 

AcBTODs,  an  epithet  applied  to  such  substances  as 

e  sour,  or  partake  of  the  nature  of  vin^ar. 

AcHBBSBT,  an  ancient  measure  of  com,  supposed 

be  the  same  with  our  quarter. 

AcHiOTTB,  or  AcBiOTE,  B  foreign  drug,  used  in 
dyeing  and  in  the  preparation  of  chocolate.  It  is  the 
same  with  the  substance  more  usually  known  by  the 
name  of  Amolto,  which  see. 

AcBBOMATic,  or  colourlsss.  This  word  was  first 
introduced  by  M.  La  Lande  in  his  work  oo  Astro- 
nomy. It  is  now  used  to  describe  those  compound 
optica]  instruments  which  transmit  light  without  re- 
ducing it  into  its  original  elements.  The  subject  will 
be  fully  treated  of  under  Optics. 

Ach'tblins,  a  measure  for  liquids,  used  in  Ger- 
many. Thirty-two  achtelings  make  a  heemer;  four 
Bciltims  make  an  aChteling. 
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Acips,  m  Chemistry,  a  class  of  substances  which 
are  more  or  less  distinguishable  by  the  following  pro- 
perties : — 1.  When  applied  to  the  tongue^  they  excite 
that  sensation  which  is  called  acid  or  sow, — 2.  They 
change  the  blue  colours  of  vegetables  to  a  red.  The 
vegetable  blues  usually  employed  as  a  test  for  this 
purpose  are  tincture  of  litmus  and  infusion  of  the  red 
cabbage.  If  these  colours  have  previously  been  con- 
verted to  a  green  by  alkalies,  the  acids  restore  them. — 
3.  They  readily  unite  with  water.^-4.  They  combine 
with  all  the  alkalies,  and  most  of  the  metallic  oxides 
and  earths,  and  form  with  them  various  chemical  com- 
pounds. It  may  be  proper  to  add,  that  every  acid 
does  not  possess  all  these  properties,  but  as  a  body, 
they  have  those  general  distinctive  characters. 

To  enable  our  readers  to  acquire  a  clear,  and  yet 
perspicuous  view  of  this  important  class  of  chemical 
bodies,  it  may  be  adviseable,  in  the  first  instance,  to 
briefly  enumerate  them,  and  then  point  out  the  pro- 
cess used  in  the  manufacture  of  those  chiefly  em- 
fioyed  in  the  useful  arts.  Those  of  our  readers  who 
•re  disposed  to  extend  their  inquiries  into  the  che- 
mical combinations  of  the  acids  with  other  bodies, 
may  do  so  by  referring  to  the  alphabetical  arrange- 
ment of  the  work  under  the  several  heads  of  each 
article.     The  acids  may  be  thus  enumerated ; — 


Acetic 

Arsenic 

Arsenious 

Benzoic 

Boletic 

Boracic 

Camphoric 

Carbonic 

Cetic 

Chloriodic 

Chloro-carbonic 

Chloro-cyanic 

Chromic 

Citric 

Columbic 

Dephlogisticated- 

muriatic 
Fluo-silicic 
Fluoric 
Formic 
Gallic 


Hydro-cyanic 
Hydro-fluoric 
Hydro-sulphuric 
Hypo-phospho- 
rous 
Kinic 
Laccic 
Lactic 
Lampic 
Malic 
Margaretic 
Millitic 
Moroxylic 
Muriatic 
Oleic 
Oxalic 
Oxychlolic 
Oxymuriatic 
Oxyodic 
Perchloric 
Phosphoric 


Phosphorous 

Prussic 

Pjrro-tartarous 

Saccholactic 

Selenic 

Sorbic 

Stable 

Stibious 

Suberic 

Succinic 

Of Sugar 

Sulpho-cyanic 

Sulphuretted- 

chyazic 
Sulphuric 
Sulphurous 
Tartaric 
Tungstic 
Avric 
Zumic 


We  may  commence  with  sulphuric  acid,  being  the 
one  most  used  for  chemical  and  manufacturing  pur- 
poses. 

When  sulphur  is  burned  in  dry  oxygen  gas,  or  vital 
air,  there  is  no  increase  in  volume ;  but  at  common 
temperatures,  a  colourless  transparent  gas  is  formed, 
which  is  distinguished  from  all  other  elastic  fluids,  by 
a  suffocating  pungent  odour,  well  known  as  the  smell 
of  burning  brimstone.  It  may  be  obtained  by  the 
action  of  sulphuric  acid  upon  mercury,  in  a  state  of 
great  purity.  The  mixture  may  be  put  into  a  retort 
and  heated,  but  the  gas  must  be  received  over  mer- 
cury. 

It  is  called  sulphurous  acid  gas. 

It  extinguishes  all  burning  bodies,  when  immersed 
in  it,  and  cannot  itself  be  burned.  It  is  instantly 
fatal  to  animal  life.  When  compressed,  it  assumes 
the  liquid  form ;  or  at  the  degree  of  cold  produced  by 
a  mixture  of  snow,  or  pounded  ice,  and  salt. 

It  nrst  reddens  blue  vegetable  colours,  and  then  de- 
stroys them ;  and  it)  bleaching  powers  are  very  consi- 


derable.   The  vapours  of  burning  sulphur  are  much 
used  in  whitening  silk  and  straw- work. 

One  hundred  cubic  inches  of  sulphurous  acid  weigh 
67.5  :  which  is  exactly  double  the  weight  of  an  equal 
quantity  of  oxygen ;  so  that  the  weights  of  sulphur 
and  oxygen,  in  the  compound,  are  equal. 

Water  at  60^  dissolves  about  33  times  its  bulk  of 
sulphurous  acid ;  and  the  solution  possesses  its  pecu- 
liar odour  and  taste,  which  is  astringent.  It  cannot, 
however,  be  preserved  any  length  of  time  ^vithout 
change. 

.  A  mixture  of  sulphurous  acid  and  oxygen  gas  may 
be  kept  for  any  length  of  time  without  showing  any 
further  disposition  to  combine,  provided  they  are 
quite  dry.  If  water  be  present,  the  sulphurous  acid 
will  gradually  unite,  with  a  further  proportion  of 
oxygen,  and  the  compound,  which  is  sulphuric  acid, 
will  be  taken  up  by  the  water. 

Sulphuric  acid  is  an  article  of  great  importance, 
and  is  largely  consumed  in  many  manufactures ;  and 
there  are  several  ways  of  procunng  it  for  commerce. 

By  distilling,  at  a  high  heat,  the  salt  called  green 
vitriol  (which,  it  will  be  hereafter  seen,  is  a  compound 
of  sulphuric  acid  and  protoxide  of  iron),  a  dense,  oily, 
colourless  liquid  may  be  obtained ;  which  emits  white 
vapours  on  exposure  to  the  air.  If  this  liquid  be 
again  distilled,  at  a  lower  temperature  into  a  receiver 
surrounded  with  pounded  ice  or  snow,  a  transparent, 
colourless  vapour  will  pass  over,  which  will  condense 
into  a  white  crystalline  solid.  It  is  tough  and  elastic ; 
liquefies  at  a  temperature  of  66^,  and  boils  at  about 
110^  or  120^.  It  has  a  strong  affinity  for  water,  and 
immediately  takes  it  from  the  atmosphere.  This 
solid  body,  there  is  reason  to  suppose,  is  pure  anhy- 
drous sulphuric  acid ;  but  there  are  some  doubts  re- 
specting its  nature. 

The  residue  in  the  retort  will  be  no  longer  fuming, 
and  is  the  common  oil  of  vitriol  of  commerce. 

Sulphuric  acid  is  manufactured  on  the  large  scale 
in  this  country  by  the  combustion  of  sulphur,  which, 
as  we  have  already  seen,  converts  it  into  sulphurous 
acid  gas.  This  gas  passes  into  large  leaden  cham- 
bers, the  bottom  of  which  is  covered  with  about  six 
inches  of  water ;  together  with  the  siilphurous  acid  gas, 
a  quantity  of  the  vapour  of  nitrous  acid  passes  into 
the  leaden  chamber.  These  two  acids  have  the  pro- 
perty of  uniting  together ;  and  they  form  minute  crys- 
tals, which  fall  into  the  water  at  the  bottom  of  the 
chamber.  The  moment  they  come  in  contact,  a  de- 
composition takes  place ;  the  sulphurous  add  is  con- 
verted into  sulphuric  acid,  and  the  nitrous  acid  into 
deutoxide  of  azote.  This  last  substance  makes  its 
escape  in  the  gaseous  state ;  but  immediately  comes 
in  contact  with  the  common  air  of  the  chamber,  and 
is  converted  into  nitrous  acid,  which,  uniting  with  a 
new  dose  of  sulphurous  acid,  falls  again  into  the  water. 
These  decompositions  and  new  formations  continually 
go  on  as  long  as  the  air  of  the  chamber  contains 
oxygen  gas  and  sulphuric  acid.  The  water,  when 
sufficiently  impregnated  with  sulphuric  acid,  is  drawn 
off  from  the  bottom  of  the  chamber,  and  concentrat- 
ed as  far  as  possible  in  leaden  boilers.  It  is  then 
put  into  glass  or  platinum  retorts,  and  kept  in  a 
heat  of  at  least  600^,  till  as  much  concentrated  as 
possible. 

A  plan  of  the  arrangement  of  a  large  sulphuric 
acid  works  is  shewn  in  our  plate,  Aci  ds'  MamifaC' 
ture,  in  which  B  B  are  the  leaden  chambers  contain- 
ing watco  &nd  through  which  the  gas  passes.     A  A 
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ire  the  boilers  of  the  same  material,  in  which  the 
add  is  concentrated  prior  to  its  being  evaporated  in 
^e  platinum  retorts.  The  pamps  for  drawing  off 
the  weak  acid  is  shewn  at  c  c,  c^  c^,  and  the  retort 
n>om,  &c.  at  E,//. 

Aod  thus  prepared,  is  a  clear,  transparent,  co- 
lourless liquid  like  water,  with  a  certain  degree  of 
consistency,  so  as  to  adhere  to  the  sides  of  a  phial 
fike  oil.  When  quite  free  from  all  impurity,  its  spe- 
cific gravity  (when  as  strong  as  possible)  is  1-847 ; 
if  it  be  heavier  than  this,  it  is  contaminated  with 
lead. 

NUrauM  Add. — The  next  compound  in  order  of 
practical  importance  is  the  nitrous  acid,  which  may 
be  produced  by  adding  oxygen  to  the  deutoxide  of 
nitrogen.  The  experiment  will  not  succeed  over 
water  or  mercury,  but  may  be  conducted  in  a  glass 
retort,  fitted  with  a  stop-cock,  from  which  the  air  has 
been  extracted  by  an  exhausting  s}Tinge.  In  this 
way  a  mixture  may  be  made  of  2  measures  of  the 
deotoxide,  and  1  measure  of  oxygen,  which  will  be 
condensed  into  half  their  volume,  and  form  a  deep 
Qfange-coloured  gas :  2  volumes  of  the  deutoxide  are 
composed,  as  we  have  seen, 

1  volume  of  nitrogen,  and 
1  volume  of  oxygen, 
and  1  volume  of  oxygen  now  added,  form  2  volumes 
of  oxygen  to  1  of  nitrogen  in  the  composition  of  ni- 
trous acid. 

A  taper  will  bum  in  this  gas,  and  phosphorous  most 
vividly.  Charcoal  also  bums  in  it  with  a  dull  red 
light. 

Water  dissolves  it,  and  acquires  a  green  tint,  which 
dumges  to  blue,  and  finally  to  vellow,  as  more  of  the 
gas  is  absorbed.  The  solution  is  sour,  reddens  litmus 
paper,  and  stains  animal  substances  yellow.  It  has 
been  called  liquid  nitrous  acid;  but  with  regard  to 
fliis  solution,  Uiere  is  some  ambiguity. 

NUrie  Acid. — Thb  acid  may  readily  be  produced 
by  passing  the  deutoxide  of  nitrogen  very  »hwly  into 
oxygen  gas,  standing  over  water.  By  this  operation, 
four  volumes  of  the  former  combine  with  thiee  of  the 
latter ;  and  the  compound,  therefore,  must  consist  of 
S  volumes  nitrogen,  and  5  volumes  oxygen. 

The  add  as  it  is  formed  is  absorbed  by  the  water, 
and  it  ts  very  doubtful  whedier  it  can  be  exhibited  in 
an  insulated  state. 

The  liquid  nitric  add  is  of  very  great  importance 
in  die  arts,  and  is  used  in  larfi;e  quantities.  It  is 
procured,  for  commerce,  by  distilling  nitre  with  strong 
sulphuric  add :  the  product  is  an  intensely  acid  li- 
quKl,  which,  when  pure,  is  colourless,  and  when 
most  ccAcentrated  has  a  specific  gravity  of  1.5 ;  that 
is  to  say,  it  is  by  half  heavier  man  water.  In  this 
state  it  contains  25  per  cent,  of  water ;  which  is  the 
least  quantity  with  which  it  is  known  to  exist. 

In  the  plate.  Acids'  Maxufaeiwre,  is  given  a  view 
of  the  apparatus  employed  in  preparing  this  acid. 
A  Is  a  large  iron  pot  with  earthenware  head  and 
plug  at/.  Two  iron  vessels  receive  the  add,  and  are 
provided  with  eardienware  stop-cocks.  The  iron 
vesseb  are  united  by  the  pipes  c  e,  and  a  third  vessel 
containing  a  safety-pipe  /,  dipping  in  water,  com- 
pletes the  apparatus. 

In  this  state  it  is  called  hydro-mtnc  add  (from  a 
Greek  word,  signifying  water),  to  denote  this  com- 
bination. In  entering  into  other  compoxmds,  it  aban- 
dons the  water  and  combines  in  the  dry,  or,  as  it  is 
termed,  the  anhydrous  state. 


It  may  be  miaed  with  water  in  any  proportions  be- 
yond the  25  per  cent. 

The  nitric  acid  b  a  highly  corrosive  fluid,  and  acts 
as  a  powerful  cautery  when  applied  to  the  skin,  which 
it  stains  of  a  permanent  yellow.  It  is  decomposed, 
with  great  violence,  by  most  substances  which  have 
an  affinity  for  oxygen ;  which  element  enters  so  large- 
ly into  its  composition.  If  it  be  brought  into  contact 
with  hydrogoi,  at  a  high  temperature,  a  violent  de- 
tonation will  be  the  consequence ;  but  the  experiment 
is  dangerous,  and  should  not  be  made  without  great 
caution.  When  poured  upon  warm,  dry  charcoal  in 
powder,  combustion  ensues,  with  the  embsion  of 
copious  fumes  of  deutoxide  of  nitrogen.  Spirits  of 
turpentine  may  be  inflamed  by  suddenly  pouring  nitric 
acid  upon  it :  the  add  should  be  poured  out  of  a  phial 
attached  to  a  long  stick,  or  there  would  be  danger  to 
the  eyes  of  the  operator. 

Muriatic  Add. — Chlorine  and  hydrogen  may  be 
mixed  together ;  and  if  carefully  excluded  from  the 
light  of  day,  will  remain  without  change.  If  the 
mixture  be  made  with  equal  volumes  of  the  two,  and 
exposed  to  light,  they  will  gradually  combine;  the 
chlorine  will  lose  its  peculiar  colour  and  smell,  and 
a  powerfully  acid  gas  will  result,  without  any  change 
of  volume.  If  the  mixture  be  made  in  a  stout  phicd, 
with  a  well-fitted  stopper,  secured  by  wrapping  a 
cloth  round  the  neck,  and  exposed  to  the  direct  rays 
of  the  sun,  the  combination  will  take  place  suddenly 
and  vnth  detonation.  When  the  stopper  b  afterwards 
withdrawn  under  mercury,  it  will  be  found  that  no 
condensation  has  taken  place ;  but  if  under  water,  it 
will  instantly  rush  in  and  fill  the  phial,  as  the  new 
compound  is  rapidly  absorbed  by  that  liquid.  The 
mixture  may  abo  be  exploded  by  flame  or  the  electric 
spark. 

To  this  compound  the  name  of  murbtic  acid  has 
been  given,  and  it  b  sometimes  called  hydrochloric 
acid.  As  the  elements  combine  without  condensation, 
its  specific  gravity  must  be  the  mean  between  those 
of  its  two  ingredients. 

Carbonic  Acid. — Carbonic  add  b  most  conveniently 
obtained  by  dropping  fragments  of  marble  or  chalk 
into  muriatic  acid,  diluted  with  two  or  three  times  its 
weight  of  water.  A  strong  effervescence  ensues,  the 
gas  from  which  may  be  collected  over  the  water- 
bath. 

Thb  gas  b  colourless  and  inodorous.  It  b  rather 
more  than  by  one-half  heavier  than  common  air ;  100 
cubic  inches  weighing  46.5  grains.  It  b  perfectly 
uninflammable,  and  instantly  extingubhes  flame. 
From  its  great  specific  gravity,  it  will  remain  for  some 
time  at  the  bottom  of  a  jar  with  its  mouth  turned 
upwards ;  and  may  be  poured  from  one  such  vessel 
into  another  like  water.  It  b  an  amusing  experiment 
to  place  a  lighted  taper  in  the  bottom  of  the  jar,  as 
it  will  be  instantly  extinguished  by  pouring  the  gas 
upon  it,  like  a  liquid. 

It  is  speedily  fatal  to  animals  which  breathe  it : 
and  hence  the  danger  of  exposure  to  the  fumes  of 
burning  charcoal,  which  have  in  so  many  instances 
proved  fatal.  From  its  great  density,  it  also  not  un- 
frequently  collects  in  the  bottoms  of  wells  and  mines, 
while  the  upper  parts  are  free  from  it,  and,  from  its 
injurious  effects,  is  called  by  the  miners  choak  damp. 
It  has  been  condensed  into  a  liquid  by  a  pressure 
amounting  to  that  of  36  atmospheres,  or  a  column  of 
mercury  90  feet  in  height. 

Water,  under  common  drcimistances  of  pressure 
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and  temperature,  will  dissoWe  abotit  its  own  bulk  of 
this  gas ;  bat  the  quantity  taken  up  may  be  increased 
by  pressure,  and  will,  in  fact,  be  m  exact  proportion 
to  the  compressing  force.  It  b  by  the  strong  com- 
pression of  a  forcing-pump  that  Uie  common  soda- 
water  is  so  highly  duu-ged  with  this  gas. 

The  solution  has  an  agreeable  subacid  taste,  and 
reddens  paper  stained  wi&  the  blue  colour  of  litmus. 
When,  however,  an  infusion  of  litmus,  which  has 
been  reddened  by  this  acid,  is  boiled,  the  blue  colour 
returns  as  the  acid  esci4)es ;  an  effietct  which  distin- 
guishes it  from  all  other  bodies  of  the  same  class. 
The  pleasant  pungency  of  brisk  and  spackling  fer- 
mented liquors  is  owing  to  the  carbonic  acid  which 
they  hold  m  solution,  and  whidi  they  lose  upon  ex- 
posure to  the  air,  and  become  thereby  flat  and  stale. 

Carbonic  acid  is  produced  in  all  the  common  cases 
of  combustion,  and  is  likewise  abundantly  formed 
during  the  respiration  of  animals ;  it  is  not,  therefore, 
surprising  that  it  should  be  always  present  in  the 
atmosphere  to  the  amount  of  about  one-thousandth 
or  one-fifteen-hundredth  of  its  bulk.  Indeed,  the 
great  wonder  b,  considering  the  abundance  of  its 
sources,  that  it  does  not  accumulate  to  a  greater 
extent. 

PyroUgneous  Acid, — This  very  important  acid  body 
b  procured  by  the  distillation  of  wood  in  iron  re- 
torts. Great  quantities  of  pyroligneous  acid  b  col- 
lected with  little  or  no  trouble  during  the  prepara- 
tion of  charcoal  for  gunpowder ;  but  it  is  empyreu- 
matic  and  impure,  and  several  processes  have  been 
contrived  to  free  it  from  tar  and  other  matters  which 
it  contains.  It  may  be  saturated  with  chalk,  and 
evaporated,  by  which  an  impure  acetate  of  lime  will 
be  obtained,  and  which  mixed  v^th  sulphate  of  soda 
furnishes,  by  double  decomposition,  sulphate  of  lime 
and  acetate  of  soda :  the  latter,  dbtilled  with  sul- 
phuric acid,  produces  the  acetic  acid  of  commerce. 

A  very  perfect  apparatus,  combining  the  manu- 
facture of  charcoal  with  that  of  pyroHgneous  acid, 
b  shown  in  plate  Acids'  Mamrfaeture,  A  is  the 
worm  or  condensing  tub  placed  in  the  centre  of  the 
figure,  and  B,  the  retort  furnace.  The  wood  b  in- 
troduced at  the  doors  h  b,  and  the  carbonization  ef- 
fected by  fire  applied  beneath,  the  chimney  C  being 
employ^  to  carry  off  the  vapour.  The  impure  py- 
roHgneous acid  passes  by  the  pipe  p  into  the  worm 
tub  A,  and  from  thence  into  the  large  receiver  D. 
The  carburetted  hydrogen  gas,  and  other  unconden- 
sable  matter  passes  off  by  the  bent  tabefg. 

Pyroligneous  acid  is  now  employed  to  a  consider- 
able extent  in  the  preservation  of  meat.  In  thb  case 
the  rough  acid  b  found  to  impart  the  same  flavour 
to  pork  and  mutton  which  they  would  derive  from  a 
previous  smoking,  so  that  they  at  once  become  con- 
verted into  ham. 

HffdrO'Flnorie  Acid, — There  b  a  substance  well 
known  in  mining  districts,  called  Jluor  tpar.  It  b 
found  crystallized  in  cubes  of  various  colours,  green, 
yellow,  and  purple;  and  a  compact  variety  of  the 
same  substance,  the  product  of  Derbyshire,  is  worked 
into  splendid  ornamental  vases.  If  thb  mineral  be 
reduc^  to  powder,  mixed  with  twice  its  weight  of 
strong  hydro-sulphuric  acid,  and  subjected  to  distil- 
lation, a  powerful  and  highly  corrosive  liquid  acid 
may  be  obtained.  For  this  purpose  a  leaden  or  silver 
retort  and  receiver  must  be  employed ;  and  while  a 
moderate  heat  b  applied  to  the  former,  die  latter  must 
be  kept  cool  by  pounded  ice  or  snow.    The  hydro- 
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fluoric  acid  thus  formed  must  be  preserved  in  silver 
or  leaden  bottles,  with  stoppers  of  the  same  mate- 
rials. It  b  extremely  volatile,  and  not  easily  con- 
fined. In  appearance  it  resembles  oil  of  vitriol.  Its 
specific  gravity,  when  first  prepared,  b  1.06,  but  b 
increased  by  Uie  gradual  addition  of  water  to  1.25 ; 
and  there  b  no  known  instance  of  a  similar  conden- 
sation. It  b  necessary  to  use  great  caution  in  expe- 
rimenting with  thb  substance,  as  its  vapours  are  highly 
irritating,  and,  when  applied  to  the  skin,  it  disorgan- 
izes it  so  rapidly  as  to  occasion  dangerous  ulcers.  In 
addition  to  the  usual  properties  of  a  powerful  acid  it 
acts  strongly  on  glass,  and  corrodes  it  deeply.  Plates 
of  glass,  covered  with  a  composition  of  bees- wax  and 
turpentine,  may  be  drawn  upon  with  a  graver,  and 
those  parts  which  are  laid  bare  may  be  perfectly 
etched  by  exposure  either  to  the  vapour  or  the  diluted 
acid. 

Hydrocyanic  or  Pruasic  Acid» — ^If  a  narrow  tube 
be  filled  with  fragments  of  the  saline  body  called 
c^anuret  of  mercury,  and  placed  in  a  horizontal  po- 
sition, when  a  stream  of  sulphuretted  hydrogen  gar 
b  passed  through  it,  a  double  decomposition  ensues : 
the  sulphur  of  the  gas  combines  widi  the  metal, 
black  sulphuret  of  mercury  is  formed,  and  the  cya- 
nogen which  b  liberated  enters  into  a  new  combina- 
tion widi  the  hydrogen.  The  product  may  be  ex- 
pelled by  a  very  gcnUe  heat,  and  collected  in  a  re- 
ceiver kept  cool  by  ice.  A  similar  product  may  be 
obtained  by  mobtoiing  the  cyanuret  of  mercury  with 
muriatic  acid,  and  distilling  at  a  low  temperature. 
The  hydrocyanic  acid  thus  obtained  b  a  colourless 
liquid,  possessing  a  strong  odour  resembling  that  of 
peSu:h  blossoms.  In  its  pure  state  it  b  intensely 
pobonous,  and  a  single  drop  of  it  placed  upon  the 
tongue  of  a  dog  causes  almost  instant  death.  When 
greatly  diluted  with  water,  it  has  the  taste  of  bitter 
almonds,  which,  in  fact,  owe  their  flavour  to  a  smaU 
portion  of  thb  acid.  Water  distilled  from  the  lea;ire8 
of  the  laurel  also  derives  its  poisonous  quality  from 
the  presence  of  the  same  ingredient.  The  vapour  of 
the  pure  acid  takes  fire  on  the  approach  of  flame, 
and  when  mixed  vrith  oxygen  gas  detonates  witli  the 
electric  spark.  It  b  extremely  volatile,  and  boib  at 
79^  Fah. ;  and  at  0°  It  congeab.  When  a  drop  of 
it  b  suffered  to  fall  upon  a  piece  of  glass  it  becomes 
solid;  the  cold  produced  by  its  rapid  evaporation 
being  sufficient  to  freeze  what  remains.  Hydro- 
cyanic acid  reddens  litmus  paper  feebly,  and  forms 
salts  with  the  different*^ salifiable  bases.  Owing  to 
the  tendency  of  its  component  elements  to  form  other 
arrangements,  it  b  very  Ibble  to  spontaneous  de- 
composition^  and  it  b  not  easy  to  preserve  it  from 
change  even  out  of  the  contact  of  the  air  in  well- 
stopped  bottles.  The  diluted  acid  is  sometimes  used 
in  medicine,  and  it  may  be  proper  to  add  that  an 
itinerant  exhibitor  of  chemical  experiments,  named 
Chaubert,  has  lately  been  in  the  habit  of  swallowing 
large  quantities  of  what  he  called  prussic  acid  widi- 
out  producing  any  fatal  effects. 
Acidulous,  in  Chemiitry,  slightly  acid. 
AcNUA,  a  Roman  measure  of  land  equal  to  abouf* 
a  quarter  of  an  Englbh  acre. 

Acoustics.  One  of  our  most  important  con- 
nexions with  external  objects  b  maintained  through 
the  sense  of  hearing;  that  b,  by  an  affection  which 
certain  actions  or  motions,  in  those  objects,  produce 
on  the  mind,  by  being  communicated  to  it  through  the 
ear.    The  peculiar  excitation  or  motion  perceptible  by 
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tiM  etr  is  caUed  wumd;  and  the  conaidermtioii  of  this 
matkm,  its  qualities  and  transmission,  forms  the 
idence  of  acoustics.  Philosophers  disting;uish  between 
MBnd  and  noise :  thus  those  actions  which  are  con- 
fined to  a  single  shock  upon  the  ear,  or  a  set  of  actions 
drcmnBcribed  within  such  limits  as  not  to  produce  a 
continDed  sensation,  are  called  a  »owe ;  while  a  suc- 
ctasion  of  actions  whidi  produce  a  continued  sensation 
are  called  a  $owmiL  It  is  evident  from  the  mechanism 
of  tibe  ear,  so  far  as  it  is  understood,  that  it  is  a  refined 
coBtmance  for  conveying  a  motion  firom  the  medium 
wUdi  surrounds  it  to  the  auditory  nerve ;  and  that 
this  nane  must  receive  every  motion  excited  in  the 
tynpanum.  £veiy  motion  thus  excited,  however, 
docs  not  produce  Uie  sensation  of  sound.  That  mo- 
tions Buy  be  audible,  it  is  necessary  that  they  impress 
diemsehres  upon  the  medium  which  surrounds  the  ear 
vidi  velocities  comprised  within  certain  limits.  These 
■otioos  are  commonly  produced  by  disturbing  the 
eqBiHbrium  which  exists  between  the  parts  of  a  body. 
TluB,  for  example,  if  we  strike  a  bell,  the  part  which 
receives  the  first  impulse  of  the  blow  is  driven  nearer 
to  die  surrounding  parts ;  but,  the  impulse  having 
oeased,  it  is  urged  back  by  a  force  of  repulsion  which 
eoMs  in  the  metal,  and  made  to  pass  beyond  its 
fcmer  position.  By  the  operation  of  another  pro- 
perty of  the  metal,  namely,  cohesive  attraction,  it  is 
tbcB  made  to  return  in  the  direction  of  its  first 
■ocian,  again,  beyond  its  position  of  repose.  Each 
of  these  agitations  influences  the  adjacent  parts, 
idiid),  in  turn,  influence  those  beyond  them,  until  the 
wbole  mass  assumes  a  tremulous  motion;  that  is, 
certain  parts  approach  to  and  recede  from  each  other ; 
and  it  only  recovers  its  former  state  of  repose,  after 
liavtiig  performed  a  number  of  these  sonorous  vibra- 
tions. It  is  evident  that  such  vibrations  as  are  here 
described  must  result  from  the  combined  operation  of 
attraction  and  repulsion,  which,  together,  constitute 
the  elasticity  of  solid  bodies.  When  fluids,  whose 
elasticity  is  confined  to  repulsion,  emit  sounds,  a  force 
cqaivslent  to  that  of  attraction  in  solids  is  supplied  to 
diem  by  external  pressure.  The  sonorous  vibrations 
of  bodies  are  exceedingly  curious,  and  the  more  diflU 
calt  to  be  understood  from  our  habits  of  measuring 
changes  or  motions  by  the  sight ;  but  these  motions 
sicct  very  sensibly  another  organ,  while  they  are 
almost  imperceptible  to  the  eye ;  and,  as  we  are  wkli- 
oat  the  means  of  converting  the  ideas  derived  ttota 
oae  sense  into  those  derived  from  another,  the  sensa- 
tion of  the  motion  of  sound  does  not  assist  us  to  un- 
derstand its  precise  nature,  as  compared  with  visible 
motions.  Thus,  tbe  ear  at  once  perceives  the  difTe- 
RBce  between  a  grave  and  an  acute  sound ;  but  it  is 
only  torn  atteikttve  observation  by  the  eye,  that  we 
diseofer  the  different  rapidity  of  succession  in  the 
vibtations  which  produce- them.  The  vibrations  of  a 
great  many  bodies,  as  strings,  bells,  and  membranes, 
emitting  sounds,  may,  however,  be  distinctly 
and  even  feh ;  but  they  may  often  be  rendered 
sensible  to  the  eye  by  a  little  artifice,  such  as 
ijpriakling  the  vibrating  body  with  sand,  or  some 
ligfat,  grunilar  substance. 

Soimd  may  be  produced  without  vibrations  or  aher- 
■itkxis ;  thus,  if  we  pass  the  nail  quickly  over  the 
tecdi  of  a  comb,  the  rapid  succession  of  single  shocks 
or  noises  produces  all  the  effect  of  vibrations.  It 
Boot  be  evident  that  the  rapid  motions  here  described, 
whether  originating  in  vibrations,  or  a  succession  of 
I,  must  be  communicated  from  the  body, 


in  which  they  are  excited,  to  the  sheet  of  air,  or  what- 
ever else  be  m  contact  with  it,  and  from  this  again  to 
another  sheet  beyond  the  first;  thus  difinsing  the 
motion  in  every  direction.  The  agitation  of  the 
sounding  body  must  thus  be  communicated  to  the 
surrounding  medium  to  a  great  distance,  and  im- 
pressed upon  any  body  situated  within  this  distance ; 
if  this  body  be  the  ear,  the  tremor  excited  in  it  by 
these  agitations  will  be  perceived  by  the  mind.  The 
necessity  of  some  medium  for  the  tsansmission  of 
sound  is  proved  by  experiment.  If  a  bell  be  rung  in 
an  exhausted  receiver,  the  sound  vrili  be  hardly  per- 
ceptible, while  the  tones  will  become  clear  and  dis- 
tinct, on  re-admitting  the  air. 

Having  thus  given  a  general  outline  of  the  source 
and  propagation  of  sound,  we  shall  proceed  to  con- 
sider some  of  the  more  important  facts  connected  with 
them. — ^The  most  obvious  characteristics,  by  which 
we  distinguish  different  sounds,  consist  of  differences 
in  their  degrees  of  what  we  call  loudness,  and  acute- 
ness,  or  pitch.  We  can  produce,  at  pleasure,  sounds 
having  different  degrees  of  loudness,  from  the  same 
sonorous  body,  by  making  the  concussions  upon  it 
more  or  less  violent ;  disturbing  in  a  greater  or  less 
degree  the  arrangement  of  its  parts.  So  two  bodies 
of  like  substance  and  figure,  but  unlike  mass,  when 
subjected  to  the  same  shock,  emit  sounds  imlike  in 
loudness ;  and,  again,  bodies  of  like  mass  and  figure, 
but  unlike  substance,  form  sounds  more  or  less  loud, 
when  subjected  to  the  same  shock.  In  this  latter 
case,  the  loudness  has  a  relation  to  the  quantity  of 
elasticity  possessed  by  the  bodies ;  and  in  all  cases, 
when  the  disturbance  of  the  parts  is  carried  beyond 
the  elastic  power  of  the  body,  so  as  to  produce  a  per- 
manent change  of  figure,  no  increase  of  loudness  is 
induced.  From  a  consideration  of  the  preceding  facts, 
we  may  conclude,  that  loudness  depends  upon  the 
quantity  of  motion,  or  sonorous  vibration,  in  which 
it  originates.  The  other  principal  characteristic  of 
sound,  its  acuteness  or  pitch,  depends  upon  the  fre- 
quency with  which  the  concussions  or  vibrations  of 
the  sonorous  body  succeed  each  other.  That  sounds 
may  be  audible  to  a  common  ear,  it  is  necessar)*  that 
the  concussions  upon  the  medium,  which  communi- 
cates them,  should  follow  each  other  in  such  succes- 
sion, that  not  more  than  8192,  nor  less  than  32, 
distinct  concussions  shall  be  made  upon  the  medium 
during  the  lapse  of  one  second.  Some  ears,  however, 
can  perceive  sounds  emanating  from  vibrations  a  little 
beyond  the  extremes  to  which  the  perceptions  of 
other  ears  are  confined.  We  should  be  careful  not  to 
confound  the  frequency  of  vibrations  with  the  velocity 
of  vibratory  motion.  A  string  may  vibrate  with  a 
greater  or  less  velocity,  as  it  passes  its  axis  to  a 
greater  or  less  distance ;  yet  the  times  of  its  vibra* 
tions  may  be  all  equal.  The  difierence  of  velocity,  af« 
fecting  the  quanthy  of  motion  only,  would  produce 
no  change,  except  in  the  loudness  of  the  sound.  To 
those  sounds  which  proceed  from  infrequent  vibrations, 
we  give  the  name  oforaoe  or  low ;  those  from  frequent 
vibrations  we  call  $harp  or  acuie.  When  vibrations 
succeed  each  other  in  equal  times,  their  sound  excites 
a  pleasant  sensation,  and  they  are  called  muaicoL 
When  two  bodies  are  made  to  sound  together,  if  their 
vibrations  are  performed  in  equal  times,  the  sounds 
are  said  to  be  in  wnson.  When  the  vibrations  are 
performed  in  unequal  times,  so  that  some  of  those  of 

I'  the  one  are  not  accompanied  by  those  of  the  other, 
the  ear  perceives  a  degree  of  dissonance  in  the  sounds. 
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If,  however,  the  vibrations  meet  after  short  and  refular 
intervals,  the  diseoDance  ia  not  easily  detected,  and 
the  tounda  are  said  to  nccori^.  Durinf;  the  conti- 
nuance of  moat  primary  sounds,  however  excited,  we 
perceive  other  aod  more  acute  sounds,  co-existing 
with  them.  These  are  called  their  harmonic*.  They 
are  supposed  to  originate  in  a  series  of  secondary  vi- 
brations, more  short  and  frequent  than  the  principal 
vibratioQ.  Thus  a  sounding  string,  for  example,  may 
be  supposed  not  to  pass  its  axis  in  a  simple  curve,  but 
to  tcsolve  itself  into  a  tortumus  line,  formed  by  a 
number  of  smaller  curves,  each  of  which  vibrates 
across  its  own  axis,  thus  producing  its  harmonira. 
is  perhaps  some  combination  of  the  harmonics  with 
the  primary  sound,  that  characterizes  the  sound  of 
different  instruments,  though  of  the  same  loudness 
and  pitch,  so  that  we  can  distinguish  one  from  au- 

Tbe  air,  being  the  common  medium  which  sur- 
rounds the  ear,  is  that  by  which  sounds  are  usually 
transmitted.  This  transmission  is  performed  with  a 
velocity  of  about  1130  feet  in  a  second.  All  other 
bodies,  however,  are  capable  ot  transmitting  souod.  | 
It  may  be  done  perfectly,  even  hy  the  solid  parts  of 
the  head.     If,  for  example,  we  hold  the 


watch  between  the  teeth,  and  ci 
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deed,  this  beantifDl  art  conid  not  exist,  To  malts 
this  apparent,  it  is  only  neceasaiy  to  consider,  that 
harmony  it  a  combination  of  different  sounds,  ar- 
ranged with  certain  relations  of  time  and  pitch. 
Now,  if  one  sound  were  transmitted  with  greater  ve- 
locity than  another,  these  reiations  would  differ  at 
different  distances,  or  be  confounded,  except  at  a 
single  given  point.  Nay,  further;  melodv,  which  Is 
a  succession  of  single  sounds,  would  not  reach  dif- 
ferent ears  with  the  same  relations  of  time,  if  the 
different  notes  were  not  transmitted  with  equal  ve- 
locities. Some  observations  on  sound,  in  very  high 
latitudes,  seem  to  contradict  the  above  law  of  trans- 
mission. The  seeming  anomaly,  however,  is  suffi- 
ciently reconciled  hy  supposing  the  different  strata  of 
',  through  which  the  sounds,  b  thme  instances, 
were  transmitted,  in  very  different  hygrometrical  or 
thermometrical  states,  which  would  make  corres- 
ponding differences  in  their  modulus  of  elasticity. 
When  a  wave  of  sound  meets  an  elastic  surface,  it  is 
partly  transmitted  and  partly  reflected.  This  reflec- 
'  "d,  when  it  returns  back  perpendicularly,  is  railed 
ecAo.  That  an  echo  may  be  distiDCtly  heard,  it 
necessary  that  the  reflecting  surface  he  at  auch  a 
that  the  original  sound  shall  have  ceased  he- 


hands,  the  beats  are  heard  more  distinctly  than  when 
the  instrument  is  held  at  an  equal  distance  in  the 
air.  The  rubbing  together  of  two  stones  under 
water  may  be  heard,  by  an  ear  in  the  same  medium, 
at  the  distance  of  half  a  mile.  When  the  air,  or  any 
other  body  of  indefinite  extent,  is  distuTbed,  in  a 
point  situated  within  it,  by  a  sonorous  vibration,  it 
forma  a  wave  which  passes  from  the  disturbed  point, 
•s  a  centre,  in  every  direction.  It  follows  that  as 
the  wave  extends  itself,  the  mass  to  be  put  in  motios 
increases  until  the  original  motion  is  rendered  insen- 
sible from  the  magnitude  of  the  mass  to  which  it  has 
communicated  itself.  The  velocity  with  which  waves, 
thus  formed,  move  through  any  homogeneous  elastic 
medium,  is  alwaya  equal  to  that  which  a  heavy  body 
would  acquire  by  falling  through  half  the  height  of 
the  modulus  of  elasticity.*  In  applying  this  law  to 
the  transmission  of  sound  by  the  air,  it  was  for  a 
long  time  found  not  to  give  the  same  results  as  were 
obtained  by  experiment.  The  discrepancy,  however, 
has  been  most  ingeniously  reconciled  by  a  small 
correction  for  the  tateit  heat  made  sensible  by  the 
compression  ;  the  effect  of  this  being  to  increase  the 
height  of  the  modulus  of  elasticity.  We  ought, 
tberefore,  to  hnd  that  liquids,  and  more  especially 
■ome  of  the  solids,  should  transmit  sound  much 
more  rapidly  than  air ;  and  this  agrees  most  per- 
fectly with  various  experiments.  Cast-iron,  for  ex- 
ample, has  been  found  to  transmit  sound  with  a  ve- 
locity loj  times  greater  than  air.  Sound  dues  not 
Kadily  pass  from  one  medium  to  another ;  a  sound 
made  in  the  air  is  not  easily  diatinguished  under 
water,  although  the  distance  be  very  small.  It  is 
from  this,  probably,  that  cork  and  all  soft  cellular 
bodies  are  bad  conductors  of  sound,  as  in  these  the 
sound  must,  in  passing  through  the  walls  of  the  cells 
and  the  air  contained  in  them,  change  successively 
from  one  medium  to  another.  All  soudda,  whatever 
be  their  loudness  or  pitch,  ore  transmitted  with  the 
■ame  velocity ;  a  fact  moat  completely  proved  by 
every  musical  performajice.     Were  it  otherwise,  in- 


rs  with  the  I  fore  the  reflected  one  returns  to  the  ear;  otherwise 


*  The  bcight  ot  Ibe  tnodnliu  it  eluticl(>  of  sir  1*  17,800  IWt 


they  will  be  blended,  and  the  echo  not  perceived. 

One  of  the  most  singular  and  distinctly  marked 
illustrations  of  the  reflection  of  sound  forming  a  na- 
tural echo,  occurs  on  the  banks  of  the  Rhine  near 
Lurley.  By  referring  to  the  accompanying  pictu- 
resque illustration,  the  reader  will  readily  understand 
how  the  reverbrations  of  souod  are  produced. 


P,  is  considered  as  the  phonic  centre,  the  pnmary 
point  of  radiation   for  the   sound,  and  the  waves 
striking  at  die  first  series  of  numerals,  are  reflected 
to  twenty,  and  so  on  through  the  series  of  reflecting 
points.      Dr.  Granville's   account   of   this   natural 
tnomenon,  is  accompanied  by  such  just  remarks 
the  improved  views  of  science  now  promulgated, 
n  in  the  humblest  classes  of  society,  that  it  can- 
but  prove  acceptable  to  our  readers.     Between 
St.  Gear,  and  the  ruins  of  Scbonberg,  at  a  spot 
where  the  Rhine,  from  the  direction  of  its  deep  si- 
nuosities, assumes  the  appearance  of  successive  an& 
isolated  island  lakes,  bounded  all  round  by  upright 
gigantic  rocks,  or  sloping  hills,  clad  with  vines  to 
their  very  summits :  the  postilions  suddenly  checked 
their  career,  and  turning  the  wide  end  of  their  bugles 
to  the  reach  of  the  river  we  had  just  passed,  blew 
loud  and  strung  their  post-boy  tune,  and  then  held 
Oieir  hnath.     Quickly  the   musical  sounds  wara 
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hmtd  meatod  once  in  a  dear  and  distinct  manner, 
not  far  ntmi  us ;  and  again,  a  second  and  a  third, 
and  even  a  fourth  time,  Iwt  as  if  from  a  progressively 
increasing  distance,  until  they  died  away.  The  ex- 
pmment  more  than  once  repeated,  proved  equally 
saooeseftiL  We  were  assured  that  the  repetitions  of 
the  sound  are  more  numerous  when  the  experiment 
is  made  in  a  boat  placed  midway  between  the  two 
banks. 

It  is  not  to  be  expected  that  so  remarkable  and 
striking  a  phenomenon  should  go  without  being  con- 
verted into  an  allegorical  tale,  during  the  ages  of 
igDoraiiee  and  superstition.  How,  in  fact,  was  this 
never-ftdling  repetition  of  the  fisherman's  choired 
■wming  prayer  and  evening  song,  which  some  invisi- 
ble voice  responded  in  the  distant  space  as  he  glided 
over  the  bosom  of  the  water,  to  or  from  his  daily 
toiU  to  be  accounted  for?  Imagination^  ever  ready 
to  plunge  into  the  supernatural,  created  a  lovely 
ajBi^  and  placed  her  abode  on  the  rock  of  Lurley, 
tnm  the  sides  of  which  the  sounds  are  principally 
revcrbrated.  A  dangerous  eddy  lies  on  the  broad 
shadow  of  this  rock,  and  many  a  time,  when  the 
amazed  boatman  tracked  his  way  through  the  stream, 
Krtming  to  the  mysterious  voice  from  the  height  of 
Lnrley,  his  frail  bark  drawn  within  the  vortex,  would 
miserably  perish  under  the  rocky  dwelling  of  the 
syren.  Attracted  by  the  reports  of  her  beauty,  and 
^wrred  on  by  the  proclaimed  cruelty  of  her  disposi- 
tiOB,  tile  ^uthful  son  of  the  Count  Palatine,  of  a 
nrighhnunng  country,  determined  on  seeing  the  virgin 
of  Lorley,  imd  carrying  her  a  captive  to  his  father's 
court.  His  fate  was  sad ;  for  on  arriving,  escorted 
by  a  few  foUowers,  in  the  agitated  waters  of  Lurley, 
his  boat  whirled  round  and  disappeared.  Grieved  at 
the  loss  of  his  child,  the  Palatine  count  dispatched  a 
trusty  band  to  seize  the  relentless  nvmph ;  and  just 
as  their  rvde  leader,  unmoved  by  her  iieavenly  charms 
and  dishevdled  tresses,  was  in  the  act  of  summoning 
her  to  sorroider,  a  sudden  hurricane  swelled  the 
stream,  the  waves,  crested  with  foam,  rose  to  the 
top  of  the  rock,  and  encircling  the  lovely  Undine, 
sa^  her  from  the  rude  grasp  of  man,  and  carried 
her  to  the  realm  of  her  fathers.  Her  voice  is  still 
heard  returning  the  song  of  merriment  or  sorrow, 
but  her  beauteous  form  appears  not  on  the  heights 
of  Lnriey. 

In  diis  short  legend  we  can  trace  the  working  of 
the  mind,  under  me  influence  of  the  heart.  Those 
were  not  times  for  the  march  of  intellect,  but  for  that 
of  the  passions.  Hence  the  Age  of  Romance.  But 
now  that  the  heart  has  lost  its  influence  on  the  ac- 
tions  of  men,  under  the  management  of  societies  for 
Effusing  useful  knowledge,  and  of  mechanical  insti- 
tutes— now  that  the  sixpenny  treatises  on  natural 
philosophy,  on  hydraulics,  uad  acoustics,  all  per- 
^Mcacions  and  free  from  errors,  enable  the  com- 
monest understanding  to  explain  on  the  simplest 
principles  what  viras  before  a  complicated  pheno- 
mncn — the  echo  of  Lurley  would  be  accounted  for 
by  the  singular  disposition  of  the  two  elevated  banks 
of  tiie  river,  following  parallel  lines  in  a  serpentine 
<firrctioo — thus  presentmg  to  the  rays  of  sound  more 
&an  one  reflecting  surface.  This  disposition  of  ti^e 
two  bank^  which  are  here  in  some  parts  scarcely 
more  than  1,000  feet  asunder,  while  it  accounts  like- 
wise for  the  fOTmidable  eddies  which  are  observed  in 
this  place,  explains  how  intricate  and  dangerous  the 
liavigation  must  necessarily  be ;  nay,  fatal  too,  if  the 
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careless  boatman,  less  watchful  of  his  course,  passes 
his  time  in  calling  on  Lurley  to  repeat  his  "  halloos." 

The  science  of  acoustics,  like  the  other  physical 
sciences,  has  been  in  a  constant  state  of  advancement 
since  the  revival  of  learning.  It  appears  that  Pytha- 
goras knew  the  relation  between  the  length  of  strings 
and  the  musical  sounds  which  they  pr<^uce.  Aris- 
totle was  not  only  aware  of  this  relation,  but,  likewise, 
that  the  same  relation  subsists  between  the  length  of 
pipes  and  their  notes,  and  that  sound  was  transmitted 
b^  the  atmosphere.  This  constituted  the  sum  of  an- 
aent  learning  in  this  branch  of  science.  These  facts 
were  taught  by  Galileo,  and,  moreover,  that  the  diffe- 
rence in  the  acuteness  of  sounds  depends  on  the  dif- 
ferent frequency  of  vibrations,  and  that  the  same 
string,  if  of  uniform  thickness  and  density,  must  per- 
form its  vibrations  in  equal  times.  But,  without  at- 
tempting a  history  of  modem  discoveries  in  acoustics, 
we  can  only  mention,  that  the  names  of  Taylor, 
Moreland,  Newton,  Daniel  Bernoulli,  D'Alembert, 
Euler,  Robison,  Lagrange,  Laplace,  Chladni,  T. 
Young,  and  Biot,  are  ail  connected  with  it.  Of  these, 
Newton  gave  the  law  of  transmission,  which  we 
have  stated  in  this  article;  and  the  correction  for  heat 
viras  made  by  Laplace. 

The  vibrations  immediately  dependant  on  elasticity 
are  those  of  rods,  plates,  rings,  and  vessels.  These 
admit  of  much  greater  variety,  and  are  of  more  diffi- 
cult investigation  than  the  vibration  of  chords.  A 
rod  may  be  either  wholly  loose,  or  fixed  at  one  end 
onl^,  or  at  both ;  and  it  may  either  be  loosely  fixed, 
in  situation  only,  or  firmly  fixed,  in  direction  as  well 
as  in  situation ;  and  these  conditions  may  be  vari- 
ously combined  widi  each  other ;  the  rod  may  also 
have  a  variety  of  secondary  vibrations  beside  the 
principal  or  fundamental  sound.  All  these  cases 
have  been  examined  by  various  mathematicians ;  the 
subject  was  begun  by  Daniel  Bernoulli,  and  much 
extended  by  Euler,  some  of  whose  conclusions  have 
been  corrected  by  Riccati ;  and  Chladni  has  compared 
them  all  with  experiment.  Hie  sounds  produced  by 
the  same  rod,  either  under  different  circumstances, 
or  as  harmonics  which  may  be  heard  at  the  same 
time,  are  scarcely  ever  relived  to  each  other  in  any 
simple  proportion,  except  that  when  a  rod  is  loosely 
fixed  at  both  ends,  the  frequency  of  the  vibrations  of 
the  subordinate  notes  is  expressed  by  the  series  of  the 
squares  of  the  natural  numbers,  as  1,  4,  9>  and  16. 
But  the  times  occupied  by  any  similar  vibrations  of 
rods,  similarly  circumstanced,  are  always  directly  as 
the  squares  of  their  lengths,  and  inversely  as  their, 
depths.  -  When  the  rod  is  wholly  at  liberty,  two,  at 
least,  of  its  points  must  be  at  rest,  and  these  are  at 
the  distance  of  about  one-fifUi  of  its  lengUi  from 
either  end,  in  the  next  sound  of  the  same  rod,  the 
middle  point  is  at  rest,  with  two  others  near  the  ends. 
There  is  by  no  means  the  same  regularity  in  the  pro- 
gress of  the  vibrations  of  rods  of  different  kinds,  as  in 
those  of  chords;  it  can  only  happen  in  particular 
cases,  that  the  rod  will  return  after  a  complete  vibra- 
tion to  its  original  state,  and  these  cases  are  probably 
such  as  seldom  occur  in  nature. 

The  vibrations  of  rings  and  of  vessels  are  nearly 
connected  with  those  of  plates,  but  they  are  modified 
in  a  manner  which  has  not  yet  been  sufficiently 
investigated.  A  glass  or  a  bell  divides,  in  general, 
into  four  portions  vibrating  separately,  and  sometimes 
into  six  or  eight ;  they  may  readily  he  distinguished 
by  means  of  the  agitations  excited  by  them  in  a  fluid 
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coDtained  in  the  glaM.  It  is  olmoBt  uDoeccessry  „ 
observe,  that  the  fluid  thua  applied,  by  adding  to  the 
mass  of  matter  to  be  moved,  malces  the  vibration 
slower  and  the  sound  more  grave. 

Veueta  formed  of  glass  are  sometimes  so  arranged 
as  to  form  a  very  pleasing  mosical  instrument,  and 
the  editor  generally  uses  one  in  his  public  lectures, 
in  which  the  glasses  are  tuned  by  grinding  their  con- 
vex surfaces  beneath. 

The  arrangement  of  the 
glasses,  as  originatly  sug- 

-  gested   by  Dr.   Amott,   is 

-  shown  in  the  accompany- 

-  ing  figure.    The  small  open 
_  circles  represent  the  mouths 

of  the  glasses  standing  in 
mahogany  case,  and  ^e  re 
latioD  of  the  glasses  to  th 
written  musical  notes,  i. 
shown  by  the  common  music  lines  and  spaces  which 
connect  them.  The  learner  discovers  immediately 
that  one  row  of  the  glasses  produces  the  notes  written 
opon  the  lines,  and  the  other  row,  the  notes  between 
the  lines;  and  he  is  mentally  master  of  the  it 
by  simple  inspectiou.  This  arrangement  also  renders 
the  performance  easy,  for  the  notes  most  commonly 
aonnded  in  succession  are  cootiguotist  and  the  rela- 
tions of  the  notes  forming  a  simple  air  are  so  obvious 
to  the  eye,  that  the  theory  of  raasical  combi 
and  accompaniment  is  learned  at  the  same  time.  The 
set  of  glasses  here  represeoted  has  two  octaves,  and 
the  player  stands  at  the  side  of  the  case  with  the 
notes  ascending  towards  the  right  hand,  as  in  the 
piano-forte. 

The  vibration  of  plates  differs  from  those  of  rods 
ai  the  same  manner  as  the  vibrations  of  membrane, 
differ  from  those  of  chorda,  the  vibrations  of  which 
cause  the  plate  to  bend  in  different  directions,  being 
combined  with  each  other,  and  sometimes  occasioning 
singular  modifications.  Iliese  vibrations  may  be 
traced  through  wonderful  varieties  by  Professor  Chlad- 
□i's  method  of  strewing  dry  sand  on  the  plates, 
which,  when  they  are  caused  to  vibrate  by  the  opera- 
tion of  a  bow,  is  collected  into  snch  lines  as  indicate 
those  parts  which  remain  either  perfectly  or  very 
nearly  at  rest  during  the  vibrations.  Dr.  Hooke  had 
employed  a  similar  method,  for  showing  the  nature 
of  the  vibrations  of  a  bell,  and  it  has  sometimes  been 
usual  in  military  mining,  to  strew  sand  on  a  drum, 
and  to  judge,  by  the  form  in  which  it  arranges  itself 
of  the  quarter  from  which  the  tremors  produced  by 
countermining  proceed. 


some  of  the  least  complex 
arrangements  produced  by  water  on  a  glass  plate — 
the  plate  being  put  into  vibration  by  a  violin  bow. 
If  a  screen  be  placed  a  few  feet  higher  than  the  phte, 
and  a  strong  light  beneath,  the  figures  may  be  ren- 
dered visible  to  a  large  audience. 

It  usually  happens  that  the  vibration  of  a  cord 
deviates  from  the  plane  of  its  first  direction,  and  be- 
comes a  rntnlion  or  revpl^jjon  which  may  be  consi- 


dered as  composed  of  varimis  vibratiou  in  diffcreat 
planes,  and  which  is  oftaa  eiceedingly  complicatad. 
These  vibrations  may  be  combined,  in  the  firat  in- 
stance, in  a  manner  similar  to  that  which  has  been 
already  expltuned  respecting  the  vibrations  of  pen- 
dulums ;  and  if  the  motion  trf  the  chord  be  supposed 
to  follow  the  same  law  as  that  of  a  pendvlom,  the 
result  of  two  entire  vibratiims  thos  onited,  may  be 
either  a  vibration  b  an  intennediate  direction,  or  a 
revolution  in  a  circle  or  in  an  ellipsis.  But,  heudes 
these  compound  vibrations  of  the  whole  chord,  it  is 
also  Ireqaently  agitated  by  subordinate  vibrations, 
which  constitute  harmonic  notes  of  different  kinds, 
that  the  whole  effect  becomes  very  intricate ;  as 
may  observe  by  a  microscopic  inspection  of  any 
luminous  point  on  the  surface  oif  the  chord ;  for  in- 
stance, the  reflection  of  a  candle  in  the  coil  of  a  fine 
wire  wound  round  it.  The  velocity  of  the  motion  is 
such,  that  the  path  of  the  Itunbous  point  is  marked 
by  a  line  of  light,  in  the  same  manner  as  when  a 
burning  coal  is  whirled  round;  and  the  figures  thus 
described,  are  not  only  different  at  different  parts  of 
the  same  chord,  but  they  of^n  pass  through  an 
amusing  variety  of  forms  during  the  prt>gTess  of  the 
vibration ;  they  also  vary  considerably  according  to 
the  mode  in  which  that  vibration  is  excited. 

A  very  useful  instrument  for  ascertaining  the  ef- 
fects of  length  and  pressure,  with  reference  to  a 
vibrating  stnng,  is  shown  in  the  figure.  The  string 
is  firmly  attached  at  one  extremity  to  the  projecting 
arm,  and  passing  over  a  bridge  somewhat  nearer  to 
the  centre,  is  strained  by  the  weight  and  pulley  at 
the  opposite  end.  A  second  movesble  bridge  i*  seen 
the  pulley  by  which  the  length  is  regulated. 


Under  the  head  of  organ-pipt,  we  purpose  giving 
the  theory  of  wind  instruments  generally;  but  the 
following  collection  of  curious  facts,  bearing  upon 
the  general  principles  of  acoustics,  are  too  important 
'D  be  omitted  in  our  general  view  of  the  science. 

The  resonances  of  sound,  or  reciprocated  vibra- 
ions  of  columns  of  air,  has  been  fully  examined  by 
Mr.  Wheatstone,  and  we  cannot  do  better  than  give 
the  result  of  his  observations  on  this  Interesting  part 
of  acoustics.  An  elastic  body  may  be  made  to  as- 
sume a  vibratory  state  in  two  ways;  either  imme- 
diately, by  any  momentary  impulse,  which  altering 
the  natural  positions  of  its  particles,  allows  them 
afterwards  to  return  by  a  succession  of  isochronous 
alions  to  their  former  state ;  or  secondarily,  by 
s  of  an  immediately  sounding  body,  which 
:b  it  to  reciprocate  to  the  latter,  when  certain 
conditions,  on  which  depends  its  susceptibilitj'  of 
'ibraling  in  such  a  manner,  are  fulfilled.  This  re- 
'iprocatinn  to  which,  where  the  effect  is  referred  to, 
the  term  raoTuxnce  is  applied,  is  effected  by  means  of 
the  undulationa  which  are  produced  in  the  air,  or  in 
any  lluid  or  solid  medium,  by  the  periodical  pulses  of 
the  original  vibrating  body ;  these  undulationa  being 
capable  of  putting  in  motion  all  bodies  whose  pulses 
are  coincident  wi&  their  own,  and  cousequcntiy  with 
those  of  the  primitive  sounding  body.  Galileo  ob> 
served,  that  a  heavy  pendulum  might  be  put  in  mo> 


ACOU 
lin  bf  tfcc  lewt  bnnth  of  t)M  moatli,  provided  the 
btuti  in  oftcD  repeated,  and  keep  time  exactly  with 
the  ribntioDi  of  the  pendnhun ;  and  thia  remark  af- 
fatdi  1  correct  eiplanatiaii  of  the  phenomenon. 

Some  of  &t  moat  obvious  cases  of  resonance  are — 
die  Tibiatioas  of  a  string  when  another  tuned  in 
saisaa  with  it  is  nude  to  vibrate  ;  the  resounding  of 
the  drinking- glass  to  the  soond  of  the  voice,  or  of  a 
nnuicsl  instruinent ;  the  reciprocated  vibrations  of  a 
noDding-board,  commonicatiDg  immediately  with  a 
TilnstiBg  stiiug  or  tuning-forli,  3(c.  In  uie  tast- 
BtotioDed  instance,  thoogh  the  string  and  the  fork 
in  the  original  vibrating  bodies,  the  audible  sound 
ii  dependent  on  the  resonance  of  the  sounding-board. 

If  DDc  of  the  branches  of  a  vibrating  timing-fark 
be  Inaght  near  the  embouchure  of  a  flute,  the  ta- 
lo*l  apertures  of  which  are  stopped  so  at  to  render 
it  eipaUe  of  prodocing  the  same  sound  as  the  fork, 
Ao  the  feeble  and  scarcely  audible  sound  of  the  fork 
Tilt  be  aogmeoted  by  the  rich  resonance  of  the  co- 
hum  of  air  within  the  flute.  The  sound  will  be 
Ibnid  greatly  to  decrease  by  closing  or  opening  an- 
otfair  ^rtnre;  for  the  alteration  of  the  length  of 
the  c^mnn  of  air  in  snch  case  renders  it  no  longer 
pfoper  to  reciprocate  perfectly  the  sound  of  the  fork. 
Tllii  eipnimeDt  may  be  easily  tried  on  a  concert 
litf(,»ithaC  tuning-fork.  To  ensure  saccess,  it  is 
HceMaiy  to  remark,  that  when  a  flute  is  blown 
1^  with  the  month,  the  under  lip  partly  covering 
Ibe  emboochnie,  renders  the  sound  about  a  semi- 
1«M  flatter  than  the  sound  when  the  embouchure  is 
talirdy  uncovered ;  and  as  the  latter  must  be  unison 
to  that  of  the  toning-fork,  it  is  necessary,  in  most 
atu,  to  finger  the  flute  for  B  when  «  C  tuning-fork 
iitofiajed. 

k  limilar  effect  may  be  produced  by  substituting 
Tor  the  column  of  air  in  the  flute,  the  alterable  vo. 
luBc  of  air  contained  within  the  cavityof  the  mouth. 
Ur.WheatEtone  found  the  sounds  of  tuning-forks  re- 
ripcOEsted  nost  intensely  by  placing  the  tongue,  &c. 
la  the  position  for  the  nasal  continuous  sound  of  ng 
(a  KK^,  and  then  altering  the  spciturc  of  the  lips 
mti]  the  londest  sound  is  obtained. 

A  colinnn  of  air  may  also  reciprocate  a  sound 
originaUy  produced  by  a  wind  iuBtrument,  as  the 
foUowing  eiperiment  will  show.  Place  two  concert 
flale*  OD  a  table,  paisllel  to,  and  at  a  short  distance 
fnw  each  other ;  on  the  one  which  Is  nearer,  sound 
C  iharp  (all  the  lateral  apertures  bemg  open),  end 
•baw  oat  the  tube  of  the  secoad  flute,  so  that  it  shall 
be  ibout  a  semi-tone  flatter,  to  make  it  equivalent  to 
tbeAatteaii^  of  the  first  flute  by  the  partial  closing 
of  the  embouchure  by  the  lip ;  a  material  difference 
will  thai  be  distinguished  in  the  iaicneity  of  the 
toBe  by  alternately  closing  and  opening  the  first  hole 
at  the  more  distant  instrument,  thereby  rendering  it 
wapaUe  or  capable  of  reciprocating  the  original 
unod.  That  this  eflect  is  occaaiooed  solely  by  the 
bMmiijjinn  of  (lie  Bouorous  undolations,  and  not 
br  any  wind  actually  blown  into  the  second  flute  is 
e*ideat  from  the  difference  being  in  intensity  and 
■lot  b  pitch. 

Tlii*  eipetimant  may  be  varied  by  placing  the 
^ffit  tit  a  flageolet  at  a  short  distance  from  the  em- 
hoodmre  of  a  flute,  provided  of  course,  that  the 
enhmni  of  air,  both  in  the  flageolet  aud  the  flute,  be 
capable  of  producing  the  same  note. 

AmoDf  the  Javanese  musical  instruments  brought 
to  En^asd  by  the  lat«  Sir  Stamford  RalSen,  there  is 
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one  called  the  "  Gender,"  in  which  the  resonancet  of 
unitonant  columns  of  air  are  employed  to  liugment 
the  sounds  of  vibrating  metallic  plates.  Of  these 
plates  there  are  eleven ;  the  sounds  correspond  with 
the  notes  of  the  diatonic  scale,  deprived  of  its  fonrth 
and  seventh,  and  extend  through  two  octaves.  He 
mode  of  vibration  of  the  plates.  Is  that  with  two 
transversal  nodal  lines ;  and  they  are  suspended  hori- 
zontally by  two  strings,  one  passed  through  two 
holes  in  the  one  nodal  line,  and  the  other  through 
similar  holes  in  the  other  nodal  line  of  each  plate. 
Under  each  plate  is  ptsced  an  upright  bamboo,  con- 
taining a  column  of  air,  of  the  proper  length  to  reci- 
procate the  lowest  sound  of  the  plate.  If  the  aper- 
ture of  the  bamboo  be  covered  with  pasteboard,  and 
its  corresponding  plate  be  struck,  a  number  of  acute 
sonhds  only  (depending  on  the  more  numerous  sub- 
divisions of  the  plate)  will  be  heard  ;  but  on  removing 
the  pasteboard,  an  additional  deep,  rich  tone  is  pro- 
duced by  the  resonance  of  the  column  of  air  within 
the  tube. 


The  Gender  from  which  the  annexed  drawing  was 
taken  is  at  present  in  the  museum  of  the  Honourable 
East  India  Company  ;  and  there  is  another  specimen 
in  the  possession  of  Ladv  Raffles. 

If  a  rod  be  firmly  flxed  at  one  end,  and  allowed  to 
vibrate  freely  through  its  whole  length,  tones  of  a 
very  peculiar  kind  are  found  to  result.  Thus,  a  rod 
only  two  feet  in  length  will  give  a  tone  as  deep  as 
that  of  the  bell  employed  in  the  church  of  St.  Paul ; 
and  the  Parisian  clock-makers  have  availed  them- 
selves of  this  fact,  in  the  construction  of  their  orna- 
mental chimney  clocks,  which,  by  this  means,  cost 
less,  and  strike  without  the  sharp  and  dissonant 
tinkle  common  to  light  bells. 

A  very  pretty  instrument, 
called  a  "  Keleidophone,"  has 
been  contrived  by  Mr.  Wheat- 
stone,  of  which  the  accoca- 
panying  cut  is  a  represen- 
tation. It  consists  of  four 
vibrating  rods,  on  which  va- 
riously formed  bodies  are 
placed,  and  very  beautifal  and  | 
vivid  figures  produced  by 
merely  drawing  cither  of  the 
rods  out  of  the  perpendicular,  and   then   allovnng 
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them  to  vilnte  fredv.  Qnicktilvered  glue  bcadi 
reflect  tke  ligbt  of  a  Ump,  or  the  sua-btwuB  better 
probably  than  moit  other  objccta;  but  Mr.  Wheat- 
•tone  showed  the  editor  the  letters  on  a  common 
address  card,  and  which,  when  attached  to  a  bent 
rod,  produced  two  most  elegaot  compound  figures. 
The  nhite  lines  beneath  show  the  paths  of  a  series 
of  these  rods. 
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ir  a  sound  or  a  wave  be  reflected  from  a  curved 
•urfacc,  the  new  direction  which  it  wilt  assume  may 
be  determined  either  from  the  condition  that  the  ve- 
locity with  which  the  impulse  is  transmitted  must 
remain  unaltered,  or  from  the  taw  of  reflection,  which 
requires  that  the  direction  of  the  reflected  pulae  or 
wave  be  sncb  as  to  form  an  aogte  with  the  surface, 
equal  to  that  which  the  incident  pulse  before  formed 
with  it.  Thns,  if  a  sound  or  wave  proceed  from  one 
focus  of  an  ellipsis,  and  be  reflected  at  its  circumfe- 
rence, it  will  be  directed  from  every  part  of  the  cir. 
cumference  towards  the  other  focus ;  since  the  dis- 
tance which  every  portion  of  the  pulse  has  to  pass 
over  in  the  tame  time,  in  following  this  path,  is  the 
aame,  the  sum  of  the  lines  drawn  from  the  foci  to 
any  part  of  the  carve  being  the  same ;  and  it  may 
also  be  demonstrated  that  these  lines  form  always 
equal  angles  with  the  curve  on  each  side.  The  truth 
of  this  proposition  may  be  easily  shown  by  a  simpli 
experiment  on  a  baso*  of  water ;  the  curvature  of  i 
rircle  diflert  so  little  Attn)  that  of  an  ellipsis  of  small 
eccentricity,  that  if  we  let  a  drop  fall  into  the  bason 
near  its  centre,  the  little  wave  which  is  excited  will 
be  made  to  converge  to  a  pobt  at  an  eqoal  distance 
on  the  other  side  of  the  centre.  The  effects  of  these 
reflections  are  perfectly  illustrated  in  the  accompany- 
ing diagrams. 


An  umbrella  held  in  a  proper  position  over  the 
bead,  may  serve  to  collect  &e  force  of  a  distant 
sound  by  reflection,  in  the  manner  of  a  hearing 
trumpet ;  but  its  substance  is  too  slight  to  reflect  any 
sound  very  perfectly,  unless  the  sound  fall  on  it  in  a 
very  obliqae  direction.  The  wtusperinc  gallery  of 
A.  Idol's  produces  an  effect  nearly  sunilar  by  a 
continued  repetition  of  reflections.  Mr.  Charles's 
paradoxical  exhibition  of  the  Invisible  Girl  has  also 
been  said  to  depend  on  the  r^ection  of  sound ;  but 
the  deception  is  really  performed  by  conveying  the 
sound  tnrongh  pipes  ingeniously  concealed,  and 
opening  opposite  to  the  mouth  of  the  trumpet  from 
which  it  seems  to  proceed. 

He  ^leaking  and  hearing  horns  owe  their  opera- 
tion  to   the  flection   of  sound.     The   reader   has 
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already  seen  how  capaoie  a  conunuoiu  pipe  is  of 
transmitting  the  waves  or  pulses  of  the  air.  Thia  is 
also,  to  a  certain  extent,  accomplished  by  a  trumpet- 
mouthed  vessel,  and  a  second  apparatus  may  be  em- 
ployed to  collect  the  pulses  wfaidi  have  thns  bceo 
transmitted. 


The   above  figure   shows  at   one  view  the  joint 
effects  of  both  forms  of  tbe  trumpet.     The  organs  of 
iee  and  hearing  will  be  found  under  those  heads. 
Acaa,  a  measore  of  superficies,  and  the  principal 
denomination  of  land-measure  in  nse  throughont  tbe 
whole  of  Great  Britain.     The  wnid  (formed  from  tb« 
Saxon  ccer,  or  the  German  aekrr,  a  field}  did  not  ori- 
ginally signify  a  determinate  qoantity  of  land,  bat 
any  open  ptiund,  especially  a  wide  campaign  ;  and 
'"  this  antique  sense  it  seems  to  be  preserved  in  the 
mea  of  placoe,  as  Castle-acre,  West-acre,  Sic.    The 
EngUsh  standard  acre,  now  the  imperial  acre  of  Bri- 
an, is  determined  from  a  square,  each  of  whose  sides 
the  chain  of  66  feet,  or  22  yards,  or  l-80th  of  a  mile. 
Ten  of  these  squares  form  the  acre,  which  thns  con- 
tains 4S40  square  yards.     This  is  divided  into  roods, 
of  which  there  are  four  in  the  acre;  and  into  poles  or 
perches,  of  which  there  are  40  in  each  rood,  or  160  in 
tbe  acre.    The  rood  will  thns  measnte  1310  sqaan 
yards,  and  the  pole  30 }  square  yards. 

The  above  is  the  standard  acre  of  England ;  bvt 
various  customary  acres  are  in  use  throughout  tbe 
different  counties,  deviating  considerably  from  this 
standard  both  in  excess  and  defect,  though  alt  of  them 
are  now  illegal  since  the  act  5  Cieorge  IV.,  which  es- 
tablishes the  same  standard  throughout  the  whole 
kingdom.  In  Bedfordshire,  it  is  sometimes  only  two 
roods ;  Cheshire,  formerly,  and  still  in  some  places, 
10,240  square  yards ;  Cornwall,  sometimes  S760 
yards;  Dorsetshire,  generally  134  perches;  Hamp- 
shire, from  107  to  120  perches,  but  sometimes  ISO, 
Herefordshire,  two-thirds  of  a  statate  acre.  The  acre 
for  hops  contains  lOOO  plants,  and  is  only  equal  to 
half  a  statute  acre ;  for  wood,  again,  it  is  256  perches. 
LeicMtershire,  2308]  square  yards ;  Lincolnshire,  five 
roods,  particularly  for  copyhold  land  ;  Staffordshire, 
nearly  2)  acres ;  Sussex,  lO^,  110.  120,  130,  or  SIS 
perches;  the  short  acre  100  or  120  perches,  the 
forest  acre  180  perches.  Westmoreland,  6760  square 
yards,  or  160  perches  of  6 J  yards  square;  in  some 
parts  the  Irish  acre  is  used :  Worcester,  tbe  hop  acre, 
of  1000  stocks,  90  perches,  sometimes  132  or  141 

In  North  Wales,  the  Em  or  true  acre  is  4330  square 
yards,  the  Slang  or  customary  acre  3240  square 
yards,  as  in  Aoglesea  and  Caernarvonshire,  making 
S^  Llathen,  ^  160  perches  of  4}  vards  square,  called 
paladr:  8  acres  moke  an  ox-kmd,  and  8  of  these  a 
jdcntgh-toMd,  in  Pembrokeshire.  In  South  Wales  tbe 
Erw  varies  greaUy  with  the  perch ;  lometimes  this 
is  nine  feet  square,  1 60  perches  making  one  stangell, 
and  four  stangells  one  etw  of  9760  yards ;  sometimes 
lOi  feet  square,  making  a  quart  or  quarter  of  a  Hath, 
40  of  which  m^e  a  stangell,  and  four  stangells  an 
erw,  which  is  thus  7S40  j'ards,  equal  to  the  Irish 
acre ;  sometimes  1 1  feet,  colled  bat  or  eglwys  haw. 
king  the  erw  S384  yards,  as  in  Glanorgansbire, 
■fifth  more  =  11,261  yards;  somet'tnes  111  ftet. 
called  a  llath,  4S  making  a  quarter  efrar,  and  four 
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qrvan  an  enr  of  ll,i70  yaids ;  lastly,  12  feet,  giving 
an  enr  of  10,340  vmnls,  equal  to  the  Staffordshire  acre. 

Nothing  can  show  more  clearly  Aan  the  exbtence 
of  SQdi  numerous  and  useless  diversities,  the  neces- 
sity of  the  late  act  for  establishing  a  uniform  standard 
throuf^bottt  Great  Britain,  and  whidi  only  requires 
to  be  enforced  widi  strictness  to  abolish  for  ever 
every  other  measure.  In  Scotland  *he  acre  is  much 
more  uniform,  scarcely  deviating  in  any  part  more 
than  one  per  cent,  from  the  standard. 

AcaoTsaiA,  or  Acuotbrs,  small  pedestals  usually 
without  bases,  placed  in  the  middle  and  at  the  two 
cxtiemities  of  pediments,  and  serving  also  to  support 
statues.  The  same  term  was  also  applied  to  the 
figures  placed  as  ornaments  on  the  summits  of  public 


AcnoN,  is  that  motion  which  one  body  produces 
or  endeavours  to  produce  in  another.  Mechanical 
action  is  exerted  either  by  percussion  or  by  pres- 
awe ;  and,  in  cither  case,  the  force  exerted  by  the 
acting  body  is  repelled  in  an  equal  degree  by  the 
body  on  which  it  acts.  Thus,  in  driving  a  nail  with 
a  hammer,  the  stroke  acts  as  powerfully  against  the 
fooe  of  the  hammer  as  against  the  head  of  the  nail ; 
and  in  pressing  the  hand  upon  a  stone,  the  pressure 
upon  the  stone  is  equally  great  with  that  upon  the 
hand.  In  each  of  these  cases  the  impulse  is  coun- 
teracted by  what  is  termed  the  re-action ;  and  that 
actkm  ana  re-acdon  are  always  equal,  is  not  only 
laid  down  as  an  axiom  in  mechanics,  but  is  under- 
stood to  be  a  general  law  of  nature. 

AcTiTE  FoacB,  see  Force. 

Actus,  a  term  used  by  Vitruvius  as  a  measure  of 
100  Roman  feet  in  length.  It  was  also  applied  in 
agriculture  to  the  lengui  of  one  furrow,  or  the  dis- 
tance traversed  by  a  plough  in  one  continued  line. 

AciTPUifCTUBB,  a  surgical  operation,  which  is  per- 
fonaed  by  the  insertion  into  the  part  affected  of  a 
silver  or  golden  needle.  It  is  practised  to  a  large 
extent  by  the  Chinese  and  Japanese,  who  employ  it 
beaefidally  in  cases  of  headache,  lethargy,  convul- 
sion, colic,  and  other  maladies.  It  has  been  intro- 
duced into  this  country,  and  resorted  to  with  great 
advantage,  particularly  in  hydrocephalous  diseases, 
in  whidi  Dr.  Conquest  has  employetl  it  with  eminent 


AcuTB  Akglb.    See  Gtometry. 

AcuTK,  in  Mmnc,  is  used  to  express  the  quabty  of 
a  tone  which  is  sharp  or  high  in  comparison  with 
some  other.     It  is  thus  opposed  to  ^mve. 

Addition,  the  first  of  the  four  operations  of  Arith- 
m^c,  which  see. 

Additions,  in  Henddry,  are  a  species  of  bearings 
in  coat  armour,  in  which  are  placed  rewards  or  ad- 
ditinnal  marks  of  honour. 

ADDUCToas,  an  anatomical  term,  applied  to  those 
Moecles  which  draw  together  the  parts  into  which 
they  are  inserted. 

Adhbsion,  according  to  the  latest  phraseology  of 
physics,  means  generally  the  tendency  of  heterogene- 
ous bodies  to  adhere  wgether ;  but  coAsrisa  implies 
tiie  attraction  of  homogeneous  particles  of  bodies. 
AAesion  may  take  place  between  two  solids,  as  two 
hemispheres  of  glass,  or  between  a  solid  and  a  fluid, 
ar  between  two  fluids,  as  oil  and  water.  Thus  it  is 
aa»d  that  a  fluid  adheres  to  a  solid,  as  water  to  the 
io^er  dipped  into  it.  But  there  is  a  great  difference, 
m  thb  respect,  in  different  bodies ;  thus  small  par- 
ticles of  quicksilver  do  not  ailhcre  to  glass,  but  they 


adhere  to  gold,  silver,  and  lead,  in  consequence  of 
chemical  attraction.  Water  adheres  to  the  greatest 
part  of  bodies,  unless  it  is  separated  from  their  sur- 
foce  by  oily  substances,  dust,  flour,  8cc.  Fluids  do 
not  form  a  surfteu^e  perfectly  horizontal  in  vessels  to 
which  they  adhere  so  as  to  wet  them,  but  rise,  on  the 
contrary,  around  the  brim  of  the  vessels.  This  is 
proved  by  fluids  poured  into  glasses,  &c.  Fluids,  on 
the  other  hand,  in  vessels  to  which  they  do  not  ad- 
here, sink  around  the  brim,  and  rise  in  the  centre. 
Thus  Quicksilver  in  a  glass  forms  a  convex  surface. 
Hub  phenomenon  of  t^  rising  and  sinking  of  fluids 
becomes  still  more  remarkable  in  vessels  of  a  small 
diameter;  wherefore  capillary  tobes,  so  called,  are 
used  for  performing  experiments,  and  the  singular 
effects  produced  are  ascribed  to  capillary  attrac- 
tion. 

Adhesion  should,  strictly  speaking,  be  divided  into 
two  kinds.  The  one,  a  species  of  natural  attraction 
which  takes  place  between  the  surfaces  of  bodies, 
whether  similar  or  dissimilar,  and  which,  in  a  cer- 
tain degree,  connects  them  together ;  the  other,  the 
joining  or  fastening  together  of  two  or  more  bodies 
by  the  application  of  external  force. 

With  respect  to  the  first-mentioned,  it  has  been 
proved,  that  the  power  of  adhesion  is  proportionate 
to  the  number  of  touching  points ;  and  this,  in  solid 
bodies,  depends  upon  the  degree  in  which  their  sur- 
faces are  polished  and  compressed.  The  effects  of 
this  power  are  extremely  curious,  and,  in  many  in- 
stances, astonishing. 

Musschenbroock  relates,  that  two  cylinders  of  glass, 
whose  diameters  were  not  quite  two  inches,  being 
heated  to  the  same  degree  as  boiling  water,  and  joined 
together  by  means  of  mehed  tallow  lightly  put  be» 
tween  them,  adhered  with  a  force  eqtiaJ  to  130  lbs ; 
that  lead  of  the  same  diameter,  and  in  similar  cir- 
cumstances, adhered  with  a  force  of  275  lbs. ;  and 
soft  iron  with  a  force  of  300  lbs. 

Martin,  in  the  Philasophia  Britanwica,  states,  that 
with  two  leaden  balls,  not  weighing  above  a  pound 
each,  nor  touching  upon  more  than  one-thirtieth  of 
a  square  each  surfiatce,  he  has  Hfted  more  than  1 30  lbs. 
weight ;  and  that  the  force  of  adhesion  between  two 
brass  planes,  each  four  and  a  quarter  inches  in  dia- 
meter, and  smeared  with  grease  or  fiait,  was  so  great, 
that  he  never  could  meet  with  two  men  strong 
enough  to  separate  them  by  pulHng  against  each 
other.  In  the  first  experiment,  the  baUs  were  scraped 
very  finely  wkh  the  edge  of  a  sharp  pen-knife,  and 
then  equally  pressed  together  with  a  considerable 
force  and  a  gentle  torn  of  the  hand. 

We  may  now  notice  the  adhesion  of  nails.  Every 
carpenter  is  familiar  with  the  use  of  the  nail,  and  pos* 
sesses  a  practical  knowledge,  more  or  less  accurate, 
of  the  force  of  adhesion  of  different  nails,  and  in 
different  substances,  so  as  to  decide,  without  diffi- 
culty, what  number,  and  of  what  length,  may  be  suf- 
ficient to  fasten  together  substances  of  various  shapes, 
and  subject  to  various  strains.  But,  interesting  as 
this  subject  unquestionably  is,  it  has  not  been  till 
very  recently  that  the  necessary  experiments  have 
been  made  to  determine,  1st.  the  adhesive  force  of 
different  nails  when  driven  into  wood  of  different 
species ;  2d.  the  actual  weight,  without  impulse,  ne» 
cessary  to  drive  a  nail  a  given  depth  $  and  3d.  the 
force  required  to  extract  Uie  nail  when  so  driven. 
The  obtaining  this  useful  knowledge  was  reserved  for 
Mr.  B.  Bevan,  a  gentleman  well  known  in  the  me- 
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cbanical  and  scientific  world,  for  the  accuracy  with 
which  his  experiments  are  conducted. 

Mr.  Bevan  observes,  that  the  theoretical  investi- 
gation points  out  an  equality  of  resistance  to  the  en- 
trance and  extraction  of  a  naiU  supposing  the  thick- 
ness to  be  invariable ;  but  as  the  general  shape  of 
nails  is  tapering  towards  the  points,  the  resistance 
of  entrance  necessarily  becomes  greater  than  that  of 
extraction :  in  some  experiments  he  found  the  ratio 
to  be  6  to  5. 

The  following  table  exhibits  the  relative  adhesion 
of  nails  of  various  kinds,  when  forced  into  dry  Chris- 
tiana deal,  at  right  angles  to  the  grain  of  the  wood. 


Description  of  NaiHt  used. 


Fine  Sprigs      .     . 

Ditto  .     .     .     . 
Threepenny  brads 
Cast  iron  nails 
Sixpenny  nails 

Ditto  .     .     .     . 

Ditto  .     .     .     . 
Fivepenny  nails 


Number 
to  the  lb. 
Avoir- 
dupois. 


4560 

3200 

618 

383 

73 


139 


Inches 
forced  into 
the  wood. 


0-40 
0-44 
0-50 
0-50 
100 
1-50 
200 
1-50 


Pounds 

requisite 

to  extract 
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37 
58 
72 
187 
327 
530 
320 


The  percussive  force  required  to  drive  the  common 
sixpenny  nail  to  the  depth  of  one  inch  and  half  into 
dry  Christiana  deal,  with  a  cast  iron  weight  of 
6.275  lbs.,  was  four  blows  or  strokes  falling  freely 
the  space  of  12  inches;  and  the  steady  pressure  to 
produce  the  same  effect  was  400  lbs. 

A  sixpenny  nail  driven  into  dry  Elm,  to  the  depth 
of  one  inch  across  the  grain,  required  a  pressure  of 
327  pounds  to  extract  it ;  and  Uie  same  nail,  driven 
endways  or  longitudinally  into  the  same  wood,  was 
extracted  with  a  force  of  257  pounds. 

The  same  nail  driven  two  inches  endwajrs  into  dry 
Christiana  deal,  was  drawn  by  a  force  of  257  pounds ; 
and  to  draw  out  one  inch,  under  like  circumstances, 
took  87  pounds  only.  The  relative  adhesion,  there- 
fore, in  the  same  wood,  when  driven  transversely  and 
longitudinally,  is  100  to  78,  or  about  4  to  3  in  dry 
elm ;  and  100  to  46,  or  about  2  to  1  in  deal :  and  in 
like  circumstances,  the  relative  adhesion  to  elm  and 
deal  is  as  2  or  3  to  1. 

The  progressive  depths  of  a  sixpenny  nail  into  dry 
Christiana  deal  by  simple  pressure  were  as  follows : 

One  quarter  of  an  inch,  a  pressure  of    24lbs. 

Half  an  inch 76^ 

One  inch 235  — 

One  inch  and  half 400  — 

Two  inches 610  — 

In  the  above  experiments,  great  care  was  taken  by 
Mr.  Bevan  to  apply  the  weights  steadily,  and  towards 
the  conclusion  of  each  experiment,  the  additions  did 
not  exceed  10  lbs.  at  one  time,  with  a  moderate  in- 
terval between,  generally  about  one  minute,  some- 
times 10  or  20  minutes.  In  other  species  of  wood, 
the  requisite  force  to  extract  the  nail  was  different. 
Thus,  to  extract  a  common  sixpenny  nail  from  a 
depth  of  one  inch  out  of 

Dry  oak,  required      ..    .     .     507  lbs. 

Dry  beech 667  — 

Green  sycamore     .    .     .     .    312  — 

From  these  experiments,  we  may  infer  that  a  com- 
mon sixpenny  nail,  driven  two  inches  into  dry  oak» 


would  require  a  force  of  more  than  half  a  ton  to  ex- 
tract it  by  a  steady  force. 

A  common  screw,  of  one-fifth  of  an  inch,  was  found 
to  have  an  adhesive  force  of  about  three  times  that 
of  a  sixpomy  nail. 

The  force  necessary  to  break  or  tear  out  a  half- 
inch  iron  pin,  applied  in  the  manner  of  a  pin  to  a 
tenon  in  the  mortice,  has  likewise  obtained  the  atten- 
tion of  the  same  ingenious  experimentalist  The 
thickness  of  the  board  was  0*87  inch,  and  the  dis- 
tance of  the  centre  of  the  hole  from  the  end  of  the 
board  1.05  inch.    The  force  required  was  979  lbs. 

As  the  strength  of  a  tenon  firom  the  pin-hole  may 
be  considered  in  proportion  to  the  distance  from  the 
end,  and  also  as  the  thickness,  we  may,  for  this  spe- 
cies of  wood,  obtain  the  breaking  force  in  pounds 
nearly,  by  multiplying  together  one  thousand  times 
the  distance  of  the  hole  from  the  end  by  the  thick- 
ness of  the  tenon  in  inches. 

The  adhesion  of  glue  is  no  less  important  in  a  prac- 
tical point  of  view.  Mr.  Bevan  glued  together  by 
the  ends  two  cylinders  of  dry  ash  wood,  one-fifth  of 
an  inch  in  diameter  and  about  eight  inches  long ;  after 
they  had  been  glued  together  24  hours,  they  required 
a  force  of  1260  pounds  to  separate  them ;  and  as  the 
area  of  the  circular  ends  of  the  cylinders  were  1.76 
inch,  it  follows  that  the  force  of  715  pounds  would 
be  required  to  separate  one  square  inch. 

It  IS  right  to  observe,  that  the  glue  used  in  this 
experiment  was  newly  made,  and  the  season  very  dry. 
For  in  some  former  experiments  on  this  substance, 
made  in  the  winter  season,  and  upon  some  glue  which 
had  been  frequently  made,  with  occasional  additions 
of  glue  and  water,  he  obtained  a  result  of  350  to  560 
pounds  to  the  square  inch. 

The  present  experiment,  however,  was  conducted 
upon  a  larger  scale,  and  with  greater  care  in  the  di- 
rection of  tibe  resultant  force,  so  that  it  might  be,  as 
near  as  practicable,  in  a  line  passing  at  right  angles 
through  the  centres  of  the  suiiaces  in  contact.  The 
pressure  was  applied  gradually,  and  was  sustained 
two  or  three  mmutes  before  the  separation  took 
place. 

Upon  examining  the  separated  surfoces,  the  glue 
appeared  to  be  very  thin,  and  did  not  entirely  cover 
the  wood,  so  that  the  actual  adhesion  of  glue  must 
be  something  greater  than  715  pounds  to  Uie  square 
inch. 

Mr.  Bevan  also  tried  the  lateral  cohesion  of  fir- 
wood,  from  a  scotch  fir  of  his  own  planting,  cut 
down  in  the  autumn,  sawn  into  boards,  and  at  the 
time  of  experiment,  quite  dry  and  seasoned.  The 
force  required  to  separate  the  wood  was  562  pounds 
to  the  square  inch ;  consequently,  if  two  pieces  of 
this  wood  had  been  well  glued  together,  the  wood 
would  have  yielded  in  its  substance  before  the  glue. 

From  a  subsequent  experiment,  made  on  sohd 
glue,  the  cohesive  force  was  found  to  be  4000  pounds 
per  square  inch ;  from  which  it  may  be  inferred,  that 
the  application  of  this  substance  as  a  cement  is  sus- 
ceptible of  improvement. 

Adipocire,  from  adepa,  fat,  and  cera,  wax ;  a  sub- 
stance of  a  light-brown  colour,  formed  by  the  soft 
parts  of  animal  bodies,  when  kept  for  some  time  in 
water,  or  when  preserved  from  atmospheric  air. 
When  this  substance  is  subjected  to  a  chemical  ana- 
lysis, a  true  ammoniacal  soap  is  first  yielded,  com- 
posed of  ammonia,  a  concrete  oil,  and  water.  The  oil 
may  be  obtained  pure,  and  this  b  called  more  strictly 
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•ifipocire.  U  was  discovered  on  removing  the  anhnal 
■Mtter  from  ^e  borial  gronnd  of  the  church  des  In- 
■oeov,  at  Paris,  in  1787>  amongst  the  masses  of  the 
bodies  of  tiie  poor  there  interred  together.  In  this 
place^  about  1500  bodies  were  thrown  together  into 
titt  same  pit,  and,  being  decomposed,  were  converted 
into  diis  substance.  In  the  crypt,  beneath  the  an- 
cient dinrch  of  St.  Martin-le-Grand,  several  human 
bodies  have  been  found  c(mverted  into  adipocire.  (See 
NMoimm*9  Journal,  vol.  4,  p.  135 ;  PMl.  Trans,  1794, 
vob.  84,  85 ;  Jwmud  de  Phynque,  tom.  38,  &c.) 
Adit,  the  shaft  or  entrance  of  a  mine. 
Ajutnct,  in  Music,  a  term  expressive  of  the  rela- 
tiOD  between  the  principal  mode,  and  the  modes  of 
its  two-fifths,  which,  from  the  intervals  that  consti- 
tute the  relation  between  them  and  it,  are  called  its 
adQiuicts. 

Adnata,  in  Jmatomy,  one  of  the  coats  of  the  eye, 
also  called  conjunctiva  and  albugtnea. 

Adustion,  a  surgical  operation  of  the  same  nature 
as  cauterization,  and  consisting  in  the  application  of 
a  baming  substance  to  the  part  affected. 

JE»ivBTASi  Sttlb  and  Monumbnts  op  Abt. 
An  associatiiMk  of  English  and  Grerman  artists  and 
knpcrs  of  the  arts  was  formed  in  181 1,  chiefly  vritih  a 
new  of  obtaining  an  architectural  survey  of  the  temple 
of  Jupiter  Fanhellenius,  at  iBgina,  which  is  one  of 
the  most  beautiful  remains  of  the  Doric  architecture. 
A  sketch  of  this  temple  may  be  found  in  the  Journal 
.ff  Sdenee,  and  in  the  Isis,  a  periodical  edited  by 
Oken,  in  Germany.  Hiis  undertEddng  was  amply  re- 
warded by  a  fine  collection  of  valuable  sculpture, 
which  once  adorned  the  eastern  and  western  fronts  of 
that  noble  edifice.  It  was  purchased  by  the  king  of 
Bavaria  in  1812,  and  the  deficient  parts  restored  by 
lliorwaldson.  Every  member  of  the  association  re- 
ceived a  cast  of  it  carefully  executed  in  plaster  of 
paris.  These  works  are  valuable  as  faithful  imitations 
of  nature,  and  for  the  light  which  they  shed  over  one 
of  the  darkest  periods  in  the  history  of  art.  They 
show  that  the  iEginetan  style  of  art  was  independent 
of  the  Attic  Pausanias  calls  Smilis  the  Dsedalus  of 
iEgina,  assures  us  that  he  was  the  contemporary  of 
Dsdahis,  and  ascribes  therefore  to  the  ^Eginetan  style 
equal  antiquity  and  independence  with  the  Attic. 
The  language  and  manners  of  iEgina  were  Doric; 
and  its  sculpture  has  a  Doric  character,  as  distinct 
from  the  Attic  (which  was  originally  Ionic)  as  Doric 
poetry  and  architecture.  The  characteristic  peculia- 
rity and  aim  of  the  iEginetan  style  is  the  faithful  and 
exact  imitation  of  nature,  carried  even  to  deception. 
Attic  art  was  a  daughter  of  the  ^Egyptian,  and  a 
•triring  after  the  id^  is  perceptible  in  both.  To 
gain  a  clear  idea  of  primitive  art,  we  must  distinguish 
between  the  .£gyptian,  ancient  Attic,  iEginetan,  and 
Etrurian  styles.  Rudeness,  stiffness,  and  meagreness 
belong  to  tiie  first  attempts  in  every  art.  In  other 
respects,  they  differ  from  one  another,  although,  at  a 
later  perkxl,  they  exercise  a  mutual  influence.  The 
perfection  of  art  in  Phidias  has  hitherto  appeared  al- 
most a  miracle ;  but  we  now  comprehend  how  the 
.£ginetan  school,  imitating  nature  with  almost  per-^ 
feet  exactness,  pointed  out  the  way  to  the  ancient 
Attic,  teaching  it  to  rise  from  the  abstract  to  the 
tiring,  from  the  conventional  to  the  natural.  Thus 
we  find  the  long-desired  link  of  connexion  between 
die  ancient  severe  and  beautiful  styles.  Since  the 
otitions  of  Phidias,  the  traces  of  the  proper  iEginetan 
ftWe  have  disappeared.    There  was  subsequently, 


therefore,  only  one  perfect  style  of  art,  which  spread 
over  all  Greece ;  and  jBginetan  became  the  name  for 
primitive  sculpture.  Smilis  was  the  father  and  founder 
of  the  uEginetan  style  of  art ;  next  to  him  came  Gal- 
lon, who  lived  between  the  60th  and  70th  Olympiads 
(540 — 500  B.  C.)     About  the  time  of  Phidias,  thero 
lived  the  following  masters,  famous  in  this  style: 
Anaxagoras,  who  made  the  Jupitei  which  was  placed 
in  Olympia  at  the  common  expense  of  all  the  Greeks, 
who  fought  victoriously  at  Plataea,  B.  C.  379 ;  Simon, 
the  maker  of  the  consecrated  offering  of  a  certain 
Phormis  at  Olympia ;  and  Glaucius  and  Onatos,  who 
flourished  in  the  78th  Olympiad.     The  ^Eginetan 
figures  now  exhibited  at  Munich  are  17-    They  may 
be  divided  into  4  classes:   1,  upright,  clothed,  and 
female ;   2,  advancing    or    fighting   combatants ;   3, 
kneeling,  or  archers;   4,  lying,  or  wounded.    The 
largest  of  these  figures  \3  Minerva.     She  is  a  little 
above  the  human  size ;  all  the  others  are  rather  below 
this  measure.     If  we  consider  the  style  of  these 
works,  there  prevails  in  every  part  of  the  bodies,  the 
head  excepted,  a  minute  imitation  of  nature,  without 
the  least  traces  of  the  ideal.     Still  the  imitation  is 
neither  poor  nor  offensive  to  the  rules  of  art,  but  a 
good  copy  of  beautiful  nature,  with  the  most  perfect 
knowledge  of  the  bones  and  muscles.    With  respect 
to  proportion,  these  figures  are  slender,  rather  small 
at  ihe  hips,  and  the  legs  remarkably  kmg.    There  is 
much  life  in  the  attitudes,  though  they  are  not  alto- 
gether free  from  a  certain  stififiess,  such  as  may  be 
observed  in  the  paintings  of  Giotto,  Masaccio,  Peru- 
gino,  &c.    The  heads  seem  to  belong  to  an  earlier 
epoch  of  art ;  the  eyes  project,  and  are  lengthened 
somewhat  in  the  Chinese  fashion;   the  mouth  has 
prominent  lips,  with  well  marked  edges ;  the  comers 
in  some  are  turned  up ;  the  nose  is  richer  small ;  the 
ears  finished  with  the  greatest  care ;  the  chin  is  full, 
and  generally  too  large.    They  all  look  alike,  and 
exhibit  not  the  slight^  expression  of  passion ;  be- 
tween conquerors  and  conquered,  gods  and  men,  there 
is  not  the  least  difference.    The  appearance  of  the 
hair  is  not  natural,  but  stiff  and  conventional,    llie 
arms  are  rather  short ;  the  hands  natural  to  decep- 
tion ;  not  a  wrinkle  of  the  skin  is  forgotten.  The  legs 
are  well  shaped;  the  knees  masterly;  the  feet  ele- 
gant ;  and  the  toes,  which  are  rather  too  long,  run 
out  parallel.    The  drapery  b  close  to  the  body,  with 
folds  artificially  arranged.    Though  the  style  is  hard, 
the  execution  is  tasteful  and  elaborate.     'Hiey  were 
apparently  made  at  the  same  time,  but  not  by  the 
same  artist.    No  one  of  them  has  any  support,  and 
they  are  equally  finished  on  all  sides.    The  number 
of  figures  originally  amounted  to  30,  at  least.    They 
were  symmetrically  arranged  on  both  fronts  of  the 
temple.  The  Minerva  stood  in  the  middle,  the  stand- 
ing warriors  next,  then  the  archers,  and  the  lying 
figures  last.    The  temple  was  not  intentionally  de- 
stroyed, but  was  probably  thrown  down  by  an  earth- 
quake.    Since  JEacaa  erected  this  temple  to  Jupiter 
Panhellenius,  it  is  probable  that  the  figures  represent 
the  battles  of  the  .£acidee,  under  the  protection  of 
Minerva.    The  two  contests  in  which  the  ifiacidso 
distinguished  themselves  most  gloriously,  were  the 
Trojan  war  and  the  naval  battle  of  Salamis :  in  the 
latter,  the  images  of  the  MacidK  of  Homer,  Ajax,  and 
Telamon,  were  displayed,  and  regarded  as  superna- 
tuial  protectors.     According  to  another  opinioa,  the 
group  of  the  eastern  front  represented  the  contest 
around  the  body  of  Laomedon,  king  of  Troy  and  t  4 
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□DC  on  the  WMtern,  th&t  around  tlu  bod;  of  E^Uo- 
clua.  The  figures  ihouid  prob^ly  be  assigned  to  ■ 
perbdbetwe^  the  60th  and  80tlk  Olympiads.  Pindar 
calls  jEgina  the  "  well-fortified  se^  of  the  j£acids," 
pt«bably  referring  to  these  imagM,  for  no  one  of  the 
■oos  of  Mixui  then  remained  in  the  country.  The 
marble  of  which  they  are  wrought  is  Parian,  of  the 
kind  nsuaily  called  GrteMto.  The  colours  percep- 
tible here  and  there  on  the  figures  ue  vennillion  and 
aznre.  All  the  decorations  and  foliage  of  the  templi 
which  are  genet«Ily  carved,  were  painted.  The  niches 
of  die  fronts  in  which  these  figures  stood  were  a: 
the  partitions  red,  the  foliage  green  and  yellon, 
even  the  marble  tiles  were  painted  with  a  kind  of 
flower.  We  cannot  call  this  Bystem  of  punting  btu-. 
barous;  we  find  it  even  on  the  Parthenon.  Wine- 
kelmsBD  was  the  first  who  conjectured  the  existence 
of  an  ancient  school  of  art  in  £giiiB,  from  the  ac- 
counti  of  Pausanias.  (See  If^agntr't  BeritAl  B6«r  (ft* 
jEghutitelie  BUdtoerkt,  li*nuttf»ytbtii  mtd  wiil  haul- 
geKhichiUckn  jitimtrkvngai  begkittl,  von  ScheOiiig, 
18 1  r ;  IVagner'i  lUporl  oa  Iht  Mgaitla*  ilmaaiiu  <tf 
Art,  &c.)  Sabseqnently,  K.  O^.  Muller,  in  his 
learned  and  ocate  work,  jSgvut"  imm  Libar,  Leip. 
sic,  t^SO,  attempted  to  determine  their  relation  to 
the  other  monnmeBts  still  extant;  and  Thiersch  to 
iDTestLgate  theli  mythological  signification.  Against 
the  idea  of  a  peculiar  jfiginetan  style  of  art,  deduced 
from  these  marbles,  Haniy  Meyer  wrote  in  Goethe's 
Kuntt  md  AUerlhum,  3  Sd.  1.  H^l.,  and  opposed 
die  derivation  of  Grecian  sculpture  from  the  Egyp- 
tian as  strenuously  as  Winckelmann  advocated  it. 

JJoLiAN  Harp,  or  ^olos's  Habf,  was  intro- 
duced into  England  about  the  middle  of  the  lost  een- 
tory.  It  is  generally  a  simple  boi  of  thin  fibrous 
wood  (often  of  deal) ,  to  which  are  attached  a  nnmber 
of  fins  catgut  strmgs,  sometimes  as  many  as  15,  of 
squol  size  and  length,  and  consequently  unisons, 
stretched  on  tow  bridges  at  each  end.  Its  length  ia 
mode  to  correspond  with  the  size  of  &e  window  or 
other  aperture  u  which  it  is  intended  to  be  placed ; 
its  width  is  about  five  or  sii  inches,  its  depth  two  or 
three.  It  must  be  placed  with  the  strings  uppermost, 
under  which  is  a  circular  opening  in  the  centre  as  in 
the  belly  of  the  guitar.  When  the  wind  blows  a- 
thwart  the  strings,  it  produces  the  effect  of  a  choir  of 
music  in  the  air,  sweetly  mingling  all  the  harmonic 
notes,  and  swelling  or  diminishing  the  sounds  accord- 
ing to  the  strength  or  weakness  of  the  blast.  A  more 
recent  £oliau  harp,  invented  by  Mr.  CiossAwaite, 
has  no  sonnding- board,  but  consists  merely  of  a 
number  of  strings  extended  between  two  deal  boards. 
The  inveutioD  of  the  £olian  harp  has  besn  generally 
ascribed  to  &ther  Kircher,  but  the  &ct  is,  tluit  it  was 
known  and  used  at  a  much  earlier  date  in  the  Elast, 
aa  Mr.  Richardson  has  proved,  in  his  Dmerlation  o* 
Ihf  Ma*ittn  and  Outomt  of  llu  Eatl. 

Moutrit.1.  This  instrument  was  employed  for 
domestic  purposes  et  a  very  early  period.  It  usually 
consists  of  a  spherical  ball  of  metal,  with  a  pipe  of 
small  bore  through  which  a  jet  of  steam  may  be  im- 
pelled. To  putit  in  operation,  the  ball  is,  in  the  first 
instance,  filled  with  water,  and  then  heat  applied  to 
its  external  surface.  A*  soon  as  the  fluid  boils,  the 
steam  is  impelled  trc»n  the  mouth  of  the  tube  with 
great  violence,  snd  the  apparatus  thus  constiucted, 
fonos  a  very  good  substitute  for  the  ordinary  bellows. 
On  a  larger  scale,  it  ia  sometimes  used  to  increase  the 
draft  of  a  steam  engine  furnace,   ci   a  jet  of 
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prcBsnre  steam  wiU  carry  with  it  a  great  deal  of  air, 
and  when  directed  against  the  lower  bars  of  tha  for- 
the  effect  of  the  fire. 


In  the  above  wood-cut  a  machine  is  represented 
employed  by  the  editor  in  his  public  lectures,  in 
which  the  KOlipile  is  made  to  revolve.  It  consists  of 
a  circular  tube  formed  into  one  continuons  ring,  and 
supported  by  a  pointed  steel  axis.  Two  small  bent 
tabes  are  seen  to  rise  from  the  upper  part  of  the  ring, 
and  when  fire  is  applied  beneath,  the  steam  rushes 
from  the  apertures,  and  acting  like  the  common  rocket 
wheel,  produces  a  continnous  rotatory  motion. 


beautiful  modification  of  the  revolving  Koliplle 
may  now  be  adverted  to.  It  is  shown  in  the  abore 
figure,  and  is  intended  to  illustrate  the  principle  on 
v.4iich  Hero  of  Alexandria  is  said  to  have  constructed 


applied  above,  and 
xpanded,  or  spirituous  vapour  formed  by  the 
heat.  A  small  tube,  passing  throng  the  centre  of 
the  temple,  was  Aimishcd  with  tubes  and  horizontal 
apertures,  as  in  the  foi^ner  instance  ;  and  as  the 
figures  were  attached  to  the  tbia  plate  beneath,  tikcir 
rotatory  motion  was  the  result. 

ifBivoRM,  a  teTxn  used  to  detuite  bodies  which  ai« 
airlike  or  gaseous.     See  Gat. 

iGaoLiTHS,  or  meteoric  stones,  the  name  given  to 
those  mineral  substances  which  occasionally  fall 
through  the  atmosphere  to  the  earth.  The  concord- 
ance of  a  multitude  of  facta  seems  to  render  it  indis- 
pntable,  that  certain  stony  and  metallic  bodies  liBvc 
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it  finoot  periods  faUeii  to  the  eardi ;  but  the  naitj 
of  ttm  phenomenon  was  for  a  great  ien^  of  time 
a  powerfol  obstacle  to  belief  in  the  minds  of  the 
karned.    It  was  long  believed  that  they  presented 
one  of  Uie  fonoB  aasuned  by  thunder  in  its  descent, 
tad  they  were  then  consider^  as  the  prodncts  of  the 
eiplosion  of  certain  himinoos  bails  wiiich  are  some- 
times obserred  daring  a  thunder-storm.    The  first 
of  these  peculiar  substances,  which  seems  to  have 
been  examined  with  any  degree  of  minuteness,  was 
the  stone  presented,  in  1768,  to  the  Academie  Royale 
des  Sciences,  by  M.  TAbbi^  Bachelay,  and  which, 
when  found,  was  still  hot.    The  academicians  ana- 
\j9td  it,  and  were  induced  to  conclude  that  it  did 
•ot  (sll  from  the  heavens,  and  that  it  was  nothing 
but  a  species  of  pyrites  which  had  lain  covered  b^  a 
diin  stratum  of  earth  until  struck  by  the  lightnmg 
and  exposed  to  view.    The  attention  of  the  philoso- 
pliers  of  this  country  was  first  called  to  this  subject 
kj  die  faU-of  one  of  these  masses,  weighing  55  lbs., 
which  occurred  in  1795,  near  Wold  Cottage,  in  York- 
slure ;  and  a  similar  and  more  striking  phenomenon 
happaiing  three  years  afterwards  at  Benares  in  the 
East  Indies,  it  began  to  excite  the  greatest  interest. 
Daring  the  public  exhibition  of  the  former,  which 
succeeded  its  discovery.  Sir  Joseph  Banks  observed 
a  resemblance  between  it  and  a  substance  of  a  si- 
■Uar  nature,  which  he  had  received  as  one  of  the 
stmcs  which  fell  at  Sienna,  about  eighteen  hours 
after  the  celebrated  eruption  of  Vesuvius,  in  1794. 
He  immediately  procured  a  specimen,  and  submitted 
it  for  analysis,  together  vnth  a  portion  of  his  Italian 
itooe,  to  an  able  chemist,  Mr.  Edward  Howard. 
Tbis  gentleman  sabsequentJy  obtained  specimens  of 
the  Benares  stone,  and  also  of  one  in  the  cabinet  of 
die  right  honourable  Charles  Greville,  which  fell  in 
17S3,  at  Plann,  in  Bohemia ;  both  of  which,  toge- 
ther with  the  others,  underwent  a  most  minute  exa- 
woatton.    They  all  appeared  to  have  the  same  cha- 
racter, and  to  be  intimately  related ;  their  surfaces 
ivere  of  a  dark  colour,  and  consisted  of  a  semi- 
▼itrified  and  blistered  ci^ist ;  and  when  broken,  they 
eibibited  an  ash-grey  stony  appearance,  intermixed 
with  spangles  of  pyrites  and  of  native  iron.    They 
«emed  to  be  composed  principally  of  substances  of 
four  kinds,  independently  of  their  external  coating  of 
oxide  of  iron ;  the  first  being  in  the  form  of  dark 
grains,  consisting  of  silica,  magnesia,    iron,  and 
Dieid ;  the  second,  of  a  species  of  pyrites,  composed 
cf  solphur,  iron,  nickel,  and  a  portion  of  extraneous 
earthy  matter ;  the  third,  of  metallic  iron,  and  the 
foarth  of  a  grey  earthy  material,  which  served  as  a 
cement  to  the  others,  and  which  consisted  of  the 
same  materials  in  almost  the  same  proportions  as 
tbe  first  substance.    The  proportions  of  these  bodies 
▼aried  in  the  different  specimens,  the  iron  abounding 
nuMt  in  those  which  were  obtained  from  Yorkshire 
*ad  Benares.     Hie  examinations  of  Mr.  Howard 
were  afterwards  repeated  and  verified  by  Vauquelin 
and  Khqiroth. 

A  considerable  analogy  exists  between  what  is 
termed  native  iron  and  me  substances  we  have  just 
described ;  it  is  in  many  cases  combined  with  an- 
other metal,  nickel,  which  is  always  an  ingredient 
ia  tfaoae  masses  called  meteoric  stones,  which  have 
been  actually  seen  falling  in  the  air.  Hence  a  si- 
milar origin  has  been  assigned  to  both ;  and  Pallas 
describes  a  block  of  this  iron  found  on  the  top  of  a 
mountain  in  Siberia,  which  the  Tartars  considered 
u  a  sacred  relic  which  had  dropped  from  heaven. 


There  is  now  in  the  Imperial  Museum  of  Vienna  a 
large  mass  of  aerial  iron,  which  was  actually  seen  to 
fail  through  the  atmosphere  in  a  state  of  incan- 
descence; this  occurred  in  Croatia,  in  1751.  Mr. 
Hovirard  examined  specimens  of  several  masses  of 
native  iron,  and  from  the  results  of  his  experiments, 
in  which  he  coincided  with  Proust,  he  seems  to 
think  it  not  impossible  that  their  origin  may  be  the 
same  with  that  of  meteoric  stones. 

Although  philosophers  have  devoted  much  of  their 
attention  to  the  investigation  of  the  nature  and  origin 
of  these  bodies,  yet  vre  are  at  the  present  moment 
as  ignorant  of  the  part  of  space  in  which  they  are 
formed,  and  of  the  manner  of  their  formation,  as  we 
were  at  the  very  commencement  of  the  inquiry.  As 
there  were  no  analogous  phenomena  which  could 
indicate  the  formation  of  hard  metallic  substances 
vrithin  the  limits  of  our  own  atmosphere,  it  was  na- 
tural to  seek  for  their,  origin  in  the  nearest  of  the 
planets ;  and  hence  it  has  been  very  generally  main- 
tained by  many  distinguished  individuals  that  me- 
teoric stones  have  thdr  origin  in  the  moon,  and  that 
they  are  by  some  powerful  volcanic  agency  projected 
to  such  a  height  from  her  surface  as  to  be  more 
strongly  attracted  by  the  earth  than  by  that  planet, 
and  conset^uently  to  be  compelled  to  continue  their 
course  until  they  arrive  at  the  confines  of  our  at- 
mosphere, and  are  retarded  in  their  velocity  by  its 
resistance.  This  hypothesis  was  supported  in  France 
by  Laplace,  and  the  inflammation  and  combustion  of 
the  stones  was  attributed  to  the  intense  heat  whicii 
must  necessarily  be  evolved  by  the  great  compression 
of  the  air  which  would  be  product  by  the  velocity 
with  which  these  bodies  must  enter  the  atmosphere. 
M.  Biot  has  calculated  that  an  initial  velocity,  about 
five  times  as  great  as  that  which  a  cannon  ball  some- 
times receives,  would  be  sufficient  for  the  projection 
of  a  body  from  a  lunar  volcano  into  the  limit  of  the 
earth's  superior  attraction,  which  is  situated  at 
nearly  one-ninth  of  the  distance  of  the  earth  from 
the  moon. 

The  improbability  of  the  existence  of  such  a  high 
degree  of  volcanic  force  in  so  small  a  planet  as  the 
moon,  has  led  to  other  speculations,  and  it  has  been 
maintained  by  some  that  seroliths  are  portions  of 
small  invisible  planets  circulating  round  the  earth ; 
by  others,  that  they  are  the  fragments  of  a  large 
planet  which  formerly  existed  between  Mars  and 
Jupiter,  and  of  which  the  four  small  planets,  Ceres, 
Pallas,  Juno,  and  Vesta,  are  the  remaining  fhig- 
ments ;  and  lastly,  that  they  are  minerals  in  their 
primitive  state,  wnich  have  been  ejected  from  the  in- 
terior of  our  own  globe  by  volcanoes  situated  in  the 
polar  regions,  which  produce  at  the  same  time  the 
phenomena  of  the  northern  lights.  The  last  of  these 
opinions  is  that  of  M.  de  Lagrange,  who  however 
coincides  in  all  his  riews  vridi  Dr.  Brewster,  who 
previously  proposed  the  hypothesis  which  derives 
the  origin  of  these  substances  from  a  formerly  exist- 
ing planet.  Lagrange  supposes  the  bursting  of  a 
planet  to  be  a  very  probable  event ;  and  he  has  in- 
vestiffated  formule  for  computing  the  velocity  with 
which  the  fragments  of  a  burst  planet  must  be  pro- 
jected in  order  to  move  in  elliptical  parabolic,  or  hy- 
perbolic orbits.  Assuming  the  initial  velocity  of  a 
cannon  ball  at  1400  French  feet  per  second,  he  has 
shown  that  in  the  case  of  a  planet  situated  beyond 
the  orbit,  of  Uranus,  a  velocity  twelve  or  fifteen 
times  greater  than  that  of  a  cannon  ball  would  be 
sufficient  to  mak^  the  fragments  move  in  an  cUip- 
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tical  or  panbolic  orbit,  iriiatcver  be  their  dim«n- 
sioni  and  the  directioni  io  which  thef  are  projected. 
A  Tarietf  of  circDmstBiiceB  codcut  to  proTe,  with  an 
erideace  amonoting  almoHi',  to  demonstratioD,  that 
the  four  Email  planets,  of  late  yean,  diacovered  be- 
tween the  orbits  of  Mam  and  Jupiter,  are  rragmenta 
of  a  lar^  celestial  h<Aiy  which  once  existed,  and 
which  maji  be  supposnl  to  have  been  burst  in  pieces 
by  an  internal  force  capable  (^  overcoming  the  mn- 
taal  attmctian  of  the  fragments.  When  this  great 
convnision  took  place,  a  number  of  little  fragments, 
detached  together  with  the  greater  masses,  would  on 
accoont  of  their  smallness  be  projected  with  very 
great  velocity ;  and  being  thrown  beyond  the  attrac- 
tion of  the  larger  portions,  might  fall  towards  the 
Earth  when  Mara  happened  to  be  in  the  remote  part 
of  his  orbit.  They  might  then  revolve  about  that 
body  at  different  distances,  and  might  fall  upon  its 
Borface  in  conseqoeoce  of  a  diminntion  of  their  ceo- 
trifngal  force ;  or,  being  struck  by  the  electric  fluid, 
they  might  be  precipitated  on  the  Earth,  and  exhibit 
all  the  phenomena  which  usually  accompany  the 
descent  of  meteoric  stones. 

Abbomavtics  ;  the  art  of  sailing  in  <h  navigating 
Ae  air.  The  idea  of  inventing  a  machine,  which 
ahonld  enable  us  to  rise  into  the  air,  appears  to  have 
occupied  the  human  mind  even  in  ancient  times,  but 
was  never  realized  till  the  last  century.  The  first  sug- 
gestion for  a  sailing  vessel  with  finy  pretensions  to 
Qie  character  of  science,  is  due  to  r  rancis  Lana,  a 
distinguished  Jesuit.  This  occurred  in  1670;  and  the 
arrangement  of  the  apparatas  will  be  best  understood 
bv  referring  to  the  fallowing  figure. 


Lana,  it  will  be  sitn,  proposed  to  support  his  car 
by  the  aid  of  four  balls.  These  were  to  be  exhausted 
of  air  j  and  the  inventor  argned  that  their  diminished 
weight  would  cause  the  balls  to  support  themselves 
and  the  aiironaut.  We  notice  this  apparatus,  as  si- 
milar schemes  have  been  put  forth  even  within  our 
own  times;  but  it  must  be  obvious  to  any  intelli- 
gent mind,  that  the  external  preaanre  of  the  atmos- 
phere would  destroy  the  vessels,  even  if  they  could 
be  rendered  light  enough.  Henry  Cavendish,  hav- 
ing discovered,  about  1766,  the  great  levity  of  iu- 
flanunable  air  or  hydrogen  gas.  Dr.  Black,  of  Edin- 
burgh,  was   led  to  the   idea  that   a  thin   bladder. 
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filled  with  this  gas,  must  ascend  into  the  air.  Cm~ 
vailo  made  the  requisite  experiments  in  1783>  ami 
found  that  a  bladder  was  too  heavy,  and  paper  not 
air  tight.  So^  bubbles,  on  the  contrary,  which  he 
filled  with  inflammable  air.  rose  to  the  ceiling  of  the 
room  where  they  burst. — In  the  same  year.  Uie  bro- 
thers Stephen  and  Joseph  Montgolfier  constructed  a 
machine  which  ascended  by  its  ovrn  power.  In  Nov. 
17S3,  the  elder  Montgolfier  succeeded,  at  Avignon,  in 
causing  a  large  bag  of  fine  silk,  in  the  shape  of  a 
parallelopiped,  and  coatuning  40  cubic  feet,  to  mount 
rapidly  upwards  to  the  ceiling  of  a  chamber,  and  af- 
Uxwaiia,  in  a  garden,  to  the  height  of  36  feet,  by 
heating  it  in  the  inside  with  burning  paper.  The 
two  brothers  soon  afterwards  repeated  the  experiment 
at  Annonay,  where  the  paroUelopipcd  ascended  in 
the  open  air  70  feet.  A  larger  machine,  containing 
690  cubic  feet,  rose  with  equal  success. — They  now 
resolved  to  make  the  experiment  on  a  large  scale, 
and  prepared  a  machine  of  linen,  lined  with  paper, 
which  was  117  feet  in  circumference,  weighed  430 
pounds,  and  carried  more  than  400  pounds  of  ballast. 
This  they  sent  up,  June  6,  1783,  at  Annonay.  it 
rose  in  ten  minntes  to  a  height  of  6,000  feet,  and  fell 
7,668  feet  from  the  place  of  ascension.  The  method 
used  to  cause  it  to  ascend  was,  to  kindle  a  straw  fire 
under  the  aperture  of  the  machine,  in  which  they 
threw,  from  time  to  time,  chopped  wood.  But, 
though  the  desired  effect  was  produced,  they  had  no 
clear  nor  correct  idea  of  the  cause.  They  did  not  at- 
tribute the  ascension  of  the  vessel  to  the  rarefaction 
of  the  air  enclosed  in  it  by  the  operatioo  of  the  heat, 
bnt  to  a  peculiar  gas,  which  they  supposed  to  be  de- 
veloped by  the  burning  of  the  straw  and  wood.  The 
error  of  this  opinion  was  not  discovered  till  a  later 
period. — These  experiments  roused  the  attention  of 
all  the  philosophers  of  Paris.  It  occurred  to  some  of 
t^m,  that  the  same  effect  might  be  produced  by  in~ 
flammable  air.  M.  Charles,  professor  of  natural  phi- 
losophy, filled  a  ball  of  lutestring,  13  feet  in  diameter, 
and  coated  with  a  varnish  of  gum-elastic,  with  such 
gas.  It  weighed  25  pounds,  rose  3,123  feet  in  two 
minutes,  disappeared  in  the  clouds,  and  descended  to 
the  earth,  after  three-quarters  of  an  hour,  at  the  vil- 
lage of  Gonesse,  about  15  miles  from  Parts.  Thaa 
we  see  two  original  kinds  of  balloons ;  those  filled 
with  heated  air.  and  those  filled  with  infiammable  air. 

The  process  of  filling  balloons  oi 
the  small  scale  for  this  species  o 
aerial  navigation,  will  readily  be  I 
understood  by  a  reference  to  the 
accompanying  sketch,  in  which  a 
simple  condenser  is  employed.  The 
common  mode  is  to  generate  hy- 
drogen gas  in  a  bottle,  by  pouiing. 
dilute  sulphuric  acid  on  granu- 
lated zinc,  but  the  hot  and  moist 
vapour  from  the  acid  speedily  de- 
stroys the  balloon.  To  prevent 
this,  the  experimentor  has  only  tu 
iptoy  a  second  bottle  containing 
.ler,  and  carry  a  bentpipe  from 
:  first  bottle  through  a  cork  in 
the  second,  it  dips  beneath  the  sur- 
face, and  is  condensed,  and  the  pure  hydrogen  as- 
cends by  the  second  pipe  to  the  balloon. 

Tu  continue,  Montgolfier  had  gone  to  Paris,  and 
found  an  aasiatant  in  Pilater  Uc  Rozier,  the  euperin- 
tendcut  of  the  Roval  Museum.     They  completed  U»- 
Oct.  1 783,  a  new  machine,  74  feet  m  bei^t. 
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and  48  in  breadth,  in  which  Rozier  Yentnred  for  the 
fnt  time  to  ascend,  though  only  50  feet.  The  balr 
loon  was  firom  caution  fastened  by  cords,  and  soon 
drawn  down.  Eventually  the  machine,  being  suf- 
fered to  move  firedy,  took  an  oblique  course,  and  at 
length  sank  down  gradually  about  100  feet  from  its 
starting  place. — By  this  the  world  was  convinced 
that  a  balloon  mi^t,  with  proper  management,  carry 
a  man  through  the  air ;  and  the  first  aerial  expedi- 
tioD  was  determined  on. 

Nov.  21,  1783,  PUatre  de  Bozier  and  the  marquis 
d'Ariandes  ascended  from  the  castle  la  Muette,  in 
the  presence  c^  an  innumerable  multitude,  with  a 
machine  rontainiug  6,000  cubic  feet.    The  balloon, 
after  having  attained  a  considerable  height,  came 
down,  in  25  minutes,  about  9,000  yards  from  la 
Muette.     But  the  daring  aeronauts  had  been  exposed 
to  considerable  danger.    The  balloon  was  agitated 
very  violently  several  times ;  the  fire  had  burQt  holes 
in  it;  the  place  on  which  they  stood  was  injured, 
and  sMne  cords  broken.    They  perceived  that  it  was 
necessary  to  descend  without  delay ;  but  when  they 
were  on  the  surface  of  the  earth,  new  difficulties 
pmented  themselves.    The  weak  coal  fire  no  longer 
supported  the  linen  balloon,  the  whole  of  which  fell 
into  the  fiame.     Rozier,  who  had  not  yet  succeeded 
in  descending,  just  escaped  being  burnt. — M.  Charles, 
who  had  joined  with  M.  Robert,  soon  after  informed 
the  public  that  they  would  ascend  in  a  balloon  filled 
vrith  inflammable  air.    To  defray  the  necessary  ex- 
pense of  10,000  livres,  he  opened  a  subscription. 
The  balloon  was  spherical,  26  feet  in  diamieter,  and 
cooflisted  of  silk  coated  wiUi  a  varnish  of  gum-elastic. 
The  car  for  the  aeronauts  was  attached  to  several 
cords,  which  were  fastened  to  a  net,  drawn  over  the 
upper  part  of  the  balloon.    A  valve  was  constructed 
above,  which  could  be  opened  from  the  car,  by  means 
kj€  cords,  and  shut  by  a  spring.    This  served  to  afford 
an  outlet  to  the  inflammable  air,  if  they  wished  to 
descend,  or  found  it  necessary  to  diminish  it.     The 
filling  lasted  several  days;  and,  Dec.  1,  the  voyage 
w«s  commenced  from  the  gardens  of  the  Tuilleries. 
The  balloon  quickly  rose  to  a  height  of  1800  feet,  and 
disappeared  from  the  eyes  of  the  spectators.    The 
aeronauts  diligently  observed  the  barometer,  which 
never  stood  at  less  than  26^,  threw  out  gradually  the 
ballast  they  had  taken  in  to  keep  the  bdloon  steady, 
and  descended  safely  at  Nesle.     But  as  soon  as  Ro- 
bert stepped  out,  and  it  was  thus  lightened  of  130 
pounds,  it  rose  again  with  great  rapidity  about  9,000 
leet.    It  expanded  itself  with  such  force,  that  it  must 
have  been  torn  to  pieces,  had  not  Charles,  with  much 
presence  of  mind  opened  the  valve  to  accommodate 
the  quantity  of  gas  to  the  rarity  of  the  surrounding 
atmosphere.    After  the  lapse  of  half  an  hour,  the 
balloon  sunk  down  on  a  plain,  about  three  miles 
from  the  place  of  its  second  ascent. 

Another  ascent,  which  nearly  proved  disastrous 
to  the  aeronauts,  may  now  be  noticed. — On  the  15th 
of  July,  1784,  the  Didce  of  Chartres,  the  two  brothers 
Roberts,  and  another  person,  ascended  with  an  in- 
flammable-air balloon  from  the  park  of  St.  Cloud,  at 
53  minutes  past  7  o'clock  in  ^e  afternoon.  This 
balloon  was  of  an  oblong  form,  measuring  55  i  feet 
ia  length,  and  34  in  diameter.  It  ascended  with  its 
greatest  extension  nearly  horizontal;  and  after  re- 
flaaimng  in  the  atmosphere  about  45  minutes,  it  de- 
scended at  a  little  distance  from  whence  it  had 
ascended,  and  at  about  30  feet  distance  from  the  Lac 


de  la  Qarmme,  in  the  park  of  Meudon.  But  the  inci- 
dents that  happened  m  this  aerial  excursion  deserve 
to  be  particularly  described,  as  nothing  like  it  had 
happened  b^ore  to  any  of  the  aenal  travellers.  This 
machine  contained  an  interior  smaller  balloon  filled 
with  common  air ;  by  which  means,  according  to  a 
mode  hereafter  to  be  mentioned,  the  machine  was 
to  be  made  to  ascend  or  descend  without  any  loss  of 
inflammable  air  or  ballast.  The  boat  was  furnished 
with  a  helm  and  oars,  intended  to  guide  it,  &c. 

On  the  level  of  the  sea  the  barometer  stood  at  30.25 
inches,  and  at  the  place  of  departure  it  stood  at  30. 12. 
Three  minutes  after  its  ascending,  the  balloon  was 
lost  in  the  clouds,  and  the  aerial  voyagers  lost  sight 
of  the  earth,  being  involved  in  a  dense  vapour.  Here 
an  unusual  agitation  of  the  air,  somewhat  like  a 
whirlwind,  in  a  moment  turned  the  machine  three 
times  from  the  right  to  the  left.  The  violent  shocks 
which  they  suffered,  prevented  their  using  any  of  the 
means  prepared  for  the  direction  of  the  balloon,  and 
they  even  tore  away  the  silk  stuff  of  which  the  helm 
was  made.  Never,  said  they,  had  a  more  dreadful 
scene  presented  itself  to  any  eye,  than  that  in  which 
they  were  involved.  An  unbounded  ocean  of  shapeless 
clouds  rolled  one.  upon  another  beneath,  and  seeme^t 
to  forbid  their  return  to  the  earth,  which  was  still 
invisible.  The  agitation  of  the  balloon  became  greater 
every  moment.  They  cut  the  cords  which  held  the 
interior  balloon,  which  consequently  fell  on  the  bot- 
tom of  the  external  one,  just  upon  the  aperture  of  the 
tube,  which  went  down  into  the  boat,  and  stopped  it 
up.  At  this  time  the  thermometer  shewed  a  little 
above  44^.  A  gust  of  wind  from  below  drove  the 
balloon  upwards,  to  the  extremity  of  the  vapour, 
when  the  appearance  of  the  sun  showed  them  the 
existence  of  nature ;  but  now  both  the  heat  of  the 
the  sun,  and  the  diminished  density  of  the  atmos- 
phere, occasioned  such  a  dilation  of  the  inflammable 
air,  that  the  bursting  of  the  balloon  was  apprehended ; 
to  avoid  which  they  introduced  a  stick  through  the 
tube  that  proceeded  from  the  balloon,  and  endea- 
voured to  remove  from  its  aperture  the  inner  balloon, 
which  closed  it ;  but  the  dilatation  of  the  inflamma- 
ble air  pushed  the  inner  balloon  so  violently  against 
the  aperture  of  the  tube,  that  every  endeavour  proved 
ineffectual.  During  this  time,  they  still  continued 
to  ascend,  until  the  mercury  in  the  barometer  stood 
not  higher  than  24.36  inches,  which  shows  their 
height  above  the  surface  of  the  earth  to  be  about 
5,100  feet.  In  these  dreadful  circumstances,  they 
thought  it  necessary  to  make  a  hole  in  the  balloon, 
in  order  to  give  an  exit  to  the  inflammable  air ;  and 
the  Duke  of  Chartres,  by  means  of  one  of  the  banners, 
made  two  incisions,  which  caused  a  rent  of  between 
seven  and  eight  feet.  They  then  descended  very 
rapidly,  seeing  at  first  no  object  on  earth  or  in  the 
heavens;  but  a  moment  after  they  discovered  the 
fields,  and  were  descending  straight  towards  a  lake, 
into  which  they  must  have  fallen,  had  they  not 
thrown  overboard  about  sixty  pounds  weight  of  bal- 
last, which  occasioned  their  coming  down  at  about 
thirty  feet  beyond  the  edge  of  the  lake.  Notwith- 
standing this  rapid  descent,  occasioned  by  the  great 
quantity  of  gas  which  escaped  out  of  the  two  rents 
in  the  balloon,  none  of  the  four  adventurers  was 
hurt ;  but  spoke  in  the  highest  terms  of  excitement 
of  the  pleasures  of  their  expedition. 

These  successful  aerial  voyages  were  soon  followed 
by  others.     Blanchard  had  already  ascended  several 
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s,  wh«n  he  determined  to  croM  the  channel  be- 


tween England  and  Prance,  which  ta  about  S3  milra 
wide,  in  a  balloon  filled  with  tnHamniable  air.  He 
•ncceeded  in  this  bold  attempt,  Jan.  7,  1785,  ac- 
companied by  an  American  gentleman,  Dr.  Jeffrie*. 
Aboat  oae  o'ctoclc  they  left  the  English  coast,  and  at 
half-past  two,  were  on  the  French.  I^latrc  de  Rozier, 
mentioned  before  as  the  Erst  aeronaut,  attempted. 
June  14,  1785,  in  company  with  Mr.  Komain,  to  pass 
from  the  French  to  the  English  side ;  but  the  attempt 
was  nnanccessrul,  and  the  adventurers  lost  their  lives. 
M.  de  Hozier  had  on  this  occasion  united  the  two 
kinds  uf  balloons;  nnder  one,  filled  with  inflammable 
air,  which  did  not  alone  possess  sufficient  elevating 
power,  was  a  second,  filled  by  means  of  a  coal  fire 
nnder  it.  Rozier  had  chosen  this  combination,  hoping 
to  unite  the  advantages  of  both  kinds.  By  means  of 
the  lower  balloon,  be  intended  to  rise  and  sink  at 
pleasure,  which  is  not  possible  with  inflammable  air; 
for  a  balloon  filled  with  this,  when  once  sunk  to  the 
eatth,  cannot  rise  again  with  the  same  weight,  with- 
out being  filled  anew ;  while,  on  the  contrary,  by  in- 
creasing or  diminishing  the  fire  under  a  balloon  filled 
with  brated  air,  it  can  be  made  to  rise  and  fall  alter- 
nately. But  this  fxperiment  cansed  the  death  of  the 
profectoia.  Probably  the  coals,  which  were  only  in 
ft  glowing  state  near  the  surface  of  the  ground,  were 
suddenly  kindled  to  a  light  flame  as  the  balloon  rose, 
and  set  it  on  fire.  The  whole  machine  was  soon  in 
flames,  and  the  two  aeronauts  were  precipitated  from 
the  air.  lite  condition  of  their  mangled  bodies 
confirms  the  conjecture  that  they  were  killed  by  the 
explosion  of  the  gas. — This  unhappy  accident  did  not 
deter  othels  ;  on  the  contrary,  the  experiments  were 
bf  degrees  repeated  in  other  countries. 

However  important  this  invention  may  be,  it  has 
as  ret  led  to  no  considerable  results.  Its  use  has 
hitherto  been  confined  to  observations  in  the  upper 
regions  of  the  atmosphere.  But  should  we  ever 
learn  to  gaide  the  balloon  at  will,  it  might,  perhaps, 
be  employed  for  purposes  of  which  we  now  have 
hardly  an  idea ;  possibly  the  plan  of  profe 
bison  might  be  accomplished  by  the  con 
of  a  gigantic  balloon,  which  would  enable  ns  to  per- 
form an  aerial  circumnavigation  of  the  earth.  Dar- 
ing the  French  revolution,  an  aerostatic  institution 
was  loDnded  at  Meudon,  not  far  from  Paris,  for  the 
education  of  a  corps  of  aeronauts,  with  the  view  of 
introducing  balloons  into  armies  as  a  means  of  re- 
connoitring the  enemy.  But  this  use  of  balloons 
was  soon  laid  aside,  for,  like  every  other,  it  must  be 
attended  with  great  uncertainty,  as  long  as  the  ma- 
chine has  to  obey  the  wind.  Among  the  French, 
Blancbord  and  Gamerin  have  undertaken  the  great- 
est number  of  aerial  voyages ;  among  the  Germans, 
professor  Jnngius,  in  Berlin,  in  1805  and  1606,  made 
the  first.  Since  that  time,  professor  Rcicbard  and 
bis  wife  have  become  known  by  their  aerial  eicnr- 
sions.  Even  in  Constantinople,  such  a  voyage  was 
performed,  at  the  wish  and  eipense  of  the  sultan,  hy 
two  Englishmen,  Barly  and  Devigne.  Blanchaid  has 
rendered  an  essential  service  to  aeronauts  by  the  in- 
vention of  the  parachute,  which  they  can  use,  in  case 
of  necessity,  to  let  themselves  down  without  danger. 

The  arrangement  of  the  parachute,  with  reference 
to  its  use  for  aeronautic  purposes,  may  now  be  more 
'ully  illustrated. 

In  the  right  hand  figure,  M.  Oomerin's  apparatus 
is  seen  as  it  ascended  from  St.  George's  parade,     A 


cylindrical  box,  about  three  fM  in  height,  ud  twa 
in  diameter,  was  attached  by  a  straight  pole  to  • 
track  or  disc  at  the  top,  and  from  this  was  sospendcd 
a  targe  sheet  of  linen  somewhat  similar  to  an  um- 
brella. The  form  it  assumed  on  the  descent  of  the 
aeronaut  is  shown  in  the  next  figure.  When  Srat 
cut  from  the  balloon,  it  descended  with  amaiing  ve- 
locity, land  those  who  witnessed  its  progress  consi- 
dered the  destruction  of  the  aeronaut  as  certain;  but 
after  a  few  seconds  the  canvas  opened,  and  the  re- 
sistance was  so  great,  that  the  apparatus  diminished 
in  its  speed,  till  on  its  arrival  near  the  earth  it  wa« 
not  greater  than  would  have  resulted  from  leaping  « 
heigl  t  of  two  feet. 


Amongst  the  unfortunate  aeronauts  we  may  place 
Major  Money,  who  a.tcended  from  Norwich,  nnder 
the  lull  impresiiion  that  the  aerial  current  would 
take  the  balloon  in  the  direction  of  Ipswich.  Scarce- 
ly, however,  had  he  attained  an  altitude  of  one  mile, 
whdn  a  violent  hurricane,  operating  In  a  new  direc- 
tion, drove  the  balloon  towards  Yarmouth.  Several 
small  row  boats  immediately  put  out  from  that  port, 
and  endeavoured  to  keep  pace  with  the  ballooOt  bat 
without  success,  and  Major  Money  first  touched  the 
sea  about  nine  miles  from  land,  and  more  than  thre* 
from  any  meat 


Oui  artist  baa  delintaied  the  situation  of  Major 
Monej  at  the  period  we  have  now  been  describiuK, 
or  ratber  about  ten  minutes  after  he  had  jiartcd  with 


AbKUM A  UTIL 
a  portion  oTUadotiiM  and  fautnuncaiti;  and  it  wm 
mlj  bf  the  MMatucc  at  >  htt  uiling  cutter,  which 
happened  to  lay  in  tiie  track  of  the  balloon,  that  be 
waa  aaved.  when  almost  exhaustai. 

Having  thna  given  a  brief  acroant  of  tlie  early 
kntoiy  oT  the  aerostatic  art,  and  of  the  sacctwive 
ha^ovaneDti  which  the  balloon  baa  andergone  both 
hi  it*  external  form  and  appearance,  and  ^e  natore 
at  the  material  tued  for  inflation ;  we  may  now  ap^ak 
•f  the  Tery  beautifol  machineB  which  are  employed 
for  aerial  eicnniona  by  the  aeronaati  of  the  prcaent 
day. 
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The  praceaing  illa«b*t)on  exhibita  a  very 
tmcMpM  Tiew  «t  the  ascent  at  that  veteran, 
Green,  tram  the  I^k,  on  the  occasion  of  the 
tion  of  bb  late  m^^^,  George  IV.  The  balloon 
■tadf,  the  form  of  which  is  similar  to,  but  infinitely 
More  beantifol  than  a  pear,  is  compoied  of  strips  of 
•■ricgaled  silk,  the  harntoay  of  which  haa  a  partica- 
lariy  plcaaing  eflect  on  the  eye.  Over  this  is  thrown 
am  CMwdope  of  net-work,  which  passing  down  serves 
•■  a  anppMrt  to  which  the  car  is  attached. 

"ne  Dtility  of  aeronautiG  studies  and  experiments 
faaa  baea  Toy  much  questioned  even  by  philosophical 
aatada.  H.  Caralio,  well  known  in  the  philosophi- 
cal MMld.  anggeatol  long  ago  that  small  balloons, 
laytnially  tboae  made  of  paper,  and  raised  by  means 
of  apiiita  at  wine,  may  serve  to  explore  the  direction 
of  tM  winds  in  the  upper  regions  of  the  atmosphere, 
paitimlarty  whea  there  is  a  calm  below;  and  we 
aae  tb  Fieach  aettmauts  adopted  this  idea,  that  they 


n  which  db  other  a 


s  can  be  used  ;  and  letters 
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;  from  besieged  places,  islands,  or 
Hie  larger  aerostabc  machine,  he  adds, 
nay  answer  all  the  above-mentioned  purposes  in  a 
btttcr  manner ;  and  they  may,  besides,  be  used  as  a 
Up  to  >  person  who  wants  to  ascend  a  mountain 
or  a  precipice,  or  to  cross  a  river ;  and  perhaps  one 
of  the  madiines  tied  to  a  boat  by  a  long  rope,  may 
be,  in  some  case*,  a  better  sort  of  sail  than  any  that 
•a  Bsed  at  present.  Their  conveying  people  from 
pill  I  to  place  with  great  swiftness,  and  without 
bmMe,  may  be  of  Msential  wfi,  even  if  the  art  of 


guidmg  them  in  a 
the  wind  should  n 

those  machines  the  shape  of  cartain  si 
may  be  better  ascertained ;  men  may  ascend  to  the 
top  of  mountains  they  had  never  visited  before; 
they  may  be  carried  over  marshy  and  dangerouf 
gronnda ;  they  may  by  that  means  come  out  of  a  be- 
sieged place,  or  an  island;  they  may,  in  hot  climates, 
aacend  to  a  cold  region  of  the  atmosphere,  either  to 
refresh  themselves,  or  to  observe  the  ice  which  is 
never  seen  below ;  and,  in  short,  they  may  be  thna 
taken  to  several  places,  to  which  human  art  hitherto 
knew  of  no  conveyance. 

£bopbobi&,  b  term  that  has  been  sometimes 
used  for  the  dread  of  fresh  air.  Dr.  Franklin  says, 
that  he  has  been  sometimes  aeiied  with  this  tero- 
phobia,  considering  fresh  air  as  an  enemy,  and  ex- 
cluding it  from  the  rooms  which  he  haa  occupied. 
But  experience  convinced  him  of  his  error,  and 
taaght  him  to  regard  fresh  air  as  eminently  condu- 
cive to  health.  Any  air,  he  says,  is  preferable  to 
that  of  a  close  chamber,  which  has  been  again  and 
again  respired  without  any  change.  The  same  saga- 
cioua  philosopher  has  occasionally  rallied  those  vale- 
tadinarians,  who,  wrapping  themselves  in  close  gar- 
ments, hurry  fn»a  the  noxious  air  of  a  close  chamber, 
with  aa  much  of  it  as  they  can  carry  with  them,  into 
aa  doae  a  carriage,  from  which  the  external  air  is 
carefully  excluded,  and  thus  proceed  to  take  the  air 
for  the  Msefit  of  their  health. 

^BvaiNovB,  something  partaking  of,  or  like  to, 
the  rust  of  copper.  Authors  do  not  seem  perfectly 
^reed  about  the  colour  to  be  expressed  by  this  word, 
some  expreasing  by  it  green,  others  brown. 
^BDOo,  denotes  nut,  especially  that  of  copper. 
j£scALDABiuii,  or  cast  brass,  otherwise  called 
«solarium,  or  pot  brass,  i*  a  species  of  brass  men- 
tioned by  Fiiny,  which  was  not  capable  of  being 
hammered.  This  is  likewise  a  term  used  by  the 
German  mineralists,  for  a  substance  which  sometimes 
occurs  to  thoae  who  work  upon  cobalt,  and  is  osed 
for  makmg  the  fine  blue  colour  called  smalt. 

JEa  CoBiNTHinM,  a  precious  metallic  composition, 
of  a  much  finer  colour  than  common  brass,  and  from 
ita  beauty,  little  inferior  to  gold.  I^iny  says  (Hist, 
tom.  ii.  p.  640.  Ed.  Hard.),  that  this  was  an  acci- 
dental mixture  of  metals  at  the  sack  and  conflagra- 
tion of  Corinth  by  L.  Mummius,  146  years  before 
Christ  1  when  the  gold,  silver,  and  brass  statues,  and 
all  metallic  sabstances,  melting  and  mingling  toge- 
ther, formed  this  mass.  He  says,  that  5iere  were 
three  sorts  of  Corinthian  brass,  viz.  the  red,  the 
white,  and  that  which  was  of  the  colour  of  money, 
according  to  the  different  proportions  of  gold  and 
siher  that  were  in  it.  But  some  refiners,  who  have 
strictly  examined  this  metal,  find  no  gold  in  it ;  a 
circumstance  whicn,  if  trae,  suggests  one  reason, 
among  others,  for  concluding,  that  this  account  is 
fabulous.  However,  the  fable  has  been  interpreted 
by  some  to  signify,  that  the  art  of  making  capper 
into  brass  was  first  discovered  by  the  Corinthians, 
who  found  the  calamine  stone  on  the  ptaina  of  Pelo- 
poneaus,  or,  at  least,  that  they  brought  this  art  to 

£a  Gkavb  denoted  tnoney  among  the  Romans, 
which  was  paid  by  weight,  and  not  by  tale.  In  this 
~nse  it  is  nsed  by  Budd>us  and  Scahger. 

But  others,  by  «•  grave,  understand  large  piacea  of 
coi^r  coined,  containing,  for  instance,  an  as,   or 
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poond  of  that  metal,  such  as  we  find  current  in 
Sweden.  These,  they  assert,  bore  the  title  ses  grave, 
till  the  time  in  which  they  were  reduced  to  a  smaller 
standard.  Gronovius,  on  the  contrary,  maintains, 
that  the  as,  or  pound  weight,  did  not  acquire  the 
appellation,  ss  grave,  till  after  their  reduction.  {Phi- 
lo9.  Trans,  No.  190  Kuster  rejects  aU  these  opinions, 
and  asserts,  that  the  expression  is  used  to  denote  any 
kind  of  copper  money  compared  with  gold  or  silver ; 
which,  wi^  regard  to  the  bulk,  and  size  of  the  pieces, 
was  much  lighter,  though  of  greater  value. 

But  this  S3rstem,  however  plausible,  is  rejected  by 
several  learned  men,  particularly  Perizonius  and  Mr. 
Ward.  The  former  has  a  dissertation  on  the  subject, 
in  which  the  opinion  of  Gronovius  is  farther  examined 
and  defended. 

Ms  UsTUM,  called  also  ^s  Veneris, — ^^s  Creman- 
tum, — Crocus  Veneris,  and  Cinis  Mna, — ^is  a  term 
which,  like  many  others  among  the  old  chemists,  has 
been  applied  to  two  or  three  different  substances ;  it 
is,  therefore,  on  this  account  deservedly  rejected  from 
the  reformed  nomenclature.  Hunkel  (Labor.  Chem, 
p.  iii.  c.  39)  employs  it  as  a  general  denomination  for 
a  perfect  oxide  of  copper  prepared  by  heat ;  the  ex- 
pression is,  however,  more  commonly  employed  to 
denote  a  pharmaceutical  preparation  once  much  in 
vogue  as  an  escharotic,  but  now  fallen  into  disuse. 
This  aes  ustum  essentially  consists  of  copper  and 
sulphur;  and  the  different  varieties  originate  from 
the  relative  proportions  of  the  ingredients,  and  the 
different  states  of  oxidation  of  me  copper.  It  is 
usually  prepared  by  stratifying  in  a  crucible  copper 
clippings  and  powdered  sulphur,  and  heating  the 
crucible  by  degrees,  till  it  ceases  to  emit  any  v{4)ours; 
it  must  then  be  raised  to  a  dull  red  heat  for  an  hour; 
there  results  a  brittle  mass,  which,  when  pulverized 
and  washed,  is  the  substance  in  question. 

Barchusen's  method  is  still  more  simple,  consisting 
merely  in  heating  a  slip  of  copper  to  whiteness,  and 
rubbing  it  with  a  roll  of  brimstone ;  as  soon  as  it  is 
taken  out  of  the  fire,  the  copper  combines  eagerly 
with  the  sulphur,  and  the  compound  runs  down  in 
drops,  and  is  received  in  a  basin  of  water :  this  is  then 
pulverized  and  washed.  In  both  these  cases  the 
compound  is  a  slightly  oxydated  copper,  saturated 
with  sulphur ;  of  an  iron  brown  colour.  In  addition 
to  this  process,  Lemery  goes  on  to  heat  the  sulphur- 
ated oxide  in  a  reverberatory  nine  times  successively, 
quenching  it  in  linseed  oil  after  each  roasting.  He 
dius  obtains  a  product  of  a  high  red  colour,  which,  in 
fact,  is  a  simple  oxide  of  copper,  the  sulphur  being 
burnt  out.  Some  recommend  a  mixture  of  nitre  or 
common  salt  with  the  sulphur,  and  the  substance 
resulting  from  this,  if  not  washed,  is  certainly  a  very 
powerful  escharotic,  on  account  of  the  sulphurated 
alkali  which  is  thus  combined  with  the  oxide  of 
copper.  As  to  the  sal  ammoniac  and  vinegar,  in 
which  some  previously  steep  the  copper,  it  is  wholly 
useless,  all  its  effect  being  destroyed  by  the  subse- 
quent heating.    Diet.  Method.  Art.  Ms  Ustum. 

JSscuLAPius,  in  Astronomy,  the  ancient  name  for 
the  constellation  Ophincus. 

iETHBR ;  an  extremely  fine,  subtile,  and  elastic 
fluid,  which  philosophers  have  supposed  to  be  diffused 
throughout  the  universe,  and  by  means  of  which  they 
have  explained  many  of  the  great  phenomena  of  na- 
ture. It  is  mentioned  by  Aristode.  Its  existence 
cannot  be  proved.  Newton  believed  in  it,  and 
explains  by  it  the  connexion  of  the  parts  of  a  body. 


and  the  laws  of  gravity.  Euler  asserts  that  sether 
is  almost  39^000,000  times  thinner,  and  1,278  times 
more  elastic,  than  atmospheric  air. 

Mther  ;  in  Chemistry,  see  Ether. 

J£therial  Oil  is  a  fine,  subtile,  essential  oil,  ap- 
proaching nearly  to  the  nature  of  a  spirit.  Thus,  tne 
pure  liquor  rising  next  after  the  spirit,  in  the  distil- 
lation of  turpentine,  is  called  the  etheriai  oil  of  tur- 
pentine. 

i£THERiAL  Phosphorus,  is  a  name  generally  given 
by  Bernoulli,  to  that  otherwise  called  mercurisd,  or 
borometrical  phosphorus. 

^THioPS,  in  Pharmacy,  a  name  given  to  certain 
metallic  preparations  of  a  dark  colour ;  and  though 
the  term  is  at  present  superseded,  it  is  yet  too  fami- 
liar to  chemists  to  be  wholly  omitted.  There  are 
four  pharmaceutical  articles  of  this  name,  sthiops 
antimonialis,  aethiops  martial  is,  sthiops  murcurii  per 
se,  and  aethiops  mineralis. 

iETHiops  Antimonialis,  is  a  combination  of  the 
sulphurets  of  antimony  and  mercury.  The  old  way 
of  preparing  it  is,  to  mix  together  equal  parts  of 
common  salt  and  crude  antimony,  and  flux  the  mass 
in  a  crucible ;  when  cold,  there  will  be  found  a  dusky 
scoria,  resting  upon  a  metallic-looking  substance, 
which  is  the  crude  antimony,  nearly  in  the  same 
state  as  at  first.  The  scoria  being  separated,  the  an- 
timony is  to  be  ground  with  an  equal  weight  of  mer- 
cury, till  they  are  well  united.  The  first  part  of  this 
process  seems  wholly  unnecessary,  and  accordingly 
the  antimonial  sethiops  is  generally  made  by  tritura- 
tion of  crude  antimony  with  an  equal  weight  of  mer<« 
cury.  A  still  more  expeditious,  and  equally  eflSca- 
cious,  way  of  preparing  this  mixture  is,  to  fuse  some 
crude  antimony  in  an  earthenware  crucible,  and 
when  it  is  upon  the  point  of  fixing,  to  add  to  ijt  an 
equal  weight  of  hot  mercury ;  the  mixture  immedi- 
ately becomes  more  fluid,  and  after  awhile  becomes 
solid :  when  cold,  it  must  be  levigated  in  a  mortar, 
and  washed. 

Affinity,  in  Chemistry.  When  two  bodies  are 
brought  in  contact  with  each  other,  they  will  often, 
without  the  sensible  operation  of  any  extraneous  in- 
fluences, combine  by  a  spontaneous  and  reciprocal 
action,  and  form  new  bodies  with  different  properties; 
a  single  body,  modified  by  the  action  of  the  natural 
agents,  caloric,  electricity,  &c.,  sometimes  produces 
the  same  results;  finally,  a  body  not  apparently 
acted  upon  by  other  bodies,  nor  by  the  natural 
agents,  sometimes  acquires  new  properties,  and  as- 
sumes new  forms.  These  changes  in  the  chemical 
character  of  bodies  are  produced  by  a  force,  to  which 
we  give  the  name  of  affinity.  Some  of  the  laws  or 
modes  of  action  of  this  force  are,  that  it  is  exerted 
only  at  insensible  distances,  which  distinguishes  it 
from  gravitation  (see  Attraction),  a^d  between  hete- 
rogeneous particles,  in  which  it  differs  from  cohesion. 
The  properties  of  the  resulting  compound  differ 
essentially  from  its  component  parts,  as  a  salt  is 
formed  by  an  acid  and  an  alkali.  The  forms  of 
the  elemqits  are  often  changed,  and  the  change  is 
attended  with  remarkable  phenomena,  as  the  explo- 
sion of  gunpowder  by  its  conversion  into  gases,  the 
solidification  of  water  in  slaking  lime,  &c.  One  of 
the  most  important  laws  of  aflinity  is,  that  one  body 
has  not  the  same  force  of  affinity  towards  ail  others, 
but  attracts  them  very  unequally,  and  some  of  them 
not  at  all.  The  knowledge  of  the  affinities  of  dif- 
ferent bodies  is  of  great  use  to  the  chemist  in  effect- 
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agdecompoaiticms.  Bergmann*  who  first,  in  1776^ 
devdoped  the  theory  of  aflbiities,  dtstingnishes  three 
cases  in  the  reciprocal  action  of  two  bodies — ^when 
they  are  both  tree,  which  he  calls  simple  affinity; 
when  one  of  them  is  already  in  combination,  eia^ 
Irae;  and  when  both  are  combined  in  different  com- 
poands,  comfpUx.  BerthoUet  has  much  improved  the 
theory  of  affinities.  (See  Atomic  Theory;  also  Ber- 
tholktM  Statique  Chmique;  and  BerzeUms'  Theory  of 
Chemical  Proporiiona,) 

Agio  is  the  difference  m  value  between  bank  money 
and  coin,  or  other  currency.  The  term  is  in  most 
frequent  use  in  Holland  and  Venice.  It  is,  however, 
need  at  Hamburg  and  other  places  in  Germany.  It 
is  synonymous  with  premium,  when  the  bank  money 
is  worth  more  than  ihe  same  nominal  amount  of  the 
current  coin,  and  with  dtecotmt,  when  its  value  is 
less.  The  agio  at  the  bank  of  Amsterdam  was  from 
dffee  to  four  per  cent,  before  the  French  invasion  of 
Holland  in  1795 ;  that  of  Venice  was  formally  fixed 
at  20  per  cent. ;  the  bank  money  of  each  of  those 
places  being  so  much  more  valuable  than  the  current 
coin.  This  difference  in  value  arises  often  from  the 
drcumstance,  that  the  current  coin  is  depreciated  by 
wearing  and  clipping.  Hie  agio  of  the  bank  money 
of  Hamburgh  was  formerly  14  per  cent,  on  this  ac- 
count. Agio  is  sometimes  used  to  ugnify  the  pre- 
mium or  discount  on  bills  of  exchange. 

Ao«RBGATiON,  in  PAjfttcf/  a  species  of  union, 
whereby  several  things,  which  have  no  natural  de- 
pendence or  connexion  with  one  another,  are  col- 
lected together,  so  as,  in  some  sense,  to  constitute 
one.  ThuB,  a  heap  of  sand,  or  a  mass  of  ruins,  are 
bodies  by  aggregation. 

AoRicuLiTURB  is  the  art  of  cultivating  the  earth 
in  such  a  manner  as  to  cause  it  to  produce,  in  the 
greatest  plenty  and  perfection,  those  vegetables  which 
are  useful  to  man,  and  to  the  animals  which  he  has 
subjected  to  his  dominion.  This  art  is  the  basis  of 
an  other  arts,  and  in  all  countries  coeval  with  the 
ftrst  dawn  of  civilization.  Without  agriculture,  man- 
kind would  be  savages,  thinly  scattered  through  in- 
terminable forests,  with  no  other  habitations  than 
eacvems,  hollow  trees  or  huts,  more  rude  and  incon- 
venient than  the  most  ordinary  hovel  or  cattle-shed 
of  the  modem  cultivator.  It  is  the  most  universal 
as  wen  as  the  most  ancient  of  the  arts,  and  requires 
Ae  greatest  number  of  operators.  It  employs  seven- 
ei^ths  of  the  population  of  almost  ever^  civilized 
eommunity. — ^Agriculture  is  not  only  indispensable 
to  national  prosperity,  but  is  eminenii  j  conducive  to 
the  welftjre  of  those  who  are  engaged  m  it.  It  gives 
health  to  the  body,  energy  to  the  mind,  is  favourable 
to  virtuous  and  temperate  habits,  and  to  knowledge 
and  purity  of  moral  character,  which  are  the  pillars 
of  good-govctament  and  the  true  support  of  national 
independence.— With  tegeurd  to  the  history  of  agri- 
culture,  we  mmt  confin*  ourselves  to  slight  sketches. 
The  first  mention  df  agriculture  is  found  in  the  writ- 
ings of  Moses.  From  them  we  learn  that  Cain  was 
a  "  tiller  of  the  ground,''  that  Abel  sacrificed  the 
"firstlings  of  his  flock,"  and  that  Noah  "  began  to 
be  a  husbandman,  and  planted  a  vineyard." 

The  Chinese,    Japanese,  Chaldeans,   Egyptians, 

and  Fhflenidans  appear  to  have  held  huslumdry  in 

fakfa  estimation.     The  Egyptians  were  so  sensible  of 

k»  blessings,  that  they  ascribed  its  invention  to  su- 

perhoman  agency,  and  even  carried  their  gratitude 

to  such  an  absurd  exceam  as  to  worship  the  ox,  for 


his  services  as  a  labourer.  The  Carthaginians  car- 
ried the  art  of  agriculture  to  a  higher  degree  than 
other  naticms,  their  contemporaries.  Mago,  one  of 
their  most  famous  generals,  wrote  no  less  than 
twenty-ei^t  books  on  agricultural  topics,  whicb> 
according  to  Columella,  were  translated  into  Latin 
by  an  express  decree  of  the  Roman  senate. 

Hesiod,  a  Greek  writer,  supposed  to  be  a  contem- 
porary with  Homer,  wrote  a  poem  on  agticultore, 
entitled  JVeeke  and  Days,  which  was  so  denominated 
because  husbandry  requires  an  exact  observance  of 
times  and  seasons.  Other  Greek  writers  wrote  on 
rural  economy,  and  Xenophon  among  the  number, 
but  their  works  have  b^en  lost  in  the  lapse  of  ages. 
The  implements  of  Grecian  agriculture  were  very 
few  and  simple.  Hesiod  mentions  a  plough,  con- 
sisting of  three  parts— the  share-beam,  the  draught- 
pole,  and  the  plough-tail ;  but  antiquarians  are  not 
agreed  as  to  its  exact  form ;  also  a  cart  with  low 
wheels,  and  ten  spans  (seven  feet  six  inches)  in 
width ;  likewise  the  rake,  sickle,  and  ox -goad ;  but 
no  description  is  given  of  the  mode  in  which  they 
v^ere  constructed.  The  operations  of  Grecian  cul- 
ture, according  to  Hesiod,  were  ndther  numerous 
nor  complicated.  The  ground  received  three  plough- 
ings— one  in  autumn,  another  in  spring,  and  a  third 
immediately  before  sowing  the  seed.  Manures  were 
applied,  and  Pliny  ascribes  their  invention  to  the 
Grecian  king  Augeas. 

Theophrastus  mentions  six  different  species  of  ma- 
nures, and  adds,  that  a  mixture  of  soil  produces  the 
same  effect  as  manures.  Clay,  he  observes,  should 
be  mixed  with  sand,  and  sand  with  clay.  Seed  was 
sown  by  hand,  and  covered  with  a  rake.  Grain  was 
reaped  vrith  a  sickle,  bound  in  sheaves,  threshed, 
then  winnowed  by  wind,  laid  in  chests,  bins  or 
granaries,  and  taken  out  as  wanted  bv  the  family,  to 
be  pounded  in  mortars  or  quern  mills  into  meal. — 
The  ancient  Romans  venerated  the  plough,  and,  in 
the  earliest  and  purest  times  of  the  republic,  the 
greatest  praise  which  could  be  given  to  an  illustrious 
character  was  to  say  that  he  was  an  industrious  and 
judicious  husbandman.  M.  Cato,  th«t  censor,  who 
was  celebrated  as  a  statesman,  orator,  and  general, 
having  conquered  nations  and  governed  provinces, 
deriv^  his  highest  and  most  durable  honours  from 
having  written  a  voluminous  work  on  agriculture. 

In  tiie  Georgics  of  Virgil,  the  majesty  of  verse  and 
the  harmony  of  numbers  add  dignity  and  grace  to 
the  most  usefol  of  all  topics.  Ine  celebrated  Co- 
lumella flourished  in  the  reign  of  the  emperor  Clau- 
dius, and  wrote  twelve  books  on  husbandry,  which 
constituted  a  complete  treatise  on  rural  affurs. 

Varro,  Pliny,  and  Palladius  were  likewise  among 
the  distinguished  Romans  who  wrote  on  agricultural 
subjects.  With  regard  to  the  Roman  implements  of 
agriculture,  we  learn  that  they  used  a  great  many, 
but  their  particular  forms  and  uses  are  very  imper- 
fectly described.  From  what  we  can  ascertain  re- 
specting them,  they  appear  more  worthy  of  the 
notice  of  the  curious  antiquarian,  than  of  the  prac- 
tical cultivator.  The  plough  is  represented  by  Cato 
as  of  two  kinds— one  for  strong,  the  other  for  light 
soils.  Varro  mentions  one  wilh  two  mould-boards, 
with  which,  he  says,  "when  they  plough,  after  sow- 
ing the  seed,  they  are  said  to  ridge."  Pliny  men- 
tions a  plough  with  one  mould-board,  and  others 
with  a  coulter,  of  which  he  says  there  were  many 
kinds. — FaUowing  was  a  practice  rarely  deviated 
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from  by  the  Romans.  In  most  caaet,  a  fallow  and 
a  year's  crop  suceeeded  each  other.  Manure  was 
collected  from  nearly  or  quite  as  many  sources  as 
have  been  resorted  to  by  the  moderns.  Pigeons' 
dung  was  esteemed  of  the  greatest  value,  and,  next 
to  uat,  a  mixture  of  night  soil,  scrapings  of  the 
streets  and  urine,  which  were  applied  to  the  roots  of 
the  vine  and  olive.  The  Romans  did  not  bind  their 
com  into  sheaves.  When  cut,  it  was  sent  directly 
to  the  area  to  be  threshed,  and  was  separated  from 
the  chaff  by  throwing  it  from  one  part  of  the  floor  to 
the  other.  Feeding  down  grain,  when  too  luxuriant, 
was  practised.  Virgil  says,  "  What  commendation 
shall  I  give  to  him,  who,  lest  his  com  should  lodge, 
pastures  it,  while  young,  as  soon  as  the  blade  equab 
the  furrow  \"  Watering  on  a  large  scale  was  applied 
both  to  arable  and  grass  lands.  Virgil  advises  to 
*  bring  down  the  waters  of  a  river  upon  the  sown 
com,  and,  when  the  field  is  parched  and  the  plants 
'Irying,  convey  it  from  the  brow  of  a  hill  in  channels." 
{Gtor,  1.  i,  1. 106.)— The  farm  management  most  ap- 
proved of  by  the  scientific  husbandmen  of  Rome  was, 
m  general,  such  as  would  meet  the  approbation  of 
modem  cultivators.  The  importance  of  thorough 
tillage  is  illustrated  by  the  following  apologue:  A 
vine-dresser  had  two  daughters  axid  a  vineyard; 
when  hb  oldest  daughter  was  married,  he  gave  her 
a  third  of  his  vineyard  for  a  portion,  notwithstanding 
which  he  had  the  same  quantity  of  fruit  as  formerly. 
When  his  youngest  daughter  was  married,  he  gave 
her  half  of  what  remained ;  still  the  produce  of  his 
vineyard  was  undiminished.  This  result  was  the 
consequence  of  his  bestowing  as  much  labour  on  the 
third  part  left  after  his  daughters  had  received  their 
portions*  as  he  had  been  accustomed  to  give  to  the 
whole  vineyard. 

Tlie  Romans,  unlike  many  conquerors,  instead  of 
desolating,  improved  the  countries  which  they  sub- 
dued. They  seldom  or  never  burned  or  laid  waste 
conquered  countries,  but  laboured  to  civilize  the  in- 
habitants, and  introduce  the  arts  necessary  for  pro- 
moting their  comfort  and  happiness.  To  facilitate 
communications  from  one  district  or  town  to  an- 
other, seems  to  have  been  a  primary  object  widi 
them,  and  their  works  of  this  kind  are  still  dis- 
cernible in  numerous  places.  By  employing  their 
troops  in  this  way,  when  not  engaged  in  active  ser- 
vice, their  commanders  seem  to  have  had  greatly  the 
advantage  over  our  modem  generals.  Tlie  Roman 
soldiers,  instead  of  loitering  in  camps,  or  rioting  in 
towns,  enervating  their  strength,  and  corrupting  tibeir 
morals,  were  kept  regularly  at  work,  on  objects 
highly  beneficial  to  the  interests  of  those  whom  they 
subjugated.  In  the  ages  of  anarchy  and  barbarism 
which  succeeded  the  fall  of  the  Roman  empire,  agri- 
culture was  almost  wholly  abandoned.  Pasturage 
was  preferred  to  tillage,  because  of  the  facility  with 
which  sheep,  oxen,  &c.  can  be  driven  away  or  con- 
cealed on  the  approach  of  an  enemy. 

The  conquest  of  England  by  the  Normans  contri- 
buted to  the  improvement  of  agriculture  in  Great 
Britain.  Owing  to  that  event,  many  thousands  of 
husbandmen,  from  the  fertile  and  well-cultivated 

Slains  of  Flanders  and  Normandy,  settled  in  Great 
iritain,  obtained  farms,  and  employed  the  same 
methods  in  cultivating  them,  which  they  had  been 
accustomed  to  use  in  their  native  countries.  Some 
of  the  Norman  barons  were  great  improvers  of  their 
lands,  and  ware  celebrated .  in  history  for  their  skill 


in  agriculture.  The  Norman  clergy,  and  especially 
the  monks,  did  still  more  in  this  way  than  the  no- 
bility. The  monks  of  every  monastery  retained  such 
of  their  lands  as  they  could  most  conveniently  take 
charge  of,  and  these  they  cultivated  with  great  care 
under  their  own  inspection,  and  frequently  with 
their  own  hands.  The  famous  Thomas  k  Becket. 
after  he  was  archbishop  of  Canterbury,  used  to  go 
out  into  the  field  with  the  monks  of  the  monastery 
where  he  happened  to  reside,  and  join  with  them  ii 
reaping  their  com  and  making  their  hay. 

The  implements  of  agriculture,  at  this  period,  were 
similar  to  those  in  most  common  use  in  modem 
times.  The  various  operations  of  husbandry,  such 
as  manuring,  ploughing,  sowing,  harrowing,  reaping, 
threshing,  winnowing,  &c.,  are  incidentally  men- 
tioned by  the  writers  of  those  days,  but  it  is  impos- 
sible to  collect  from  them  a  deimite  account  of  the 
manner  in  which  those  operations' were  performed. 
The  first  English  treatise  on  husbandry  was  pub- 
lished in  the  reign  of  Henry  VIIL  by  Sir  A.  Fltz- 
herbert,  judge  of  the  common  pleas.  It  is  entitled 
the  Book  qf  Htubatubj,  and  contains  directions  for 
draining,  clearing,  and  enclosing  a  farm,  for  enrich- 
ing the  soil,  and  rendering  it  fit  for  tillage.  Lime, 
marl,  and  fallowing,  are  strongly  recommended. 
"  The  author  of  the  Book  of  Husbandry,"  says  Mr. 
Loudon,  "  writes  firom  his  own  experience  of  more 
than  forty  years ;  and,  if  we  except  his  biblical  allu- 
sions, and  some  vestiges  of  the  superstition  of  the 
Roman  writers  about  the  influence  of  the  moon, 
there  is  very  little  of  his  work  which  should  be 
omitted,  and  not  a  great  deal  that  need  be  added,  in 
80  far  as  respects  the  culture  of  com,  in  a  ">an^al  of 
husbandry  adapted  to  the  present  time." 

Agriculture  attained  some  eminence  during  the 
reign  ot  Elizabeth.  The  principal  writers  of  that 
period  were  Tusser,  Googe,  and  Sir  Hugh  Piatt. 
TNisser's  Fk)e  Hundred  PoinU  qf  Huibandrf  was  pub- 
lished in  1562,  and  conveys  much  useful  instraction 
in  metre.  The  treatise  of  Bamaby  Googe,  entitled 
fVhole  Art  of  Hu$bandry,  was  printed  in  1558.  Sir 
Hugh  Piatt's  work  was  entitled  Jewel  Houaee  qf  Art 
and  Natwre,  and  was  printed  in  1594.  In  the  former 
work,  says  Loudon,  are  many  valuable  hints  on  the 
progress  of  husbandry  in  the  early  part  of  the  reign 
of  Elizabeth.  Among  other  curious  things,  he  as- 
serts that  the  Spanish  or  Merino  sheep  was  origi- 
nally derived  from  England.  Several  writers  on 
agriculture  appeared  in  England  during  the  com- 
monwealth, whose  names,  and  notices  of  their  works, 
may  be  seen  in  Loudon's  Eiu!jfclop€edia  qf  AgricuU 
tttre. 

From  the  restoration  down  to  the  middle  of  the 
eighteenth  century,  agriculture  remained  almost  sta- 
tionary. Immediately  after  that  period,  considerable 
improvement  in  the  process  of  culture  was  introduced 
by  Jethro  Tull,  a  gentleman  of  Berkshire,  who  began 
to  drill  wheat  and  other  crops  about  the  year  1701, 
and  whose  Honehoeing  Husbandry  was  published  in 
1731.  Though  this  writer's  theories  were  in  some 
respects  erroneous,  yet  even  his  errors  were  of  ser- 
vice, by  exciting  inquiiy,  and  calling  the  attention  of 
husbandmen  to  important  objects.  His  hostilily  to 
manures,  and  attempting,  in  all  cases,  to  substitute 
additional  tillage  in  their  place,  were  prominent  de- 
fects in  his  system.  After  the  time  of  Tull's  publi- 
cation, no  great  alteration  in  British  agriculture  took 
place,  till  Robert  Bakewell  and  others  effected  some 
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impoitant  improvcinents  in  fhe  breed  of  cattle,  sheep, 
•nd  swine.  By  skilfiil  selection  at  first,  and  constant 
care  afterwards  to  breed  from  the  best  animals. 
Bakeweli  at  last  obtained  a  rariety  of  sheep,  which, 
for  early  maturity  and  the  property  of  returning  a 
great  quantity  of  mutton  for  the  food  which  thev 
consumed,  as  well  as  for  the  small  proportion  whicn 
the  weight  of  the  offiil  bears  to  the  four  quarters, 
were  wiUiout  precedent.  CuUey,  Cline,  Lord  Somer- 
▼iUe,  Sir  J.  S.  Sebright,  Darwin,  Hunt,  Hunter, 
Toung,  &c.  &c.  haye  all  contributed  to  the  improve- 
ment of  domestic  animals,  and  have  left  little  to  be 
desired  in  that  branch  of  rural  economy. — ^Among 
other  works  on  agriculture,  of  distinguished  merit, 
may  be  mentioned  The  Farmer'a  Letter$,  Thur  in 
F^rimee,  Atmals  of  AgrieuUmre,  Sfv.  8fc.  by  the  cele- 
Inated  Arthur  Young;  MarshaJl's  numerous  and 
excellent  works,  commencing  with  Minutes  of  Agri- 
€MttMre,  published  in  \7%7*  and  ending  with  his  Re- 
mew  ef  the  Agrieulharttl  Reports  in  1816 ;  Practical 
Afriemlimre,  by  Dr.  R.  W.  Dickson,  &:c.  &c. 

Tlie  writings  of  Raimes,  Anderson,  and  Sinclair, 
exhibit  a  union  of  philosophical  sagacity  and  patient 
experiment^  which  have  produced  results  of  great 
importance  to  the  British  nation  and  to  the  world. 
To  these  we  shall  only  add  the  name  of  John  Lou- 
don, P.  L.  S.  H.  S.,  whose  elaborate  Encyclopeedia  of 
Gardeaim^  and  Eneycloptedia  of  Agriculture,  have 
probably  never  been  surpassed  by  any  similar  works 
m  any  language. — ^The  establishment  of  a  national 
board  of  agriculture  was  of  very  great  service  to  Bri- 
tidi  husbandry.  Hartlib,  a  century  before,  and  Lord 
Kaimes,  in  his  Genileman  Farmer,  had  pointed  out 
^  ntiUty  of  such  an  institution,  but  it  was  left  to 
Sir  John  Sinclair  to  carry  their  ideas  into  execution. 
To  the  inde&tigable  exertions  of  that  worthy  and 
eminent  man  the  British  public  are  indebted  for  an 
nistitndon,  whose  services  cannot  be  too  highly  ap- 
preciated. "  It  made  formers,  residing  in  different 
parts  of  tiie  kingdom,  acquainted  with  one  another, 
and  caused  a  rapid  dissemination  of  knowledge 
amongst  the  whole  profession.  The  art  of  agriculture 
was  brought  into  foshion,  old  practices  were  amended, 
new  ones  introduced,  and  a  degree  of  exertion  called 
fortii  heretofore  unexampled  among  agriculturists  in 
tiiis  island." — ^We  may  now  briefly  notice  the  pro- 
gress of  agriculture  in  the  different  countries  of 
Europe  and  America. 

French  agriadture  began  to  flourish  early  in  the  1 7th 
century,  under  Henry  IV.,  and  a  work  on  that  sub- 
ject was  published  by  Olivier  de  Serres.  In  1761, 
there  were  13  agricultural  societies  in  France,  and  19 
auxiliary  societies.  Those  of  Paris,  Amiens,  and 
Bordeaux  have  distinguished  themselves  by  their  me- 
moiTS.  Du  Hamel  and  Bufibn  made  the  study  of 
rural  economy  fashionable,  and  other  writers  contri- 
buted to  the  advancement  of  husbandry.  M.  de  Tru- 
daine  introduced  the  Merino  breed  of  sheep  in  1776, 
and  Count  Lasteyrie  has  written  a  valuable  work  on 
sheep -husbandry.  The  celebrated  Arthur  Young 
nkade  an  agricultural  survey  of  France  in  1787-89. 
Since  that  time,  several  French  and  EngKsh  writers 
have  given  the  statistics  of  different  districts,  and  the 
mode  of  cultivation  there  in  use,  and  the  abb^  Rosier 
and  professor  Thouin  have  published  general  views  of 
the  whole  kingdom.  Bonaparte  established  many 
new  agricultund  societies  and  professorships,  bota- 
nical and  economical  gardens,  for  the  exhibition  of 
Merent  modes  of  culture,  and  the  dissemination  of 
AbTS  k  SciKIfCBS. — ^VoL.  I. 


plants.  He  also  greatly  enlar^  and  enriched  that 
extensive  institution,  the  National  Garden,  whose 
professor  of  culture,  the  Chevalier  Thouin,  is  one  of 
the  most  scientific  agriculturists  in  £urope. — ^The 
lands  in  France  are  not  generally  enclosed  and  sub- 
divided by  hedges  or  other  fences.  Some  fences  occu- 
near  towns,  but  in  general  the  whole  country  is 
open,  the  boundaries  of  estates  being  marked  by 
slight  ditches  or  ridges,  with  occasional  stones  or 
heaps  of  earth,  trees  in  rows,  or  thinly  scattered. 
Depredations  from  passengers  on  the  highways  are 
prevented  by  yarded  cAamp//re9,  which  are  established 
throughout  all  France.  Since  the  time  of  Colbert, 
the  French  have  paid  attention  to  sheep,  and  there 
are  considerable  flocks  of  Merinos  owned  by  indivi* 
dnals,  besides  the  national  flocks.  That  of  Ram- 
bouiUet,  established  in  1786,  is,  or  lately  was,  ma- 
naged by  M.  Tessier,  an  eminent  writer  on  agriciiJture. 
Sheep  are  generally  housed,  or  kept  in  folds  and  littie 
yards  or  enclosures. 

Mr.  Birkbeck  considers  the  practice  of  housing  or 
confining  sheep  as  the  cause  of  foot-rot,  a  disease 
very  common  among  them  in  France.    Where  flocks 
remain  out  all  night,  the  shepherd  sleeps  in  a  small 
thatched  hut,  or  portable  house,  placed  on  wheels. 
He  guides  the  flock  by  walking  before  them,  and  his 
dog  guards  them  from  wolves,  which  still  abound  in 
some  parts  of  the  country.    In  the  south  part  of 
France,  the  ass  and  the  mule  are  of  frequent  use  in 
husbandry.   A  royal  stud  of  Arabian  horses  has  been 
kept  up  at  Aurillac,  in  Limousin,  for  more  than  a 
century,  and  another  has  been  more  recently  esta- 
blished near  Nismes.    Poultry  is  an  important  article 
in  French  husbandry.     Mr.  Birkbeck  thinks  that  the 
consumption  of  poultry  in  towns  may  be  equal  to 
that  of  mutton.    The  breed  of  swine  is  in  general 
bad ;  but  fine  hams  are  made  in  Bretagne  from  hogs 
reared  on  acorns  and  fatted  with  Indian  corn.    The 
French  implements  of  agriculture  are  generally  rude 
and  unwieldy,  and  the  operations  of  husbandry  un- 
skilfully performed.    The  vine  is  cultivated  in  France 
in  fields  and  on  terraced  hills,  in  a  way  different 
from  that  which  prevails  ebewhere.     It  is  planted  in 
hills,  like  Indian  com,  kept  low,  and  managed  like  a 
plantation  of  raspberries.    The  white  mulberry  tree 
is  very  extensively  cultivated  for  feeding  the  silk- 
worm.    It  is  not  placed  in  regular  plantations,  but 
in  comers,  in  rows  by  the  sides  of  roads,  &c.    The 
trees  are  raised  from  the  seed  in  nurseries,  and  sold 
generally,   at  five  years'  growth,  when  the}'  have 
strong  stems.    They  are  planted,  staked,  and  treated 
as  pollards.    The  eggs  of  the  silk-worm  are  hatched 
in  rooms  heated  by  means  of  stoves  to  80^  of  Reau- 
mur (72i)  Fah.)     One  ounce  of  eggs  requires  one 
hundred  weight  of  leaves,  and  will  produce  from  7  to 
9  pounds  of  raw  silk.     The  hatching  commences 
about  the  end  of  April,  and  with  the  feeding,  is  over 
in  about  a  month.     Second  broods  are  procured  in 
some  places.    The  silk  is  wound  off  the  cocoons  in 
little  balls  by  women  and  children.     The  olive,  the 
fig,  the  almond,  and  various  other  fraits  are  also  ex> 
tensively  cultivated  in  France. 

Before  concluding  our  view  of  the  agriculture  of 
France,  it  may  be  advisable  to  furnish  our  readers 
with  M.  Dupin's  comparative  estimate  of  the  above 
species  of  labour  in  that  country,  viewed  in  compa- 
rison with  our  own.  It  is  extracted  from  that  excel- 
lent work,  the  Companion  to  the  Almanack, 
The  31,600,000  inhabitants  which  now  constitatt 
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the  popQlatioQ  of  France,  are  eqohralent  to  a  power 
of  12,609>057  individuals  of  the  male  sex,  at  the  age 
of  full  vigour.  It  is  a  position  generally  admitted  in 
France,  that  two-thirds  of  the  population  are  em- 
ployed in  agriculture ;  and  that  a  third  only  is  occu- 
pied in  manufacturing  and  commercial  pursuits. 
Hence  it  results  that  France  possesses 

A  human  agricultural  power  equiva- 1  g  .q-  ^^ 

lent  to  that  of J  '      ' 

And  a  power  of  industry,  manufactur- 1  .  oosjOIO 

ing  and  commercial,  equal  to    .     .  J  >^^^^^  ^ 

Total  12,609,057 

Were  it  not  that  the  industry  of  man  had  found 
the  means  of  calling  extraneous  force  to  its  aid,  its 
means  would  he  confined  to  the  amount  of  power 
above  enumerated;  but  man  employs  other  forces 
than  his  own  in  agricultural  labours,  and  principally 
that  of  the  horse,  of  the  ass,  of  the  mule,  tlie  ox,  and 
the  cow;  and  with  the  help  of  these,  the  animate 
agricultural  force  of  France  has  increased  to  the  fol- 
lowing sum  :<— 

Human  nee   .    81.056,6ff7\  f  8,406,038\ 

Hones    .    .    .     1.600.000  I  eqairalent  I  ll.SOO.OOO  I    Ubonr- 
Oxen  and  cows     8,978,000  i        to        ^  17,439.000  t  ing  men. 
Asses      .    .    .        840,000  J  i.     840,000  j 

Total  37,978.038 

On  making  similar  calculations  of  the  agricultural 

force  of  Great  Britain,  and  stating  at  15,000,000  the 

number  of  inhab/tants  of  England  and  Scotland,  of 

whom  a  third  only  are  employed  in  agriculture,  and 

the  other  two-thirds  in  commerce  and  manufactures, 

we  shall  have 

Agricultural  force    ....    8,139.446  )  eflJectire  working 
Artisans  of  all  professions     .    4,964,893  f  men. 

If  we  proceed  in  the  same  way  with  regard  tg 
Great  Britain,  as  we  have  done  with  respect  to 
F^mnce,  and  make  a  comparative  calculation  of  the 
power  in  men,  and  the  power  in  other  animals  en- 
gaged in  agriculture,  we  shall  find. 

Human  race.      .    .    5.000.000  %  .^i-.    c    8,132,446  )  eflfec- 
Howes  of  full  growth  1,950,000  J  ^  £"  I    8,750.000  J  tire  la- 


Oxen,  cows,  fcc.    .    0^500,000 


13,750,000  )  bouien. 


Total    84,639.446 
Ireland ;  approximating  Estimate     7,455,701 

Total  for  the  United  Kingdom   88,088,147 

Taking  the  proportion  of  this  total  force  of 
24,632,446  to  the  human  force  applicable  to  agricul- 
ture, we  find  it  to  be  as  12.  Whence  it  appears  that 
the  agriculturists  of  England  and  Scotland  have  dis- 
covered the  means  of  creating  a  force,  twelve  times 
the  amount  of  their  personal  corporeal  force,  by  the 
use  they  make  of  domestic  animids ;  while  the  addi- 
tional force,  obtained  through  similar  means  by  the 
French  agriculturists,  does  not  amount  to  five  times 
their  own.  It  is  calculated  that  in  France  there  are 
46,000,000  hectares  of  land  made  to  yield  produce ; 
so  that  there  is  an  animate  power  equal  to  that  of 
810  labourers  for  the  cultivation  of  every  thousand 
hectares.  The  total  number  of  hectares  of  produc- 
tive land  m  Great  Britain  is  21,643,000;  so  that 
there  is  an  animate  power  equal  to  that  of  1,138 
working  men  for  every  thousand  hectares.  The  pro- 
duce of  the  land  in  the  respective  countries,  is  in 
proportion  to  the  power  employed  respectively  in  its 
cultivation. 

This  extract,  from  the  pen  of  one  of  the  most  dis- 
tinguished political  economists  in  France,  will  fur- 


nish a  tolerably  accurate  view  of  the  comparative  ef- 
fects of  British  and  foreign  systems  of  agriculture^ 
with  reference  to  animate  and  inanimate  force. 

AgricuUurt  in  Germany,  The  earliest  German 
writer  on  husbandrv  was  Conradns  Heresbachius, 
who  lived  and  died  m  the  I6th  century.  His  work, 
De  Re  RutHca,  was  an  avowed  compilation  from  all 
the  authors  who  had  preceded  him.  No  other  books 
on  agriculture,  of  any  note,  appeared  previous  to  the 
1 7th  centurv.  With  regard  to  the  present  state  of 
agriculture  m  Germany,  we  would  remark,  that  the 
country  is  very  extensive,  and  presents  a  great  variety 
of  soils,  surface,  climate,  and  culture.  Its  agricul- 
tural produce  is  for  the  most  part  consumed  within 
its  limits ;  but  excellent  wines  are  exported  from 
Hungary  and  the  Rhine,  together  with  flax,  hams, 
geese,  silk,  &c.  The  culture  of  the  mulberry  and  the 
rearing  of  the  silk- worm  are  carried  on  as  far  north  as 
Berlin.  The  theoretical  agriculturists  are  well  ac- 
quainted with  all  the  improved  implements  of  Great 
Britain,  and  some  of  them  have  been  introduced, 
especially  in  Holstein,  Hanover,  and  Westphalia; 
but,  generally  speaking,  the  ploughs,  waggons,  &c. 
are  unwieldy  and  inefficient.  Fish  are  carefully  bred 
and  fattened  in  some  places,  especially  in  Prussia, 
and  poultry  is  every  where  attended  to,  particularly 
in  the  neighbourhood  of  Vienna.  The  culture  o( 
forests  likewise  receives  particular  attention  in  that 
country  as  well  as  in  France.  The  common  agricul- 
ture of  Grermany  is  every  where  improving.  Govern- 
ment, as  well  as  individuals,  have  formed  mstitutions 
for  the  instruction  of  youth  in  its  principles.  The 
Imperial  Society  of  Vienna,  the  Georgical  Institution 
at  Presburg,  and  that  of  professor  Thaer,  in  Prussia, 
may  be  numbered  among  recent  institutions  of  this 
description. 

Agriculture  im  Itabf,  The  climate,  soil,  and  surface 
of  Italy  are  so  various  as  to  have  given  rise  to  a  greater 
diversity  of  culture  than  is  to  be  found  in  the  whole 
of  Europe  besides.  Com,  grass,  butchers'  meat, 
cheese,  butter,  rice,  silk,  cotton,  wine,  oil,  and  fruits 
of  all  kinds  are  found  in  perfection  in  this  fertile 
country.  Loudon  asserts  that  only  one-fifth  of  the 
surface  of  Italy  is  considered  stenle,  while  only  a 
fifth  of  the  surface  of  France  is  considered  fertile. 
The  population  of  Italy  b  greater  in  proportion  to 
its  surface,  than  that  of  either  France  or  Great  Bri- 
tain. Among  the  writers  on  the  rural  economy 
of  Italy  are,  Arthur  Young,  in  1788,  Sismondi,  in 
1801,  and  Chateauvieux,  in  1812.  In  Lombardy  the 
lands  are  generally  farmed  by  meiofers  (from  metit, 
half).  The  landlord  pays  the  taxes  and  repairs  the 
buildings;  the  tenant  provides  cattle,  implements, 
and  seeds,  and  the  produce  is  divided.  The  irrigation 
of  lands  in  Lombardy  is  a  remarkable  feature  of 
Italian  husbandrv.  All  canals  taken  from  rivers  are 
the  property  of  the  state,  and  may  be  carried  through 
any  man's  land,  provided  they  do  not  pass  through  a 
garden,  or  within  a  certain  distance  of  a  mansion,  on 
paying  the  value  of  the  ground  occupied.  Water  is 
not  only  employed  for  grass-lands  (which,  when 
fully  watered,  are  mowed  four  and  sometimes  five 
times  a  year,  and,  in  some  cases,  as  early  as  March), 
but  b  conducted  between  the  narrow  ridges  of  corn- 
lands,  in  the  hollows  between  drilled  crops,  among 
vines,  or  to  flood  lands,  to  the  depth  of  a  foot  or 
more,  which  are  sown  with  rice.  Water  b  abo  used 
for  depositing  a  surface  of  mud,  in  some  places  where 
it  is  charged  with  that  material.    The  detaib  ot 


AGRICULTURE. 


35 


f 


watering^  for  theaie  mud  other  purposes,  are  given  in 
vmrioDs  works,  and  collected  in  those  of  IVofessor  Rhe. 
In  generml,  watered  lands  let  at  one-third  higher 
price  than  those  not  irrigated.  The  implements  and 
operations  tjf  agricaltare  in  Lombardy  are  both  im- 
peifBCt.  Tlie  plough  is  a  rude  contnvance,  with  a 
handle  13  or  14  leet  long.  But  the  cattle  are  fed  with 
otraordinary  care ;  they  are  tied  up  in  stalls,  bled 
oaoe  or  twice,  cleaned  and  rubbed  with  oil,  after- 
wards combed  and  brushed  twice  a  day.  Their  food 
b  summer  is  clover  or  other  green  herbage;  in 
winter,  a  mixtore  of  elm-leayes,  clover-hay,  and  pul- 
verized walnnt-cake,  over  which  boiling  water  is 
poured,  and  bran  and  salt  added.  In  a  short  time 
tbe  cattle  cast  liieir  hair,  grow  smooth,  round,  and 
kt,  and  so  improved  as  to  double  their  value  to  the 
botdier.  The  toniato  or  love-apple  (jnUmum  hfcoper- 
mam),  so  extensively  used  in  Italian  cookery,  forms 
an  article  of  field-culture  near  Pompeii,  and  especially 
IB  Sidly,  from  -whence  it  is  sent  to  Naples,  Rome, 
aad  several  to^wns  on  the  Mediterranean  sea. 

Apiculimre  <>f  ihe  United  Staie$  c/  America.    The 
haiitoty  of  the  United  States  is  very  extensive,  and 
preients   ahnost   every  variety  of  soil  and  climate. 
The  agriculture  of  this  wide-spread  country  embraces 
aO  the  products  of  European  cultivation,  together 
with  some    (such    as    sugar  and  indigo)  which  are 
lardr  made  objects   of  tifiage  in  any  part  of  Europe. 
A  ftil  description  of  the  agriculture  of  these  states 
wooid  re(|uire  a  large  volume.  We  shall  confine  our- 
lehes  to  such  sketches   as  we  may  deem  of  most 
pnctkal  importance*  to  those  who  are  or  intend  to 
beniBe  cultivators    of  North  American  soil.    The 
fans  of  the  Eastern,  Northern,  and  Middle  States 
consist  generally   of  from  50  to  300  acres,  seldom 
rising  to  more  tnan  300,  and  frequently  falling  short 
ef  300  acres.     These  fiuins  are  enclosed,  and  divided 
eidttr  by  stone  -walls,  or  rail  fences  made  of  timber, 
hedges  not  bein^  common.  The  building  first  erected 
OS  a  "  new  lot,"  or  on  a  tract  of  land  not  yet  cleared 
from  its  native  gro-wth  of  timber,  is  what  is  called  a 
kg-house.     This  is  a  hut  or  cabin  made  of  round, 
slni^  logs,  about  a  foot  in  diameter,  lying  on  each 
other,  and  notched  in  at  the  comers.    The  intervab 
betweea  the  logs  are  filled  with  slips  of  wood,  and 
the  devices  generally  stopped  with  mortar  made  of 
day.    llie  fire-place  commonly  consists  of  rough 
stones,  so  placed  as  to  form  a  hearth,  on  which  wood 
nay  be  burned.     Sometimes  these  stones  are  made 
to  — ■n^T'*-  the  form  of  a  chimney,  and  are  carried 
up  throo|^  the  roof;  and  sometimes  a  hole  in  the 
Toof  is  the  only  substitute  for  a  chimney.  The  roof  is 
TMuik  of  rafters,  forming  an  acute  angle  at  the  sum- 
ant  of  the  erection,  and  is  covered  with  shingles. 


ly  split  from  pine-trees,  or  with  bark  peeled 
fiom  the  hemlock  (pimu  ctmadeiuui). — ^When  the  oc- 
copant  or  *' first  settler"  of  this  "  new  land"  finds 
himself  in  "comfortable  circumstances,"  he  builds 
what  is  styled  a  frame-house,  composed  of  timber 
held  togeuer  by  tenons,  mortises,  and  pins,  and 
hoarded,  shingled,  and  dap-boarded  on  the  outside, 
and  often  painted  white,  sometimes  red.  Houses  of 
ttis  kind  generally  contain  a  dining-room  and  kitchen, 
aid  three  or  four  bed-rooms  on  the  same  floor. 
They  are  rarely  destitute  of  good  cellars,  which  the 
Bstnre  of  the  climate  renders  almost  indispensable. 
Hie  fttrm-baildings  consist  of  a  bam,  proportioned 
to  the  sue  of  the  farm,  vrith  stalls  for  horses  and 
cm  sadi  side,  and  a  threshing-floor  in  the 


middle ;  and  the  more  wealthy  farmers  add  a  cellar 
under  Uie  bam,  a  part  of  which  receives  the  manure 
from  the  stalls,  and  another  part  serves  as  a  store- 
room for  roots,  &c.  for  feeding  stock.     What  is 
called  a  corn-bam  is  likewise  very  common,  which  is 
built  exclusively  for  storing  the  ears  of  Indian  com. 
The  sleepers  of  this  building  are  generally  set  up 
four  or  five  feet  from  the  ground,  on  smooth  stone 
posts  or  pillars,  which  rats,  mice,  or  other  vermin 
cannot  ascend.    With  regard  to  the  best  manner  of 
clearing  forest-land  from  its  natural  growth  of  timber, 
the  following  observations  may  be  of  use  to  a  "  first 
settler."    In  those  parts  of  the  country  where  wood 
is  of  but  little  value,  the  trees  are  felled  in  one  of  the 
summer  months,  the  earlier  in  the  season  the  better, 
as  the  stumps  will  be  less  apt  to  sprout,  and  the 
trees  will  have  a  longer  time  to  dry.    The  trees  lie 
till  the  following  spring,  when  such  limbs  as  are  not 
very  near  the  ground  should  be  cut  off  that  they 
may  bum  the  better.     Fire  must  be  put  to  them  in 
the  driest  part  of  the  month  of  May,  or,  if  the  whole 
of  that  month  prove  wet,  it  may  be  applied  in  the 
beginning  of  June.    Only  the  bodies  of  die  trees  will 
remain  ailer  burning,  and  some  of  them  will  be 
burned  into  pieces.     Those  which  require  to   be 
made  shorter  are  cut  in  pieces  nearly  of  a  length, 
drawn  together  by  oxen,  piled  in  close  heaps,  and 
burned;  such  trees  and  logs  being  reserved  as  may 
be  needful  for  fencing  the  hi.    The  heating  of  the 
soil  so  destroys  the  green  roots,  and  the  ashes  made 
by  the  burning  are  so  beneficial  as  manure  to  the 
land,  that  it  will  produce  a  good  crop  of  wheat  or 
Indian  corn  without  ploughing,  hoeing,  or  manuring. 
If  new  land  lie  in  such  a  situation  that  its  natural 
growth  may  turn  to  better  account,  whether  for 
timber  or  fire-wood,  it  will  be  an  unpardonable  waste 
to  bum  the  wood  on  the  ground.    But  if  the  trees 
be  taken  off,  the  land  must  be  ploughed  after  clearing, 
or  it  will  not  produce  a  crop  of  any  kind. 

We  shall  conclude  with  a  few  brief  notices  of  some 
of  the  most  prominent  benefits  and  improvements 
which  modem  science  has  contributed  to  the  art  of 
agriculture.  The  husbandmen  of  antiquity,  as  well 
as  those  of  the  middle  ages,  were  destitute  of  many 
advantages  enjoyed  by  the  modem  cultivator.  Nei- 
ther the  practical  nor  the  theoretical  agriculturists  of 
those  periods  had  any  correct  knowledge  of  geology, 
mineralogy,  chemistry,  botany,  vegetable  physiology, 
or  natural  philosophy ;  but  these  sciences  have  given 
the  modem  husban<unan  the  command  of  important 
agents,  elements  and  principles,  of  which  the  ancients 
had  no  idea.  The  precepts  of  their  writers  were  con- 
formable to  their  experience ;  but  the  rationale  of  the 
practices  they  prescribed  they  could  not,  and  rarely 
attempted,  to  explain.  Nature's  most  simple  modes 
of  operation  were  to  them  inexplicable,  and  their  ig- 
norance of  causes  often  led  to  erroneous  calculations 
with  regard  to  effects.  We  are  indebted  to  modem 
science  for  the  following,  among  other  improvements  : 
viz.  1.  A  correct  knowledge  of  the  nature  and  pro- 
perties of  manures,  mineral,  animal,  and  vegetable ; 
the  best  modes  of  applying  them ;  and  the  particular 
crops  for  which  particular  sorts  of  manures  are  btst 
suited.  2.  The  method  of  using  all  manures  of 
animal  and  vegetable  origin  while  fresh,  before  the 
sun,  air,  and  rain,  or  other  moisture,  has  robbed 
them  of  their  most  valuable  properties.  It  was  for- 
merly the  practice  to  place  barn-yard  manure  in 
layers  or  masses  for  the  purpose  of  rotting,  and  turn 
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it  over  frequently  with  the  plough  or  spade,  till  the 
whole  had  become  a  mere  caput  mortuum,  destitute  of 
almost  all  its  original  fertilizmg  substances,  and  dete- 
norated  in  quality  almost  as  much  as  it  was  reduced 
in  quantity.  3.  The  knowledge  and  means  of  chemi- 
cally analyzing  soils,  by  which  we  can  ascertain  their 
constituent  parts,  and  thus  learn  what  substances  are 
wanted  to  increase  their  fertility.  4.  The  introduc- 
tion of  the  root-husbandry,  or  the  raising  of  potatoes, 
turnips,  mangel-wurzel,  &c.  extensively,  by  field-hus- 
bandry, for  feeding  cattle,  by  which  a  given  quantity 
of  land  may  be  made  to  produce  much  more  nutritive 
matter  than  if  it  were  occupied  by  grain  or  grass 
crops,  and  the  health  as  well  as  the  thriving  of  the 
animals  in  the  winter  season  greatly  promoted.  5. 
Laying  down  lands  to  grass,  either  for  pasture  or 
mowing,  with  a  greater  variety  of  grasses,  and  with 
kinds  adapted  to  a  greater  variety  of  soils ;  such  as 
orchard-grass  (dactylis  glomerata),  for  dry  land,  foul 
meadow-grass  (aarottis  atricia),  for  very  wet  land; 
herds'-grass  or  tunothy  (phleum  pratetue),  for  stiff, 
clayey  soils,  &c.  &c.  6.  The  substitution  of  fallow 
crops  (or  such  crops  as  require  cultivation  and  stirring 
of  the  ground  while  the  plants  are  growing)  in  the 
place  of  naked  fallows,  in  which  the  land  is  allowed 
to  remain  without  yielding  anyprofitable  product,  in 
order  to  renew  its  fertility.  Fields  may  be  so  foul 
with  weeds,  as  to  require  a  fiedlow,  but  not  what  is  too 
often  understood  by  that  term  in  this  country.  "  In 
England,  when  a  farmer  is  compelled  to  fallow  a 
field,  he  lets  the  weeds  grow  into  blossom,  and  then 
turns  them  down ;  in  America,  a  fallow  means  a  field 
where  the  produce  is  a  crop  of  weeds  running  to 
seed,  instead  of  a  crop  of  grain."  7*  The  art  of 
breeding  the  best  animads  and  the  best  vegetables,  by 
a  judicious  selection  of  individuals  to  propagate  from. 
-^These  improvements,  with  others  too  numerous  to 
be  here  specified,  have  rendered  the  agriculture  of  the 
present  period  very  different  from  that  of  the  middle 
ages,  when  it  had  sunk  far  below  the  degree  of  per- 
fection which  it  had  reached  among  the  Romans. 

The  practice  of  agriculture  will  be  found  fully 
discussed  and  illustrated  under  the  articles.  Plough, 
Harrow,  Threshing  Machine,  &c. 

Ague,  in  Medicine;  a  disorder  belonging  to  the 
class  of  intermittent  fevers  (febres  intermittenies) , 
It  may  be  followed  by  serious  consequences,  but  ge- 
nerally it  is  more  troublesome  than  dangerous,  and 
is  sometimes  even  considered  ^utary.  According 
to  the  length  of  the  apyrexia,  or  intermission  between 
one  febrile  paroxysm  and  another,  agues  are  deno- 
mmated  quotidians,  tertians,  or  mtartara;  which  latter 
are  much  the  more  obstinate,  bemg  generally  attended 
with  a  greater  degree  of  visceral  obstruction  than 
those  the  attacks  of  which  return  at  shorter  intervals. 
The  quartan  ague  is  apt  to  terminate  in  dropsy.  An 
ague  paroxysm  has  been  divided  into  the  cold,  the 
hot,  and  the  sweating  stages.  The  feeling  of  extreme 
cold,  in  the  first  stage,  cannot  be  prevented  by  fire  or 
the  heat  of  summer.  Generally  after  the  sweating 
stage,  in  which  there  is  a  profuse  exhalation  fVom  the 
pores  of  the  skin,  with  a  flow  of  urine  depositing  a 
copious  sediment  of  a  lateritious  or  brick-dust  ap- 
pearance, the  patient  falls  into  a  refreshing  sleep, 
from  which  he  awakes  without  any  remains  of  indis- 
position, except  a  slight  degree  of  languor  and  debi- 
lity. Agues  occur  chiefly  in  situations  where  there 
are  shallow  stagnant  waters.  Hence  their  frequency 
ill  Holland,  in  the  East  and  West  Indies,  in  the  flat. 


marshy  parts  of  England,  and  the  thinlv-settled  parts 
of  the  United  States,  where  they  dimmish  with  the 
clearing  of  the  woods  and  the  draining  of  the  huids. 
The  neighbourhood  of  rivers  or  -marshes,  therefore, 
is  carefully  to  be  avoided  by  persons  affiicted  with 
agues.  They  are  cured  by  medicines,  which,  at  the 
same  time  that  they  exert  a  tonic  influence,  produce 
and  keep  up  an  impression  upon  the  system  greater 
than  that  communicated  by  the  causes  of  the  disease; 
such  as  Peruvian  bark,  various  bitter  and  astringent 
drugs,  certain  metallic  salts,  &c. 

Agub-cakb  ;  a  name  sometimes  given  to  a  hard 
tumour  on  the  left  side  of  the  belly,  lower  than  the 
false  ribs,  said  to  be  the  effect  of  mtermittent  fever. 

Air.  The  air,  or  atmosphere  in  which  we  live  and 
breathe,  b  a  thin,  invisible,  and  elastic  fluid.  It  is 
material,  and  as  such  must  possess  weight,  and  act 
with  a  certain  determinate  pressure  on  all  those  bo- 
dies which  are  immersed  in  it.  In  the  present  article 
we  purpose  examining  the  general  mechanical  cha- 
racteristics of  our  atmosphere,  leaving  its  chemical 
nature  to  be  discussed  under  that  head.  The  various 
amusing  and  instructive  experiments  connected  with 
the  air-pump,  will  be  found  in  the  treatise  on  Pneu- 
matics, in  the  alphabetical  arrangement. 

Various  conjectures  have  been  formed  with  respect 
to  the  height  of  the  atmosphere ;  and  as  we  know  to 
a  certainty  the  relative  weight  of  a  column  of  the  at- 
mosphere by  the  height  to  which  its  pressure  will 
raise  water  or  mercury  in  an  empty  tube,  so  different 
calculations  have  been  founded  on  these  data,  to  as- 
certain its  extent  as  well  as  its  density  at  different 
heights.  If  the  air  of  our  atmosphere  were  indeed 
every  where  of  a  uniform  density,  the  problem  would 
be  very  easily  solved.  We  should  in  that  case  have 
nothing  more  to  do  than  to  find  out  the  proportions 
between  the  height  of  a  short  pillar  of  air,  and  a  small 
pillar  of  water  of  equal  weight ;  and  having  com  < 
pared  the  proportion  which  the  height  these  bear  to 
each  other  in  the  small,  the  same  proportions  would 
be  certain  to  hold  good  in  the  great,  between  a  pillar 
of  water  thirty-two  feet  high,  and  a  pillar  of  air  that 
reaches  to  the  top  of  the  atmosphere,  the  height  of 
which  we  wish  to  know.  Thus,  for  instance,  we  find 
a  certain  weight  of  water  reaches  one  inch  high,  and 
a  similar  weight  of  air  reaches  seventy-two  feet  high : 
this  then  is  the  proportion  two  such  pillars  bear  to 
each  other  on  the  small  scale.  Now,  if  one  inch  of 
water  is  equal  to  seventy-two  feet  of  air,  to  how  much 
air  will  thirty-two  feet  of  water  be  equal ;  by  the 
common  rule  of  proportion  we  readily  find,  that 
thirty-two  feet,  or  384  inches,  of  water  will  be  equal 
to  331.77fi  inches,  which  makes  something  more  than 
five  miles,  which  would  be  the  height  of  the  atmos- 
phere, was  its  density  every  where  tiie  same  as  at  the 
earth,  where  seventy-two  feet  of  air  were  equal  to 
one  inch  of  water.  But  this  is  not  really  the  case ; 
for  the  air's  density  is  not  every  where  the  same,  but 
decreases  as  the  pressure  upon  it  decreases ;  so  that 
the  air  becomes  lighter  and  lighter  the  higher  we  as- 
cend ;  and  at  the  upper  part  of  the  atmosphere,  where 
the  pressure  is  scarcely  any  thing  at  all,  the  air,  di- 
lating in  proportion,  must  be  expanded  to  a  very 
great  extent ;  and  therefore  the  height  of  the  atmos- 
phere must  be  much  greater  than  has  appeared  by 
the  last  calculation,  in  which  its  density  was  supposed 
to  be  every  where  as  great  as  at  the  surface  of  the 
earth.  In  order,  therefore,  to  determine  the  height 
of  the  atmosphere  more  exactly,  geometricians  have 
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eodetTOored  to  determine  the  density  of  the  tur  at 
different  distances  from  the  earth. 

The  following  sketch  will  give  an  idea  of  the  me- 
thod which  acme  have  taken  to  determine  this  density, 
whidi  is  preparatory  to  finding  out  the  weight  of  the 
atmosphere  more  exactly.  If  we  suppose  a  pillar  of 
air  to  reach  from  the  top  of  the  atmosphere  down  to 
the  earth's  surface,  and  imagine  it  mariced  like  a 
8t»idard  by  inches,  from  the  top  to  the  bottom,  and 
still  ftirther  suppose  that  each  inch  of  air,  if  not  at  all 
compressed,  will  weigh  one  grain,  the  topmost  inch 
then  weig^  one  grain,  as  it  suffers  no  compression 
whatever ;  the  second  inch  is  pressed  by  the  topmost 
with  a  weight  of  one  grain,  and  this,  added  to  its  own 
nataial  weight  or  density  of  one  grain,  now  makes  its 
density,  vdiich  is  ever  equal  to  the  pressure,  two 
pains.  The  third  inch  by  the  weight  of  the  two 
udies  above  it»  whose  weight  united  make  three 
grains,  and  these  added  to  its  natural  weight  give  it  a 
density^  of  four  grains.  The  fourth  inch  is  pressed  by 
the  united  wdght  of  the  three  above  it,  which  together 
Bttke  seven  grains,  and  this  added  to  its  natural 
wei^  gives  it  a  density  of  eight  grains.  The  filth 
inch  bong  pressed  by  all  the  former  fifteen,  and  its 
own  wei^t  added,  gives  it  a  density  of  sixteen  grains, 
and  so  on  descending  downwards  to  the  bottom. 
Hie  first  inch  has  a  density  of  one,  the  second  inch  a 
density  of  two,  the  third  mch  a  density  of  four,  the 
fonrdi  of  ei^t,  the  fifth  of  sixteen,  and  so  on.  Thus 
the  indies  of  air  increase  in  density  as  they  descend 
fiom  tbe  top,  At  the  rate  of  1,  2,  4,  8, 16,  32,  64,  &c. 
Or  if  we  reverse  this,  and  begin  at  the  bottom,  we 
nay  say,  that  the  density  of  each  of  these  inches 
grows  less  upwards.  If,  instead  of  inches,  we  sup- 
pose the  parts  into  whidi  this  pillar  of  air  is  divided 
to  be  ectremely  small,  and  like  those  of  air,  the  rule 
will  hold  equally  good  in  both.  So  that  we  may  ge- 
nerally assert  that  the  density  of  the  air  from  the  sur- 
ftce  of  the  earth  decreases  in  a  geometrical  proportion. 
This  being  understood,  should  we  now  desire  to 
know  the  density  of  the  air  at  any  certain  height,  we 
have  only  first  to  find  out  how  much  the  density  of 
the  air  is  diminished  to  a  certain  standard  height,  and 
thence  proceed  to  tell  how  much  it  will  be  diminished 
it  the  greatest  heights  that  can  be  imagined.  At 
small  hei|^its  the  dmiinution  of  its  density  is  by  frac- 
tkmal  or  broken  numbers.  We  will  suppose  at  once 
that  at  the  height  of  five  miles  the  air  is  twice  less 
dense  than  at  the  surfoce  of  the  earth :  at  two  leagues 
Ug^  it  must  be  four  times  thinner  and  lighter,  and  at 
tkree  leagues  eight  times  thinner  and  less  dense,  and 
•o  00.  In  short,  whatever  decrease  it  received  in  the 
iist  step,  it  will  continue  to  have  in  the  same  propor- 
tion in  the  second,  third,  and  so  on ;  and  this,  as  was 
observed,  is  called  geometrical  progression. 

In  proof  of  the  great  diminution  in  the  elastidty  of 
the  air  as  we  ascend  from  the  earth's  surface*  it  may 
be  eaou^  to  state  that  if  the  common  balloon  was 
filed  on  ascending  from  the  earth,  the  gas  would 
burst  its  "  silken  envelope"  long  ere  it  had  attained 
Ae  ordinary  elevation  of  those  fiying  vehicles.  One 
of  the  modes  of  ascertaining  by  direct  experiment  the 
dimmished  density,  consists  in  filling  a  fiask  with  air 
at  a  given  ahitnde,  and  then  closing  the  iqierture  till 
die  experimentor  arrives  at  the  earth  s  surfiice.  The 
Wrtnre  is  afterwards  opened  under  water,  and  the 
Wercnce  between  the  air  above  and  below  is  indi- 
cated by  the  quantity  of  water  which  enters. 

Dr.  Cotes  has  also  shewn,  that  if  altitudes  in  die 


air  be  taken  in  arithmetical  proportion,  the  rarity  of 
the  air  will  be  in  geometrical  proportion.  For  instance. 
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And  hence  it  is  easy  to  prove  by  calculation,  that* a 
cubic  inch  of  such  air  as  we  breathe,  would  be  so 
much  rarefied  at  the  altitude  of  500  miles,  that  it 
would  fill  a  sphere  equal  in  diameter  to  the  orbit  of 
Saturn. 

Upon  the  same  principle  it  was  attempted  to  cal- 
culate the  height  of  the  atmosphere,  by  carrying  a  ba- 
rometer to  the  top  of  a  high  mountain,  and  the  density 
of  the  air  at  two  or  three  different  stations  was  easily 
ascertained.  But  so  feeble  are  hiunan  efforts  in  en- 
deavouring to  comprehend  and  measure  the  works  of 
the  Creator,  that  this  theory  was  soon  demolished.  It 
was  found  that  the  barometrical  observations  by  no 
means  corresponded  with  the  density  which,  by  other 
experiments,  the  air  ought  to  have  had ;  and  it  was 
therefore  suspected  that  the  upper  parts  of  the  atmos- 
phere were  not  subject  to  the  same  laws  or  the  same 
pro]>ortions  as  those  which  were  nearer  the  surface  of 
the  earth.  Another  still  more  ingenious  method  was 
therefore  devised.  Astronomers  know  to  the  greatest 
exactness  the  part  of  the  heavens  in  which  the  sun  is 
at  any  one  moment  of  time :  they  know,  for  instance, 
the  moment  at  which  it  will  set,  and  also  the  precise 
time  at  which  it  will  rise.  They  soon,  however, 
found  that  the  light  of  the  sun  was  visible  before  its 
body,  and  that  the  sun  itself  appeared  some  minutes 
sooner  above  the  horizon  than  it  ought  to  have  done 
from  their  calculations.  Twilight  is  seen  long  before 
the  sun  appears,  and  that  at  a  time  when  it  is  several 
degrees  lower  than  the  horizon.  There  is  then,  in 
this  case,  something  which  deceives  our  sight;  for  we 
cannot  suppose  the  sun  to  be  so  irregular  in  its 
motions  as  to  vary  every  morning;  for  this  would 
disturb  the  regularity  of  nature.  The  deception  ac* 
tually  exists  in  the  atmosphere :  by  looking  through 
this  dense,  transparent  substance,  every  cekstial  ob- 
ject that  lies  beyond  it  is  seemingly  raised  up,  in  a 
way  similar  to  the  appearance  of  a  piece  of  money  in 
a  basin  filled  with  water.  Hence  it  is  plain,  that  if 
the  atmosphere  was  away,  the  sun's  light  would  not 
be  brought  to  view  so  long  in  the  morning  before  the 
sun  itself  actually  appears.  The  sun  itself  without 
the  atmosphere  would  appear  one  entire  blaze  of  light 
the  instant  it  rose,  and  leave  us  in  total  darkness  the 
moment  of  its  setting.  The  length  of  the  twilight, 
therefore,  is  in  proportion  to  the  height  of  the  atmos- 
phere :  or  let  us  invert  this,  and  say  that  the  height 
of  the  atmosphere  is  in  proportion  to  the  length  of 
the  twilight :  it  is  generally  found,  by  this  means,  to 
be  about  forty-five  miles  high,  so  that  it  was  hence 
amcluded  either  that  that  was  the  actual  limit  of  the 
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atmostphere,  or  that  it  mutt  be  of  an  extreme  rarity 
at  that  height. 

Dr.  A  mot,  in  his  Treatise  on  Phytice,  gives  a  very 
beautiful  and  familiar  view  of  the  effects  of  atmos- 
pheric pressure  in  changing  the  temperature  at  va- 
rious altitudes.  The  following  is  his  explanation  of 
the  phenomenon.  If  a  gallon  of  air  at  the  surface  of 
the  earth  contain  a  certain  quantity  of  heat,  this 
must  be  diffused  equally  through  the  space  of  the 
gallon ;  but  if  the  air  be  then  compressed  into  one- 
tenth  of  the  bulk,  there  will  be  ten  times  as  much 
heat  in  that  tenth  as  there  vtras  before ;  and  the  in- 
crease will  affect  the  thermometer.  In  like  manner, 
if  by  taking  off  pressure  the  gallon  be  made  to  dilate 
to  ten  gallons,  tiie  heat  will  be  in  the  same  propor- 
tion diffused,  and  any  one  part  will  be  proportionably 
colder  than  before.  It  is  known  that  air  may  be  so 
much  compressed  under  the  piston  of  a  close  syringe, 
that  the  heat  in  it  similar^  concentrated,  becomes  in- 
tense enough  to  inflame  tmder  attached  to  the  bottom 
of  the  piston.  This  contrivance  b  in  conmion  use  as 
a  means  of  obtaining  an  instantaneous  light,  and  is 
called  the  match  syringe. 

Now,  for  the  reason  here  explained,  the  air  near 
the  surface  of  the  earth,  forming  the  bottom  of  the 
atmosphere,  because  condensed  by  the  weight  of  the 
air  above  it,  is  much  warmer  than  if  it  were  suddenly 
carried  higher  up,  where,  from  the  pressure  being 
less,  it  would  be  more  expanded  or  thin.  In  many 
cases  the  height  of  mountains  may  be  estimated  by 
the  difference  of  temperature  observed  at  the  bottom 
and  at  the  top.  While  a  thermometer  stands  at  60** 
at  the  bottom  of  St.  Paul's  Cathedral,  in  London,  an- 
other marks  only  58®  at  the  top  of  the  dome ;  and  in 
the  lofty  ascent  of  a  balloon,  the  thermometer  soon 
ialls  to  the  freezing  point,  and  below  it,  so  that  to  the 
aeronaut  the  cold  becomes  almost  insupporttd>lQ. 

In  every  part  of  the  earth  there  b  a  certain  eleva- 
tion in  the  atmosphere,  different  according  to  the 
proximity  to  the  equator,  at  which  the  thermometer 
never  rises  above  the  freezing  point, — and  this  limit 
is  called  the  level  of  perpetual  congelation.  In  Nor- 
way, it  is  at  five  thousand  feet  above  the  level  of  the 
sea ;  in  Switzerland,  at  six  thousand  five  hundred ;  in 
Spain  and  Italy,  at  seven  thousand ;  farther  south,  at 
Teneriffe,  at  nine  thousand ;  directly  under  the  sun, 
as  in  Central  Africa,  and  among  the  Andes,  in  Ame- 
rica, it  is  about  fourteen  thousand. 

It  appears,  therefore,  that  the  same  low  temperature 
may  be  met  with  at  the  equator  as  at  the  poles,  by 
rising  to  find  it;  and  we  see  why  the  snow-capt 
mountains  are  not  the  tenants  only  of  high  northern 
and  southern  latitudes.  It  is  this  truth  which  renders 
many  parts  of  the  tropical  regions  of  the  earth  not 
only  tolerable  abodes,  but  as  suitable  as  any  on 
earth ;  although  the  ancient  philosophers  of  Europe 
thought  them,  by  reason  of  the  great  heat,  unin- 
habitable by  man,  and  an  everlasting  barrier  between 
the  northern  and  southern  hemispheres.  Much  of 
the  central  land  of  America  near  the  tropics  is  so 
raised,  that  as  to  agreeable  temperature  it  rivals,  an 
European  climate,  while  the  lightness  and  purity  of 
air,  and  the  brightness  of  the  sun,  add  delightfully  to 
its  charms. 

The  vast  expanse  of  table-land  forming  the  empire 
of  Mexico  is  of  this  kind,  enjoying  the  inmiediate 
proximity  of  the  sun,  and  yet,  by  its  elevation  of  seven 
thousand  feet  above  the  level  of  the  ocean,  possessing 
the  most  healthful  freshness     The  land  in  many 


parts  has  the  fertility  of  a  cultivated  garden,  and  can 
produce  naturally  most  of  the  treasures  of  vegetatioD 
found  scattered  over  the  diversified  face  of  the  earth. 
Mexico,  well  governed,  might  become  a  realization  of 
paradise.  The  plains  of  Columbia,  in  South  America, 
and  indeed  all  along  the  ridge  of  the  Andes,  are 
similarly  circumstan^.  What  a  singular  contrast 
it  is,  after  sailing  one  thousand  miles  up  the  level 
river  Magdalena,  in  a  heat  scarcely  equalled  on  the 
plains  of  India,  all  at  once  to  climb  firom  the  low  re- 
gion to  the  table-land  above,  where  Santa  Ff  <^ 
Bogota,  the  capital  of  the  republic,  is  seen  smiling 
over  interminable  plains,  that  bear  the  livery  of  the 
fairest  fields  of  Europe. 

Persons  not  reflecting  on  the  law  which  we  are 
now  illustrating,  have  expressed  surprise  that  wind 
or  air  blowing  down  upon  them  from  a  snow-clad 
mountain  should  still  be  warm  and  temperate.  The 
truth  is,  that  there  is  just  as  much  heat  combined 
with  an  ounce  of  air  on  the  mountain  top  as  in  the 
valley;  but  above,  the  heat  is  diffused  through  a 
space  perhaps  twice  as  great  as  when  below,  and 
therefore  is  less  sensible.  It  may  be  the  same  air 
which  sweeps  over  a  warm  plain  at  the  side  oi  a 
mountain,  which  then  rises  and  freezes  water  on  the 
summit,  and  which  ui  an  hour  after,  or  less,  is  again 
found  among  the  flowers  of  another  valley,  as  a  g^itle 
and  warm  breeze. 

As  the  temperature  in  different  parts  of  the  atmos- 
phere depends  thus  upon  the  rarity  of  the  air,  and 
therefore  upon  the  height,  the  vegetable  productions 
of  each  distinct  region  or  elevation  have  a  distinct 
character ;  while  many  other  peculiarities  of  places 
and  climate  depend  on  the  rarity  of  the  air. 

The  animal  body  is  made  up  of  solids  and  fluids, 
and  the  atmospheric  pressure  affects  it  accordingly. 
One  has  difficulty  at  first  in  believing  that  a  man's 
body  should  be  bearing  a  pressure  of  fifteen  pounds  on 
every  square  inch  of  its  surface,  while  he  remains  al- 
together insensible  to  the  influence ;  but  such  is  the 
fact.  Reflection  discovers  that  his  not  feeling  the 
fluid  pressure,  is  owing  to  its  being  perfectly  uniform 
all  around.  If  a  pressure  of  the  same  kind  be  efen 
many  times  greater,  such,  for  instance,  as  fishes  bear 
in  deep  water,  or  as  a  man  supports  in  the  diving- 
bell,  it  must  equally  pass  unnoticed.  Fishes  are  at 
their  ease  in  a  depth  of  water  where  the  pressure 
around  will  instantly  break  or  burst  inwards  almost 
the  strongest  empty  vessel  that  can  be  sent  down ; 
and  men  walk  on  earth  without  discovering  a  heavy 
atmosphere  about  them,  which,  however,  will  in- 
stantly crush  together  the  sides  of  a  thick  iron  boiler, 
left  for  a  moment  without  the  counteracting  internal 
support  of  steam  or  air. 

The  fluid  pressure  on  animal  bodies,  thus  unper- 
ceived  under  ordinary  circumstances,  may  be  ren- 
dered instantly  sensible  by  a  little  artificial  arrange- 
ment. In  water,  for  instance,  an  open  tube  partially 
immersed,  becomes  full  to  the  level  of  the  water 
around  it,  and  the  water  contained  in  it  is  supported 
by  what  is  immediately  below  its  mouth :  now,  a  flat 
fish  resting  closely  against  the  mouth  of  the  tube, 
would  evidently  be  bearing  on  its  back  the  whole  of 
this  weight — perhaps  100  pounds;  but  the  fish  would 
not  thereby  be  pushed  away,  nor  would  it  even  feel 
its  burden,  because  the  upward  pressure  of  the  water 
immediately  under  it  would  just  counterbalance, 
while  the  lateral  pressure  around  would  prevent  any 
crushing  effect  of  the  mere  upward  and  downward 
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tatcn-  Bat  if,  while  die  Gah  ctmtiDaed  in  the  snp- 
poaed  ntnation,  the  100  pemnAa  of  water  were  lifted 
frsn  off  its  back  b;  a  piaton  in  the  tabe,  the  opposite 
oprard  |»«Mvre  of  100  pounds  would  at  once  cnuh 
iti  body  into  the  tube,  and  destroy  it.  At  a  Ie»8 
depA,  or  with  a  smaller  tube,  the  effect  might  not 
be  Iktal,  bat  there  nonld  be  a  bulging  or  Bwdling  of 
the  aabatance  of  the  fiah  into  the  mouth  of  the  tube. 
In  air,  and  in  the  hamon  bodf,  a  perfectly  analogons 
cue  ia  exhibited.  A  man  without  pain  or  peculiar 
waMtton.  lays  his  hand  closely  on  the  month  of  a 
vtsad  amtaining  air,  but  the  instant  that  the  air  is 
witbdnwn  from  widiin  the  vessel,  the  then  onre- 
airted  preMOR  of  the  air  on  the  oataide  fixes  the 
land  upon  the  TesKl'i  mouth,  causes  the  flesh  to 
•weO  or  bolge  into  it.  and  makes  the  blood  ooie  from 
aay  oncfc  or  pnnctnre  in  the  skin. 

lliese  last  few  lines  closely  describe  the  surgical 
tygation  of  capping ;  the  essential  circnmstances  of 
whkh  are  the  appiiMtion  of  a  cap  or  glass  with  a 
Maooth,  blont  lip,  to  the  Ekin  of  any  part,  and  the 
extnction,  by  a  syringe  or  other  means,  of  a  poction 
ef  &e  air  freoi  wilhin  the  cup.  It  may  facihtate  to 
aomc  minds  the  eiact  comprdiensioD  of  this  pheno- 
■MtiOQ,  to  consider  the  similar  case  of  a  small  bladder 
or  hag  of  iiMlia-rubber  fall  of  any  fluid,  and  pressed 
between  the  bands  on  every  part  of  its  surface  ci- 
cept  ime,  at  whidi  part  it  swells,  and  even  burst*  if 
the  prcore  be  strcmg  enough.  So  in  cupping,  me- 
diciaally,  the  whole  body,  except  the  soince  under 
Ihc  cap,  U  sqnecied  with  a  force  of  fifteen  ponnds  on 
the  Mjoaic  inch,  while  in  that  one  Bitaation  the  pres- 
■nre  i*  diminished  according  to  the  degree  of  eihaus- 
tiao  in  the  cap,  and  the  blood  consequently  accu- 
Holalei  there.  The  mere  implication  of  a  cup  with 
eihanatioD,  coostitates  the  opeiatiou  called  dry- 
ciq>|Mog:  to  obtain  blood,  the  cup  is  removed,  and 
the  B^ctcd  part  is  cot  into  by  the  aimoltaneous 
■tiokeaf  a  namberof  lancet  points,  llie  cup  is  after- 
wards  ^>plied  as  before,  so  that  the  blood  Dtay  rush 
faith  under  the  diminished  pressure,  llie  partial 
«Bcanm  in  the  cup  may  be  produced  either  by  the 
■ctioa  of  a  syringe,  or  by  bocning  a  little  spirit  in 
the  cap,  and  applying  it  irtiile  the  momentaiy  dili- 
tatioB  HIectcd  by  the  heat  has  driven  out  the  greater 
|Mrt  of  the  air.  lie  human  mouth  applied  upon  a 
part,  becomes  a  small  cupping  machine,  end  for- 
aeriy,  in  cases  of  poisoned  wounds,  was  used  as 
•Btlk.  It  may  be  proper  to  add,  that  the  late  disco- 
nates  of  Dr.  Barry  haie  shown  diat  the  timely  appli- 
cation of  a  cnpiHDg-glBaB  prevents  the  spread  of  con- 
tagion either  in  cases  of  poison  or  hydrophobia. 

If  a  flat  piece  of  moist  leather  be  put  m  close  con- 
tact widi  a  heavy  body,  as  a  stone,  it  will  be  found 
to  adhere  to  it  with  considerable  force ;  and  if  a  cord 
(tf  soffidoit  length  be  attached  to  the  centre  of  the 
teatber,  the  atone  may  be  raised  by  the  cord.  Iliis 
cCwt  aiisea  from  the  eidusion  of  the  air  between  tbc 
leather  and  the  stone.  The  weight  of  the  atmoB- 
pben  pnmet  their  surfaces  together  with  a  force 
•vaanting  to  15  ponads  on  every  square  inch  of  those 
sarfkces  in  contact.  If  the  weight  of  the  stone  *-  - 
Ibb  dun  the  tinmber  of  pounds  which  would  be 
pKSiid  by  multiplying  the  number  of  square  inches 
m  the  sorftccs  of  contact  by  16,  then  the  stone  may 
be  raised  by  the  lesdher ;  but  if  the  stone  mceed  this 
wci^t,  it  will  not  sofler  itself  to  be  elevated  by  these 

^e  power  of  dies  and  other  insects  to  walk  c 


MR-FOUNTAIN.  39 

ceilings  and  snrftcea  {»«sented  downwards,  or  upon 
ooUi  panes  of  glass  in  an  upright  position,  is  said 
depend  on  the  formation  of  their  feet.  This  ■* 
such,  that  they  act  in  the  manner  above  describefl. 
respecting  the  leather  attached  to  a  stone ;  the  feei, 
in  fact,  act  as  suckers,  excluding  the  air  between  them 
and  the  aurfaco  with  which  they  are  in  contact,  and 
the  atmospheric  pressure  keeps  the  animal  in  its  po- 
sition. In  the  same  manner  the  hydroetatiG  pres- 
sure attaches  fishes  to  rocks  ;  and  that  ".giant  of  ttie 
deep,"  the  walrus,  supports  itself  by  a  sort  of  air- 
pump  apparatus  in  its  feet. 

Air-Bbo.  lliis  is  a  very  ingenious  substitute  for  the 
ordinary  feather  bed.  Mr.  Macintosh,  the  patentee, 
employs  the  same  elastic  material  in  the  fonnalion  of 
pillows  for  invalids.  The  envelope  or  bag  which  con. 
tains  the  air,  consists  of  a  stratum  of  india-mbber 
between  two  aheets  of  strong  cotton,  and  a  amall  tube 
tached,  to  which  the  lips  may  be  ^plied  to  iU' 
flate  the  case  for  use. 

AIB-COKDSNSXB. 

This  is  a  very  necea- 
sary  accompaniment 
to  the  air- pump, 
which  vril]  presently 
be  described.  Air 
npresstble,  and 
its  elasticity  may  be 
beautifully  illustrat- 
ed in  the  accompa- 
nying little  Bfipara-  . 
tus.  It  consists  of  ' 
a  flat  table,  support-  _ 

in^  a  brass  plate  and  glass  receiver.  The  columns 
rising  from  uie  table  serve,  by  the  aid  of  a  cross-bar 
and  screws,  to  hold  the  receiver  down  to  the  [ilate, 
and  prevent  the  escape  of  air.  The  upright  syringe, 
with  its  piston  and  handle,  is  used  to  inject  air  into 
the  receiver.  Each  time  the  piston  is  depressed,  as 
much  air  is  forced  in  as  is  equal  to  the  internal  di- 
lions  of  the  tube.  The  vrire  and  hook  which  ara 
in  the  centre  of  the  receiver,  serves  to  communi- 
cate with  the  interior  during  the  performance  of  ex- 
periments.   There  is  a  gauge  at  one  ude  to  show  the 


Aia-FoDNTAiiT.  There  are  two  species  of  foun- 
tains which  may  be  classed  under  this  head.  The 
most  simple  arrangement  consists  in  employing  the 
elastic  force  of  the  air  compressed  in  a  close  vessel. 


and  made  ti 


n  the  surface  of  the  water  as  ic 


The  second  form  is  exhibited  in  the 
companying  wood-cut,  and  requires  the  aid  /■ 
of  the  air-pump  to  put  it  in  operation. 
Hie  receiver  in  which  the  fountain  is  seen  I 
to  play  most  be  made  to  fit  air-tight  on  the  I 
ground  brass  plate  beneath.  Hie  stop-  L 
cock  must  then  be  screwed  into  the  plate  ^ 
of  the  air-pump,  and  a  vacuum  formed. 
After  turning  the  atop-cock  to  prevent  the 
entrance  of  the  air,  the  lower  extremity  of 
the  tube  should  be  immersed  in  a  vessel  of 
water,  and  on  again  opening  the  commu- 
nication the  water  will  be  seen  to  rise  in  a 
continuous  stream,  forming  a  beautiful  j«( 
iT  ane.  The  elevation  of  tlie  water  in  this  case  ii, 
it  will  be  obvious,  dependant  on  the  pressure  of  the 
atmosphere,  which  tws  already  been  (ally  iUna- 
trated. 
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Air  Gun.  Thb  instniment  owes  its 
power  to  the  expansive  force  of  condensed 
air.  We  hove  in  the  previous  article 
shown  that  air  is  highly  elastic,  and 
that  it  may  be  compre^ed  by  a  common 
syringe. 

The  ball  attached  to  the  gun  is  intended 
as  a  reservoir  for  the  air,  and  a  portion 
of  this  is  allowed  to  escape  each  time  the 
trigger  is  drawn,  so  that  it  presses  against 
the  bullet  precisely  in  the  same  way  as 
common  gunpowder. 

The  first  account  we  meet  with  of  an 
air-gun  is  in  the  EUmens  d*ArHUerie  of 
David  Rivaut,  who  was  preceptor  to 
Louis  XIII.  of  France.  He  ascribes  the 
invention  to  Marin  of  Lisseau,  who  pre- 
sented one  to  Henry  IV.  Instruments 
of  this  kind  were,  however,  not  wholly 
unknown  to  the  ancients. 

The  best  of  the  modem  forms  of  the 
gun  is  shown  in  the  accompanying  en- 
graving. It  consists  of  a  common  barrel 
with  a  spherical  reservoir.  It  may  not 
be  out  of  place  to  add  a  word  of  caution- 
ary advice  with  regard  to  the  use  of  this 
missile  apparatus.  When  the  gun  is  fully 
charged,  it  should  on  no  account  be  left 
m  that  state,  as  many  balls  will  for  a  short 
period  bear  an  amount  of  force  which  they  would 
not  do  for  any  length  of  time.  There  is  another 
circumstance  of  peculiar  moment,  namely,  the  effect 
of  an  increased  temperature  on  the  ball,  as  a  slight 
change  in  the  heat  of  the  enclosed  air  will  very  ma- 
terially affect  the  elastic  force,  and  this  circumstance 
has  frequently  been  productive  of  explosion. 

The  elasticity  of  highly-condensed  air  has  been 
estimated  by  Mr.  Robins  as  equal  to  about  one 
thousand  times  that  of  common  air ;  admitting  that 
therefore  to  be  correct  (although  there  seems  to  be 
great  reason  to  suppose  it  much  underrated),  it  would 
be  necessary  that  air  should  be  condensed  one  thou- 
sand times  more  than  its  natural  state,  to  produce 
the  same  effect  as  gunpowder.  There  is,  how- 
ever, an  important  consideration  to  be  attended  to, 
viz.  that  the  velocities  with  which  equal  balls  are 
impelled,  are  directly  proportional  to  the  square-roots 
of  the  forces ;  so  that  if  the  air  in  the  air-gun  be 
condensed  only  ten  times,  the  velocity  with  which  it 
will  project  a  ball  will  be  one-tenth  of  that  arising 
from  gunpowder;  and  if  the  air  were  condensed 
twenty  times,  it  would  communicate  a  velocity  equal 
to  that  of  one-seventh  of  that  of  gunpowder,  and 
so  on. 

Air-guns,  however,  project  their  balls  with  a  much 
greater  proportionate  velocity  than  that  stated  above, 
and  for  this  reason,  that  as  the  reservoir  or  ma- 
gazine of  condensed  air  is  commonly  very  large,  in 
proportion  to  the  tube  whidi  contains  the  bait,  its 
density  is  very  little  altered  by  expanding  through 
that  narrow  tube,  and  consequently  the  ball  is  ur^ 
all  the  way  by  nearly  the  same  uniform  force  as  at 
the  first  instant;  whereas,  the  elastic  fluid  arising 
from  inflamed  gunpowder  is  but  very  small  in  pro- 
portion to  the  tube  or  barrel  of  the  gun,  occupying, 
indeed,  but  a  very  small  portion  of  it  next  the  but- 
end,  and,  therefore,  by  dilating  into  a  comparatively 
large  space  as  it  urges  the  ball  along  the  barrel,  its 
elastic  force  is  proportionally  weakened,  and  it  acts 


always  less  and  less  on  die  ball  in  the  tul^e ;  whence 
it  happens,  that  air  condensed  into  a  pretty  large 
machine  only  ten  times,  will  project  its  ball  with  a 
velocity  but  little  inferior  to  that  given  by  gun- 
powder ;  but  if  the  valve  of  communication  be  sud- 
denly shut  again  by  a  spring,  after  opening  to  admit 
some  air,  it  will  be  requisite  to  have  the  condensing 
syringe  of  small  bore,  perhaps  not  more  than  half  an 
inch  in  diameter;  otherwise  the  force  requisite  to 
produce  the  compression  will  become  so  great,  that 
the  operator  cannot  work  the  machine ;  for,  as  the 
pressure  against  every  square  inch  is  about  15  lbs., 
and  against  every  circular  area  of  an  inch  in  dia- 
meter 12  lbs.,  if  the  syringe  be  an  inch  in  diameter^ 
it  will  require  a  force  of  as  many  times  12  lbs.  as 
the  density  of  the  air  in  the  receiver  exceeds  that  of 
the  common  atmosphere :  so  that,  when  the  conden- 
sation is  ten  times,  the  force  required  will  be  120  lbs. ; 
whereas,  with  a  half-inch  bore,  it  will  only  amount 
to  30  lbs. 

AiB-PuMP.  Most  of  the  important  facts  which 
have  been  presented  to  the  notice  of  the  reader  under 
our  article  Air,  may  be  said  to  have  been  elicited  by 
the  employment  of  this  instrument.  Prior  to  the  in- 
vention of  the  air-pump,  the  mechanical  properties  of 
the  atmosphere  were  known  only  by  a  few  isolated 
natural  phenomena,  and  even  the  early  air-pump  was 
little  more  than  an  amusing  toy,  but  in  the  present 
day  it  has  become  a  valuable  pneumatic  machine. 

in  1654,  Otto  de  Geuricke,  a  counsellor  at  Ham- 
burgh, and  a  very  ingenious  man,  invented  a  method 
of  exhausting  a  vessel  of  air  by  means  of  a  syringe ; 
and  this  was  the  first  kind  of  air-pump  made  use  of. 
He  publicly  exhibited  a  great  many  experiments  made 
with  it,  before  the  Emperor  of  Germany  at  Radsbon, 
which  immediately  attracted  the  attention  of  the  phi- 
losophical world.  An  account  of  these  was  pub- 
lished by  Scottus,  professor  of  mathematics  at  Wir- 
tembergh.  The  instrument  was,  however,  still  very 
awkward  and  imperfect.  In  order  to  try  experiments 
with  it,  they  were  obliged  to  place  part  of  the  appa- 
ratus under  water  to  keep  it  air-tight. 

The  celebrated  Robert  Boyle,  upon  hearing  what 
Guericke  had  done,  but  without  seeing  any  descrip- 
tion of  the  apparatus,  contrived  an  instrument  for 
the  same  purpose ;  and  his  instrument,  which  was  a 
single  piston  worked  by  a  pinion  and  rack,  may  be 
considered  as  the  origin  of  the  present  air-pump. 
The  experiments  which  he  made  with  it  were  both 
numerous  and  important ;  and  he  acquired  such  fame 
by  them,  that  the  exhausted  vessel  was  called  the 
Boylean  vacuum. 

Dr.  Hook,  a  very  ingenious  mechanic,  as  we  shall 
presently  show,  greatly  improved  this  machine,  by 
giving  it  two  barrels  and  pistons.  This  removed  a 
great  inconvenience  in  the  pumps  with  a  single  barrel, 
die  pistons  of  which  had  to  support  the  whole  weight 
of  die  atmosphere,  atid  therefore  required  a  gKBt 
forceto  work  them.  But  by  having  two  pistons,  the 
pressure  upon  one  is  made  to  counterbalance  that  on 
me  other,  and  the  experimentor  is  thus  enabled  to 
work  the  instrument  widi  the  greatest  ease. 

He  also  invented  the  gauge,  or  instrument  for  mea- 
suring the  degree  of  rarefaction,  or  exhaustion,  pro- 
duced in  the  receiver,  which  is  a  necessary  appen- 
dage to  the  air-pump.  If  a  barometer  be  included 
beneath  the  receiver,  the  mercury  will  stand  at  the 
same  height  as  the  open  air,  but  when  the  receiver 
begins  to  be  exhausted,  the  mercury  will  descend. 


AIR-PUMP. 

Md  iHt  at  a  height  which  U,  in  iti  propwtion  to  the 
fanur  bc^^  M  the  t^nag  at  the  air  rcnuj 
th*  recdrer  u  to  its  spnog  before  eihaiution. 

Tbe  cntf  ur-pnmp  which  it  maj 
be  uiTisable  to  deseribe  in  (tie  prt- 
Kd  pLkCe,  is  that  which  is  come 
Booly  cmptofed  for  pneomatie  pur- 
fota.  It  is  showa  in  the  acrampa- 
Bjmf  diagnm,  aod  consists  of  two  . 
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Eadi  of  the  barrela  has  a  biiibII 
ipetore  and  ntre  commnnicating 
'n&  the  general  orifice  c,  nnder  tbe 
laxiin  of  the  pomp.  When  the 
£nt  pbtoD  b  is  nused,  a  Tacnom  is 
fbraxd  beneath,  and  a  portloit  of  kir 
atftiag  Iroin  tbe  recerrer  by  Oie 
ntn  ;  occupies  the  bairel. 

On  lereraing  tbe  dicection  of  Qie  I  I 

btndle  and  wheel,  the  radi  which  I  I 

bid  been  laised  is  depressed,  and  the  air  escapes 
ttiough  a  similv  valve  in  the  pjsloo.  Thus  by  tbe 
tltenute  eleration  and  depression  of  the  racks,  a  and 
I,  Ae  nnbction  is  carried  on  in  both  barrels,  thou^ 
1  perfect  Tftcotm  cad  never  tie  obtsined. 

Ihe  ah'-pBmps  moat  conuaonly  used  are  made 
other  with  brass  stop-cocks,  or  with  valves  of  oil- 
■Uo  w  of  leather,  for  preventing  tbe  Ktom  of  the  air 
■Mo  Ihe  reerivei,  oat  of  which  it  had -been  exhansted. 
hnp*  with  stop-cocks,  when  well  made,  and  newly 
pot  li^ether,  are  generally  fonnd  to  rarify  the  air  to 
(  pe«er  d^pee  than  those  which  are  made  with 
nhn;  bat  after  having  been  nsed  for  some  time,  they 
homt  Iras  accorate  than  Aose  with  valves.  But 
the  valres  are  also  impofect;  as  the  eitemal  air, 
pnMiig  npon  that  in  uie  piston,  prevents  its  rising, 
idHD  the  elastic  fonx  of  the  air  in  the  receiver  nnder 
ohBAioD  is  much  diainished.  Attempts  have  been 
Mde,  particnlBriy  by  the  Abb^  Nollet  and  M. 
&sn«nde,  to  perfect  the  coDstraetion  of  cocks, 
la  GiBveMndc's  donble- barrel  led  pump,  the  cocks  at 
the  luttom  of  the  pistons  src  tnnied  by  oa  apparatus 
thu  is  moved  by  the  handle  of  the  pnmp  :  the  piston 
ku  no  valve,  ud  the  rod  is  connected  with  it  by  a 
itifnip,  ts  in  a  common  pnmp.  This  rod  has  s 
cylindrical  pait.  which  passes  throngh  a  stirrup,  and 
■fits  ti^tly  in  it  through  tbe  space  of  about  half 
sa  aA,  between  b  shoulder  above  and  a  nut  below. 
IV  Mirmp  supports  a  round  plate,  which  has  a  short 
•qnare  tnhe,  that  fits  ti^t  into  the  hole  of  a  piece  of 
coik,  and  which  has  also  a  square  shank  that  goes 
■■■o  tbe  square  tab*.  Between  the  plate  and  the 
ok  is  pet  a  piece  of  thin  leather,  soaked  in  oil,  and 
nothfr  is  placed  between  the  cork  and  the  plate 
'hid]  fcnos  the  sole  of  tbe  stirmp.  When  the 
viocfa  H  tomed  to  nise  the  piston  from  the  bottom ' 
of  the  barrd,  the  friction  of  tbe  piston  against  the 
barrel  keeps  it  in  its  place,  and  the  rod  is  druwn  up 
tknm^  the  stirrap.  The  wheel  has  thus  bberty  to 
torn  abovt  an  inch ;  and  this  is  sufficient  to  turn  the 
cod,  N  as  to  cut  off  the  communication  with  the 
cnnnal  air,  aitd  to  open  that  with  the  receiver. 

When  this  is  done,  the  continued  notion  serves  to 
raise  Dp  the  piston  to  the  top  of  the  barrel.  When 
the  wiach  is  tamed  in  the  opposite  direction,  the 
piston  remuns  Gied  till  the  cock  is  tnmed,  so  as  to 
shot  the  commnoication  with  the  receiver  end  open 
^*i  with  the  eiteraal  air.     The  cock  has  one  per- 


foration in  the  direction  of  ib  axis,  and  anoAer  per- 
pendicular to  it;  and  after  reaching  the  centre,  it 
passes  along  the  axis  of  the  cock,  and  conunnnicatea 
with  the  open  air.  By  opening  Uie  above  communi- 
cation, the  air  rushes  in  and  balances  the  pressure 
on  the  upper  side  of  the  piston  in  this  barrel,  so  that 
the  pressure  on  the  other  must  be  counteracted  by 
the  person  who  works  the  pnmp.  In  order  to  ob- 
viate this  inconvenience,  Gravesaude  put  s  valve  on 
the  orifice  of  the  cock,  by  tying  over  it  a  slip  of  wet 
bladder  or  oiled  leather ;  and  by  means  of  this  the 
piston  is  pressed  down,  as  long  as  the  sir  in  the  bar- 
rel is  more  lahfied  than  the  outward  air,  just  as  if  the 
valve  was  in  the  piston  itself.  Gravesande,  and  also 
Muarbenbrock,  extol  tbe  operation  of  this  pump,  as 
exceeding  that  of  pumps  with  valves.  But  it  is  evi- 
dent that  no  precise  estimate  of  its  performance  can 
be  obtained,  whilst  Che  pistons,  valves,  and  leathers 
of  the  pump  are  prepaid  by  steeping  tbem  in  oil, 
and  afterwards  in  a  mixture  of  water  and  spirits  of 
wine.  With  this  preparation  the  gauge  coold  not  be 
brought  within  one-fifth  of  an  inch  of  the  barometer. 
Besides,  a  considerable  space  is  left  between  the 
piston  and  cock,  from  which  the  air  is  never  ex- 
pelled ;  and  if  this  he  made  very  small,  the  pump 
must  be  worked  very  slowly,  otherwise  the  air  will 
not  have  time  to  did^ise  itself  from  the  receiver  into 
the  barret;  especially  when  the  expelling  force,  or 
the  elasticity  of  the  air,  towards  the  close  of.the  ope- 
ntion,  is  very  small.  Tbe  rarefaction  will  likewise 
be  retarded  by  tbe  valve,  which  will  not  open  till  the 
air  below  the  piston  Is  considerably  denser  than  the 
external  air.  The  cocks  in  pumps  of  this  kind  are 
bject  to  become  loose  by  use,  and  to  admit  air ;  an 
conveniense  which  mignt,  indeed,  be  prevented  by 
placing  the  barrels  in  a  vessel  filled  with  oil.  Those 
f  our  readers  who  wish  for  further  information  icla- 
ive  to  Gravesande's  pump,  may  find  it  with  a  figure 
1  Gravesande's  MalhtM.  EltK.  of  Natwral  Philo- 
jphj,  by  Deeagulier,  vol.  ii.  p.  14,  kc.  lliese 
pumps  are  now  almost  superseded  by  the  cheaper  and 
more  simple  contrivance  of  the  valves,  formed  by 
tying  a  strip  of  bladder  over  a  small  hole,  through 
which  the  air  is  allowed  to  pass  in  one  direction 

In  tbe  year  I7S0,  the  ingenious  Mr.  Smeaton  di- 
rected his  attention  to  the  improvement  of  valve 
pumps.  In  considering  the  structure  of  these  pumps, 
he  observed  that  the  principal  causes  of  their  imper- 
fection might  be  traced  to  the  difficulty  of  opening 
the  valves  at  the  bottom  of  the  barrels,  and  the  want 
of  accnracy  in  the  fitting  of  the  piston  when  put 
down  to  the  bottom.  Tbe  first  of  these  imperfections 
is  owing  to  tiie  smallness  of  the  common  valves, 
which  are  made  of  a  piece  of  thin  bladder  stretched 
a  hole  generally  much  less  than  one-tenth  of  aa 
inch  in  diameter,  and  to  the  adhesion  of  the  bladder 
the  plate  upon  which  it  is  spread  by  reason  of 
the  oil  or  water  with  which  it  is  moistened :  as  the 
rarefaction  of  the  air  in  tiM  receiver  is  continued, 
spring,  aa  we  have  already  stated,  becomes  so 
weak  that  it  is  unable  to  overcome  tbe  cohesion  of 
the  bladder  to  the  plate,  the  weight  of  the  bladder, 
end  the  resistsnce  occasioned  by  its  being  stretched. 
The  larger  the  hole  is,  over  whidi  the  bladder  is  laid, 
a  proportionably  greater  force  is  exerted  npon  it  by 
the  included  air  in  order  to  lift  it  up;  and  yet  the 
aperture  of  tbe  hole  cannot  be  made  very  large,  be- 
!  the  pressure  of  the  incumbent  air  would  either 
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burst  the  valve,  or  so  far  force  it  down  into  the 
cavity  as  to  prevent  its  lying  flat  and  close  upon  the 
plate.  In  order  to  avoid  these  inconveniencies,  in- 
stead of  one  hole,  Mr.  Smeaton  makes  use  of  seven, 
all  of  equal  size  and  shape,  one  being  in  the  centre, 
and  the  other  six  round  it,  so  that  the  valve  is  sup- 
ported at  proper  distances  by  a  kind  of  grating, 
formed  by  the  solid  parts  between  these  holes,  and 
resembling  a  honeycomb ;  and  that  the  points  of  con- 
tact between  the  bladder  and  grating  may  be  as  few 
as  possible,  the  holes  are  hexa!gonal,  and  the  parti- 
tions are  filed  almost  to  an  edge.  The  breadth  of 
these  hexagons  is  three-tenths  of  an  inch,  and  conse- 
quently the  surface  nine  times  larger  than  common ; 
and  as  the  circumference  is  three  times  greater  than 
that  of  the  common  valve,  and  the  cohesion  to  be 
overcome  is,  in  the  first  moment  of  the  air's  exerting 
its  force,  proportional  to  the  circumference  of  the 
hole,  the  valve  over  any  of  these  holes  will  be  raised 
with  three  times  more  ease.  Besides,  the  raising  of 
the  valve  over  the  centre  hole  is  aided  on  all  sides  by 
those  that  are  placed  round  it ;  and  as  they  all  con- 
tribute as  much  to  raise  the  bladder  over  the  centre 
hole,  as  the  air  inmiediately  acting  under  it,  the  valve 
vrill  be  raised  with  double  the  ease  already  supposed, 
or  with  a  sixth  part  of  the  force  commonly  necessary. 
After  the  bladder  begins  to  rise,  it  will  expose  a 
greater  surface  to  the  air  underneath,  whidi  will 
cause  it  to  move  more  easily. 

The  celebrated  experiment  of  the  Madgeburgh  he- 
mispheres will  serve  as  a  practical  illustration  of  the 
use  of  the  air-pump. 

Two  hollow  honispheres,  h  d,  con- 
structed of  brass,  as  represented  in  the 
diagram,  are  so  formed,  that  when  placed 
mouth  to  mouth  they  shall  be  in  air- 
tight contact.  They  are  furnished  with 
handles,  c  d,  one  of  which  may  be  screwed 
off. 

In  the  neck  to  which  this  handle  is 
screwed,  is  a  tube  furnished  with  a. stop- 
cock. The  handle  being  screwed  off,  let 
the  hemisphere  be  screwed  on  the  pump 
plate,  and  the  other  hemisphere  being 
placed  over  it,  let  the  stop-cock  be  opened 
so  as  to  leave  a  free  communication  between  the  inte- 
rior of  the  sphere  and  the  exhausting  tube  of  the  air- 
pump.  The  pump  being  now  workeid,  the  interior  of 
the  sphere  will  form  the  receiver  from  which  ail  com- 
munication with  the  external  air  b  cut  off,  and  rare- 
faction willibe  produced  in  it  to  any  degree  which  may 
be  desired.  Tliis  being  effected,  let  the  stop-cock  \k 
closed ;  and  let  the  sphere  be  detached  from  the  pump 
plate,  and  the  handle  screwed  upon  it.  If  then  the  two 
handles  be  drawn  in  opposite  directions,  so  as  to  pull 
the  hemispheres  from  one  another,  it  wiU  be  found 
that  they  will  resist  with  considerable  force.  If  the 
diameter  of  the  sphere  be  6  inches,  its  section  through 
the  centre  will  be  about  28  square  inches.  The  hemis- 
pheres will  be  pressed  togeUier  by  a  force  amounting 
to  15  pounds  for  every  square  inch  in  the  section.  If 
28  be  multiplied  by  15,  we  shall  obtain  420,  which  is 
the  amount  of  the  force  with  which  the  hemispheres 
will  be  held  together.  If  one  of  the  handles  be  placed 
on  a  strong  hook,  and  a  weight  of  400  pounds  be  sus- 
pended from  the  other,  the  weight  will  be  supported 
by  the  pressure  of  the  atmosphere. 

This  is  one  of  the  earliest  experiments  in  which  the 
effects  of  atmospheric  presauie  were  exhibited.    Otto 
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Guericke,  the  investor  of  the  air-pump,  con8tnxcteQ> 
in  1654,  a  pair  of  such  hemispheres  one  foot  in  dia- 
meter. The  section  through  the  centre  of  these  were 
about  113  square  inches,  which  multiplied  by  15 
gives  a  pressure  amounting  to  nearly  1,700  pounds. 
If  the  exhaustion  were  complete,  the  hemispheres 
would  be  held  together  by  this  force;  but,  even 
though  incomplete,  they  were  still  able  to  resist  a 
prodigious  force  tending  to  draw  them  asunder. 

Another  very  beautiful  experiment  tending  to  illus- 
trate the  use  of  the  air-pump  and  the  phenomena  of 
respiration  may  now  be  adverted  to.  The  apparatus 
for  the  purpose  is  shewn  in  the  figure. 

It  consists  of  a  receiver  plac«l 
on  the  pump  plate,  and  enclosing  a 
globular-shaped  glass  vessel,  within 
which  is  contained  a  bladder.  Now, 
in  the  ordinary  process  of  respira- 
tion a  partial  vacuum  is  formed  in 
the  chest  by  the  elevation  of  the 
ribs,  and  the  air  passing  down  by 
the  ordinary  passage  of  Uie  mouth, 
enters  the  lungs  and  oxygenizes  the 
blood.  In  the  little  apparatus  above  referred  to,  a 
vacuum  b  formed  by  the  air-pump,  and  the  bladder 
immediately  expands ;  on  the  readmission  of  the  air, 
it  returns  to  its  original  dimensions,  so  that  a  series 
of  expansions  and  contractions  may  readily  be  pro- 
duced very  analogous  to  the  operations  of  nature. 

Air  Rbmedibs,  in  Surgety,  The  application  of 
gaseous  matters  to  the  purposes  of  surgery  has  not 
been  sufficiently  attended  to.  There  is  reason  to  be- 
lieve that  several  aeriform  substances  might  be  em- 
ployed locally  as  well  as  internally,  to  considerable 
advantage ;  but  it  would  exceed  the  limits  we  have 
prescribed  to  thb  department  of  our  work,  were  we 
to  adduce  all  the  facts  that  might  he  brought  forward 
to  illustrate  the  medicinal  powers  of  air  in  its  difBe- 
rent  combinations.  The  application  of  fixed  air,  or 
carbonic  acid  gas,  by  means  of  fermentation,  in  cases 
of  fetid  and  gangrenous  ulcers  b  now  well  known. 
It  has  been  advantageously  used  also  in  malignant 
ulcers  of  the  nose,  tongue,  and  mouth,  as  well  as  in 
caries  of  the  bones. 

Fixed  air  b  plentifully  obtained  from  a  mixture  of 
alkaline  or  chalky  substances  with  vitriolic  acid ;  and 
during  the  effervescence,  applying  the  gas  which  b 
extricated  immediately  to  the  morbid  part;  or,  by 
impregnating  water  with  it,  compresses  may  be  soaked 
in  the  water,  and  laid  frequently  over  the  seat  of  the 
disease.  The  antiseptic  properties  of  thb  gas  may  be 
shewn  by  suspending  a  piece  of  meat  in  common  air,  and 
a  similar  portion  in  the  carbonic  acid.  It  will  be  found 
that  the  onewill  retain  its  freshness, while  the  othervrill 
speedily  decay.    See  Carbonic  Gas  and  Chemistry. 

Air-Thbrmombtbr.  The  great  suscepti- 
bility of  air  to  the  influence  of  caloric,  has  in- 
duced the  chembt  to  employ  it  as  a  substitute 
for  mercury  and  spirit  of  wine  in  the  con- 
struction of  thermometers. 

The  instrument  which  he  employs  consists 
of  a  tube  furnished  with  a  bulb  containing  air. 
The  cup  beneath  b  intended  to  hold  a  little 
coloured  fluid,  and  if  a  portion  of  the  air  in  the 
bulb  be  expelled  by  heat,  it  will,  on  cooling, 
re-ascend  the  tube,  and  indicate  changes  in  the 
temperature  of  the  surrounding  bodies  by  the 
rise  or  fall  of  the  coloured  fluid. 

The  double-air,  or  differential  thermomete 
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moS&Mioa  of  tha  above.     Thia 

■ris  of  »  small  gUu  tube  beat  into 

^  dMpc  of  the  letter  U,  »ai  teimi- 

natiiig  at  taxh  eztremity  in  a  small 

Ixdlow  ball  n£ariy  of  the  same  size ; 

Ibe  tube  caotaios   a  little  sul[^unc 

■cid   tinged   red   with   carmine,   and 

Mffident  to  fill  the  greatest  part  of  it. 

The  glass  baits  are  full  of  air,  and 

both  communicate  with  the  interms- 

diale  tube.  

To  (ne  of  tlie  l^s  of  the  tube,  as  shown  above,  is 

affiled  a  small  ivory  scale,  divided  into  100  degrees ; 

and  the  sulpharic  add  is  so  disposed,   that  in  the 
graduated  leg  its  upper  mrface  stands  opposite  to 

Ibe  p«rt  of  the  scale  marked  0.  The  glass  ball  at- 
tadied  to  the  leg  of  the  instrument  to  which  the  scale 
ia  attached,  ia  by  way  of  distinction  called  the  focal 
baU.  SuppoM  this  thermometer  brotight  into  a  warm 
laem,  the  heat  will  act  equally  upon  both  baUs,  and 
fn»""'fa'g  tl>e  included  air  eqoaliy  in  each,  the  liquor 
m  the  tabs  will  remain  stattonary.  But  suppose  the 
focal  ball  exposed  to  heat  while  the  other  ball  is  not ; 
ia  that  case,  the  air  included  in  the  focal  ball  vrili 
expand,  while  that  in  the  other  is  not  affected.  It 
will  thtntare  press  more  upoQ  the  liquid  in  the  tube, 
which  wUl  of  course  advance  towards  the  cold  ball, 
and  therelbre  the  liquid  will  rise  in  the  tube  above 
O,  and  the  rise  will  be  proportional  to  the  degree  of 
beat  api^ied  to  the  focal  ball,  TTus  thermometer, 
therHope,  is  peculiariy  adapted  for  ascertaining  the 
d^ree  of  heat  accumulated  in  a  particular  point, 
while  the  anrrounding  atmosphere  is  but  little  af- 
fceted,  as  happens  in  3ie  focus  of  a  reflecting 
Ko  dtange  in  the  tcmpetatore  of  the  room  m  which 
the  instnuncnt  ia  kept  is  indicated  by  it,  while  the 
slightest  alteration  in  the  spot  where  the  focal  ball  ' 
(■laoed  IS  immediately  annouDced  by  it 

Aia-TH>BMOMnu,  in  Eiee. 
Iriatf.  There  are  several  forms 
ot  this  apparatus  described  by  the 
early  electaicians,  neither  of  which 
are  at  all  equal  either  on  the  score 
of  utility  or  simplicity  to  Che  ac- 
mpsinying   instrument   by   Mr. 


This  must  be  a  much  more  sub. 
itantial  piece  of  apparutos  than 
that  employed  for  chemical  pur- 
poaes,  and  U>e  ball  should  be  some- 
what larger  in  proportion  to  its 
sire.  It  consists  of  a  stand  sop- 
PMtmg  a  tube  and  bulb,  the  latter 
being  provided  with  two  wires  and 
rings.  If  the  object  be  to  ascer- 
tain the  amount  of  eipansiou  by 
the  electric  shock,  when   passed 

cadoD  is  made  betwe«m  the  ma- 
-  chine  and  the  rings  by  a  cliun, 
and  the  expansion  is  shown  by  the 
depreaako  of  the  coloured  fluid  in 
the  tube.     If  any  other  gas  be  ei-  C 
perimented  on,  a  vacuum  must  be 
frtt  formed  by  the  air-pump,  and  the  gas  introduced. 
Ara-Vasssis  b  Nanigalion.     It  is  important  that 
we  shonid  here  notice  an  anangement  of  tubes  under 
this  naate,  which  has  tieen  introduced  for  the  construc- 
tioB  of  ships  at  «ca,  and  more  eaiicciallT  for  life- boats. 
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Mr.  Greathead,  the  inventor,  first  eoggetted  mr-btalU, 
but  afterwards  substituted  long  tube-formed  air  ves- 
sels, which  were  carried  round  the  planking,  and  ar- 
ranged in  strata  beneath  the  decks.  In  the  event  of  a 
boat  thus  protected  shippiug  a  heavy  sea,  a  number 
of  persons  may  still  be  supported  by  the  aid  of  the 
air-vessels.  But  the  great  ose  of  thia  contrivenca 
would  be  found  in  the  event  of  a  vessel  foundering  at 
sea.  This  circumstance  has  attracted  the  attention 
of  a  very  ingenious  gentieman  of  the  name  of  Watson, 
who  in  a  lecture  lately  delivered  in  the  London  Institu- 
tion, demonstrated  the  praclicabitity  of  applying  air^. 
vessels  of  this  description  to  the  whole  British  navy. 
AjCTiOB,  or  AlijUT40B,  in  HydratUici;  the  most 
essential  part  of  any  artificial  fountain  or  water-pipe. 
There  is  so  much  discrepancy  in  the  published  expe- 
riments of  various  authors  on  this  subject,  that  it  may 
be  advisable  to  give  oar  readers  an  analysis  of  those 
most  distinguished  for  their  accuracy.  We  may 
commence  with  those  of  Boasut  and  Prony.  The 
following  is  a  comparison,  by  M.  M.  Bossut  and 
Prony,  of  the  theoretical  with  the  real  discharges  from 
a  simple  ajutage  one  inch  m  diameter. 
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To  determine  the  relative  quantities  discharged  by 
orifices  of  different  forma,  we  must  have  recouroe  to 
the  invaluable  labours  of  Bossut,  Micheltotti,  Smeaton, 
PoleQi,Venturi,  and  Eytclwein,and  we  may  commence 
with  the  experiments  of  Boasut,  Micbellotti,  Brindley, 
id  Smeaton,  as  deduced  by  Mr.  Adcock : 
That  the  ^nantitiea  of  fluid  discharged  in  equal 
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times  from  different  sized  apertures,  the  altitude  of 
the  fluid  in  the  reservoir  being  the  same,  are  to  each 
other  nearly  as  the  area  of  the  apertures. 

That  the  quantities  of  water  discharged  in  equal 
times  hy  the  same  orifice  undi^r  different  heads  of 
water,  are  nearly  as  the  square  roots  of  the  corres- 
ponding heights  of  the  water  in  the  reservoir  above 
the  centre  of  the  apertures. 

That,  in  general^  the  quantities  of  water  discharged 
in  the  same  time,  by  different  apertures  under  different 
heights  of  water  in  the  reservoir,  are  to  one  another 
in  the  compound  ratio  of  the  areas  of  the  apertures, 
and  the  square  roots  of  the  altitudes  of  the  water  in 
the  reservoirs. 

That  on  account  of  the  friction,  the  smallest  orifice 
discharges  proportionally  less  water  than  those  which 
are  larger  and  of  a  similar  figure,  under  the  same 
heads  of  water. 

That  from  the  same  cause,  of  several  orifices  whose 
areas  are  equal,,  that  which  has  the  smallest  perimeter 
will  discharge  more  water  than  the  other,  under  the 
same  altitudes  of  water  in  the  reservoir.  Hence, 
circular  apertures  are  most  advantageous,  as  they  have 
less  rubbing  surfaoe  under  the  same  area. 

That,  in  consequence  of  a  slight  augmentation 
which  the  contraction  of  the  fluid  vein  undergoes,  in 
proportion  as  the  height  of  the  fluid  in  the  reservoir 
increases,  the  expenditure  ought  to  be  a  little  dimi- 
nished. 

That  the  discharge  of  a  fluid  through  a  cylindrical 
horizontal  tube,  the  diameter  and  length  of  which  are 
equal  to  one  another,  is  the  same  as  iSirough  a  simple 
orifice. 

That  if  the  cylindrical  horizontal  tube  be  of  a  greater 
length  than  the  extent  of  the  diameter,  the  discharge 
of  water  is  much  increased. 

That  the  length  of  the  cylindrical  horizontal  tube 
may  be  increased  with  advantage  to  four  times  the 
diameter  of  the  orifice. 

That  the  diameters  of  the  apertures  and  altitudes 
of  VTater  in  the  resevoir  being  the  same,  the  theoretic 
discharge  through  a  thin  aperture,  which  is  supposed 
to  have  no  contraction  in  the  vein,  the  discharge 
through  an  additional  cylindric  tube  of  greater  lengtii 
than  the  extent  of  its  diameter,  and  die  actual  dis- 
charge throu^  an  aperture  pierced  in  a  thin  substance 
are  to  each  other  as  the  numbers  16,  13,  10. 

That  the  discharges  by  different  additional  cylin- 
dric tubes  under  the  same  head  of  water  are  nearly 
proportional  to  the  areas  of  the  orifices,  or  to  the 
squares  of  the  diameters  of  the  orifices. 

That  the  discharges  by  additional  cylindric  tubes 
of  the  same  diameter  under  different  heads  of  water 
are  nearly  proportional  to  the  square  roots  of  the 
head  of  water. 

That  from  the  two  preceding  corollaries,  it  follows, 
in  general,  that  the  discharge  during  the  same  time, 
by  different  additional  tubes,  and  under  different  heads 
of  water  in  the  reservoir,  are  to  one  another  nearly 
in  the  compound  ratio  of  the  squares  of  the  diameters 
of  the  tubes,  and  the  square  roots  of  the  heads  of 
water. 

The  following  are  deductions  from  the  experiments 
of  M.  Venturi : 

That  if  the  part  of  a  compound  tube  nearest  the 
reservoir  have  the  form  of  a  contracted  vein,  the  ex- 
penditure will  be  the  same  as  if  the  fluid  were  not 
contracted  at  all. 

That  if  to  the  smallest  diameter  of  a  cone,  a  cylin- 


drical pipe  be  attached*  of  the  same  diameter  as  the 
least  section  of  the  contracted  vein,  the  discharge  of 
the  fluid  will,  in  a  horizontal  direction  be  lessened  by 
the  friction  of  the  water  against  the  side  of  the  pipe. 

That  if  the  same  tube  be  applied  in  a  vertical  di- 
rection,  the  expenditure  will  be  augmented,  on  the 
principle  of  the  gravitatipn  of  fallir^  bodies ;  conse- 
quently, the  greater  the  length  of  pipe  the  more 
abundant  is  the  discharge  of  fluid. 

That  if  the  additional  compound  tube  have  a  cone 
applied  to  the  opposite  extremity  of  the  pipe,  the 
expenditure  will,  under  the  same  head  of  water,  be 
increased  in  the  ratio  of  24  to  10. 

In  order  to  produce  this  singular  effect,  the  cone 
nearest  the  reservoir  must  be  of  the  form  of  the  con- 
tracted vein,  which  will  increase  the  expenditure  in 
the  ratio  of  12.1  to  10.  At  the  other  extremity  of 
the  pipe,  a  truncated  conical  tube  must  be  applied,  of 
which  the  length,  nearly  nine  times  the  diameter  at 
the  smallest  part,  and  its  outward  diameter  must 
be  1.8.  This  additional  cone  will  increase  the  dis- 
charge in  the  proportion  of  24  to  10. 

ThBit  in  vertical  tubes,  the  upper  ends  of  which 
have  the  form  of  the  contracted  vein,  the  quantity  of 
water  discharged  is  that  which  corresponds  with  the 
height  of  the  fluid  above  the  inferior  extremity  of  the 
tube. 

That  in  compound  conical  tubes,  the  discharge  of 
the  fluid  is  increased  in  the  proportion  of  the  area  of 
Che  section  of  the  contracted  vein,  whatever  may  be  the 
position  of  the  tube,  provided  tliat  its  internal  figure 
be  adapted  throughout  to  the  lateral  conmiunication  of 
the  motion. 

That  by  varying  the  divergence  of  the  sides  of  the 
tubes,  the  lateral  communication  of  motion  has  a 
maximum  and  a  minimum  of  effect.  The  Tpinimnm 
of  effect  is  when  the  angle  made  by  the  sides  of  the 
tube  with  each  other  exceeds  sixteen  degrees,  and  the 
maximum  effect  is  when  the  same  angle  is  about  three 
degrees. 

Discharge  by  beni  tubes. — Experiments  by  M,  VetUuru 

Height  of  water  in  the  reservoir  32.5  inches,  in^jj^jjch 

4  Ptiri*  cu- 

Cylindrical  horizontal  tube,  having  the  co- 
nical end  of  the  form  of  the  contracted 
vein : 

Diam.  14.5  lines. — Length  15  inches... 
Cylindrical  curved  tube,  having  a  conical 
end  similar  to  the  last : 
Diam.  14.5  lines. — ^Length  15  inches.. 
Cylindrical  angular  tube,  having  a  conical 
end  similar  to  the  two  preceding : 
Diam.  14.5  lines. — Length  15  inches...       70* 

Albumen.  This  substance  owes  its'  name  to  the 
Latin  term  for  the  white  of  egg.  The  white  of  an 
egg,  however,  is  not  pure  albumen.  It  contains  also 
some  mucus,  soda,  and  sulphur :  but  as  albumen  is 
never  found  perfectly  pure,  and  as  no  method  is 
known  of  separating  it  without  at  the  same  time 
altering  the  properties  of  albumen,  chemists  are 
obliged  to  examine  it  while  in  combination  with  these 
bodies. 

Albumen  dissolves  readily  in  water,  and  the  solu- 
tion has  the  property  of  giving  a  green  colour  to  vege- 
table blues,  in  consequence  of  the  soda  which  it  con- 
tains. When  albumen  it  heated  to  the  temperature 
of  165^,  it  coagulates  into  a  white  solid  mats ;  tlie 
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cnwuBtPncy  of  ^vbich,  when  other  things  are  equtil, 
depends  in  some  mearare  on  the  time  daring  which 
the  heat  was  ap[^ied.  The  coagulated  mass  has  pre- 
cisely the  same  weight  ihat  it  had  while  fluid.  This 
pnipierty  of  coagulating  when  heated  is  characteristic 
of  aibomen,  and  distinguishes  it  from  other  bodies. 

The  taste  of  coagulated  albumen  is  quite  different 
6am  that  of  Uqoid  albumen:  its  appearance,  too, 
and  its  properties,  are  entirely  changed ;  for  it  is  no 
longer  soluble,  as  before,  either  in  hot  or  cold  water. 

The  coagulation  of  albumen  takes  place  eyen  though 
air  be  completely  exduded;  and  even  when  air  is 
present,  there  is  no  absorption  of  it,  nor  does  albumen 
in  coagulating  change  its  volume.  Acids  have  the 
property  of  coagulating  albumen,  as  Scheele  ascer- 
taiDed.  Alcohol  also  produces,  in  some  measure,  the 
same  t^kcL  Heat,  then,  acids  and  alcohol,  are  the 
agents  which  may  be  employed  to  coagulate  albumen. 

It  is  remarkable,  that  if  albumen  be  diluted  vidth  a 
safident  quantity  of  water,  it  can  no  longer  be  coa- 
gulated by  any  of  these  agents.  Scheele  mixed  the 
white  of  an  egg  with  ten  times  its  weight  of  water, 
and  then,  though  he  even  boiled  the  liquid,  no  coa- 
gulation appeared.  Acids,  indeed,  and  alcohol,  even 
then  coagulated  it ;  but  they  also  loose  their  power 
if  the  allmmen  be  (Uluted  with  a  much  greater  quan- 
tity of  water,  as  has  been  ascertained  by  many  expe- 
riments. Now,  when  water  is  poured  into  albumen, 
its  integrant  particles  must  be  farther  separated  from 
eadi  other,  and  their  distance  must  increase  with  the 
quantity  of  water  with  which  they  are  diluted.  We 
see,  therefore,  that  albumen  ceases  to  coagulate  wher- 
ever its  particles  are  separated  from  each  other  beyond 
a  certain  distance.  That  no  other  change  is  produced, 
appears  evident  from  this  circumstance,  that  when- 
ever the  watery  solution  of  albumen  is  sufficiently 
concentrated  by  evaporation,  coagulation  takes  place, 
upon  die  application  of  the  proper  agents,  precisely 
as  formerly. 

It  does  not  appear  that  the  distance  of  the  particles 
of  albumen  is  changed  by  coagulation ;  for  coagulated 
albumen  occupies  precisely  the  same  sensible  space  as 
Bqiiid  albumen. 

Now,  to  what  is  die  coagulation  of  albumen  owing  ? 
Wecan  conceive  no  change  to  take  place  from  a  state 
of  liquidity  to  that  of  solidity,  without  some  change  in 
the  figure  of  the  parddes  of  the  body  which  has  un- 
dergone that  change.  Now  such  a  change  may  take 
piaoe  three  ways :  1.  The  figure  may  be  changed  by 
the  addition  of  some  new  molecules  to  each  of  the 
molecnles  of  the  body.  2.  Some  molecules  may  be 
abstracted  from  every  integrant  pardde  of  the  body. 
3.  Or  the  molecules  of  which  the  integrant  particles 
are  composed,  may  enter  into  new  combinadons,  and 
form  new  integrant  partides,  whose  form  is  different 
from  that  of  the  old  integrant  pardcles.  Some  one 
or  other  of  die  following  circumstances  must  take 
place  during  the  coagulation  of  albumen. 

Sdieeie  imd  Fourcroy  have  described  the  coagula- 
tion of  albumen  to  die  first  of  these  causes,  namely, 
to  the  addition  of  a  new  substance.  According  to 
Steele,  calcic  is  the  substance  which  is  added. 
Fomcroy,  on  the  contrary,  affirms  that  it  is  oxygen. 

Scheele  supported  his  opinion  with  that  wonderful 
tngeanity  which  shone  so  eminendy  in  every  thing 
whkh  he  did.  He  mixed  together  one  part  of  the 
wUte  of  an  egg,  and  four  ports  of  v^ater,  added  a 
litde  pure  alkali,  and  then  diopt  it  into  as  mudi  mu- 
as  was  sufficient  to  saturate  the  alkali. 


The  albumen  coagulated.  But  when  he  repeated  the 
experiment,  and  used  carbonate  of  alkali,  instead  of 
pure  alkali,  no  coagulation  ensued.  In  the  first  case, 
he  says,  there  was  a  double  decomposition :  the  mu- 
riatic acid  separated  from  a  quantity  of  caloric,  with 
which  it  was  combined,  and  united  with  the  alkali ; 
while,  at  the  same  instant,  the  caloric  of  the  acid 
united  with  the  albumen,  and  caused  it  to  coagulate. 
The  same  combination  could  not  take  place  when  the 
alkaline  carbonate  was  used,  because  the  carbonic 
add  gas  carried  off  the  caloric,  for  which  it  has  a 
strong  affinity. 

Fourcroy  observes,  in  support  of  his  opinion,  that 
the  white  of  an  egg  is  not  at  first  capable  of  forming 
a  hard  coagulum,  and  that  it  only  acquires  that  pro- 
perty by  exposure  to  the  atmosphere.  It  is  well 
known  that  the  white  of  a  new  laid  egg  is  milky  after 
boiling ;  and  that  if  the  shdl  be  covered  over  with 
grease  to  exdude  the  external  air,  it  continues  long  in 
that  state ;  whereas  the  white  of  an  old  egg,  wUch 
has  not  been  preserved  in  that  manner,  forms  a  very 
hard,  tough  coagulum.  These  facts  are  undoubted ; 
and  they  render  it  extremely  probable,  that  albumen 
acquires  the  property  of  forming  a  hard  coagulum 
only  by  absorbing  oxygen :  but  they  by  no  means 
prove  that  coagulation  itself  is  ovring  to  such  an 
absorbtion.  And  since  coagulation  takes  place  with- 
out the  presence  of  air,  and  since  no  air,  even  when 
it  is  present,  is  absorbed,  this  opinion  cannot  be 
maintained  vrithout  inconsistency. 

The  only  substance  which  can  be  supposed  to  leave 
albumen  during  coagulation,  since  it  does  not  lose  its 
weight,  is  caloric.  We  know  that  in  most  cases 
where  a  fiuid  is  converted  into  a  solid,  caloric  is 
actually  disengaged.  It  is  extremely  probable,  then, 
that  the  same  disengagement  takes  place  here.  But 
the  opinion  has  not  been  confirmed  by  any  proof. 
Fourcroy  indeed  says,  that  in  an  experiment  made  by 
him,  the  thermometer  rose  a  great  number  of  degrees. 
But  as  no  other  person  has  ever  been  able  to  observe 
any  such  thing,  it  cannot  be  doubted  that  this  philo« 
sopher  has  been  misled  by  some  circumstance  or 
other  to  which  he  did  not  attend. 

The  coagulation  of  albumen  resembles  exacdy  what 
takes  place  when  concentrated  silicated  potash  is  ex- 
actly saturated  vrith  muriatic  acid.  The  mass  slowly 
assumes  an  opal  colour,  and  at  last  concentrates  into 
a  solid  gelatinous  mass.  Now  this  jelly  consists  of 
the  particles  of  silica  combined  with  each  other,  and 
vrith  a  certain  portion  of  water.  These  partides 
were  formerly  held  in  solution  by  the  potash ;  that  is 
to  say,  the  affinity  of  the  silica  for  potash  was  supe- 
rior to  the  cohesive  force  which  exists  between  the 
particles  of  silica.  The  muriatic  add,  by  saturating 
the  potash,  diminished  the  force  of  its  affinity  for  the 
silica.  The  cohesive  force  of  the  silica,  now  superior, 
causes  it  to  combine  in  masses,  consisting  of  a  certain 
portion  of  silica  and  water.  These  masses,  equally 
difiiised  through  the  liquid,  and  at  such  small  inter- 
vals as  to  cohere  together,  gives  the  whole  a  gela- 
tinous form.  Something  lUie  this  seems  to  take  place 
with  respect  to  the  albumen.  Its  particles,  com- 
bined with  water  and  also  with  soda,  are  all  kept  at 
equal  distances  in  the  liquid;  because  this  affinity 
just  balances  their  cohesive  force.  But  when  heat  is 
applied,  this  affinity  is  dimimshed  by  the  additional 
elasticity,  or  tendency  to  separate,  given  to  the  water 
and  the  soda.  The  cohesion  of  the  albumen,  now 
superior,  causes  its  particles  to  combine  in  sets,  form- 
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ing  solid  bodies,  equally  distant  from  each  other,  and 
cf^ering  together.  Hence  the  gelatinous  form,  and 
the  solidity  of  the  coagolum,  always  inTersely  pro- 
portional to  the  quantity  of  water  present  Tjius  it 
appears,  that  whatever  diminishes  the  affinity  be- 
tween the  water  and  soda  and  the  albumen,  occasions 
its  coagulation,  by  allowing  its  cohesive  force  to  act. 

Altnunen,  then,  is  capable  of  existing  in  two  states ; 
the  one  before  it  has  been  coagulated,  and  the  other 
after  it  has  undergone  coagulation.  Its  properties 
are  very  different  in  each.  It  will  be  proper,  there- 
fore, to  consider  them  separately. 

Albumen  in  its  natural  state,  or  uncoagulated,  is  a 
g.ary  liquid,  having  little  taste,  and  no  smell.  When 
dried  spontaneously,  or  in  a  low  heat,  it  becomes  a 
brittle,  transparent  glassy-like  substance ;  which,  when 
spread  thin  upon  surfaces,  forms  a  varnish,  and  is 
accordingly  employed  by  book-binders  for  that  pur- 
pose. When  thus  dried,  it  has  a  considerable  re- 
semblance to  gum  arable,  to  which  also  its  taste  is 
similar.  The  white  of  an  egg  loses  about  four-fifths 
of  its  weight  in  drying.  It  is  still  soluble  in  water, 
and  forms  the  same  glary  liquid  as  before. 

From  the  experiments  of  Dr.  Bostock,  it  appears 
that  when  one  part  of  this  dry  albumen  is  dissolved 
in  nine  parts  of  water,  the  solution  becomes  perfectly 
solid  when  coagulated  by  heat ;  but  if  the  albumen 
amounts  only  to  i^th  of  the  liquid,  then,  thou^ 
coagulation  tmkes  place,  the  liquid  does  not  become 
perfectly  solid,  but  may  be  poured  from  one  vessel  to 
another. 

When  one  grain  of  albumen  is  dissolved  in  1000 
grains  of  water,  the  solution  becomes  cloudy  when 
heated. 

Uncoagulated  albumen  soon  putrefies  unless  it  be 
dried;  in  which  state  it  does  not  undergo  any  change. 
It  putrefies  more  readily  when  dissolved  in  a  laige 
quantity  of  water  than  when  concentrated.  The 
smell  of  white  of  egg,  allowed  to  run  into  putrefac- 
tion, resembles  that  of  pus. 

It  is  insoluble  in  alcohol  or  ether,  which  imme- 
diately coagulate  it,  unless  it  be  mixed  with  a  great 
proportion  of  water,  in  which  case  even  acids  have 
no  effect. 

When  acids  are  poured  upon  it,  coagulation  takes 
place  equally ;  but  several  of  them  have  the  property 
of  dissolving  it  again  when  assisted  by  heat.  This 
at  least  is  the  case  with  sulphuric  acid.  The  solution 
is  of  a  green  colour,  and  docs  not  soon  blacken,  even 
when  boiled.  It  is  the  case  also  with  nitric  acid,  and 
probably  also  with  muriatic  acid.  Nitric  acid  first 
disengages  some  azotic  gas;  then  the  albumen  is 
gradually  dissolved,  nitrous  gas  emitted,  oxalic  and 
metallic  acids  formed,  and  a  thick  oily  matter  makes 
its  appearance  on  the  surface. 

Albumbn,  Vsgstabls.  The  discovery  of  albumen 
m  vegetables  is  due  to  Fourcroy.  This  chemist  hav- 
ing observed  that  the  clarification  of  the  expressed 
juices  of  the  antiscorbutic  plants  was  effected  by  the 
spontaneous  coagulation  of  their  colouring  matter  at 
the  temperature  of  boiling  water,  was  mduoed  to 
examine  whether  this  property  did  not  depend  on  the 
presence  of  albumen.  For  this  purpose,  having  ob- 
tained the  juice  of  two  pounds  of  young  cresses,  he 
filtered  it  while  cold,  through  blotting  paper,  and  by 
this  means  separated  the  grosser  parts  of  the  colour- 
ing fecula :  the  liquor  was,  however,  still  of  a  bright 
green,  but  upon  being  exposed  in  a  broad  shallow 
vessel  to  the  air,  at  a  temperature  of  about  80^  Fah^ 


in  two  hours  it  became  turbid,  and  deposited  a  green- 
ish matter,  becoming  itself  almost  colourless ;  in  thia 
state  it  was  exposed  to  the  heat  of  boiling  water,  and 
in  a  few  minutes  there  separated  a  large  q^iantity  of 
whitish  fiocculent  matter.  Another  portion  of  the 
same  clarified  liquor  being  exposed  to  the  lur,  depo- 
sited at  the  end  of  two  days  a  similar  coagulUm ;  and 
the  same  effect  was  produced  on  the  third  portion  by 
the  addition  of  sulphuric  acid.  The  substance  thue 
obtained  being  first  repeatedly  washed  in  cold  water, 
exhibited  all  the  properties  of  animal  albumen.  It 
was  easily  and  quickly  dissolved  by  any  of  the  alka- 
lies ;  it  expmen(%d  no  diange  in  boiling  water,  except 
that  of  becoming  more  solid  ;  it  converted  the  purple 
juice  of  mallows  to  green,  and  by  distillation,  yielded 
a  notable  quantity  of  ammonia :  when  exposed  with 
a  little  water  to  a  warm  air,  it  swelled  considerably, 
exhaled  a  fetid  ammoniacai  odour,  and  gave  all  the 
usual  signs  of  active  putrefaction ;  hence  explaining 
the  reason  of  the  rank  disagreeable  smell  that  charac- 
terises the  spontaneous  decomposition  of  all  the  cru- 
ciform plants.  When  dried,  by  pressure  between  two 
pieces  of  paper,  it  exhibited  a  considerable  degree  of 
ductility  and  transparence,  like  glue. 

Albumen  was  afterwards  found  in  the  roots  of 
various  vegetables,  especially  of  the  rumexpatientia ; 
also  in  wheat  and  the  farinaceous  seeds;  and  in 
general  in  all  the  green  and  succulent  parts  of  plants. 
The  acid  pulps  of  fruits  are  totally  destitute  of  this 
substance,  but  abound  with  jelly ;  and  it  is  the  opi* 
nion  of  Fourcroy,  that  in  all  these  cases  there  is  a 
conversion  of  albumen  into  jelly,  by  the  gradual 
evolution  of  the  acid,  and  consequent  fixation  of 
oxygen. 

Alcbsmt.  This  ancient  and  highly  poetical 
forerunner  of  the  science  of  chemistry  has  much  that 
is  interesting  in  its  early  history  and  progress.  Sober 
utilitarian  science  would  have  found  but  few  sup- 
porters in  the  early  dawn  of  alchemy,  but  the  vision- 
ary prospect  of  realizing  vast  treasures  by  the  for- 
tunate labour  of  a  happy  day,  nay  of  a  single  moment, 
when  the  stars  were  propitious,  induced  many  persons 
to  waste  their  lives  and  fortunes  in  the  vague  attempt 
at  discovering  the  formation  of  the  philosoj^r's  stone, 
the  elixir  of  life,  or  some  other  equally  absurd  phan- 
tasy. 

The  golden  age  of  alchemy  most  ominously  com- 
menced with  the  conquests  of  Arabian  fanaticism  in 
Asia  and  Africa,  the  destruction  of  the  Alexandrian 
library,  and  the  subjection  of  Europe  to  the  basest 
superstition,  and  the  most  profound  ignorance.  Hie 
Saracens,  lively,  subtle,  credulous,  and  nurtured  in 
fables  of  talismans,  and  the  celestial  influences,  ad- 
mitted with  eager  futh  the  vironders  of  alchemy,  and 
condescended  to  receive  instruction  fix)m  slaves  whom 
they  had  conquered ;  the  rage  of  making  gold  spread 
through  the  whole  Mahometan  world,  and  in  the 
splendid  courts  of  Almanzor,  Haroun-al-Raschid,  and 
Abdallah  Almammon,  the  professors  of  the  Her- 
metic art  found  patronage,  disciples,  and  emolument. 
Greber,  Rhazes,  Albufaragius,  aiul  Avicenna,  the  most 
celebrated  physicians  and  chemists  of  the  Arabian 
school,  were  deeply  tinged  vrith  the  prevailing  in* 
sanity.  From  the  10th  to  the  13th  century,  liule  is 
known  concerning  the  state  of  alchemical  studio  ; 
the  descendants  of  the  Arabian  warriors  had  begun 
to  acquire  a  taste  for  science  when  their  thrones  were 
shaken  by  the  Crusades,  and  finally  overthrown  by 
the  desolating  deluge  of  the  Turkish  barbarians.    The 
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r  importut  curea,  impowble  to  the  common  Galnicd 

>  practice  of  the  age.     About  the  ume  time  flouriahed 

-  Henrv  Coraeliiu  Agrippa  and  George  Agricola,  the 
I  first  of  whom,  half  knave  uid  half  CDthuiiast,  belong! 
1  decidedly  to  the  alchemical  party ;  but   the   latter, 

■  though  bewildered  in  youth  by  the  false  philosophy 
,  of  hit  time,  made  ample  amends  to  the  cause  of  true 

■  science  in  his  matnrer  years,  by  his  admirable  treatise 
;  on  metallui^  and  mineralogy.  From  this  time  we 
b  meet  with  few  aatbors  of  reputation  who  wrote  pro- 

-  feaaedly  on  alchemy,  tliough  a  kind  of  half  belief  in 
;  the  thing  still  clung  about  even  the  most  eminent 
L  cbemigts,  as  may  be  clearly  traced  in  their  writiugl. 

■  A  bold  attempt  to  support  the  falling  cause  was 
r  nude  in  the  bc^pnning  of  the  17th  century  by  the 
I  RoBicmdans,  a  secret  society  which  originated  in 
'  Germany,  and  attracted  the  attention  of  tiie  reet  of 
!  Enrope  for  96  yean.  By  pretending,  however,  to 
;  too  much,  eten  to  more  than  the  ancient  chemists 
i  when  even  in  the  plenitude  of  their  power  and  influ- 
.  mce  ever  arrogated  to  themselves — the  fraternity 
.  made  few  converts,  and  speedily  eunk  into  total  dis- 

Volumea  hare  beenwritten  oo  the  snbjectof alchemy: 
{  no  peraon,  however,  ^"^  done  audi  pofect  justice  to 
I   thisinterestingpartofchemisttyasprafessor Brande, 
who,  amongst  other  authorities  in  favour  of  the  suc- 
ceashil  labours  of  the  olchemiata,  quotes  that  of  Berg- 
man, himself  a  distinguished  chemist.     In  summing 
up  the  evidence  of  various  authors  for  and  against  the 
possibility  and  probability  of  tranamutation,  Bergman 
,   observes,  that  "althonghmost  of  them  are  deceptive, 
!   and  many  oncertaii^  some  bear  such  character  and 
!   testimony,tbBtunlesswerejectallhistoricalevideoce, 
\  we  must  allow  them  entitled  to  confidence."     For  my 
'  part,  the  perusal  of  the  histories  of  transmutation  ap' 
pears  to  me  to  furnish  solid  grounds  for  a  diametrically 
apposite  opinion.    They  are  all  of  a  most  suspicious 
character :  sometimes  the  fraud  was  open  and  inten- 
tional, seconded  by  juggling  dexterity;  at  other  times 
the  performers  deceived  themselves ;  they  purchased 
what  was  termed  a  powder  of  projection,  prepared 
by  the  adepts,  containing  a  portion  of  gold,  and  when 
they  threw  it  into  the  flre  with  mercury,  and  found 

>  that  portion  of  gold  remaining  in  their  crucible,  they 
1  hod  not  wit  enough  to  detect  its  source ;  but  the  cases 
f  which  are  quoted  as  least  exceptionable,  are  often 
:  exactly  those  which  are  really  impossible ;  1  mean, 
,  where  the  wei^kt  of  the  powder  of  projection,  and  of 
:  the  lead  or  other  base  metal  taken  conjointly,  was  ex- 
l  ceededby  thatofthe  goldprodnced.  Such  is  Heame's 
.  history  of  Paykul's  transmutation  ;  who,  with  six 
•  drachma  of  lead  and  one  of  powder,  produced  an  ingot 
t  that  was  coined  into  147  ducats ;  and  many  others. 
!  But  the  most  celebraled  history  of  transmutation  is 
,  that  given  by  Helvetius,  in  his  brief  of  the  Golden 
.    Caff;  discovering  the  rarest  miracle  in  nature,  bow 

,  by  the  smallest  portion  of  the  philosopher's  stone  a 
t  great  piece  of  common  lead  was  totally  transmuted 
I   into  the  purest  transplendent  gold,  at  the  Hague,  in 

-  1G6C:  and,  as  it  is  a  luminous  epitome  of  all  t^t  has  , 
1  been  done  on  ihia  subject,  it  may  be  better  briefly  to  >- 
!   abridge  the  proceedings;  "The  27th  day  of  December, 

'  1666,  in  the  afternoon,  came  a  stranger  to  my  house  at 

.  the  Hague  in  a  plebeick  habit,  of  honest  gravity  and 

I  serions  authority,  of  a  mean  stature,  and  a  little  long 

:  face,  black  bur,  not  at  all  curled,  a  beardless  chin, 

.  and  about  44  years  (as  I  guess)  of  age,  and  bom  in 

r  North  Holland.    After  salntation,  he  beaeeched  me 
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with  great  reverence  to  pard<Hi  his  rude  accesses,  for 
he  was  a  lover  of  the  pyrotechnical  art,  and  having 
read  my  treatise  against  the  sympathetic  powder  of 
Sir  Kenelm  Digby,  and  observed  my  doubt  about  the 
philosophic  mystery,  induced  him  to  ask  me  if  I  really 
was  a  disbeliever  as  to  the  existence  of  an  universal 
medicine  which  would  cure  all  diseases,  unless  the 
principal  parts  were  perished,  or  the  predestined  time 
of  death  come.     I  replied,  I  never  met  with  an  adept, 
or  saw  such  a  medicine,  though  I  had  fervently  prayed 
for  it.    Then  I  said,  surely  you  are  a  learned  physi- 
cian?   No,  said  he;  I  am  a  brass- founder,  and  a 
lover  of  chemistry.     He  then  took  from  his  bosom- 
pouch  a  neat  ivory  box,  and  out  of  it  three  ponderous 
lumps  of  stone,  each  about  the  bigness  of  a  walnut. 
I  greedily  saw  and  handled  for  a  quarter  of  an  hour 
this  most  noble  substance,  the  value  of  which  might 
be  somewhere  about  twenty  tons  of  gold,  and  having 
drawn  from  the  owner  many  rare  secrets  of  its  admi- 
rable effects,  I  returned  him  this  treasure  of  treasures 
with  a  sorrowful  mind,  humbly  beseeching  him  to  be- 
stow a  fragment  of  it  upon  me  in  perpetual  memory 
of  him,  though  but  the  size  of  a  coriander-seed.     No, 
no,  said  he ;  that  is  not  lawful :  though  thou  wouldst 
give  me  as  many  golden  ducats  as  would  fill  this 
room — for  it  would  have  particular  consequences — 
and  if  fire  could  be  burned  of  fire,  I  would  at  this  in- 
stant rather  cast  it  all  into  the  fiercest  flames.     He 
then  asked  if  I  had  a  private  chamber  whose  prospect 
was  from  the  public  street ;  so  I  presently  conducted 
him  to  mv  best-tiimished  room  backwards,  which  he 
entered,"  says  Helvetius  (in  the  true  spirit  of  Dutch 
cleanliness),  "  without  wiping  bis  shoes,  which  were 
full  of  snow  and  dirt.     I  now  expected  he  would  be- 
stow some  great  secret  on  me,  but  in  vain.     He  asked 
for  a  piece  of  gold,  and  opening  his  doublet,  showed 
me  five  pieces  of  that  precious  metal  which  he  wore 
upon  a  green  riband,  and  which  very  nrach  excelled 
mine  in  flexibility  and  colour,  each  being  the  size  of 
a  small  trencher.    I  now  earnestly  again  craved  a 
crumb  of  the  stone,  and  at  last,  out  of  his  philoso- 
phical commiseration,  he  gave  me  a  morsel  as  large 
as  a  rape-seed :  but,  said  I,  this  scanty  portion  will 
scarcely  transmute  four  grains  of  lead.    Then,  said 
he,  deliver  it  me  back ;  which  I  did,  in  hopes  of  a 
greater  parcel :  but  he,  cutting  off  half  with  his  nail, 
said,  even  this  is  sufficient  for  theef     Sir,  said  I,  with 
a  dejected  countenance,  what  means  this  ?    And  he 
said,  even  that  will  transmute  half  an  ounce  of  lead. 
So  I  gave  him  great  thanks,  and  said  I  would  try  it, 
and  reveal  it  to  no  one.     He  then  took  his  leave,  and 
said  he  would  call  again  next  morning  at  nine.     I 
then  confessed,  that  while  the  mass  of  his  medicine 
was  in  my  hand  the  day  before,  I  hod  secretly  scraped 
off  a  bit  with  my  nail,  which  I  projected  on  lead,  but 
It  caused  no  transmutation,  for  the  whole  flew  away 
in  fumes.     Friend,  said  he,  thou  art  more  dexterous 
in  committing  thefl  than  in  applying  medicine :  hadst 
thou  wrapt  up  thy  stolen  prey  in  yellow  wax,  it  would 
have  penetrated  and  transmuted  the  lead  into  gold. 
I  then  asked  if  the  philosophic  work  cost  much,  or 
required  long  time ;  for  philosophers  say  that  nine  or 
ten  months  are  required  for  it.     He  answered,  their 
writings  are  only  to  be  understood  by  the  adepts, 
without  whom  no  student  can  prepare  this  magisterj'. 
Fling  not  away,  therefore,  thy  money  and  goods  in 
hunting  out  this  art,  for  thou  shalt  never  find  it.    To 
which  1  replied,  as  thy  master  showed  thee,  so  may- 
est  thou  perchance  discover  something  thereof  to  me. 


who  know  the  rudiments ;  and  therefore  it  may  be 
better  to  add  to  a  foundation  than  begin  anew.  In 
this  art,  said  he,  it  is  quite  otherwise ;  for  uniesa 
thou  knowest  the  thing  from  head  to  heel,  thou  canst 
not  break  open  the  glassy  seal  of  Hermes.  But 
enough ;  to-morrow  at  the  ninth  hour,  I  will  tell  you 
the  manner  of  projection.  But  Elias  never  came 
again:  so  my  wife,  who  was  curious  in  the  art 
whereof  the  worthy  man  had  discoursed,  teazed  me 
to  make  the  experiment  with  the  little  spark  of 
bounty  the  artist  had  left  me.  So  I  melted  half  an 
ounce  of  lead,  upon  which  my  wife  put  in  the  said 
medicine :  it  hissed  and  bubbled,  and  in  a  quarter  of 
an  hour  the  mass  of  lead  was  transmuted  into  fine 
gold,  at  which  we  were  exceedingly  amazed.  I  took 
it  to -the  goldsmith,  who  judged  it  most  excellent, 
and  willingly  offered  fifty  florins  for  each  ounce."  ^ 

Such  is  the  celebrated  history  of  Elias  the  artist, 
and  De  Helvetius ;  and  such  may  be  considered  as 
the  general  tenour  of  the  alchemical  attempts  of  the 
period.  We  must  not,  however,  omit  to  state,  that 
the  alchemists  have  materially  assisted  in  the  ad- 
vancement of  chemistry,  both  by  real  discoveries,  and 
by  the  invention  of  nearly  all  the  implements  now 
employed  in  chemical  research. 

It  is  not  a  little  remarkable,  that  while  Europeans 
have  studied  alchemy  for  the  express  purpose  of  ac- 
quiring gold,  the  Chinese,  so  early  as  tiie  reign  of 
Woote  (B.  C.  140)^  were  engaged  in  pursuing  the 
same  object.     It  is  stated,  that  one  Le-shaou-keun 
(a  priest  of  the  Taou  sect)  advised  his  majesty  to  re- 
establish  the  worship  of  the  god  of  the  fiunace ;  as* 
serting  that  from  red  oxide,  gold  could  be  obtained. 
He  also  affirmed,  that  if  temples  were  erected  to  the 
Seen  genii,  or  spirits,  they  would  come  and  confer  on 
his  majesty  a  woo-sze-yo,  a  medicine  that  would 
prevent  death.    The  emperor,  in  compliance  with  the 
advice  given,  worshipped  the  furnace,  and  ordered 
priests  to  put  to  sea  in  quest  of  the  island  Pung-lae, 
the  abode  of  the  immortals.   It  is  said  that  Le-shaou. 
keun,  like  many  in  the  west^  died  just  before  he  suc- 
ceeded in  making  gold.   During  the  12th  year  of  this 
reign,  as  is  gravely  stated,  the  priest  Lan-ta  thus  ad- 
dressed his  majesty :  "  Having  repeatedly  put  to  sea» 
I  have  seen  the  spirit  Gan-te,  who  has  instructed  me 
how  to  make  gold,  and  how  to  obtain  the  medicine 
that  tends  to  immortality ;  and  can  also  induce  them 
to  visit  this  place."    Lan-ta  in  consequence  received 
an  important  appointment,  and  a  princess  was  given 
him  in  marriage.     His  deceptive  arts  however  being 
discovered,  he  was  in  consequence  beheaded. 

Alcohol.  This  term  is  applied  exclusively  to  the 
purely  spirituous  portions  of  those  fluids  which  have 
undergone  the  vinous  fermentation. 

Alcohol  is  considerably  lighter  than  water,  viz.  in 
the  proportion  of  800  or  820  to  1000.  The  lightest 
that  can  be  obtained,  by  simple  distillation  from 
spirit  of  wine,  has  the  specific  gravity  of  825.  By 
the  intervention  of  substances  which  strongly  attract 
water,  Chaussier  brought  it  to  the  specific  gravity  of 
798,  and  I^vitz  and  Saussure,  jun.  to  791  or  792.  Al- 
cohol of  the  specific  gravity  820  still  contains,  accord- 
ing to  Lovitz,  about  i^th  its  weight  of  water.  When 
of  the  specific  gravity  920,  it  has  been  called  proof 
spirits  ;  the  term  eJfove  proof  being  used  to  denote  a 
spirit  lighter  than  this,  and  under  proof  one  which 
contains  a  larger  proportion  of  water.  Rectified 
spirit  is  directed  by  Uie  London  Pharmacopma  tu 
have  the  specific  gravity  of  835,  but  it  seldom  excecdi 
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Bt  specific  gravities,  hwt  be  learned  from 
Ur.  Gilpin'*  copioiu  tablea,  of  which  Uie  following 
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Akohol  ...  100 

0.7980 

0.825 

M 

0.8165 

0.83887 

00 

aS340 

0.65S44 

65 

0.8485 

0.86414 

80 

0.8620 

0.87606 

75 

0.87535 

0.S8763 

70 

O.8B80 

0.89883 

65 

0.9005 

0.90941 

60 

0.9120 

0.91981 

55 

0.9230 

0.92961 

50 

0.9334 

0.93892 

45 

0.94265 

0.94726 

40 

0.9514 

0.95493 

35 

0.95865 

0.96158 

30 

0.96535 

0.96736 

25 

0.97035 

0.97339 

90 

0.97605 

0.97723 

15 

0.9815 

0.98313 

10 

0.9666 
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S 

0.99335 

0.99337 

0 

0.99835 
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MboIidI  nnitn  tradilr  with  water;  and  caloric  ia 
nohed  darioK  thU  aoron.  Ennai  measum  of  al- 
cohol and  water,  each  at  60°  Fahrenlieit,  give  by 
nddm  admixture  ao  elevatioo  of  nearly  30°  of  tem- 
poatsre;  and  eqnal  measnns  of  proof  spirit  and 
water  an  incicaae  of  9^'^.  Hie  bulk  of  the  regnlting; 
Bqaid  ia  leas  also  than  that  of  the  two  before  admix- 
taic. — linn  a  pint  of  alcohol  and  a  pint  of  water. 
whea  the  miztare  bas  cooled  to  the  temperatnre  of 
re,  Mb  coneideiably  short  of  two  pints. 
1  ia  ht^iiy  inflaminable  -  Dating  ite  com. 
t— tioti,  aurbODic  acid  ia  geneiatcd ;  no  charcoal  ^■ 
fcaia;  and  a  ijiuuitity  of  water  is  prodnccd  whidi 
ocecda  in  wei^t  the  alcohol  emplorecL     The 


wood-rat  repntenta  n  ingcaioat  ^ip«' 
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ratos  onployed  by  lAvntier  for  the  |KiipOK  of  Mcer- 
taining  tbia  fact 

It  consLBta  of  a  ipirit-ltmp  a,  over  which  is  placed 
a  perpendicular  tube  6 ;  within  this  is  coDtatned  a 
■econd  tube  of  considerably  tmalier  diameter,  and 
the  apace  between  is  filled  with  sand  in  order  to  pre- 
■erve  the  temperature  of  the  inner  one.  This  agun 
comntanicates  with  the  woim  of  the  tub  c,  and  ter- 
minates in  the  bottle  attached  at  d.  The  quantity  of 
alcohol  contained  in  the  iamp  having  been  accurately 
determined,  flame  is  applied,  and  the  vapour  formed 
during  the  combustion  of  the  spirit,  passing  through 
the  tube  a  becomes  condensed  in  the  worm,  and  m 
that  state  ia  received  in  the  bottle  e.  Lavoisier  adds, 
that  by  a  careful  attention  to  keeping  water  in  the 
condeuung  tub  always  cold,  we  may  obtain  17  ounces 
of  water  from  the  combustion  oi'^  Ifi  ounces  of  al- 

The  flame  of  alcohol  acquires  a  red  colour  from 
muriate  of  lime,  adeep  blood-red  from  the  muriate  of 
stroutites,  and  a  green  tinge  from  boracic  acid. 

Alcohol  is  a  fluid  which  is  remarkably  expansible 
by  heat.  Dividing  the  scale  between  the  freezing  and 
boiling  points  of  water  into  two  equal  parts,  M.  De 
Luc  has  stated  that  alcohol  einands  35  parts  for  the 
first  90°,  and  45  parts  for  tbe  second  90°.  The 
stren^  of  his  alcohol,  however,  is  described  only  by 
the  mdeiinitc  test  of  ita  firing  gunpowder.  Mr. 
Dalton  found  that  1000  parts  of  alcohol  of  the  spe- 
cific gravity  .817  at  50°  Fahrenheit  become  1079 
parts  at  170°.  At  110°,  half  way  between  the  two 
extreme*,  the  olcobol  was  at  1039,  or  half  a  divisioD 
below  the  true  mean.  The  more  the  alcohol  is  di- 
luted with  water,  the  greater  he  found  the  lUspTopor- 
tion  between  the  two  parts  of  the  scale.  When  of 
the  specific  gravity  .g67,  answering  to  79  per  cent, 
water,  the  ratio  trf 
between  50°  and  1 

cond  half  as  35  to  45,  which  is  precisely  the  si 
De  Luc  gives  for  pure  alcohol.  In  reporting  these 
results  no  account  is  taken  of  the  expansion  of  the 
glass  vessel,  and  conseqnentty  the  real  expansions 
may  be  considered  as  rather  exceeding  the  apparent 
ones  which  have  been  stated. 

Alcohol  boils  at  176°.  If  water  be  added,  its  boil- 
ing point  is  proportionably  raised ;  so  that  the  tem- 
peratnre at  which  it  boils,  is  not  a  bad  test  for  ita 
strength.  At  this  degree  of  heat,  it  is  converted  into 
a  vapour,  which  may  be  exploded  by  passing  tin 
electric  spwk  throu^  a  mixture  of  it  with  oiygk.^ 
gas. 

Alcohol  of  the  specific  gravity  .8152  at  S0°  Faht, 
gives  a  gas,  the  density  of  wUcb  is  It  times  that  ol 
me  atmosphere.  To  become  gaseous,  alcohol  ab- 
sorbs 0.436,  the  caloric  required  to  vaporize  an  equal 
weight  of  water. 

It  ha*  nevs'  yet  been  congealed  by  any  known 
method  of  producing  artificial  cold.  Lven  when  di- 
luted with  an  equal  weight  of  water,  it  requires  a 
cold  of  6°  below  0  to  congeal  it.  Mr.  Hutton  has 
given  in  tbe  Edii^i*rgh  Enq/eiopadia,  under  the  ar- 
ticle Cold,  an  account  of  his  having  succeeded  several 
years  since  in  solidifying  alcohol  by  a  cold  of — llff*, 
but  ttke  process  by  which  he  accomplished  it  has  not 
yet  been  published.  Tbe  alcohol  he  employed  had  a 
density  of  .798  at  60°. 

Alcohol  is  a  powerful  solvent.  It  dissolvee  soap ; 
vqietable  extract ;  sngar;  oxalic,  camphoric,  tartaric, 
gallic,  and  benzoic  acids ;  \*olatile  oils ;  resins ;  and 
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balsams.  It  combines  also  widi  sulphur,  phospho- 
rus, and  the  pure  alkalies ;  but  not  with  their  carbo- 
nates. Of  the  class  of  salts  with  alkaline,  earthy,  and 
metallic  bases,  alcohol  dissoWes  some  copiously, 
others  sparingly,  and  others  not  at  all.  The  propor- 
tion in  whidi  some  of  these  are  taken  up,  is  sUted 
in  the  following  Table  by  Wenzel,  the  principal  defect 
of  which  is  the  omission  of  the  specific  gravity  of  the 
alcohol  employed. 

Two  hundred  and  forty  grains  of  boiling  alcohol 
dissolve  of 


Borate  of  ammonia 
Fluate  of  alumine . 
ammonia 


Grains. 
1 
1 
1 


Muriate  of  ammonia 17 

lime 288 

magnesia    .'.,,,,  1313 

potash 5 

Nitrate  of  alumine 240 

ammonia 214 

...  288 

...  694 

...  5 

...  23 

...  7 

...  7 

...  7 

...  1 

...  7 

...  7 


lime .     . 

magnesia 

potash  . 

soda 

Oxalate  of  alumine 
Tartrate  of  alumine 

ammonia 

potash 


Super-tartrate  of  potash 
oxalate  of  potash 


Mr.  Kirwan,  also,  has  given  us  a  very  useful  Table, 
showing  the  power  of  sdcohol  at  different  specific 
gravities  to  dissolve  several  of  Uie  neutral  salts.  The 
salts  were  first  deprived  of  their  water  of  crystalliza- 
tion, and  were  digested,  during  three  days,  with  al- 
cohol, the  temperature  of  which  never  exceeded  80^ 
Fahrenheit. 


Sulphate  of  loda 

'  •   m  magnesia 
Nitrate  of  potash    . 
—  soda  .   • 
Muriate  of  potash  . 

■  soda  .  . 
— — — —  ammonia 
— — ^— —  magnesia 

■  ba^rtes 

crystalliied 
Acetate  of  lime 


100  grains  of  alcohol  at 


WO     .879 


0 
1 
2.7« 

10.5 
4.88 
6.8 
7J5 

21.S5 

1.56 
I  8.4 


0 

1 

I 

« 

1.66 

8.67 

4.75' 


ftiSI 


0 
0 
0 


33.75 
0.W 
0.48 
4.18 


.884     .817 


0 
0 
0 

0.38 
0.38 
0.5 
1.5 
36.85 
ai8 
0.38 
4.75 


0 
0 
0 
0 
0 


50 
0.00 
0.06 
4.88 


I 


Some  salts,  also,  when  actually  dissolved  in  water, 
are  precipitated  by  the  addition  of  alcohol.  This  is 
the  case  chiefly  with  the  sulphates,  several  of  which 
are  precipitated  immediatley,  while  others  are  not 
separated  without  the  application  of  heat  and  a  few 
days'  repose. 

Alcohol,  when  transmitted  through  a  red-hot  copper 
tube,  is  decomposed.  The  tube  is  found  lined  witn  a 
very  fine  light  soot  resembling  lamp-black,  and  an 
enormous  quantity  of  carburetted  hydrogen  gas  is 
evolved,  not  less,  as  appears  from  an  experiment  of 
Van  Marum,  than  ten  cubic  feet  by  the  decomposi- 
tion of  three  ounces  of  alcohol.  From  the  analysis  of 
this  gas,  Mr.  Cruickshank  has  inferred  that  m  al- 
cohol the  carbon  is  to  the  hydrogen  in  the  proportion 
of4  tol.» 

'  Nleholson*s  Joomal,  ▼.  7. 


In  order  to  determine  accurately  the  composition 
of  alcohol,  Lavoisier  burned  a  quantity  with  very  mi- 
nute attention  to  the  products.  The  weight  of  al- 
cohol consumed  amounted  to  93.5  grains,  and  110.38 
grains  of  oxygen  were  expended  in  the  combustion. 
The  water  produced  amounted  to  106.2  grains,  and 
the  carbonic  acid  to  93.8.  From  the  known  quantity 
of  carbon  in  carbonic  acid,  and  of  hydrogen  in  water, 
Lavoisier  Inferred  that  the  alcohol,  on  whidi  he  ope- 
rated, consisted  of 

Carbon 28.53 

Hydrogen 7.87 

Water  (existing  in  the  alcohol)  .  63.6 

100.00 

Comparing,  then,  the  composition  of  alcohol  with 
that  of  sugar  (a  compound,  as  has  already  been  stated, 
of  8  parts  hydrogen,  64  oxygen,  and  28  carbon),  the 
same  distinguished  philosopher  was  led  to  the  con- 
clusion that,  during  the  vinous  fermentation,  part  of 
the  carbon,  by  uniting  with  the  oxygen,  passes  to  die 
state  of  carbonic  acid,  and  that  the  remaining  carbon, 
with  the  hydrogen  of  the  sugar,  composes  alcohol. 
If,  therefore,  it  were  possible  to  combine  carbonic 
acid  and  alcohol,  sugar  ought  to  be  regenerated. 

An  analysis  of  alcohol  has  been  executed  with  con- 
siderable skill  by  M.  de  Saussure,  by  passing  the  va- 
pour of  alcohol  at  62^  and  of  the  specific  gravity  of 
.830  through  a  red-hot  narrow  porcelain  tube  which 
communicated  with  a  glass  one  about  six  feet  in 
len|;th,  and  refrigerated  by  ice.  A  gas  was  produced, 
which  on  analysb  resolved  itself  into  carbonic  add 
and  water ;  and  the  alcohol  was  thus  proved  to  contain 

Carbon 61.98 

Oxygen 34.32 

Hydrogtti     ....  13.70 

100.00 

Beside  the  hydrogen  necessary  to  form  water  with 
the  34.32  parts  of  oxygen,  there  are  9*15  parts  of  hy- 
drogen in  excess.  Now  it  b  remarkable  that  this 
excess  of  hydrogen  is  to  the  carbon  in  alcohol  (51.98) 
in  the  same  proportions  as  the  hydrogen  is  to  the 
charcoal  of  olefiant  gas;  and  we  are,  therefore,  en- 
titled to  consider  100  parts  of  alcohol,  of  specific 
gravity  .792,  as  coi^tituted  of  (9.15  4*  51.98  =) 
61.13  parts  of  olefiant  gas  and  38.87  of  water ;  or  of 
two  atoms  of  olefiant  gas,  and  one  of  water ;  or  of 
two  atoms  of  charcoal,  three  of  hydrogen,  and  one  of 
oxygen. 

In  100  parts  of  alcohol,  specific  gravity  .792,  we 
have,  therefore,  the  elements  of  100  parts  of  olefiant 
gas,  united  widi  those  of  63.6  water.  But  as  this 
alcohol  may  still  be  supposed  to  contain  8.3  per  cent, 
water,  real  alcohol  is  probably  constituted  of  100 
parts  of  the  elements  of  olefiant  gas,  and  of  50  parts 
of  water. 

By  distillation  with  the  more  powerful  a<;id8,  al- 
cohol undergoes  an  important  change.  It  is  con- 
verted into  a  liquid  considerably  lighter  than  alcohol, 
and  much  more  volatile  and  inflammable,  and  miscible 
only  in  a  small  proportion  with  water.  This  fluid  has 
received  the  generic  name  of  ether;  and  the  peculiar 
varieties  are  distinguished  by  adding  the  name  of  the 
acid,  by  the  intervention  of  which  they  have  heon 
prepared. 
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ol  60*  Fak,  m  various  Wine$,  SfC, 


KiodoCWfaot. 


Ditto,  hi^Mst  .  . 
Ditto,  lowest  .  •  . 
Maddra,  highest  . 
Ditto,  lowest  .  .  . 
81ieiTy,aTera2^  of  4 
Claret,  ditto  of  3  . 
Calcsveln    •  •  •  . 

Lisbon 

Malaga 

BucelUs 

Red  Madeira  •  •  . 
MaliBficy  Maddra 

Manala 

IXtto 

Red  Champagne  . 
White  ditto    •  .  • 

Burgundy 

Ditto 

White  Hennitage 

Red  ditto 

Hock 

Ditto 

Vin  de  Grave  .  .  . 


n 


23.48 
25.83 
19 

t24.42 
19.34 

19.19 
14.43 
18.10 
18.94 
17.25 

18.49 
18.40 
16.40 

25.87 
17.26 
11.30 
12.80 
14.53 
11.95 
17.43 
12.32 

14.37 

8.88 
12.80 


Kind  of  Wine. 


Frontignac .... 
Coti  Roti  .... 
Roussillon  .  .  .  . 
Cape  Madeira  .  . 
C^>e  Muschat .  . 
Constantia .... 

Tent 

Sheraaz 

Syracuse 

X^ICC    ....... 

Tokay  

Raisin  Wine  .  .  . 
Grape  Wine  .  .  . 
Currant  Wine  .  . 
Gooseberry  ditto 
Elder  Wine   .  .  . 

Cider 

Perry 

Brown  Slout .  .  . 

Ale 

Brandy    

Rum 

Hollands 


12.79 
12.32 
17.26 
18.11 
18.25 
19.76 
13.30 
15.52 
15.28 
14.63 
9.88 

25.77 

18.11 

20.55 

11.84 

9.87 

9.87 

9.87 

6.80 

8.88 

53.39 
53.68 
51.60 


Some  doubt  may,  perhaps,  be  excited  of  the  accu- 
racy of  this  table,  by  a  reference  to  the  comparative 
intoxicating  effects  of  port  wine  and  brandy,  the 
latter  of  which  certainly  are  more  than  double  those 
of  the  former.  But  it  is  to  be  remembered,  that,  in 
wise,  the  alcohol  is  in  a  state  of  combination  with 
other  ingredients,  which  must  necessarily  diminish 
its  activity  on  the  animal  system. 

The  above  very  interesting  particulars  are  chiefly 
from  the  scientific  pages  of  Dr.  Henry. 

While  speaking  of  alcohol,  we  must  not  omit  to 
pobit  out  a  new  process  for  procuring  it  which  is  now 
carried  oo  to  a  considerable  extent  in  the  metropolis. 
ft  has  long  been  known  that  alcohol  must  of  neces- 
sity be  liberated  during  the  fermentation  of  bread,  but 
it  was  left  to  the  persevering  researches  of  the  present 
nenod  to  turn  this  scientific  fact  to  beneficial  account. 
Luge  bakeries  have  lately  been  erected  for  the  pur- 
pose of  manufacturing  bread  and  collecting  the  spirit 
which  is  thus  produced ;  and  this  is  effected  by  the 
use  of  a  close  oven,  and  refrigeratory,  somewhat 
■imil*!''  to  the  ordinary  process  of  distillation. 

AxcoTS,  in  Architecture;  the  recess  or  part  of  a 
chamber  which  was  formerly  used  in  most  civilized 
coontries  as  a  dormitory.  The  word  is  derived  from 
the  Spanish  alcoba,  which,  according  to  the  older 
dictionaiies  of  that  language,  signifies  a  vaulted  cabi- 
net in  a  chamber,  open  on  one  side,  without  win* 
dows,  and  large  enough  to  contain  a  bed.  The 
Spanish  word  is  derived  from  the  Arabic  al  kubbeh, 
the  alcove,  the  place  for  the  bed,  and  alkubbeh  is 
probably  from  alkubbaun  the  tent,  or  more  probably 
fiomkhaob,  sleep,  alkhaub,  the  bed,  alkaab,  the  cave. 
The  relation  of  these  words  is  curious.  According 
to  die  Spanish  description,  an  alcove  is  not  unlike  a 
csre  or  recess  in  a  rock,  in  which  a  wandering  Arab 
mufjiki  make  his  abode  for  the  night. 


Alcoves  in  ordinary  rooms  are  square  recesses* 
conformable  to  the  definition  we  have  given,  and  are 
finished  in  a  style  corresponding  with  the  apartments 
to  which  they  belong,  and  with  flat  or  vaulted  ceil- 
ings as  taste  may  direct,  or  the  height  of  the  alcove 
may  require :  but  in  chambers  of  greater  magnifi- 
cence, and  rooms  of  parade,  they  are  not  always 
recesses ;  but  more  properly  a  portion  of  a  large 
apartment  separated  from  the  rest  by  an  arch,  or 
balustrade,  a  screen  of  columns,  or  some  other  deco- 
rations, and  elevated  a  few  steps  above  the  general 
level  of  the  floor.  On  this  elevated  platform  a  state 
bed  b  usually  placed,  and  sometimes  seats  and  sofas 
to  entertain  company.  This  is  what  the  French 
architects  denominate  an  alcove.  The  recess  to  which 
the  English  have  appropriated  the  term,  and  which 
is  conformable  to  its  primary  signification,  the  French 
denominate  a  niche,  as  may  be  seen  in  Blondel  de  la 
Decoration  des  Edifices  en  general. 

The  authors  of  the  Encychpidie  Mithodique  are  of 
opinion,  that  alcoves  were  in  use  among  the  ancients, 
and  this  would  be  indisputably  true  if  we  could  re- 
ceive the  term  in  the  lax  sense  in  which  they  have 
explained  it.  But  we  cannot  give  the  name  of  alcoves 
to  the  enclosures  which  they  mention,  consisting  of 
a  kind  of  moveable  balustrade  hung  round  with  dra- 
pery, and  placed  in  any  part  of  a  chamber  at  pleasure; 
nor  to  those  draperies  supported  by  terms,  or  affixed 
to  the  wall,  which  frequently  occur  in  antique  basso- 
relievos.  It  must  be  confessed,  that  we  know  very 
little  of  the  private  apartments  of  the  ancients ;  yet> 
if  a  recess  for  the  bed  to  stand  in  had  been  a  fashion- 
able feature  in  a  Greek  or  Roman  bed-chamber,  it  is 
probable  that  it  would  have  been  mentioned  by  Vi- 
truvius  or  others,  and  especially  by  Pliny,  who  is  so 
minute  and  particular  in  the  description  of  his  Lau- 
rentine  and  Tusculan  villas.  In  each  of  these  villas 
he  describes  a  small  elegant  retired  closet,  furnished 
with  a  bed,  which  by  means  of  glass  folding-doors 
and  curtains,  could  be  occasionally  laid  into  or  sepa- 
rated from  the  adjoining  uiartment.  These  closets 
appear  to  have  been  somewhat  similar  to  alcoves,  but 
they  differ  essentially  from  modem  alcoves  in  having 
windows. 

Ale.  a  fermented  liquor,  obtained  from  an  infu- 
sion of  malt  and  hops.  This  liquor,  the  natural  sub- 
stitute of  wine  in  such  countries  as  could  not  produce 
the  grape,  was  Originally  made  in  Egypt,  the  first 
planted  kingdom  on  the  dispersion  from  the  east, 
that  was  supposed  unable  to  produce  grapes.  And 
as  the  Noachin  colonies  pierced  farther  into  the  west, 
they  found,  or  thought  they  found,  the  same  de- 
fect, and  supplied  it  in  the  same  manner.  Thus  the 
nations  of  Spain,  the  inhabitants  of  France,  and  the 
aborigines  of  Britain,  all  used  an  infusion  of  barley 
for  their  ordinary  liquor;  and  it  was  called  by  the 
various  names  of  ccdia  and  certa  in  the  first  country, 
cereviaia  in  the  second,  and  curmi  in  the  last;  all 
literally  importing  strong  water, 

"  All  the  several  nations  (says  Pliny)  who  inhabit 
the  west  of  Europe,  have  a  liquor  with  which  they 
intoxicate  themselves,  made  of  corn  and  water.  The 
manner  of  making  this  liquor  is  somewhat  different 
in  Gaul,  Spain,  and  other  countries,  and  is  called  by 
many  various  names,  but  its  nature  and  properties 
are  every  where  the  same.  The  people  of  Spain,  if 
particular,  brew  this  liquor  so  well,  that  it  will  kee^ 
good  a  long  time.  So  exquisite  is  the  cunning  of 
mankind  in  gratifying  their  vicious  appetites,  that 
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they  have  thus  invented  a  method  to  make  water  it- 
seii  intoxicate."  The  method  in  which  the  ancient 
BHtons,  and  other  Celtic  nations,  made  their  ale,  is 
thus  described  by  Isidorus  and  Orosius  :  "  The  grain 
is  steeped  in  water  and  made  to  germinate,  by  which 
its  spirits  are  excited  and  set  at  liberty ;  it  is  then 
dried  and  grinded ;  after  which  it  is  iniiised  in  a  cer- 
tain quantity  of  water ;  which  being  fermented  be- 
comes a  pleasant,  warming,  strengthening,  and  in- 
toxicating liquor."  This  ale  was  most  commonly 
made  of  barley ;  but  sometimes  of  wheat,  oats,  and 
millet. 

Anciently  the  Welsh  and  Scots  had  also  two  kinds 
of  ale,  called  common  ale  and  spiced  ale;  and  their 
value  was  thus  ascertained  by  law:  "If  a  farmer 
hath  no  mead,  he  shall  pay  two  casks  of  spiced  ale, 
or  four  casks  of  common  ale,  for  one  cask  of  mead." 
By  this  law,  a  cask  of  spiced  ale,  9  palms  in  height, 
and  18  palms  in  diameter,  was  valued  at  a  sura  of 
money  equal  in  efficacy  to  71*  10«.  of  our  present 
money,  and  a  cask  of  common  ale,  of  the  same  dimen- 
sions, at  a  sum  equal  to  32.  15^.  This  is  a  sufficient 
proof  that  even  common  ale  in  this  period  was  an 
article  of  luxury  among  the  Welsh,  which  could  only 
be  obtained  by  the  great  and  opulent.  Wine  seems 
to  have  been  quite  unknown  even  to  the  kings  of 
Wales  in  this  period,  as  it  is  not  so  much  as  once 
mentioned  in  their  laws;  though  Ginddus  Cambren-' 
sis,  who  flourished  about  a  century  after  the  conquest, 
acquaints  us  that  there  was  a  vineyard  in  his  time  at 
Maenarper,  near  Pembroke,  in  South  Wales. 

Ale  was  the  favourite  liquor  of  the  Anglo-Saxons 
and  Danes,  as  it  had  been  of  their  ancestors  the  an- 
cient Germans.  Before  their  conversion  to  Christi- 
anity, they  believed  that  drinking  large  and  frequent 
draughts  of  ale  was  one  of  the  chief  felicities  which 
those  heroes  enjoyed  who  were  admitted  into  the  hall 
of  Odin. 

There  are  various  sorts  of  ale  known  in  Britain, 
particularly  pale  and  brovm;  the  former  is  brewed 
from  malt  slightly  dried,  and  is  esteemed  more  viscid 
than  the  latter,  which  is  made  from  malt  more  highly 
dried  or  roasted. 

In  order  to  make  a  strong  keeping  ale  of  an  excel- 
lent quality,  the  following  should  be  the  proportion 
of  the  ingredients :  forty  bushels  of  best  pale  malt 
and  fifty  pounds  of  hops.  For  the  first  mash,  ten 
barrels  of  water  at  172^  may  be  let  on  and  raked  for 
half  an  hour,  and  then  allowed  to  stand  for  an  hour. 
Water  at  180^  may  then  be  leaked  or  let  on  so  as  to 
fun  through  the  malt,  and  to  wash  away  all  the  wort 
soaked  in  the  previous  mash.  These  two  liquors, 
when  boiled  down  with  the  hops,  fermented,  and 
finished,  ought  to  produce  eight  barrels  of  ale  at  100 
pounds'  gravity  on  Dicas's  saccharometer.  But  in 
the  one  mash  the  malt  is  by  no  means  exhausted  of 
it«  saccharine  matter,  although  what  remains  is  not 
of  so  fine  a  quality  as  that  which  had  been  dissolved 
away.  The  same  malt  and  hops  will,  however,  an- 
swer extremely  well  for  making  table-beer ;  and  with 
this  intent  a  second  mashing  may  be  made  with  water 
of  185*^,  and  even  a  third  with  water  of  190°;  the 
quantities  being  such,  that  after  boiling  on  the  same 
hops,  fermenting,  and  finishing,  there  will  be  twelve 
barrels  of  beer  at  thirty  pounds'  gravity. 

An  inferior,  but  yet  a  good  ale  may  be  made  from 
forty  bushels  of  prime  pale  malt,  and  thirty  pounds  of 
good  hops.  The  mashing  heat  may  be  as  before,  and 
it  mav  be  calculated  as  before  to  produce  both  ale 


and  beer.  In  this  case,  twelve  barrels  of  ale  at  seven- 
ty pounds'  gravity,  and  ten  barrels  of  beer  at  thirty 
pounds  will  be  produced.  Or,  if  the  object  is  merely 
to  obtain  ale  at  seventy  pounds'  gravity,  the  quantity 
producible  will  be  fourteen  barrels.  If  table-beer  of 
a  good  quality,  without  any  ale,  is  required,  the  quan- 
tity of  materials  to  produce  thirty  barrels  of  finished 
beer  should  be,  malt  forty  bushels,  good  hops  twenty- 
five  pounds,  as  much  water  as  will  produce  thirty-five 
barrels  of  hopped  wort ;  and  this  will  finish  about 
thirty  barreb  of  beer.  In  calculating  the  quantity  of 
water  necessary  to  produce  a  given  quantity  of  a  first 
mash,  it  will  be  of  use  to  know  that  an  imperial  bush- 
el of  ground  malt  absorbs  and  retains  about  6t  im- 
perial gallons  of  water. 

The  Burton  ale  having  attained  a  very  high  charac- 
ter for  its  strength  and  flavour,  it  may  be  advisable 
to  point  out  the  process  by  which  it  is  prepared.  It 
is  made  from  the  palest  malt  and  hops ;  for,  if  it  be 
not  pale  as  straw,  it  will  not  pass  with  the  connois- 
seurs in  that  article ;  and  the  gravity  being  so  very 
high  as  thirty-six  to  forty  pounds  a  oarrel,  makes  it 
a  matter  of  great  nicety  to  get  malt  sufficiently  pale. 

If  the  malt  be  not  very  good,  only  one  mash  must 
be  made  for  this  liquor ;  but  if  it  be  good,  two  mashes 
may  take  place,  adverting  still  to  the  great  specific 
gravity  which  ought  to  be  produced. 

The  heat  of  the  liquor  should  be  185°,  or  190^^  ad- 
ding 5°  for  the  second  mash. 

If  only  one  wort  be  made,  it  may  be  boiled  an  hour 
and  a  quarter ;  if  two,  they  may  be  boiled  three-quar- 
ters of  an  hour  the  first,  and  an  hour,  or  an  hour  and 
a  quarter  the  second ;  remembering  that  long  boiling 
is  prejudicial  to  the  colour. 

The  quantity  of  hops  must  be  three-quarters  of  a 
pound  per  bushel  of  malt,  or  more,  according  to  cir- 
cumstances ;  but  the  more  that  are  used,  though  an 
advantage  as  a  preservative,  the  higher  will  be  the 
colour  of  the  ale. 

The  heat  of  fermentation  should  not  much  exceed 
759,  and  as  the  first  heat  would  thence  probably  be 
about  55°,  the  quantity  of  yeast,  both  on  account  of 
this  circumstance,  and  the  great  weight  of  the  wort, 
should  not  be  less  than  three  pounds  per  barrel,  used 
as  is  before  recommended  ;  and  the  rule  for  cleansing 
is  the  same  as  that  before  inculcated. 

It  is  to  be  racked  into  clean  casks  (without  hops) 
when  nearly  pure,  and  the  sizes  of  them  are  from  32 
to  42  or  43  gallons  (called  haff  hogsheads),  and  from 
70  to  80  gallons  (called  hogsheads),  which  are  general- 
ly hooped  with  an  equal  number  of  iron  and  wooden 
hoops  ;  the  latter  are  white,  flat,  or  broad  bark  hoops ; 
a  bar  is  put  across  each  head,  and  the  brewer's  initials 
or  name,  with  B,  or  Burton  at  length,  are  branded 
in  front  in  letters  of  about  an  inch  and  a  quarter  high ; 
and  the  number  of  gallons  which  the  casks  holds  is 
cut  with  a  scribe-iron,  just  above  the  cork-hole. 

The  bung-hole  is  not  above  an  inch  and  a  quarter 
in  diameter,  which  is  stopped  with  a  wooden  shive  or 
bung,  and  a  piece  of  triangular  tin-plate  is  afterwards 
nailed  over  it.     See  Bebr  and  Portbr. 

Alsmbic.  This  is  a  very  useful  chemical  instru- 
ment, and  is  used  for  distillation,  when  products  are 
of  too  volatile  a  nature  for  the  use  of  the  retort.  It 
is  indeed  a  sort  of  matrass  with  a  capacious  head 
fitted  to  ity  and  from  the  head  proceeds  a  tube  or  beak, 
like  the  neck  of  a  retort.  As  the  external  circumfe- 
rence or  base  of  the  head  is  lower  than  the  beak.  Hit 
vapours  which  rise  and  are  condensed  against  ita 
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iMk8»  firat  mn  dtomn  into  tlie  ehannel  formed  by  the 
depreaeed  part,  and  tiience  are  conveyed  off  by  the 
beak.  The  alembic  is  a  more  complex  instrument 
tban  tile  simi^  retort,  which  with  care  will  answer 
as  well,  eieept,  periiaps,  for  those  bodies  whidi  are 
partly  ▼apoorized,  and  partly  sublimed ;  in  which  case 
the  sobbmed  part  is  very  conveniently  retained  by  the 


AusBBRA,  b  that  part  of  mathematics  in  which 
symbols  are  employed  for  the  purpose  of  abridging 
and  generalizing  the  reasonings  which  occur  in  the 
soinfioQ  of  questions  relative  to  numbers.  By  some 
writers  it  is  used  synonimously  with  analysis,  but 
there  is  this  distinction  between  the  two,  that  algebra 
is  the  science  which  relates  to  the  calculation  of 
magBitudes  in  general,  and  anal3rsi8,  the  method  of 
resolving  mathemattcat  problems  bv  the  aid  nral&rcbra. 

Tlie  earliest  treatise  on  Algebra  which  has  been 
transmitted  to  die  present  times,  is  that  of  Diophantus 
of  Alexandria,  wbo  flourished  about  the  middle  of 
titt  fourth  century  of  the  Christian  era.  It  consisted 
of  thirteen  books,  the  first  six  of  which  only  are  now 
extant.  Tliey  were  printed  in  the  form  of  a  Latin 
translation,  by  Xylander,  in  1575,  and  afterwards  in 
Greek  and  Tjifin,  with  a  commentary  by  Bachet,  in 
1621;  and  subsequently,  in  1670,  with  corrections 
and  marginal  annotations  by  Fermat.  The  investiga- 
tions contained  in  these  do  not  extend  beyond  qua- 
draldc  equations,  and  the  expression  is  that  of  common 
language  assisted  by  a  few  symbols.  Notwithstanding 
that  tliis  is  the  earUest  production  we  possess  on  this 
sobiect,  there  are  strong  reasons  for  believing  that 
alg^ira,  as  well  as  our  ordinary  system  of  notation, 
originated  vnth  the  Hindus ;  who  have  been  found  to 
possess  some  valuable  works  of  this  nature,  contain- 
mg  rules  and  principles  that  do  not  appear  to  have 
been  derived  from  any  foreign  source.  The  chief 
of  these  performan<*es  are  the  CiUtaca  d'haya,  and  the 
Goaite  d^kmfa  of  Brahmagupta,  a  Hindu  astronomer 
and  mathematician  who  flourished  about  the  latter 
end  of  the  sixth  century,  and  the  Bija  Oanita  and 
LUacoH  of  Bhascara  Acharya,  another  astronomer  of 
the  same  nation,  who  lived  about  the  year  1150. 
From  tiiis  latter  work.,  it  appears  that  besides  a  know- 
ledge of  most  of  the  common  rules  of  algebra,  the 
Hindus  were  at  that  period  acquainted  with  some 
branches  of  the  science  which  were  not  known  in 
Europe  till  the  latter  end  of  the  seventeenth,  and 
middle  of  die  ei^teenth  century. 

Europe,  however,  owes  its  first  acquaintance  with 
tins  science  to  the  Arabians,  from  whom,  through 
tke  me£um  of  commerce,  it  was  introduced  into  Italv 
early  in  the  thirteenth  century,  by  Leonardo  Bonacci, 
a  merdiant  of  Pisa,  two  of  whose  manuscripts,  dated 
1902,  and  1328,  are  mentioned  by  Cossali.  Many 
manuscript  writings  of  p,  similar  nature  to  these  ap- 
peared soon  afterwards  in  various  parts  of  Italy ;  but 
die  first  printed  works  on  the  subject  are  those  of 
Lucas  Paciolus,  de  Burgo  Santi  Sepulchri,  whose 
principal  production  is  that  entitled  Summa  Ariihrne- 
item  ei  Gecmeirux,  ProfxtrHtmumque  et  Proportiona- 
ham,  which  was  published  in  1469.  From  this  per- 
formance, which  exhibits  the  state  of  the  science  to- 
wards die  latter  end  of  the  fifteenth  century,  it  appears 
that  the  earlier  European  analysts,  as  well  as  those 
of  Arabia,  used  no  symbols  or  signs  to  represent 
other  quantities  or  the  operations  that  it  was  neces- 
sary to  perform  on  them,  with  the  exception  of  a  few 
verbal  abbreviations,    llie  letters  p  and  m  were  used 


to  denote  plus  and  minus ;  and  it  Is  laid  down  as  a 
rule  to  be  observed  in  multiplication,  that  plus  into 
mmm»  gives  minns,  but  nUntu  into  mimu  gives  phs. 
Thus  ^e  first  appearance  of  algebra  is  merely  that  of 
a  system  of  short-hand  writing,  or  a  contraction  of 
common  language  applied  to  the  solution  of  arithme- 
tical problems. 

Soon  after  the  publication  of  the  work  last  men- 
tioned, and  about  the  year  1 505,  Ferrei,  a  professor  of 
Bologna,  discovered  a  method  of  solving  one  of  the 
cases  of  a  compound  cubic  equation.  Ferrei  was  fol- 
lowed by  the  famous  Cardan,  who  extended  his  rule, 
for  a  particular  case,  to  all  the  forms  and  varieties  of 
cubic  equations,  whether  complete  or  incomplete,  and 
also  possessed  an  acquaintance  with  the  number  and 
nature  of  their  roots,  both  positive  and  negative,  pos* 
sible  and  impossible,  or  imaginary.  The  resolution 
of  equations  of  the  third  degree  was  followed  close 
by  that  of  biquadratic  equations,  or  those  of  the 
fourth  degree,  which  was  discovered  by  Louis  Ferrari> 
one  of  the  pupils  of  Cardan.  About  the  same  period* 
the  study  of  the  science  of  algebra  vras  prosecuted  in 
Germany  with  vigour,  particularly  by  Stifel  and 
Scheubel,  the  former  of  whom,  in  his  Aritkmttica 
Integra,  fr^quentiy  employs  letters  to  represent  num- 
bers, and  was  die  first  to  introduce  the  symbols  x  >— > 
and  >/,  to  express  addition,  subtraction,  and  extiac* 
tion  of  a  root ;  but  neither  this  writer  nor  Scheubel> 
who  published  his  work  in  1552,  speak  of  cubic  equa^ 
tions,  which  were,  however,  ftdly  treated  of  by  Peter 
Roth,  another  German  madiematician  of  that  age. 
In  the  year  1557>  appeared  The  Whetstone  qf  Witte, 
which  ie  the  eeconde  parte  of  Arithmetieke,  contaitdn^ 
the  Eaetraciiou  of  Bootes,  the  Cossike  Practice,  with  the 
Builes  of  Equations,  and  the  Woorkes  qf  Surde  Norn* 
hers,"  by  Robert  Recorde,  a  native  of  Wales.  This 
treatise  contains  a  method  of  extracting  the  roots  of 
compound  algebraical  quantities ;  and  it  is  the  first 
in  which  we  meet  vrith  the  use  of  the  sign  =r  to  re- 
present equality.  The  several  works  of  Pelletier* 
Peter  Nunez,  Bombelli,  and  Stevin,  published  at  the 
latter  end  of  the  sixteenth  and  begiimmg  of  the  seven-* 
teenth  century,  are  abundant  proofs  of  the  zealoua 
cultivation  of  algebra  in  their  respective  countries  of 
France,  Portugal,  Italy,  and  Flanders;  but  it  is  chiefly 
to  the  celebrated  Vieta,  master  of  requests  under 
Margaret  of  France,  that  we  must  attribute  its  sub-^ 
sequent  rapid  progress,  in  consequence  of  the  im- 
provements which  he  introduced  into  the  system  of 
notation  by  the  employment  of  the  capital  letters  of 
the  alphabet  to  denote  all  kinds  of  quantities,  whether, 
known  or  unknown,  the  former  being  designated  by 
consonants  and  the  latter  by  vowels.  This  illustrious 
man  also  invented  new  demonstrations  of  the  rule  for 
resolving  cubic,  and  even  biquadratic  equations,  and 
partly  discovered  the  general  relation  between  the 
roots  of  those  of  any  degree  and  the  co-efficients  of 
their  terms,  provided  all  those  roots  be  real  or  posi« 
tive,  and  none  of  the  terms  be  wanting.  Vieta  was 
followed  by  Albert  Girard,  who  greatiy  extended  tha 
partial  discovery  of  the  former,  of  the  successive  for« 
mation  of  the  co-efficients  of  an  equation  from  tha 
sum,  of  its  roots,  and  the  sum  of  their  products,  whe-^ 
ther  they  be  positive  or  negative.  Among  the  most 
eminent  analysts  of  this  period  we  must  not  omit 
our  celebrated  countryman  Thomas  Harriot*  who  in.* 
troduced  the  use  of  die  small  lettos  of  the  alphabet 
instead  of  the  capitals  employed  by  Vieta,  and  who, 
by  a  slight  improvement  which  he  made  in  algebraical 
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language,  laid  the  foundation  of  the  most  important 
branches  of  that  science.  We  allude  to  the  method 
of  writing  an  equation  in  the  form  of  x  >  +  n  x — bzz  o 
instead  ofx^-j-aatzzb. 

By  this  succession  of  discoveries  the  algebraic  ana* 
lysis  was  prepared  for  the  step  about  to  be  taken  by 
Descartes,  and  which  forms  one  of  the  most  import- 
ant epochs  in  the  history  of  the  mathematical  sciences. 
This  was  its  application  to  define  the  nature  and  in- 
vestigate the  properties  of  curve  lines,  and  conse- 
quently to  represent  the  notion  of  variable  quantity. 
Although  undoubtedly  previous  to  the  time  of  this 
distinguished  philosopher  great  progress  had  been 
made  in  researches  purely  algebraical,  yet  the  nota< 
tion  in  use  was  exceedingly  imperfect,  and  encum- 
bered with  ideas  of  actual  relation  to  magnitude  which 
inseparably  connected  every  algebraic  quantity  with 
notions  of  extension  and  solidity.    The  principal  ob^ 
ject  and  utility  of  algebra  is,  however,  to  express 
purely  and  without  reference  to  any  particular  values 
which  may  be  assigned  to  them,  the  abstract  relations 
of  quantities.    That  this  object  might  be  attained,  it 
was  absolutely  necessary  to  disentangle  the  science 
from  all  those  extraneous  considerations  which  limited 
its  application  and  extension.     This  was  the  first 
service  rendered  to  algebra  by  Descartes ;  and  the 
metaphysical  character  of  this  illustrious  man's  genius 
was  of  singular  utility  to  him  in  the  performance  of 
it.     According  to  the  method  of  notation  then  in 
vogue,  the  product  of  any  quantity  multiplied  by 
itself  once,  was  indicated  by  annexing  to  that  quan- 
tity the  geometrical  figure  called  the  square;  and  that 
of  a  quantity  multiplied  by  itself  twice,  by  a  delinea- 
tion in  perspective  of  the  solid  known  by  the  name  of 
the  cube.    These  operaticms  were  also  denoted  re- 
spectively by  the  letters  Q  and  C  placed  above  the 
quantity  to  be  multiplied,  and  sometimes  by  a  mere 
repetition  of  the  letter  which  designated  that  quan- 
tity the  same  number  of  times  that  it  was  to  be  made 
a  factor  (  in  other  wcmis,  according  to  the  ordinary 
mode  of  expressing  multiplication.    In  the  place  of 
this  embarrassing  notation  which  fettered  and  impeded 
the  exercise  of  thought  on  the  subjects  which  it  was 
intended  to  enlighten,  Descartes  substituted  one,  clear, 
simple,  and  general.    Instead  of  the  letters  Q  and  C, 
which  were  simply  verbal  abbreviations,  ,he  placed 
above  the  quantity  to  be  multiplied  the  figure  which 
denoted  the  number  of  times  which  the  operation  of 
multiplication  was  to  be  performed,  or  its  power.  The 
great  value  of  this  important  alteration  will  be  fully 
appreciated  by  a  simple  inspection  of  some  of  the 
algebraical  expressions  which  occur  in  the  writers  on 
this  subject  who  preceded  Descartes,  and  by  a  com- 
parison of  their  complicated  confusion  with  the  sim- 
plicity and  perspicu^  which  they  assume  from  the 
mtroduction  of  exponents.    By  means  of  this  and 
other  improvements,  the  leadu&g  principles  of  algebra 
were  more  thoroughly  unfolded,  and  the  notation  was 
converted  from  a  mere  collection  of  abbreviated  forms 
of  common  language,  into  a  system  of  symbolical 
writing  capable  of  being  applied  with  the  greatest 
advantage  tp  aid  the  operations  of  the  mind. 

We  have  now  rapidly  traced  the  science  of  alge- 
braic analysb  from  its  origin  and  early  form,  to  the 
period  when  it  attained  a  degree  of  perfection  little 
short  of  that  which  it  has  readied  at  the  present  day. 
8ucceeding  authors  are  too  numerous,  and  with  a  few 
bright  exceptions,  their  improvements  too  inconsider- 
able to  merit  any  minute  mention.    To  Newton  we 


are  indebted,  aittflaifitodier  things,  for  his  wdl  known 
demonstration  of  the  JBinomial  T%eortM;  and  his 
JRevenion  of  Series,  or  method  of  finding  the  value 
of  the  root  of  an  infinite  s^es,  in  terms  of  another 
series  of  a  different  kind ;  both  of  which  myentions 
are  rendered  universal  by  means  of  the  general  expo- 
nent which  he  first  introduced  into  analytical  opera- 
tions. The  zealous  labour  bestowed  on  the  theory  of 
series  during  the  last  two  centuries,  has  also  been 
productive  of  great  advantage  to  this  science,  and 
the  researches  of  the  BemouUis,  Taylor,  Demoivre, 
Stirling,  Euler,  and  Leibnitz,  have  greatly  improved 
and  extended  that  important  branch  of  algebraic 
analysis. 

NOTATION. 

Tlie  object  of  algebra  is,  as  we  have  before  observed* 
to  assist  the  operations  of  the  mind  in  the  considera- 
tion of  questions  relative  to  number.  The  method  in 
which  this  object  is  attained,  and  the  utility  of  that 
method,  may  be  best  shown  by  reference  to  a  ques- 
tion of  that  nature.    Let  it  be  proposed 

7b  divide  a  given  number  into  two  partg,  $uek  that 
one  shall  be  greater  than  the  other  by  a  given  excete. 

By  the  conditions  of  the  question, 

1^.  The  greater  of  the  two  parte  is  equal  to  the  lesser 
increased  by  the  given  excess. 

Therefore  if  the  lesser  be  known  by  adding  to  it 
the  excess,  we  shall  obtain  the  greater. 

2°,  The  greater  part  added  to  the  lesser  nmkes  up 
the  whole  number.  Substituting  in  this  Iflst  sentence^ 
in  the  place  of  the  expression  the  greater  part,  the 
equivalent  to  it  in  1^,  we  find  that 

The  lesser  part  increased  by  the  given  excess,  added  mi 
the  lesser  part,  makes  up  the  whole  number.  But  the 
lesser  part  added  to  the  lesser  part,  is  the  leaser  part 
taken  twice ;  therefore, 

J\ince  the  lesser  part  increased  by  the  given  excess 
make  up  the  whole  number.  Or  the  given  excess  must 
be  added  to  twice  the  lesser  part  in  order  to  make  up 
the  whole  number }  but  if  twice  the  lesser  part  with 
the  given  excess  be  equal  to  the  whole  number,  wUh- 
out  the  excess  it  will  be  less  than  that  number  by  so 
much  as  the  excess  $  or 

T^oice  the  lesser  port  is  equal  to  the  whole  number 
dimimshed  by  the  given  excess.    Therefore, 

The  lesser  part  is  equal  to  the  haff  of  the  differemce 
between  the  whole  number  and  the  given  excess, 

,From  this  last  sentence  we  perceive,  that  to  obtain 
the  lesser  of  the  two  required  parts,  it  is  only  neees^ 
sary  to  perform  simple  arithmetical  operations  on  the 
whole  number  and  the  given  excess,  both  of  which 
are  known.  Thus,  if  the  number  to  be  divided  be 
14,  and  the  excess  of  the  one  of  the  parts  into  which 
it  is  to  be  divided  above  the  other,  6,  the  lesser  part 
will  be  equal  to  the  half  of,  14  dimini^ed  by  6,  which 
is  4 ;  and  the  greater  which  is  equal  to  the  whole 
diminished  by  the  lesser,  will  be  10. 

We  observe  that»  in  the  reasonings  by  which  we 
have  been  enabled  to  obtain  the  above  conclusion, 
several  expressions,  such  as  added  to,  dimimshed  by,  is 
equal  to,  &c.  occur  repeatedly ;  it  is  evident,  there- 
fore, that,  if  instead  of  writing  those  expressions,  we 
employed  a  symbol  to  represent  each  of  them  when- 
ever it  occurred,  a  very  material  abridgement  would 
ensue.  It  is  on  this  account  that  various  symbols 
are  used  in  algebra ;  each  of  which  serves  to  indicate 
that  a  certain  operation  is  to  be  performed  on  the 
quantities  to  which  it  is  attached. 
The  sign  -f ,  which  is  read  pkts,  and  is  termed  the 
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^igD  of  mdditioii,  or  tiie  positive  sign,  tndicntee,  the 
addition  of  the  qxyuHtities  before  which  it  is  pbced  to 
^ome  other.  Urns  15 +88  is  ISphts  28«  or  15  increased 
bftS. 

The  «gn-^»  whidi  is  read  mums,  and  called  the 
sign  of  sobtraction,  or  the  negative  sig;n,  serves  to  de- 
note tiie  snbtraction  of  the  qnantity  to  v^hich  it  is 
pnfiaed  from  some  otiier.  T^ns  32  —  18is32iiiMtw 
18.  or  32  dimmisiied  by  18. 

Hk  ngn  X  is  used  for  mnHiplication,  and  has  the 
same  signifiration  with  a  point  placed  between  the 
qsantitica  to  be  multiplied.  Thus  22  X  58  or  22.58 
is  22  ramhiplied  by  58,  and  represents  the  product  of 
22  by  56,  both  of  which  are  termed  the  fiactors  of  that 
product. 

Hie  sign  -r  indicates  division,  which  is  however 

more  generally  represented  by  writing  the  divisor 

below  the  divmend  vnth  a  horizontal  stroke  between 

6 
diem ;  thus  6  -7-  3  or  -r-  means  that  6  is  to  be  divided 

by  3.  ^ 

Whtti  two  quantities  are  equal  to  one  another, 
their  relation  b  denoted  by  =:  placed  between  lliem. 
Tims  8=4  +  4  means  that  8  u  eqwd  /o  4  +  4,  and 
is  termed  an  equation. 

When  two  numbers  are  unequal,  their  relation  b 
expressed  by  the  sign  of  inequality  /_  or  7>  the  open 
paart  of  the  symbol  being  always  turned  towards  the 
greater  nmnber.  Thus  20  7  13,  means  that  20  is 
greater  than  13,  and  10  Z.  13,  that  10  is  less  than  13. 

By  the  substitution  of  these  signs,  whenever  the 
operations  vdiich  they  represei^  are  to  be  indicated,  in 
te  place  of  directions  to  the  same  effect  expressed  in 
ovdmary  language,  our  reasonings  in  regard  to  quan- 
tities and  the  operations  to  be  performed  on  them 
most  be  greatly  simplified.  Thus,  if  we  wish  to  de- 
note tbat  a  certain  quantity  is  to  be  added  to  an- 
other, and  that  from  their  sum  a  thiid  quantity  is  to 
be  snbtzacted,  we  have  only  to  write,  first  qnantitjr  + 
second  quantity  —  tfiird  quantity.  But  it  is  obvious 
that  even  iha  abridged  fonn  is  susceptible  of  still 
finther  abridgment  by  substituting  for  first,  second, 
and  third  quantity,  any  symbols  which  we  shall 
agree  to  stand  respectively  for  those  terms ;  as  for  in- 
stBEnce,  tiiree  of  the  letters  of  the  alphabet. 

We  may  tfans  concisely  express  the  above  proposi- 
tion by  a  +  ^  »  e,  having  previously  agreed  tfaat  in 
this  particular  case  a  shall  represent  what  we  have 
termed  first  quantity,  b  second  <pianttty,  and  c  third 
quantity. 

The  great  advantage  of  this  mode  of  expression  is 
that  the  most  complicated  reasonings  are  at  once  pre- 
acnted  in  a  very  simple  form ;  so  that  the  mind  being 
enabled  to  oomprdiend  them  as  it  were  at  a  glance, 
is  at  liberty  to  (firect  all  its  energies  ta  the  solution 
of  the  question  whidi  is  their  object. 

We  may  illustrate  tius  by  recurring  to  the  question 
with  whi(^  we  commenced,  namely,  that  in  which  it 
ia  required  to  divide  a  given  number  into  two  parts, 
ancfa  Aat  one  diall  be  greater  than  the  other  by  a 
gifcn  excess,  and  deducing  the  same  conclusion  as 
^ben,  thfoni^  the  same  reasoning,  expressed  however 
by  means  of  the  system  of  representative  symbols 
wbath  we  have  just  unfolded. 

Let  a  represent  die  given  number  to  be  divided, 
h  die  given  excess,  and  a  the  lesser  of  the  two  parts 
into  whidb  it  is  required  to  divide  a ;  then  a  +  6  will 
represent  die  greater.  By  the  conditions  of  the 
question,  .  1 


Therefore 
And 


Or 


a  +a  +  6=o 
Or  2  X  +  6     =  a 

2a    =  a — b 


X     = 


a — b 
2" 

-— i. 
2         2 


Having  thus  found  the  lesser  part,  we  may  easily 
obtain  the  greater,  which  is  represented  by  a +6,  and 

which,  therefore,  =:  —• \-b,oT — dimimshed  by 

2         2  2 

one  half  of  b,  and  increased  by  the  whole  of  b, 
which  Lb 

a        b 

2^2 
The  correctness  of  our  operation  we  may  test  by 
adding  togedier  the  results  obtained  for  the  two  parts, 
which,  according  to  the  conditions  should  be  equal 

to  the  whole  number  to  be  divided.    Thus*  -!!.—  _. 

2         2 

added  to  -^  +  A,  is  the  half  of  a  added  to  the  half 

of  a,  or  the  whole  of  a,  first  diminished  and  then 
increased  by  die  half  of  b,  two  operations,  the  latter 
of  which  neutralizes  the  former,  and  v^rhich  oonse- 
quentiy  have  no  effect  on  a,  which  remains  the  sum 
of  the  addition.  Hence  our  results  fulfil  the  eon- 
ditions  required,  and  are  therel<M:e  correct.  The  stu- 
dent may  observe  that  we  have  represented  the  whole 
number  and  the  given  excess  by  a  and  b,  and  the  part 
which  it  is  required  to  find  by  a.  In  so  doing,  vre 
have  only  conformed  to  a  long-established  and  highly 
convenient  usage,  that  of  designating  all  the  known 
quantitiee  in  an  expression  by  the  early  letters  of  the 
alphabet,  and  die  unknown  by  the  concluding  ones. 
By  this  arrangement  we  are  enabled,  in  coUecting 
on  the  opposite  sides  of  an  equaticm  the  different 
terms  composing  these  two  classes,  immediately  to 
distmguish  to  which  any  quantity  belongs. 

In  addition  however  to  the  abridgement  effected 
by  the  ordinary  method  of  employing  representative 
symbols  for  the  purpose  of  indicating  the  perform- 
ance of  certain  operations,  a  variety  of  abbreviations 
occur  in  the  application  of  that  method,  eepecially  to 
quantities  designated  by  letters. 

Thus,  when  numbers  represented  by  letters  are  to 
be  multiplied  together,  the  ordinary  signs  of  multipli- 
cation may  be  dispensed  with,  and  the  operation  will 
be  equally  indicated  by  writing  the  letters  in  succes- 
sion one  after  the  other.  Thus,  a  b  has  the  same 
signification  as  a  X  i,  or  a.b,  and  a5c,  the  same  as 
a  X  6  X  e,  or  a.6.e.  This  mode  of  expression  must 
evidentiy  be  confined  to  letters ;  for  in  the  common 
system  of  notation,  a  very  different  meaning  is  attached 
to  a  similar  arrangement  of  figures.  Thus,  8  x  4>  or 
8  multiplied  by  4,  if  vmtten  84,  would  be  confounded 
with  the  number  et$rA<y-/ottr. 

When  a  number  designated  by  a  letter  is  to  be 
added  to  itself  several  times,  the  letter  b  written  only 
once,  and  before  it  b  placed  the  figure  which  marks 
how  many  times  it  occurs,  and  which  is  termed  its 
eo^^ffieimt.  Thus,  instead  of  a-fa4-a  +  a-|-a-t-ap, 
we  vmte  6a,  when  we  ynah  to  express  that  a  is  to  be 
added  together  six  times ;  ukl  6  b  the  co-efficient 
of  a. 

When  a  similar  quantity  is  to  bei  multiplied  tiy 


sa 
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itself  several  times,  in  tills  cane  also  the  letter  is 
written  only  once,  and  abore  it  to  the  right  is  placed 
the  number  which  denotes  how  often  it  is  a  factor, 
and  which  is  termed  its  index,  or  exponent.  Thus, 
a  X  a,  or  a  a,  is  written  a',  and  is  called  the  $qnare, 
or  $eetmd  pmoer  of  a ;  aXaXa,  or  aaa,  a*,  and  is 
termed  the  cube,  or  third  power  of  a;  aXaXaXa, 
or  aaaa,  is  denoted  by  a\  and  is  the  fourth  power  of 
a  I  and  <p  is  the  n^  power,  and  represents  a  quantity 
composed  of  the  factor  a  occurring  n  times,  whatever 
number  n  may  represent. 

In  connection  with  the  raising  of  powers  is  another 
operation  directly  the  reverse,  called  the  extraction  of 
roots.  The  root  of  any  quantity  is  another  quantity, 
which,  multiplied  by  itself  a  certain  number  of  times 
according  to  the  denomination  of  that  root,  produces 
the  first  quantity.  Thus,  the  tqnare  root,  or,  as  it 
oight  more  properly  be  termed,  the  tecond  root  of  a, 
is  a  quantity,  which,  multiplied  by  itself  once,  or 
raised  to  its  square  or  second  power,  will  produce  a ; 
the  euhe  root  or  third  root  of  a,  is  a  quantity  which, 
when  multiplied  bv  itself  twice,  or  raised  to  its  cube 
or  third  power,  will  give  a ;  and  the  fourth  root  of  a 
is  One,  which  when  multiplied  by  itself  three  times, 
or  raised  to  its  fourth  power,  will  also  produce  a.  The 
operation  of  extracting  a  root  of  any  quantity  is  de- 
noted by  prefixing  to  that  quantity  the  radical  eign  ^, 
and  writing  above  it  the  number  denoting  the  power 
or  degree  of  the  root  to  be  extracted.  The  square 
root  of  a  is  expressed  by  *^a,  or  more  simply  by  ^a, 
the  cube  root  by  *|/a,  the  fourth  root  by  ^^a,  and 
the  tt^  root  by  V  a. 

It  is  particularity  necessary  for  the  beginner  tho- 
roughly to  understand  the  distinction  between  such 
expressions  as  3a,  and  a*,  as  from  an  insufficient 
attention  to  this  point  arise  much  perplexity  and 
confusion.  He  should  remember  the  operations  by 
which  each  of  them  respectively  is  obtained ;  that  3a 
represents  the  addition  of  a  three  times,  and  o^  the 
multiplication  of  a  three  times ;  that  in  the  latter  case 
the  number  3  is  an  exponent,  in  the  former,  merely  a 
co-^fficient.  The  difference  will  become  still  more 
apparent  by  writing  out  a  few  such  expretsions  at  fall 
length,  as  in  the  following  examples : 

a*^:a  X  a 
2a   =a-fa 
0*-|- J*=axaXo-|-ft  X  h 
3a-f-26  na  +  a-fo-f-ft  +  ft 

a*iza  XoXflXoxflXO 
6o   =:a -(-a -fa  +  a-f-a -(- a 

We  now  proceed  to  explain  the  mode  of  effecting 
the  ordinary  operations  of  arithmetic  upon  algebraic 
quantities  or  numbers  represented  by  letters,  prefix- 
ing however  a  few  preliminary  definitions  and  ob- 
servationb. 

DXFINITIONS. 

Every  collection  of  numbers  written  in  the  lan- 
guage of  algebra  is  termed  an  expression.  Thus, 
9  -}-  y  is  the  algebraical  expression  for  the  sum  of  the 
numbers  x  and  y;  and  3x —  Sy  +  4z  is  the  algebrai- 
cal expression  for  the  number  x  taken  three  times, 
(diminished  by  y  taken  eight  tinies,  and  increased  by  r 
taken  four  times. 

The  different  portions  of  which  an  expression  is 
composed,  and  which  are  connected  together  by  means 
ot'  the  signs  4-  and  — ,  are  called  tl^  terms  of  that 
expression.  Thus  3«,  8y,  and  4r,  are  the  terms  of 
3*—*  4-4x. 


Quantities  may  consist  of  one  or  more  terms ;  in 
the  former  case,  they  are  called  wumomiak,  or  simply 
terms;  in  the  latter,  they  are  designated  by  toe  ge* 
neral  appellation  of  polfmmiale.  Tliey  are  also  caUed 
6tiioiiitaiff  when  the  number  of  tenna  is  two,  and  /rt- 
nonUah  when  three. 

When  we  wish  to  indicate  that  any  operation  is  to 
be  performed  on  a  quantity  consisting  of  more  than  a 
single  term,  it  is  necessary  to  enclose  that  quantity  in 
brackets,  wrdraw  a  luie  over  it.  Thus  (a  -f  6)  (c  -f  <0 
or  a  -^  b.  c  -^  d,  means  tiiat  the  sum  of  a  and  ft  is  to 
be  multiplied  by  the  sum  of  e  and  d ;  and  is  thus 
written  m  order  to  distinguish  it  from  a-j-b,  c-^  d, 
which  means  simply  that  to  a  is  to  be  added  the  pro- 
duct of  b  and  c,  and  that  the  sum  is  to  be  increased 
by  d.  Again,  a —  (5 — c)  means  that  fhnn  a  is  to 
be  taken  b,  diminished  by  e;  a  —  b — e  would  signify 
that  both  b  and  c  were  to  be  subtracted  instead  of 
merely  their  difference  being  so.  An  attention  to 
this  point  is  also  indispensable,  in  indicating  the  ope- 
ration of  raising  powers ;  as  for  instance,  (a  +  6)  *  de- 
notes that  the  sum  of  a  and  6  is  to  be  multiplied  by 
itself  twice ;  while  a  +  6'  merely  implies  that  b  singly 
is  to  be  multiplied  by  itself  that  number  of  times,  and 
theproduct  added  to  a. 

llie  numerical  value  of  an  algebraical  exprestion  is 
the  number  which  would  result  from  the  performance 
of  all  the  operations  indicated  in  that  expression, 
were  particular  values  assigned  to  the  different  let- 
ters contained  in  it  $  and  generally  varies  vritii  those 
values.  Thus  the  numeriod  value  of  4  a*  is  16  when 
a  =  2 ;  36  when  aiz 3 ;  and  64  when  ai=  4. 

The  numerical  value  of  a  polynomial  is  not 
changed  by  altering  the  order  of  its  terms,  provided 
the  particolar  sign  of  each  be  retained.  For  instance, 
a  +  6  means  that  6  is  to  be  added  to  a,  and  6  +  a, 
that  a  is  to  be  added  to  b;  but  the  results  of  these 
two  additions  are  evidentiy  the  same;  therefore,  if 
for  the  one  expression  we  substitute  the  other,  we  do 
not  affect  its  iralue.  Similarly,  Sa-j-b — 4  c,  may  be 
written  6-f-3o — 4c,  or  b  —  4c+3a,  or  3a  —  4c 
-h  b,  or  — 4c  -h  3a  H-  6,  it  being  particularly  under- 
stood in  this  last  expression  that  4  c  is  considered  as 
to  be  subtracted  from  what  follows  it.  It  should, 
however,  be  well  remembered  that  all  these  are  dif- 
ferent expressions,  and  that  the  operations  indicated 
in  each  of  them  are  perfectiy  distinct ;  and  that  we 
substitute  tiiem  one  for  another,  not  because  the  ope- 
rations indicated  in  each  are  tide  same,  but  because 
when  performed  they  lead  to  the  same  conclusions. 

Of  the  different  terms  of  a  polynomial,  some  are 
preceded  by  the  sign  -f-,  some  by  that  of  — ;  the 
former  are  called  positive  terms  or  quantities,  and  the 
latter  negative  ones.  Using  these  symbols  in  the 
signification  which  we  have  attached  to  them,  a  posi- 
tive quantity  is  a  quantity  to  be  added,  and  a  negative 
quantity  a  quantity  to  be  subtracted.  The  perform- 
ance of  eitiier  of  these  operations  necessarily  implies 
a  connection  with  some  other  quantity ;  for  we  can- 
not add  a  quantity  unless  we  have  something  to  which 
to  add  it,  or  subtract  one  unless  we  have  something 
from  which  to  subtract  it.  Hence,  according  to  this 
definition,  an  isolated  term  to  which  either  of  the 
signs  -H  or  —  is  prefixed,  such  as  +  a  or  —  a,  is 
unintelligible ;  it  directs  us  to  perform  upon  a  single 
term  an  operation,  to  the  performance  of  which  two 
are  essential.  There  is,  it  may  be  remarked,  an  ex- 
tention  of  the  use  of  the  sign  +>  to  which  we  shall 
<come  presently,  introduced  purely  for  the  sake  q£ 
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wad  which  consiatB  in  regaidihg  the  first 
tmrn  of  an  expresuon  to  i^iich  no  sign  is  prefixed,  to 
be  as  effectnalfy  preceded  by  +  for  all  the  purposes 
of  ceitaia  ciperadons,  as  if  +  actually  stood  before  it; 
iBd  also  a  oonventiQiial  usage  of  bodi  +  and — ,  in  a 
sense  somewhat  different  from,  though  analogous  to, 
tfasft  conrefed  by  the  ordinary  definition ;  of  this  lat- 
ter we  shall  speak  hereafter. 

Farh  nf  f br  literal  foctors  composing  a  term  is  said 
to  be  a  dimmmou  d  that  term,  and  the  number  of 
its  dimensions  determines  its  degree.  Thus,  2a  b  a 
term  of  one  dimension,  or  of  i£d  first  degree ;  8  ab, 
one  oi  two  dimensions,  or  of  the  second  degree,  and 
10«*  fo  c*,  one  of  nine  dimensions,  or  of  Uie  ninth 
degree*  tlMe  factor  a  occurring  twice,  b  three  times, 
and  c  Umr  times.  Similarly,  3  a*  6^  c7  d*  is  a  tenn  of 
twen^-four  dimensions,  or  of  the  twenty-fourth  de- 
gree; and  upon  taking  a  number  of  terms  similar  to 
Ais  and  the  preceding,  in  whidi  each  of  the  letters 
has  an  eiponent  attached  to  it,  we  should  find  that 
genctaUy  the  degree  or  number  of  dimensions  of  a 
tenn  may  be  ascertained  by  the  addition  of  the  expo- 
nents of  tlie  letters  contained  in  it.  But  this  rule 
evidently  cannot  apply  to  the  case  of  Sab,  neither  of 
the  letters  of  which  has  any  expcment ;  but  it  will 
apply  if  we  slightly  extend  our  notation  of  expon^its, 
and  represent  a  and  b,  as  according  to  analogy  they 
on^it  to  be  represented,  namely  by  a*  and  6',  which 
we  may  term  jSrel  powen  of  a  and  b.  We  are  thus 
ffubM  to  comprise  under  one  rule  that  which  would 
otherwise  require  two. 

Uke  ierwu  are  those  which  consist  of  the  same 
letters  raised  to  the  same  powers,  and  which  differ,  if 
at  aU,  only  in  their  co-^cioits ;  as  iab  and  4ab, 
6P  c3  fts  and22s>  6^.  When  they  differ  in  other  re- 
spccts»  they  are  called  nuUke  terms.  It  frequently 
happens  that  several  of  the  tenns  of  a  polynomial  are 
aGke ;  in  soch  a  case  it  is  capaUe  of  being  simplified. 
Tfans,  4«  +  3a&>  +  S&  —  6a6<  — -  36 -I- 120^  ~  30^2 
— Sfr,  may  be  written  4a  -|-  2a^  4-  12a^  —  6ab*  — 
3aP  -f  86  —  36 —  7b,  without  altering  its  value ;  but 
sP  taken  twio^  added  to  oi*  taken  twelve  times,  is 
evidently  ois  taken  2  -|- 12,  or  14  times ;  and  1406^ 
diminished,  first  by  6  times  and  then  by  3  times  ab^, 
as  the  same  as  1400*  diminished  by  9  times  at^^,  which 
b  5nC  Sunilarly,  8  times  b,  diminished  by  3  times 
h  and  by  twice  6,  is  3  times  b ;  therefore  the  original 
polynonnal  ma^r  be  reduced  to  the  form  of  4a  +  ^^ 
^4-  3i.  From  this  and  other  examples  of  this  sort,  wc 
deduce  the  following  rule  for  the  reduction  of  the  like 
tenns  of  an  expression  : — Collect  into  a  single  term 
nil  the  like  terms  preceded  by  -|-,  by  adding  together 
their  co-efficients  and  prefixing  the  sum  as  a  co-offi- 
cicst  to  the  literal  portion  common  to  all;  in  a  similar 
mannrr  collect  into  a  single  term  all  the  like  terms 
pneeded  by — ;  if  the  co-efficient  of  the  former  of  the 
single  terms  thus  obtained  be  as  great  as  that  of  the 
latter,  subtract  that  of  the  latter  from  it,  and  the  term 
obtained  by  prefixing  the  difference  to  the  literal  por- 
tion common  to  both,  will  be  the  lowest  reduced  form 
of  the  given  expression ;  but  if  the  co-efficient  of  the 
lUmcr  of  the  single  terms  be  not  so  great  as  that  of 
the  latter,  the  latter  preceded  by  its  sign  of  subtrac- 
tion mast  be  written  after  the  former,  as  an  indication 
of  die  operation,  and  the  expression  thus  obtained  will 
be  the  lowest  reduced  form. 

Haeie  are  howev^  two  cases  in  which  this  rule  does 
not  apply,  namely,  when  any  one  of  the  like  terms  has 
nt  co-cficient,  and  when  any  one  has  no  sign.    Thus 


a  -H  3a  is  an  expression,  both  the  terms  of  irhlch  hxt 
like,  and  which  we  perceive  by  writing  it  at  foil 
length  is  equal  to  4a ;  but  if  we  reduce  it  according  to 
the  rule,  we  obtain  only  3a,  a  result  which  is  too 
small.  The  rule  is  therefore  inapplicable  to  this  case/ 
and  for  this  reason,  that  it  proceeds  upon  the  suppo- 
sition of  every  term  possessmg  a  co-efficient,  while 
from  the  sense  in  which  we  employ  that  symbol,  a 
letter  occurring  singly,  as  a,  has  none.  But  it  will 
be  rendered  applicable,  and  we  shall  obtain  a  correct 
result  if  we  extend  our  definition  of  a  co-efficient  as 
we  have  already  extended  that  of  an  exponent,  and 
represent  a  as  from  analogy  it  might  be  represented, 
namely,  by  la.  We  therefore  consider  a  always 
to  stand  for  la,  or  rather  taking  into  account  our 
late  extension  of  the  meanmg  of  exponent  for  la'^ 
although  it  is  simply  written  a. 

The  second  case  in  which  the  rule  is  inapplicable 
is  when  the  first  term  of  a  polynomial,  which  has 
no  sign  prefixed  to  it,  is  one  of  Uie  like  terms.  The 
meaning  we  have  attached  to  the  signs  -f  and  —  is 
that  of  symbols  serving  to  connect  one  quantity  with 
other  quantities,  by  being  prefixed  to  those  others,r 
and  to  denote  that  certain  arithmetical  operations  are 
to  be  performed  on  them  by  means  of  the  first  one« 
But  the  first  quantity  being  that  to  which  the  opera- 
tions on  the  others  are  to  be  referred,  is  not  consi- 
dered to  be  added  to,  or  subtracted  from,  any  pre- 
vious one,  and  therefore  has  no  sign  placed  before  it. 
Our  rule  embraces  only  the  cases  in  which  every  one 
of  the  like  terms  is  preceded  by  a  sign ;  but  it  may  be 
rendered  applicable  to  those  m  which  none  is  pre- 
fixed to  the  first  term,  by  supposing  that  term  to  be* 
for  the  purposes  of  this  operation,  preceded  by  +  ^ 
and  the  results  obtained  by  proceeding  on  this  sup- 
position will  be  correct. 

ADDITION. 

The  addition  of  quantities  ccmsisting  of  a  single 
term  is  indicated  by  connecting  them  with  the  sign 
+ ;  thus  a  4-  6  means  that  6  b  to  be  added  to  a.  We 
cannot  actually  perform  the  operation  so  indicated; 
because  the  letters  a  and  6  signify  nothing  in  them- 
selves :  we  express  the  sum  of  6  and  4  by  10,  because 
each  of  those  numbers  possesses  a  definite  meaning, 
which  enables  us  to  say  that  the  idea  we  attach  to 
their  sum  is  the  same  vrith  that  which  we  attach  to 
the  number  10.  But  as  a  snd  h  are  indefibite  symbols 
with  our  ideas  of  which  no  p&rticular  values  are  con- 
nected, their  sum  must  necessarily  be  indefinite  also, 
until  we  assign  some  value  to  them.  When  we  write 
a  4-  6  then,  we  do  not  actually  perform  an  addition, 
but  rather  indicate  that  that  operation  is  to  be  per-^ 
formed  when  values  are  given  to  a  and  (. 

Again,  8a^  b,  6a  ^b  and  13  a^  (  are  to  be  added  to- 
gether ;  their  sum  is  represented  by  8  a  ^6  -}-  6  0^6  -(- 
13as6.  This  expression  we  observe  b  capable  of 
reduction,  as  it  contains  like  quantities ;  and  tlie  result 
of  that  operation  b  27  a*  b. 

Hence  the  addition  of  monomiab  consists  strictly  in 
merely  connecting  the  quantities  to  be  added  by  the 
sign  +  ;  the  subsequent  simplification  of  the  expres- 
sion so  obtained  b  referred  to  the  operation  of  re- 
duction. 

Let  it  be  required  to  add  the  polynomial  c — d  to 
that  of  a — 6.  If  we  add  c  to  a,  we  obtain  a  -|-  c ;  this 
sum  b,  however,  too  much,  for  it  b  not  a  which  is  to 
be  increased  by  c,  but  a — 6,  or  a  4iminbhed  by  6; 
it  must  therefore  be  decreased^  by  b^  and  will  become 
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a  -f  e — h;  bat  the  result  which  we  hsre  is  again  too 
great,  because  it  is  not  c  which  is  to  be  added,  but 
e — d,  or  e  diminished  by  d;  we  most  therefore  de- 
crease it  by  d,  and  it  will  then  become  o  -f  c — b — d, 
or  a — b  -f  c—- <f.  Similar  reascmings  might  be  ap- 
plied to  otiier  polynomials,  and  we  may  hence  deduce 
this  rule  for  the  aiddition  of  two  or  more  polynomials. 
Write  the  proposed  quantities  in  succession  one  after 
the  other,  preserving  to  each  term  its  respective  sign, 
and  simplify  the  result  by  the  reduction  and  collection 
into  one  term  of  all  the  like  quantities. 

It  is  evident  that  this  rule  cannot  apply  to  the 
first  term  of  a  pol3^omial  which  is  to  be  added, 
when  that  term  has  no  sign  prefixed  to  it.  Thus, 
in  proceeding  to  add  e — d  to  a — b,  according  to 
the  rule,  we  find  that  e  has  no  sign  by  which  to 
connect  it  with  that  expression.  If  we  look,  how- 
ever, to  the  result  which  we  obtained,  without  refe- 
rence to  the  rule,  we  find  that  £  is  preceded  by  the 
sign  -h*  Hence,  in  order  to  produce  a  correct  result 
according  to  the  rule,  we  must  suppose  c  in  the  ex- 
pression c — d  to  be  preceded  by  +.  Further  ex- 
amples would  give  similar  results ;  hence,  in  order  to 
avoid  the  necessity  of  a  second  rule,  to  apply  specially 
to  the  first  term  when  it  has  no  sign,  we  consider 
that  term  to  be  for  the  purposes  of  this  operation, 
preceded  by  -f ,  although  that  sign  is  not  actually 
placed  before  it,  as  by  so  doing  we  are  enisled  to 
obtain  correct  results. 

SUBTRACTION. 

Let  us  proceed  to  subtraction;  4&  is  to  be  sub- 
tracted from  6a,  the  result  is  expressed  by  6a — 46. 
Similarly,  II ab^  subtracted  from  15a6>,  is  ISo^*  — 
llab^,  or  4 ab\ 

Again,  it  is  required  to  subtract  the  polynomial 
a — h  from  c,  which  operation  is  indicated  by  c — (a 
—6).  We  must,  however,  reduce  this  expression  to 
one  polynomial ;  for  that  purpose  we  take  a  from  c, 
and  obtain  c — a ;  but  we  have  taken  too  much  from 
e,  for  it  is  not  o  that  is  to  be  subtracted  from  that 

auantity,  but  a  diminished  by  b;  the  result  must 
lierefore  be  increased  by  b,  in  order  to  restore  the 
excess  of  what  we  have  taken  above  what  we  ought 
to  have  taken,  and  it  then  becomes  c — a-^-b.  If 
the  polynomial  to  be  subtracted  from  c  be  a  -|-  6, 
both  a  and  6  are  to  be  subtracted,  and  the  result  is 
c — a — b.    Or  our  two  results  are, 

c— (a — 6)=zc — a  +  b, 
e — (a  -|-6)  =:c — a — b. 

From  these  we  observe,  that  to  subtract  a — b  from 
c,  we  have  simply  written  it  after  that  quantity,  with 
this  alteration  however  of  prefixing  to  each  of  its 
terms  the  contrary  sign  to  that  which  was  attached 
to  it  in  the  original  form.  It  is  evident  that  the  same 
result  must  be  obtained  in  the  subtraction  of  quan- 
tities of  more  than  two  terms,  in  short  of  any  polyno- 
mials, and  hence  we  derive  the  following  rule :  To 
subtract  a  polynomial,  write  it  after  the  quantity 
from  which  it  is  to  be  subtracted,  at  the  same  time 
changing  the  sign  of  every  one  of  its  terms  from  +  to 
— ,  or  from  —  to  -f ,  and  simplify  by  the  reduction  cf 
the  like  quantities. 

With  regard  to  that  portion  of  the  rule  which 
relates  to  &e  changing  of  signs,  it  is  evident  that  in 
order  to  render  it  applicable  to  terms  which  have  no 
sign  at  all.  we  must,  as  in  the  case  of  the  operation 
OT^addition,  consider  such  terms  to  be  preceded  by 
-|-.    By  an  attention  to  this  point,  we  shall  be  en- 


abled to  obtain  correct  results  in  all  cases  under  tlie 
rule  we  have  given. 

MULTIPUOATION. 

It  is  proved  in  arithmetic  that  the  product  of  two 
or  more  numbers  is  the  same  whatever  be  the  order 
in  which  they  are  multiplied ;  therefore  if  a  is  to  be 
multiplied  by  b,  it  is  indifferent  whether  we  write  the 
product  ab  or  ba,  ma  being  regarded  as  a  funda- 
mental principle,  we  proceed  to  the  multiplication  of 
quantities  consisting  each  of  a  single  term,  as  6a  V 
and  4a6*.  The  product  of  these  is  6a  *6*  X  4a6*« 
Now  if  we  restore  each  of  these  terms  to  its  original 
form,  of  which  the  present  b  merely  a  representataoBf 
the  expression  becomes  6xaXax6x6x6x4X 
ax  bxb.  But  as  the  product  of  these  terms  is  the 
same  whatever  be  the  order  in  whidi  we  multiply 
them,  therdbre  the  expreenon  may  be  written  6X4 
XaXaXaXbxbXbX  bxb,  or  6X4X  aaabbb 
bb ;  and  as  6  X  4,  or  six  taken  four  times,  b  34,  thb 
last  expression  is  represented  by  94a  '6*.  We  observe 
that  the  exponent  of  a  in  the  product  b  the  sum  of 
the  exponents  of  that  letter  in  the  two  quantities  to 
be  multiplied,  as  b  abo  that  of  b.  Thus  o^  represents 
aa,  which  multiplied  by  a,  b  ooo,  or  a* ;  £^  rei^e- 
sents  bbb,  and  b^,  bb;  whence  &*  X  6<  b  bbiAb, 
which  b  indicated  by  6*.  Similarly,  we  find  the  pro- 
duct of  an^  two  powers  of  the  same  quantity  to  be 
that  quantity  rabed  to  the  power  denoted  by  the  sum 
of  the  exponents  of  each  factor  contained  in  it.  Thb 
b  expressed  generally  by  a*  X  o"  =  0^*»,  m  and  • 
representing  any  numbers  whatsoever.  Therefore  to 
multiply  two  quantities  composed  of  a  single  t^m^ 
write  down  every  letter  which  occurs  in  either  of  them» 
giving  to  each  for  exponent  the  sum  of  the  exponents 
of  that  same  letter  in  the  two  quantities ;  to  thb  prefix 
die  product  of  the  two  co-efficients,  and  the  expres- 
sion obtained  will  be  the  product  required. 

The  advantage  of  the  extension  of  the  notation  of 
exponents  and  of  co-efficients  to  single  factors  of  a 
letter,  by  giving  each,  unity  for  index  or  co-efficient» 
as  in  representing  a  and  b  by  la*  and  W,  b  now  appa- 
rent Had  we  not  done  so,  the  above  rule  Would  not 
have  been  universal. 

It  is  evident  that  the  number  of  single  factors  con- 
tained in  the  product  of  two  monomiab  b  equal  to 
the  sum  of  the  number  of  factors  contained  in  each  of 
them ;  or  the  number  of  the  dimensions  of  the  pro- 
duct b  equal  to  the  sum  of  the  dimensions  of  the  two 
monomials. 

Let  us  now  proceed  to  the  multiplication  of  quan- 
tities consisting  of  more  than  a  single  term,  as  a  and 
6  -f  c.  Tlie  product  of  these  b  a  (6  -f  c),  composed 
of  two  separate  expressions,  whidi  it  may  be  neces- 
sary to  reduce  to  a  sin^e  one.  To  effect  thb,  we 
multiply  a  by  b,  and  obtain  ab ;  thb  however  b  not 
enough,  it  b  only  a  taken  b,  instead  of  b-^e,  times ; 
we  must  therefore  take  it  e  times  more,  which  gives 
us  oc  to  be  added  to  ab.  The  required  product  b 
then  ab  -^  ac.  Again,  a  multiplied  by  b  —  e,iB  m 
(b  —  c),  which  indicates  that  a  b  to  be  taken  the 
number  of  times  contained  in  b  diminished  by  c.  If 
then  we  take  a,  b  times,  or  ab,  we  have  taken  it  too 
often  by  e  times ;  it  must  therefore  be  subtracted  finom 
that  product  c  times,  which  gives  the  result  ab^—ae. 

Let  it  now  be  proposed  to  multiply  a  +  &  by  e  -|-  4. 
Consider  c-f  <f  as  a  single  term ;  and  (a  -I-  &)  (c  -f  4 
becomes  a{c  +  d)  -^bie-^-  d),  which,  from  what  we 
have  just  seen,  b  equal  to  (oe  -f  a^  +  (6c  +  bd),  ot 
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«r  +  orf  +  6e  +  M.  Also  (a — b)  (e  +  d)  becomes  a 
ieA-d)  — b(e-^d),  which  is  equal  to  (ac-^  ad)  — 
(jbe-^bd),  or  fle-foJ — be — bd,  according  to  the 
rale  for  snbtractioii.  Similarly  (a-^b)  (c — d),  re^ 
jarding  e — i^as  a  single  term,,  becomes  a  (e — d)  -^^  b 
(c— rf),  whidt  is  iie-*o(f  +  6e — W;  and  (a — A) 
(c — it)  is  a  (c — d)  — 6(c — d),  which  is  equal  to 
im — ad) — (4c — W),  oroc  — «d— 60  + W. 

bk  fxanwiing  Uie  above  results,  we  observe  that 
tke  foUowing  principles  regulate  the  signs  to  be  pre- 
kaed  to  the  different  terms  which  ^ey  contain. 

When  each  of  the  two  terms  whidi  compose  any 
tenn  in  tlie  product  is  preceded  by  -|-,  the  sign  of  that 
term  is  also  -|-. 

When  the  sign  of  one  of  the  terms  is  +,  and  of 
the  olfaer-^,  that  of  the  term  which  is  composed  of 
them  is  — . 

¥fheB  each  of  the  terms  is  preceded  by  — ,  the 
sign  of  die  term  whidi  they  compose  is  -f . 

Hence  we  deduce  the  following  rule  for  the  multi- 
flication  of  two  polynomiate :  multiply  each  term  of 
the  one  by  each  term  of  the  other,  and  whenever  both 
of  the  terms  so  multiplied  have  the  same  sign,  prefix 
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any  two  polynomials  be  unsusceptible  of  reduction, 
then  the  number  of  teims  contained  in  it  is  equal  to 
the  product  of  the  number  of  terms  in  the  multiph- 
caad,  multiplied  by  the  number  of  those  in  the  mul- 
tiplier. This  is  an  evident  consequence  of  the  nature 
of  the  multiplication  of  polynomials.  If,  however, 
the  product  be  capable  of  being  reduced,  then,  of 
course,  when  that  operation  has  been  perfonned,  tl^ 
number  of  its  terms  is  less.  But  there  are  always  two 
of  its  terms  which  never  can  be  reduced  by  incorpora- 
tion with  any  others,  namely :  1^,  the  term  resulting 
from  the  multiplication  of  that  term  of  the  multipli*> 
cand  which  contains  the  highest  power  of  one  of  the 
letters,  by  that  term  of  the  multiplier  which  contains 
the  highest  power  of  the  same  letter ;  2^,  the  term 
resulting  from  the  multiplication  of  the  two  terms 
containing  the  lowest  powers  of  the  same  letter  in  the 
nraltipUcand  and  multiplier.  For  these  products  must 
contain  a  power  of  that,  letter  higher  and  lower  than 
any  other  partial  products,  which  consequently  cannot 
be  like  term9  in  regard  to  them. 

As  the  operations  of  algebra  are  effected  on  letters 

which  represent  no  particular  numbers,  and  which 

4- to  their  product ;  but  when  their  signs  are  different,  J  consequently  may  be  made  to  stand  for  any,  their 


prefix  —  to  the  product ;  and  connect  the  partial  pro- 
ducts so  obtained  by  their  respestive  signs.  It  is 
CTident,  diat  in  order  to  render  this  rule  applicable  to 
Ae  first  term  of  the  multiplicand,  when  tluM;  term  has 
mo  mgOp  we  most,  as  in  the  case  of  the  operations  of 
addition  and  subtraction,  consider  it  to  be  preceded 
by  -I-,  as  by  so  doing  we  shall  obtain  correct  results, 
and  include  under  one  rule  that  which  would  other- 
wise require  two. 

A  lew  examples  will  serve  to  render  the  principle 
«poa  which  is  deduced  tiiat  portion  of  the  rule  which 
idates  to  the  signs  of  the  terms  of  the  product,  clearer 
and  more  apparent  than  any  abstract  reasonings  on 
die  nature  of  positive  and  negative  terms,  which,  be 
it  remembered,  according  to  the  meaning  we  have  as 
yet  sttadied  to  diose  quantities,  exist  only  in  con- 
nexion with  others. 

Hie  following  remarks  upon  the  multiplication  of 
potynomiab  are  important  to  be  attended  to : 

When  all  the  terms  of  a  polynomial  contain  the 
■OM  number  of  dimensions,  or,  in  other  words, 
are  of  the  same  degree,  the  polynomial  is  said  to  be 


The  prodoct  of  two  homogeneous  polynomials  is 
mogeneotts.  For  all  &e  terms  of  the  multi- 
cootain  by  the  definition  of  homogeneous,  the 
number  of  fetctors,  as  also  do  all  those  of  the 
mnhipUer ;  hence,  if  the  number  of  factors  in  any  one 
tens  of  the  former  be  added  to  the  number  of  factors 
in  any  one  term  of  the  latter,  the  sum  will  alwa3rs  be 
die  same.  But  evoy  one  of  the  terms  of  the  product 
is  Ibnned  by  the  multiplication  of  a  term  of  the  mul- 
tipKcMid  by  a  term  of  the  multiplier,  and  the  number 
of  tetors  containfd  in  it  is  the  sum  of  the  numbers 
mwtamfri  in  those  two  terms ;  therefore  the  number 
of  foctoffs  in  every  term  of  the  product  is  the  same, 
being  compoeed  of  the  same  sum,  or  the  product  is 
hamogr  neons.  Hiis  circumstance  affords  us  an  easy 
method  of  detecting  errors  in  the  exponents  of  letters 
IB  the  mnitipKcation  of  homogeneous  polynomials. 
For  instance,  if  one  of  the  terms  of  the  product  has  6 
AmcDakms,  and  all  the  others  7»  it  is  a  manifest  indi- 
cation of  a  mistake  having  been  committed  in  the  ad- 
dition of  the  exponents. 

If  the  product  obtained  by  the  multiplication  of 


results  must  be  true  for  all  numbers  whatsoever;  and 
as  the  nature  of  those  operations  allow  us  to  perceive 
how  their  results  are  constituted,  and  to  observe  the 
different  portions  of  the  quantities  operated  on  which 
enter  into  their  composition,  we  are  enabled  to  ascer- 
tain certain  general  properties  of  numbers  which  are 
independent  of  any  system  of  numeration.  The  fol- 
lowing are  remarkable  exemplifications  of  this  obser- 
vation, and  in  the  form  we  have  given  them  will  be 
useful  exercises. 

It  is  required  to  prove 

l^.  That 

(a  +  6)  (fl  -f  6)  =  a«  -f  2ab  +  6«; 
or,  that  the  square  of  the  sum  of  two  quantities  is 
equal  to  the  square  of  the  first  quantity,  plus  the 
square  of  the  second,  plus  twice  the  product  of  the 
first  and  second. 

2®.  That 

(a  —  6)  (a  —  6)  ==  a«  —  2a5  -f  i*; 
or,  that  the  square  of  the  difference  of  two  quantities 
is  equal  to  the  square  of  the  first,  plus  the  square  of 
the  second,  minus  twice  the  product  of  the  first  and 
second. 

3®.  That 

(a +  6)  (a  — 6)  =  a«  — 6«; 
or,  that  the  product  of  the  sum  and  difference  of  two 
quantities  is  equal  to  the  difference  of  their  squares. 

These  examples  are  of  very  frequent  occurrence  in 
algebra,  and  their  results  should  be  well  remembered, 
as,  by  employing  them  in  combination,  we  are  enabled 
in  certain  cases  to  find  the  product  of  polynomials 
more  expeditiously  than  by  the  ordinary  method. 
Thus  if  3a*  —  65  -f  2a6  is  to  be  multiplied  by  3a*  — 
Sb  —  2ah,  we  observe  that  the  former  of  these  expres- 
sions is  the  sum  of  3a*  —  6b  and  2a&,  and  the  latter 
their  difference ;  therefore  their  product  should  be 
equal,  by  (3^,  to  (3a«  —  6ft)«  —  (2a6)«,  which  by 
(1^  is  equal  to  9a«—  30a*b  +  2bb*  —  ^a*b*. 

Division. 

In  algebra,  as  in  arithmetic,  the  operation  of  divi- 
sion  is  the  reverse  of  that  of  multiplication.  In  the 
performance  of  multiplication,  our  object  is  to  find  a 
quantity  which  shall  contain  another  quantity  a  cer- 
tain number  of  times  j  in  that  of  division,  it  is  to 
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ascertain  how  many  times  one  quantity  is  contained 
in,  or  can  be  subtracted  from,  another.  In  the  one 
case,  the  two  factors  are  given,  and  the  product  is 
required ;  in  the  other,  the  product  and  one  of  the 
factors  is  given,  and  the  remaining  factor  is  required. 
Let  us  suppose  that  36a*  is  to  be  divided  by  4a', 

which  is  indicated  by    ^  ..    To  effect  this  division, 

4a* 

it  is  required  to  find  a  third  quantity,  which  multi- 
plied by  4a3,  shall  produce  36a*.  According  to  the 
rule  laid  down  for  the  multiplication  of  monomials, 
this  quantity  must  be  such,  that  its  co-efficient  mul- 
tiplied by  4,  may  give  36,  and  that  the  exponent  of 
the  letter  a  in  it,  added  to  2,  the  exponent  of  the  let- 
ter a  in  the  divisor,  may  be  equal  to  4,  the  exponent 
of  that  same  letter  in  the  dividend.  The  co-efficient 
of  this  required  quantity  must  then  be  36  divided  by 
4,  or  9,  and  its  exponent,  4-r-'2,  or  2 ;  and  the  qum. 
City  itself  therefore  9a^.    Similarly, 

-—-r-r — =--a4— »6'— 'c=5a«&»c. 
3a^b  3 

Kence,  to  effect  the  division  of  monomials,  divide  the 
co-efficient  of  the  dividend  by  that  of  the  divisor; 
subtract  the  exponent  of  each  letter  in  the  former 
from  that  of  the  same  letter  in  the  latter,  and  the  re- 
mainder will  be  the  exponent  of  that  letter  in  the 
quotient ;  and  write  after  the  result  thus  obtained, 
all  the  letters  which  enter  only  into  the  dividend,  and 
not  into  the  divisor,  preserving  to  each  its  particular 
exponent. 

If  we  apply  this  rule  to  the  division  of  such  ex- 
pressions as  a*  by  a*,  in  which  the  letter  has  the  same 
exponent  in  the  dividend  and  the  divisor,  since  4  sub- 
tracted from  4  leaves  0,  the  result  is  a\  a  new  sym- 
bol to  which  we  have  as  yet  attached  no  meaning. 
In  order  to  ascertain  what  significhtion  we  ought  to 
attach  to  sucb  an  expression,  we  recur  to  its  origin, 
and  find  that  it  b  the  result  of  an  operation  performed 
cccording  to  a  certain  rule  upon  a  particular  case, 
for  which  that  rule  was  never  intended,  and  to  which 
if  we  apply  the  common  principles  of  division,  we 
shall  obtain  unity  for  result.  For  by  the  nature  of 
division,  a*  divided  by  a*,  is  1 ;  that  is  to  say,  the 
number  of  times  which  a*  contains  a*  is  one.  There- 
fore as  a®  is  an  unintelligible  result  which  has  no  sig- 
nification, we  agree  that  it  shall  represent  the  intelli- 
gible result  obtained  by  the  performance  in  a  different 
manner  of  the  same  operation  by  which  it  is  itself 
produced.    Hence  we  say  that 

a^=l. 

Whenever,  therefore,  in  the  solution  of  a  question  we 
meet  with  a  letter  which  has  0  for  exponent,  we  may 
conbider  it  as  an  indication  that  we  have  in  a  previ- 
ous stage  of  the  investigation  divided  a  power  of  that 
letter  by  itself  according  to  the  common  rule,  and 
have  neglected  to  remark  that  the  quotient  is  1,  which 
we  ought  therefore  now  to  substitute  for  the  symbol 
which  we  then  adopted  in  its  place.  The  advantage 
which  we  derive  from  the  employment  of  this  symbol 
in  this  .conventional  signification  is,  that  it  enables 
us  to  retain  in  our  calculations,  as  is  frequently  ne- 
cessary, the  trace  of  a  letter  which  entered  into  the 
original  expression  of  the  question  to  which  they  re- 
late, but  which  has  since  disappeared  through  the 
performance  of  a  division ;  and  this  without  at  the 
same  time  m  the  slighest  degree  affecting  the  result 
of  those  calculations. 


It  is  evident,  ttom  the  abovie  rule,  that  the  concur- 
rence of  three  conditions  is  necessary  in  order  that 
the  division  of  monomials  may  be  possible : — 1^,  tiiat 
the  co-efficient  of  the  dividend  should  be  divisible  by 
that  of  the  divisor ;  2^,  that  there  should  be  no  higher 
powers  of  any  letters  in  the  divisor  than  those  of  the 
same  letters  in  the  dividend ;  3^,  that  no  letter  should 
enter  into  the  divisor  which  does  not  also  enter  into 
the  dividend.  If  any  single  one  of  these  conditions 
be  not  fulfilled,  the  quotient  can  only  be  obtained 
under  the  form  of  a  Jractumal  numomud,  that  is,  a 
monomial  which  cannot  be  expressed  without  em- 
ploying the  sign  of  division,  but  which  can  firequentiy 
be  simplified. 

Thus  suppose  that  6a  '6  scd  is  to  be  divided  by  4a' 
b<fl.  In  the  first  place  the  co-efficient  6  is  not  divi. 
sible  exactiy  by  the  co-efficient  4 ;  and  secondly,  there 
is  a  higher  power  of  e  in  the  divisor  than  in  the  di- 
vidend, therefore  we  can  only  obtain  the  quotient 

6aS6'ccr 

under  the  form  of  .    ^.^   *    But  as  both  the  divi* 

4a  'b<fi 

dend  and  divisor  contain  the  common  factors  2,  a% 
b,  and  c,  the  quotient  will  not  be  affected  by  striking 
those  factors  out  of  each,  and  it  will  then  become 

3abd 
q    '    We  may  satisfy  ourselves  of  the  correctness 

of  the  result  we  have  obtained  in  multiplying  it  by 
the  divisor,  when  it  ought  to  produce  the  dividend. 

3ahd 
Thus  -T—  X  4a>  6c8  is  3aW,  divided  by  2c,  and  mui- 

tiplied  by  2c  X  2a  -be,  which  is  equivalent  to  4a-  ^; 
or  as  3abd,  first  divided  by  2c,  and  then  multiplied 
by  the  same  quantity,  is  evidently  but  3aM;  the 
product  is  equal  to  3abd  X  2a'  be,  or  to  6a^  b*  cd. 

Hence  when  the  division  of  two  monomials  is  im- 
possible, indicate  the  performance  of  the  operation  by 
writing  the  divisor  below  the  dividend  with  a  line 
between  them,  in  the  form  of  a  fraction  ;  strike  out 
the  greatest  common  factor  of  the  two  co-*efficient8, 
subtract  the  exponent  of  the  lower  power  of  every 
letter  which  is  common  to  both  the  dividend  and  di- 
visor from  that  of  the  higher  power  of  the  same  letter^ 
and  write  that  letter  with  the  difference  for  its  expo- 
nent in  the  term  of  the  fraction  to  which  the  higher 
power  belongs.  The  expression  which  remains  after 
these  operations  have  been  performed,  will  be  the 
most  simple  form  in  which  we  can  obtain  the  quo- 
tient. According  to  this  rule  it  will  be  be  found 
that 

48a'6«crf3         4ad« 


And 


36a*b»c*de^  3bce 
37ab  *c  *rf     _  375  <? 
6a^bc*d*     '^  6aHL 


The  division  of  polynomials  is  more  complicated 
than  tliat  of  monomials,  and  the  principles  in  which 
it  is  performed  may  be  illustrated  in  the  following 
manner :  Let  A  represent  an  expression  which  is  U. 
be  divided  by  N,  and  Q,  the  quotient  of  the  two. 
If  the  operation  can  be  performed  without  any  re- 
mamder,  then  A  =  QN,  for  by  the  nature  of  division 
the  quotient  is  an  expression  which  when  multiplied 
by  the  divisor,  will  give  the  dividend.    Suppose  Q 

to  consist  of  several  terms,  and  to  be  equal  to  o h 

+  c  -I-  d,  then  restating  our  equation,  we  have 

(1.)  A  =  QN. 

(2.)  Q  =  a  — 6  +  c4-rf. 
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SoMitatiiig  for  Q  in  0*)  it^  equindent  in  (2.) 

A=(a  —  6-fc  +  d)N. 
(3.)  =  oN  —  6N  +  cN  +  <iN. 

Snppoae  that  we  have  found  the  first  term  a  of  the 
qaotient ;  then,  as  N  which  is  the  divisor  is  known, 
aN  J8  abo  known.  Subtract  this  last  term  from  the 
equal  quantities  A  and  oN  —  6N  +  cN  +  <^ ;  the 
remainders  will  of  course  be  equal,  or 

A  —  aN  =  —  6N  +  cN  +  dN. 
(4.)  =  (—  6  +  c  +  d)  N. 

Now  A  —  oN  is  the  remainder  which  is  obtained 
bf  multiplying  the  term  of  the  quotient  a,  which  we 
have  found  by  the  divisor  N,  and  subtracting  the 
product  from  A.  For  the  sake  of  convenience,  call 
this  ronainder  B ;  then 

(5.)  B=  (—i  +  c-f  d)N. 

or,  if  B  be  regarded  as  a  dividend,  and  N  still  con- 
tinue ^be  divisor,  ( —  6  +  c  -f  d)  will  be  the  quotient, 
whkh  is  all  the  first  quotient  with  the  exception  of 
the  part  of  it  which  we  have  found.  Let  us  proceed 
with  this  new  dividend  as  with  the  first  one ;  that  b, 
suppose  that  we  have  by  some  means  found  h,  and 
that  its  sign  in  the  quotient  is  — ;  we  therefore  have 
hS.  Add  this  latter  expression  to  both  of  the  equal 
quantities  B  and  ( —  5  -)-  c  +  <^)  N,  and  the  sums 
will  be  equal ;  ot 

B  4-  iN  =  —  *N  -f  cN  +  JN  +  ftN  =  cN  -f  dN. 
Let  B  +  &N  be  represented  by  C  ;  then 
(6.)  C  =  cN  +  dN=(c  +  d)N 

Again,  if  C  be  made  a  dividend,  and  N  remain  the 
dhrisor,  the  quotient  is  c  -f  d,  or  all  the  last  quotient 
except  the  part  of  it  which  we  have  found.  We  pro- 
ceed as  above*  and  find  c,  and  therefore  cN ;  subtract- 
ing this  latter  from  the  equal  quantities  C  and  cN  -)- 
iS,  representing  C  —  cN  by  D,  we  have 

D  =  dN, 
making  D  a  fresh  dividend,  and  keeping  N  for  divisor. 

Suppose  that  we  have  found  d;  subtracting  dN 
from  the  equal  quantities  D  and  dN»  we  have 

(7.)  D--dN=.0, 

or  the  remainder  is  equal  to  nothing.  Tliis  indicates 
that  we  have  now  obtained  all  the  terms  of  the  re- 
quired quotient,  and  that  the  process  is  completed. 
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If  we  now  collect  together  the  di0Serent  terms  of 
quotients  which  we  have  found,  prefixing  to  each  its 
proper  sign,  the  result  will  be  the  quotient  of  A 
divided  by  N.  For  we  have  seen  that  the  quotient 
of  B  by  N  is  the  same  as  all  the  quotient  of  A  by 
N  with  the  exception  of  a.    Or 

A        B 


N-N  +  * 

And  similarly. 

C       D 

N  "N"*"* 

N  -  N  +  •* 

Or  substituting  the  different  values  for  one  another. 

\ 

A       C 

D 

=  ^-f  a  +  ft  +  c-hd 

=  a-|-6  +  c+rf. 

We  will  now  proceed  to  the  application  of  these 
principles  to  an  example  in  which  the  letters  we  have 
employed  are  replaced  by  particular  expressions ;  as 
the  division  of  18«»  y«  —  8Jt  »y  -h  Sop*  —  y«  —  1  lay», 
which  call  A  by  x — y  or  N. 

In  our  remarks  on  multiplication,  we  observed  that 
the  term  which  contains  the  highest  power  of  any 
letter  in  a  product  is  wholly  made  up  of  the  product 
of  the  two  terms  containing  the  highest  power  of  the 
same  letter  in  the  multiplier  and  multiplicand.  There- 
fore as  the  expression  A  is  the  product  of  N  and  the 
required  quotient,  if  we  divide  the  highest  power 
of  any  letter  in  A  as  2x<  by  9,  the  highest  power  of 
the  same  letter  in  N,  the  result  2afi  will  be  one  of 
the  terms  of  the  quotient.  In  order  to  give  a  con- 
nected view  of  the  different  steps,  we  here  insert  the 
whole  operation,  accompanying  each  line  with  the 
corresponding  step  in  our  first  process. 


(«N.> 


&ibtract 


(N)  (A)  (a) 

it— y)  18«»y«  — 8«»y-f  2ar*— y<— ll«y«  (2a* 
.    •     2x*     — 2««y 

(&) 

(  — 6x«y 


(B.)       Second  dividend 18«ay«— 6«»y— y*— llxy* 

(6N.)  Subtract — 6ar»y  +  6a:«y« 


(C.)      Third  dividend 12x«y« 

(cN.)  Subtract 12x»y«— i2ay3 


y«— lljy» 


(D.)      Fourth  dividend 
(d  N.)  Subtract 


— y*     +ary» 

+  aif»— y* 


(+I2^y« 

(* 
(-fy» 


Hence  the  whole  quotient  is  2 ar3  —  6ar«y  -|-  12«y«  -f  y». 


After  having  found  23^,  one  of  the  terms  of  the 
quotient,  we  multiply  it  by  the  division  x — y,  and 
•obtract  the  product  from  the  whole  expression  A. 
We  then  obtain  a  new  dividend  B,  which  differs 
only  from  the  former  in  this,  that  it  has  one  term 
less  in  the  quotient,  namely,  that  term  which  we  have 
fond.    Considering  B  then  as  the  product  of  the 


divisor  N  and  the  <]uotient,  we  shall  by  dividing 
the  term  with  the  highest  power  of  or  in  B,  by  the 
term  with  the  highest  power  of  «  in  N,  obtain  one 
of  the  terms  of  that  quotient  But  the  highest  power 
of  «  in  B,  viz.  6x  'y  has  the  negative  sign  placed 
before  it ;  therefore  what  sign  must  we  prefix  to  the 
quotient  which  results  from  dividing  by  « ?   We  de- 
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termine  ttiis  fix>in  the  rale  deduced  for  the  signs  of 
the  terms  of  a  product  in  multiplication.  For  as  by 
that  rale  the  product  of  two  terms  which  have  the 
same  sign  is  preceded  by  -jr,  and  of  two  which  diffe- 
rent signs  by  — ;  it  follows,  P.  That  if  a  term  of  the 
dividend  have  the  sign  +and  a  term  of  the  divisor  +> 
the  term  of  the  quotient  of  those  two  must  also  have 
+  ;  2^.  That  if  the  teim  of  the  dividend  have  the  sign 
+#  and  of  the  divisor  — ,  the  term  of  their  quotient 
must  be  preceded  by  — ,  in  order  that  when  multi- 
plied by  the  term  of  the  divisor  which  has  •—  also, 
their  product  in  the  dividend  may  be  preceded  by  -f ; 
3^.  That  if  the  term  of  the  dividend  has  the  sign  — , 
and  that  of  the  divisor  -f ,  the  sign  of  their  quotient 
must  be  — ;  4^,  and  lastly,  that  if  the  term  of  the 
dividend  has  the  sign  — ,  and  that  of  the  divisor  — , 
their  quotient  must  be  preceded  by  -f .  These  may 
all  be  reduced  to  the  following  rale : 

If  the  term  of  the  dividend  and  that  of  the  divisor 
have  the  same  sign,  their  quotient  must  be  preceded 
by  the  sign  +  »  but  if  they  have  different  signs,  the 
sign  of  their  quotient  must  be  — ;  a  term  which  has 
no  sign,  being  considered,  as  in  multiplication,  to  be 
preceded  by  -f-. 

To  resume,  if  we  divide  6xhf  by*,  we  obtain  6dj*y, 
to  which  must  be  prefixed  the  negative  sign,  when  it 
is  connected  with  the  other  terms  of  the  quotient. 
We  then  subtract  the  product  of  this  term  of  the 
quotient  multiplied  by  the  divisor  N,  from  the 
whole  expression  B,  and  considering  the  remain- 
der as  a  third  dividend  C,  which  differs  only  from 
the  second  in  having  one  twm  less  in  the  quotient, 
we  operate  upon  it  as  upon  the  two  former.  We  thus 
obtain  a  term  of  its  quotient  I23cy* ;  and  rcgardmg 
the  remainder  which  results  from  the  subtraction  of 
its  product  by  N  from  the  whole  of  C,  as  a  fourth 
dividend  D,  we  find  a  term  of  its  quotient,  y* ;  sub- 
tracting the  product  of  this  by  N  from  D,  the  remain- 
der which  we  obtain  is  nothing ;  thus  indicating  tiiat 
the  operation  is  finished. 

In  examining  the  preceedlng  operation,  we  perceive 
that  in  operating  upon  each  dividend,  we  are  obliged 
to  find  out  the  term  in  it  which  contains  the  highest 
power  of  «  in  order  to  divide  it  by  the  term  of  the 
divisor  containing  the  highest  power  of  the  same  let- 
ter. It  is  evident  then  that  we  should  avoid  the  ne- 
cessity of  this  search,  if  we  previously  wrote  each 
of  those  expressions  with  the  term  containing  the 
highest  power  of  «  first,  the  highest  power  but  one, 
second,  the  next,  third,  and  so  on,  arranging  it  as  it 
is  called  in  descending  powers  of  «.  By  this  means 
we  are  enabled  always  to  know  where  to  look  for  the 
highest  power  of  the  letter,  in  powers  of  which  the 
expression  is  arranged  both  in  the  dividend  and  divi- 
sor. In  the  example  which  we  have  given,  the  letter 
X  enters  but  into  one  term  in  the  divisor,  but  in  more 
complicated  expressions  where  it  occurs  frequentiy, 
the  full  advantage  of  this  arrangement  is  felt  as  well 
as  in  the  dividend.  Hence,  to  divide  one  polynomial 
by  another,  arrange  both  the  divisor  and  dividend  in 
powers  of  tiie  same  letter ;  divide  the  first  term  in  the 
dividend  by  the  first  term  in  the  divisor,  and  the  result 
will  be  the  first  term  of  the  required  quotient;  multi- 
ply the  whole  divisor  by  this  term,  and  subtract  the  pro- 
duct from  the  whole  dividend.  Then  divide  the  first 
term  of  the  remainder  by  the  first  term  of  the  divisor, 
and  the  result  will  be  the  second  term  of  the  quotient ; 
multiply  this  term  by  the  divisor,  and  subtract  the  pro- 
duct from  the  first  remainder.     Repeat  this  operation 


until  the  remainder  obtained  is  0,  in  whidi  case  tlie 
division  b  complete.    The  sign  of  each  term  is  detei 
mined  according  to  the  rale  we  have  already  given 
on  that  point. 

When  the  first  term  of  a  dividend  arranged  in 
powers  of  any  letter  is  not  exactly  divisible  by  the 
first  term  of  a  divisor  arranged  in  powers  of  the  same 
letter,  it  is  an  indication  that  the  complete  division  of 
the  whole  expression  is  impossible ;  that  is  to  say^ 
there  is  no  polynomial  which  multiplied  by  the  divi- 
sor will  give  the  dividend ;  or  the  division  is  impos- 
sible when  the  first  term  of  any  one  of  the  partial  di- 
vidends b  not  divisible  by  the  first  term  of  the  divisor. 

It  is  evident  that  there  is  no  olijection  to  commenc- 
ing by  dividing  the  term  of  the  dividend  which  contains 
the  lowest  powers  of  any  letter  by  that  containing  the 
lowest  power  of  the  same  letter  in  the  divisor ;  for  the 
term  containing  the  loweit  power  of  any  letter  in  a 
product  is  also  made  up  of  nothing  but  the  product 
of  the  two  terms  containing  the  lowest  powers  of  the 
same  letter  in  the  multiplicand  and  multiplier.  In  so 
doing  we  might  still  arrange  the  divisor  and  dividend 
in  descending  powers  of  one  of  the  letters,  and  com- 
mence with  tiie  last  instead  of  the  first,  or  adopt  the 
method  of  writing  them  in  the  contiary  order  with  the 
lowest  powers  first,  the  lowest  but  one  next,  and  so 
on,  arranging  them  as  it  is  called  in  ascending  powers 
of  that  letter. 

The  various  partial  operations  of  which  every  divi- 
sion is  composed  according  the  above  rule,  as  we  have 
shown,  are  perfectly  distinct  operations.  We  find 
one  term  of  tne  quotient,  and  by  the  subtraction  of  the 
product  of  that  term  by  the  divisor  from  the  dividend, 
we  obtain  a  new  dividend,  the  quotient  of  which  by 
the  same  divisor  is,  as  we  have  proved,  all  the  quo- 
tient we  are  in  search  of,  except  the  one  term  which 
we  have  found.  We  do  not  however  find  this  second 
quotient,  and  add  it  to  the  term  already  obtained  of 
tiie  first,  by  which  means  we  should  get  the  whole 
quotient  required ;  but  we  find  only  one  term  of  it» 
and  subtracting  its  product  by  the  divisor  from  tiie 
second  dividend,  we  operate  upon  the  remainder  as  a 
firesh  dividend*  and  continue  so  on  imtil  we  obtain  a 
dividend  equal  to  nothing.  So  perfectly  independent 
of  each  other  are  the  partial  operations  we  perform 
on  these  dividends,  that  we  might  arrange  any  one  of 
them  in  powers  of  a  different  letter,  if  we  arranged 
the  divisor  in  a  similar  manner ;  the  term  we  should 
obtain  by  dividing  the  first  term  in  it,  by  the  first  in 
the  divisor,  would  be  one  of  the  terms  of  the  quotient. 

It  may  happen  that  either  the  dividend  or  the 
divisor,  or  both  of  them,  may  have  several  terms,  each 
of  which  contains  the  same  power  of  the  letter  in 
powers  of  which  we  wish  to  arrange  than,  llius, 
suppose  that 

24(fib  —  24abe  +  12fl6«  —  6eflc  —  862c  +  Bb<fl  -f  9a* 
is  to  be  divided  by  3a*  +  6ab  —  46c ; 
if  we  proceed  to  arrange  the  dividend  in  powers  of 
a,  we  find  that  24a*b  and  6a'c  both  contain  the  same 
power  of  that  letter ;  we  may  evidentiy  write  them 
thus,  (246  —  6c)  a^  but  it  is  much  more  convenient 
to  dispose  of  them  in  the  following  form  : 

246  a* 
—  6c 
that  is,  writing  a*  only  once  to  the  right  of  s  vertical 
line,  to  the  left  of  which  are  placed  in  the  same 
column  the  remaining  portions  of  all  the  several  terms 
which  contained  that  power  of  a ;  this  assemblage  of 
quantities  to  the  left  of  the  line  is  by  an  extension  of 
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as  ihe  co-eficient  of  tfi, 
Smakahf,  %labe  and  ISoft*  b  written 

12^1  a 
—  246f  I 

and  the  whole  arrangement  with  the  operation  per- 
formed, 

—  6c|    — 246c| ^Sza  +26—  2c 

65|a*-hl25s|a— 8ft>c+86c« 

—  6c|    — 12tc| ^^^ 

—  6c«*  —126c  o+86c* 

In  this  operation  we  have  adopted  the  contracted 
method  of  subtracting  immediately  from  the  divi- 
dend the  partial  product  of  each  term  of  the  divisor 
hy  that  of  the  quotient,  as  soon  as  that  product  is 
formed,  and  of  writing  down  only  the  remainder. 
We  have  also  diq>osed  the  divisor  in  a  different,  and 
modi  more  convenient  manner,  than  before ;  for  as 
each  term  of  the  quotient  b  founds  it  is  placed  be- 
neath the  divisor,  so  as  greatly  to  fiicilitate  the  mul- 
tiplication of  the  two.  In  order  to  investigate  the 
general  principle  of  a  case  of  the  nature  of  the  pre- 
odfing,  which  is  the  most  complicated  in  division, 
let  die  dividend  be  denoted  by  Aa«  + Ba>  +  Ca*  + 
'Da  +  E,  and  the  divisor  by  Aa*  +  P'a+Cr,  in 
"whidi  A,  B,  C,  D,  E,  A'  F  and  C  represent  the  re- 
spective co-efficients  (using  this  word  in  the  extend- 
ed definition  we  have  just  given)  of  the  various 
Ictten  to  which  they  are  attached.  Then  since  the 
bi^kest  exponent  of  a  in  the  dividend  is  4,  and  in  the 
dammar  2,  it  will  be  2  in  the  quotient,  which  must  be 
of  tiie  form  of  A^a  »  -f  B*a  +  CT,  The  portion 
A  a  ^  containing  the  highest  power  of  a  in  the  divi- 
deod.  is  the  unreduced  result  of  the  multiplication  of 
A'a*  and  A^a  *,  which  are  the  highest  |K)wer8  of  the 
now  letter  in  the  divisor  and  quotient;  tlierefore, 
to  find  the  portion  A^a  *  of  the  quotient,  it  is  only 
necessary  to  divide  A  a^  by  A'o*,  which  since  o^ 
divided  by  a',  is  a',  is  the  same  as  dividing  A  by 
A'#  and  then  multiplying  the  result  by  a<.  1*h'c 
polyDomials  A  and  A',  must  then  themselves  be  ar- 
laaged  in  powers  of  some  letters  which  they  contaii\ ; 
and  the  former  being  divided  by  the  latter,  we  shall 
obtain  A",  and  consequently  A^a*,  or  the  assemblage 
of  all  diose  terms  of  the  quotient  which  (jontain  the 
hi^iest  power  of  a.  This  separate  division  having 
been  performed,  we  return  to  the  principal  operation, 
and  nraltiplying  the  divisor  by  A"a*,  we  subtract 
the  product  from  the  dividend  A,  and  proceed  with 
the  remainder  as  with  the  original  dividend,  and  so 
on.  Hie  following  is  an  example  of  this  nature,  to 
vrhich  we  have  attached  the  partial  divisions  induced 
by  the  principal  operation : — 


— 12&» 

«»-|-236« 

—  29ie 

— 3l6»c 

+  I5c» 

—  9bf 

4-15c» 

—  66«ca 


a+2&> 


— 3c^ 


+  15^ 
— 256»c 
—  96c« 
-f  15c» 


— 66«c« 


Fhrti  Partial  Dimtion, 
(A)  12**+29ftc— 15c*|  3ft  — 6c  (AO 


—   9&c-f  15c« 
0 


I  3ft  — 
J4ft- 


Seeowa  PartialDimUm. 
(B)  16ft»— 256«c— 9ftc*+15c»>3ft  — 5o   (A*) 


—  9ftc«+15c*>3ft  — 

—  9ftc»— 15c»l  5ft«  — 


3c«(B^ 


0 


3  c  (A") 


Under  the  head  of  Divmom  we  shall  give  a  few 
examples  of  that  operation  which  are  of  remarkable 
application,  and  of  very  frequent  use  in  the  solution  of 
questions*  For  a  continuation  of  the  subject  of 
Algebra,  see  Meature,  grtatmt  common  ;  JEquatumg,  qf 
the  Firwt  Degree;  NegaHve  Sign;  Eqnaium»,  qf  the 
Second  Degree;  htd/etermmaie  Analgne;  Permutatione 
and  CombmaHone;  BinowUal  Theorem;  Powert,  For- 
maiUm  of;  Boots,  Eairaetion  qf;  Surde;  NegaOtfe 
EaponenU;  F\raetional  Eacponenie;  Seriee;  Propor^ 
tiona;  Progreeeione;  Logarithms;  Interest  and  An^ 
nnities;  Logarithmic  and  Exponential  Series ;  Equa^ 
turns.  Theory  qf,  &c.  in  the  onler  we  have  enumerated 
them. 

Algol  or  Medusa's  head,,  in  Astronomig,  a. fixed 
star  of  the  third  magnitude  in  the  constellation  Per- 
seus. 

Aloorab,  a  fixed  star  of  the  third  magnitude  in 
the  right  wing  of  the  constellation  Corvas. 

ALmxNT ;  a  term  which  includes  every  thing  serv- 
ing as  nutriment  Ua  organised  beings.  In  animals 
and  vegetables  we  can  observe  the  phenomena  of  de- 
composition and  reproduction,  and  analyze  the  sub- 
stances that  administer  to  their  growth  and  repabr 
distinctly.  Generally,  however,  the  word  ailment  is 
used  for  what  serves  as  nutriment  to  animal  life.  It 
is>  in  this  respect,  a  subject  of  great  interest  for  the 
zoologist.  In  the  present  article  we  shall  confine 
ours^ree  to  the  aliment  of  mankind.  Man,  it  is  well 
known,  derives  nourishment  both  from  animal  and 
vegetable  substances.  He  eats  firuits,  both  ripe  and 
unripe,  roots,  leaves,  flowers,  and  even  the  pith  and 
the  bark  of  different  plants,  many  different  parts  of 
animals,  and  the  whole  of  some.  Climate,  custom, 
religion,  the  different  degrees  of  want  and  of  civiliza- 
tion, give  rise  to  an  innumerable  diveruty  of  food  and 
drink,  from  the  repast  of  the  cannibal  savage  of  New 
Zealand  to  that  of  the  Parisian  epicure  at  the  table  of 
Verrey ;  from  the  diet  of  the  carnivorous  native  of  the 
north  to  that  of  the  Brahmin,  whose  appetite  is  ssi- 
tisfied  vrith  vegetables ;  from  the  oak-bark  bread  of 
the  Norwegian  peasant  to  the  luxuriously-served 
table  of  a  Hungarian  magnate  at  Vienna.  Some 
nations  abhor  what  others  relish,  and  great  want 
often  renders  acceptable  what,  under  other  circum- 
stances, would  have  excited  the  greatest  disgust. 
The  flesh  of  dogs  is  commonly  eaten  in  China,  and 
in  Afiica  that  df  snakes,  particularly  of  the  rattle- 
snake and  boa-constrictor.  Locusts  are  eaten  both 
in  Asia  and  Africa,  and  the  Negroes  on  the  coast  of 
Guinea  relish  lizards,  mice,  rats,  s&akes,  caterpiUars, 
and  other  reptiles  and  worms.  The  Otomacs,  a  tribe 
of  American  Indians,  are  said  by  Humboldt  to  collect 
a  kind  of  clay  to  eat  in  the  ramy  season.  It  is  an 
interesting  subject,  by  no  means  sufficiently  investi- 
gated as  yet,  how  far  the  different  aliment  of  various 
countries  is  connected  with  the  climate,  &c.,  and 
^diat  influence  it  exerts  on  the  different  races,  as  well 
as  the  consequences  of  introducing  new  species  of 
aliments.  Scnne  excdlent  remarks  on  the  national 
dishes  of  different  nations  were  published  by  Baron 
Rumor,  a  German,  in  1822,  in  a  work  which  he 
called  Kot^ihmst  (Art  of  Cookery) .  All  kinds  of  ali- 
ment must  contain  nutritious  substance,  which  being 
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extracted  by  1^  act  of  digestioa,  enters  the  blood, 
and  effects  by  assimilation  the  repair  of  the  body. 
(See  Nutrition.)  Alimentary  matter,  therefore,  must 
be  similar  to  animal  substance,  or  transmutable  into 
such.  In  this  respect,  alimentary  substances  diffier 
from  medicines,  because  the  latter  retain  their  pecu- 
liar qualities  in  spite  of  the  organs  of  digestion,  and 
will  not  assimilate  with  the  animal  substance,  but  act 
as  foreign  substances,  serving  to  excite  the  activity  of 
particular  organs  or  systems  of  the  body.  All  alimen- 
tary substances  must  therefore  be  composed  in  a 
greater  or  less  degree,  of  soluble  parts,  which  easily 
lose  their  peculiar  qualities  in  the  process  of  digestion, 
and  correspond  to  the  elements  of  the  body.  These 
substances,  in  their  simple  state,  are  mucilage,  ge- 
latin, gluten,  albumen,  farina,  fibrin,  and  sacchamie 
matter.  Of  these,  vegetables  contain  chiefly  mucilage, 
saccharine  matter,  and  farina,  which  latter  substance, 
particularly  in  connexion  with  the  vegetable  gluten, 
by  which  both  become  apt  for  fermentation,  and 
thus  for  dissolution  and  digestion,  b  the  basis  of  very 
nutritious  food.  The  nutritive  part  of  fruits  consists 
■of  their  saccharine  matter  and  a  little  mucilage.  In 
animal  food,  gelatin  is  particularly  abundant.  The 
nutritiousness  of  the  different  species  of  food  and 
drink  depends,  therefore,  upon  the  proportion  which 
they  contain  of  those  substances,  and  the  mode  in 
which  they  are  connected,  favouring  or  obstructing 
their  dissolution.  Organs  of  digestion  in  a  healthy 
state  dissolve  alimentary  substances  more  easily,  and 
take  up  tiie  nutritious  portions  more  abundantly,  than 
those  of  which  the  strength  has  been  impaired  so  that 
they  cannot  resist  the  tendency  of  each  substance  to 
its  peculiar  chemical  decomposition.  The  wholesome 
or  unwholesome  character  of  any  aliment  depends, 
therefore,  ui  a  great  measure,  on  the  state  of  die  di- 
gestive organs,  in  any  given  case.  Sometimes  a  par- 
ticular kind  of  food  is  called  wholesome,  because  it 
produced  a  beneficial  effect  of  a  particular  character 
on  the  system  of  an  individual.  In  this  case,  how- 
ever, it  is  to  be  considered  as  a  medicine,  and  can  be 
called  wholesome  only  for  those  whose  systems  are  in 
the  same  condition.  Very  often  a  simple  aliment  is 
made  indigestible  by  artificial  cookery.  Aliments 
abounding  in  fat  are  unwholesome,  because  fat  resists 
the  operation  of  the  gastric  juice.  The  addition  of 
too  much  spice  makes  many  an  innocent  alim^it  inju- 
rious, because  spices  resist  the  action  of  the  digestive 
organs,  and  produce  an  irritation  of  particular  parts 
-of  the  system.  They  were  introduced  as  artificial  sti- 
mulants of  appetite.  In  any  given  case,  the  digestive 
power  of  the  individual  is  to  be  considered,  in  order 
to  determine  whether  a  particular  aliment  is  whole- 
some or  not  In  general,  therefore,  we  can  only  say, 
that  that  aliment  is  healthy,  which  is  easil/  soluble, 
and  is  suited  to  the  power  of  digestion  of  the  indivi- 
dual ;  and,  in  order  to  render  the  aliment  perfect,  the 
nutritious  parts  must  be  mixed  up  with  a  certain 
quantity  of  innocent  substance  affording  no  nourish- 
ment to  fill  the  stomach,  because  there  is  no  doubt 
that  many  people  injure  their  health  by  taking  too 
much  nutritious  food.  In  thb  case,  the  nutritious 
parts  which  cannot  be  dissolved  act  precisely  like  food 
which  is  in  itself  uidigestible.  (See  DiessTioN.)  In 
Prussia  and  Austria,  where,  as  in  many  despotic  go- 
vernments, the  medical  police  is  very  good  (uiis  bemg 
a  thing  much  more  easily  regulated  in  an  absolute 
government  than  in  a  free  one),  the  public  officers 
pay  much  attention  to  aliment,  and  are  careful  that 


provisions  exposed  to  sale  shall  be  of  a  good  qiialitf# 
particularly  that  no  decayed  or  adulterated  things  are 
sold  to  the  poor.  Such  regulations  exist,  to  a  certain 
extent,  in  England,  France,  the  United  States  of 
America,  and  in  fact  in  every  civilized  country.  The 
kind  of  aliment  used,  influences  the  health  and  even 
the  character  of  man.  He  is  fitted  to  derive  nourish- 
ment both  from  animal  and  vegetable  aliment,  but 
can  live  exclusively  on  neither.  Experience  proves 
that  animal  food  most  readily  augments  the  solid 
parts  of  the  blood,  the  fibnn,  and  therefore  the 
strength  of  the  muscular  system,  but  disposes  the 
body  at  the  same  time  to  inflammatory,  putrid,  and 
scorbutic  diseases,  and  the  character  to  violence  and 
coarseness.  On  the  contrary,  vegetable  food  renders 
the  blood  lighter  and  more  liquid,  but  forms  weak 
fibres,  disposes  the  system  to  the  diseases  which 
spring  from  feebleness,  and  tends  to  produce  a  gentle 
character.  Something  of  the  same  difference  of  moral 
effect  results  from  the  use  of  strong  or  light  wines. 
But  the  reader  must  not  infer  that  meat  is  indispen- 
sable for  the  support  of  the  bodily  strength.  The 
peasants  of  some  parts  of  Switzerland,  who  hardly 
ever  taste  any  thingbut  bread,  cheese,  and  butter,  are 
vigorous  people.  The  nations  of  the  north  incline 
generally  more  to  animal  aliment ;  those  of  the  south, 
and  the  Orientals,  more  to  vegetable.  The  latter 
are  generally  simpler  in  their  diet  than  the  former, 
when  their  taste  has  not  been  corrupted  by  luxuriooa 
indulgence.  Some  tribes  in  the  East,  and  the  caste 
of  Brahmins  in  India,  live  entirely  on  vegetable  food* 
The  inhabitants  of  the  most  northern  regions  live 
almost  entirely  upon  animal  food,  scarcely  ever  par- 
taking of  any  vegetable  substance,  at  least  during  the 
greater  part  of  the  year.  Some  nations  feed  chiefly 
on  terrestrial  animals,  others  on  aquatic  ones. 

Alimentary  Canal,  in  Anatomy,  the  whole  tract 
of  intestines,  including  the  stomach. 

Alimentary  Doct,  the  same  as  the  thoracic  duct. 

Alkahest,  or  Alchahest,  in  Chemistry,  a  name 
first  used  by  Paracelsus,  by  whom  it  was  probably 
coined  to  signify  an  universal  menstrum.  It  is  ex- 
plained by  Van  Helmont  to  signify  a  salt  of  the 
highest  sort,  that  had  attained  to  the  highest  state  of 
purity  and  subtilty.  It  was  supposed  to  possess  the 
virtue  of  pervading  every  substance;  and  while  it 
acted  on  every  thing  else,  it  remained  itself  immutable. 

Alkali,  in  Chemistry ;  from  the  Arabian  kali,  the 
name  of  a  plant  from  the  ashes  of  which  one  species 
of  alkali  can  be  extracted.  The  substances  that  axe 
met  with  under  the  denomination  of  alkaline,  are  poa- 
sessed  of  certain  peculiar  properties ;  they  are  mainly 
characterized,  however,  by  a  power  of  combuung 
with  acids  in  such  a  manner  as  to  impair  the  activity 
of  the  latter,  so  that  alkalies,  as  chemical  agents,  are 
distinguished  by  properties  the  reverse  of  acids ;  acids 
and  idkalies  are,  therefore,  generally  considered  as 
antagonist  substances.  Besides  the  power  of  neu- 
tralizing acids,  and  thereby  forming  certain  saline 
substances,  the  alkalies  are  further  £stinguished  by 
the  following  properties  : — 1,  they  have  an  acrid  taste 
and  corrosive  power  when  applied  to  some  substances, 
thus  proving  caustic  to  the  skin  and  tongue ;  2,  they 
change  vegetable  blue  to  green,  red  to  purple,  and 
yellow  to  a  reddish  brown  (if  the  purple  be  reddened 
by  an  acid,  an  alkali  vrill  restore  the  original  colour)  ; 
3,  they  are  almost  indefinitely  soluble  in  vrater ;  that 
is,  they  combine  with  it  in  every  proportion ;  4,  they 
unite  with  oils  and  fats,  and  form  by  this  union  the 
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v^-known  compomid  called  Map.  There  is  another 
cksB  of  sobstances  which  have  a  strong  analogy  with 
alkalies,  especially  in  the  particular  of  opposition  to 
adds,  viz.  the  eaxUis.  Some  of  these,  indeed,  have 
heen  classed  by  Fourcroy  among  the  alkalies,  but 
tiiey  have  been  kept  separate  by  others,  on  the  ground 
that  the  analogy  between  them  is  far  from  amounting 
to  an  identity  of  properties.  The  true  alkalies  have 
been  arranged  by  a  modem  chemist  in  three  classes : 
— 1^,  those  which  consist  of  a  metallic  basis,  com- 
(Hned  with  ox3rgen ;  these  are  3  in  number — ^potash, 
soda,  and  lithia ;  29,  that  which  contains  no  oxygen, 
m.  ammonia;  3^,  those  containing  oxygen,  hydrogen, 
aul  carbon ;  in  this  class  are  placed  aconita,  atropia, 
brvda,  circota,  datnra,  delphia,  hyoscyamia,  mor- 
phia, strychina.  It  b  supposed  tiiat  the  vegetable  al- 
salica  may  be  found  to  be  as  numerous  as  the  vege- 
table acids.  The  original  distribution  of  alkaline 
sabstances  was  into  volatile  and  fixed,  the  volatile 
alkali  being  known  under  the  name  of  ammonia; 
i^ik,  of  ^  two  fixed  kinds,  one  was  called  potash 
or  veg^Mt,  because  procured  from  the  ashes  of  ve- 
getables generally;  tiie  other,  aoda  or  sitneroJ,  on 
account  of  its  having  been  principally  obtained  from 
tile  indneration  of  marine  plants. 

AixsoBO,  in  sNwtc ;  a  word  denoting  one  of  the 
six  dutinctions  of  time.  It  expresses  a  sprightly 
motion,  the  quickest  of  all,  and  originally  means  gay. 
The  Qsoal  distinctions  succeed  each  other  in  the  fol- 
order — grave,  adagio,  largo,  vivace,  aUegro, 
.  Allegro  time  may  be  heightened,  as  allegro 
and  aUegrismmo,  very  lively ;  or  lessened,  as 
o  or  poco  aUegro,  a  little  lively.  Pw  allegro 
m  a  direction  to  play  or  sing  a  little  quicker. 

AxxoT ;  a  composition,  the  result  of  a  mutual 
combination  of  two  or  more  metals.  To  alloy  gene- 
cally  means  to  mix  a  metal  of  less  with  one  of  more 
value.  Various  processes  are  adopted  in  the  forma- 
tioQ  of  alloys,  depending  upon  die  nature  of  the 
metals.  Many  are  prepared  by  simply  fusing  the  two 
netak  in  a  covered  crucible.  It  has  been  a  question 
blether  alloys  are  to  be  considered  as  compounds,  or 
tt  mere  mixtures.  Mr.  Dalton  considers  alloys  to  be 
i^H*™****!  compounds,  one  striking  instance  of  which 
is  in  the  alloy  of  tin  and  copper,  called  tpecuhm 
>  the  smallest  deviations  from  the  true  propor- 
will  spoil  the  alloy  as  a  reflector.  In  some 
the  metals  are  found  to  unite  in  definite  pro- 
portions (mly ;  and  it  is  probable  that  aU  the  alloys 
T^mtmn  a  definite  compound  of  the  two  metals,  llie 
princmal  dwracters  of  the  alloys  are  the  following : 
— -1.  We  observe  a  change  in  Uie  ductility,  mallea- 
bility, hardness,  and  colour.  Malleability  and  duc- 
tifity  are  usually  impaired,  and  often  in  a  remaricable 
degree ;  thus  gold  and  lead«  and  gold  and  tin,  form  a 
brittle  aDoy.  Tlie  alloy  of  copper  and  gold  b  harder 
than  eidier  of  its  component  parts ;  and  a  minute 
quantity  of  arsenic  added  to  copper  renders  it  white. 
3.  The  specific  gravity  of  an  alloy  b  rarely  the  mean 
of  its  component  parts;  in  some  cases  an  increase, 
in  others  a  dimonition  of  density  having  taken  place. 
3.  The  fusibility  of  an  <dloyis  generally  greater  than 
that  of  its  components.  Thus  platinum,  which  is 
infusible  in  our  common  furnaces,  forms,  when  com- 
bined widi  arsenic,  a  very  fusible  alloy ;  and  an  alloy 
of  certain  proportions  oK  lead,  tin,  and  bismuth  is 
fusible  at  312^ ;  a  temperature  several  degrees  below 
the  melting  point  of  its  most  fusible  constituent.  4. 
Alloys  are  generally  more  oxydizable  than  their  con- 
Abts  8c  Scibxcbs. — Vol.  I. 
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stituents  taken  singly ;  a  property  which  is,  perhaps, 
partly  referable  to  the  formation  of  an  electrical  com- 
bination. From  early  times,  the  baser  metals  have 
been  used  to  alloy  gold  and  silver  coins,  to  prevent 
loss  by  wear.  In  England,  the  legal  proportion  of 
base  metal  for  gold  coin  is  1  part  in  12,  and  for  silver 
coin  3  parts  in  40.  In  France  the  legal  proportions  of 
the  different  coins  are  as  follow :  sUver  coin,  9  parts 
silver,  1  copper ;  copper  money,  4  parts  copper,  1  sil- 
ver; gold  coin,  9  parts  gold,  1  copper.  For  silver  plate, 
the  French  proportions  are  9^  parts  silver,  ^  copper ; 
for  trinkets,  8  parts  silver,  2  copper.  For  gold  plate 
they  have  three  different  standards ;  92  parts  gold, 
8  copper;  also,  84  gold,  16  copper,  and  75  gold,  25 
copper.  Grold  and  silver  are  alloyed  partly  that  they 
may  wear  better,  partly  to  diminish  the  price  of  arti- 
cles  made  of  them. 

Almacantor.  a  name  for  the  paralleb  of  alti- 
tude on  the  celestial  globe,  whose  zenith  is  the  pole 
or  vertical  point. 

Almond,  a  Portuguese  measure  of  oil,  equal  to 
four  gaUons  and  a  half. 

Almond,  in  Anatomy,  a  name  for  the  glandular 
substances  on  each  side  of  the  uvula  at  the  root  of 
the  tongue,  otherwbe  called  tonsilUs. 

Altitudb  denotes  the  perpendicular  height  of  the 
vertex  of  any  plane  or  solid  body,  above  the  line  or 
plane  of  its  base ;  thus  the  altitude  of  a  triangle  is 
measured  by  a  perpendicular  let  fall  from  any  one  of 
its  angles  upon  the  base,  or  upon  the  base  produced  ; 
therefore  the  same  triangle  may  have  different  alti- 
tudes, accordingly  as  we  assume  one  side  or  another 
for  its  base.  Again,  the  altitude  of  a  cone  or  py- 
ramid, whether  right  or  oblique,  b  measured  by  a 
perpendicular  let  fall  from  the  vertex  to  the  plane  of 
Its  base.  Similar  remarks  apply  to  other  solids.  In 
astronomy,  altitudes  are  measured  or  estimated  by 
the  angles  subtended  between  the  object  and  the 
plane  of  the  horizon ;  and  this  altitude  may  be  cither 
true  or  apparent.  The  apparent  altitude  b  that  which 
is  obtained  immedbtely  from  observation ;  and  the 
true  altitude  that  which  results  from  correcting  the 
apparent  altitude,  by  making  allowance  for  pamllax, 
refraction,  &c.  The  altitude  of  a  terrestrial  object  is 
the  height  of  its  vertex  above  some  horizontal  plane 
assumed  as  a  base.  The  altitude  of  mountams  b 
measured  ffenerally  from  the  level  of  the  ocean ;  that 
b,  the  altitude  or  a  mountain  b  the  difference  be- 
tween the  mean  terrestrial  radius,  and  the  distance 
of  the  vertex  of  the  mountain  from  the  centre  of  the 
earth.  If  the  altitude  of  a  mountain  is  ^ven  without 
any  explanation,  the  altitude  above  the  ocean  b  al- 
ways understood.  Thb  altitude  can  be  measured 
trigonometrically,  by  barometrical  observations,  or 
by  actually  measuring  the  level  between  the  base 
and  vertex  of  an  object ;  and,  if  very  great  accuracy 
b  not  required,  by  optical  reflection,  by  the  length 
of  shadows,  moveable  staves,  the  geometrical  square, 
&c. ;  and,  generally,  by  any  meUiod  in  which  the 
calculation  depends  upon  the  similarity  of  plane  rec- 
tilinear triangles. 

Alto,  or  Alto  Tbnobb.  Alto  is  the  term  applied 
to  that  part  of  the  great  vocal  scale  which  lies  be- 
tween the  mezzo  soprano  and  the  tenor,  and  which  is 
assigned  to  the  highttBt  natural  adult  male  voice. 
In  scores  it  always  signifies  the  counter-tenor  part. 

Alum,  artificial.  Common  alum  is  a  triple  salt, 
consisting  of  sulphuric  acid,  alumine,  potash,  and 
water,  or  of  sulphate  of  alumine,  and  sulphate  of  pot- 
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ash,  united  together  with  a  certain  quantity  of  water 
of  crystallization.  It  crystallizes  in  regular  octahe- 
drons, which  are  generally,  truncated  on  their  edges 
and  solid  angles.  Alum  may  also  be  formed  by  sub- 
stituting either  soda,  ammonia,  or  magUesia  for  the 
potash,  without  at  aU  altering  its  crystedline  form  or 
Its  taste.  It  dissolves  in  5  parts  of  water,  at  60^, 
and  the  solution  reddens  vegetable  blues,  indicating 
tile  excess  of  acid  which  this  salt  contains.  Exposed 
to  heat,  it  undergoes  a  watery  fusion,  and  becomes 
light  and  spongy,  in  which  condition  it  possesses 
slightly  corrosive  properties,  and  is  used  as  a  caustic, 
under  the  name  or  ahanen  exsiccatum.  The  simplest 
process  by  which  alum  is  prepared  is,  perhaps,  that 
adopted  at  the  Solfatara  near  Naples,  which  is  co- 
vered with  a  white  clayey  soil,  through  which  sul- 
phureous vapours  are  constantly  emitted.  This  soil 
is  always  hot,  and  nothing  more  is  requisite  than  to 
immerse  iuto  it  cisterns,  and  subject  the  earthy  matter 
%o  lixiviation ;  after  which,  the  saline  solution  is  eva- 
porated by  means  of  the  subterranean  heat  also,  and 
placed  in  a  situation  to  cool,  when  the  alum  is  depo- 
sited in  crystals.  As  nothing  is  added  during  the 
process,  it  is  obvious  that  the  alum  must  exist  ready 
formed  in  the  soil.  From  the  presence  of  a  small 
portion  of  iron,  the  Solfatara  alum  is  not  so  valuable, 
for  many  purposes,  as  that  produced  elsewhere ;  and 
accordingly  its  use  is  mostly  confined  to  the  Neapo- 
litan states.  The  manufacture  of  alum  directly  from 
its  component  parts  has  of  late  years  furnished  a 
large  proportion  of  this  substance  found  in  commerce. 
The  process  is  conducted  in  the  following  manner : 
sulphur  and  nitrate  of  potash  (nitre)  are  mixed  toge- 
ther, in  the  proportions  for  forming  sulphuric  acid, 
and  brought  into  combustion  in  large  leaden  cham- 
bers, or  rooms  lined  with  a  thick  coating  of  plaster. 
The  sulphur  is  thus  acidified  and  converted  into  va- 
pour, and  the  floor  of  the  apartment  being  covered 
with  clay  of  the  purest  kind,  previously  calcined,  the 
acid  gradually  combines  with  it,  and  forms  sulphate 
of  alumine,  which  after  a  few  days  is  dissolved  out 
and  considerably  reduced  by  evaporation,  when  a 
solution  of  sulphate  of  potash  (being  the  residue  of 
the  combustion  of  the  nitre  &nd  sulphur)  is  poured 
in,  and  the  perfect  crystals  of  alum  are  deposited. 
The  importance  of  alum  in  the  arts  is  very  great,  and 
its  annual  consumption  is  immense.  It  is  employed 
to  increafi-e  the  hardness  of  tallow,  to  remove  greasi- 
ness  from  printers'  cushions,  and  blocks  in  calico 
manufactories,  and  to  render  turbid  waters  limpid. 
In  dyeing,  it  is  used  to  cleanse  and  open  the  pores  on 
the  surface  of  the  substance  to  be  dyed,  and  bv  the 
attraction  of  the  colouring  matter  for  the  alumine  it 
contains,  to  render  it  fit  for  receiving  the  colouring 
particles.  Wood  and  papei  are  dipped  into  a  solu- 
tion of  it  to  render  them  less  combustible.  Paper 
impregnated  with  alum  is  useful  in  whitening  silver, 
and  in  silvering  brass  without  heat.  It  is  also  largely 
used  in  the  composition  of  crayons,  in  tannery,  and 
in  medicine. 

The  discovery  of  alum  is  entirely  unknown ;  all 
attempts  to  trace  the  origin  of  its  manufacture  have 
been  quite  unsuccessful.  In  the  middle  ages,  alum- 
works  existed  at  Rocca  in  Syria,  since  called  Edessa, 
whence  probably  the  commercial  name  of  rock-alum, 
at  Foya  Nova,  near  Smyrna,  and  in  the  vicinity  of 
Constantinople.  From  these  places  the  Genoese,  and 
.  other  commercial  states  of  Italy,  procured  the  alum 
with  which  they  supplied  the  western  and  northern 


parts  of  Europe.  About  the  middle  of  the  fifteenth 
century  this  manufacture  was  introduced  into  Italy, 
and  the  establishments  of  La  Tolfa,  Viterbo,  and 
Volaterra,  soon  acquired  an  importance  which  in- 
duced Pope  Pius  II.  to  prohibit  the  use  of  oriental 
alum.  Early  in  the  sixteenth  century  the  art  of 
mparing  this  salt  extended  to  Spain  and  Germany. 
The  alum-works  of  Whitby,  in  England,  were  estab- 
lished in  the  reign  of  Charles  I.,  by  Sir  Thomas 
Chaloner ;  and  in  the  seventeenth  century  the  ma- 
nufacture of  alum  began  also  to  be  undertaken  in 
Sweden. 

Alum  was  well  known  by  the  older  chemists  to 
contain  an  earth  in  combination  with  sulphuric  add ; 
but  from  its  being  precipitable  in  a  white  pulpy  masa 
by  a  carbonated  alkali,  and  being  again  soluble  witk 
effervescence  in  an  acid,  the  common  opinion  for  a 
long  time  was  that  this  earth  was  calcareous,  and 
therefore  that  there  was  a  considerable  analogy  be- 
tween alum  and  selenite.  Geofiroy,  Barron,  Hellot, 
and  Pott,  in  their  interesting  experiments  on  this 
salt,  showed  that  its  earthy  base  was  contained  in 
clay ;  and  Marggraf,  in  his  two  memoirs  on  this  sub- 
ject, made  a  still  nearer  approach  to  the  knowledge 
of  its  constituent  parts.  He  showed  that  the  preci- 
pitated earth  of  alum,  when  well  washed,  is  resoluble 
in  sulphuric  acid,  even  after  it  has  been  calcined,  but 
that  this  solution  yields  on  evaporation  only  a  saline 
magma,  instead  of  crystals  of  alum :  the  same  effect 
takes  place  if  a  native  clay  is  used,  instead  of  th« 
earth  of  alum.  This  able  chemist  also  proved  that 
the  addition  of  a  little  potash  to  the  sulphate  of  alu- 
mine, communicated  to  it  the  property  of  depositing 
octahedral  crystals  of  genuine  alum :  he  seems  how- 
ever to  have  considered  the  alkali  only  to  be  of  use 
in  combining  with  and  neutralizing  a  certain  oily  or 
greasy  matter,  which  by  adhering  to  the  crystalline 
plates  of  the  magma,  prevented  them  from  coalescing 
into  hard  and  perfect  crystals.  The  essay  of  Berg- 
man, on  the  preparation  of  alum  (published  first  m 
176^),  added  considerably  to  our  knowledge  of  the 
ingredients  and  chemical  properties  of  this  salt:  it 
is  here  shown  that  a  small  excess  of  acid  is  necessary 
to  the  constitution  of  alum ;  since,  when  this  is  taken 
away,  its  taste,  solubility,  and  crystallizability  are 
destroyed.  The  author  also  mentions,  in  the  same 
treatise,  that  those  lixivia,  which  on  account  of  their 
great  excess  of  acid  cannot  by  mere  evaporation  be 
made  to  deposit  alum,  may  be  brought  to  a  crystalU- 
zable  6tate  by  the  addition  of  potash  or  ammonia,  but 
not  by  means  of  soda  or  lime.  He  further  obeerrcs, 
that  vitriolated  potash  and  alum  combine  into  a  triple 
salt ;  yet  is  by  no  means  of  opinion  that  all  alum  ne- 
cessarily contains  either  potash  or  ammonia ;  on  the 
contrary,  he  recommends  the  acid  uncrystallizable 
lixivia  to  be  treated  with  clay,  in  order  to  neutralize 
their  great  excess  of  acid,  and  dispose  them  to  de- 
posit a  larger  quantity  of  crystals  than  could  be  pro- 
cured from  the  addition  of  potash.  This  proposed 
improvement  of  the  manufacture  was  introduced  with- 
out success  into  some  of  the  German  establishments, 
and  many  of  the  chemists  of  that  nation  began  to 
consider  alum  as  a  proper  triple  salt,  in  which  the 
presence  of  potash  or  ammonia  was  absolutely  ne- 
cessary :  Professor  Hildebrand,  and  Klaprotii,  in  par- 
ticular, were  decidedly  of  this  opinion.  It  is  to  the 
accurate  and  indefatigable  Vanquelin,  however,  that 
chemistry  is  indebted  for  the  latest  and  most  satis- 
factory axperiments  on   this   subject,  which  have 
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MMoeif  left  viy  thing  ftiither  to  be  known  relative 
Id  tiie  coQipo«ition  of  this  salt. 

H#  fint  dissolved  in  pore  sulphuric  acid  some  alu- 
miae  equally  puane>  and  then  evaporated  the  solution 
wpcale^y  to  dryness,  in  order  to  drive  off  the  excess 
of  acid :  the  dry  pulverulent  residue  being  then  re- 
diaaotred  in  water,  was  brought  by  evaporation  to 
vanoos  states  of  specific  ^vity  for  the  purpose  of 
erystailization ;  but  notwithstanding  every  precau- 
tioa,  a  flaky  crystalline  residue  was  all  that  could  be 
procured.  The  solution  which  had  thus  constantly 
jc^ftsed  of  itself  to  yield  crystallized  alum,  began  to 
deposit  aonie  immediately  on  the  addition  of  a  few 
drops  of  carbonated  potash ;  and  by  accurately  pro- 
portioning the  aljudi,  the  whole  of  the  liquor  to  the 
wry  laist  drop  was  made  to  fomish  by  evaporation 
octahedral  crystals  of  alum. 

Anodier  poition  of  the  same  pure  aluminous  sul- 
phgbe  was  mixed  with  the  same  quantity  of  carbonated 
soda  as  had  been  employed  of  potash  in  the  preced- 
mg  aq>enment»  bat  no  crystals  were  deposit^  even 
bf  evaporation.  Nor  were  lime  or  barytes  more  ef- 
ioadooa.  HeAoe  it  may  be  inferred  that  alum  b  by 
BO  means  a  pure  sulphate  of  alumine,  and  that  the  use 
of  potash  in  promoting  its  crystallization  is  not  to 
satnimte  a  supposed  excess  of  «cid.  This  was  fur- 
ther demonstrated  by  substituti^  sulphate  of  potash 
and  sulphate  of  ammonia  for  these  alkalies  in  their 
pQie  or  carbonated  states ;  in  which  case,  being  al- 
ready saturated  with  sulphuric  acid,  they  could  not 
poasably  contribute  to  deprive  the  aluminous  sulphate 
of  a  supposed  excess  of  the  same  acid ;  yet  in  this 
case,  as  in  tlie  form^ ,  the  uncrystallizable  sulphate 
af  alnndae  was  made  to  deposit  crystals  of  genuine 
ahm.  Hie  same  effect  took  place  even  when  acidu- 
iooa  sulphate  of  potash  was  substituted  for  common 
lalphtte  of  potash. 

Axnu,  mtUim,  is  found  in  most  countries  in  the 
state  of  an  efflorescence  or  mould  upon  the  surface 
of  certain  slate  clays  and  lavas,  and  in  the  United 
Stales  in  mica-slate  rocks;  also,  in  delicate  hair- 
thapfd  fibres,  occupying  clefts  in  a  bituminous  shale, 
fiipcipaOy  found  in  Italy.  It  may  always  be  easily 
fcpofnized  by  its  sweetish,  astringent  taste,  in  whlcA 
il  resembles  the  artificial  alum.  It  exists  only  in 
very  limited  quantities,  and  contains  too  many  im- 
parities to  be  of  any  practical  use. 

Alum iHA.  This  earth  has  neither  smell  nof  taste 
while  dry;  it  is  soft  to  the  touch,  and  adheres 
strongly  to  the  tongue ;  by  exposure  to  an  intense 
heat  It  is  imperfectly  ftised,  and  becomes  so  hard  as 
to  strike  iie  with  steal,  and  to  be  capable  of  cutting 
giaaa.  Its  specific  gravity  is  2.00.  It  is  scarcely 
•olable  in  water ;  but  when  dry,  it  is  capable  of  ab- 
aorbittg  2|  timi^  its  weight  of  water,  and  easily  mixes 
with  a  greater  quantity  to  form  a  paste  :  it  is  soluble 
in  all  acida^  and  in  solutions  of  caustic,  potash,  and 
soda.  It  is  often  called  aigil  or  pure  clay.  Alumina 
derives  its  name  from  alius,  horn  which  salt  it  is  ob- 
Niaed  in  the  greatest  purity.  Common  alum  is  chiefly 
a  solphate  <3'  alumina;  common  clay  is  alumina 
sixed  with  ailex,  and  several  other  bodies. 

Ignition  renders  alumina  incapable  of  forming  a 
paste  with  water ;  but  it  recovers  this  property  by 
sefaiCion  and  precipitatioQ. 

To  obtain  ahunina,  dissolve  alum  in  hot  water,  and 
add  ^fwwwM  or  potash  to  the  solution,  as  long  as 
precipitate  is  formed.  Decant  off  the  fluid,  and 
the  precipitate  in  a  large  quantity  of  water. 


This  precipitate  is  alumina,  combined  with  only  a 
small  portion  of  sulphuric  acid,  whereas,  in  the  state 
of  alum,  it  was  supersaturated  with  l^e  acid.  If 
this  precipitate  be  dissolved  in  muriatic  acid ;  the 
solution  evaporated  till  it  deposits  crystals  in  cooling ; 
these  crystals  separated  each  time  after  repeated 
concentrations  of  the  solution ;  and,  lastly,  a  preci- 
pitate formed  by  ammonia,  alumina  nearly  pure  will 
be  obtained ;  the  crystals  separated  consisting  of  the 
alum. 

Alumina  cannot  be  artificially  crystallized ;  but  it 
is  found  native  in  beautiful  transparent  crystals,  of 
great  hardness,  and  of  the  specific  gravity  of  4. 
In  this  state  it  forms  the  precious  stone  called  sap- 
phire. 

Though  alumina  alone  is  exceedingly  refractory 
in  the  fire,  yet  it  easily  fuses  and  enters  into  combi- 
nation with  lime,  for  which  it  has  a  strong  affinity. 
Alumina  has  also  a  strong  affinity  for  metallic  oxides, 
particularly  those  which  contain  most  oxygen.  The 
various  colours  of  clay  are  mostly  owing  to  the  oxide 
of  iron  combined  with  them. 

Alumina  is  of  great  importance  to  mankind ;  it 
enters  largely  ii^to  the  composition  of  the  best  arable 
soils ;  as  it  swells  and  will  not  permit  water  to  pass 
through  it,  it  is  inestimable  as  a  lining  for  canals  and 
reservoirs ;  for  this  purpose  it  b  used  in  the  state  of 
clay ;  combining  readily  with  greasy  substances,  it  is 
also  of  the  first  importance  in  scouring  cloth,  to 
which  use  it  is  often  applied  in  the  form  of  pipe- 
clay ;  but,  in  manufactures,  fuller's  earth  is  chiefly 
used,  which  is  alumina  mixed  with  very  fine  silex. 
Clay  is  also  extensively  required  for  making  bricks 
and  tiles.  Alumina  is  the  base  of  all  earthenware 
and  porcelain,  and  its  utility  for  these  purposes 
renders  it  of  great  consequence.  In  one  province  of 
China,  five  hundred  furnaces  and  nearly  a  million  of 
men,  are  said  to  be  employed  in  the  manufacture  of 
porcelain. 

The  basis  of  alumina  is  the  metal  aluminum,  whidi 
may  be  obtained  in  the  form  of  a  grey  powder,  by 
causing  potassium  to  act  on  chloride  of  aluminum. 
It  bums  splendidly  in  oxygen ;  and  an  oxide  is  pro- 
cured, which  is  alumina  consisting,  according  to 
Thomson,  of  100  parts  of  aluminum,  and  8  of  oxygen. 

Amalgam.  The  alloy  of  mercury  with  any  metal, 
if  the  mercury  predominates  so  far  as  to  render  it 
soft,  and  of  the  consistence  of  butter,  is  called  an 
amalgam.  These  amalgams  are  much  employed  in 
silvering  and  gilding,  as  the  mercury  is  easily  driven 
off  by  heat,  and  the  fixed  metal  is  left  behind.  The 
metal  with  which  the  backs  of  looking-glasses  are 
coated,  is  an  amalgam  of  tin  and  mercury. 

Amalgam,  Electrical.  Various  compounds  are  made 
under  this  name.  They  are  differently  prepared,  but 
the  best  are  made  of  tin  and  mercury,  or  zinc  and 
mercury.  Cavallo  directs  the  amalgam  of  tin  to  be 
made  by  mixing  two  parts  of  mercury  with  one  of 
tin-foil,  adding  a  little  powdered  chalk,  and  mixing 
the  whole  until  it  becomes  a  mass  like  paste.  For 
the  amalgam  of  zinc,  heat  four  or  five  parts  of  mer- 
cury higher  than  the  boiling  point  of  water,  and  have 
in  readiness  one  part  of  melted  zinc.  Pour  the  heated 
mercury  into  a  wooden  box,  and  immediately  after 
pour  the  melted  zinc  upon  it.  Close  the  box,  and 
shake  it  for  about  half  a  minute.  After  the  amalgam 
thus  made  is  cold,  mix  it  by  trituration,  with  a  small 
quantity  of  grease,  such  as  tallow,  mutton  suet,  &c., 
a  very  small  quantity  of  finely  powdered  whitening, 
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and  about  a  fourth  part  of  the  above  amalgam  of  tin. 
This  amaigam  of  zinc  is  the  best. 

Ammonia.  The  volatile  alkali  for  which  this  is 
but  another  name,  has  already  been  noticed  in  our 
account  of  the  alkalies  ;  but  we  purpose  on  the  pre- 
sent occasion  going  fully  into  its  chemical  properties^ 
as  well  as  its  application  to  the  useful  arts. 
.  Ammonia  is  obtained  for  actual  use  only  from 
vegetable  and  animal  substances,  more  especially  the 
latter;  in  a  few  instances  that  we  shall  presently 
mention,  it  is  also  formed  by  the  union  of  its  consti- 
tuent parts  in  the  course  oi  certain  chemical  experi- 
ments. The  distillation  of  animal  or  vegetable  matter 
has  long  been  known  to  furnish  an  ammoniacal  pro- 
duct, partly  liquid,  partly  concrete,  and  capable  of 
being  purified  by  subsequent  rectification,  which  has 
been  termed  salt  or  spirit  of  hartshorn,  spirit  of  wine, 
&c.,  according  to  the  substance  employed. 

In  all  these  cases  the  volatile  alkali  is  disengaged 
in  a  carbonated  state,  and  is  accordingly  strongly 
effervescent  with  acids.  This  subject  we  shall  refer 
to  the  articles  Carbonate  qf  Ammonia,  and  Animal 
Matter,  and  we  shall  here  only  describe  the  properties 
of  ammonia  in  its  pure  and  caustic  state,  and  the 
facts  which  prove  its  chemical  composition.  All  these 
facts  are  comparatively  modem.  Dr. Black  first  pointed 
out  the  difference  between  the  caustic  and  mild  alka- 
lies, and  the  respective  states  of  ammonia  among  the 
rest ;  and  Dr.  Priestley  appears  to  have  been  fhc  first 
who  obtained  this  alkali  in  its  purest  form,  that  of  a 
gas,  and  has  termed  it  alkaline  air. 

Ammonia  is  thus  prepared  :  Take  any  quantity  of 
well-burnt  lime,  slack  it  with  a  little  water,  so  as  to 
reduce  it  to  a  powder,  then  mix  it  expeditiously  with 
half  its  weight  of  dry  muriate  of  ammonia  in  fine 
powder.  On  the  instant  of  mixture,  very  pungent 
suffocating  fumes  of  volatile  alkali  will  be  disengaged 
(which  should  be  avoided,  as  they  would  excoriate 
the  nostrils),  and  the  mixture  should  be  put  into  a 
retort  of  glass  or  earth,  or  into  an  iron  or  earthen 
tube,  closed  at  one  end,  and  closely  fitted  with  a 
stopper,  to  which  a  bent  glass  tube  is  cemented.  On 
the  application  of  a  very  moderate  heat,  by  a  lamp 
or  a  pan  of  charcoal,  the  ammoniacal  gas  will  he 
given  off  in  great  abundance  for  a  considerable  time, 
and  to  be  examined  chemically  must  be  received  in  a 
jar  filled  with  mercury  and  standing  over  the  same 
fluid.  In  this  operation  the  ammonia  id  disengaged 
from  the  muriatic  acid,  which  combines  with  a  por- 
tion of  the  lime,  so  that  after  all  the  alkali  has  been 
expelled,  muriate  of  lime,  with  a  great  excess  of  lime, 
remains  in  the  retort.  This  when  duly  heated  is 
phosphoric.  A  much  smaller  quantity  of  lime  is  suf- 
ficient for  the  expulsion  of  the  anmionia.  Mr.  Cor- 
nette  found  by  direct  experiment,  that  when  equal 
parts  of  lime  and  muriate  of  ammonia  were  used, 
all  the  alkali  was  given  out  by  heat,  and  in  the 
residue  which  contained  no  undecomposed  muriate 
of  ammonia,  nearly  a  fifth  of  the  lime  remained 
uncombined.  On  using  three  times  the  quantity  of 
lime»  no  more  ammonia  was  obtained  than  with  only 
equal  parts. 

Many  other  substances  will  decompose  muriate  of 
ammonia  and  expel  the  alkali.  The  oxides  of  lead, 
minium,  and  litharge,  assisted  by  heat,  may  be  used 
with  advantage,  and  the  residue  is  muriate  of  lead. 
Water  absorbs  ammoniacal  gas  with  great  ease,  but 
yields  it  again  when  heated  to  about  130^,  and  hence 
the  liquid  ammonia  affords  a  very  ready  method  of 


furnishing  the  gaseous  alkali,  nothing  more  being 
necessary  than  to  put  the  liquor  into  a  proof  bottle 
with  a  curved  tube,  or  any  similar  vessel,  to  heat  it 
with  the  flame  of  a  taper,  and  to  collect  the  gas  over 
mercury.  No  greater  heat  than  necessary  should  be 
used,  otherwise  the  steam  of  the  water  driven  over 
along  with  the  gas,  will  absorb  it  again  rapidly  on 
cooling. 

Ammonia  remains  a  permanent  gas  unaltered  at 
any  known  temperature  under  a  red  heat.  In  thii 
state  it  is  intensely  pungent  and  caustic,  excoriating 
the  nostrils  when  snuffed  up  unmixed,  producing  a 
most  acrid  sensation  to  the  tongue  and  a  dangerous 
constriction  of  the  larynx.  In  a  dilute  form  it  is 
gratefully  pungent  and  refreshing.  Small  animals 
immersed  in  it  are  instantly  killed.  The  specific 
gravity  of  ammonia  is  not  easily  ascertained  with 
perfect  accuracy,  owing  to  the  extreme  ease  with 
which  this  gas  combines  with  moisture  in  large 
proportions. 

According  to  Mr.  Kirwan's  experiments,  100  cubic 
inches  of  this  gas  at  61^  temperature  and  30  inches 
barometrical  pressure,  weigh  18.16  grains.  The  same 
quantity  of  common  air  he  estimates  at  31  grains* 
and  hence  the  alkaline  air  is  lighter  than  the  com- 
mon air  in  the  proportion  of  about  6.10.  Therefore, 
as  the  specific  gravity  of  common  air  (being  816 
times  lighter  than  water)  is  .0012255,  the  specific 
gravity  of  ammonia  is  .(X)07353.  Other  experiments 
nearly  agree  with  this  estimation  of  alkaline  air. 

This  gas  has  been  commonly  represented  as  re- 
markably dilutable  by  heat,  much  more  so  than  com- 
mon air  in  similar  circumstances.  Hiis  has  been 
actually  observed  by  Priestiey,  Guyton,  and  other 
chemists,  but  it  appears  to  apply  only  to  this  gas  im 
its  common  state.  The  experiments  of  M.  du  Ver- 
nois  prove  that  much  of  this  expansion  by  heat  is 
owing  to  the  quantity  of  water  that  is  vapourized 
along  with  the  alkali,  which  quantity  being  variable, 
throws  an  equal  irregularity  on  the  results.  He 
attempts  however  to  give  the  following  comparison 
as  an  approximation  to  the  truth.  100  cubic  inches 
of  common  air  at  32^,  and  the  same  quantity  of  am- 
moniacal gas  (procured  from  dry  muriate  of  ammonia 
and  lime)  also  at  32^,  are  respectively  expanded  at 
the  different  temperatures  in  the  following  ratio  : 

Common  air.    Common  gas. 
01770        107.89  127.91 

122         125.70  184.87 

167         165.74  368.78 

212         193.68  680.09 

But  independently  of  the  error  arising  from  the  ad- 
mixture of  aqueous  vapour,  it  has  been  supposed  Aat 
even  in  the  heat  of  boiling  water,  a  small  portion  of 
the  alkaline  gas  is  decomposed  by  the  mercury  over 
which  it  is  confined,  and  which  is  generally  slightly 
oxidated  at  the  surface,  and  we  shall  presentiy  see 
how  readily  the  metallic  oxides  act  upon  the  alkali. 

Mr.  Gay-Lussac,  in  his  valuable  experiments  on 
the  dilatation  of  gases,  gives  another  cause  of  error  in 
the  experiments  on  alkaline  air.  In  receiving  the  gas 
directiy  from  the  mixture  of  lime  and  muriate  of  am- 
monia, he  did  indeed  find  it  much  more  dilatable  by 
heat  than  common  air ;  but  on  cooling  the  gas,  he  ob- 
served it  to  deposit  a  liquid  with  crystalline  pcnnts 
of  a  salt,  which  he  took  to  be  either  muriate  or  car- 
bonate of  ammonia,  all  of  which  again  disappeared  on 
raising  the  temperature.  To  exclude  this  impurity, 
he  repeated  the  experiment  with  ammonia  that  had 
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pttrioqaiy  Rmained  in  oontaict  with  potaali,  and  now 
DO  kmger  ga^e  this  deposition  on  coolW.  This 
gss  was  now  found  to  expand  exactly  in  me  same 
latio  as  common  air  by  equal  increments  of  heat 
from  the  freezing  point  to  303^. 

A  hi^  heat  draomposes  the  alkali,  as  will  presently 
beseen. 

Ammoniaral  gasextingnishesflame.  When  a  lighted 
taper  is  flanged  into  a  jar  full  of  this  air,  it  imme- 
diately goes  out,  but  just  before  extinction  the  flame 
b  enlarged  by  a  kind  of  halo  of  a  pale  yellow  colour. 
The  electric  spark  taken  in  it  is  red. 

Ammonia  combines  with  extreme  rapidity  with 
water,  the  easier  as  the  water  is  colder.  Heat  is 
giren  oat  at  the  same  time.  Ice  absorbs  this  gas 
widi  eqoal  facility,  and  in  so  doing  it  appears  to  melt 
as  &st  as  if  a  red-hot  iron  were  appli^  to  it.  Sir 
Hum{^ry  Davy's  experiments  on  this  subject  are 
■Btful,  and  bear  the  marks  of  every  practicable  degree 
of  accuracy. 

This  diemist  found  that  50  grains  of  water  ab- 
sorbed 17  grains  of  gaseous  ammonia  (rather  more 
tbMSk  a  third  of  its  weight ;  and  according  to  the  cal- 
culation given  above,  nearly  463  times  its  bulk)  ;  and 
by  this  absorption  the  bulk  of  the  liquid  was  much 
increased,  or  in  other  words  its  specific  gravity  was 
^minisfaed.  Therefore  the  levity  of  such  a  solution 
is  in  direct  proportion  to  its  strength  of  alkaline  im- 
pregnation. By  calculation  from  two  extreme  terms, 
Sr  Humphry  Davy  gives  the  following  table  of  spe- 
cific gravity  of  liquid  ammonia,  corresponding  with 
the  respective  quantities  of  alkidi  and  water  m  the 
sohition.  As  this  preparation  is  in  constant  use,  we 
ihaU  give  the  table,  which  may  be  of  service  in  as- 
eertaining  its  strength,  and  regulating  the  price  which 
it  shomld  bear,  llie  temperature  is  assumed  to  be 
S90,  bnt  the  dianges  in  specific  gravity  from  40^  to 
d5^  are  not  materially  different. 


gr. 
9054 
9166 
9255 
9326 
9385 
9435 
9476 
9513 
9545 
9573 
9697 
9619 
9684 

9639 
9713 


contain 


Ammonia. 

25.37 
22.07 
1954 
17.52 
15.88 
14.53 
13.46 
12.40 
11.56 
10.82 

10.17 
9.60 
9.50 
9.09 
9.17 


and 


Water. 
74.63 

77.93 
80.46 
82.48 
84.12 

85.47 
86.54 
87.60 
88.44 
89.18 
89.83 
90.40 
90.5 

90.91 
92.83 


ammonia  (the  aqua  ammoniae  purse  of  the 
PliarmAoopoetas)  is  actually  prepared  from  the  same 
materials  in  two  ways;  in  one,  the  liquid  itself  is 
£stilled ;  in  the  other,  the  gas  is  received  in  water, 
and  there  absorbed.  Tlie  former  is  the  oldest  method, 
and  is  still  |ntu:tised  verv  largely.  It  is  the  follow- 
ing :  slack  two  pounds  of  well-burnt  quick  lime  with 
one  pint  of  water ;  when  thus  reduc^  to  powder, 
■ux  It  with  sixteen  ounces  of  muriated  ammonia  al- 
ready in  powder,  put  it  into  a  retort,  add  five!  pints  of 
cold  water,  and  lute  on  a  receiver  capable  of  being 
kept  extremely  cool,  if  possible  surrounded  with  ice. 
Then  distil  off,  with  a  moderate  heat,  twenty  ounces 
of  ^  liquid,  which  will  be  the  liquid  ammonia,  or 
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caustic  volatile  alkali.  It  is  to  be  observed  that  the 
ammonia  is  so  much  more  volatile  than  water,  that 
the  whole  of  it  comes  over  with  the  first  pint  or  pint 
and  a  quarter  of  water,  so  that  no  advantage  what- 
ever is  gained  by  continuing  the  distillation  any 
longer.  The  rest  of  the  water  serves  to  keep  the  re- 
sidue sufficiently  liquid  to  be  readily  taken  out  of  the 
retort.  Twice  as  much  lime  as  necessary  is  em- 
ployed ;  but  this  excess  serves  to  keep  down  any  car- 
bonic acid  that  might  otherwise  rise.  The  specific 
gravity  of  the  liquid  thus  prepared  is  about  .936,  and 
contains  about  17  per  cent,  of  ammonia.  The  pro- 
cess should  be  conducted  slowly,  and  the  receiver 
kept*very  cool,  or  ebe  the  water  will  again  part  with 
the  alkali ;  and  this  latter,  escaping  in  the  form  of 
gas,  may  burst  the  vessels  if  tight,  or  run  to  waste  if 
open. 

The  other  method,  which  is  neater  and  probably 
better  in  every  respect,  is  to  receive  the  gas  from  the 
lime  and  sal  ammoniac  in  a  known  quantity  of  water, 
which  will  absorb  it  till  saturated.  No  more  water, 
therefore,  should  be  added  to  the  materials  than  is 
just  sufficient  to  slack  the  lime  (about  half  its  weight) ; 
and  to  make  a  strong  solution  as  can  conveniently  be 
kept  in  a  summer  heat,  as  much  water  should  be  em- 
ployed to  absorb  the  ammonia  as  the  weight  of  the 
muriated  ammonia  put  into  the  distilling  vessel.  This 
last,  instead  of  a  wide  neck,  should  terminate  in  a 
bent  tube,  plunged  to  the  bottom  of  the  water,  and 
an  apparatus  similar  to  that  of  Woulfe's  to  prevent 
absortion.  If  the  receiving  bottle  is  surrounded  with 
ice,  the  retort  may  be  heated  pretty  rapidly. 

As  this  liquid  speedily  absorbs  carbonic  acid  from 
the  air,  it  should  be  kept  in  well-closed  botUes.  The 
effect  of  heat  upon  it  has  been  already  mentioned  to 
be  the  entire  expulsion  of  the  ammonia  in  the  form  of 
gas,  and  nothing  but  pure  water  is  left.  Hie  effect 
of  cold  is  singular.  If  cooled  very  low,  ammonia 
loses  much  of  the  pungency  of  its  smell  (the  alkali 
not  being  then  so  easily  given  off) ;  at  last,  at  the 
temperature  of  freezing  mercury,  (.40),  it  begins  to 
crystallize  in  brilliant  flexible  needles;  or  if  more 
hastily  cooled  to  this  intense  degree,  or  even  still 
lower,  it  becomes  grey,  semi-transparent  like  glue,  or 
like  silex  in  its  gelatinous-precipitate  form,  and  with 
scarcely  any  scent. 

Many  oUier  liquids  will  absorb  ommoniacal  gas. 
Alcohol  does  it  with  great  ease,  and  appears  but  little 
altered  by  it.  We  shall  now  relate  some  of  the  nu- 
merous experiments  that  incontestibly  prove  that  am- 
monia is  a  compound  substance,  which  are  both  ana- 
lytical and  synthetical,  this  alkali  being  decomposed 
in  a  variety  of  processes,  and  in  a  few,  being  formed 
by  direct  union  of  its  constituent  parts. 

Dr.  Priestley's  experiments  are  among  the  first  in 
the  decomposition  of  this  alkali.  On  passing  the 
electric  spark  through  this  gas,  he  found  it  to  be  per- 
manently enlarged  i^r  every  shock,  and  when  water 
was  admittJ^d,  just  so  much  remained  imabsorbed  as 
had  been  added  by  the  explosions.  The  air  was  new 
strongly  inflammable,  detonating  when  mixed  with 
common  air,  as  violently  as  the  inflammable  air  from 
metals.  The  colour  of  the  electric  spark  was  red  in  this 
air,  as  in  hydrogen.  The  extent  of  dilatation.  Dr.  Priest- 
ley found  to  be  about  three  times  the  original  bulk  of 
the  ammoniacal  gas,  and  when  at  its  extreme  degree, 
no  portion  of  the  electrified  air  was  now  absorbed  by 
water.  He  afterwards  found  that  mere  heat  would  pro* 
duce  a  similar  effect,  though  less  perfectly,  for  on  pass- 
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ing  alkaline  air  through  a  red-hot  tube,  part  of  it  was 
changed  to  inflaihmable  air,  and  part  Went  throtigh^an- 
altered.  Inflammable  air,  or  hydrogen,  is  therefore  thus 
proved  to  be  one  constituent  of  ammonia.  The  other 
IS  detected  by  the  following  beautiful  and  simple  expe- 
riment. Having  previously  found  that  the  oxides  of 
lead  were  revived  when  heated  in  inflammable  air. 
Dr.  Priestley,  tried  the  same  with  ammoniacal  gas, 
and  found  that  massicot  (an  oxide  of  lead)  was  thereby 
reduced  to  reguline  lead,  with  a  certain  diminution  of 
the  air,  but  not  so  complete  as  when  hydrogen  alone 
was  employed ;  for  the  alkaline  Bit,  after  it  would 
reduce  no  more  of  the  metal,  left  a  large  residue, 
which  Dr.  Priestley,  to  his  surprise,  found  to  be 
nitrogen  or  azotic  gas.  Red  mercurial  oxide  was  in 
like  manner  reduced  in  alkaline  air ;  water  was  gene- 
rated in  a  very  sensible  quantity,  and  the  residue,  as 
before,  was  azotic,  mixed  with  some  oxygen  gas  fh)m 
the  mercurial  oxide.  These  experiments  of  the  elec- 
trization of  ammonia,  and  of  the  reduction  of  metallic 
oxides,  have  been  confirmed  by  many  other  chemists. 
The  partial  decomposition  of  volatile  alkali  by  me- 
tallic oxides  did  not  escape  the  acute  observation  of 
Scheele.  This  eminent  chemist  observed  that  liquid 
ammonia,  when  suffered  to  remain  in  contact  with 
oxide  of  manganese  and  nitrous  acid,  was  entirely  de- 
composed, and  furnished  an  elastic  gas,  whilst  the 
oxide  of  manganese  was  so  far  reduced  to  the  metallic 
state  as  to  become  soluble  in  the  nitrous  acid.  The 
ammonia,  therefore,  furnished  hydrogen  to  the  oxygen, 
to  separate  it  in  the  form  of  water  from  this  metal, 
and  the  other  part  of  the  ammonia,  the  nitrogen 
escaped  in  a  gaseous  form ;  thus  evincing  its  com-^ 
position. 

But  the  most  accurate  and  convincing  etpenments 
on  this  alkali  were  undertaken  by  M.  Berthollet,  on 
the  facts  discovered  by  Priestley  and  Scheele.  M.  Ber- 
thollet first  ascertained  that  on  the  distillation  of 
nitrous  ammonia  more  water  was  produced  than  be- 
longed to  the  crystallization  of  the  salt,  and  that  the 
source  of  this  water  was  the  mutual  decomposition  of 
the  acid  and  the  alkali;  the  former  supplying  the 
oxygen,  and  the  latter  the  hydrogen. 

M.  Berthollet  also  repeated  the  experiment  of  the 
reduction  of  metallic  oxides  on  ammonia.  Oxide  of 
copper  dissolved  in  this  alkali,  evaporated  to  dryness, 
and  afterwards  strongly  heated,  became  completely 
reduced ;  water  was  formed,  and  nitrogen  gas  given 
out,  together  with  some  ammonia  that  had  escaped 
decomposition.  Hence  M.  Berthollet  beautifully  ex- 
plained the  detonation  of  fulminating  gold«  and  even 
confirmed  it  by  actual  experiment  in  close  vessels. 
This  preparation  is  oxide  of  gold  combined  with  am- 
monia; when  heated  it  detonates  vehemently,  the 
gold  is  reduced,  water  is  suddenly  formed,  and  nitro- 
gen gas  given  out. 

Another  singular  phenomenon,  also  observed  by 
M.  Berthollet,  is  explained  by  the  decomposition  of 
ammonia.  When  oxymuriatic  acid  is  mixed  with 
'  liquid  ammonia,  a  strong  effervescence  takes  place, 
though  the  alkali  contains  no  carbonic  acid ;  a  gas 
is  given  out,  and  the  acid  immediately  loses  its  cha- 
racteristic properties,  becoming  simple  muriatic  acid. 
This  is  beautifully  explained  by  the  decomposition 
of  ammonia,  the  hydrogen  of  the  alkali  uniting  with 
the  excess  of  oxygen  in  die  acid  into  water,  and  the  ni- 
irogen  of  the  alkali  appearing  uncombined  in  a  gaseous 
form ;  for  tiie  effervescing  gas  when  examined  is  found 
to  be  azotic.    A  crowd  of  interesting  experiments. 


subsequent  to  \he6e  abovt  mentioned,  come  in  oonfh''* 
mation  of  this  hypothesis  of  the  deoofaposition  of 
ammonia.  M.  FourcMy,  on  passing  the  oxymoriatio 
acid  gas  into  liquid  ammonia,  obtained  a  large  quan- 
tity of  azotic  gas,  which  was  collected  in  tiie  pnem* 
raatic  trough.  On  adding  ammoniacal  gas  to  oxymu- 
riatic gas,  a  white  flame  was  produced,  and  water 
was  immediately  seen  trickling  down  the  sidea  of  the 
vessels. 

The  same  chemist  has  dso  parined  the  experiments 
with  ammonia  and  itietalliC  oxides.  Liquid  ammonia 
added  to  nitrate  of  mercury  in  solution,  precipitates 
the  metal  black,  and  newly  metallic,  and  azotic  gas 
is  given  out.  llie  same  takes  place  more  strikingly 
witii  liquid  ammonia,  and  red  mercurial  oxide  in 
powder.  A  strong  effervescence  of  aiotic  gas  takes 
place,  the  oxide  turns  fitst  white,  then  black,  and  on 
being  moderately  heated  becomes  mostly  running 
mercury.  The  black  oxide  of  manganese,  moistened 
with  ammonia  in  like  manner,  effervesces  slightly 
even  at  a  cold  temperature,  the  metal  is  particularly 
reduced  and  becomes  grey,  and  aeotic  gas  is  formed. 
Nitrate  of  iron  treated  with  ammonia,  is  equally 
reduced  to  the  state  of  the  least  oxydotion,  and  the 
precipitate  is  the  black  oxide  of  iron. 

Many  of  the  nentral  ammoniacal  salts  when 
strongly  heated,  are  partly  sublimed  and  partly  de- 
composed. The  nitrate  of  ammonia  has  been  already 
mentioned.  Mr.  Chenrrix  found  that  the  sulphate  of 
ammonia  being  distilled,  gave  out  flrst  die  water 
of  crystallization,  then  paii:  of  the  salt  sublimed  un- 
altered, after  which  came  over  sulphureous  acid  and 
azotic  gas,  which  continued  to  the  end  of  the  process. 
The  alkali  of  muriate  of  ammonia,  though  not  easily 
destructible  by  mere  heat,  is  entirely  decomposed  by 
the  nitric  acid.  Mr.  WonUe,  by  distillhig  one  pound 
of  nitric  acid  from  four  ounces  of  muriate  of  ammonia, 
found  the  acid  to  act  with  great  vehemence  on  the 
salt,  and  the  whole  contents  of  the  retort  were  dis- 
tilled over  in  a  liquid  form,  in  which  no  trace  of  un- 
decomposed  ammonia  could  be  detected.  The  nitric 
acid  was  also  in  part  decomposed,  and  much  azotic 
gas,  mixed  with  some  oxygen,  was  given  out  in  the 
process. 

It  oftai  happens  that  in  the  decomposition  of  the 
alkali^  the  nitrogen,  which  is  one  of  the  constituents 
of  ammonia,  instead  of  being  given  out  in  the  form  of 
gas,  enterv  into  new  combinations,  particularly  with 
oxygon  when  present  in  excess,  and  forms  nitrous 
acid.  The  particulars  of  this  singular  conversion 
will  be  given  under  this  article,  but  it  may  be  men- 
tioned here,  that  Dr.  Miiner  produced  this  acid  by 
passing  ammonia  through  heated  oxide  of  manganese; 
Fourcroy  the  same,  by  ammonia  and  sulphate  of  mer- 
cury ;  and  Proust  the  same,  by  strongly  heating  a 
mixture  of  ammoniacal  gas  with  an  excess  of  oxygen. 
If  a  smaller  quantity  of  oxygen  be  used,  the  t>rodttct 
of  the  gases,  after  detonation  in  a  high  heat,  fo 
merely  Water  and  aiotit  gas. 

We  have  now  to  mention  some  of  the  experiments 
in  which  ammonia  is  produced  by  a  mixture  of  ita 
constituent  parts. 

Animal  putrefaction,  and  the  disorganization  of  all 
animal  and  manv  vegetable  substances  by  fire,  are 
processes  of  this  kind,  that  are  perpetually  going  out 
for  in  neither  instance  can  ammonia  be  traced  in  iht 
substance  in  any  notable  quantity,  befbre  putrefac- 
tion or  combustion.  But  chemistry  flimishes  us 
with  more  direct  experiments. 
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An  ammoniacal  smell  haa  often  been  observed  ac- 
cidentally by  several  chemists,  where  it  was  not  ex- 
pected;  and  more  particnlarly  in  experiments  with 
Bitrous  gas  or  acids,  and  various  metallic  oxides. 
This  was  noticed  by  Dr.  Priestley,  in  a  solution  of 
nitrated  copper  mixed  with  iron  filings,  which  had 
long  stood  together.  Mr.  Hauffman,  of  Colmar,  has 
thown  the  same  production  of  alkali,  on  mixing 
nitroos  gas  with  the  precipitate  from  acetate  of  iron. 
In  this  case  the  nitrous  gas  is  rapidly  absorbed  by  the 
iron  precipitate,  and  at  that  time  such  an  interchange 
of  prmcipies  takes  place,  that  a  small  portion  of  ni- 
tzate  of  ammonia  is  formed  in  the  mixture.  On  adding 
lime  or  caustic  potash,  the  ammonia  is  expelled  and 
becomes  sensible  to  the  smell.  A  like  production  of 
volatile  alkali  always  takes  place  when  the  green  sul- 
phate of  iron  is  saturated  with  nitrous  gas.  This  is  a 
curious  &ct,  and  depends  on  very  complicated  affini- 
ties. It  wiU  be  sufficient  to  observe  in  this  place, 
that  the  azote  of  the  ammonia  is  provided  for  in  the 
mtrous  gas,  and  the  hydrogen  in  the  decomposed 
water  of  the  solution.  Dr.  Austin's  experiments  on 
the  formation  of  ammonia  are  highly  interesting. 
Dr.  A.  found  that  no  mixture  of  the  two  consti- 
toents^  hydrogen  and  azote,  when  both  in  a  gaseous 
ibrm,  could  be  brought  to  unite  into  ammonia,  either 
by  mixture  in  any  proportion,  or  by  any  third  addi- 
tioQ.  Even  when  the  two  gases  were  the  identical 
parts  of  a  given  quantity  of  ammonia,  decomposed  by 
electricity,  they  could  not  again  be  re-united  in  their 
alkaline  form.  Dr.  A.  attributes  this,  probably  with 
reason,  to  the  great  difference  of  specific  gravity  be- 
tween the  two  gases,  and  hence  he  was  led  to  at- 
tempt an  union  between  the  two,  by  putting  the 
hydrogen  in  contact  with  azotic  zas  at  the  instant  of 
its  formation,  before  it  had  perfectly  assumed  the 
Ibrm  of  hydrogen  gas,  or  as  it  is  termed  in  its  nas- 
cent state.  Tina  method  succeeded.  Iron  filing, 
which  are  known  to  yield  hydrogen  soon  after  mix- 
ture with  water,  were  moistened  and  inclosed  in  an 
atmosphere  of  azotic  gas.  In  about  twenty-four 
hoars  ammoniaral  gas  was  detected,  by  the  usual  test 
of  dianging  to  green  a  piece  of  blue-stained  paper 
whidi  wtA  susf^nded  in  the  vessel.  The  green  of 
Bttzated  copper  on  paper  was  also  changed  to  blue 
by  the  same  process  in  a  few  days.  The  same  gene- 
raticm  of  ammonia  took  place  in  a  few  hours  when 
wtaooB  gas  was  substituted  for  the  azotic.  On  the 
odier  bimd  the  same  change  occurred,  though  in  a 
longer  time,  when  common  air  was  used  instead  of 
tbt  azotic.  Hence  it  would  follow  that  a  small  por- 
tion of  ammonia  is  always  produced  whenever  iron 
rasts  in  the  open  air,  or  generally  by  every  natural 
proceas  which  evolves  hydrogen. 

In  the  following  simple  experiment  die  volatile 
aflnli  is  produced  immediately  in  a  ver^  sensible 
quantity.  Pour  some  moderately-strong  mtrous  acid 
^Mm  an  ounce  or  two  of  tin  filings,  sufficient  to 
moisten  them  completely,  and  stir  them  together; 
the  action  will  be  immediate  and  vehement,  and  co- 
pious fumes  of  nitrous  gas  will  arise ;  a  very  short 
time  afterwards  add  some  lime  or  dry  caustic  alkali, 
mb  them  together,  and  a  very  pungent  smell  of  am- 
monia will  be  given  out.  in  this  experiment  the 
wwmmia  vdiidi  is  formed  from  the  decomposition 
bodi  of  nitrous  add  and  of  water,  first  unites  with 
another  part  of  the  add,  forming  nitrate  of  ammonia, 
whidi  might  be  procured  as  such  from  the  mixture. 
Thn,  on  adding  die  lime,  this  newly-formed  salt  is 


again  decomposed,  and  the  volatile  alkali  is  expelled 
in  its  gaseous  form.  Zinc  filings,  moistened  with  ni« 
trated  copper,  and  mixed  with  lime,  equally  give  out 
ammonia. 

The  method  which  has  been  pursued  by  M.  Ber- 
thollet  and  succeeding  chemists,  of  ascertaining  the 
relative  proportions  of  the  two  ingredients  of  am- 
monia (and  indeed  the  only  one  practicable),  has 
been  first  to  resolve  ammQniacal  gas  into  its  consti- 
tuent parts,  hydrogen  and  azotic  gases  (for  which 
electricity  offers  a  certain  but  tedious  agent),  and 
then  to  abstract  the  hydrogen  by  detonation  with 
oxygen  in  Volta's  eudiometer.  The  perfect  resolu-* 
tion  of  the  ammonia  after  electrization  over  mer- 
cury, b  known  by  the  enlargement  ceasing,  and  by 
the  electrized  gas  being  now  entirely  unabsorbed 
when  water  is  thrown  up  to  it.  In  the  subsequent 
detonation  of  the  hydrogen  (in  which  an  excess  ot 
oxygen  should  be  employed)  a  great  portion  of  the 
gas  disappears ;  which  loss,  as  it  is  accounted  for  by 
the  production  of  water,  must  be  estimated  according 
to  the  known  proportions  in  which  hydrogen  and 
oxy|;en  constitute  this  fluid.  The  remaining  gas  (al- 
lowing for  the  excess  of  oxygen  employed)  is  the 
azote,  the  other  constituent  of  the  ammonia.  In  this 
manner  M.  Berthollet  estimates  the  composition  of 
ammonia  to  be  121  by  weight  of  azote,  and  29  of  hy- 
drogen ;  supposing  too  that  the  comparative  specific 
gravity  of  the  former  to  the  latter  is  as  11  to  1. 

Sir  Humphry  Davy  in  his  experiments  decom- 
posed his  ammonia  by  transmission  through  a  red^ 
hot  tube  of  green  glass ;  after  which  he  estimated  the 
hydrogen  and  azote  in  the  manner  above  mentioned, 
and  the  result  coindded  almost  exactly  with  that  of 
M.  Berthollet. 

An  approximation  to  the  same  result  is  afforded 
by  calculation  from  the  known  specific  gravities  of 
aU  the  airs  concerned  in  these  experiments.  Accord- 
ing to  Mr.  Kirwan,  100  cubic  inches  of  alkaline  air 
weigh  18.16  grains,  of  azotic  air  weigh  30.535  grains, 
and  of  hydrogen  gas  weigh  2.613  grains.  M.  Ber- 
thollet reckons  that  1.7  cubic  inches  of  ammonia  ex- 
pands by  electrization  to  3.3,  and  consequently  100 
cubic  inches  of  the  electrized  air  now  weigh  only 
9.355  grains;  and  by  subsequent  calculation.  Dr. 
Austin  found  that  a  mixture  of  this  spedfic  gravity  is 
formed  by  121  grains  of  azote,  and  20  of  hydro- 
gen. 

Ammonia  combines  with  great  ease  with  all  the 
acids,  forming  neutral  salts,  which  will  be  described 
under  the  respective  acids.  Its  affinity  for  acids  is 
weak  compared  to  that  of  the  other  alkalies  and 
many  of  the  earths.  It  is  a  remarkable  property  of 
this  alkali,  that  in  many  instances  when  added  to 
earthy  or  metallic  salts,  where  its  afilnity  to  the  acid 
is  on  the  whole  greater  than  the  basis  idready  com- 
bined, it  only  partially  decomposes  them,  uniting 
with  the  remainder  of  the  salt  into  a  triple  compound, 
sometimes  crystaUizable,  consisting  of  the  acid,  the 
earth,  or  metallic  oxide,  and  ammonia.  It  is  of  im- 
portance to  be  aware  of  this  in  chemical  analysis. 
The  affinity  of  magnesia,  for  example,  is  so  nearly 
the  same  as  that  of  ammonia  to  adds,  that  ammo- 
niaco-magnesian  triple  salts  are  constantly  occurring 
when  the  three  substances  come  together. 

The  frequent  decomposition  of  ammonia  upon  me- 
tallic oxides,  reducing  them  from  the  highest  state  of 
oxydation  to  the  lowest,  or  even  to  the  reguline  sUXe, 
has  already  been  mentioned,  when  describir.g  tie 
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facts  that  prove  the  decomposition  of  this  alkali. 
It  also  simply  dissolves  other  metallic  oxides,  as 
copper,  cobalt,  zinc,  nickel,  tungsten,  &c.  Some  of 
these  compounds  are  crystailizable. 

When  ammoniacal  gas  is  mixed  with  some  of  the 
gaseous  acids,  the  carbonic  or  muriatic  for  example, 
a  most  beautifnl  phenomenon  occurs :  the  two  gases 
instantly  on  mixture  form  a  dense  white  cloud,  to- 
tally lose  their  gaseous  form,  and  condense  into  mi- 
nute flakes  of  the  dry  crystallized  ammoniacal  salt, 
80  that,  if  pure,  not  an  atom  of  gas  is  lefl  in  the 
vessel  in  which  they  are  mixed.  A  rapid  and  com- 
plete absorption  therefore  is  the  consequence,  and 
this  is  attended  with  a  very  sensible  evolution  of  heat. 

This  circumstance  affords  a  very  delicate  test  of 
ammonia ;  fbr  if  any  of  the  alkaline  gas  is  given  off 
from  any  substance  (suppose  an  uncorked  bottle  of 
liquid  ammonia),  and  a  glass  rod,  straw,  or  any 
thing  of  the  kind  be  only  moistened  with  muriatic  or 
nitrous  acid,  and  held  in  the  ammoniacal  atmos- 
phere, the  alkali  floating  in  the  air  will  immediately 
be  detected  by  the  thick  white  cloud  of  nitrate,  or  mu- 
riate of  ammonia,  which  will  be  seen  to  hover  round 
the  acid.  This  test  is  even  more  delicate  than  the 
smell.  The  caustic  powers  of  the  volatile  alkali  are 
much  inferior  to  those  of  the  two  fixed.  It  does  not 
readily  corrode  animal  matter.  With  oil  it  unites 
readily  to  a  certain  degree,  but  not  so  firmly  and 
perfectly  as  the  fixed  alkalies. 

Sulphur  may  be  made  to  combine  with  ammonia  by 
distillation.    Some  interesting  products  are  the  result. 

The  constant  tendency  of  ammonia  to  assume  the 
gaseous  state,  in  a  very  moderate  heat,  forms  a  con- 
siderable obstacle  to  its  union  with  many  bodies 
with  which  the  fixed  alkalies  may  be  made  to  com- 
bine ;  of  course  there  can  be  no  such  substance  as 
an  ammoniacal  glass,  it  bemg  impossible  to  combine 
it  with  the  materials  necessary  to  the  formation  of 
that  substance. 

Ammonia  in  its  caustic  state  is  used  only  in  me- 
dicine and  the  laboratory.  Ammoniacal  gas  is  one 
of  the  best  correctors  to  the  dangerous  suffocating 
properties  of  the  vapour  of  oxymuriatic,  and  probably 
of  other  acids.  In  the  event  of  such  an  accident, 
the  speediest  method  will  be  to  mix  quick  lime  and 
muriated  ammonia  with  a  little  water,  and  to  place 
the  vessel  containing  it  on  the  floor,  as  near  to  the 
feet  of  the  sufferer  as  can  be  borne  with  security,  so 
as  to  allow  him  to  inhale  cautiously  some  of  the 
ascending  ammoniacal  gas,  which  will  be  given  off 
in  great  abundance. 

Ammoniacal  gas  is  detected,  as  we  have  before 
mentioned,  by  giving  a  dense  white  fnme  with  mu- 
riatic acid  vapour.  It  is  known  to  be  pure  when  it 
is  totally  and  instantly  absorbed  by  water.  This 
test  is  in  general  suflScient,  for  the  other  rapidly 
absorbable  gasses  are  the  aeriform  acids,  which  can- 
not remain  in  a  gaseous  state  along  with  ammonia. 
If  a  small  admixture  of  sulphurcted  hydrogen  gas 
be  suspected,  the  test  of  acetate  of  lead  may  be  used, 
which  will  be  blackened  by  water  that  has  absorbed 
I'his  gas,  but  not  by  liquid  ammonia.  The  solution 
f  ammonia  in  water  is  known  to  be  perfectly  de- 
prived of  carbonic  acid  when  it  gives  no  effervescence 
with  acids,  no  cloudiness  on  mixture  with  strong  al- 
cohol, and  particularly  when  it  does  not  alter  the 
transparency  of  a  solution  of  pure  lime  (calcareous 
spar  or  Carrara  marble)  in  the  nitrous,  muriatic,  or 
acetic  acids.    This  last,  which  is  a  most  delicate 


test,  should  be  made  in  a  well -corked  bottle;  for 
though  pure  ammonia  will  not  precipitate  lime,  car- 
bonate of  ammonia  will  do  it  very  readily ;  and  the 
alkali,  if  exposed  to  the  air,  will  speedily  absorb 
from  it  sufiicient  carbonic  acid  to  render  this  test 
fallacious.  If  muriate  of  ammonia  is  accidentally 
mixed  with  liquid  ammonia  in  the  process  of  distil- 
lation, the  presence  of  the  muriatic  acid  is  thus  de- 
tected :  saturate  part  of  the  liquor  with  pure  dis- 
tilled vinegar,  and  add  to  it  a  few  drops  of  nitrated 
silver,  a  white  precipitate  of  luna  cornea  will  then 
indicate  the  muriatic  acid,  for  nitrate  of  silver  is  not 
clouded  by  pure  acetate  of  ammonia.  We  may  add, 
that  in  the  analysis  of  any  substance  supposed  to 
contain  an  ammoniacal  salt,  this  alkali  is  best  ex- 
pelled by  adding  lime  to  the  substance  to  be  ana- 
lyzed, and  distilling  the  whole  in  a  close  vessel. 
The  whole  of  the  ammonia  then  comes  over  with  the 
very  first  products,  and  if  condensed  by  a  little  water 
in  a  cool  receiver,  it  is  thus  obtained  in  a  concen- 
trated state  convenient  for  further  examination. 

The  affinities  of  ammonia  are  the  same  as  those  of 
potash  and  soda  in  the  moist  way,  but  the  tendency 
of  the  volatile  alkali  to  gasification  on  the  applica- 
tion of  heat  is  so  strong  as  to  throw  some  uncertainty 
on  its  relative  affinities,  even  at  a  moderately  elevated 
temperature. 

Ammoniacal  Preparations,  in  Pharmacy.  There 
are  several  pharmaceutical  preparations,  into  which 
the  volatile  alkali,  under  one  form  or  another,  enters 
as  a  principal  ingredient.  Of  these  the  only  one  in 
which  the  alkali  is  employed  in  its  caustic  state,  is 
the  aqua  ammoniac  purse  {Pliarm,  Lond,),  also  called 
caustic  spirit  of  ammonia,  or  spirit  of  ammonia  with 
quick-lime  (spiritus  ammoniae  cum  calce  viva),  the 
method  of  preparing  which  has  already  been  de- 
scribed. 

It  may  be  observed,  that  though  it  is  called  a  spirit 
it  only  consists  of  water  impregnated  with  pure  am- 
monia through  the  medium  of  distillation.  The  ap- 
pellation, "with  quick-lime,"  is  added  to  distinguish 
it  from  the  simple  spirit  of  sal-ammoniac,  which  is 
prepared  (from  the  distillation  of  muriate  of  ammonia 
in  both  cases,  but)  with  chalk,  and  is  therefore  not 
caustic,  but  carbonated,  and  effervesces  with  acids. 

The  several  preparations  of  the  carbonate  of  am- 
monia employed  in  medicine,  will  be  mentioned  more 
particularly  imder  that  article  and  Hartshorn,  The 
principal  are  the  prepared  ammonia,  ammonia  pre- 
parata  (Pharm,  Lond,),  sal  volatile,  salt  of  harts- 
horn, which  is  the  solid  carbonate  of  ammonia  in  its 
pure  state,  prepared  for  the  most  part  by  sublimation 
of  some  of  the  neutral  ammoniacal  salts  with  chalk. 

Aqua  ammoniae  (PJiarm,  Lond,),  or  spirit  of  sal- 
ammoniac,  is  prepared  by  distilling  muriate  of  am- 
monia, chalk,  and  water ;  and  is  in  fact  nothing  bat 
a  solution  of  carbonate  of  ammonia  in  water,  effected 
by  the  medium  of  distillation,  and  perhaps  contain- 
ing a  small  portion  of  the  caustic  ammonia,  where 
the  chalk  is  not  perfectly  mild.  Sometimes  this 
liquor  is  prepared  with  pearlash,  or  carbonate  of  pot- 
ash instead  of  chalk.  The  effect  will  be  the  same 
upon  the  ammoniacal  liquor,  only  when  the  pearl- 
ash  is  used,  as  it  is  always  in  a  semi-caustic  state, 
it  will  render  the  volatile  alkali  somewhat  less  car- 
bonated. 

Spiritus  ammoniae  {Pharm.  Lond.),  spiritus  sails 
ammoniaci  dulcis  sive  vinosus.  This  differs  from  the 
preceding  in  being  a  real  distilled  spirit,  as  prod 
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•pirit  of  wine  is  the  menfltrunm  employed  for  the  al- 
fadi  iiwtpad  of  wttter.  The  term  spirit  is  therefore, 
in  the  present  Ixmdtm  PharmcofcBia,  very  properly 
confined  to  the  ammoniacal  preparations  where  spirit 
of  wine  is  employed ;  and  the  term,  water  of  am- 
monia, is  adopted  where  this  liquid  is  the  solvent 
forthe  alkali. 

Tlie  tme  spirit  of  ammonia  is  made  the  basis  of 
several  powerful  compound  preparations,  in  which 
cither  an  aromatic  oil  and  water  or  a  fetid  gum  is 
united  with  the  alkaline  spirit,  according  to  the  in- 
tention whidi  it  is  to  answer.  Of  the  former  kind 
is  the  spiritns  ammoni»  compositus,  or  -volatile  aro- 
matic spirit,  prepared  by  dissolving  bergamotte  es- 
sence and  oil  of  cloves  in  the  alkaline  spirit  (either 
with  or  without  the  help  of  dbtillation) ;  of  the  latter 
is  the  spiritns  ammonie  foetidus,  in  which  a  certain 
quantity  of  assafcetida  is  dissolved  in  the  spirit.  The 
MmniftniaM»al  spirit  is  likewise  made  the  basis  of  some 
tinctures,  instead  of  simple  spirit  of  wine,  where  the 
operation  of  the  volatile  alkali  properlv  combines 
with  that  of  the  gum  or  resin  dissolved  m  the  tinc- 
ture. 

AmpI/Ituds,  in  Astromomy,  is  an  arch  of  the  ho- 
rizon, intercepted  between  the  true  east  or  west 
point,  and  the  centre  of  the  sun,  or  a  star,  at  its 
rising  or  setting,  so  that  the  amplitude  is  of  two 
kinds ;  ortive  or  eastern,  and  occiduous  or  western. 
These  are  also  called  northern  or  southern,  as  they  fall 
in  the  northern  and  southern  quarters  of  the  horizon ; 
and  the  complement  of  the  amplitude,  or  the  dis- 
tance of  the  point  of  rising  or  setting,  from  the  north 
or  south  point  of  the  horizon  is  called  the  azimuth. 
To  find  the  sun's  or  star's  amplitude,  either  rising  or 
setting,  by  the  globe,  see  Globb. 

To  find  the  sun's  amplitude  trigonometrically, 
having  the  latitude  and  the  sun's  declination  given. 
Say,  as  the  cosine  of  the  latitude  is  to  the  radius,  so 
is  ibe  sine  of  the  sun's  or  star's  declination  to  the 
sine  of  the  amplitude.  Suppose,  e.  gr.  the  latitude 
to  be  that  of  London,  viz.  51^  32^,  and  the  declina- 
tion 23^^  2^;  then  cosme  ^1^  32',  or  9.7938317: 
rad.  or  10.0000000  1 1  sine  of  declination  23^  28',  or 
96001181  :  10.0000000  +  9.6001181  —  97938317 
=  9.8062864,  or  sine  of  the  amplitude,  or  39^  48' ; 
and  this  is  of  the  same  name  with  the  given  declina- 
tion, viz.  north,  when  the  declination  is  north,  and 
south  when  the  declination  b  south. 

Amplxtudb,  MagneHcdl,  is  an  arch  of  the  horizon, 
contained  between  the  sun  or  star  at  its  rising  or 
setting,  and  the  magnetical  east  or  west  point  of  the 
horizon,  indicated  by  the  magnetical  compass,  or 
the  amplitude  or  azimuth  compass ;  or  it  is  the  dif- 
ftrence  of  the  rising  or  setting  of  the  sun,  from  the 
cast  or  west  points  of  the  compass.  To  ascertain 
this,  place  the  compass  on  a  steady  place,  from 
which  the  horizon  may  be  clearly  seen,  and  looking 
through  the  sight-vanes  of  the  compass,  turn  the 
instruraoxt  round,  till  the  centre  of  the  sun  or  other 
celestial  object  may  be  seen  through  the  narrow  slit 
which  is  in  one  of  the  sight-vanes,  exactly  in  the 
thread  which  bisects  the  aperture  in  the  other  sight- 
vane;  and  when  the  centre  of  the  celestial  object, 
whether  rising  or  setting,  is  just  in  the  horizon,  pnsh 
the  stop  in  the  side  of  the  box  so  as  to  stop  the  card, 
and  then  read  the  degree  of  the  card  which  stands 
just  against  the  fiducial  line  in  the  box ;  and  this 
gives  the  amplitude  required.  In  this  operation  al- 
larwance  must  be  made  for  the  height  of  the  ob- 


server's eye  above  the  level  of  the  sea.  Ihe  differ^ 
ence  between  the  magnetical  amplitude,  thus  ob- 
served, and  the  true  amplitude,  obtained  by  the  last 
article,  is  the  variation  of  the  compass. 

Analysis,  in  PhUo9ophy  ;  the  mode  of  resolving  a 
compound  idea  into  its  simple  parts,  in  order  to  con- 
sider them  more  distinctly,  and  arrive  at  a  more  pre- 
cise knowledge  of  the  whole.  It  is  opposed  to  fyn- 
thetis,  by  which  we  combine  and  class  our  percep- 
tions, and  contrive  expressions  for  our  thoughts,  so 
as  to  represent  their  several  divisions,  classes,  and 
relations.  Analysis  is  regressive,  searching  into  prin- 
ciples ;  synthesis  is  progressive,  carrying  forward  ac- 
knowledged truths  to  their  application. 

Analysis,  in  Mathematics,  b  in  the  widest  sense 
the  expression  and  developement  of  the  fdnctions  of 
quantities  by  calculation.  There  are  two  ways  of 
representing  the  relations  between  quantities,  by  con- 
struction, and  by  calculation.  Pure  geometry  deter- 
mines all  magnitudes  by  construction,  that  b,  by  the 
mental  drawing  of  lines,  whose  intersections  give  the 
proposed  quantities ;  analysis,  on  the  contrary,  makes 
use  of  symbolical  formulae,  called  equations,  to  ex- 
press relations.  In  thb  widest  extent  of  the  idea  of 
analysis,  algebra,  assisted  by  literal  arithmetic,  ap- 
pears as  the  first  part  of  the  system.  Analysb,  in  a 
narrower  sense,  is  distingubhed  from  algebra,  inas- 
much as  it  considers  quantities  in  a  different  point  of 
view.  While  algebra  speaks  of  the  known  and  un- 
known, analysis  treats  of  the  unchanging  or  constant, 
and  of  the  changing  or  variable.  The  algebraic  equa- 
tion, «*-{-«« — 6  ==  0,  for  example,  seeks  an  expres- 
sion for  the  unknown  x  by  means  of  the  known  a 
and  b ;  but  the  analytical  equation,  y*  =  ax,  expresses 
the  law  of  the  formation  of  the  variable  y,  by  means 
of  the  variable  x,  together  with  the  constant  a.  In 
jts  application  to  geometry,  analysb  seeks  by  calcu- 
lation the  geometrical  magnitudes  for  an  assumed  or 
undetermined  unit.  The  analysis  of  the  ancients  was 
exhibited  only  in  geometry,  and  made  use  of  only 
for  geometrical  assistance,  in  which  it  is  distingubhed 
from  the  analysis  of  the  modems,  which,  as  before 
said,  extends  to  all  measurable  objects,  and  expresses 
in  equations  the  mutual  dependence  of  magnitudes. 
But  analysis  and  algebra  resemble  each  other  in  thb, 
that  both  reason  in  a  language,  into  the  expressions 
of  which  certain  conditions  are  translated,  and  then, 
according  to  the  rules  of  the  language,  are  treated 
more  fully  in  order  to  arrive  at  the  result.  Analysis, 
when  considered  m  this  light,  appears  to  be  the  widest 
extent  of  the  province  of  thb  language.  Analysis, 
in  the  more  limited  sense,  is  divided  into  lower  and 
higher,  the  bounds  of  which  however  run  very  much 
into  one  another.  While  we  comprise  in  lower  ana- 
lysis, besides  arithmetic  and  algebra,  the  doctrines  of 
functions,  of  series,  combinations,  logarithms,  and 
curved,  we  comprehend  in  the  higher  the  differential 
and  integral  calculus,  which  are  also  included  in  the 
name  it^hMesimal  calculus;  the  first  of  which  the 
French  consider  as  belonging,  in  a  wider  sense,  to 
the  thiorie  des/onctions  analytiques. 

Anatomy.  Thb  term,  strictly  speaking,  implies 
but  the  cutting  to  pieces,  or  artificial  separation  ot 
the  different  parts  of  any  body.  We  purpose  how- 
ever in  the  present  article,  in  the  first  instance,  to 
give  a  brief  history  of  the  science  in  its  general  con- 
nection with  the  healing  art,  and  then  to  describe  in 
a  systematic,  yet  concise  way«  the  general  mechanism 
of  the  human  structure. 
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Anatomy,  as  a  science,  does  not  appear  to  have 
been  of  such  general  antiquity  as  its  importance  would 
IcAd  us  to  suppose.  Neither  the  Jews  or  Phoenicians 
paid  much  attention  to  it.  We  find  by  the  writings 
of  Plato,  that  that  distinguished  philosopher  and  lus 
scholars  had  carefully  considered  the  human  body, 
both  in  its  organization  and  functions ;  and  though 
they  had  not  arrived  at  the  knowledge  of  the  more 
minute  and  intricate  parts,  which  required  the  suc- 
cessive labour  and  attention  of  many  ages,  they  had 
formed  very  noble  and  comprehensive  ideas  of  the 
subject  in  general.  The  anatomical  descriptions  of 
Xenophon  and  Plato  have  had  the  honour  of  being 
quoted  by  Longinus  as  specimens  of  sublime  vmting ; 
and  the  extract  from  Plato  is  still  more  remarkable 
for  its  containing  the  rudiments  of  the  circulation 
of  the  blood.  "The  heart,"  says  Plato,  "is  the 
centre  or  knot  of  the  blood-vessels;  the  spring  or 
fountain  of  the  blood,  which  is  carried  impc^ously 
round ;  the  blood  is  the  pabukm  or  food  of  the  flesh ; 
and  for  the  purpose  of  nourishment,  the  body  is  laid 
out  into  canals*  like  those  which  are  drawn  through 
gardens,  that  the  blood  may  be  conveyed,  as  from  a 
fountain,  to  every  part  of  the  pervious  system." 

Hippocrates  was  nearly  contemporary  with  the 
great  philosophers  of  whom  we  have  been  speaking, 
and  flourished  about  400  years  before  the  Christian  era. 
He  b  said  to  have  sepanUed  the  professions  of  phi- 
losophy and  medicine,  and  to  have  been  the  first  who 
applied  to  the  latter  alone  as  the  business  of  his  life. 
He  is  likewise  generally  supposed  to  have  been  the 
earliest  writer  upon  anatomy,  as  we  are  unacquainted 
with  aa  express  work  of  any  previous  author  upon 
that  subject,  and  as  the  first  anatomical  dissection 
whkh  has  been  recorded,  was  made  by  his  friend 
Democritus  of  Abdera.  If,  however,  we  read  the 
fotkB  of  Hippocrates  iriik  impartiality,  and  apply 
hb  accounts  of  the  parts  to  what  we  now  know  of 
the  human  body,  we  must  allow  his  descriptions  to 
be  imperfect,  incorrect,  sometimes  extrava^uit,  and 
often  unintelligible,  those  of  the  bones  alone  excepted. 
He  seems  to  have  studied  this  portion  of  the  frame 
with  more  success  than  any  other,  probably  because, 
as  he  tells  us,  he  had  aa  opportunity  of  seeing  a 
human  skeleton. 

After  the  death  of  Hippocrates,  the  stady  of  ana- 
tomy was  prosecuted  with  zeal  at  Athens  by  the  most 
eminent  |4ulosophers  of  the  period,  among  whom  we 
find  Aristotle  and  Theophiastas.  But  few  of  the 
writings  of  the  former  were  made  public  during  his 
lifetime ;  he  afiiected  to  say  that  they  would  be  un- 
intelligible to  those  who  had  not  heard  them  ex- 
pUined  at  his  lectures;  and,  except  the  use  which 
Theophnstus  made  of  them,  they  were  lost  to  the 
world  for  nearly  two  hundred  years;  and  at  last 
oaiae  out  defective,  and  corrupted  by  men  who,  with- 
oat  proper  qualifications,  presumed  to  correct  and 
supply  vHwt  was  knt.  From  the  time  of  Theophns- 
tus, the  study  of  natural  knowledge  at  Athens  began 
to  decline,  and  the  reputation  of  the  Lyceum  and 
Academy  was  almost  confined  to  the  studies  which 
are  subservient  to  oratory  and  public  speaking. 

When  Athens  began  to  lose  its  celebrity  as  a  me- 
dical school,  that  of  Alexandria  increased  and  flou- 
rished. The  first  Ptolemies,  both  from  their  love  of 
literature,  and  a  desire  to  give  true  and  permanent 
dignity  to  their  empire  and  to  Alexander's  favourite 
dty,  established  a  splendid  school  in  the  palace  itself, 
with  a  museum  and  a  library,  which  has  been  con- 


sidered as  the  most  famous  in  the  worid.  Anatnay, 
with  the  other  sciences,  was  publicly  taught;  and  the 
two  most  distinguished  professors  were  Erasistratus, 
the  pupil  and  friend  of  Theophrastus,  and  Hiero- 
philus.  Their  voluminous  works  are  all  lost;  but 
they  are  repeatedly  quoted  by  Galen.  These  pro- 
fessors were  probably  the  first  who  were  authorized 
to  dissect  human  bodies ;  a  peculiarity  which  marics 
strongly  the  philosophical  magnanimity  of  the  first 
Ptolemy,  and  fixes  a  great  erB.  in  the  history  of  ana^ 
tomy.  And  it  was  no  doubt  from  this  particular 
advantage  which  the  Alexandrian  philosophers  had 
above  all  others,  that  their  school  not  only  gained* 
but  for  many  centaries  preserved,  its  great  reputation 
for  medical  science.  Ammianus  Marcellinus,  who 
lived  about  650  years  after  the  schools  were  estab- 
lished, says  "  they  were  so  fieunous  in  his  time,  that 
it  was  enough  to  secure  credit  to  any  physician^  if  he 
could  say  that  he  had  studied  at  Alexandria." 

The  first  Greek  physician  established  in  Rome  was 
Archagathus,  who  flourished  about  220  B.  C,  and 
was  banished  the  city  <m  account  of  the  sevoity  of 
lus  operations.  About  a  century  after  Archagathus^ 
and  in  the  time  of  Pompey,  we  find  Asdepiades,  who 
had  attained  such  high  reputation  as  to  be  ranked  in 
the  same  class  with  Hippocrates.  He  seemed  to  have 
some  notion  of  the  air  in  respiration,  acting  by  its 
weight ;  and  in  accounting  for  digestion,  he  supposed 
the  food  to  be  no  farther  changed  than  by  a  commi- 
nution into  extremely  small  parts,  which  being  dis- 
tibuted  to  the  several  portions  of  the  body,  assimi- 
lated itself  to  the  nature  of  eadi.  It  is  curious,  that 
about  this  period,  Cassius,  a  disciple  of  Asclepiades, 
accounted  for  the  right  side  of  the  body  becoming 
paralytic  on  injuring  the  led  side  of  the  brain,  in  the 
same  manner  as  many  modem  writers  have,  viz.  from 
the  crossing  of  the  nerves  from  the  right  to  the  leit 
side  of  the  brain. 

From  the  time  of  Asdepiades  to  the  second  century, 
physicians  seem  to  have  been  greatly  encouraged 
in  Rome,  and  in  the  writings  of  Celsus,  Rufus,  Pliny, 
Coelius,  Aurelianus,  and  Aneteus,  we  find  several 
anatomical  observations,  which  are  hoyrever  mostly 
very  superficial  and  inaccurate.  Towards  the  end  of 
the  second  century  lived  the  celebrated  Claudius  Ga- 
lenus  of  Pergamus,  whose  name  is  so  well  known  in 
the  medical  world.  He  applied  himself  particularly 
to  the  study  of  anatomy,  and  rendered  greater  ser- 
vices to  the  science  than  all  who  preceded  him.  He 
seems  however  to  have  been  at  a  great  loss  for  hu- 
man subjecte  to  operate  upon ;  and  therefore  his  de- 
scriptions of  the  various  parte  of  the  body  are  mostly 
taken  from  the  inferior  animals.  His  works  contain 
the  fullest  history  of  anatomy,  and  the  most  com- 
plete system  of  the  science  to  be  met  with  any  where 
before  him,  or  for  several  centuries  after. 

About  the  end  of  the  fourth  century,  Nimesius, 
Bbhop  of  Emissa,  vnxyte  a  treatise  on  the  nature  of 
man«  in  which  it  is  said  were  contained  two  cele- 
brated modem  discoveries ;  the  one  the  uses  of  the 
bile,  boasted  of  by  Sylvius  de  la  Boe ;  and  the  odier, 
the  circulation  of  the  blood.  This  last,  however,  is 
proved  by  Dr.  Friend,  to  be  falsely  ascribed  to  this 
author. 

The  Roman  empire  now  began  to  suffer  from  the 
inroads  of  various  barbarous  tribes,  and  learning  de- 
clined; and  when  the  empire  was  totally  over- 
whelmed,  every  appearance  of  science  was  almost 
extinguished  in  Europe.    The  only  remains  were  to 
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be  fbiiiid  ftmongBt  the  AurbkiM  in  ^pshi  and  in  Asia. 
IV  Sartuxns,  itho  canie  into  Spain,  destroyed  at  first 
all  tlie  QredL  books  which  the  Vandals  had  spared ; 
and  thoni^  their  government  was  a  constant  strug- 
gle wi^  the  Christian  powers  for  many  centuries, 
till  they  were  driven  out,  they  thus  acquired  a  taste 
for  learning  which  diey  conveyed  to  their  countrymen 
in  die  east ;  several  of  their  princes  encouraged  li^ 
beral  studies ;  public  schools  were  set  up  at  Cordova, 
Toledo,  and  other  towns,  and  translations  of  the 
Greeks  into  Arabic  were  xmiversally  in  the  hands  of 


By  tiiis  means  was  the  learning  of  the  Grecians 
transferred  to  the  Arabians,  who,  however,  though 
they  had  so  good  a  foundation  to  build  upon,  were 
satisfied  with  commenting  upon  Galen,  and  seem  to 
hovfc  practised  no  dissections  on  human  bodies.  In 
the  tenth  century,  Constantine,  a  native  of  Bagdad, 
hroQ^t  widi  him  the  Arabian  doctrines  on  medicine 
to  the  Solemitarman  school  in  Sicily ;  and  here  ana- 
tomy began  slowly  to  revive.  In  ihe  fourteenth  cen- 
tmy,  Mnndinus  dissected  human  bodies  in  Italy,  and 
by  degrees  other  nations  acquired  that  useful  ait. 

Ani^mical  knowledge,  on  its  revival  in  Europe, 
was  greatly  promoted  oy  the  exertions  of  eminent 
painters,  who  vrere  early  and  accurate  dissectors,  cor* 
lectiy  delineating  the  muscles,  after  they  had  removed 
die  integuments  which  covered  them.  Raphael,  Ti- 
tian, azid  Leonardo  da  Vinci  were  famous  for  their 
anatomical  skill,  which  is  indeed  sufficiently  evident 
in  their  paintings.  A  number  of  sketches,  designed 
as  studies  by  Leonardo  da  Vinci,  are  still  extant  in 
his  Majesty's  collection  of  drawings,  and  are  spoken 
€f  by  Dr.  Hunter  in  the  most  encomiastic  terms. 
Albert  Durer,  t^o  is  also  ranked  by  Haller.  among 
the  restorers  of  anatomy,  published  many  plates  re- 
presenting the  proportions  and  gestures  of  the  human 
fcrm  and  countenance. 

When  the  Turks  had  subdued  Greece,  the  inhabit- 
ants fled  fiyr  safety  to  the  western  nations  of  Europe, 
bringing  with  them  the  Grecian  autiiors  on  medicine, 
and  translating  them;  and  the  invention  of  printing, 
which  happened  about  tiie  same  time,  greatly  favoured 
their  dispmion  throughout  Europe.  An  opportunity 
was  now  afforded  of  becoming  acquainted  with  the 
writings  of  Galen  and  the  ancients,  and  by  these 
aieans»  c^  arriving  at  the  source  of  that  knowledge 
whidi  diev  had  mtherto  obtained  oidy  through  the 
channel  of  the  Arabian  physicians,  liie  superiority 
of  the  former  was  soon  discovered,  and  the  opinions 
of  the  Grecian  writers  were  considered,  even  m  ana^ 
tomy  as  incontrovertible. 

In  iiie  middle  of  the  sixteenth  century  several  emi- 
nent anatomists  flourished,  among  whom  were  Syl- 
vius and  Vesalius,  Fallopins  and  Eustachius.  Sylvius 
taught  anatomy  in  Paris  in  1532,  Vesalius  was  the 
ffaat  who  recommended  the  injection  of  coloured  fluids 
iBtD  the  vessels  of  the  body,  in  order  to  facilitate  the 
Uboiir  of  minutely  tracing  them.  Whilst  he  was  a  stu- 
dent in  college,  hie  pursued  anatomical  inquiries  with 
great  ardotir  and  assiduity,  and  published  some  of  his 
ifiheovcriea  before  he  was  twenty-five  vears  of  age,  and 
serm  books  on  the  anatomy  of  the  human  bc^  be- 
Ibie  he  was  twenty-nine,  A.  D.1542.  These  books 
contain  great  discoveries,  and  in  many  circumstances 
correct  the  ancients.  But  although  they  have  enti- 
tled their  andior  to  the  gratitude  of  posterity,  they 
pcocured  to  him  scarcely  any  thing  but  animosity 
fnm  his  contemporaries.    At  that  time  the  authority 


of  Galen  was  held  m  high  veneration ;  and  when 
Vesalias  exposed  his  errors,  the  hatred  of  ail  seemed 
turned  agamst  him.  But  knowledge  was  increased 
by  these  contentions  ;  ail  parties  were  obliged  to 
r^er  for  the  materials  and  support  of  controversy,  to 
the  book  of  nature,  which  they  could  not  consult  with- 
out receiving  instruction.  Even  Vesalius  was  detected, 
in  some  instances,  in  the  error  with  which  he  charged 
GaleQ-*-that  of  describing  the  ^anatomical  structure 
of  the  human  body  fkom  tiie  direction  of  brutes.  In 
1561,  Fallopius,  in  Italy,  published  his  Observationes 
Anai&muMB ;  he  vms  an  indefatigable  anatomist,  and 
made  great  discoveries.  About  the  same  time  Eus- 
tachius made  himself  conspicuously  eminent  by  pro- 
moting anatomical  knowledge.  He  seemed  calculated 
for  subtie  investigations  ;  he  drew  many  figures  of 
the  human  body,  and  engraved  his  own  plates,  the  ac- 
curacy of  which  cannot  fsjl  of  exciting  surprise  in  an 
anatomist  of  the  present  day.  When  the  labours  of 
these  eminent  men  had,  as  it  were,  smoothed  the 
path,  anatomy  was  taught  with  a  moderate  degree  of 
correctness  and  minuteness  in  the  different  schools  of 
Europe.  "Shortiy  after,"  as  Haller  has  observed, 
"  l^e  diflferent  nations  being  engaged  in  vvrar,  the  same 
att^tion  was  not  paid  to  public  institutions  an()  dis- 
sections. Anatomists  had  therefore  recourse  to  the 
examination  of  the  bodies  of  brutes,  from  which  they 
derived  many  important  discoveries." 

Early  in  the  seventeenth  century  the  circulation  of 
the  blood  vms  discovered  by  Dr.  Harvey,  who  was 
bom  at  Folkestone  in  Kent,  on  the  2d  of  April,  1578. 

Dr.  Harvey  studied  at  the  University  of  Cambridge^ 
and  afterwards  travelled  through  France  and  Ger- 
many to  Padua  in  Italy,  where  he  was  honoured 
with  the  degree  of  Doctor  of  Medicine.  On  bis  re- 
turn to  England,  he  became  a  graduate  in  medicine 
at  Cambridge,  and  afterwards  settied  in  London; 
and  in  the  year  1615  was  made  a  Fellow  of  the 
London  College  of  Physicians.  In  the  followmg  year 
he  read  a  course  of  lectures,  developing  the  circula- 
tion of  the  blood,  and  vrith  such  accuracy  that  no 
improvement  in  it  has  been  made>  although  the  dis- 
covery took  place  two  hundred  and  fifteen  years  ago. 

It  is  a  surprising  coincidence,  but  not  more  sur- 
prising than  true,  that  when  one  discovery  has  been 
made  another  has  quickly  followed ;  and  in  this  place 
it  is  strikingly  exemplified  by  Asellius  discovering  the 
lacteals,  which  Pecquect  traced  to  the  thoracic  duct> 
and  thence  to  the  left  subclavian  vein.  About  thirty- 
eight  years  after  Haivey  had  discovered  the  circula- 
tion of  the  blood,  Rudbeck  and  Bertholin  discovered 
Uie  tubes  called  lymphatics.  This  discovery  was  not 
made  from  the  joint,  but  individual,  efforts  of  those 
anatomists,  eadi  bein^  unacquainted  with  the  other's 
discovery  imtil  afler  it  had  been  published,  which 
occurred  about  the  same  time.  The  description 
which  Bertholin  gave  of  the  use  of  this  system  of 
vessels  was  more  generally  approved  than  that  given 
by  Rudbeck,  consequentiy  his  merits  were  duly  ap- 
preciated. Although  Beitholin's  description  was  su- 
perior to  that  of  his  contemporary  Rudbeck,  still  this 
explanation  was  very  imperfect,  and  became  the  sub* 
ject  of  Gibson's  consideration,  from  whom  it  re- 
ceived consklerable  improvement.  The  discovery  of 
the  lymphatic  system  left  little  to  be  accomplished 
by  anatomists  of  the  seventeenth,  eighteenth,  and 
present  centuries,  fbrther  than  confinn  what  had 
been  previously  discovered,  and  direct  their  attention 
to  a  further  and  correct  Imowledge  of  the  functions 
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and  use  of  the  vaiioiis  parts  of  the  human  body. 
Amongst  the  vast  number  who  have  thrown  con^ 
siderable  light  upon  anatomy,  and  particularly  phy- 
siology, the  following  names  stand  prominently 
conspicuous,  viz.  Albinus,  Cooper,  Highmore,  Chesel- 
den,  Lewenhoeck,  Malpighi,  Willis,  and  Winslow, 
in  the  seventeenth  century ;  and  in  the  eighteenth, 
Haller,  Morgagui,  Scarpa,  Soemmering,  Monro, 
Hunter,  Cniickshanks,  and  Bell.  Those  of  the  pre- 
sent are'Abemethy,  Blizard,  C.  Bell,  Bichat,  Cooper, 
Magendie,  and  Cuvier. 

Of  the  discoveries  of  these  distinguished  anato- 
mists and  physiologists  full  accounts  will  be  given 
under  their  distinct  departments  of  science. 

The  solids  consist  of  fibres  or  small  filaments^ 
which  difier  in  their  degrees  of  hardness  or  elasticity. 
They  are  divided  into  tntegumenta,  the  integuments ; 
08»a,  the  bones;  cartUagines,  cartilages;  ligamenta, 
ligaments ;  membatue,  the  membranes ;  v(i$a,  the  ves- 
sels; mu$cuU,  the  muscles;  nervi,  the  nerves;  and 
glandulds,  the  glands. 

IniegumenU  are  the  coverings  of  the  whole  body, 
comprehending  the  epidermis,  cuticle,  or  scarfskin, 
which  is  the  outermost;  rete  mucoMm,  a  net- work 
immediately  under  the  epdermis;  cuiie  vera,  the  real 
skin,  which  retains  and  carries  off  all  the  perspirable 
fluid ;  corpva  adipatum,  eeumembrana  adipoea,  the  fat, 
a  cellular  substance  containing  an  unctuous  juice. 
To  the  above  may  be  added  capiUue,  the  hair,  which 
consbts  of  cellular  filaments,  and  is  denominated  the 
beard,  eye-lashes,  &c.,  according  to  the  place  in 
which  it  grows  (see  HaihQ  ;  wngwia,  the  nails,  which 
are  homy  substances. 

Bones  are  hard  and  brittle  substances  composed  of 
lamelUi,  or  plates  lying  upon  one  another,  and  joined 
together  by  transverse  fibres.  They  are  covered  with 
a  sensible  vascular  membrane,  called  the  perioiteum, 
which  on  the  cranium,  or  skull,  is  called  the  perxcra- 
itttim.  On  the  surface  (if  the  bones  are  both  emi- 
nences and  cavities.  The  eminences  are  called  pro- 
cesses, which  are  of  two  sorts,  namely,  the  epiphyees 
and  the  apophyses.  The  epiphyses,  or  appendices, 
are,  as  it  were,  parts  added  to  the  bone ;  the  apo^ 
physes  are  set  upon  or  growing  to  a  large  bone«  so  as 
to  make  one,  as  the  nasal  apophysis. 

Processes  have  different  names,  according  to  their 
figure.  A  process  like  a  ball  is  called  caput,  the 
head ;  when  flattened,  condyle ;  the  narrow  part  of  the 
process  cervix,  the  neck.  A  rough  process  is  a  tube- 
rosity ;  and  one  terminating  with  a  sharp  point  corona, 
which,  from  its  resemblance  to  other  substances,  is 
termed  mastoid,  styloid,  anchoroid,  spinal,  &c.  Long 
ndges  are  called  spina,  the  sides  of  which  are  labia, 
lips.    Processes  which  form  the  brims  are  supercUia. 

Hie  cavities  and  depressions  of  bones  are  of  two 
sorts,  namely, /o«9«,  which  are  narrow  and  shallow, 
and  cotylm,  which  are  deep  and  wide.  These  are 
subdivided  into  pits,  or  small  roundish  holes ;  /tir- 
rows,  or  long  narrow  channels ;  nitches,  or  notches, 
small  branches  in  the  bones ;  sinuosities,  broad  but 
superficial  depressions;  snki,  large  deep  cavities; 
sittuses,  still  larger  cavities,  within  the  substance  of 
the  bone  itself;  foramina,  holes  through  the  body  of 
the  bone.  The  internal  structure  of  the  bones  con- 
sists of  cells  filled  with  a  fiaid  fat  called  marrow, 
which  is  contained  in  follicles. 

The  juncture  of  the  bones  with  each  other  is  called 
articulation,  from  the  Latin  word  articulus,  a  joint. 
This  is  of  two  kinds,  namely,  articulation,  properly 


so  called,  and  symphf^sis,  connection.  Articulation'and 
synarthrosis,  or  conjoined  articulation.  Diarthrosis 
is  divided  into  enarthrosis,  or  the  ball  and  socket, 
when  a  large  head  is  received  into  a  deep  cavity ; 
arihrodia,  when  a  round  head  is  received  into  a  small 
cavity ;  gynglmus,  when  a  bone  receives,  and  is  re- 
ceived into,  another  bone.  Synarthrosis  is  the  fixing 
of  two  bones  together  without  motion,  which  is  of 
two  kinds,  namely,  by  ingrailing,  or,  as  the  joiners 
call  it,  dovetailing,  which  is  termed  sutura,  a  suture, 
and  by  a  junction  on  a  more  extended  surface,  which 
was  termed  Iiarmonia  symphysis,  or  connection,  is  that 
species  of  articulation  whidh  takes  place  through  the 
medium  of  another  body,  this  is  either  synchrondrosts, 
a  cartilaginous  connection ;  syneurosis,  a  ligamentary 
connection;  syssarcosis,  a  fleshy  muscular  connec- 
tion.    (See  article  Bonb.) 

Cartilages  are  smooth  white  substances,  which  are 
harder  than  all  the  other  solid  parts  of  the  body,  ex- 
cept the  bones.  They  are  covered  with  a  membrane 
called  the  periekondrium. 

Ligaments  are  close  compacted  fibrous  substances. 
The  ligaments  at  the  joint  are  called  capsular,  be- 
cause they  retain  in  capstUa,  or  bags,  the  muci- 
laginous liquor  called  synovia,  with  much  the  jointt 
are  kept  moist. 

The  muscle  is  a  bundle  of  fleshy  or  tendinous  fibres, 
consisting  of  the  belly  or  bo4v»  which  is  the  fleshy 
part ;  the  head  and  the  tail,  which  are  the  tendinous 
parts ;  these  are  otherwise  called  iqtoneuroses,  or  ten- 
dons. The  head  is  fixed  on  the  immovable  joint 
called  the  origin,  and  the  tail  on  the  i>art  to  be  moved, 
called  the  insertion.  The  membranes  in  which  the 
muscles  are  enclosed  are  called  vagina,  or  sheaths. 
As  the  motions  of  the  human  body  are  performed  by 
means  of  the  muscles,  they  derive  their  names  mostly 
from  their  offidc,  as  the  abductor,  elevator,  fiexor,  ex- 
tensor, &c.  (See  MuscLB.)  When  muscles  act  in 
opposite  directions,  they  are  called  antagonists ;  bat 
when  several  concur  in  the  same  motion  they  are 
termed  congeneres. 

Membranes  are  expanded  substances  of  a  pliable 
texture,  and  fitted  to  serve  as  coverings  for  other 
parts  of  the  body,  as  the  skin,  peritoneum,  pleura,  dura 
mater,  &c. 

The  vessels  are  ducts  or  canals,  composed  of  mem- 
branes, the  strata  of  which  are  called  tunica,  or  coats. 
They  may  be  divided  generally  into  blood-vessels  and 
absorbents.  Blood-vessels,  so  called  because  they 
serve  to  circulate  the  blood  through  the  body,  are 
either  arteria,  arteries,  or  vena,  veins ;  the  former 
of  which  convey  the  blood  from  the  heart,  and  the 
latter  return  it  to  the  heart.  (See  Artbry  and 
Vbin.)  The  arteriesi  have  a  beating  motion,  called 
the  pulse^  which  the  veins  have  not.  This  pulsa- 
tion arises  from  what  is  termed  the  systole  and 
diastole,  i.  e.  the  contraction  and  dilatation,  of  the 
heart. 

Absorbents,  so  called  from  their  absorbing  any  fluid, 
and  carrying  it  to  the  blood,  are  the  vasa  lactea,  the 
lacteals;  vasa  lymphatica,  the  lymphatics;  together 
with  their  common  trunk,  the  lacteal  sac  and  duct. 
The  lacteals  absorb  the  chyle,  and  the  lymphatics  the 
lymph.  The  lacteal  sac,  or  receptaculum  chyli,  serves, 
as  the  name  denotes,  to  retain  the  chyle  ;  and  sends  it 
by  the  thoracic  duct  through  the  whole  body.  The 
lymphatics,  with  the  lacteals  of  the  intestines,  form 
what  is  called  the  absorbent  system.  Most  vessels 
are  parted  off  into  branches,  which  are  again  split 
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into  smaller  branches  or  ramifications,  the  last  or 
smallest  extremities  of  which  are  termed  capiUary. 

Ntroet  axe  long  white  medullary  chords,  spring- 
ing from  the  cere&ntm  or  brain  and  spinal  marrow, 
whence  they  are  generally  distinguished  into  the  cere- 
hral  and  tpimal  nervet.  The  cerebral  are  subdivided 
into  the  i^factory,  optic,  auditory,  &c.,  nerves,  accord- 
ing to  their  nse.  (See  Nerve.)  They  go  on  in  bundles 
or  pain,  and  are  afterwards  distributed  into  branches, 
rtmijktttiont,  and  filaments,  over  every  part  that  is  en- 
dowed with  sensibility.  In  several  places  the  nerves 
communicate  with  each  other,  which  communication 
is  called  a  plerus ;  in  other  places  they  unite  into 
knots  called  gamgUons. 

Glamda  are  secretory  vessels,  composed  of  all  the 
different  sorts  of  vessels  enclosed  in  a  membrane,  and 
serving  to  secrete  some  fluid.  As  to  their  fabric, 
they  are  conglobate  or  simple,  conglomerate  or  com- 
pond.  As  to  their  contents,  mucous,  sebaceous,  lym^ 
pkaiie,  saiival,  lachrymal,  &c. 

Tke^Mtds  come  next  in  order.  Under  this  head 
we  may  place  those  humours  or  juices  which  serve 
either  to  sustain  life  or  preserve  the  frame  in  a  healthy 
state.  The  principal  of  these  are  sanguis,  the  blood ; 
dtylw,  the  chyle ;  lympha,  the  lymph ;  and  bilis,  the 
bile. 

Blood  is  a  red  homogeneous  fluid,  of  a  saltish  taste, 
a  somewhat  urinous  smell,  and  glutinous  consistence, 
which  circulates  in  the  heart,  arteries,  and  veins. 

Chyle,  a  milk-like  liquor,  separated  by  the  lacteal 
vessels,  daring  digestion,  from  the  chyme  or  indi- 
cested  mass  of  food  that  passes  from  the  stomach 
uto  the  duodenum.  The  chyle  is  that  fluid  substance 
from  which  the  blood  is  formed. 

Lymph,  a  liquid  contained  in  the  lymphatic  vessels, 
has  a  MLtuoos  smeU,  no  taste,  and  is  of  a  semi-crye- 
talline  colour ;  its  use  is  to  return  the  superfluous 
nutritious  fluid  from  every  part,  and  to  mix  it  with 
the  chyle  In  the  thoracic  duct,  for  the  purpose  of  fur- 
nishing nutriment  to  the  animal. 

BUe,  a  bitter  fluid  secreted  in  the  glandular  sub- 
stance of  the  liver,  in  a  healthy  state  it  is  of  a  yellow- 
green  colour,  and  of  the  consistency  of  thin  oil.  Its 
principal  use  is  to  stimulate  the  peristaltic  motion 
of  the  intestines :  it  mixes  in  the  duodenum  with  the 
dijiiie- 

To  the  above  might  be  added  |>t/i»/a,  phlegm ;  saliva, 
^ttle  ;  mmcus  ;  laehrymm,  tears ;  smdor,  perspirations ; 
ail  excretions  from  ue  blood,  and  in  a  healthy  state 
passing  oflf  from  the  body  at  particular  periods ;  of 
these  more  may  be  found  under  their  respective  heads. 

Of  these  component  parts  in  different  proportions 
are  formed  the  three  principal  divisions  of  the  body 
before  mentioned,  namely,  the  head,  the  trunk,  and 
the  extremities. 

The  head  consists  of  caput,  the  head  properly  so 
called,  and  cervix,  the  neck.  The  parts  of  the  head 
are  external  or  internal. 

External  parts  of  the  head, — ^The  external  parts  of 
the  bead  are  the  hairy  scalp  and  the  face.  The  hair)^ 
scalp  is  composed  of  the  common  integuments ;  its 
uppermost  part  is  called  the  vertex  seu  fontineUa,  the 
crown ;  the  fore  part,  the  sinciput ;  the  hind  part, 
oedpmt,  or  back  of  the  head ;  and  the  lateral  parts, 
tempera,  the  temples.  The  face  comprehends /roiw, 
the  Ibrtbead ;  oeulus,  the  eye ;  auaris,  the  ear ;  nasus, 
the  nose ;  and  09,  the  mouUi. 

The  eye  is  composed,  externally,  of  supercilia,  the 
cye-l»owi ;  ciUa,  the  eye-lashes ;  palpebrm,  the  eye- 


lids, the  angles  of  which  are  called  canthe  the  margin ; 
tarsus :  glandulm  lachrymales,  the  lachrymal  glands ; 
punctiB  lachrymalia ;  canales  lachrymalia,  lachrymal 
ducts  ;  saccus  lachrymalis,  the  lachrymal  sac ;  ductus 
nasalis,  the  nasal  duct ;  and  the  vjhite  is  formed  by 
the  anterior  portion  of  the  sclerotic  coat. 

The  internal  parts  of  the  eye  compose  what  is  called 
the  ball  or  globe.  These  are  tunicm,  the  coats ;  ca- 
mera, the  chambers;  and  humores,  the  humours; 
besides  the  muscles,  fat,  nerves,  and  glands.  The 
principal  coats  of  the  eye  are  tunica  sclerotica,  or  the 
cornea,  which  is  the  external  and  thickest  coat ;  tu- 
nica choroidea,  or  the  choroides,  which  is  the  middle. 
The  perforated  portion  of  the  choroides  has  the  name 
of  uvea ;  the  anterior  lamina  of  the  same  is  termed 
the  iris;  the  radiated  plicse  of  the  posterior  lamina 
processus  ciliares ;  and  the  hole  near  the  centre  of  the 
septum  pupilla,  the  pupil,  which  is  capable  of  con- 
traction or  dilatation.  The  retina  serves  to  receive  ob- 
jects in  vision.  The  chambers  of  the  eye  are  the 
camera  anterior  sjid  posterior,  situated  between  the 
cornea  lucida,  or  the  anterior  portion  of  the  sclerotica, 
and  the  uvea. — Humores,  the  humours  of  the  eye  are 
three,  namely,  the  aqueous  humour,  which  is  contained 
in  the  two  chambers ;  crystalline  lens  or  humour ;  and 
the  vitreous  humour  :  these  two  are  enclosed  in  cap- 
sular tunicse,  called  crystaUina  and  vitrea.  All  these 
soft  parts  are  enclosed  in  a  funnel-shaped  cavity, 
called  an  orbit,  which  is  formed  by  seven  bones, 
namely,  the  osfrontis,  os  sphenoidale,  os  ethmoides,  os 
maxillare,  os  malm,  os  unguis,  and  ospalati,  (See  £te.) 

The  ear  is  divided  into  the  external  and  internal. 

Auricula,  the  external  ear,  consists  of  a  large  carti- 
lage that  is  divided  into  two  portions,  namely,  the 
pinna,  which  is  large  and  solid  ;  and  the  lobus  or  lobe, 
which  is  soft  and  small,  and  forms  the  lower  part. 
The  external  ear  contains  besides  several  eminences, 
namely,  the  helut,  anthelex,  tragus,  and  antitragus  ; 
and  also  some  depressions,  as  the/oMo  auricularis,  or 
scapha,  the  concha,  and  the  meatm. 

The  intemal  ear  consists  of  meatus  auditorious  utter* 
nus,  the  internal  auditory  passage ;  membrana  tympa* 
m,  the  membrane  which  separates  the  external  from 
the  intemal  parts  of  the  ear;  and  the  labyrinth, 
which  consists  of  three  portions,  namely,  cocMea,  the 
anterior ;  vestHmlum,  the  middle ;  and  the  semicircular 
canals.     (See  Ear.) 

The  nose  consists  externally  of  the  root ;  the  arch ; 
back  or  spine,  called  the  spina  nasi ;  the  sides  of  the 
arch ;  the  tip  of  the  nose ;  the  aUe  or  pimue,  which 
are  the  sides  of  the  nostrils ;  the  nares,  or  external 
nostrils. 

The  intemal  parts  of  the  nose  are  the  intemal  nares, 
which  consists  of  the  septum  narium  ;  the  svbseptum, 
or  pillar  of  fat  under  the  septum  narium  ;  the  convolu- 
tions ;  the  conchm  superiores  ;  the  sinus  maxillares,  and 
sinus  sphenoidales ;  the  ductus  lachrymalis;  the  ductus 
pituitus,  and  the  membrana  pituitaria,  which  lines  the 
whole  cavity  of  the  nostrils.     (See  Nose.) 

The  mouth  consists  externally  of  labia,  the  lips, 
which  are  upper  and  lower,  and  composed  of  a  border 
or  edge,  and  of  commissures  or  angles  ;  fossula,  the 
depression  which  runs  from  the  septum  narium  to  the 
edge  of  the  upper  lip  ;  cheeks,  the  upper  prominent 
part  of  which  is  called  the  mala;  chin,  the  anterior 
protuberance  by  which  the  lower  part  of  the  face  is 
terminated. 

The  internal  parts  qf  the  mouth  are  palatum,  the 
palate,  or  roof  of  the  mouth ;  septum  paiati,  or  velum 
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palati,  tlie  soft  part  of  the  palate,  which  forms  two 
arches;  wnda,  the  conical  fleshy  substance  at  the 
root  of  the  tongue ;  amygdaUs  or  tonnUa,  the  tonsils, 
two  glandular  substances,  one  on  each  side  the  basis 
of  the  tongue ;  gingiva,  the  gums,  which  contain  the 
teeth ;  maxUUs,  the  jaw9,  which  are  composed  of 
bones,  and  are  either  upper  or  lower ;  Xhefrana,  of 
the  lips ;  lingua,  the  tongue,  which  consists  of  an 
apex,  a  root  or  basis,  and  a  fnenum.     (See  Mouth.) 

The  internal  parts  of  the  head  must  next  be  exa- 
mined :  they  are  contained  within  an  oval  cavity, 
called  the  cranium  or  skuU,  which  is  formed  of  eight 
bones.  (See  Bones.)  The  contents  of  the  skull  are 
comprehended  under  the  general  name  of  cerebrum, 
the  brain,  which  is  immediately  surrounded  by  two 
membranes,  which  are  called  matrea,  i.  e.  the  pia 
mater,  and  the  dura  mater,  between  which  lies  a  third 
membrane,  called  the  tunica  aracknoidea.  The 
duplicatures  or  circumvolutions  of  these  membranes 
are  called  septa,  the  upper  of  which  has  the  name  of 
ihefalx.  The  cerebrum  consists  of  three  portions, 
viz.  the  cerebrum,  or  brain,  properly  so  called ;  the 
cerebellum,  or  little  brain  ;  and  the  medulla  oblongata  ; 
to  which  is  added  sometimes  a  fourth,  namely,  the 
medulla  spinalis,  which  fills  the  great  canal  of  the 
spina  dorsi. 

The  cerebrum  is  divided  into  two  lateral  portions 
called  hemispheres,  the  extremities  of  which  are 
termed  lobes.  Its  substance  is  of  two  kinds,  namely, 
the  outer,  whidi  is  cortical,  and  is  called  the  cortex; 
and  the  inner,  which  is  called  the  substantia  medul- 
laris,  or  substantia  alba. 

The  cavities  of  the  brain,  called  ventricles,  are  five 
in  number,  and  the  two  lateral  ones  separated  by  a 
membrane  called  the  septum  lucidum.  In  each  of  these 
is  the  choroid  plexus,  formed  of  blood-vessels.  Tliere 
Is  also  another  small  cavity  or  fossula,  called  the  t»- 
fundibulum,  the  superior  opening  of  which  is  called 
the  foramen  commune  anterius.  The  principal  promi- 
nences are  the  corpus  callosum,  the  lower  side  of 
which  forms  a  sort  of  vault  called  the  fornix ;  the 
corpora  striata,  two  striated  prominences:  thalami 
nervorum  opticorum  ;  corpora  quadragemina,  four  me- 
dullary projections  originally  called  nates  and  testes; 
the  pineal  gland,  a  cerebral  tubercle  on  the  nates,  and 
the  crura' cerebri,  two  medullary  columns  proceeding 
from  the  basis  of  the  brain  to  the  medulla  oblongata. 
To  these  may  be  added  the  gUmdula  pituitaria,  a 
small  spongy  body  in  the  sella  turcica  sphenoidalis. 

On  the  cerebeuum  are  observed  four  eminences, 
called  appendices  vermiformes;  a  fourth  ventricle;  a 
valve,  called  the  valvula  magna  cerebri ;  lamina,  or 
ramifications,  called  arbor  vita,  the  trunks  of  which 
are  termed  peduncuXi  cerebelli. 

The  medulla  oblongata  is  a  medullary  continuation 
of  the  cerebrum  and  cerebellum,  having  anterior 
branches  called  brachia,  and  posteHor,  called  crura 
medulla.  Its  transverse  is  called  processus  annularis. 
The  extremity  of  the  medulla  is  called  the  cauda  ;  its 
tubercles,  corpora  olivaria  et  pyramidalia ;  to  which 
may  be  added  the  medullary  papilla,  that  are  produc- 
tions of  the  ii\fundibulum. 

The  lower  parts  of  the  meduUa  spinalis  is  called 
caudina  equina ;  and,  in  other  particulars,  it  resem- 
bles the  parts  before  described.  From  the  cere- 
brum, and  the  other  parts  of  the  brain,  arise  the 
nerves,  which  are  dispersed  through  the  body.  (See 
Nbrvbs.) 

The  necJc  may  be  added  either  to  the  head  or  the 


thorax,  or  to  both.  The  fore  part  is  called  the  throat* 
and  the  hind  part  the  nape.  The  parts  of  the  throat 
are  the  fauces,  a  cavity  behind  the  tongue ;  larynr, 
which  consists  of  five  cartilages,  a  part  of  the  tra- 
chea ;  pharynx,  a  muscular  bag  which  receives  the 
masticated  food ;  (esophagus,  or  gula ;  the  throat,  a 
membraneous  and  muscular  tube. 

The  salival  glands,  which  are  three  pair,  namely, 
the  glandula  parotides,  mcuillares,  and  sublinguales, 
so  called  from  their  situation.     (See  Neck.) 

The  trunk  consists  of  spina,  the  spine  ;  thorax,  the 
chest ;  and  abdomen,  the  belly. 

The  spine  is  a  bony  column,  consisting  of  a  chain 
of  bones,  called  vertebra,  which  are  divided  into  true 
or  false.    (See  Vertbbrje,  Bones.) 

The  fore  part  of  the  thorax  is  the  breast,  the  hind 
part  the  back ;  the  lateral  part  the  sides.  These  are 
severally  formed  by  sternum,  the  breast-bone ;  verte- 
bra dorsi,  the  dorsal  vertebrs ;  and  costa,  the  ribs. 
(See  Bones,  &c.)  The  thorax  has  externally  the 
mamma,  or  breasts,  in  the  middle  of  which  is  the 
papilla,  or  nipple,  surrounded  by  a  disc  called  the 
areola ;  within  are  the  tubuli  lacttferi,  or  lactiferous 
ducts.  The  cavity  of  the  thorax  contains  the  pleura, 
a  membrane  with  which  it  is  lined  ;  fnediastinum,  a 
membraneous  septum ;  pulmones,  the  lungs ;  cor,  the 
heart,  and  pericardium,  the  heart  purse,  a  mem-, 
braneous  bag  within  which  it  is  enclosed.  The  largest 
part  of  the  heart  is  called  the  base,  the  narrower 
extremity  the  apex.  It  is  divided  by  a  membrane 
called  the  septum  medium,  or  septum  cordis,  into  two 
cavities,  caned  ventriculi,  ventricles,  having  several 
eminences  or  inequalities,  called  fossula,  thymus 
gland,  ductus  thoracieus,  and  the  ductus  laeteus,  (See 
Tborax.) 

The  abdomen  is  divided  into  four  regions,  three  of 
which  are  anterior,  and  one  posterior. — ^The  anterior 
regions  are  the  epigastric,  or  upper  regio)>^  which  is 
divided  into  the  epigastrium,  or  middle,  and  the  hypo-^ 
chondria,  or  lateral  parts ;  the  umbilical,  or  middle 
region,  consisting  of  the  regio  umbilicalis,  or  naval,  in 
the  middle,  and  the  Uia  or  flanks,  on  the  sides ;  the 
hypogastric,  or  lower  region,  which  is  divided  into  the 
|7tt6w,  or  middle  part,  and  the  inguina,  or  groins,  on 
each  side.  The  posterior  region  is  die  regio  lumbartjs, 
or  loins. 

The  cavity  of  the  abdomen  is  separated  from  that 
of  the  thorax  by  the  muscular  diaphragm,  called  the 
midriff.  Its  viscera,  or  contents,  are  enclosed  in  a 
membrane  called  the  peritonaum,  and  are  as  follow, 
namely,  the  ventriculus,  the  stomach,  which  has  two 
orifices,  namely,  the  cardia,  which  is  the  upper,  and 
the  pylorus,  w^ich  is  the  lower.  It  is  composed  of 
three  coats,  namely,  the  outermost,  which  is  mem- 
braneous ;  the  middle, which  is  muscular ;  and  the  inner, 
which  is  notnervousp  and  covered  with  vessels.  To  these 
has  been  added  a  fourth,  called  villous.  The  stomadi 
performs  the  office  of  digestion,  which  is  now  gene- 
rally supposed  to  be  effected  by  the  saccus  gastrieus, 
or  gastnc  juice,  which  flows  from  the  gastric  glands, 
aided  by  the  cont'mual  contraction  and  relaxation  <^ 
the  muscular  tunic,  vvhich  is  called  the  perisiaiHe 
motion.  The  intestines  are  a  long  pipe  or  canal,  which 
by  its  convolutions  forms  six  portions,  three  small 
and  three  large,  namely,  the  duodenum,  jqfuman,  ileum, 
cacum,  colon,  and  rectum.  The  small  intestines  have 
valves  or  folds,  called  vahnda  connwentes ;  the  large 
intestines  have  fatty  appendages,  called  appendieulm 
epiploica.  The  membranes  belonging  to  the  intestines 
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are  the  wu$€ntery,  me$oeolon,  and  ^  omentum,  or  epi- 
ftoom,  by  which  they  are  kept  in  their  places  and  pre- 
served from  injuries,  whilst  by  their  peristaltic  motion 
ttiey  expel  the  faeces  collected  in  them.  Hepar,  the 
Irnr,  is  divided  into  three  lobes,  and  is  suspended  in 
the  body  by  means  of  ligaments,  which  connect  it  with 
the  diaphragm,  &c.  It  is  composed  of  small  vessels, 
or  the  ramifications  of  vessels,  called /o22tctt/f,  or  port 
UUani,  because  in  them  b  secreted  the  humour  c^led 
the  bile.  The  ducts  of  the  liver  are  the  ducha  hepoH- 
au;  the  dmehu  cjfiHeiu;  and  the  ductus  eholedoehua, 
which  is  composed  of  the  two  former.  On  the 
mder  side  of  the  liver  lies  the  vesicukt  fettif,  or  the 
gall  bladder. — PauereoB,  a  glandular  viscus,  consists 
of  innumerable  small  glands  that  form  one  duct,  eailed 
dmetut  pmereotieui,  the  pancreatic  duct ;  its  office  b 
to  secrete  a  juice  distinguished  by  the  name  of  the 
tueeut  pamcretUieus,  the  pancreatic  juice.-^iiieii,  the 
jpleeo,  is  connected  with  the  stomach  by  its  blood- 
vessels  called  vtua  brevia, — Renes,  the  kidneys,  are 
composed  of  three  substances,  namely,  the  external, 
which  is  cortical,  the  middle,  which  is  tubular ;  and 
tiie  inner  substance,  which  is  medullary.  They  have 
also  a  peculiar  membrane  called  the  membrana  pro- 
pria,  and  an  excretory  duct  called  the  ureter,  the  origin 
of  which,  expanded  into  the  form  of  a  ftinnel,  is  called 
tiie  pekiB. — Urinaria  veetca,  the  urinary  bladder,  a 
fleshy  membraneous  pouch,  ts  divided  into  the  body, 
the  fundus,  or  upper  part,  and  thp  neck  which  is 
the  lower  part,  that  is,  contracted  by  the  sphincter 
muscle. 

The  lower  part  of  the  abdomen  is,  in  the  skeleton, 
dDed  the  pelvis,  which  is  formed  by  the  ossa  iUa  and 
tn&tia,  the  ot  $aerum,  the  as  coccygis,  and  the  oesa 
pubea,  and  is  terminated  anteriorly  by  the  pudenda, 
and  posteriorly  by  the  hates,  or  buttocks.  (See 
BoKss.)  The  space  between  the  anus  and  pudenda 
m  caUed  the  perinteum. 

The  pudenda,  or  organs  of  generation,  are  distin- 
gubhed  into  the  male  and  female.  The  male  organs 
are  Uie  testes,  vesiculte  seminales,  prostata  glandula,  and 
fOttt^ — The  testes  are  composed  of  many  minute  ves- 
sels, convoluted  into  different  heaps,  by  means  of 
which  b  formed  a  body  called  the  epidtdymus.  They 
are  enclosed  in  three  integuments  or  coats,  namely, 
the  scrvtmm,  common  to  bo^,  the  tumiea  vagiiuUis 
testis,  and  the  tuxiea  albuginea ;  besides  a  muscular 
lining  of  the  scrotum,  called  the  darios,  by  which  it  is 
corrugated.  The  principal  vesseb  are  the  vasa  prm- 
paramtia,  commonly  called  the  spermatic  chord,  and 
the  vasa  drferentia.  The  most  important  muscle  is 
tiie  aremoMter.  Fesicuke  seminales  are  two  in  number, 
one  on  each  side  of  the  bladder,  which  serve  as  re- 
ceptacles for  the  seed. — Prostata,  or  corpus  glandu- 
tosmas,  a  conglomerate  gland,  situated  at  the  neck  of 
tbe  bladder. — The  peni^  is  composed  of  two  spongy 
•aiistaoces,  called  oof^pora  coDemosa,  and  covered  vrith 
a  partkmlar  integument,  called  the  pneputtum.  The 
extremity  of  the  penb  b  the  glans,  or  balanus,  and 
1^  Hgament  by  which  it  b  tied  to  the  glans  is  the 
frmmtm,  T\ye  canal  or  tirinary  passage  of  ^e  penis 
b  tke  wretkra,  in  which  b  a  longitudinal  orifice,  called 
tiie  wssaiws  wrtnortus, 

Tbe  lisaiale  organs  of  generation  are  external  or  io- 
tamaL  The  external  are  the  vulva,  mons  veneris,  labia, 
ugmpkm,  and  ehfteris,  the  brandies  of  which  are  called 
the  cnvo. — The  internal  parts  are  called  the  vagina,  or 
aeek  of  the  womb,  the  kgmen,  and  the  carmcuUe  myrti" 
r,  formed  from  the  hymen  and  the  uterusor  womb. 


The.  uterus  b  divided  into  three  parts,  namely,  the 
fundus  or  upper  part ;  the  body,  and  the  cervix  or 
lower  part,  the  entrance  into  which  b  called  the  os 
uteri.  It  b  connected  by  two  sorts  of  ligaments,  called 
ligamenta  lata,  and  /teamen/a  rotunda,  i.  e.  two  broads 
and  two  round.  To  one  end  of  the  ligamenta  lata  are 
attached  the  ovaria  or  testes  in  females ;  along  the  other 
end  run  the  tubm  fallopianm.  The  vesseb  of  the  uterus 
are  subject  to  a  periodical  discharge,  which  b  called 
menstruation,  and  that  which  b  discharged  the  me$tses. 
The  formation  of  the  parts  of  an  animal  in  the  womb 
constitutes  a  gravid  uterus.    The  commencement  of 
this  process  is  called  conception  or  ta^jfregnation ;  and 
that  which  follows  b  gestation  till  the  time  of  deli- 
very, when  the  young  b  brought  forth.    The  first 
rudiments  of  the  animal  are  eall^  the  embryo,  which, 
with  the  umbilical  chord  and  membranes,  constitute  the 
ovum.    When  the  parts  of  the  embryo  are  to  be  db- 
tingubhed  from  one  another,  it  is  termed  a  fcetus. 
The  membranes  of  the  ovum  and  foetus  are  the  amnion, 
which  b  true  or  false,  and  the  chorion.    These  mem- 
branes contain  a  fluid,  called  the  Uguor  amnii,  in 
which  the  embryo  floats ;   and  from  the  flocculent 
vessels  of  the  amnion  is  formed  the  vascular  sub- 
stance called  the  placenta.    The  placenta  and  mem- 
branes which  come  away  after  the  birth  of  the  child 
are  known  by  the  name  of  secundines,   or  after- 
birth. 

The  extremities  are  superior  and  inferior.  The 
superior  extremities  consist  of  summitas  humeri,  the 
shoulder ;  brachium,  the  arm ;  and  manus,  the  hand. 
— ^The  shoulder  b  composed  of  clavicula,  the  collar- 
bone; scemula,  the  shoulder-blade;  and  axilla,  the 
armpit. — The  arm  is  composed  of  the  os  humeri,  ulna, 
and  radius,  the  last  two  of  which  make  what  is  called 
the  fore-arm,  in  which  anteriorly  is  the  bend  of  the 
arm,  and  posteriorly,  angulus  cubUi,  the  elbow.  The 
hand' consists  of  the  carpus,  or  the  wrist ;  metacarpus 
and  digiti  manus,  or  fingers ;  dorsum  manus,  the  back 
of  the  hand ;  and  vola  the  palm. 

The  inferior  extremities  consist  of  coxa  or  regio 
ischiadica,  the  hip ;  femur,  the  thigh ;  tibia,  the  leg  ; 
and  pes,  ihe  foot. — ^The  thigh  b  composed  of  the  os 
femoris,  the  thigh  bone. — ^The  leg  is  composed  of  the 
genu,  the  knee ;  tibia,  fibula,  and  ptUeUa,  the  knee- 
pan  ;  peples,  the  ham ;  cavum  papUtis,  the  hoUow  of 
the  thigh ;  sura,  Uie  calf;  and  maUeoUs,  the  ancle.-* 
The  foot  consists  of  tarsus,  the  instep ;  metatarsus, 
or  dormtm,  the  back;  di^  pedis,  the  toes;  and 
pUmta,  the  sole. 

Having  thus  given  a  general  outline  of  the  variout 
parts  of  the  human  structure,  we  may  now  proceed 
to  a  more  detailed  view  of  l^e  osseous  frame-work 
fh>m  which  it  derives  its  form  and  stability. 

Plate  I.  Anatomy,  fig,  1,  represents  a  front  view 
of  the  male  skeleton. 

Head  and  nedc, — a,  the  frontal  bone ;  b,  the  parietal 
bone ;  e,  the  temporal  bone ;  d,  a  portion  of  the  sphe- 
noid bone  ;  e,  the  nasal  bone ;  /,  the  malar,  or  cheek 
bones ;  g,  the  sfuperior  maxillary,  or  upper  jaw  bone  $ 
h,  the  lovrer  jaw  ;  t,  the  bones  of  the  neck. 

Trunk, — a,  tiie  twelve  bones  of  the  back ;  b,  the 
five  bones  of  the  loins ;  c,  d,  the  breast  bone  com- 
posed of  two  pieces ;  e,  /,  die  seven  true  ribs ;  f,  g, 
the  five  false  ribs ;  h,  the  rump  bone,  or  sacrum ;  t, 
the  hip  bones. 

Upper  extremity, — a, the  collar-bone ;  b,  the  shoulder 
blade ;  c,  the  upper  arm  bone;  d,  the  radius ;  e,  the 
ulna ;  /,  the  carpus,  or  wrist ;  g^  the  bones  of  thio 
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nand;  k,  the  firat  row  of  finger  bones ;  i,  the  second 
row  of  finger  bones ;  k,  the  third  row  of  finger  bones ; 
I,  the  bones  of  the  thumb. 

Lower  extremity. — a,  the  thigh  bone ;  b,  the  knee- 
pan  ;  c,  the  tibia,  or  large  bone  of  the  leg ;  d,  the 
fibula,  or  small  bone  of  the  leg ;  e,  the  heel  bone ; 
/,  the  bones  of  the  instep ;  g,  the  bones  of  the  foot ; 
h,  the  first  row  of  toe  bones ;  t,  the  second  row  of  toe 
bones ;  k,  the  third  row  of  toe  bones. 

Fig,  2,  represents  a  back  view  of  the  male  ske- 
leton. . 

Tke  head.—a,  the  parietal  bone ;  b,  the  occipital 
bone  ;  c,  the  temporal  bone ;  d,  the  cheek  bone ;  e,  the 
lower  jaw  bone. 

JVecJfc  OHd  trwUc. — a,  the  bones  of  the  neck ;  b,  the 
bones  of  the  back ;  c,  the  bones  of  the  loins ;  d,  the 
hip  bone ;  e,  the  sacrum. 

CJjper  extremity.-^,  the  collar  bone ;  b,  the  blade 
bone ;  c,  the  upper  bone  of  the  arm ;  d,  the  radius ; 
e,  the  ulna ;  /,  the  bones  of  the  wrist ;  g,  the  bones 
of  the  hand ;  h,  the  first  row  of  finger  bones ;  t,  the 
second  row  of  fidger  bones ;  k,  the  third  row  of 
finger  bones ;  I,  the  bones  of  the  thumb. 

Jjower  extremity.— a,  the  thigh  bone ;  b,  the  large 
bone  of  the  leg ;  c,  the  small  bone  of  the  leg ;  d,  the 
heel  bone ;  e,  the  bones  of  the  instep ;  /,  the  bones  of 

the  toes. 

From  this  view  of  the  human  skeleton  as  a  whole, 
we  may  proceed  to  an  examination  of  the  mechanical 
principles  brought  into  operation  in  the  various  mo- 
tions of  the  bones. 


Both  the  lever  and  pulley  perform  promment  parts 
m  animal  mechanics.  The  arm  furnishes  us  with  a 
bei^utiful  exemplification  of  the  first  of  these  simple 
mechanical  instruments.  In  the  above  engraving  our 
readers  have  a  representation  of  the  os  humeri,  a,  no- 
dius  and  ulna,  b,  c,  with  the  connecting  bones  of  the 
hand  Now,  at  first  view,  this  arrangement  appears 
but  little  fitted  to  answ^  any  useful  purpose,  as  the 
muscle  or  flexible  cord  d,  which  acts  by  its  contrac- 
tion from  e,  to  elevate  the  weight  in  the  hand,  is 
placed  nearer  to  the  axis  than  the  mass  to  be  raised, 
and  as  such,  strictly  speaking,  power  is  lost.  But  a 
closer  examination  shews  that  this  mechanical  disad- 
vantage is  more  than  compensated  by  the  greater 
neatness  and  compactness  of  the  limb.  It  lays  nearer 
to  the  bone,  and  in  addition  to  that  circumstance 
there  is  less  of  contractible  power  required  to  move 
the  extremity  of  the  limb  through  a  given  space  than 
if  it  acted  directly  at  the  point  of  the  hand.  The 
biceps  and  brachueus  exert  a  force  equal  to  about 
twenty  times  that  of  the  body  raised. 

This  force  must  not  be  confounded  with  the  passive 
resistance  of  the  bones,  which  frequently  amounts  to 
many  hundred  pounds,  which  a  girdle  passing  round 
the  lower  extremities  will  readily  support.     In  this 
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way  a  man  has  been  known  to  raise  four  butts  of 
beer,  and  perform  feats  of  strength  which  it  would 
otherwise  be  difficult  to  understand. 

Another,  and  very  beautiful  illustration,  will  be 
found  in  the  head. 

In  the  lower  jaw 
as  shewn  at  a  b,  the 
the  process  goes  on 
at  a  point  much  fur- 
ther removed  from 
the  centre  of  motion 
than  the  point  where 
it  is  connected  with 
the  condyloid  pro- 
cesses. On  this  ac- 
count it  is  essential 
that  a  force  much  be- 
yond that  which  is 
necessary  for  the 
mere  crushing  of  the 
food  should  be  exerted.  In  man  it  frequently  amounts 
to  three  or  four  hundred  pounds,  and  m  the  tiger,  and 
some  other  of  the  inferior  animals,  to  more  than  fif- 
teen hundred  pounds  of  effectual  force. 

While  speaking  of  this  portion  of  the  human  struc- 
ture, we  must  not  omit  to  notice  two  other  mecha- 
nical powers,  which  are  exhibited  in  the  same  figure. 
The  teeth  form  very  perfect  illustrations  of  the  use  of 
the  wedge,  and  a  small  perforation  at  e  serves  as  a 
pulley  to  move  the  eye  in  its  orbit. 

The  way  in 
which  the  axey 
or  natural  joint, 
are  lashed  toge- 
ther, is  repre- 
sented in  the  ac- 
companying en- 
n-aving  of  the  ti- 
bia; o  a  the  apo- 
physes are  seen 
at  the  lower  end 
of  the  OS  femoris 
covered  withcar- 
tilage.  The  up- 
per end  of  the 
tibia  marked  b 
and  d,  forms  a 
ligament  which 
moves  a  species 
of  pulley  or  car- 
tilage in  the  form 
of  a  half  moon. 
A  cross  binding 
ligament  which 
keeps  the  whole 
compact  together  is  seen  at  c.  Ligaments  of  a  si- 
milar character  are  also  represented  at  e.  Now  a 
more  perfect  axis  or  universal  joint  could  hardly  be 
conceived  than  the  one  thus  described,  and  the  in- 
genious mechanic  cannot  do  better  than  go  to  nature 
for  a  guide  in  the  general  arrangement  of  the  mecha- 
nical powers.  A  provision  is  also  made  for  dimi- 
nishing friction  in  the  necessary  motion  of  the  ball 
imd  socket  A  fluid  constantly  secreted  serves  pre- 
cisely the  same  purpose  as  the  reservoir  arrangement 
in  some  of  the  new  four-wheelei  vdiicles. 

Another  illustration  of  the  wedge,  as  it  occurs  in 
conjunction  with  the  theory  of  the  arch,  will  not  be 
out  of  place. 
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U  the  kocompanying  aketch  the  foot  ia  leen  snp- 
pcsting  the  lower  end  of  the  tibia,  a.  The  os  caIcis,  b, 
fbnns  one  point  of  support,  whilst  the  toes  being  de- 
pnssed  by  the  mnscuUr  Tnrce  form  the  other  ■but' 
moit.  The  series  of  bones  from  a  to  e  fonn  a  system 
ti  wedges ;  and  in  idditioD  to  their  great  strength, 
■ct  by  their  elasticity  to  break  the  momentum  which 
Ak  body  of  necessity  acquires  even  in  the  falling 
leaping  from  the  smallest  hei^t. 


Having  thns  illnstrated  some  of  the  mechaoical 
powen  which  are  brought  into  operation  in  the  hu- 
Ban  liame,  we  must  briefly  advert  to  the  structure 
of  the  flame-work,  or  bones  themselves.  It  was 
lonnerly  believed  that  the  bones  constated  of  fibres 
>u>  Umells,  but  this  view  is  oow  considered  by  the 
best  aiwlomists  as  erroneous,  and  the  view  of  Pro- 
faaaor  Scarpa  of  Pavia  has  been  substituted.  Con- 
sidering it  absurd  to  admit  in  one  and  the  same  bone 
two  different  atrnctures,  he  has  demonstrated  by 
direct  experiment,  that  the  cellular,  reticular,  and 
vascular  parenchyma  constitute  but  the  basis  from 
which  the  other  materiala  under  apparently  Dew 
forms  are  secreted,  and  that  their  intimate  structure 
■1  in  reality  the  same  with  that  of  the  muscles,  nerves, 
and  Mveral  other  parts  of  the  body.  The  form  of 
the  booe  best  fitted  for  strength 
wkere  elasticity  is  nut  required, 
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Barrow  b,  occupies  the 
a^  the  bone  formed  ii 
lar  layer,  a 
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i  formed  in  a  cucu-  J 
e,  has  about  three  fi 
strength  which  it  1 
'ss  if  it  assumed  a  <{ 


■esa  exhibited  at  a  b,  serves  to 

ghe  the  required  strength  in  any 

prl'"'  direction.    In  closing  this  port  of  oar  subject 

we  beg  to  direct  the  reader's  attention  to  the  articles 

lOuda,  Neroa,  Brota,  &c. 

AjfCBOE-  There  are  various  species  of  metallic 
and  wooden  hooks,  which  under  the  general  name 
of  aochors  are  used  for  mooring  of  vessels.  In  the 
inbncy  of  navigation,  they  appeared  to  have  con- 
NKed  of  irregular  masses  of  stone  and  bronze,  which 
acted  rather  by  the  weight  of  the  materials  than  the 
tenacity  of  the  bed  of  the  sea. 

Tbe  anchora  now  generally  made  are  so  contrived 
as  to  support  a  great  strain  before  they  can  be 
loosened  or  dislodged  from  their  earth-bound  bed. 
The  parts  of  which  an  anchor  is  composed  are  the 
ring  into  which  the  cable  is  fastened,  the  beam  or 
•hank,  which  is  the  longest  part  of  the  anchor,  tbe 
two  arms,  at  the  end  of  which  are  the  two  Hooks  or 
flukes,  by  tome  called  the  palms,  which  with  their 
borba  b^n  into  the  ground,  and  the  flock,  which  is 
a  long  piece  of  wood  fastened  across  the  beam  near 
the  ring,  and  serving  to  guide  the  flukes  in  a  direc- 
tion perpendicular  to  the  surface  of  the  ground ; 
an  that  one  of  them  sinks  into  it  by  its  own  weight 
as  aooo  as  it  falls,  and  is  still  preserved  steadily  in 
that  position  by  the  flock,  which,  together  with  the 
■bank,  lies  flat  on  the  bottom.     In  this  situation  it 
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must  necessarily  sustain  a  great  effort  before  it  can 
be  dragged  through  the  earUi  horizontally.  Should 
the  anchor  be  displaced,  it  is  said,  in  the  sea  phrase, 
"  to  come  home." 

Tbe  several  parts  of  the  anchor  above  enumerated 
bear  the  following  proportions: — The  length  of  the 
arm,  from  tbe  inside  of  the  throat  to  the  bill,  is  the 
distance  marked  on  the  shank  for  the  trend,  taken 
from  the  inside  of  tbe  throat ;  and  three  times  that  is 
the  length  of  the  shank  from  tbe  tip  of  the  crown; 
and  the  shank,  from  the  tip  of  the  crown  to  the 
centre  of  tbe  ring,  is  the  length  of  the  iron  Etock; 
when  made,  the  two  arms,  from  the  inside  of  the 
throat  to  Che  extremity  of  the  bill,  should  form  an 
arc  of  a  circle  containing  120  degrees. 

The  labour  of  raising  the  anchor  when  a  chain- 
cable  is  employed,  has  been  considerably  diminished 
by  a  patent  apparatus  lately  manufactured  by  Mr. 
Bailey  of  Holbom.  It  consists  in  the  use  of  a  small 
lef  er,  which  seizing  on  each  link  of  the  chain  in  snc- 
cessLon,  tends  effectually  to  prevent  its  return,  aad 
enables  a  smaller  number  of  men  to  effect  the  devo- 
tion than  by  the  ordinary  process.   . 

A^icuYLOsis ;  a  stiffness  or  immobility  of  the  joints. 
The  existence  of  the  disease  is  obvious  to  the  eye.  It 
is  often  connected  with  deformities  of  the  limbs, 
and,  in  the  anchylosis  of  the  little  bones  of  the  ear, 
with  deafness ;  in  that  of  the  joint  of  the  lower  jaw, 
with  iimbility  of  chewing.  Anchylosis  may  occasion 
the  decaying  of  a  limb,  bleedings,  aneurisms,  &c., 
and  may  even  become  fatal.  In  the  beginning  of  these 
diseases,  the  patient  usually  suffers  pain  in  Uie  limbs, 
a  more  or  less  audible  rustling  in  moving  the  joint 
affected,  a  feeling  of  weakneis  find  inability  of  direct- 
ing the  limb  as  it  could  be  done  in  a  state  of  health. 
An  anchyloaia  usually  arises  from  several  causes,  and 
afflicts  sometimes  the  whole  body,  at  other  times  one 
limb  only.  The  anchylosis  is  sometimes  constitu- 
tional ;  old  people  are  more  subject  Co  it  than  young, 
and  the  male  sex  than  the  female.  Tbe  real  anchy- 
losis is  incurable.  Excessive  indulgence  in  »i'"iw' 
passion  may  contribute  to  this  disease;  but  it  is.  for 
the  most  pvt,  the  result  of  inSammation  in  the  mem- 
brane  lining  the  joints. 

Andantb,  in  itfiujc,  denotes  a  time  somewhat  slow, 
and  a  performance  distinct  and  exact,  gentle  and 
soothing.  Andantino  stands  between  andante  and 
allegretto,  at  least  according  to  the  common  notion ; 
some  assert  that  andantino  implies  a  little  slower 
motion  than  andante.     The  andante  requires  a  deli- 

Ahdboideb,  in  Mnhania,  an  automaton  in  the 
form  of  a  man.  Vaucansons'  Jtale-plai/er  may  be 
considered  as  the  most  curious  mechanical  figure  of 
which  any  correct  account  has  been  preserved.  There 
is  an  Interesting  paper  in  the  Memoirt  tif  the  Frtaeh 
Acadeng,  furnished  by  the  artist  himself,  and  he  thus 
describe  the  apparatus ; — Tbe  figure  was  about  five 
feet  six  inches  high,  and  was  placed  upon  an  ele- 
vated square  pedestal.  The  air  entered  the  body  by 
three  separate  pipes,  into  which  it  was  conveyed  by 
nine  pairs  of  bellows,  which  eipancled  and  contracted 
in  n^Iar  succession  by  means  of  an  axis  of  steel 
turned  by  the  machine.  Tbe  three  tubes  which  con- 
veyed the  air  from  the  bellows,  after  passing  throng 
the  lower  extremities  of  the  figure,  united  at  the 
chest)  and  ascending  from  thence  to  the  month, 
passed  through  two  artificial  lips.  Within  the  ca-rtlv 
of  the  mouth  was  a  small  moveable  tongue,  which 
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by  its  motion  at  proper  intervals  admitted  or  inter- 
cepted the  air  in  its  passage  to  the  flute.  The  fingers, 
lips,  and  tongue  derived  their  specific  movements 
from  a  steel  cylinder  turned  by  clock-work.  The 
cylinder  was  divided  into  fifteen  equal  parts,  which 
by  means  of  pegs  pressing  upon  a  like  number  of 
levers,  caused  the  other  extremities  to  ascend.  Seven 
of  these  levers  directed  the  fingers,  having  rods  and 
chains  fixed  to  their  ascending  extremities;  which 
being  attached  to  the  fingers,  made  them  to  ascend 
in  proportion  as  the  other  extremity  was  pressed 
down  by  the  motion  of  the  cylinders,  and  vice  versa. 
Three  of  the  levers  served  to  regulate  the  ingress  of 
the  air,  being  so  contrived  as  to  open  and  shut  by 
means  of  valves  the  communication  between  the  lips 
and  reservoir,  so  that  more  or  less  strength  might 
be  given,  and  a  higher  or  lower  note  produced  as 
occasion  required. 

The  lips  were  directed  bv  four  similar  levers ;  o^e 
of  which  opened  them  to  give  the  air  a  freer  passage ; 
another  contracted  them ;  a  third  drew  them  back- 
ward, and  the  fourth  pushed  them  forward.  The 
remaining  lever  was  employed  in  the  direction  of  the 
tongue,  which  by  its  motion  shut  or  opened  the 
mouth  of  the  flute.  The  varied  and  successive  mo- 
tions performed  by  this  ingenious  androides  were 
regulated  by  a  contrivance  no  less  simple  than  efil- 
cacious.  The  axis  of  the  steel  cylinder  or  barrel 
was  terminated  by  an  endless  screw  composed  of 
twelve  threads,  above  which  was  placed  a  small  arm 
of  copper  with  a  steel  stud  made  to  fit  the  threads 
of  the  worm,  which  by  its  vertical  motion  was  con- 
tinually pushed  forward.  Hence,  if  a  lever  was 
moved  by  a  peg  placed  on  the  cylinder,  in  any  one 
revolution,  it  could  not  be  moved  by  the  same  peg 
in  the  succeeding  revolution  in  consequence  of  the 
lateral  motion  communicated  by  the  worm.  By 
this  means  the  size  of  the  barrel  was  considerably 
reduced ;  and  the  statue  not  only  poured  forth  a  va- 
ried selection  of  instrumental  harmony,  but  exhibited 
all  the  evolutions  of  the  most  graceful  performer. 

Anbmombtbr.  An  instrument  for  measuring  the 
force  and  velocity  of  the  wind.  For  this  purpose  a 
variety  of  contrivances  have  been  suggested,  many  of 
which  display  no  inconsiderable  share  of  ingenuity. 
It  has  been  proposed  to  suspend  a  rod,  in  the  man- 
ner of  a  pendulum,  with  a  flat  board  instead  of  a  ball 
at  its  lower  extremity.  It  is  obvious,  that  when  the 
wind  impinges  upon  such  a  board,  it  will,  according 
to  its  strength,  force  it  more  or  less  out  of  a  vertictd 
position,  and  therefore  the  angle  of  deviation  will  be 
the  measure  of  that  strength.  Another  contrivance 
resembles  a  small  windmill,  by  the  number  of  the  re- 
volutions of  which,  in  a  given  time,  the  result  desired 
may  be  obtained.  Instruments  have  even  been  de- 
scribed, which  express  upon  paper,  not  only  the 
several  winds  that  have  blown  during  the  space  of 
twenty-four  hours,  but  at  what  hour  mey  began  and 
ended,  with  the  strength  and  velocity  of  each ;  but 
they  are  much  too  complicated  for  general  use. 

Ansmoscopb.  Every  contrivance  which  indicates 
the  direction  of  the  wmd.  The  vane  upon  towers 
and  roofs  is  the  simplest  of  all  anemoscopes. 
There  are  also  some,  where  the  vane  turns  a  move- 
able spindle,  which  descends  through  the  roof  to  the 
chamber  where  the  observation  id  to  be  made.  On 
the  ceiling  of  this  apartment  a  compass-card  is  fixed, 
and,  whilst  the  wind  turns  the  vane  together  with  the 
spindle,  an  index  GxreL  below  points  out  the  direction 


of  the  wind  on  the  card.  Some  are  so  made  as,  even 
in  the  absence  of  the  observer,  to  note  down  the 
changes  of  the  wind.  Among  the  most  perfect  of 
this  kind,  is  that  of  Professor  Moscati,  and  of  the 
Cavalier  Marsilio  Landriani. 

Anburism.  The  swelling  of  an  artery,  or  the  di* 
latation  and  expansion  of  some  part  of  an  artery. 
This  is  the  true  aneurism.  There  is  also  a  spurious 
kind  of  aneurism,  whoi  the  rupture  or  puncture  of 
an  artery  is  followed  by  an  extravasation  of  blood  in 
the  cellular  membrane.  If  the  external  membrane  of 
the  artery  is  injured,  and  the  internal  membrane 
protrudes  through,  and  forms  a  sac,  it  is  called  misted 
anewritm.  Lastly,  there  is  the  varicose  aneurism,  the 
tumour  of  the  artery,  when,  in  bleeding,  the  vein  has 
been  entirely  cut  through,  and  at  the  same  time  the 
upper  side  of  an  artery  beneath  has  been  perforated, 
so  that  its  blood  is  pressed  into  the  vein.  The  ge- 
nuine aneurisms  arise  partly  from  the  too  violeot 
motion  of  the  blood,  paitly  from  a  preternatural  de- 
bility of  the  membranes  of  the  artery,  which  b  some- 
times constitutional.  They  are,  therefore,  more  fre- 
quent in  the  great  branches  of  the  arteries ;  in  parti- 
cular, in  the  vicinity  of  the  heart,  in  the  arch  of  the 
aorta,  and  in  the  extremities,  for  instance,  in  the  ham 
and  at  the  ribs,  where  the  arteries  are  exposed  to 
frequent  injuries  by  stretching,  violent  bodily  exer- 
tions, thrusts,  falls,  and  contusions.  They  may> 
however,  be  occasioned  also,  especially  the  mtemal 
ones,  by  diseases,  violent  ebullitions  of  the  blood,  by 
the  use  of  ardent  spirits,  by  vehement  passions  and 
emotions,  particularly  by  anger :  in  such  cases  the 
arteries  may  be  ruptured,  and  sudden  death  produced. 
The  external  aneurisms  are  either  healed  by  conti- 
nued pressure  on  the  swelling,  or  by  an  operation,  in 
which  the  artery  is  laid  bare,  and  tied  above  the 
swelling,  so  as  to  prevent  the  flow  of  the  blood  into 
the  sac  of  the  aneurism,  which  contracts  by  degrees. 
Sometimes  the  ligature  b  applied  both  above  and  be- 
low the  aneurism. 

Angle.    See  Gbombtrt. 

Animal  Hbat  is  that  property  of  all  animals  by 
means  of  which  they  preserve  a  certain  temperature, 
which  is  quite  independent  of  that  of  the  medium  by 
which  they  are  surrounded,  and  appears  rather  to  be 
in  proportion  to  the  degree  of  sensibility  and  irrita- 
bility possessed  by  them.  It  b  greatest  in  birds. 
The  more  free  and  independent  the  animal  b,  the 
more  uniform  is  its  temperature.  On  thb  account, 
the  human  species  preserves  a  temperature  neariy 
equal,  about  96 — 100^  Fah.,  in  the  frozen  regions  at 
the  pole,  and  beneath  the  equator;  and  on  thb 
account,  too,  the  heat  of  the  human  body  remains  the 
same  when  exposed  to  the  most  extreme  degrees  of 
temperature ;  in  fact,  cold  at  first  rather  elevates,  and 
extreme  heat  rather  depresses  the  temperature  of  the 
human  body.  Fordyce  and  Blagden  endured  the 
temperature  of  an  oven  heated  almost  to  redness,  and 
two  girls  in  France  entered  a  baker's  oven  heated  to 
269^  Fah.,  in  which  fruits  were  soon  dried  up,  and 
water  boiled.  A  Spaniard,  Francisco  Martinez  by 
name  exhibited  himself,  a  short  time  since  at  Paris, 
in  a  stove  heated  to  279^  of  Fah.,  and  threw  himself, 
immedbtely  after,  into  cold  water.  Blaeden  was 
exposed  in  an  oven  to  a  heat  of  257^,  in  which  water 
boiled,  though  covered  with  oil.  There  is  also  a  re» 
markable  instance  of  a  similar  endurance  of  heat  by 
the  wiwulnonnaires,  as  they  were  called,  upon  the  grave 
of  St.  Medardus.  in  France.    A  certificate  signA  by 
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ierenl  eye-witnesses*  among  whom  were  Amumd, 
Aronet,  tiie  brother  of  Voltaire,  and  a  Protestant  no- 
bleman from  P^rth,  states  that  a  woman  named  la 
Sonet,  somamed  the  mlamander,  lay  upon  a  fire  nine 
minotes  at  a  time,  which  was  repeated  four  times 
within  two  hours,  making  in  all,  thirty-six  minutes, 
Coring  which  time  fifteen  sticks  oi  wood  were  con- 
sumed. The  correctness  of  the  fact  stated  is  allowed 
even  by  ttkoae  opposed  to  the  abuses  in  which  it  ori- 
gimted.  llie  fliunes  sometimes  united  over  the  wo- 
man* who  seemed  to  sleep ;  and  the  whole  miracle  b 
to  be  attributed  to  the  insensibiHty  of  the  skin  and 
nerves,  occasioned  by  a  fit  of  religious  insanity. 
Tliese  Acts  are  the  results  of  a  law  of  aU  living  sub- 
stances, viz.  that  ^e  temperature  of  the  living  body 
cannot  be  raised  above  certain  limits,  which  nature 
has  fixed.  There  is  also  an  increased  fiow  of  perspi- 
ration, by  means  of  vdiich  the  heat  of  the  body  is 
carried  o&.  The  extreme  degrees  of  cold  which  are 
constantiy  endured  by  the  human  fimme  wiliiout  in- 
jury are  well  known,  and  are  to  be  explained  only  by 
this  power  in  the  living  body  to  generate  and  pre- 
serve its  ofwn  heat.  The  greater  the  irritability  of  in- 
Avidoals,  vrfaether  from  age,  sex,  or  pecuharity  of 
cunstiUition,  the  greater  the  warmth  of  the  body :  it 
seems  also  to  d^nd,  in  part,  upon  the  quickness  of 
file  ctrculation  of  the  blood:  thus  children  and  small 
animals,  whose  circulation  is  lively,  feel  the  cold 
least.  The  heat  and  the  power  of  preserving  it  differ 
also  in  the  diflSnent  parts  of  the  body ;  those  appeal^ 
ing  to  be  warmest  in  vHiidk  there  b  the  most  copious 
supply  of  Mood,  as  the  brain,  the  head  and  neck,  the 
famgs  and  central  parts  of  tiie  body.  We  see  also, 
that  vffaen  the  irritability  of  thfe  bodv,  or  of  any  part 
of  it,  is  particularly  inmased,  the  iMsat  of  the  part 
andagoes  a  similar  change.  Increased  activity  and 
motion  of  the  body,  as  in  walking,  running,  &c.,  and 
tfseases  of  increased  excitement,  as  fever  and  inflam^ 
nation,  pirodiice  a  similar  increase  in  the  t^nperature 
of  dw  body.  All  this  justifies  the  conclusion,  that 
aniniai  beat  depends  chiefly  upon  the  irritability  of 
tte  body,  and  is  thus  most  mtimaldy  connected  with 
the  state  of  the  nervous  system.  This  view  is  con- 
firmed by  the  late  experiments  of  Brodie,  who  ascribed 
tids  power  of  the  living  body  to  the  influence  of  the 
brain.  He  destroyed  tne  brain  of  a  rabbit,  and  kept 
up  tiie  respiration  by  artificial  means ;  but  the  h^ 
of  tttt  animal  r^^ulariy  diminished. 

AjrnfAi*  LiPB.  lAk,  in  the  earlier  periods  of 
sdentific  knowledge,  was  attributed  only  to  animals. 
YMk  the  progreis  of  science,  however,  it  was  ex- 
tended to  plants ;  and  man,  who  had  been  hitherto 
regarded  as  a  distinct  order  of  bemg,  was  now  consi- 
dmd  as  but  a  higher  animal,  intimately  connected 
vHdi  the  whde  cl»in  of  the  organized  workL  The 
great  ifiscoveries  in  chemistry,  magnetism,  electricity, 
and  galvanism,  have  shown  diat  uiose  elements  and 
principles,  on  which  rest  the  laWs  of  life,  pervade  na- 
tnre  in  the  most  various  forms  and  combinations ; 
that  there  is  no  harsh  and  abrupt  distinction  between 
tiie  •wtwMite  worid  and  the  inanimate,  but,  on  the 
contrary,  an  intimate  connexion  between  the  energy 
whldi  uttkes  the  crystallizing  mineral  follow  the  law 
of  the  strictest  regularity,  or  the  stone  fall  from  the 
bei^it,  and  that  which  makes  the  heart  of  man  beat. 
The  i^fliculty  of  defining  animal  life  has,  therefore, 
been  greatly  bicreased.  What  is  animal  life  ?  What 
coBstitiites  an  animal  ?  Since  mankind  began  to  cul- 
tivate philoaopliy»  they  have  sought  in  vain  for  adefi- 


nition  of  life.  It  would  require  much  more  metaphy- 
sical discussion,  to  enter  at  all  satisfactorily  into  this 
subject,  than  the  character  of  the  present  work  allows : 
and  we  are  constrained  to  offer  the  reader  only  the 
following  remarks  on  this  most  interesting  subject. — 
Linnaeus  defines  an  animal  an  organized,  living,  and 
sentient  being.  An  animal  is  indeed  organized ;  but 
are  not  vegetables  organized  also  ?  Anunals  are  en- 
dowed with  sensation ;  but  are  all,  widiout  exception  ? 
and  do  not  some  plants  possess  this  faculty  ?  Loco- 
motion is  not  a  more  certain  characteristic  of  animals 
than  life  or  irritability,  for  many  animals  are  destitute 
of  this  power,  and  vegetate  like  plants,  the  images  of 
torpidity  and  insensibility.  Neither  are  the  chemical 
characters  of  animal  substances  more  distinct ;  ani- 
mals are  chiefly  composed  of  azote,  and  vegetables  of 
carbon;  but,  among  the  latter,  some  are,  like  the 
former,  composed  principally  of  azote.  In  whatever 
point  of  view  we  consider  these  two  kingdoms  of  na- 
ture, we  find  them  blended  in  so  many  ways,  and 
separated  from  each  other  by  such  imperceptible  gra- 
da^ons,  that  it  is  impossible  to  draw  a  line,  at  which 
we  can  affirm  that  animal  life  ends,  and  the  vegetable 
begins. 

Animal  Magnetism.    See  Magnetism. 

Animal  Matter  is  the  protection,  the  residence, 
and  the  visible  form  of  animal  life.  The  simple  ele- 
mentary substances  are  combined  by  the  powers  of 
life,  according  to  the  objects  for  which  it  was  destined, 
into  various  animal  substances,  falling  naturally  un- 
der certain  divisions,  which  all,  however,  in  some 
respects,  comprehend  each  other.  They  may  be  enu- 
merated under  two  heads,  fluids  and  solids.  The  first 
of  these  have  no  distinct  form  or  organization,  and 
yet  possess  properties,  by  means  of  which,  when  acted 
upon  by  the  vital  powers,  they  are  capable  of  forming 
all  the  various  organs  of  the  body;  and  it  is  surely  a 
most  unnatural  view  of  them  to  regard  them  as  des- 
titute of  life.  In  the  following  list  of  animal  fluids, 
which,  in  the  processes  of  life,  pass  constantly  the  one 
into  the  other,  we  find  aU  the  fluid  parts  or  kinds  of 
animal  matter :  they  are  chyme,  chyle,  lymph,  venous 
and  arterial  blood,  and  the  various  secreted  and  ex- 
creted fluids.  The  second  division  comprehends  all 
the  solid  parts  of  the  animal  frame,  both  hard  and 
soft,  and  are  of  nearly  the  same  essential  structure  in 
all  animals,  although  variously  arranged,  according 
to  their  species.  A  minute  description  of  all  these 
belongs  to  anatomy;  we  shall  merely  enumerate  them. 
They  appear  in  the  form  of;  1,  bones,  constituting  the 
basis,  the  frame  of  the  animal,  and  found  in  all  ani- 
mals till  we  come  to  shell-fish  (whose  shells  may  be 
even  regarded  as  external  bones),  and  to  still  inferior 
animals,  possessing  no  substitute  for  bones;  2,  liga- 
ments and  fibrous  membranes,  connecting  and  cover- 
ing them ;  3,  muscles  which  move  them,  and  place 
the  body  and  its  limbs  at  the  command  of  the  animal ; 
4,  fat  and  marrow,  which  soften  and  lubricate  all  the 
various  parts  of  the  body ;  5,  nervous  or  medullary 
matter  constituting  the  brain  and  nerves,  in  which 
the  vital  power  seems  more  particularly  to  reside ;  6, 
the  cellular  substance,  or  membrane,  which  pervades 
all  parts  of  the  frame,  and  serves  to  connect  them, 
and  to  furnish  with  the  fat,  Ivhich  fills  its  cells,  a  soft 
bed  for  the  vessels,  nerves,  &c. ;  7>  the  mucous  mem- 
branes, lining  the  whole  body,  fi-om  the  nose  and 
mouth  to  the  parts  at  which  all  evacuations  take 
place,  and  thus  coating  the  mouth,  throat,  lungs, 
stomach,  and  bowels,  in  which  the  important  fbnc « 
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tions  of  digestion  and  respiration  are  performed ;  8, 
the  serous  membranes,  which  line  all  the  large  cavi- 
ties, and  which,  by  the  soft  fluid  that  always  moistens 
their  surface,  render  easy  the  motion  of  all  the  inter- 
nal organs  upon  each  otiier ;  9,  the  vascular  system, 
or  vessels  of  all  descriptions,  conveying  the  blood  to 
all  the  organs  of  the  body,  and  returning  it  from  them 
to  the  heart  and  lungs, ;  and  10,  the  glandular  sys- 
tem, by  means  of  which  various  fluids  important  to 
life  are  separated  from  the  blood,  or  rather  formed 
from  it  by  a  new  composition  of  its  original  elements. 
"  These  several  classes  of  animal  matter  comprehend 
all  the  various  forms  in  which  it  appears  in  all  ani- 
mals of  all  kinds ;  the  heart  of  a  frog  and  of  a  philo- 
sopher being  composed  of  similar  muscular  fibres, 
and  their  brains  of  similar  nervous  matter."  These 
obvious  component  parts  of  animals  are,  however, 
separable  by  the  art  of  the  chemist  into  more  simple 
and  ultimate  elements.  The  following  are  all  that 
are  at  present  known  to  exist,  and  of  tiiese  some  are 
peculiar  to  animals,  while  others  enter,  more  or  less, 
mto  the  composition  of  all  parts  of  the  creation. 
They  are,  1,  iron,  which  is  found  chiefly  in  the  blood, 
in  the  state  of  an  oxide ;  2,  lime,  which  enters  largely 
into  the  composition  of  bones,  shells,  &c. ;  3,  silex, 
in  the  enamel  of  the  teeth ;  4,  water,  which  gives 
their  liquid  character  to  all  the  animal  fluids ;  5,  air 
which  is  found,  mixed  with  watery  vapour,  in  all  the 
cavities  of  the  body ;  6,  soda,  united  with  various 
acids,  in  all  the  various  fluids  of  the  body ;  7»  ammo- 
nia, in  the  perspiration,  urine,  &c. ;  8,  sulphur ;  9, 
phosphorus,  in  the  bones,  &c. ;  10,  carbon ;  11,  va- 
rious acids,  as  the  phosphoric,  muriatic,  uric,  lactic, 
formic,  &c.,  which  are  found,  variously  combined,  in 
most  of  the  solid  and  fluid  parts  of  the  body;  12, 
gelatin,  or  glue;  13,  albumen,  constituting  the  chief 
part  of  the  transparent  and  colourless  membranes, 
and  the  fluids  which  moisten  them ;  14,  fibrin,  con- 
stituting the  basis  of  all  the  muscles,  ligaments,  &c., 
and  the  most  important  ingredient  in  the  composition 
of  the  blood.  Most  of  these  substances  are  again 
susceptible  of  still  farther  analysis,  by  which  they 
may  be  resolved  into  the  simple  gases,  as  nitrogen, 
hydrogen,  oxygen,  &c. ;  so  that  it  appears  that  the 
ultimate  elements  of  all  parts  of  the  visible  world  are 
nearly  the  same  in  their  essential  character. 

Anker,  a  liquid  measure  of  about  thirty  gallons. 

Annealing,  or  Nealino,  as  it  is  called  by  the 
workmen,  is  a  process  particularly  employed  in  the 
glass-houses,  and  consists  in  putting  the  glass  vessels, 
as  soon  as  they  are  formed,  and  while  they  are  yet  hot, 
into  a  furnace  or  oven,  not  so  hot  as  to  remelt  them, 
in  which  they  are  suffered  to  cool  gradually.  This 
b  found  to  prevent  their  breaking  so  easily  as  they 
otherwise  would,  particularly  on  exposure  to  heat. 
Unannealed  glass,  when  broken,  often  flies  into  pow- 
der, with  great  violence,  and  in  general  it  is  in  more 
danger  of  breaking  from  a  very  slight  stroke  than 
from  one  of  considerable  force.  An  unannealed  glass 
vessel  wiU  often  resist  the  effect  of  a  pistol-bullet 
dropped  into  it ;  yet  a  grain  of  sand,  falling  into  it, 
will  make  it  burst  into  small  fragments,  and,  which 
is  very  curious,  it  will  often  not  burst  until  several 
minutes  after  being  struck.  The  same  phenomena 
are  still  more  strikingly  seen  in  glass-drops  or  tears : 
they  are  globular  at  one  end,  and  taper  to  a  small 
tail  at  the  other :  they  are  the  drops  which  fall  from 
the  melted  mass  of  glass  on  the  rods,  on  which  the 
bottles  are  made,  into  th^  tubs  of  water  which  are 


used  in  the  work.  Those  which  r^nain  entire,  after 
having  fallen  into  the  water,  show  the  properties  of 
unannealed  glass  in  the  highest  degree.  They  will 
bear  a  smart  stroke  on  the  thick  end,  but  if  Uie  small 
tail  is  broken,  they  burst  into  powder,  with  a  loud 
explosion.  The  reason  of  this  singular  fact  is  differ- 
ently given.  A  similar  process  is  used  for  rendering 
cast-iron  vessels  less  brittle. 

Annuities  are  periodical  payments  of  money, 
amounting  to  a  certain  annual  sum,  and  continuing 
either  a  certain  number  of  years,  as  10,  20,  or  100,  or 
for  an  uncertain  period,  to  be  determined  by  a  par- 
ticular event,  as  the  death  of  the  annuitant,  or  that 
of  the  party  liable  to  pay  the  annuity,  or  of  some 
other  person,  or  indefinitely;  and  these  last  are  called 
perpetual  annuites.  Tlie  payments  are  made  at  the 
end  of  each  year,  or  semi-annually,  or  at  the  end  of 
every  quarter,  or  at  other  periods,  according  to  the 
agreement  upon  which  the  annuity  arises ;  and  where 
it  is  liable  to  cease  upon  the  happening  of  an  events 
the  time  of  the  occurrence  of  which  is  uncertain,  as 
the  death  of  a  person,  and  such  event  happens  after 
the  expiration  of  a  part  of  the  time  between  one  pay> 
ment  and  another,  neither  the  annuitant  nor  his  heirs 
will  be  entitled  to  any  proportional  part  of  a  payment 
for  such  time,  unless  some  express  provision  is  made 
for  this  purpose  in  the  contract.  The  probability  of 
the  loss  of  such  fractional  part  is  to  be  taken  into 
consideration  in  estimating  the  present  value  of  the 
annuity ;  if  the  life  in  question  is,  according  to  the 
tables  of  longevity,  good  for  5^  years,  an  annuity  for 
such  life  is  worth  more  than  if  it  were  good  for  only 
just  5  years,  since  the  probability  of  its  continuing 
6  years  is  greater.  As  an  annuity  is  usually  raised 
by  the  present  payment  of  a  certain  sum,  as  a  consi- 
deration whereby  the  party  making  the  payment,  or» 
some  other  person  named  by  him,  becomes  entitled 
to  an  annual,  semi-annual,  quarterly,  or  other  peri- 
odical payment  of  a  certain  sum,  for  a  stipulated 
number  of  years,  or  for  a  period  to  be  determmed  by 
the  happening  of  a  certain  event ;  the  rules  and  prin- 
ciples by  which  this  present  value  is  to  be  computed 
have  been  the  subjects  of  much  scientific  investiga- 
tion. The  present  value  of  a  perpetual  annuity  is 
evidently  a  sum  of  money  that  will  yield  an  interest 
equal  to  the  annuity,  and  payable  at  the  same  pe- 
riods ;  and  an  annuity  of  this  description,  payable 
quarterly,  will  evidently  be  of  greater  value  than  one 
of  the  same  amount  payable  annually,  since  the 
annuitant  has  the  additional  advantage  of  the  interest 
on  three  of  the  quarterly  payments,  until  the  expira- 
tion of  the  year ;  or,  in  otiier  words,  it  requires  a 
greater  present  capital  to  be  put  at  interest,  to  yield 
a  given  sum  per  annum  payable  quarteriy,  than  to 
yield  the  same  annual  sum,  payable  at  the  end  of 
each  year.  The  present  value  of  an  annuity  for  a 
limited  period,  is  a  sum  which,  if  put  at  interest,  will 
at  the  end  of  that  period  give  an  amount  equal  to 
the  sum  of  all  the  payments  of  the  annuity  and  inte- 
rest ;  and,  accordingly,  if  it  be  proposed  to  invest  a 
certain  sum  of  money  in  the  purchase  of  an  annuity 
for  a  given  number  of  years,  the  comparative  value 
of  the  two  may  be  precisely  estimated,  the  rate  of 
interest  being  given.  But  aimuiti^  for  uncertain 
periods,  and  particularly  life  annuities,  are  more  fre- 
quent, and  the  value  of  the  annuity  is  computed 
according  to  the  probable  duration  of  the  life  by 
which  it  is  limited.  Many  such  annuities  are  granted 
for  public  services.     But  life  annuities  are  o(Un 
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tnattd  by  coatract,  whereby  the  goTemment  or  a 
private  annuity  office  agrees,  for  a  certain  sum 
advanced  by  the  purchaser,  to  pay  a  certain  sum 
annually,  in  yearly,  quarterly,  or  other  periodical 
payments,  to  the  person  advancing  the  money  or 
some  odier  annuitants  named  by  him,  during  the  life 
of  the  annuitant ;  or  the  annuity  is  granted  to  the 
annuitant,  his  heirs  and  assigns,  during  the  life  of 
some  other  person,  or  during  two  or  more  joint  lives, 
or  during  the  life  of  the  longest  liver  or  survivor 
among  a  number  of  persons  named  in  the  act  or 
agreement  whereby  the  annuity  is  raised.  Such  an- 
nuities are  usually  made  transferable,  and  are  sold 
and  purchased  in  the  market  as  a  species  of  public 
stocks.  When  granted  by  a  government,  they  are 
generaUy  one  mode  of  raising  loans ;  when  created 
by  a  contract  with  a  private  corporation  or  company, 
their  object  usually  is,  to  give  the  annuitant  the  use, 
during  his  life,  not  only  of  the  income  of  his  capital, 
but  of  the  capital  itself.  If  a  person,  having  a  certain 
cajMtal,  and  intending  to  spend  this  capital  and  the 
income  of  it  during  his  own  life,  and  leave  no  part  to 
his  heirs,  could  know  precisely  how  long  he  should 
live,  he  might  lend  this  capital  at  a  certain  rate 
during  his  life,  and  by  taking  every  year,  besides  the 
interest,  a  certain  amount  of  the  capital,  he  might 
secure  the  same  annual  amount  for  his  support  during 
his  life,  in  such  manner  that  he  should  have  the 
same  sum  to  spend  every  year,  and  consume  precisely 
his  whole  capital  during  his  life.  But,  since  he  does 
not  know  how  long  he  is  to  live,  he  agrees  with  the 
government,  or  an  annuity  office,  to  take  the  risk 
of  the  duration  of  his  life,  and  pay  him  a  certain 
annuity  during  his  life,  in  exchainge  for  the  capi- 
tal which  he  proposes  to  invest  in  this  way.  The 
probable  duration  of  his  life,  therefore,  becomes  a 
subject  of  computation ;  and,  for  the  purpose  of 
malting  this  calcHilation,  tables  of  longevity  are  made, 
by  noting  the  proportions  of  deaths,  at  certain  ages, 
in  the  same  country  or  district.  An  annuity  gua- 
ranteed by  a  pledge  of  real  estate  is  worth  more  than 
one  of  the  same  amount  resting  upon  the  mere  pro- 
mise of  a  government  or  private  company.  Accord- 
ingly, for  the  purpose  of  raising  money  upon  better 
terms,  that  is,  of  selling  the  annuity  for  a  greater 
present  value,  some  of  Uie  governments  of  Europe 
have  occasionally  pledged  their  domains  or  the  in- 
come of  certain  taxes,  to  secure  the  payment  of  the 
annuities.     For  the  theory  of  annuities   see  Inte- 


AjroDTif  ES ;  means  for  soothing  pain.  As  the  pain 
may  arise  from  very  different  causes,  the  means  for 
counteracting  it  must  be  very  different.  Thus,  for 
instance,  a  pain  may  be  produced  by  inflammation ; 
and,  in  ^is  case,  cooling  means,  lukewarm  poultices, 
sometimes  even  bleeding  or  purging,  will  be  the  pro- 
per anodynes.  At  other  times  thev  should  be  of  an 
inflammatory  kind ;  for  instance,  m  debility  of  the 
nerves,  cramps,  or  spasms,  in  the  stricter  sense,  we 
anderstand  by  anodynes  such  remedies  as  lessen  the 
susceptibility  to  painful  impressions,  by  diminishing 
the  sensibility  of  the  nerves.  In  early  times,  when 
the  doctrine  of  poisons  and  antidotes  was  more  at- 
tended to  than  any  other  part  of  medicine,  the  sooth- 
ing quality  of  many  simples  was  also  more  closely 
olwerved,  and  a  particular  class  was  formed  in  this 
way.  As  this  property  existed  in  a. high  degree  in 
opium,  then  already  in  use,  it  not  only  obtained  the 
Ibit  place  in  this  class  of  simples,  but  the  name  ano- 


dj/ne  was  given  to  all  mixtures  containing  it.  The 
use  of  anodynes  is  proper  only  when  the  cause  of  pain 
cannot  be  removed,  or  not  so  soon  as  its  violence  re- 
quires, or  where  the  pain  itself  is  more  injurious  than 
the  cause  which  produces  it ;  as  when  it  prevents  a 
favourable  crisis,  by  rendering  the  patient  unable  to 
sleep. 

Antimony  is  a  bluish-white,  brittle  metal,  of  a 
scaly  or  foliated  texture ;  it  has  a  brilliant  lustre,  but 
becomes  tarnished  by  exposure  to  the  air ;  its  specific 
gravity  is  6,7-  In  this  state,  it  is  called  the  regnhts 
of  antimony,  and  is  used  as  an  ingredient  in  the  ma- 
nufacture of  the  best  pewter,  in  some  type-metal, 
and  in  casting  leaden  medallions.  By  exposure  to 
heat  it  melts,  and  becoming  oxydized,  rises  in  dense 
white  fumes,  formerly  called  argentine  flotoers  of  on/t- 
mong.  Antimony  forms  with  oxygen  several  oxides> 
with  which  the  acids  unite  and  give  rise  to  numerous 
salts,  the  most  important  of  which  b  the  triple  one, 
called  tartrate  of  potash  and  antimong.  It  is  manu- 
factured in  the  large  way  by  mixing  one  pound  of 
glass  of  antimony  with  a  pound  of  super-tartrate  of 
potash,  and  boiling  the  mixture  in  a  gallon  of  water 
for  an  hour :  it  is  then  filtered,  evaporated,  and  set 
by  to  crystallize.  Tartar  emetic  is  the  roost  generally 
used  antimonial  medicine ;  and  it  may  be  so  managed 
as  to  produce  either  sweating,  purging,  or  vomiting. 
Antimony  is  found  in  its  metallic  state  in  minute 
quantities  in  several  countries,  and  in  occasional 
mixture  with  ores  of  silver,  lead,  and  copper ;  but  it 
is  from  its  combination  with  sulphur,  in  which  state 
it  occurs  abundantly  in  Auvergne,  Scotland,  and 
Hungary,  that  the  antimony  of  commerce  is  fur- 
nished. This  mineral,  the  sulphuret  of  antimony,  is 
found  in  compact,  foliated,  and  radiated  masses,  as 
well  as  in  distinct  rhombic  prisms.  Its  colour  is  a 
light  lead-grey ;  it  is  dull,  and  often  iridescent  Spe- 
cific gravity,  4.3.  It  melts  in  the  flame  of  a  candle, 
and  before  the  blow-pipe,  on  charcoal,  is  wholly  eva- 
porated, with  a  sulphureous  odour.  It  is  composed 
of  antimony  72.86,  and  sulphur,  27.14,  and  m  its 
composition  exactly  resembles  the  artificial  compound 
which  possesses  the  same  properties.  To  obtain  the 
crude  antimony  of  commerce,  the  above  ore  is  re- 
duced to  fragments,  and  put  into  large  earthen  pots, 
with  holes  in  their  bottoms,  and  these  are  inserted 
into  other  similar  vessels ;  heat  is  applied  to  the 
upper  ones,  which  causes  the  sulphuret  of  anti- 
mony to  separate  from  its  stony  case,  and  flow  into 
the  lower  vessels,  which  are  kept  cold;  here  it 
concretes  into  fibrous,  crystalline  masses,  without 
having  undergone  any  change  in  its  nature  during 
the  process.  In  this  condition,  it  constitutes  the 
crude  antimony  of  commerce.  From  this  substance 
the  regulus  of  antimony  is  prepared,  by  roasting  the 
sulphuret  of  antimony  in  a  reverberatory  furnace, 
until  it  forms  a  grey  oxide,  100  weight  of  vhich  is 
afterwards  mixed  with  8  or  10  pounds  of  argal,  or 
crude  tartar,  and  smelted  in  large  melting  pots  in  a 
wind-furnace.  It  also  affords,  by  calcination  and 
subsequent  fusion  in  earthen  crucibles,  the  glass  of 
antimony,  which  is  of  so  much  importance  in  the 
preparation  of  tartar  emetic.  The  Kermes  mineral, 
a  popular  medicine,  is  likewise  prepared  from  the 
sulphuret  of  antimony,  by  boiling  crude  antimony 
and  pearl-ashes  ;  the  Kermes  mineral  is  deposited  in 
the  rorm  of  a  purplish-brown  powder.  The  superna- 
tant liquid,  on  the  addition  of  any  acid,  yields  an 
orange  sediment,  called  golden  sulphur  of  critimong. 
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which  is  QMd  by  the  caUco-printtra  as  a  yellow 
dye. 

Amtisbptics  ;  remedies  against  putrefaction.  The 
ancients  thought  it  possible,  by  certain  preparations, 
to  resist  a  general  tendency  to  putrefaction,  which 
they  supposed  to  exist  in  the  system.  The  modems 
have  only  attempted  to  prevent  the  affection  of  the 
sound  by  the  mortified  parts,  by  means  of  external 
applications,  which  favour  their  separation.  We  are 
indebted  to  chemistry  for  most  <^  these  remedies, 
which  generally  operate  by  absorbing  the  liquids 
and  gases  of  the  gangr^ious  parts.  Among  anti- 
septical  substances,  charcoal-powder  has  hitherto 
been  one  of  the  most  esteemed,  but  the  chloride  of 
time  has  been  recently  discovered  to  be  much  more 
efficacious  in  arresting  the  progress  of  putrefaction. 
Placed  in  contact  with  the  affe^ed  parts,  it  destroys 
the  offensive  odour  which  they  exhale,  and  pre- 
vents the  extension  of  the  corruption.  The  prac- 
titioner must  adapt  the  treatment  to  particular  cir- 
cumstances: to  inflammation  he  opposes  bleeding, 
emollients,  &c. ;  to  weakness,  nourishing  food,  tonics, 
^. ;  at  the  same  time  with  the  local  application 
of  tiie  antiseptic.  Under  the  head  of  antiseptics 
we  must  not  omit  to  notice  the  Pyroligneous  Add, 
which  see. 

Antispasmodic  ;  a  name  given  to  any  thing  which 
has  the  power  of  relieving  the  cramp.  Antispasmo- 
dics are  more  accurately  ctefined,  medicines  proper  for 
the  cure  of  spasms  and  convulsions.  Opium,  balsam 
of  Peru,  and  the  essential  oils  of  many  vegetables, 
are  the  most  useful  of  this  class  of  medicines. 

Antistphilitic  ;  a  term  applied  to  remedies  used 
in  cases  oif  syphilis.  They  are  almost  numberless ; 
and  tliere  exists,  perhaps,  not  one  substance  in  the 
three  kingdoms  of  nature  to  which  an  antisyphiiitic 
power  has  not  been  ascribed.  The  most  efficacious 
are  preparations  of  mercury,  which  is  administered 
in  a  great  variety  of  ways ;  sudoriferous  vegetables, 
the  combinations  of  which  are  also  extremely  nume- 
rous ;  and  preparations  of  gold,  particularly  of  the 
muriate  of  tlus  metal. 

Anvil,  a  smith's  utensil,  serving  to  place  the  work 
on  to  be  hammered  or  forged.  l%e  face,  or  upper- 
most surface  of  the  anvU,  must  be  very  flat  and 
smooth,  without  flaws,  and  so  hard  that  a  file  will  not 
touch  it.  At  one  end  there  is  sometimes  a  pike,  bic- 
kem  or  beak-iron,  for  the  rounding  of  hollow  work. 
The  whole  is  usually  mounted  on  a  firm  wooden 
block.  Forged  anvils  are  better  than  those  of  cast 
work,  and  tl^  best  have  the  upper  part  made  of  steel. 
Locksmiths  have  a  smaller  kind  of  anvil  called  the 
stake,  which  is  moveable,  and  placed  ordinarily  on 
their  work-bench.  Its  use  is  for  setting  small  cold 
work  straight,  or  to  cut  or  punch  on  with  the  cold 
chissel  or  cold  punch. 

Aorta  ;  the  great  arterv  which  rises  immediately 
out  of  the  left  ventricle  of  the  heart.  It  b  divided 
into  two  grand  trunks,  distinguished  by  the  epithets 
ascending  and  descending.    (See  Artbry.) 

Aphblion,  the  term  employed  to  mark  that  part  of 
the  orbit  of  the  earth,  or  any  other  planet,  in  which  it 
is  at  the  point  remotest  from  the  sun.  This  also  ap- 
plies to  a  satellite ;  for  the  moon  has  her  aphelion  as 
well  as  the  planets. 

Apogbb  ;  that  point  in  the  orbit  of  the  sun,  or  of 
a  planet,  which  is  at  the  greatest  distance  possible 
from  the  earth,  in  contradistinction  to  the  point  of 
greatest  nearness^  which  is  called  the  perigee.    The 
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amrient  astronomers^  regaidSig  tlw  eartli  at  the  cenbt 
of  the  svston,  paid  particular  attention  to  these 
points,  which  the  modems^  making  the  sun  the  o«i- 
tre,  change  for  the  apheUom  and  perikMm* 

Apbpsia;  indigestion.  Abetemiouaness  and  exosss 
are  alike  causes  of  indigestion.  An  over  distensioQ 
<^  the  stomach  may  in  some  measure  ii^ore  its  proper 
tone ;  and  long  fasting,  by  inducing  a  bad  quality  in 
the  juices  secerned  into  the  stomach,  renders  it  feeble, 
and  generates  wind.  Hard  drinking,  and  any  of  the 
causes  of  an  anorexy,  also  injure  digestion. 

Apbribnts,  in  the  Materia  Medtoa,  an  appellation 
given  to  such  medicines  as  facilitate  the  circulation 
of  the  humours  by  removing  obstructions.  The  five 
aperient  roots  of  the  shops  are,  smallage,  fennel,  as- 
paragus, parsley,  and  butchers'  broom. 

Apoplbxt  is  the  name  applied  to  a  disease  whidi 
occurs  very  suddenly,  as  if  a  blow  had  been  inflicted 
upon  the  head*  and  deprives  the  person  of  conscious- 
ness and  voluntary  motion,  while  the  respiration  and 
action  of  the  heart  continue,  although  much  op- 
pressed. In  a  complete  apoplexy,  the  person  fiJls 
suddenly,  is  unable  to  move  his  limbs  or  to  spesk, 
gives  no  proof  of  seeing,  hearing,  or  feeling,  and  the 
breathing  is  stertorous  or  snoring,  like  that  of  a 
person  in  deep  sleep.  In  a  case  of  less  violence,  the 
symptoms  are  more  moderate.  Consciousness  some- 
times remains  in  part ;  some  power  of  motion  is  re- 
tained upon  one  side,  or  in  some  parts  at  least;  the 
speech  is  not  entirely  lost,  but  is  onlyan  unintelli- 
gible muttering  of  incoherent  words.  The  immediate 
cause  of  this  disease  is  some  affection  or  injury  of 
the  brain,  or  of  some  portion  of  it ;  and  it  is  most 
commonly  produced  by  a  fulness  of  blood  in  the 
head,  either  remaining  in  the  blood-vesseb,  or  poured 
out  in  or  upon  the  brain,  from  their  rupture  in  some 
part,  and  in  sufficient  quantity  to  exert  considerable 
pressure  upon  that  organ.  As  the  state  of  the  whole 
body  depends  much  upon  the  sound  condition  of  the 
brain  and  nerves,  it  is  evident  that  such  an  unna- 
tural state  of  these  organs  cannot  continue  long  with- 
out danger  to  life.  The  termination  and  effects  of 
the  disease  vary  with  the  violence  of  the  attack ;  and 
it  is  either  fatid  in  a  few  hours,  or  after  a  few  days, 
during  which  a  degree  of  fever  is  often  observed,  or 
the  patient  recovers,  entirely  or  with  a  weakness  or 
lameness  of  one  or  more  limbs.  The  immediate 
cause  of  the  symptoms  first  occurring,  and  of  those 
remotely  subsequent,  is  not  known  with  absolute 
certainty ;  but  from  the  examination  of  the  bodies  of 
those  who  have  died  with  this  disease,  or  in  whom 
death  has  been  produced  by  mechanical  injuries  to 
the  head,  which  have  been  attended  bv  similar  ap- 
pearances; and  from  the  entire  similarity  of  the 
symptoms  in  persons  whose  brains  are  injured  by 
the  pressure  of  bones,  or  blood,  or  in  whom  the 
brain  exposed  by  some  wound  is  purposely  com- 
pressed, &c.,  to  the  symptoms  presented  by  apo- 
plexy ;  there  is  scarcely  room  to  doubt  that  genuine, 
complete  apoplexy  is  produced  by  the  pressure  of 
blood  (whether  extravasated  or  not)  upon  the  brain. 
This  arises  from  the  destruction  of  the  equilibrium 
or  balance  of  the  circulation  by  various  causes,  by 
which  an  unnatural  quantity  of  blood  is  forced  into 
an  otherwise  healthy  brain,  or  the  brain  and  its  ves- 
sels so  weakened,  that  they  are  unable  to  sustain  the 
pressure  of  the  usual  quantity  of  blood.  Some  of 
these  causes  operate  directiy  upon  the  brain,  as 
strong  passions,  hard  study,  exhaustion  from  fatigue. 
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kc;  otfiMB,  ladifMdy,  tfaitnigh  the  mediam  of  .tiie 
itomadi,  as  when  this  disease  is  produced  by  indi- 
gcstlMe  food»  Ice  The  disposition  to  it  is  sometimes 
ketei&taij,  uid  is  most  usoally  found  to  accompany 
a  diorty  rail  person,  a  short  neek,  and  a  system  dis- 
poeed  to  a  too  copious  sanguification.  It  some- 
times also  occurs  in  people  who  are  exhausted  by 
old  age,  excessive  labour  or  anxietv,  and  in  these 
eases  the  brain  se«ns  to  be  too  weak  to  perform  its 
common  ftmetions,  and  the  efforts  required  of  it  pro- 
ihKe  an  injurious  or  destructive  flow  of  blood  to  it. 
it  will  be  readily  conjectured  from  what  has  been 
said,  that  die  cure  of  this  disease  is  by  no  means 
easy,  as  the  treatment  must  be  accommodated  to  the 
Tsrkma  causes  which  may  have  produced  it.  '  It  is 
at  all  times  a  disease  of  great  danger,  but  by  no 
means  ahraya  fatal ;  and  those  affected  by  it  some- 
tisMs  recover  as  entirely  as  from  any  cmier  com- 
l^aint,  although  some  lameness  or  defect  of  motion 
IS  apt  to  remain,  eidier  in  the  limbs,  the  organs  of 
speedi,  the  eyes  or  mondi,  or  some  other  part.  A 
fitCal  result  is  to  be  anticipated  when  tiie  conscious- 
nesa  and  lieeling  are  entirely  lost;  when  tiie  eye  is 
inaenaftle  to  li^t,  and  the  pupil  does  not  contract ; 
when  the  patient  cannot  swallow,  the  respiration 
grows  more  laborious,  and  froth  or  blood  appears  at 
the  mouth  or  nose.  But  if,  on  the  contrary,  the  re- 
medBea  need  appear  to  afford  relief,  and  produce  a 
gradual  diminution  of  the  symptoms  above  described, 
a  Ikvourahle  result  may  be  expected.  Although  an 
attadc  of  apoplexy  comes  on  for  the  most  part  sud- 
denly and  unexpectedly,  yet  it  is  often  preceded  by 
appearances  which  give  warning  of  its  approach. 
These  are  a  hi^  colour  of  the  whole  face,  giddiness 
or  vertigo,  sparks  or  fla^ies  of  light  before  the  eyes, 
noises  in  the  eara,  bleeding  at  tiie  nose,  and  pain  in 
^e  bead.  The  danger  in  such  cases  may  most  com- 
monly be  averted  by  bleeding  and  abstemious  diet, 
to  be  continued  till  these  symptoms  are  removed. 
When  a  person  is  unfortunately  attacked  by  apo- 
plexy, the  first  step  shouki  be  to  open  the  cravat  and 
coUar,  so  as  to  leave  the  neck  free :  if  it  be  a  short 
time  alter  a  meal,  or  if  the  last  meal  has  been  of  an 
indigestible  character,  the  stomach  should  be  emptied 
by  an  emetic,  or  by  tickling  the  throat  vrith  the 
fciger,  without  waiting  for  a  physician,  and  at  the 
same  time  a  vein  or  two  should  be  opened,  so  as  to 
produce  a  free  flow  of  blood,  which  should  be  con- 
Iznned,  if  ihe  face  is  flushed  and  red,  till  relief  is 
obtained.  Subsequent  treatment  will  of  course  be 
directed  by  a  medical  attendant.  Great  care  should 
be  taken  in  such  cases  that  no  attempt  is  made  to 
arouse  the  person  by  rubbing  or  any  sort  of  stimu- 
lation, internal  or  external,  as  these  can  only  do 
hsDrm.  Paralysis,  or  palsy,  is  sometimes  a  conse- 
quenoe  of  apoplei^,  but  it  is  more  commonly  pro- 
duced by  causes  of  a  different  character,  and  consti- 
tntes  a  different  disease.     (See  Palst.) 

Appoooiato  denotes  in  music,  and  particularly  in 
song,  a  Mended  and  not  abrupt  utterance  of  the  tones ; 
ao  that  they  insensibly  f^t  and  melt  into  each  other 
witiKmt  any  perceptible  break.  It  b  from  apoggiare, 
to  lean  on.     Hence  also, 

AppootfiATuaA,  a  small  additional  note  of  embel- 
fiahment  preceding  the  note  to  which  it  is  attached, 
and  taking  away  finom  the  principal  note  a  portion  of 
ititfane. 

AppaoxiM ATioN ;  a  term  used  in  mathematics  to 
mgnify  a  contioaal  approach  to  a  quantity  required. 
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when  no  process  is  biown  for  arriving^  at  it  exactly. 
Although  by  such  an  approximation  the  exact  value 
of  a  quantity  cannot  be  discovered,  yet  in  practice  it 
may  be  found  sufficiently  correct ;  thus  the  diagonal 
of  a  square,  whose  sides  are  represented  by  unity, 
is  ^/2,  the  exact  value  of  which  quantity  cannot  be 
obtained ;  but  its  approximate  value  may  be  substi- 
tuted in  the  nicest  calculations.  This  process  is  the 
basis  of  many  calculations  in  pure  and  applied  ma« 
thematics,  and  is  of  frequent  use  and  great  import- 
ance in  all  practical  operations. 

Apsidbs.  The  orbits  of  the  planets  and  comets 
are  ellipses,  in  one  of  the  foci  of  which  is  the  sun. 
In  the  same  way  the  satellites  move  round  their 
planets.  The  nearest  point  of  the  ellipse  from  that 
focus,  is  the  lower  apsis,  and  is  also  called,  in  the 
orbits  of  the  planets  and  comets,  perihelion;  the 
farthest  point  or  the  higher  apsis  is  called  aphelion. 
In  the  orbit  of  our  moon,  the  corresponding  terms 
are  perigee  and  apogee.  The  straight  line  which 
joins  the  apsides,  or  the  transverse  axis  of  the  ellipse, 
is  called  the  line  of  the  apsides.  It  moves  slowly 
forward  in  the  direction  of  the  planet's  coiirse. 
Therefore,  if  the  earth  sets  out  from  the  apogee,  it 
must  make  more  than  a  whole  revolution  in  its  orbit 
before  it  returns  to  the  same  point.  The  time  which 
it  employs  in  so  doing  is  sometimes  called  an  onosia- 
lisHcal  year.  It  is  therefore  longer  than  a  tropical  one. 

Aqua  Fobtis  ;  nitric  acid  in  a  diluted  state.  (See 
Acid.) 

Aqua  Marina.     (See  Beryl.) 

Aqua  Rboia.  The  name  given  by  the  alchemists 
to  what  is  now  called  nUro-muriatic  acid, — a  mixture 
of  nitric  and  muriatic  acid,  yellow,  and  possessing 
the  power  of  readily  dissolving  gold,  which  neither 
possessed  separately.    (See  Acid*) 

Aquarius,  the  Water-carrier,  in  Astronomy,  the 
eleventh  sign  in  the  zodiac,  reckoning  from  Aries ;  from 
which  also  the  eleventh  part  of  the  zodiac  takes  its 
name.  The  sun  moves  through  Aquarius  in  the 
month  of  January. 

Aqua  Tinta  ;  the  art  of  engraving  on  copper  after 
the  manner  of  Indian  ink,  by  which  happy  imita- 
tions are  made  of  figures  that  have  been  djiiwn  with 
the  pencil  in  Indian  ink,  bistre,  sepia,  &c.,  particu- 
larly those  which  are  on  a  large  scale.  There  are 
several  sorts  of  it.  In  the  first,  after  the  outlines  of 
the  fifure  have  been  etched,  finely  powdered  mastic 
(ooJopAofttiiMi)  is  sifted  over  the  plate,  which  is  then 
warmed  over  coals,  that  the  mastic  may  be  melted. 
In  this  way  insensible  spaces  are  formed  between 
the  particles  of  mastic  upon  which  the  nitric  acid  is 
afterwards  to  act.  The  work  then  goes  on  as  in  the 
mezzo  tinto,  only  that  the  scraper  is  used  in  this, 
and  the  pencil  in  that;  and  all  the  plai!es  where 
there  is  to  be  no  work  or  shade  are  covered  with  a 
thick  black  varnish,  on  which  the  acid  does  not  act. 
The  nitric  acid  is  now  poured  on,  and  left  to  stand 
as  long  as  is  necessary  for  the  lightest  shade — about 
five  minutes.  The  light  shades  are  now  stopped  out 
with  varnish,  and  the  acid  allowed  to  act  a  second 
time,  and  this  stopping  out  is  continued  till  we  come 
to  the  deepest  shades,  which  are  bit  in  last.  This 
method  is  best  for  historical  and  architectural  sub- 
jects ;  but  in  landscapes,  in  which  the  trees  require 
more  freedom  of  the  pencil,  the  second  is  used.  In 
this  a  good  etohing  ground  is  sj>read  over  the  plat^ 
and  covered  by  means  of  a  hair-pencil,  with  oil  of 
lavender  or  oil  of  turpentine,  to  which  lamp-black  is 


Hometiraes  added.  Tl)e  ail  softens  the  groand,  which 
may  be  wiped  off  with  a  fine  linen  cloth,  leaving  all 
the  marks  made  with  the  pencil  apparent  on  the 
copper.  Then,  as  in  the  first  process,  fine  mastic  is 
sifted  over  the  plate,  melted  in  and  etched.  This 
operation  may  be  repeated  many  times,  according  as 
there  are  more  or  fewer  tints  in  the  original.  By  a 
happy  union  o(  both  sorts,  this  style  or  engraving  is 
carried  to  a  high  degree  of  perfection,  and  is  parti- 
cularly adapted  to  express  tne  colouring  of  the  air, 
where  large  surfaces  are  often  represented  of  one 
tint.  In  France  and  Switzerland,  the  routeffe  is  ased 
— a  little  wheel  or  roller  of  steel,  with  a  rough 
face  and  several  prominences,  which  when  it  h  rolled 
back  and  forth  on  the  plate,  deepen  the  excavations 
made  by  the  acid.  They  have  roulettes  of  all  de- 
grees of  size  and  fioenesfl,  to  make  deeper  or  more 
shallow  impressions  on  the  plate.  From  time  tc 
time  the  particles  separated  by  this  process  are  re- 
moved with  a  scraper.  The  aqua  tinta  mode  wai 
first  introduced  a  short  time  since  into  England  and 
Germany ;  and  the  English,  particularly  since  Gilpic 
brought  the  art  into  notice,  have  adorned  their  lite- 
rary works  in  this  manner. 

Aqua  Tofana  ;  a  poisonons  liquid,  which  excited 
eitraordiDary  attention  at  Naples  at  the  end  of  the 
17th  and  beginning  of  the  tSth  centuries,  the  history 
of  which  however  is  obscure.  Tofana,  a  Sicilian 
woman,  seems  to  have  invented  it.  According 
Lobat,  after  she  had  murdered  many  hundred  mi 
the  fled  to  a  convent,  although  on  the  discovery  of 
her  guilt  she  was  strangled.  Ke^ssler,  on  the  con- 
trary, affirms  that  she  was  still  alive  in  prison,  1730, 
Hie  drink  is  described  as  a  transparent. tasteless  water, 
of  which  five  or  six  drops  are  fatal,  producing  death 
slowly,  withopt  pain,  inBammation,  convulsions,  or 
fever.  Gradual  decay  of  strength,  disgust  of  life, 
want  of  appetite,  and  constant  thirst,  were  the  ef- 
fects, which  soon  cbangL-d  to  an  entire  consumption. 
That  the  exact  day  of  death  can  be  predicted,  is  a 
mere  fable.  The  strangest  stones  with  regard  to  its 
composition  have  gone  abroad.  A  solution  of  crys- 
tallized arsenic  seems  to  have  been  the  chief  ingre- 
dient, to  which  something  else  was  added,  probably 
to  conceal  the  presence  of  it. 

Aqueouct  (Latin,  aqaadvctia) ;  a  conveyance  of 
any  kind  made  for  conducting  water.  The  Greeks 
did  very  little  towards  the  construction  of  aqueducts 
and  roads.  TTie  Romans,  on  the  contrary,  who 
were  more  peraevering,  and  had  abundant  resources 
of  men  and  money,  made  prodigious  structures  of 
both  kinds.  Some  of  the  immense  aqueducts  of  the 
Romans  are  still  in  use ;  some,  in  the  state  of  ruins, 
are  among  the  greatest  ornaments  of  Italy.  In  other 
ancient  countries,  also,  large  aqueducts  were  built ; 
under  Sesostris,  in  Egypt;  under  Semiramis,  in  Ba- 
bylonia; tinder  Solomon  and  Hczeklah,  among  the 
Israelites.  TTie  consul  Seitus  Julius  Frontinus,  who 
had,  under  the  emperor  Nerva,  the  direction  of  the 
aqueducts,  has  written  a  treatise  on  this  subject — 
2te  Jqtiiedattibut  Urbii  Roma  —  and  is  of  opinion 
that  they  are  the  most  distinguishing  proofs  of  the 
grandeur  of  the  empire.  He  mentions  nine  aqueducts, 
which  had  1594  pipes  of  an  inch  and  upwards  in 
diameter.  Aoueducts  were  either  formed  by  erecting 
one  or  several  rows  of  arcades  across  a  valley,  and 
making  these  arcades  support  one  or  more  level  ca- 
nals ;  or  by  piercing  through  mountains,  which  would 
have  intnrapted  the  watcr-eonne.    V^ien  the  aque- 
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duct  wBi  conveyed  nndn  the  giotind,  there  wae 
opening*  at  abtnit  every  340  feet.  Some  of  the 
Roman  aquedocta  broagat  water  from  the  distana  of 
upwards  of  sixty  miles,  through  rocks  and  mountains, 
and  over  valleys  in  places  more  than  I90  feet  higju 
The  declivity  of  the  aqueduct,  adcording  to  Pliny,  waa 
I  inch,  Emd  according  to  Vilruvins,  i  a  foot  in  ■ 
hundred.  The  censor  Appius  Claudius  Craasas  Ctx- 
CUB,  the  builder  of  the  great  road  which  was  called 
after  him,  caused  the  first  aqueduct  to  be  built  at 
Rome,  the  Appia  Aqua.  Frontinus,  as  we  stated, 
mentions  nine,  Procopins  14,  and  P-  Victor  34  aque- 
ducts; some  of  which  were  one,  some  two,  some  even 
three  stories  high,  and  many  mile*  long.  In  almost 
all  countries  where  the  Romans  extended  their  con- 
quests, aqueducts  were  built;  thus  we  find  the  re- 
mains of  them  in  France,  Spain,  and  Asia.  The 
principal  Roman  aqueducts  now  remaining  ara  the 
Aq\ta  Virginia,  repaired  by  Pope  Paul  IV.,  and  the 
Aqua  Ftliet,  constructed  by  Sextus  V.  In  modem 
times,  that  of  Segovia  may  be  compared  with  the 
most  admired  vrarks  of  antiquity.  At  a  recent 
period,  there  remained  159  arcades,  wholly  con- 
sisting of  enormous  stones  joined  without  mortar. 
Louis  XIV.  began  an  aqaednct,  in  1684,  near  Main- 
tenon,  to  carry  water  from  the  river  Eure  to  Versail- 
les ;  but  the  works  were  abandoned  in  1668.  This 
would  have  been,  perhaps,  the  Urgest  aqueduct  in 
the  world ;  the  whole  length  bemg  60,000  &thomi, 
the  bridge  being  2070  fathoms  in  length,  330  feet 
'  gh,  and  consisting  of  633  arches. 

Under  this  head  we  must  not  omit  to  notice  Hr. 
Telford's  great  work,  the  aqueduct  of  Chirk  in  Den- 
bighshire. It  consists  of  tea  arches,  supported  by 
pyramidical  piers  of  stone,  and  extending  about  six 
hundred  feet  in  length.  The  height  of  the  central 
about  sixty-five  feet  above  the  level  of  the 
water.  Chirk  aqueduct  is  intended  for  carrying  on 
the  navigation  of  the  Ellesmere  canal,  and  is  stir- 
rounded  with  some  very  lieautifu]  and  picturesque 
scenery.  Its  general  effect  is  well  given  in  the  ac- 
companying engraving. 


Ahahesque,  orAsABESK,  something  done  after  the 
manner  of  the  Arabians,  .ifratetfue,  Qnlaqut,  and 
Moreique,  are  ^rms  applied  to  paintings,  ornaments 
of  friezes,  Btc.  where  there  are  no  human  or  animal 
figures,  but  which  consists  wholly  of  imaginary  fo- 
liages, plants,  or  stalks.  The  term  is  derived  from 
the  circumstance  that  the  Moors,  Arabs,  and  other 
Mahometans  only  use  these  ornaments;  their  religion 
forbidding  them  to  make  any  images  or  figures  of  men 
or  other  animals. 

Abacs,  or  Back  i  «  strong  spiiituona  liqaor^ 


ARifiOMET 
dMtOkd  ftom  rice,  «uf^-cue,  or  the  juice  of  the 
eoco>-nut.  The  lut,  which  is  the  best,  comes  from 
BalmTia;  the  othen,  from  Ooa.  At  Goa,  there  are 
three  kinds,  single,  doable,  and  treble-diBtiiled. 
Tie  double  la  most  sought,  although  weaker  than  the 
BUavian.  By  st&t.  II  Geo.  I.  c.  30,  arock  ni«^  be 
•eized  on  board  B  ship  within  the  limits  of  any  Bntish 

Alxonktbb.  llus  iustrument  is  more  for  cn- 
riosity  than  absohite  utility.  It  was  known  to  Archi- 
medes, who  used  it  for  the  same  purpose  as  we 
employ  the  hydrometer.  Some  instraments,  such  u 
that  employed  by  the  French  chemist  Beaum^,  and 
which  is  Dccasioatdlj'  naed  in  France  nnder  the  name 
of  Ariomrirt  de  Beaamt,  conaist  of  a  small  pear- 
Bh^>ed  boJb,  and  a  stem  graduated  in  eqaal  parts, 
which  on  immerBJoD  give  the  density  of  the  fluid,  by 
«  reference  to  the  scale. 

Aac,  in  Gfometrf,  any  part  of  the  circa mference 
«f  a  oTcle  or  curved  line,  lying  from  one  point  to 
■nother,  by  which  the  qnantity  of  the  whole  circle  or 
line,  or  some  other  thing  sought  after,  may  be  ga- 
diered. 

AkCH.  A  building  formed  of  a  segmeat  of  a  circle, 
Bsed  for  bridges,  covering  apertures,  &c.,  supported 
by  piers,  cvlomns,  or  abutments.  Tlie  most  usual 
denominations  of  arches  are  circular,  elliptical,  cy- 
doidal,  parabolical,  hyperbolical,  catenarian,  equi- 
pollent equilibrial,  tie.,  according  to  their  figure  or 
qoality.  There  are  also  semi -circular,  semi -elliptical, 
segmental,  and  compound  arches,  of  varioDs  deuomi- 
natiMi*.  Circular  arches  are  of  several  kinds,  accord- 
ing to  the  different  parts  of  a  circle.  A  simi-circolar 
arch  is  composed  of  half  a  circle ;  a  scheme,  or  seg- 
mental arch,  is  any  segmeat  less  than  a  circle ;  and 
Gothic,  or  pointed  arches,  consbt  of  two  circular  arcs 
eccnitric,  and  joined  in  an  angle  at  the  top,  each 
being  onc'third,  or  ODe-foarth,  he.  of  the  whole 
circle.  Elliptical  arches  are  formed  of  a  portion  of 
an  rilipais,  and  are,  in  the  opinion  of  some  mathema- 
ticiaiia,  the  best  calculated  for  the  construction  of 
bridges,  as  they  look  bolder,  are  stninger,  and  require 
kas  materialn  aad  labour  than  the  others.  Cycloidal 
arches  are  constructed  of  the  cycloidal  curve,  and 
reckoned,  by  Dr.  Hutton,  the  best,  after  the  ellipsis, 
for  the  above  purpose.  Tbe  learaed  Doctor  reckons 
&»  circle  next.  Aod  as  to  the  others,  the  parabola, 
hyperbola,  caleuaria,  &c.,  be  says  they  should  not  be 
at  all  admitted  into  the  construction  of  bridges  of 
■rvcial  arches  ;  but  may  in  some  cases  be  used  for 
•  bridge  of  a  ain^  arch  which  is  to  rise  very  high, 
becutse    then   they   are   not  much   loaded   oo   the 
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still  remain  in  different  parts  of  the  country.  It  is 
called  Saion  or  Norman,  from  its  having  prevailed 
during  the  reign  of  the  Saxon  and  Norman  kings  in 
England.  It  commenced  at  the  estAblishmenC  of 
Christianity  among  the  Saxons,  in  the  6lb  centary, 
and  continued  to  about  the  year  1 139,  in  the  reign 
of  king  Stephen.  The  entrance  to  Che  Temple  Church, 
Loadon ;  the  Abliey  Gate,  Bristol ;  and  the  Church 
of  Romsey  in  Hampshire,  are  in  this  style  of  archi- 
tecture. The  doors  in  this  style  are  sometimes  quita 
plain,  and  sometimes  very  richly  carved.  The  ac- 
companying engraving  is  from  the  Temple  Church. 


A  popular  view  of  the  principal  architectural  forms 
<rf  the  arch,  as  leading  to  the  date  of  any  ancient  edi- 
fice, will  here  be  found  of  considerable  use,  and  we 
cwuMt  do  better  than  quote  some  strikio^  examples 
from  a  very  valoable  popular  work^ublished  by  a 
branch  of  the  Society  for  promoting  Christian  Know- 
ledge. 

The  doors  and  windows  of  old  English  churches, 
generally,  have  pointed  arches ;  and  from  the  shape 
of  these  arches  principally,  tboagh  there  are  other 
Boinor  distinctions,  the  age  of  the  building  may  be 
nKMt  accurately  inferred,  as  they  have  varied  in 
bdgfat  and  width  from  age  to  age. 

Ekfore  the  introduction  of  the  English  or  pointed 
arch,  the  circular  or  rounded  arch  was  in  use ;  and  a 
few  Tcry  beautifnl  examples  of  this  kind  of  building 


Between  the  reign  of  Stephen  and  that  of  Henry 
in.,  the  circular  arch  began  to  diappear  t  and  before 
the  death  of  the  letter  monarch,  gave  way  to  the 
pointed  arch.  At  first  the  two  arches  were  inter- 
mixed ;  and  the  style  vras  then  called,  umi,  or  ka\f 
Nomuat.  Some  suppose  that  tbe  pointed  arch  was 
introduced  from  the  Saracens,  by  the  Crusaders  to 
the  Holy  Land,  and  from  this  circumstance  they  call 
it  the  Saracenic  arch ;  but  the  greater  number  of  per- 
sons imagine  it  to  have  arisen  from  the  accidental 
intersection  of  several  rotmded  arches  with  each 
other.  That  this  will  produce  pointed  arches  of  dif- 
ferent widths  and  heights,  according  to  the  points  of 
intersection,  may  easily  be  shown  by  placing  two 
hoops  or  rings  across  each  other,  allowing  one  point 
of  the  hoops  or  rings  to  rest  npon  a  floor  or  table. 
The  croasiogs  of  the  boaghs  of  trees  in  an  avenue 
also  aflbrd  a  familiar  illustration  of  the  same  fact. 
In  the  Temple  Church  the  two  arches  may  be  found 
united,  and  other  specimens  may  be  seen  in  the 
Church  of  St.  Cross  near  Winchester ;  the  ruins  of 
Bui  Id  was  Abbey,  Shropshire;  Fountains  Abbey,  Rie- 
vauli  Abtxy,  and  Roche  Abbey,  in  Yorkebire. 

When  the  circular  arch  totally  disappeared  in  1220, 
the  .Eoriy  Engliih  SlyU  commenced.  The  windows 
of  this  style  were  at  first  very  narrow  in  comparison 
with  their  height :  they  were  called  lancet-shaped, 
and  were  considered  very  elegaat;  two  or  three  were 
frequently  seen  together,  connected  by  dripstones. 
In  a  short  time,  however,  the  windows  became  wider, 
and  divisions  and  ornaments  were  introduced.  Some- 
times the  same  window  vras  divided  into  several 
lights,  and  frequently  finished  at  the  top  by  a  light 
in  the  form  of  a  lozenge,  circle,  trefoil,  or  other  orna- 
ment. A  specimen  of  this  kind  may  be  seen  in  the 
beautiful  church  of  St.  Saviour's,  Southwark,  which 
has  lately  been  thrown  open  to  view  by  the  improve- 
ments connected  with  the  erection  of  the  New  London 
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Bnclgf .  and  aafOOMK  ud  «  *ery  bautifBl  aiaBipli 
the  "  ImHj  Chapel,"  which  is  m  cotuse  of  r^ 
With  refenoca  to  the  formatiDn  of  thii  arch,  it  is 
nous  to  uuninc  the  citreme  kccuncy  with  which  the 
mwonrf  u  connected  at  the  springiiig  of  the  arch.    It 
IB  ID  this  respect  mach  superior  to  Uiat  of  a  later  period. 
The  door  of  St.  Muj'a,  Lincoln,  is  also  in  this  style, 
of  which  we  subjoin  an  example. 


About  the  year  1 300,  the  architecture  become  more 
omameDtal.  and  from  thb  circumstance  received  the 
name  of  the  Dtcoraltd  EnglM  Slylr,  which  is  con- 
sidered the  most  l>eautiful  for  ecclesiastical  build- 
ings.   The  windows  of  this  style  are  Tery   easily 
distinguished :   they   are   large   and   wide,  and   are 
divided  into  several  lights  by  mullions,  which  are 
upright  or  perpendicular  narrow  columns,  branching 
out  at  the  top  into  tracery  of  vnrioUB  forms,  such 
SB  trefoils,  circles,   and  other  figures.      Yorli   Ca- 
thedral affords 
a  fine  specimen 
of  this  sort  of 
architecture, 
and  there  is  a 
beautiful  win- 
dow of  the  same 
style     in    the 
south  transept 
of    Chichester 
Cathedral.  The 
West  front  of 
that  of  Exeter 
is  another  ape- 
cfmen,  and  the 
door-way      of 
Lincoln  Cathe- 
dral is  in  this 
style,  of  which 
We  have  a  deli- 
neatioD  in  the 
annexed      en  ■ 
graving,  ^ 

Tbt  tranaitioD  from  the  Ihairaltd  cii  the  Fitirid  or 
PerpmUcaktr  Sljle,  was  very  gradoal.  Oraanient 
after  amament  was  added,  till  sinlplicity  disappeared 
beneath  the  extravagant  additions ;   and  about  the 
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year  1380,  the  architeetoit  became  so  onrioaded 
and  profiue,  that  it  obtained  the  title  of  Ftorid, 
which  b;  some  persona  is  called  the  i'erwadumW, 

''     '"  ■■■■-■        Tin  in  apriKnt  or  per- 

bottom,  which  is  n 


because  the  lines  of  division  n 
pendicnlar  lines  from  top  to 

the  case  in  any  other  style.  King's  College  Ch^>el, 
Cambridge,  b^gun  in  the  reign  of  Henry  VI.,  though 
not  finished  till  some  time  lifler  ;  Gloucester  Cathe- 
dral; Henry  VII.'s  Chapel  at  Westminster;  St. 
George's  Chapel  at  Windsor;  Wrexham  Church, 
Denbighshire ;  and  the  Chapel  on  the  Bridge  at  Wake- 
field, Yorkshire,  are  aJI  of  this  character.  Many 
small  country  churches  are  built  in  this  style;  and 
their  size  not  admitting  of  much  ornament,  they  an 
distinguished  from  structures  of  a  later  date  by 
mouldings  running  round  their  arches,  and  generally 
by  a  square  head  over  the  obtuse-pointed  arch  of  the 
door.  A  peculiar  ornament  of  this  style  is  a  flower 
of  four  leaves,  called  fiom  the  family  reigning  at  thaf 
period,  the  Tudor  flower. 

AncBiTacraaa.  This  beautiful  and  important 
branch  of  the  fine  arts,  combines  within  itself  paint- 
ing, sculpture,  building,  and  some  of  the  lugbR 
portions  of  mathematical  science.  Midiael  Angelo 
Boonarotti,  the  great  founder  of  modem  architectue, 
possessed  Qiese  attainmenta  in  a  very  emioeut  itptt, 
and  was  consequently  enabled  to  leave  to  posterity 
a  monument  of  his  art,  unequalled  by  any  but  that 
of  our  own  countryman  Wren.  And  if  we  go  back 
to  a  atiil  earlier  period,  we  shall  find  that  most  of 
the  great  edifices  of  antiquity  reared  as  intimate 
on  acquaintance  with  the  exact  sciences,  as  with  the 
merely  ornamental  branches  of  design.  Of  the  para- 
mount importance  of  architecture  little  need  be  Eaid, 
whether  we  coosider  it,  as  some  have  done,  as  a  me- 
chanical science,  sheltering  beneath  its  ample  win|  the 
several  employments  of  masons,  carpenters,  smiths, 
and  all  those  artisans  whom  modem  refinement  hsi 
rendered  necessary  for  the  enjoyment  of  life,  or  as  a 
fine  art,  exercising  the  highest  powers  of  the  human 
mind,  and  becoming  the  parent  and  preserver  of  paint- 
ing and  sculpture,  whose  very  existence  may  be  said 
depend  upon  it. 

The  history  and  progressive  improvements  in  ardii- 

cture  will  in  the  first  instance  engage  oar  attention 

and  we  may  then  with  advantage  to  the  reader  fiimisb 

of  popular  illustrations  of  the  main  diitin- 

guishing  features  of  the  various  "styles"  which  have 

been  resorted  to  from  the  earliest  recorded  period. 

Whatever  celebrity  the  wonders  of  Babylon  at- 
tained amongst  the  ancients,  no  remaina  of  them  have 
come  down  to  ns,  and  it  is  the  massive  edifices  of 
Egypt,  built  apparently  rather  for  eternity  than  time, 
that  now  excite  our  admiration  as  the  most  ancient 
as  well  as  stupendous  structures  existing  upon  earth. 
We  must  not,  at  this  period,  omit  to  notice  the  re- 
mains of  Indian  and  Mexican  greatness.  But  for  the 
splendid  rains  at  Delhi  and  Agra,  and  that  most  sin- 
gular specimen  in  the  island  of  Elephanta,  we  should 
scarcely  have  known  of  the  existence  of  civilization 
among  the  ancient  Hindoos ;  and  the  aborigines  of 
Mexico  were  regarded  as  little  better  than  savages, 
before  the  late  discoveries  by  Mr.  Bullock.  The  dates 
of  these  buildings  are  wholly  unknown ;  but  from 
the  general  similarity  they  bear  to  those  of  Egypt,  it 
is  supposed  they  are  of  at  least  equal  antiquity. 
Atxiut  the  same  general  date  may  also  be  classed  the 
architecture  of  l£e  Hebrews,  or,  as  mare  properly 
:haracterized,  the  Fhcenician  style,  the  greatest  mo- 
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mameot  of  which  wsb  tiie  far-famed  temple  of  Solo- 
mon. The  descriptioii  of  this  in  the  sacred  text,  will 
be  foond  on  an  accurate  consideration*  to  bear  great 
ifiemhianre  to  that  of  many  of  the  Egyptian  tem- 
ples. From  the  Egyptians,  me  art,  sacn  as  it  was, 
was  learned  by  the  Greeks ;  bnt  nnder  the  protection 
of  that  extraordinary  people  it  reached  a  perfection 
miheard  of  before,  and,  m  its  peculiar  style,  unequalled 
unoe.  The  earliest  edifices  of  Greece,  however,  were 
by  no  means  remarkable  for  beauty,  the  temples  in 
^  time  of  Homer,  being  little  better  than  rude  huts, 
didtered,  if  sheltered  at  all,  by  branches  of  laurel  and 
other  trees. 

On  the  decline  of  Greece,  and  its  conquest  by  the 
Romans,  the  art  appears  to  have  been  transferred  to 
die  conquerors  ;  but  among  that  hardy  and  warlike 
race,  it  made  little  progress  before  the  age  of  Augus- 
tus. Under  the  protection  of  that  munificent  mo- 
nardi  it  rapidly  attained  to  almost  as  great  perfection 
as  in  the  fiivoured  country  of  the  arts,  and  the  "eternal 
city**  owes  much  of  its  present  estimation  to  the  noble 
sUuctmcs  erected  by  hun  and  his  successors.  With 
Rome,  however,  the  art  decayed,  and  was  over- 
whelmed in  the  general  confusion  and  oblivion  of 
learning,  art,  and  science. 

The  attention  of  the  Saxons  in  our  own  country,  pro- 
bahly  about  the  eight  century,  was  excited  by  the 
ftMiijiiB  of  edifices  raised  by  the  Romans  during  their 
midence  in  England.  These,  in  their  newly-erected 
drarches,  they  aspired  to  imitate,  but  their  workmen. 
Ignorant  of  the  principles  which  guided  the  architects 
of  ttiOBe  splendid  rums,  produced  only  the  general 
oatlines  of  their  patterns,  and  those  clumsy  forms 
roatinufd  to  be  practised  with  little  alteration  till  the 
end  of  the  twelfth  century.  But  now,  as  the  tumult 
exdted  by  the  invasion  subsided,  and  the  genius  of  the 
nation  improved,  a  taste  for  the  fine  arts  began  to 
wbom  itseU^  and  architecture  assumed  a  different  and 
novel  aspect.  Instead  <^  tamely  treading  in  the  steps 
of  tfieir  predecessors,  the  architects  of  those  times 
devised  a  style  as  sdentific  as  it  was  grand,  and  as 
beantifal  as  new. 

But  we  must  not,  while  eulogizing  those  who  have 
adorned  our  ovni  country  vrith  such  admirable  struc- 
tures, forget  the  merits  of  their  contemporaries  on  the 
oontineiit  *  of  these  it  seems  to  be  generally  acknow- 
ledged, that  the  French  preceded  us  in  point  of  time, 
and  the  Germans  excelled  us  in  the  size  of  their  edi- 
fices :  yet  DO  one,  on  comparing  with  an  impartial 
eye  die  several  buildings,  will  hesitate  to  allow,  that 
in  purity  of  style,  variety  of  design,  and  delicacy  of 
execution,  the  English  cathedral,  and  other  churches; 
are  not  surpassed  by  those  of  any  nation  in  Europe ; 
and  it  is  a  remarkable  fact,  that  English  architects 
and  workmen  were  employed  in  many  of  the  finest 
wrorks  on  the  continent. 

We  must  now  turn  our  attention  to  Italy  :  it  is 
worthy  of  notice,  that  the  Gothic  style  never  came  to 
ao  great  perfection  in  this  country  as  in  the  neigh- 
boimng  nations.  Perhaps  this  was  owing  to  the 
iramber  of  Roman  buildings  remaining  amongst  them, 
and  the  liberal  use  they  made  of  Uieir  fragments, 
which  is  shovm  even  in  the  finest  specimen  they  pos- 
sess, Milan  cathedral.  It  is  not  therefore  surprising 
tkat  the  Italians  should  be  the  first  to  reject  the  style 
aitogether.  Indeed,  there  were  instances,  in  the 
darkest  times,  of  recurrence  to  the  purer  models  of 
aatiquity,  but  th^e  met  not  the  public  taste,  and 
born  only  to  die. 


The  dmrch  of  the  Ajpoatlesat  Floreaee,  which  was 
built  by  Charlemagne  m  A.  D.  805,  appears  to  have 
been  the  first  effort  to  revive  the  forgotten  architecture 
of  ancient  times,  and  possessed  so  much  merit,  tiiat 
Bruneleschi,  600  years  afterwards,  disdained  not 
to  accept  it  as  a  lesson  in  one  of  bis  own  edifices. 
Two  hundred  years  passed  away,  and  the  church  of 
St.  Miniate,  in  the  same  illustrious  city,  momentarily 
recalled  from  its  apparent  oblivion  this  elegant  style. 
The  same  period  again  elapsed,  and  the  genius  of 
Cimabue  arose  to  dispel  the  mists  which  had  so  long 
enveloped  the  arts  of  his  country.  His  attention, 
though  principally  devoted  to  painting,  was  like  that 
of  most  of  the  great  artists  of  his  time,  occasionally 
turned  to  the  sister  arts,  and  it  was  partly  by  his  in- 
struction that  Amolpho  Lapo  became  the  wonder  of 
the  age.  The  father  of  this  eminent  architect,  James, 
was  a  German  by  birth,  but  resided  at  Florence, 
where  he  built  the  convent  of  St.  Francis,  and  re- 
ceived the  surname  of  Lapo  from  the  citizens  for  his 
skill  in  architecture.  The  son,  Amolpho,  built  the 
cathedral  of  St.  Marie  del  Fiore,  the  largest  church  in 
Christendom  next  to  St.  Peter's.  Although  this  was 
principally  in  the  Tedeschi  style  (the  appellation 
given  by  the  Italians  to  the  debased  Gothic  of  their 
country),  yet  so  uncommon  was  the  skill  displayed 
in  its  erection,  that  the  dome  being  left  unfinished  by 
the  death  of  the  architect,  a  century  and  half  elapsed 
before  another  could  be  found  to  raise  it.  This  was 
Bruneleschi,  who  died  in  the  year  1444,  and  may  be 
considered  as  the  reviver  of  the  classical  architecture. 
His  principal  work  vras  the  Palace  Pitti  in  his  native 
city. 

It  might  have  been  expected  that  Rome,  which 
possessed  so  many  fine  specimens,  would  have  been 
the  first  to  show  to  the  world  her  sense  of  their  value, 
by  encouraging  their  imitation ;  but  it  was  not  till 
the  middle  of  the  fifteenth  century  that  Pope  Nicholas 
the  Fifth  showed  the  first  symptoms  of  reviving  taste, 
by  the  encouragement  of  Leon  Baptista  Alberti  (the 
eariiest  modem  writer  on  architecture)  and  Bernardo 
Rosilini.  These,  however,  were  principally  employed 
in  repairs,  and  the  erection  of  fountains,  and  to 
Bramante  must  vre  concede  the  hoikour  of  beine  the 
first  who  materially  adorned  this  city  by  his  designs. 
With  the  then  Pope,  the  memorable  Julius  the  Second, 
he  was  much  in  favour,  and  it  is  supposed  that  it  is 
in  a  considerable  degree  owing  to  this  architect  thati 
that  magnificent  pontiff  form^  the  rraolution  of  re* 
building  the  cathedral  of  St.  Peter  in  a  style  suited  to 
the  importance  and  magni^cence  of  the  see.  In  the 
lifetime  of  Bramante,  however,  little  was  done  of 
this  stupendous  work ;  for  such  v^as  the  conception 
of  the  architect's  collossal  imagination,  that,  althou^ 
in  its  present  state  its  section  is  about  double  that  of 
St.  Paul's  at  London,  it  vras  reduced  by  his  successor, 
Balthazar  Peruzzi ;  and  more  considerably  by  the  next 
who  took  it  in  hand,  Antonio  di  San  Gallo.  These 
architects,  however,  while  they  exerted  their  talents 
on  paper,  proceeded  little  with  the  work,  and  it  was 
left  for  the  sublime  genius  of  Michael  Angelo  perma- 
nently to  fix  the  design  of  this  masterpiece  of  art, 
and  prince  of  Christian  churches.  The  edifice,  as 
we  now  see  it.  Lb  principally  his,  except  the  front, 
which  is  considered  inferior  to  the  other  parts.  This 
work  completed,  the  example  thus  set  by  its  prin- 
cipal cities  was  quickly  followed  in  all  parts  of  Italy, 
which  thus  gave  employment  to  the  talents  of  Pirro 
Ligorio,  Vignola,  Dommico  Fontana,  Michael  San 
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Muteelji  Faloonetti,  Sanaovino;  Serlio,  Barbaro,  Sca- 
mozsi,  and  Palladio. 

The  pore  taste  which  characterized  most  of  these 
architects,  however,  was  not  of  long  duration.  The 
celebrated  artist,  fiemini,  was  one  of  the  first  who 
violated  their  precepts.  He  was  educated  at  Rome 
as  an  architect  and  sculptor,  and  it  is  related  of  him, 
that  returning  to  his  native  city  late  in  life,  with  a 
large  fortune,  the  product  of  his  talents,  he  was 
much  struck  with  some  of  his  early  works  of  the 
school  of  Michael  Angelo  and  Palladio.  He  could 
not  but  contrast  their  elegance  with  the  affected 
graces  of  the  style  he  had  given  into,  "  but,"  ex- 
claimed he, "  had  I  continued  in  this  manner,  I  should 
not  have  been  what  I  am  now."  Contemporary  with 
fiemini'was  Borromini,  who  was  yet  more  depraved, 
and  was  so  jealous  of  the  former's  fame,  that  he 
stabbed  himself.  After  these,  Italy  cannot  boast  of 
any  great  architects,  and  we  must  now  return  to  our 
native  country,  as  more  interesting  to  its  inhabitants, 
and  indeed  of  more  importance  in  our  history  than 
France,  or  the  other  nations  of  Europe. 

From  the  time  of  Edward  the  Third,  there  was  a 
visible  decline  in  the  style  of  English  architecture, 
which  lost  itself  in  a  profusion  of  ornaments,  more 
attention  being  paid  to  the  details,  than  to  the  general 
forms  of  the  buildings.  By  the  time  of  Henry  the 
Eighth  this  increased  to  a  great  extent,  and  the  chapel 
erected  by  his  father  at  Westminster  was  one  of  the 
last  buildings  which  showed  any  taste  in  the  style. 
This  depraved  manner  naturally  excited  disgust  in 
the  ninds  of  those  persons  who  had  seen  the  purer 
style  then  prevailing  in  Italy,  which,  as  might  be  ex 
pected,  they  endeavoured  to  introduce.  The  nation, 
newever,  had  been  too  long  accustomed  to  the  Gothic 
readily  to  surrender  it,  and  during  the  reigns  of  Eli- 
zabeth and  James,  the  mixture  of,  or  compromise 
between,  these  styles  produced  a  most  barbarous  re- 
sult. But  this  could  not  last  long :  the  prejudices  of 
the  people  in  the  course  of  time  gave  way,  and  Italian 
architecture  in  all  its  purity  was  first  executed  in  this 
country  by  Inigo  Jones. 

The  father  of  modem  English  architecture  was 
bom  about  1572,  and  died  in  1652.  At  the  expense 
either  of  the  Earl  of  Pembroke  or  the  Earl  of  Arundel, 
he  travelled  into  Italy,  and  from  an  examination  of  the 
elegant  buildings  in  that  country,  both  of  ancient  and 
modem  erection,  he  imbibed  a  taste  for  architecture, 
which  he  put  in  practice  with  great  success  on  his 
return  to  England.  His  first  work  in  this  country 
was  the  interior  of  the  church  of  St  Catherine  Cree 
in  London,  and  his  most  considerable  design,  the 
projected  palace  of  Whitehall,  the  part  of  which  that 
IS  executed,  the  Banquetting-house,  is  barely  one- 
fiftieth  part  of  that  magnificent  idea.  After  the 
death  of  Jones  no  considerable  architect  appeared, 
till  the  talents  of  Sir  Christopher  Wren  (before  that 
time  devoted  to  philosophy  and  general  learning) 
were  called  to  the  aid  of  the  languishing  art.  He 
was  bom  in  the  year  1632,  and  died  at  the  age  of 
ninety-one,  in  1723,  after  being,  in  his  eighty-sixth 
year,  unfairly  dismissed  from  the  office  of  surveyor- 
general,  which  he  had  held  with  unparalleled  ability 
fifty-one  years.  When  that  temporarily  disastrous, 
yet  permanently  useful  event,  the  fire  of  London, 
occurred,  this  great  man  was  almost  solely  employed 
in  rebuilding  the  numerous  public  edifices  destroyed 
by  the  conflagration,  and  chiefly  the  cathedral  of  St. 
Paul ;  his  execution  of  which  arduous  task,  whatever 


be  the  objections  raised  against  parts  of  it,  by  th« 
taste  of  some,  and  the  jealousy  of  others,  remains  a 
lasting  monument  of  his  genius  in  decorative,  and  un- 
exampled skill  in  constructive  architecture. 

Before  the  death  of  Wren  appeared  Sir  John  Van- 
burgh,  who  was  employed  by  the  nation  to  erect  that 
monument  of  national  gratitude,  Blenheim  House. 
Both  the  architect,  and  this,  his  greatest  work,  were 
alternately  censured  and  neglected,  till  Sir  Joshua 
Reynolds  vindicated  his  fame  in  his  lectures  to  the 
Royal  Academy.  Next  in  order  were  Hawksmoor, 
the  pupil  of  Wren,  Lord  Burlington,  Kent,  and  Gibbs, 
of  the  latter  of  whom,  Mr.  Mitford  observes,  that 
allowing  his  talents  to  be  small,  how  much  do  we 
owe  to  Lord  Burlington,  that  by  his  precepts  such  a 
man  was  enabled  to  build  one  of  the  finest  modem 
works,  St.  Martin's  Church  in  the  Fields.  To  Lord 
Burlington,  indeed,  it  is  probable  we  owe  more  than 
is  generally  considered,  for  besides  the  patronage  he 
afforded  to  the  artists  of  his  time,  and  the  assistance 
he  gave  them  from  his  own  genius,  it  is  perhaps 
owing  to  his  example,  that  a  general  feeling  of  attach- 
ment to  the  arts  was  conceived  by  the  young  men  of 
rank  and  fortune  In  England,  llie  Turkish  govern- 
ment, which  in  its  prosperity  ruled  with  a  rod  of 
iron  the  once  fertile  plains  of  Greece,  began  now,  in 
its  decline,  to  relax  a  little  of  its  ancient  rigour,  and 
these  gentlemen  were  thus  enabled  to  extend  their 
travels  (which  before  were  bounded  by  the  Archipe- 
lago) into  this  important  country.  Some  of  them 
formed  at  their  return,  the  Dilettanti  Society,  for  the 
encouragement  of  their  researches  into  those  (to  mo- 
dern times)  new  regions.  These  proceedings  could 
not  but  excite  great  interest  and  curiosity  in  the 
public  mind,  which  were  fully  gratified  after  some 
years  by  Mr.  Stuart,  who,  in  a  long  residence  at 
Athens,  made  accurate  drawings  of  most  of  the  an- 
cient buildings  then  existing.  These  were  publish- 
ed in  three  volumes,  folio,  to  which  a  fourth  was 
afterwards  added  by  Mr.  Revely.  The  effects  of 
these  importations  may  be  seen  in  every  street  in 
London. 

The  revival  of  the  neglected  architecture  of  the 
middle  ages  constitutes  a  new  era  in  our  history. 
Perhaps  the  first  person  who  dared  to  recommend,  by 
writing  and  example,  a  style  so  long  in  disrepute, 
was  the  celebrated  Horace  Walpole,  Earl  of  Oiford, 
who  built  the  well-known  villa  of  Strawberry  Hill, 
to  testify  his  fondness  for  it.  This  was  succeeded  by 
Lee  Priory,  by  Mr.  Wyatt,  who  quickly  outstripped 
all  the  professors  of  his  day,  both  in  tliis  style  and 
the  Roman.  His  greatest  work  in  Gothic  architec- 
ture was  Fonthill  Abbey :  the  purest  taste  reigned 
throughout  the  whole  of  this  splendid  structure,  and 
the  architect  has  thus  bequeathed  to  succeeding  pro- 
fessors a  legacy  of  incalculable  value. 

We  may  now  take  the  subject  of  architecture 
somewhat  more  in  detail,  and  in  accordance  with  our 
plan, proceed  to  examine  the  various  "  orders,"  as  they 
are  called,  commencing  with  the  Tuscan. 

T%e  Tuscan  Order,  as  an  antique,  exists  only  in  the 
works  of  Vitmvius,  the  description  in  which,  being 
very  obscure,  has  left  a  wide  field  for  the  ingenuity  of 
modem  architects.  Among  these  Palladio  composed 
two  profiles ;  one  from  the  description  of  the  ancient 
master,  and  the  other,  according  to  his  own  idea  of  a 
simplification  of  the  Doric,  lliat  of  Vignola,  how- 
ever, has  been  most  generally  approved  and  adopted. 

The  base  of  this  order  consists  of  a  simple  toros. 
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WTth  Hs  fillet;  it  u,  as  are  in  geneiml  in  all  the  Raman 

mien,  accompanied  bf  a  plinth. 
Tltc  proportions,  fron)  Sir  W.  Chambeis. 

Jbllow  :  the  colanui,  foniteen  modnles  ;  the  entabla- 
tare,  Qiree  modules,  fifteen  mintites.  Of  tiie  fomer, 
dM  base  occDpiea  one  module;  the  shaft  (inclnding 
the  astragal,  which  divides  it  from  tile  capital),  twelve 
nodnJcs,  and  the  capital  one.  Or  the  latter,  the 
architrave  (including  the  fillet),  thitty-one  minutes 
and  a  half;  the  frieze,  the  same;  and  the  cornice, 
fi>rty-two  minatea. 

IIm  intercolamniations,  in  all  the  orden  except  the 
Doric,  are  the  same;  tit.  the  eiutyle,  which  ie  most 
common  and  beaatiful,  fonrmodntes,  twenty  minutes; 
the  diaatyle,  iix  modules ;  and  the  aneostyle,  seven 
moduln. 
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The  Tuscan  order  admits  of 

no  ornaments,  nor  flutes  in  the 

cohmms ;   but  rustic  cinctures 

are  Kimetimes  represented  on 

tiw  shaft,  an  example  of  which 

occnn  in  the  accompanying  il- 

luftiatian,J^.  1. 

Tliis  order  may  be  employed 

in  most  cases,  where  strength 

and  simplicity  are  required,  ra- 
ther than  magnificence  ;  such  aa. 

prisons,  market-places,  arsenals, 

and  the  inferior  parts  of  large 

boiliUiigs. 
Tie Barie drier.  Wenowcome 

to  an  order,  of  which  numerous 

andcDt  eiainples  exist,  and  which 

will,  in  consequence,  famish  us 

wiOi  more  materials  for  descrip- 

tjon  than  the  precediog.     It  is 

represented  atj^.  S.     The  ori- 
gin ot  the  Doric  Order  it  thus 
described  by  Vitnivins : 
"Doms,  SOD  of  Helteu  and  the  nymph  Oriees, 

reigned  over  Achaia  and  Peloponnesus.  He  built  a 
IfmjJe  of  this  order,  on  a  spot  sacred  to  Juno,  at 
Argos,  an  ancient  city.  Many  temples  similar  to  it 
were  ailrrwards  raised  in  the  other  parts  of  Achaia, 
though  at  that  time  its  proportions  were  not  precisely 

-st^lished."  Thb  account,  as  well  of  those  of  the 
orders  which  wc  shall  presently  examine,  is  very  in- 
credible, and  is  now  generally  rejected. 

From  theory,  however,  we  must  now  proceed  to 
bet  and  description,  and  will  commence  with  the 
Doric  of  the  Gneks,  referred  to  by  Vitruviiu  (who 
nevertheless  confounds  this  with  what  was  commonly 
^Lccntedat  Rome  in  his  time).  The  most  perfect  ex- 
ample IS  the  order  of  the  Parthenon,  or  temple  of 
Minerva,  in  the  Acropolb  at  Athens,  erected  under 
Ac  administratioD  of  Pericles,  who  lived  about  450 
years  before  the  Christian  em.  We  cannot  do  better 
tbsm  give  the  dimensions  of  this  singularly  fine  spe- 
chnen.  The  column  (iacludiug  the  capital),  ten  mo- 
dsles,  twenty-eight  minutes  and  a  half;  the  whole 
tTrtahJatnre.  three  modules,  twenty-seven  minutes  and 
three-quarters;  the  capital,  twenty- seven  minntesand 
thrM-quarters;  the  architrave  (with  its  fillet),  ooemo- 
dole,  twelve  minutes  and  three-quarters ;  the  frieze,  to 
the  square  member  of  the  corona,  one  module,  nine- 
tetB  minutes:  and  the  cornice,  twenty-six  minutes. 
Diameter  of  the  column  at  the  top,  one  module,  sii- 


To  proceed  to  the  order  designated  by  this  title  by 


the  Romans.     Very  few  ancient  examples   of  this 

variation  exist.  The  most  perfect  is  that  of  the 
theatre  of  Marcellus,  If,  perhaps,  we  except  that  mis- 
shapen pile,  Trajan's  column,  which  is  generally  pro- 
nounced to  be  Tuscan.  It  is,  therefore,  priocipallj 
indebted  for  its  existence  to  the  modern  Italian  archi- 
tects, who,  having  little  of  Mitiquity  before  their  eyes, 
appear  to  have  bestowed  more  attention  upon  this 
order  than  the  others,  aad  it  must  be  confessed  that 
they  have  made  of  it  a  very  elegant  design,  though, 
as  before  observed,  essentially  different  from  the  ori- 
ginal and  true  Doric.  He  measures,  from  Sir  Wil- 
liam Cbambets,  are  as  follow :  the  base,  thirty  mi- 
nutes; the  shaft,  thirteen  modules,  twenty-eight 
minutes;  and  the  capital,  thirty-two  minutes;  the 
architrave,  thirty  minutes;  the  frieze  to  capital  of 
triglyph,  forty-five  minutes ;  and  cornice,  forty-five 
Upper  diameter  of  column,  fifty  minutes. 
lample  of  antiquity  is  the  Doric  column 
provided  with  a  base.  This  circumstance  has  occa- 
sioned no  smaU  perplexity  to  some  of  those  fanciful 
writers,  who  seek  in  every  point  some  analogy  to  the 
human  figure,  or  the  trunk  of  a  tree.  Vitruvins,  in- 
deed, haa  told  them  that  the  base  is  a  thoe,  first  in- 
vented to  cover  the  nakedness  of  the  matronly  proto- 
type of  the  Ionic  order.  "  fiat,"  says  Monsieur  Le 
Clerc,  "I  must  own  I  cannot  consider  a  column 
without  a  base,  comparing  it  to  a  man,  but  I  am,  at 
same  time  struck  with  the  idea  of  a  person  with- 
feet,  rather  than  without  shoes ;  for  which  reason 
I  am  inclined  to  believe,  either  that  the  architects 
yet  thought  of  employing  bases  to  their  co- 
lumns, or  that  they  omitted  them  in  order  to  leavi 
the  pavement  clear,  the  angles  and  projection  of  bases 
beipg  stumbling-blocks  to  pasgengers,  and  so  much 
the  more  troublesome,  as  the  architets  of  those  times 
freqaeotly  placed  their  columns  very  near  each  other, 
so  that,  had  they  been  made  with  bases,  the  passages 
between  them  would  have  been  extremely  narrow  utd 


have  employed  the  attic  hate,  which  is  i 

the  orders  except  the  Tuscan,  though  belonging,  per- 

""Lpa,  more  peculiarly  to  the  Ionic. 

It  cousists  of  two  tori,  with  a  scotia  and  fillets, 
between  the  upper  of  which,  in  this  version,  resembles 
on  inverted  ovolo.  The  fillet  above  the  upper  torua 
is  always  connected  with  the  shaft  by  a  curve,  as  u 
also  that  under  the  c^iital,  for  which  reason  they  are 
commonly  coiuidered  as  part  of  the  shaft.  The 
plinth,  or  square  member  beneath,  is  usually  under- 
stood, in  Rioman  architecture,  as  an  indispensable 
^>pendage  to  the  base,  though  Palladio  haa  omitted 
it  m  his  Corinthian  order ;  but  it  is  rarely  found  b 
the  Greek  specimens.  To  save  this  order,  however, 
from  the  sod  humiliation  of  being  obliged  to  borrow 

shoe  when  required  to  wear  one,  Vignola  provided 

with  this  appendage.  His  base  consists  of  one 
large  torus,  with  one  considerably  smaller  resting 
upon  it,  surmounted  by  the  fillet. 

At.  Le  Clerc  has,  luiwever,  we  apprehend,  disco- 
vered the  true  reason  why,  at  least  in  the  latter  Greek 
specimens,  the  base  is  omitted  ;  namely,  the  very 
narrow  intercolumniatjoos.  In  the  Greek  ordor  al- 
teration is  not  probable,  and  perhaps  not  desirable ; 
but  io  the  Roman,  where  this  addition  has  been  long 
provided  for  us,  and  the  intercolumniations  adjusted 
accordingly,  the  omission  would  be  certainly  im- 
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The  most  stnkmg  peculiarity  in  this  order  is  the 
trighfph  (supposed  by  Vitruyius  to  be  the  end  of  the 
joists  laid  transversely  on  the  beam  of  the  architrave), 
which  forms  the  technical  distinction  between  the 
Grecian  and  Roman  Doric,  being  in  the  former  always 
placed  at  the  comer  of  the  entablature,  and  in  the 
latter,  invariably  over  the  centre  of  the  column. 
This  circumstance  is  a  corroboration  of  the  objec- 
tion against  the  notion  of  the  timber  prototype ;  for, 
following  the  idea  of  the  £g3rptian  origin  of  Greek 
architecture,  there  is  found  in  the  large  hollowed 
crown  moulding  of  the  temple  of  Tentyris,  a  deco- 
ration very  similar  to  the  Doric  triglyph,  the  extreme 
parts  of  which  are  placed  at  the  angle,  like  the  Greek 
Doric,  but  which,  from  their  situation,  bear  not  the 
.  least  resemblance  to  the  ends  of  pieces  of  wood.  The 
triglyph  is  surmounted  by  the  mutule,  in  the  Greek, 
and  in  some  Roman  examples  inclined,  but  in  most 
modem  profiles  horizontal:  on  its  soffit  are  repre- 
sented guttse,  or  drops.  The  spaces  between  the 
triglyphs  on  ^e  frieze,  are  called  metopes,  which,  in 
the  modem  Doric,  are  invariably  perfectly  square, 
and  generally  enriched  with  sculptures.  Those  which 
formerly  adomed  the  metopes  of  the  Parthenon  were 
brought  to  this  country  by  Lord  Elgin,  and  now  form 
the  principal  part  of  the  collection  which  is  known 
by  his  name  at  the  British  Museum.  In  the  modem 
order  these  sculptures  are  most  commonly  an  alter- 
nate bull's  scull,  and  patera.  The  extreme  projections 
of  all  these  omaments  should  be  less  than  that  of  the 
trilgyph  itself,  thus  keeping  a  due  subordination  be- 
tween mere  decorations  and  essential  parts.  All  the 
Grecian  Doric  columns  are  fluted,  and  in  both  Greek 
and  Roman  this  is  performed  without  fillets  between, 
as  in  the  other  orders.  The  intercolumniations  in 
this  order  differ  from  those  of  the  others,  on  account 
of  the  triglyph,  the  metopes  being  required  to  be  ex- 
actly square.  They  are  as  follow :  me  coupled  co- 
lumns of  course  must  stand  under  adjoining  tnglyphs ; 
this  make  their  distance,  at  the  foot  of  the  shaft, 
twenty-one  minutes.  The  next  intercolumniation  is 
tile  monotriglyph,  having  one  between  the  columns ; 
the  distance  is  three  modules.  The  diastyl&*-two 
triglyphs,  five  modules  and  a  half.  The  ansosistile, 
which  has  three  between,  eight  modules. 

The  Ionic  Order,  The  account  of  this  order,  which 
is  given  by  Vitmvius,  informs  us,  that  in  a  general 
assembly  of  the  Grecian  states,  thirteen  colonies  were 
sent  over  into  Asia,  by  the  Athenians ;  the  expedition 
being  led  by  Ion,  whom  the  Delphic  oracle  which  di- 
rected the  emigration  had  acknowledged  for  the  off- 
spring of  Apollo.  They  settied  on  the  borders  of  Caria, 
and  built  several  cities  of  great  fame,  of  which  were 
Ephesus,  Miletus,  Samos,  and  Colophon,  to  which 
Smvma  was  afterwards  added :  and  after  the  expulsion 
of  tne  original  inhabitants,  these  colonies  were  denomi- 
nated Ionian,  from  the  name  of  their  chief.  "  In  this 
country,"  continues  he,  "  allotting  different  sites  to 
sacred  purposes,  they  erected  temples,  the  first  of 
which  was  dedicated  to  Apollo  Panionius.  It  re- 
sembled that  which  they  had  seen  in  Achaia,  and, 
from  the  species  having  been  first  used  in  the  cities  of 
Doria,  they  gave  it  tiie  name  of  Doric  As  they 
wished  to  erect  this  temple  with  columns,  and  were 
not  acquainted  with  their  proportions,  nor  the  mode 
in  which  they  should  be  adjusted,  so  as  to  be  both 
adapted  to  the  reception  of  the  superincumbent 
weight,  and  to  have  a  beautiful  effect,  they  mea- 
sure a  man's  height  by  the  length  of  the  foot»  which 


tiiey  found  to  be  a  sixth  part  thereof,  and  thence  de* 
du<^  the  proportion  of  their  columns.  Thus  the. 
Doric  order  borrowed  its  proportion,  strength,  and 
beauty  from  the  human  figure.  On  similar  principles 
they  afterwards  built  the  temple  of  Diana,  but  in 
this,  from  a  desire  of  varying  the  proportions,  they 
used  the  female  figure  as  a  standard,  making  the 
height  of  the  column  eight  times  its  thickness,  for  the 
purpose  of  giving  it  a  more  lofty  effect  Under  this 
new  order  l&ey  placed  a  base  as  a  shoe  to  the  foot. 
They  also  added  volutes  to  the  capital,  resembling 
the  graceful  curls  of  the  hair,  hanging  therefrom  to 
the  right  and  left  certain  mouldings  and  foliage.  On 
the  slmft,  channels  were  sunk,  bearing  a  resemblance 
to  the  folds  of  a  matronal  garment.*  Thus  were  two 
orders  invented,  one  of  a  masculine  character,  with- 
out ornament,  the  other  approaching  the  delicacy, 
decorations,  and  proportion  of  a  female.  The  suc- 
cessors of  these  people  improving  in  taste,  and  pre- 
ferring a  more  slender  proportion,  assigned  seven 
diameters  to  the  height  of  the  Doric  column,  and 
eight  and  a  half  to  the  Ionic.  The  species,  of  which 
the  lonians  were  the  inventors,  received  the  fi4>pella- 
tion  of  Ionic." 

The  most  beautiful  Grecian  specimens  of  this  order 
are  the  temple  on  the  Ilyssos,  and  the  temples  of 
Neptune  Erectheus,  and  Minerva  Polias,  in  the  Acro- 
polis at  Athens,  the  two  latter  of  which  jare  so  si- 
milar,  that  we  shall  not  here  discriminate  between 
them.  We  are  thus  reduced  to  two  Greek  examples, 
and  these  are  so  exquisitely  beautiful,  that  it  is  diffi- 
cult to  give  the  preference  to  either.  We  shall  there- 
fore describe  both.  The  temple  on  the  Uyssus  is  the 
plainer  of  the  two :  its  volute  consists  of  a  single 
spiral  with  a  deep  channel  between,  and  is  separated 
from  the  shaft  by  the  sculptured  echinus.  The  archi' 
trave  is  not  broken  into  fascis,  as  in  most  other  spe* 
cimens.  The  cornice  consists  simply  of  a  square 
member,  with  an  echinus  and  fillet  surmount^  by 
the  cymatiumi  the  bed-mouldings  in  the  elevation 
are  completely  concealed.  The  base  is  composed  of 
two  tori,  the  upper  of  which  is  channelled  horizon- 
tally, and  surmounted  by  a  bead,  inclosing  a  very 
flat  Bcotia,  the  upper  fillet  of  which  projects  as  far 
as  the  extremity  of  the  torus.  The  flutes  arc  semi- 
elliptic. 

The  following  are  the  mea- 
sures of  this  order,  of  which 
specimens  are  shown  in  the 
engraving.  The  column,  in 
cloding  base  and  capital,  six- 
teen modulea,  fourteen  mi- 
nates  and  one-fifth ;  the  base, 
twenty-nine  minutes  and  four- 
fifths  ;  the  capital  (to  bottom 
of  volute),  forty  minutes.  The 
architrave,  fifty-five  minutes 
and  two-fifths ;  the  frieze, 
forty-nine  minutes ;  the  cor- 
nice, thirty  minutes  and  one- 
fifth.  Width  of  the  capital, 
three  modules,  three  minutes ; 
upper  diameter  of  column,, 
fifty-one  minutes.  Interco- 
lumniation from  centre  to  cen- 
tre of  column  six  modules, 
five  minutes  and  two-fifths. 

*  AU  the  Orecian  Doric  colamnt  have  flutes ;  a  Hut  Vitrarlis 
does  not  appear  to  lisTs  been  mwart  et 
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Tbe  spectipeiiB  fornislied  in  the  temple  of  Minerra 
VtiMM  are  next  to  be  considered.  Tliis  example  is 
■nich  richer,  yet  no  less  elegant  than  the  other :  the 
trolote,  instead  of  a  single  spiral,  is  formed  by  three : 
die  sculptured  echinus  beneath  is  surmounted  by  a 
gailloched  moulding,  and  separated  from  the  shaft 
by  a  neck  adorned  with  honey-suckles.  The  base  is 
very  similar  to  that  of  the  temple  on  the  Ilyssus,  ex- 
cept that  its  beauty  b  increased  by  the  diminution 
of  its  height,  the  scotia  is  deeper,  and  the  upper  torus 
b  gnilloched.  The  architrave  consists  of  three  fasciae, 
and  the  cornice  b  similar  to  that  of  the  Ilyssus  temple, 
except  that  the  echinus  and  bed-moulding  are  sculp- 
tured, and  die  astragal  of  the  latter  b  seen  in  the 
elevation  beneath  the  corona.* 

The  column,  including  base  and  capital,  b  eighteen 
modules,  seven  minutes  and  one-tenth  in  height ;  the 
base,  twenty-four  minutes ;  and  capital,  forty-two. 
The  architrave,  forty-five  minutes  and  one-fourth; 
the  frieze,  forty-seven  minutes  and  four-fifths ;  and 
cornice  (to  the  fillet  of  the  echinus,  which  b  the 
greatest  adnal  height  of  the  entablature,  the  cyma- 
tom  being  a  restoration),  twenty  minutes  and  two- 
fifths.  The  width  of  die  capital,  three  modules, 
three  minutes.  Upper  diameter  of  column,  forty- 
nine  minutes  and  a  half.  Intercolumniation  (from 
centre  to  cen^),  nine  modules.  Both  these  orders 
are  destitute  of  insulated  plinths. 

Having  dius  given  our  readers  an  idea  of  the  finest 
Gre^  specimens  of  thb  order,  we  must  now  proceed 
to  die  Roman  and  Italian  version  of  it.  It  b  the 
peculiarity  of  thb  order,  that  its  front  and  side  faces 
are  ^saimilar.  To  obviate  this  inconvenience,  the 
Gredcs  twbted  the  extreme  volutes  of  a  portico  so  as 
to  make  the  two  faces  alike.  But  Soonozzi,  a  fa- 
mous Italian  architect,  designed  a  capital  in  which 
tbe  votutes  proceeded  angularly  from  the  shaft,  thus 
presoiting  die  same  front  every  way ;  and  the  capital 
so  executed  has  been  generally  attributed  to  the  sup- 
posed inventor.  Sir  William  CJhambers,  however,  is 
of  opinion  that  Michael  Angelo  was  the  author  of 
one  of  thb  description  in  me  Vatican  at  Rome.f 
Thb  capital  b  commonly  known  as  the  modem 
Ionic,  but  has  not  been  often  executed  in  large  works. 
The  frieze  of  thb  order  has  been,  by  many  archi- 
tects, and  Palladio  among  the  number,  pulvinated,  or 
rounded  in  its  contour,  and  smaller  than  the  archi- 
trave, as  diough  it  were  pressed  down  and  bent  by 
die  superincumbent  weight ;  but  the  ill  effect  of  this 
has  been  so  generally  perceived,  that  it  is  rarely  to 
be  seen  in  late  works.  The  cornice  b  dbtinguished 
from  die  Greek  by  its  variety  of  mouldings,  among 
whidi  the  most  remarkable  is  a  square  member  in 
die  bead-mouldings,  cut  into  small  divbions,  some- 
what  resembling  teeth,  whence  they  are  called  deniih. 
In  other  points  of  variation  between  the  Grecian  and 
RoBiaB  architecture  there  may  be  a  difference  of  opi- 
nion ;  hot  with  respect  to  the  Ionic  capital,  we  con- 
cctve  thb  to  be  impossible.  Whoever  compares  the 
Bcagre,  petty  form  of  the  capital  of  the  temple  of 
Concord,  wi&  that  of  the  Erectheion,  must  instantly, 
whatever  be  hb  former  preiudices,  perceive  the  amaz- 
ing difference,  and  unhesitatingly  acknowledge  the 

*  Thh  b  »oft  beantiftiUy  executed  et  St  Puieras  church,  et 
tbb  emt  cni;  in  the  iiifeerlor  the  capital  and 


base  are  earred  in 
vtfli  0ie  shaft  of  acai^ola'work  reaembling  Terde  an- 
ttqse.  In  die  portico  of  this  church  that  of  the  Erectheion  la 

^Uaaj  be  eeea  in  flie  beantifol  circular  portico  of  AH 
I' diorch.  bolt  by  Ki;  Naah  in  Lancham  Place. 


vast  superiority  of  the  latter.  Hit  poverty  of  the 
solitary  revolving  fillet,  the  flat,  insipid  lines,  and 
the  enormous  projection  of  the  clumsy  echinus,  com- 
bine to  render  this  the  very  worst  feature  in  all  the 
Italian  orders.  The  base  commonly  used  is  the  Attic, 
though  Vitruvius  has  appropriated  one  to  this  order 
resembling  the  0)rinthian  without  its  lower  toms. 

The  following  are  the  measures  of  the^  order  from 
Sir  William  (^l^bers :  The  base,  one  module ;  the 
shaft,  sixteen  modules  nine  minutes;  and  capital, 
twenty-one  minutes.    The  architrave,  forty  minutes 
and  a  half;  the  frieze,  the  same;  and  cornice,  fifty- 
four  minutes.   Width  of  capital,  two  modules,  twenty- 
six  minutes.  Upper  diameter  of  column,  fiftv  minutes. 
"  As  the  Done  order,"  says  Sir  William  Chambers, 
"  b  particularly  affected  in  diurches  or  temples  de- 
dicated to  male  saints,  so  the  Ionic  is  principally 
used  in  such  as  are  consecrated  to  females  of  the 
inatronal  state.    It  is  likewise  employed  in  courts  ot 
justice,  in  libraries,  colleges,  semmaries,  and  other 
structures  having  relation  to  arts  or  letters ;  in  pri- 
vate houses,  and  in  palaces ;  to  adorn  the  women's 
apartments,  and,  says  Le  Clerc,  in  all  places  dedi- 
cated to  peace  and  tranquillity.    The  ancients  em- 
ployed it  in  temples  sacred  to  Juno,  to  Bacchus,  to 
Diana,  and  other  deities  whose  characters  held  a  me- 
dium between  the  severe  and  the  effeminate." 

The  CortnihioH  Order, — ^The  story  of  the  origin  of 
thb  order,  given  by  Vitruvius,  b  as  follows :  "The 
diird  species  of  columns,  which  is  called  Corinthian, 
resembles  in  its  character  the  graceful,  elegant  ap- 
pearance of  a  virgin,  whose  limbs  are  of  a  more  de- 
licate form,  and  whose  ornaments  should  be  unob- 
trusive.^ Tlie  invention  of  the  capital  of  thb  order 
arose  from  the  following  circumstance.  A  Corin- 
thian virgin,  who  was  of  marriageable  age,  fell  a 
victim  to  a  violent  disorder :  after  her  interment,  her 
nurse  collecting  in  a  basket  those  articles  to  uriiich 
she  had  shown  a  partiality  when  alive,  carried  them 
to  her  tomb,  and  placed  a  tile  on  die  basket  for 
the  longer  preservation  of  its  contents.  The  basket 
was  accidentally  placed  on  the  root  of  an  acanthna 
plant,  which,  pressed  by  the  weight,  shot  forth  to- 
wards spring  in  steins  of  large  foliage,  and  in  the 
course  of  its  growth  reached  the  angles  of  the  tile, 
and  thus  formed  volutes  at  the  extremities.  Calli- 
machus,  who  for  hb  great  ingenuity  and  taste  in 
sculpture  was  called  by  the  Athenians  Koranxvoc, 
happening  to  pass  by  the  tomb,  observed  the  basket, 
and  the  delicacy  of  the  foliage  which  surrounded  it. 
Pleased  with  the  form  and  novelty  of  the  combina- 
tion, he  took  the  hint  for  inventing  diese  columns, 
and  used  them  in  the  country  about  Corinth,  regu- 
lating by  this  model  the  manner  and  proportion  of 
the  Corinthian  order.  A  beautiftil  illustration  of  thb 
story  will  be  found  under  Acanthus. 

It  has  been  before  observed  in  our  notice  of  Egyp- 
tian architecture,  that  the  capitals  to  be  found  in  that 
country  are  much  more  likely  to  have  given  the  hint 
for  the  Corinthian  than  the  circumstance  here  men- 
tioned. The  only  pure  example  of  thb  order  in 
Greece  is  the  monument  of  Lysicrates,  of  which  a  view 
is  given  in  a  subsequent  page.  The  capital  of  thb 
specimen  b  exquisitely  beautiful,  but  the  same  praise 
cannot  be  awarded  to  the  entablature:  the  archi- 
trave b  too  large,  and  the  frieze  extremely  small; 
the  bead-mouldmgs  of  the  cornice  (which  completely 
overpower  the  corona)  consist  of  large  dentib,  sup- 
ported by  the  echinus,  and  furmounted  by  a  cynw 
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recta  under  k  cyma  rcnena,  which  sapports  the 
rona.  The  base  U  eitremely  beautiful,  resembling 
that  of  the  temple  of  MinervK  Polias,  except  that  an 
inverted  echinus  is  substituted  for  the  upper  torus  : 
the  base  stands  upon  a.  targe  inverted  cavctto,  con- 
nected with  the  continued  plinth  by  another  inverted 
echinus.  The  Sutea  terminate  upwards  in  the  fonn 
of  leaves,  instead  of  being  divided  from  the  capital 
u  usual  by  an  astragal.  The  building  is  circular, 
and  its  centre  is  the  summit  of  an  equilatenl  triangle, 
of  which  the  base  ia  a  line  bounded  by  the  centres  of 
any  two  of  the  columns :  the  intercolummaCion  is 
ail  modules,  thirteen  minutes  and  one-fifth.  Height 
of  the  column,  twenty  modules,  thirteen  minutes  and 
two-filths,  of  which  the  base  occupies  twenty-one 
tuinutes ;  itnd  the  capital,  two  modules,  twenty-seven 
minutes.  The  architrave,  fifty-three  minutes  and  two- 
fifths  (  the  frieze,  forty-one  minutes  and  two-fifths; 
and  the  cornice  forty-eight  minutes  and  four-fifths. 
The  finest  Roman  example  of  this  order  ia  that  of 
three  columns  in  the  Campo  Vaccino  at  Rome,  which 
are  commonly  considered  as  the  remaias  of  the  temple 
of  Jupiter  Stator.  This  example  has  received  the 
commendation  of  all  modem  artists,  yet  has  seldom 
boen  executed  in  its  original  form,  llis  is  probably 
owing  to  the  excessive  richneaa  and  delicacy  of  it, 
which  renders  its  adoption  very  expensive,  and  per- 
haps the  modification  of  it  by  Vignola  is  preferable 
to  the  original,  possessing  a  sufficient  enrichment 
without  the  excessive  refinement  of  the  other.  In 
this  order  (which  has  been  adopted  by  Sir  William 
Chambers)  the  base  is  one  module  in  height ;  the 
abaft,  sixteen  modules,  twenty  minutes ;  and  the  ca- 
pital, two  modules  ten  minutes ;  thus  giving  ten  dia- 
meters to  the  whole  column.  The  architrave  and 
frieze  are  each  one  module,  fifteen  minutes  in  height, 
and  the  cornice,  two  modules.  The  cornice  is  dia- 
Unguiahed  by  modiUions  interposing  between  the 
bead'mouldii^  and  corona  i 
the  latter  is  farmed  by  a  square 
member  surmounted  by  a  cy- 

matum  supported  by  a  small  * 

ogee ;  the  former  is  composed 
by  dentils,  supported  by  a  cyma 
reveraa,  and  covered  by  the 
ovolo.  When  the  order  is  en- 
riched, which  is  usually  the 
case,  these  mouldings,  except- 
ing the  cymatium  and  square 
of  the  corona,  are  all  sculp- 
tured :  the  column  is  alsofluted, 
end  the  chaoneb  are  sometimes 
filled  to  about  a  third  of  their 
height  with  cablings,  which 
are  cylindrical  pieces  let  into 
the  channels.  When  the  co- 
lumn is  large,  and  near  the 
eye,  these  are  recommended  as 
strengthening  them,  and  ren- 
dering the  fillets  less  liable  to  j^  ,  «,  • 
fracture;    but  when  they  are  '        ^' 

not  approached,  it  is  better  to  leave  the  flutes  plain. 
They  are  sometimes  sculptured,  but  this  should  be 
only  in  highly  enriched  orders.  An  example  is  given 
inA.  1. 

The  Qutes  are  twenty-four  in  number,  and  com- 
monly semicircular  in  their  plan.  The  Corinthian 
base  is  similar  to  that  of  the  composite  order,  ex- 
cepting that  two  astragals  are  employed  between  the 


1  T  E  C  T  0  R  E. 

scotiv  instead  of  one ;  but  the  Attic  is  usually  ent- 
ployed  for  tbe  reasons  before  assigned. 

"  The  Corinthian  order,"  says  Sir  William  Cham- 
bers, "  is  proper  for  all  buildings  where  elegance, 
gaiety,  and  magnificence  are  required.  The  andenti 
employed  it  in  temples  dedicated  to  Venus,  to  Flora, 
Proserpine,  and  the  nymphs  of  fottntains,  because  the 
fioweia,  foliage,  and  volutes  with  which  it  ia  adortied 
seemed  well  adapted  to  the  delicacy  and  el^uce  of 
such  deities.  Being  the  most  splendid  of  all  the 
orders,  it  is  extremely  proper  for  the  decoration  of 
palaces,  public  squares,  or  galleries  and  arcades  sur- 
rounding them ;  for  churches  dedicated  to  the  Virgin 
Mary,  or  to  other  virgin  saints,  and  on  account 'of 
its  rich,  gay,  and  graceful  appearance,  it  may  with 
propriety  be  used  in  theatres,  in  ball  or  banquetting 
rooms,  and  in  all  places  consecrated  to  festive  mirth, 
or  convivial  recreation. " 

TJieltomaiirOrCamjiotite  Order. — Thi9order(thon^ 
not  conitidered  by  them  as  a  distinct  one)  was  elD- 
ployed  by  the  Romans  principally  in  triumphal 
arches,  tbe  column  and  entablature  being  the  same 
as,  or  little  differing  from,  the  Corinthian. 

The  difference  was,  however,  sufficient  for  the  Ita- 
lians to  ground  a  new  order  upon.  Tbe  capital,  ss 
being  compoied  of  the  Ionic  and  Corinthian,  they 
termed  compotitt,  and  to  justify  the  application  of 
the  name  to  the  order  in  general,  they  combined  in 
the  entablature  the  dentils  of  the  Ionic  with  the  mo- 
tules  of  the  Doric,  and  enrichments  of  the  Corin- 
thian, and  gave  to  the  architrave  but  two  fascie, 
thus  rendering  it  in  some  respects  more  simple,  but 
more  enriched  than  the  latter,  while  the  former  had 
little  but  the  name  left  in  the  composition.  Tfac 
whole  order  may  be  safely  pronounced  to  be  heavy, 
without  possessing  grandeur,  and  rich,  though  de>- 
titute  of  beauty.  It  has  not  been  frequently  adopted, 
and  it  is  to  be  lamented  that  Sir  Christopher  Wren 
has  made  so  much  use  of  it  about  St.  Paul's. 

The  base  commonly  appropriated  to  this  order  ia 
extremely  beautiful :  it  consists  of  two  tori  (the  lower 
of  which  is  considerably  the  larger),  with  two  scotic 
enclosing  an  astragal.  This  is  called  the  pnptr  base 
of  the  order,  but  the  Attic  is  usually  employed,  being 
more  simple,  and  consequentiy  less  expensive  than 
the  other. 

The  measures  of  this  order,  from  Sir  William 
Chambers,  are  as  follow:  the  base,  thirty  mbntes; 
the  shaft,  sixteen  modules,  twenty  minutes;  and  ca- 
pita], two  modules,  ten  minutes.  The  architiaTe. 
forty-five  minutes ;  the  frieze,  forty-five  minates ;  and 
the  cornice,  two  modules.  A  column  of  this  order  is 
shown  at  J^.  2. 

Pertiant  aad  Ctuyatidti. — Having  now  described 
what  are  called  the  regular  orders,  it  is  necessary  to 
the  next  place  the  employment  of  human 
figures  iikstead  of  columns  for  the  support  of  an  en- 
tablature. We  will  first  give,  as  in  former  cases,  the 
account  of  Vitruvius.  "  Carya,  a  city  of  Pciopon. 
nesus,  took  part  with  the  Persians  against  the  Gre- 
cian states.  When  the  country  was  freed  from  its 
invaders,  the  Greelu  turned  their  arms  against  the 
Caryans,  and  upon  the  capture  of  the  city  put  the 
to  the  sword,  and  led  the  women  into  eapti- 
..j.  TTie  architects  of  that  lime,  for  the  purpose  of 
perpetuating  the  ignominy  of  this  people,  instead  of 
columns  in  the  porticos  of  their  buildings,  sobatl- 
tuted  statues  of  these  women,  faithfully  copying  their 
ornaments,  and  the  drapery  with  which  they  were 
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tftfcd,  die  mode  of  whkli  they  were  Dot  .pemiitted 

Tbere  aie  two  great  objections  to  the  truth  of  this 
amy :  fint,  that  the  circumstance  is  not  mentiooed 
by  any  of  the  Grectan  historiam ;  and  secondjy,  that 
it  n  certain  » "'■"«!  figures  were  employed  for  thiB 
purpoae  long  previous  to  the  time  assigoed  by  Vi- 

Hanng  thus  shown  our  readers  what  is  wf  the 
wifiii  of  these  figures,  it  must  next  be  our  buuness 
to  inform  them  what  ii,  or  rather  what  is  most  pro- 
bable, and  for  this  purpose  we  must  trespass  on  the 
kisdMaa  of  Mr.  Gwilt,  the  ooly  writer  we  believe 
who  has  giTeo  a  satisfactory  account  of  them.  He 
cu^cctnrea  the  name  to  have  arisen  from  the  em- 
ploymcBt  of  them  in  temples  to  Diana,  who  is  sup- 
posed to  have  made  the  LacedEmonians  acquainted 
with  the  story  of  Cuya  (turned  into  a  nut-tree  by 
BacebuB,  who  also  trans-  ~ 

(brmed  ber  sisters  into 
stotiea^,  and  thence  wor- 
■hijiMwt  br  tbetn  under 
Ibe  name'  of  Caryalu, 
Thus,  being  first  employ- 
ed in  temples  dedicated  to 
this  goddeai,  they  after* 


is  of  the  nymphs 
who  ■—!«<»■*  at  the  mys- 
teries of  the  patDHi  god- 
dess. They  may  be  seen 
at  St-  Paactaa  Church, 
(orrectly  copied  from  the 
f^ndrosemn.  An  exaui- 
f4e  is  given  in  the  accom- 
puyitig  wood-cut  of  ■« 
aider  date,  though  the  fi- 
gure i*  nnch  more  beautifully  formed. 

Tlw  ancient  cenotap)!  or  tomb  furoislied  aome  of 
the  moat  beautilnl  displays  of  architectuial  ornament, 
execDted  either  by  the  Greek  or  Roman  sculptors. 
We  famish  one  erected  to  the  memory  of  oee  of  the 
Jtonan  emperors. 


TIk  omamenti  were  all  of  a  fiineral  character,  and 

,  Acre  is  reason  to  suppose  that  the  above  cenotaph 

Abts  fc  SciKKcas.— Voi_  I. 
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differed  from  many  of  a  nearly  similar  character;  in- 
asmuch as  it  was  intended  to  hold  the  remains,  in- 
stead of  being  merely  an  honorary  memento. 

The  ornaments,  it  will  be  seen,  consist  of  heads 
supporting  wreaths  of  flowers.  Spraying  of  this  spe- 
cies of  ornament,  Mr.  Kempe  observes  in  a  late 
volume  of  the  jirc/ueaiogia,  "  garlands  were  so  much 
used  by  the  ancients  at  their  sacrificial  and  social 
feasts,  that  as  the  patinea  for  libation,  and  the  sculls 
of  victims,  from  being  at  first  suspended  on  the  friezes 
of  their  temples,  became  at  last  sculptured  on  them 
in  atooe,  so  were  the  vegetable  wreaths  at  length 
transferred  in  a  similar  manner."  We  quote  Mr. 
Kempe,  as  he  is  a  good  antiquary  and  a  leaned 
scholar)  and  there  is  but  little  doubt  but  that  the 
greater  part  of  the  architectural  ornaments  of  thia 
character  had  their  origin  on  altars  and  monuments, 
and  were  from  thence  transferred  to  the  portico, 
frieze,  and  column  of  the  temple. 

We  may  now  furnish  an  exemplification  of  the  OM 
of  the  column  in  one  of  the  moat  beautiful  monu- 
ments of  Grecian  architecture  extant.  We  allude  ta> 
the  choragic  monument  of  Lysicrates.  a  portion  of 
which  is  shown  in  the  accompanying  engraving. 

Thia  edifice, 
which  is  nsn- 
ally,  but  erro- 
neously, termed 
the  "Lantern  of 
Demosthenes," 
stands  near  iht 
eastern  end  of 
the  Acropolis. 
It  consists  of  a 
drcular  colon- 
nade supporting 
a  tholvt  or  cu- 

Eala,  with  the 
ighjy  enrich- 
ed foliage  orna- 
ment represent- 
ed in  the  figure. 
Illustrations  of 
complete  edi- 
fices in  the  va- 

have  described 
in  the  course  of 
this  article,  will 
be  found  in  an- 
other portion  of 
our  work,   and 

proceed  to  that 

which  has  not  unaptly  been  colled  the  Ei^lisn  Style 

It  has  been  before  observed,  that  the  rude  build- 
ings of  the  Saions  and  Normans  in  this  country, 
which  are  evidentlv  copied  from  those  of  the  Romani, 
may,  by  gradual  improvement,  have  given  rise  to 
Gothic  architecture ;  and  that  this  was  the  case  in 
England  at  least  there  is  no  doubt.  But  there  are 
certain  peculiarities  even  in  these  crude  and  imper- 
fect attempts  (though  afterwards  more  fully  deve- 
loped) which  require  to  be  noticed  before  we  proceed 
further,  plainly  iodieating  that  the  worits  io  question 
were  raised  under  the  influence  of  b  less  ardent  sun, 
and  more  obscured  sky.  In  the  happy  climate  of 
Greece,  where  little  was  to  be  feared  from  change  of 
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maiXhsT,  the  templeB  (the  only  bmldings  mu<^  dis- 
tmgmsfaed  for  archkectoral  excellence)  were  fre- 
quently destitute  of  covering.  Windows,  in  this  case, 
being  entirety  snperfluoos,  the  walls  were,  in  many 
instances,  pierced  only  by  a  single  door,  which  served 
at  once  for  ingress  and  egress  bodi  to  priests  and 
Worshippers.  Science  here,  therefore,  was  not  needed, 
and  indeed  is  not  to  be  found.  With  the  practical 
application  of  the  principle  of  the  arch  ^  Greeks  do 
not  appear  to  have  been  acquainted;  the  large  stones, 
which  in  those  early  ages  were  to  be  procured  in 
abundance,  being  sufficient  to  cover  the  cohmins  and 
the  opening  of  the  doors.  As  architecture  improved, 
however,  roofi  were  added  to  these  edifices,  and  to 
iSirow  off  the  rain  they  were  inclined  downwards 
ftom  the  centre  to  the  extremities.  This  inciina^n, 
in  a  climate  where  so  little  rain  or  snow  feU,  required 
to  be  but  small ;  but  in  Rome,  which  is  more  north- 
em,  it  was  found  convenient  tx)  increase  it  to  meet 
the  exigencies  of  the  situation.  In  countries  far 
more  exposed  to  vicissitudes  of  weather  than  either 
Of  diese,  it  is  evident  that  a  very  different  pitch  will 
be  requisite,  and  this  theory  is  verified  by  ihe  build- 
ings of  nordiem  climates,  ^  architects  of  which, 
though  totally  maeqiHunted  with  the  works  of  their 
southern  predecessors,  by  a  singular  coincidence 
adapted  their  roofs  to  tiieir  latitude  in  a  regular  scale 
of  gradation  from  tiiem.  The  Saxon  and  Norman 
architects,  though  they  did  not  comprehend  this 
principle  in  the  pe^ection  to  which  it  was  afterwards 
carried^  were  sensible  of  the  wants  of  the  climate, 
and  maide  tiiek  roofs  much  higher  than  those  of  their 
Roman  prf^otypes. 

This  drcumstanee  presenting  itself  to  minds  so 
quick  to  perceive,  uid  so  able  to  adopt,  any  novelty 
which  came  recommended  by  utility  and  beauty  as 
those  of  the  architects  of  the  middle  ages,  could  not 
fail  of  meeting  with  the  highest  attention.  It  vras 
soon  seen  liiat  unbroken  vertical  Imes  and  loftv 
buildings  were  necessary  to  harmonize  vrifh  the  hign 
pitched  roof,  and  the  pointed  arch  is  but  a  natural 
and  easy  deduction  from  these  data. 

But  ihere  is  another  and  an  important  peculiarity 
in  buildings  designed  for  northern  climates  to  which 
we  must  next  call  the  reader's  attention.  This  arises 
from  the  numerous  circumstances  which  in  these 
regions  conspire  to  obscure  the  rays  of  the  sun.  Tlie 
great  darkness  whidi  prevails  in  them,  compared 
with  the  countries  of  Greece  and  Italy,  evidently 
re<|uires  a  veiy  different  arrangement  in  the  public 
bmldings,  and  this  circumstance  h^  received  no 
small  ware  of  the  attention  of  the  architects  whose 
works  we  are  considering.  The  variety^^nd  beauty 
of  its  windows  is  not  the  least  striking  peculiarity 
of  Gothic  architecture,  and  indeed  they  form  the 
readiest  criterion  for  distinguishing  the  sever^  styles, 
as  we  have  already  se^n  in  the  art,  Arcm. 

A  third  essential  point  of  distinction  between  this 
style  and  all  others,  consists  in  the  different  jntrposes 
for  which  the  edifices  in  which  it  is  most  apparent 
were  constructed,  and  the  different  ceremoiite^  for 
which  they  were  adapted.  Although  the  rites  of 
Greek  and  Roman  paganism  were  numerous  and 
wlendid^  they  recjuired  little  aid  from  architecture : 
toe  ceremonies  with  which  they  were  connected  were 
principally  performed  in  the  open  air,  and  the  temple 
was  on)y  used  as  a  receptacle  for  the  statue  of  the 
4f^tf^  before  which  sacrifices  were  offered,  and 
pniyers  preferred. 


But  Christian  worship  under  papal  gaid«iioft»  and^ 
in  a  country  where  the  atmosphere  was  so  cold  as  to 
render  shelter  requisite  te  iht  perfbimaBce  of  its 
ceremonies,  required  other  arrangements  in  the  edi- 
fices dedicated  to  it :  for  its  uubmious  and  splendid 
processions,  was  provided  a  long,  narrow,  and  lofty 
gallery,  called  the  navt;  for  the  reception  of  the 
multitude  to  witness  these,  adjacent  wings  were 
added,  called  oifleff.  A -eAotr  was  added  for  the  actual 
performance  of  the  sacred  rites,  and  numerous  ch§pel»  - 
to  eommemorate  the  bount)*  of  iadividaals  were 
diBpersed  about  t^  edifice. 

All  these  essential  appendages  necessarily  occupied 
a  space  of  great  magnitude,  and  the  figure  of  Hm 
cross,  held  by  the  Romish  Church  in  the  most  pro- 
found  veneration,  was  pitched  upon  to  regulate  the 
general  form  of  the  building  t^s  constituted.  Our 
reason  for  mentioning  these  particulars  is,  to  show 
the  absolute  necessity  which  thus  arose  for  a  degree 
of  science  and  ttnthematical  knowledge,  not  drennt 
of  by  the  ardntects  whose  works  are  received  as  t^ 
sole  standards  of  excellence  by  most  of  the  professors 
of  modern  times.  The  narrow  intercolumniatians  of 
the  Grecian  buildings  would  have  been  ill  adapted  for 
the  display  of  feudal  magnificence,  and  the  stones 
within  the  reach  of  the  builders  were  for  too  small  to 
have  covered  even  these.  Thus  the  arch  became 
unavoidably  a  prominent  feature  in  the  style,  lb 
give  greater  mag;aificence  to  the  nave  it  was  made  « 
story  higher  than  the  aisles.  The  wall  of  this  upper 
story  is  supported  by  a  tier  of  apdies  supported  by 
large  piers,  whidi  divides  the  nave  from  tbe  aisles. 
The  upper,  or  dare  story,  as  it  is  called,  has  windows 
answering  to  dkose  beneath.  To  form  an  interior 
roofing  which  should  at  once  hide  the  timbers  abovn 
and  furnish  an  appropriate  finish  to  dw  ardiitecture^ 
the  same  contrivance  vns  resorted  to,  and  from  this 
cause  have  proceeded  tho^  vast  monuments  of  daring 
ingenuity  which,  while  they  exdted  the  adairatioii, 
have  baffled  the  rival  attempts  of  modem  archi- 
tects. 

Having  thus  traced,  we  hope,  per^icuously  and 
satisfoctorily,  the  causes  which  cawe  rite  to  Gothie 
architecture,  and  led  to  its  pemction;  it  will  be* 
proper,  before  discriminating  between  its  several 
styles,  to  explain  some  of  its  leading  principles,  and 
those  particulars  in  which  it  more  ewedally  differs 
from  the  better  known  principles  4^  Gieek  and  Ro- 
man architecture. 

Of  these,  the  first  in  importance  is  the  pointed 
arch,  of  which  there  are  three  kinds.  1.  The  simple 
pointed  arch,  which  is  struck  from  two  centres  on 
the  line  of  ike  impost  2.  The  Tudor  arch,  or  Uiat 
which  has  four  centres,  of  which  two  are  on  the  line 
of  the  impost,  and  the  other  two  at  any  other  dis- 
tance. 3.  The  ogee,  which  has  likewise  four  centres, 
two  on  the  impost  line,  and  two  on  a  line  With  the 
apex,  the  segments  struck  from  which  are  reversed. 
Tliis  form  b  used  only  in  tracery,  or  nnall  work, 
except  as  a  canopy  or  dripstone  over  doors  and 
windows.  The  pomted  arch  differs  from  the  semicir- 
cular, as  employed  by  the  Romans  (besides  its  form), 
in  having  its  soffit  occupied  by  mouldings  of  various 
projections,  instead  of  being  fiat,  enrid^  with  pa- 
nels. The  cause  of  this  is  its  great  breaddi  (ha^ng 
frequently  to  support  a  wall  and  rooO*  which  re- 
quired the  piers  to  be  of  corresponding  magnitude,  to 
dimmish  the  unpleasing  effect  of  wl^kh,  the  arciii- 
tects  surroonded  ikem  with  slender  shaits.     Tlis 
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poicctions  of  dieie  being  earned  into  the  arch. 
It  to  be  of  the  fonn  in  question.  It  is  scarcely 
to  add,  that  these  piers  are  always  undi- 
Aiiaing  finomthe  general  use  of  the  arch 
ii  that  xd  the  botbress.  In  Norman  work  this  was 
avoided  by  the  employment  of  walls  of  vast  thick- 
BCM,  witli  very  sniall  windows ;  bat  when  architec- 
tare  began  to  aaenme  a  lighter  character,  the  win- 
dows were  enlarged,  and  tibe  thickness  of  the  walls 
dimtnisbed.  To  compensate  for  this  deficiency^  the 
liuttmja  was  employed,  at  once  to  resist  the  pressure 
of  the  arches  withm,  and  to  prevent  die  necessity 
of  the  walls  being  of  an  unwieldy  thickness.  These 
are  often  diyided  into  stages  (each  being  of  less 
prqiectioB  dmn  that  beneath  it)  finished  by  pinnacles, 
mA  from  tibe  upper  part  of  tiiem'  spring  insulated 
arches,  aenris^  as  a  protection  for  the  clere  story. 

The  next  thmg  to  be  mentioned  is  the  steepU,  with 
its  oomponent  parts  and  accompaniments.  When 
WBpmn  tof^icd,  it  b  called  a  tower,  which  is  often 
crowned  widi  a  spire.  Slender  and  lofty  towers  are 
caQed  tmrrtU,  and  are  commonly  attached  either  to 
tte  apices  of  a  large  tower  (when  thev  frequently 
eoatain  staircases),  or  to  the  angles  of  a  building. 
Tbey  are  sometimes  surmounted  by  spires,  a  beauti- 
All  example  of  Tdiich  may  be  seen  at  Peterborough 
Cathedral,  in  the  turret  at  the  north-west  angle.  In 
this  exquisite  and  unique  design  the  turret  is  square, 
aad  decorated  at  the  angle  with  boltels,  whidi  are 
carried  iq»  beyond  it,  and  finished  by  a  triangular 
IHimarlf.  The  spire  in  the  centre  is  octagonal,  and 
rsotangularly  placed  widiin  the  square,  four  of  'ftA 
sides  uas  Ibnning  triangles  with  the  angulsr  boltels, 
which  being  arched  over,  form  grounds  for  pinnacles 
of  the  same  Ibnn,  which  are  carried  up  to  about  half 
the  height  of  the  spire  itself.  The  eitect  is  beautiful 
beyond  deaoiption,  and  merits  the  moat  attentive 


Next  in  importance  are  the  wrniowt  of  Grothic 
ardiitectare,  but  as  these  differ  so  widely  in  the  se- 
vccal  styles  as  to  fonn  the  readiest  criterion  for  dis- 
tiagniahing  them,  they  will  be  more  properly  noticed 
when  we  speak  of  these  styles.  We  shall  pursue 
the  same  plan  with  the  doors,  and  other  subordinate 


U  may  be  proper  in  this  place  to  say  something  of 
flie  ■owWiajf  of  Gothic  architecture.  Of  these,  that 
wlttdi  bears  the  most  resemUance  to  the  Roman 
mnnMings  is  the  ofse,  distinguished  by  the  saase 
Base,  or  that  of  cyma  reversa.  In  the  nomenclature 
^  the  Italian  school.  A  moulding  used  for  the  same 
poipoae  as  the  cyma  recta,  and  much  resembling  it, 
la  also  fiHwd^  more  ficeqaently  perhi^  than  any 
other.  Unit  whidi  is  most  peculiar  to  the  style,  is 
tbe  hoUd,  or  cylindrical  and  nearly  detached  mould- 
ing, oAm  answo^  by  a  corresponding  hollow,  which 
Ibraks  one  of  the  happiest  species  of  relief  vi^ch 
ooold  have  beoi  resoited  to. 

Wc  shaU  now  detail  the  different  styles  of  Gothic 
Mrfaitrrtnre,  widi  the  peculiarities  of  esjcb,  and  in  so 
doing*  ioMow  tito  arcangonent  and  nomenclature  of 
Mr.  Birkman,  the  only  writer  who  has  attempted  to 
five  a  dear  and  practical  account  of  this  bmutiful 
tiso^ji  neglected  style.  He  distinguishes  three  va^ 
riatinns,  idiich  may,  without  ui^^ropriety*  be  x»Ued 
fte  •rd^  of  GoIImc  architecture;  differing* howerver, 
front  the  Greek  and  Roman  orders  in  this  circum- 
atanoe ;  that  while  they  ars  confined  to  ^ne  part  of 
n  hntldiiig,  or  at  UMat,  affeot  th»  mtK  only  in  regard 


to  strength  or  delicacy,  tiiese  ext^d  through  every 
part  of  die  edifice. 

The  first  style,  denominated  by  Mr.  Ridnnan 
"  Early  English,"  commenced  with  the  reign  of 
Richard  the  First,  in  1189«  and  was  superseded  by  the 
next  in  1307>  the  end  of  the  reign  of  Edward  the 
First.  It  is  principally  distinguished  by  long  narrow 
windows,  and  bold  ornaments  and  mouldings.  Tlie 
window  being  so  essential  a  mark  of  the  style,  claims 
to  be  considered  in  the  first  place. 

The  Early  English  window  is  invariably  long  and 
narrow ;  its  head  is  generally  the  lancet,  or  highly 
pointed  arch,  but  is  sometimes  formed  by  a  trefoil. 
in  large  buildings  there  are  generally  found  two  or 
more  of  these  combined,  with  their  dripstones 
united.  Three  is  the  usual  number,  but  sometimes 
four,  five,  seven,  and  in  one  instance  (the  east  end  of 
Lincoln  Cathedral)  eight  are  employed.  When  com- 
bined, there  is  usually  a  quatrefoil  between  the  heads, 
and  v^ere  tiiere  are  many,  the  whole  is  sometimes 
covered  by  a  segmental  pointed  dripstone,  to  which 
form  the  windows  are  adapted,  by  the  centre  one 
being  raised  higher  than  the  rest,  which  are  gradu- 
ally lowered  on  each  side  to  the  extremity.  Some- 
times, in  late  buildings,  two  windows  have  a  pierced 
quatrefoil  between  them,  and  are  covered  by  a  simple 
pointed  arch  as  a  dripstone,  tiius  approaching  so 
nearly  the  next  style  as  not  to  be  easily  distinguished 
from  it :  this  arrangement  may  be  seen  in  the  nave  of 
Westminster  Abbey.  In  large  buildings  the  windows 
are  firequently  decorated  with  slender  shafts,  whidi 
are  usually  insulated  and  connected  by  bands  with 
the  wall.  A  fine  pyampie  of  this  may  be  seen  at  the 
Temple  Church,  London^  one  of  the  purest  buildings 
existing  of  this  style. 

The  circular,  rose,  or  catherine-wheel  vrindow  is 
frequently  found  in  large  buildings  of  this  style,  in 
which,  however,  it  did  not  originate,  bein^  ibund  in 
Norman  edifices.  It  appears  to  have  received  much 
attention  from  the  ardutects  of  the  period,  being 
worked  wif^  great  care. 

The  doors  of  this  style  are  distinguished  by  their 
deep  recess;  columns  usually  insulated  ia  a  deep 
hollow,  and  a  simple  pointed  arch,  nearly  equilateral 
in  the  interior  mouldings,  but  in  the  exterior,  from 
the  depth  of  the  door,  approaching  liie  semicircle. 
They  are  also  frequently  ornamented  by  a  kind  of 
four-leaved  flower  placed  in  a  hollow.  In  large 
buildings  they  are  often  divided  by  one  or  more  shafts 
(dustered)  in  the  centre,  with  one  of  the  circular 
ornaments  above. 

To  the  steeples  of  this  period  were  added,  in  many 
instances,  spires,  many  of  which  are  findy  propor- 
tioned and  form  a  very  characteristic  and  degant 
finish  to  the  buildings  they  accompany.  They  have 
usually  ribs  at  the  angles,  which  are  sometimes 
crocketed ;  and  in  some  instances  they  are  still  farmer 
enriched  with  bands  of  quatrefoib  round  the  spire. 
The  towers  are  usually  guarded  at  the  angles  b) . 
buttresses,  but  octagonal  turrets  are  sometimes  met 
with,  surmounted  by  pinnades  of  the  same  plan..  In 
small  churches  the  slope  of  the  spire  sometimes  pro- 
jects over  the  wall  of  the  tower,  which  is  finished  by 
a  cornice,  and  the  diagonal  sides  of  the  spire  (gene- 
ratiy  octagonal)  are  sloped  down  to  liie  angles. 

The  arehes  of  this  style  are  diiefly  distinguished  by 
very  numerous,  though,  fbr  their  size,  bold  mouldings, 
with  hollows  of  corresponding  depth :  the  lancet  arch 
is  chiefly  usec^  though  many  are  found  much  mora . 
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obtuse.  The  form  of  the  arch,  indeed,  as  Mr.  Rick- 
man  observes,  is  by  no  means  a  certain  criterion  for 
the  distinction  of  the  styles,  each  form  being  met 
with  in  buildings  of  each  style,  except  the  foiir- 
centered. 

The  piers  are  distinguished  from  those  of  the  other 
styles  by  being  surrounded  with  bands,  which  some- 
times are  confined  to  the  shafts,  and  sometimes  are 
continued  on  the  pier.  The  capitals  are  usually 
composed  by  plain  bold  mouldings.  The  plan  of 
these  piers  is  usually  a  circle,  surrounded  by  small 
shafts,  but  a  beautiful  variation  is  found  in  Salisbury 
Cathedral. 

The  buttresses  of  this  style  are  chiefly  distinguished 
by  their  simplicity,  having  very  few  sets-off,  and  very 
rarely  any  ornament  in  their  faces.  Frequently, 
indeed,  as  at  Wells  Cathedral  (the  nave  of  which  is 
very  early  in  this  style),  they  retain  the  Norman  form, 
of  very  broad  faces  with  slight  projections,  with  a 
shaft  inserted  in  the  angles,  and  are  continued  no 
higher  than  the  cornice.  The  flying  buttress  was  not 
used  till  late  in  this  species  of  architecture. 

The  ornamental  parts  of  the  style  now  remain  to 
be  considered,  which,  till  near  its  conclusion,  were 
but  sparingly  used,  and  those,  for  the  most  part,  of  a 
very  rude  description.  In  the  west  front  of  Wells 
and  Peterborough  Cathedrals  may  be  seen  specimens 
of  the  taste  of  die  period  in  these  particulars,  which 
are  wholly  unworthy  of  imitation ;  but  in  the  interior 
of  Salisbury  are  many  details  of.  a  later  date,  which 
are  very  elegant,  ami  will  bear  the  most  minute 
eiamination. 

It  may  be  sufficient  to  mention,  that  in  all  the  or- 
naments and  minute  details  during  this  period,  as 
well  as  in  the  more  important  parts,  the  boldness 
and  contempt  of  refinement,  which  are  infallible 
marks  of  an  early  age.  are  very  apparent,  for  which 
reason  we  shall  defer  the  description  of  vtiany  orna- 
mctntal  details  (which,  nevertheless,  were  practised, 
and  with  success,  in  the  latter  part  of  this  period) 
till  the  next  style,  in  which  they  were  brought  to 
perfection. 

■  There  is,  however,  one  ornament  peculiar  to  this 
style  which  it  is  necessary  to  notice  before  we  pro- 
ceed farther.  It  resembles  a  low  pyramid,  of  which 
the  sides  are  pierced  in  the  form  of  curvilinear  trian- 
gles, bending  inwards,  and  is  usually  placed  upon  a 
hollow  moulding,  from  which  it  is  sometimes  entirely 
detached  except  the  angles.  It  has  yet  received  no 
regular  appellation,  on  account  of  its  being  so  unlike 
any  olher  object  as  to  be  with  difficulty  described,  or 
even  delineated,  and  we  believe  it  must  be  seen  to  be 
accurately  comprehended.  The  only  attempt  at  de- 
signation it  has  received  is,  the  toothed  ornament. 
The  reason  for  applying  such  a  name  to  it  we  leave 
for  the  ingenuity  of  the  reader  to  discover. 

The  Early  English  style  of  Gothic  architecture 
may,  we  think,  without  impropriety,  be  compared 
to  the  Doric  order  of  the  Greeks.  Like  that,  it  is  the 
first  attempt  of  a  people  emerging  from  barbarism, 
and  like  that,  it  possesses  ail  those  qualities  which  it 
is  natural  to  expect  from  such  a  state  of  society. 
Strength  and  simplicity  are  its  predominating  charac- 
teristics '.  ornanient,  except  the  most  bold  and  artless, 
is  foreign  to  its  nature,  and  can  never  be  introduced 
with  propriety.  For  this  reason  it  may  be  employed 
with  great  advantage  in  churches,  where  expense  is  an 
object,  as  a  finer  effect  may  be  produced  by  the  use  of 
this  style  than  of  any  other  whatever,  at  an  equal 


cost.  Of  the  fitness  of  Gothic  architecture  for  ec- 
clesiastical edifices,  we  presume  it  is  now  needless 
to  say  much.  The  circumstances  of  its  having  had  its 
origin  in  Christian  worship,  and  consequent  adapta- 
tion to  its  ceremonies,  its  fitness  for  the  climate,  and 
its  devotional  effect  upon  people  in  general,  seem  to 
point  it  out  as  peculiarly  appropriate  for  this  service. 
In  exterior  effect  Gothic  architecture  b  very  defective, 
and  never  more  so  than  in  this  style.  We  have, 
indeed,  scarcely  one  front  which  is  at  all  rcconcileable 
to  good  taste.  That  of  Salisbury  Cathedral  is  gene- 
rally admired,  but  we  can  see  no  reason  for  the  pre- 
ference. A  consciousness  of  this  defect  of  the  style 
led  the  architect  of  that  of  Peterborough  Cathedral  to 
make  use  of  a  singular  expedient.  T%ree  ponderous 
arches  supported  by  triangular  piers  receive  the  weight 
of  three  gables,  and  at  each  lateral  extremity  is  a 
siquare  turret,  containing  a  staircase,  and  surmounted 
by  a  spire,  one  of  which  has  been  already  described. 
The  effect  of  the  composition  is  grand,  but  it  is  not 
worthy  of  imitation.  A  field  is  thus  offered  for  the 
exercise  of  modem  invention,  which,  as  this  kind  of 
architecture  becomes  better  understood,  it  is  to  be 
hoped  will  not  be  neglected :  much  has  been  done, 
but  something,  we  conceive,  remains  to  do,  to  render 
it  a  worthy  and  formidable  competitor  wiUi  the  long 
practised  and  deeply  studied  architecture  of  Greece 
and  Rome. 

The  style  next  in  order  to  the  Early  English  is  de- 
nominated, by  Mr.  Rickman,  Decorated  English,  as 
possessing  a  greater  degree  of  delicacy  ti^  the 
former,  vrithout  the  excessive  detail  of  the  style 
which  succeeded  it.  It  ceased  to  be  used  soon  after 
the  death  of  Edward  the  Third,  which  happened  in 
1307.  Its  prominent  feature  is  also  found  m  its  win- 
dows, with  which,  therefore,  we  shall  commence  our 
description. 

The  windows  of  this  style  are  distinguished  from 
those  of  the  last  by  being  larger,  and  divided  into 
lights  by  slender  upright  stones,  called  mullions. 

Of  decorated  windows  there  are  two  descriptions. 
1.  Where  the  mullions  branch  out  into  geometrical 
figures,  and  are  all  of  equal  size  and  shape ;  and  2. 
Where  they  are  dispersed  through  the  head  in  curves 
of  various  descriptions  (which  is  called  flowing 
tracery)  and  are  usually  in  windows  of  more  than 
three  lights,  of  different  size  and  shape,  the  principal 
mullions  forming  simple  figures,  subdivided  by  the 
inferior  ones.  Sometunes  tibe  principal  mullions  are 
faced  by  slender  shafts,  with  bases  and  capitals.  Hie 
first  description  is  considered  the  oldest ;  the  princi- 
pal example  which  contains  these  kind  of  windows  is 
Exeter  Cathedral,  where  they  are  very  large,  and  nearly^ 
all  composed  of  this  kind  of  tracery.  Plate  4,  fig.  1. 
The  architraves  are  commonly  enriched  by  mouldings, 
which  sometimes  assume  the  form  of  columns,  and 
the  windows  in  composition  frequently  reach  from 
pier  to  pier.  The  form  of  the  arch  is  seldom  more 
acute  than  that  described  on  the  equilateral  triangle, 
and  it  is  generally  more  obtuse.  TTie  richness  of 
these  windows  invariably  depends  upon  their  size, 
the  distance  between  the  mullions  being  nearly  the 
same  in  all :  the  largest,  however,  do  not  consist  of 
more  than  nine  lights.  The  dripstone  is  in  this  s^le 
improved  into  an  elegant  canopy,  the  form  of  which 
is  sometimes  pedimental,  and  sometimes  an  ogee 
arch  :  it  is  decorated  with  crockets  and  a  finial,  and 
the  space  inclosed  by  it  and  the  exterior  contour  of 
the  arch  is  sometimes  filled  with  tracery.    The  gp-eat 
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west  window  of  York  Cathedral,  one  of  the  finest  in 
the  kingdom,  has  a  triangidar  one.    Plate  4,  fig.  2. 

The  circalar  window  was  also  brought  to  perfec- 
tion in  this  style.  A  fine  example  in  form,  though 
not  in  detail,  is  now  the  only  remains  of  the  ancient 
palace  of  the  Bishops  of  Winchester,  in  Bankside, 
oouthwark.  This  is  of  the  geometrical  description ; 
one  6f  the  finest  of  flowing  tracery  is  in  the  south 
transept  of  Lincoln  Cathedral. 

The  doors  of  this  style  are  not  so  distinct  as  the 
windows,  from  those  of  the  former  period :  double 
doors  are  not  so  frequent,  and  the  shahs  are  not  de- 
tached from  the  mouldings  as  in  the  Early  English. 
In  small  doors  there  is  frequently  no  column,  but  the 
monldings  of  the  arch  are  carried  down  the  sides 
witlunit  interruption:  there  is  frequently  no  base- 
moulding,  but  a  plain  sloped  face  to  receive  the  archi- 
traTe.  They  are  surmounted  by  the  same  sort  of 
canopies  as  die  windows. 

Hie  steeples  of  this  period  are  distinguished  from 
those  of  the  last  in  little  more  than  their  windows, 
and  a  few  unimportant  details.  The  north-west 
spire  of  Peterborough  Cathedral,  before  described, 
diecidedly  belongs  to  it,  though  the  tower  beneath  is 
Early  English.  The  tower  and  spire  of  Newark 
Church,  Lincolnshire,  are  pointed  out  by  Mr.  Rick- 
man  as  a  peculiarly  fine  example. 

Of  arches  little  can  be  said.  Of  their  form,  it  may 
be  sufficient  to  observe^  that  the  lancet  arch  is  rarely 
met  with ;  the  Tudor  never  but  in  one  instance,  the 
Bare  of  Winchester  Cathedral,  built,  or  rather  cased, 
by  the  celebrated  William  of  Wyckham,  and  it  is 
here  necessarily  adopted  on  account  of  the  form  of  the 
NiMinan  arch  it  was  employed  to  conceal.  The 
mouldings  are  in  general  less  numerous,  and  conse- 
qoently  hMer  than  those  of  the  preceding  style.  In 
■mall  works  the  ogee  arch  b  frequently  found,  and 
decorated  with  crockets,  and  a  finial. 

The  piers  of  this  style  are,  for  the  most  part, 
•qoare  in  their  general  form,  and  placed  diagonally. 
T^  shafts  are  ttometimes  filletted,  that  is,  a  square 
narrow  face  b  continued  vertically  along  its  surface, 
projecting  slightly  firom  it.    The  capitals  are  fre- 
quently enriched  with  foliage,  and  the  bases,  in  many 
instances,  consist  of  reversed  ogees,  with  square  faces 
of  various  projections,  and  sometimes  other  mouldings. 
Decorated   Elnglish    buttresses    are  distinguished 
from  those  of  the  last  style  which  are  most  applicable 
to  it,  only  by  their  greater  richness  in  buildings  where 
decoration  is  not  spared,  and  consequently,  in  others 
they  are  perhaps  the  least  characteristic  parts  of  the 
composition.    They  are,  however,  usually  finished  by 
pinniades,  which  are  generally  distinguishable  from 
those  of  the  former  style.    The  fi3ring  buttress  is  al- 
most invariably  used,  and  is  abo  surmounted  by  a 
ptnnade,  which  usually  corresponds  with  the  lower 
one.    The  buttresses  of  the  aisles  of  Exeter  Cathedral 
are  remarkable  for  being  detached  from  the  wail,  the 
onl^  support  they  afford  to  which,  is  by  the  arches 
which  connect  them  with  it  at  the  top. 

The  parapets  of  this  style  are  sometimes  horizontal, 
and  sometimes  embattled,  each  of  which  arc  frequently 
pierced  in  the  form  of  cinquefoil  headed  arches,  qua- 
trefoils,  and  triangles.  Sunk  panels  are,  however, 
more  common.  When  plain  embattled  parapets  are 
employed,  the  crowning  moulding  is  usually  conti- 
nual horizontally  only,  the  face  towards  the  opening 
being  merely  a  vertical  section. 
As  many  of  the  ornamental  parts  of  Gothic  archi- 


tecture were  brought  to  perfection  during  this  period, 
they  cannot  be  better  introduced  than  in  this  place. 
Among  these  the  use  of  crockets  is  a  prominent  fea- 
ture :  these  are  small  bunches  of  foliage  running  up 
the  side  of  the  gablet,  afterwards  improved  into  the 
ogee  canopy  over  doors,  windows,  and  ornamental 
arches,  and  finished  by  a  combination  of  two  or  more, 
called  &  finial,  which  is  separated  from  the  rest  by  a 
small  moulding.  They  are  also  used  to  decorate  the 
angles  of  pinnacles.  Another  peculiarity  of  Gothic 
architecture  is  the  feathering  of  windows,  screen- 
work,  ornamental  arches,  panels,  and  sometimes 
doors.  It  is  called  trefoil,  quatrefoil,  or  cinquefoil, 
according  to  the  number  of  segments  of  circles  (which 
are  called  cusps)  of  which  it  is  composed.  A  very 
beautiful  door  thus  ornamented,  still  exists  in  St. 
Stephen's  Chapel,  Westminster,  now  the  House  of 
Commons. 

Although  the  grotesque  is  the  prevailing  character 
of  the  sculpture  employed  in  the  decoration  of  Gothic 
architecture,  many  small  ornaments  are  found,  parti- 
cularly in  this  style,  designed  with  taste  and  executed 
with  the  utmost  delicacy^  They  are  copied  from  the 
beautiful  though  humble  flowers  of  the  field,  and  are 
in  many  instances  local. 

We  have  compared  the  former  style  to  the  Doric 
of  the  Greeks,  and  the  present  may  with  little  less  pro- 
priety be  likened  to  the  Ionic  of  the  same  people. 
Boldness  with  simplicity  characterize  the  first ;  ele- 
gance and  delicacy  the  second.  In  both  Greek  and 
Gothic  orders,  ornament  to  profusion  is  allowable ; 
yet  in  neither  does  it  interfere  with  the  composition, 
and  may  be  entirely  omitted.  From  this  circum- 
stance arises  an  universal  applicability,  belonging  only 
to  the  far-famed  "  happy  medium/'  so  often  talked  of, 
so  seldom  attained.  In  grandeur  of  composition, 
simplicity  of  arrangement,  elegance  of  form,  and  per^ 
fectum  of  capability,  this  style  is  therefore  unrivalled, 
and  may  be  used  with  advantage  for  every  purpose  of 
civil  architecture.  It  is,  however,  perhaps  peculiarly 
adapted  for  all  churches  whose  size  and  situation 
render  them  of  importance ;  and  in  such  large  build- 
ings where  Gothic  architecture  may  be  thought  de- 
sirable, as  are  of  sufficient  consequence  to  allow  the 
architect  to  think  of  delicacy  in  the  design  of  his 
details. 

The  last  of  the  three  grand  divisions  of  Gothic  ar- 
chitecture is  the  Perpendicular  Style,  commencing  in 
the  end  of  the  second,  and  finally  overwhelmed  by  its 
own  superfluity  of  decoration  and  uncompromising 
minuteness.  It  was  not  wholly  lost  sight  of  before 
the  reign  of  James  the  First,  when  few  buildings  were 
erected  without  a  mixture  of  Italian  work. 

The  Perpendicular  Style,  like  the  others,  is  most 
readily  distinguished  by  its  windows  (whence  it  also 
derives  its  appellation) ;  the  mullions  of  which,  in- 
stead of  being  finished  in  flowing  lines,  or  geome- 
trical figures,  are  carried  perpendicularly  into  the 
head.  They  are  further  distinguished  by  a  transom 
or  cross  mullion,  to  break  the  height,  under  which  is 
usually  a  feathered  arch,  and  sometimes  it  is  orna- 
mented above  by  small  battlements.  The  architraves 
of  windows  in  this  style  have  seldom  shafts  or  mould- 
ings as  in  the  former,  but  are  worked  plain,  and  fre- 
quently with  a  large  hollow.  Although  these  win* 
dows  do  not  admit  of  any  great  variety  in  the  dispo- 
sition of  the  tracery,  they  are  far  more  numerous 
than  those  of  either  of  the  other  styles ;  few  speci- 
mens of  which  remain,  that  do  not  bear  marks  of 
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the  rage  for  alteratioii  which  q>pean  to  have  pre- 
vailed at  thie  period. 

The  dw/TB  of  this  style  art  remarkably  varied  from 
those  of  the  preceding  ones,  by  the  arch  being  finished 
by  a  horizontal  moulding,  which  is  continued  down 
to  the  springing  of  the  arch,  and  then  shortly  re- 
turned.  This  is  called  a  kibel:  the  space  enclosed 
by  it,  and  the  exterior  line  of  the  arch  is  called  the 
ipumdrel,  which  is  commonly  filled  with  a  circle  en- 
closing a  quatrefoil  or  other  circular  ornament. 

The  steepUt  of  this  style  are  for  the  most  part  ex- 
tremely rich :  spires  are  seldom  met  with,  but  lan- 
terns are  frequently  used.  A  lantern  is  a  turret 
placed  above  a  building,  and  pierced  with  windows 
80  as  to  admit  light  into  the  space  below.  This  is 
sometimes  placed  on  the  top  of  a  tower,  as  at  Boston, 
,  and  supported  with  fiying  buttresses  springing  from 
it,  and  sometimes  constitutes  the  tower  itself,  as  at 
York,  Peterborough,  and  Ely  Cathedrals^  where  it  is 
placed  at  the  intersection  of  the  cross,  and  has  a  very 
fine  effect.  The  exterior  angles  are  frequently  con^ 
cealed  by  octagonal  turrets  containing  staircases,  but 
usually  strengthened  by  buttresses  either  double  or 
diagonals  A  most  beautiful  finish  for  a  steeple  is 
found  in  that  of  the  church  of  Newcastle-upon-Tyne, 
where  a  small  square  tower  (each  side  of  which  is 
nearly  occupied  by  a  window)>  surmounted  by  a 
spire,  is  wholly  supported  by  arch  buttresses  spring- 
ing from  the  pinnacles  of  the  great  tower. 

Groining,  in  perpendiculiur  work,  assumes  a  new 
and  more  delicate  character.  A  number  of  small  ribs 
diverging  from  a  centre,  are  carried  up  in  the  form 
of  one  side  of  a  pointed  arch,  and  terminated  tqui- 
distantly  from  that  centre  by  a  semicircle.  As  they 
recede  from  the  point,  they  are  divided  by  smaller 
libs  or  muUions,  and  those  again  subdivided  (accord- 
ing to  the  size  of  the  rooO  so  as  to  make  all  the 
panels  of  nearly  equal  size.  These  panels  are  orna- 
mented with  feathered  arches,  &c.  in  the  same  manner 
as  the  windows,  in  conformity  to  which  the  whole  is 
desismed.  The  intervals  between  these  semicirdes 
are  filled  vrith  tracery  of  the  same  descnption.  This 
kind  of  roof  is  called  fan  tracery:  it  b  exquisitely 
beautiftd,  and  almost  the  only  kind  of  groinmg  used 
in  this  style.  Another  description  of  roof  must  now 
be  mentioned,  of  very  different  character;  this  is 
the  timber  roof,  of  which  Westminster  Hall  pre- 
sents so  magnificent  an  example.  Plate  4,  fig.  3. 
Here  the  actual  timbers  of  the  roofs  are  so  arranged 
as  to  form  an  architectural  combination  of  great 
beauty :  a  wooden  arch  springs  from  each  side  of  the 
J  building,  supporting  a  pointed  central  one,  finished 
downwards  with  pendants :  the  rest  of  the  framing 
is  filled  wi^  pierced  panelling.  This  kind  of  roof 
is  not  found  in  churches,  but  it  seems  well  adapted 
fbr  large  halls,  appropriated  to  public  business,  or 
any  place  intended  for  the  occasional  reception  of 
large  meetings. 

llie  piers  are  remarkable  for  their  depth  in  propor- 
tion to  their  vridth :  frequently  there  is  a  flat  face  of 
considerable  breadth  in  the  inside  of  the  arch,  and  a 
shaft  in  front  running  up  to  support  the  groining. 
The  capitals,  when  there  are  any,  axe  generally  com- 
posed with  plain  mouldings,  but  there  is  sometimes 
a  four-leaved  square  flower  placed  in  ^e  hollow. 

The  buttresses  and  jmmaeles  contain  little  remark- 
able, and  are  only  distmguished  from  those  of  the  last 
style  by  their  extraneous  ornaments,  if  they  have 
any :  the  buttresaes  are  sometimes  paneUed>  and  in 


some  very  late  specimens  the  pinnacles  are  in  the 
form  of  domes,  of  which  the  contour  is  an  ogee  arch. 

The  parapets  of  this  style  are  ffenerally  embattled 
and  pierced ;  they  are  worked  wim  great  delicacy  iit 
the  form  of  quatrefoil  circles,  &c. 

Having  in  the  preceding  pages  briefly  detailed  the 
various  Styles,  we  may  now  furnish  a  few  examples  of 
their  application  in  various  edifices.  The  first  of  these 
is  represented  in  Plate  2,  Fig.  1,  Fine  Arts,  forming  the 
porch  of  Reddiffe  Church,  Bristol.  The  exact  date  of 
this  part  of  the  edifice  is  not  known,  but  the  external, 
arch  is  very  similar  to  one  in  the  Church  of  Batalha^, 
which  was  erected  in  the  fourteenth  century.  It  af- 
fords a  very  rar6  and  beautiful  example  of  the  combi* 
nation  of  the  pointed  arch  with  the  morisco  doorway« 

The  interior,  fig  2,  which  forms  our  othsr.  example, 
is  copied  from  King's  College  Chapel,  Cambridge,  and 
in  point  of  elegant  enriclmient  it  has  long  been  the 
admiration  of  all  Europe.  We  have  here  at  one  view, 
the  whole  system  of  dustered  columns  and  groined 
roofing,  which  has  served  to  render  this  style  of  archi- 
tecture so  peculiarly  fitted  for  large  and  solemn  edi- 
fices.   The  first  stone  of  this  edifice  was  laid  in  1441. 

Plate  3,  fig.  1,  represents  the  magnificent  architec- 
ture of  Egypt ;  fig.  2  of  the  same  plate  represents  the 
front  view  and  elevation  of  a  Doric  temple ;  fig.  3, 
that  of  an  Ionic  temple }  and  in  fig.  4,  the  general 
effect  df  the  Roman  or  Composite  order  is  given,  the 
other  plates  giving  the  details,  are  referred  to  in  the 
body  of  the  article. 

Architrave,  in  Architecture,  the  lower  division  of 
an  entablature,  or  that  part  which  rests  immediately 
on  the  column.  In  all  the  ancient  examples  of  the 
Doric  order  still  existing  in  Greece,  such  as  those  at 
Athens  and  Corinth,  and  also  those  at  Ptestum,  and 
in  Sicily,  it  has  only  one  facia,  and  is  of  great  height,, 
being  nearly  equal  to  the  diameter  of  the  column.  In 
the  Doric  order  of  the  theatre  of  Marcellus  at  Rome,, 
it  has  only  one  facia,  but  is  much  lower,  being  only 
equal  to  half  a  diameter  of  the  column.  The  modems, 
such  as  Vignola,  Scamozzi,  &c.  have  generally  con- 
fined it  to  this  proportion  nearly^  but  have  divided  it 
into  two  facias,  taking  the  idea  from  some  andent 
examples  of  the  Doric  order  in  Italy.  This  term  is 
sometimes,  though  erroneously,  applied  to  doors  and 
windows. 

Archivault,  the  contour  of  an  arch,  or  a  fiame 
set  off  with  mouldings  running  upon  the  faces  of  the 
arch-stones,  and  bearing  upon  the  imposts. 

ARCTATfo,  a  constipation  of  the  mtestines  from 
inflammation,  or  a  preternatural  straightness  of  the 
pudendum  muiiebre. 

Arctic,  in  Astronomy,  an  epithet  given  to  the 
north  pole,  or  the  pole  raised  above  our  horizon.  It 
is  called  the  arctic  pole,  fhim  the  constellation  of  the 
Little  Bear,  nearly  pointing  out  the  north  pole. 

The  arctic  circle  is  a  lesser  circle  of  the  sphere,, 
parallel  to  the  equator,  passing  through  the  north 
pole  of  the  ecliptic,  and  23^  28'  distant  from  the  ncuth 
pole,  from  whence  its  name.  This  and  its  opposite» 
the  antarctic,  are  called  the  two  polar  cirdes)  and 
may  be  conceived  to  be  described  by  the  motion  of 
the  poles  of  the  ecliptic,  round  the  poles  of  the  equa- 
tor, or  of  the  world.  The  arctic  drde  is  the  boun- 
dary of  the  north  frigid  zone. 

Arctophylax,  in  Astronomy,  the  Bear- Ward,  a 
name  for  Bootes. 

Arcturus,  in  Astronomy,  a  fixed  star  of  the  firsi 
magnitude,  in  the  oonstellation  of  Arctophylax, .  or 
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ARCTU 
fiafilM.    TUa  sbrwu  kBMfn  totheuidents,aadb 
Buntioned  by  Job,  and  also  hj  Virgil. 

Axcnr*,  —  aj-.- .-j  -  ..—  giTcn  b;  dit  Gneks 
to  two  m—lgll>tioai  of  the  mutbein  hooisphere;  b; 
the  Latua  called  una  nutJM  and  miaor ;  and  by  us 
tha  gnater  and  lesBer  bear. 

hkcKiAtio ;  a  gibbosity  of  tlie  fore  puts,  with  a 
(wratkiB  of  tha  bone  of  the  iterBiim  o<  tba  tibia,  or 
danal  vertekne. 

AacDBAuaxA.     See  Balibta. 

AaDA««>*  i  a  peculiar  coaiae  luad  of  silk  Mcd  is 
Ftaaia. 

AaDAStiKXS ;  the  dawovoi  silk  knows  under  this 
■aoM  afiind*  a,  itriking  cootnst  to  that  alluded  to  io 
Ae  previoMa  ankle.    It  w  the  finest  used  in  the 

Akbok  V>N9kicvLa;  a  Ttiitatu  of  the 


Aaaa.  in  GmmHwy,  the  iopeiScial  contents  of  any 
SgaR,as  a  triangle,  ^aadraagle,  kc,  which  is  eitt- 
Mrtad  by  auall  aqBares,  or  parts  of  sqnacea. 

Auj>,  ta  Ardiiltetim,  strictly  •  dry  pUte,  b«t 
more  gmoally  applied  t»  the  open  apac*  at  the 
bottesn  of  a  bonse. 

AuXA,  an  obaoieU  tena  for  gravel  in  the  bamaa 
body. 

Ammha,  in  jlrckilKtm*,  tha  whole  interaal  plan  of 

Axaoi^A ;  the  eoloared  circle  roond  die  breast. 

Anbsw  «b  aktfifl  term  descriptiiB  of  the  great 
firatcaiue. 

Akou.  ;  cmde  tartar  in  the  state  in  which  it  is 
takes  eat  of  emptj-  win»-vesstls. 

A>*AVD  Lakp.     See  LAiir. 

AkaaiiA  ;  a  disease  of  the  eye. 

AssBFT,  in  fleraUry,  a  term  used  ta  doaote  the 
white  coloot  of  a  ihidd,  and  in  sevnml  term*  of  art 
OBphtyed  by  the  gf^ibnulhs  to  denote  silver. 

Absbhtum  Auvm  ;  a  term  anciently  employed 
for  vher  money. 

AaOBimtM  MosAicoM  ;  an  amalgam  of  tin,  bi»- 
math,  and  assrcnry,  smplojed  for  colouring  plaster 
of  Paris. 

AxaKTai'An;  a  star  of  the  fourth  magnitade  in 
the  fonitrllatifm  Eridaiaae. 

AnsiixAcaooB ;  white  pore  earth.  1^  arpHa' 
ceooB  eartha  generally  are  the  basis  of  CMthcnwaMat 

Abbd;  aeooatellationiB  the  EOOthem  hemispbenk 

AasviuHT,  in  Ailnuomf,  any  quanlity  or  e^ua- 
tion  on  irikich  depend*  another  quantity  rclatii^  to 
thamotka  of  the  planets;  oi,  in  other  wmds,  it  is  as 
arc  wherehy  anouer  arc  la  to  be  sought,  bearing  a 
cstain  pvoportioD  to  the  first  arc.  The  afgunvent  is 
of  difeent  kinds,  namely — argument  of  inclinationa 
■r  argnaevt  erf  latitode.  the  arc  ef  a  planet's  orbit, 
■nterecplcd  between  the  ascending  node  and  the  ^aca 
of  the  planet  ftotn  the  son,  numbered  accordiag  ts 
tha  inecassion  of  the  aipu.  Meutrual  a^Dmest  of 
laritnd*  is  the  distance  of  the  Bioon'e  true  place  frcoa 
the  ana's  tme  place,  by  wbkh  is  found  the  quantity 
of  the  leal  ohonuatioB  in  edtpses.  Annnat  atpiBiirat 
of  the  moon's  apogee,  the  distance  of  the  sun's  placs 
from  the  bwob's  apogee,  that  is,  an  arc  of  the  ecliptk, 
comprised  between  these  two  places.  Argument  of 
the  parallSK,  denotes  the  effect  it  producea  on  thi 
obsnvatioB,  wltich  serve*  for  determining  the  tnu 
qaantity  of  the  boriiontnl  parallai. 

AaaraorKs.    The  art  a(  making  atlvn  by  the  al- 
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Akidkdi  a  fixed  star  of  Qte  second  magnitude  in 
the  Swan's  Tail. 

AniDDBA,  in  Msdicne,  a  term  employed  to  de- 
scribe a  general  wasting  of  the  body. 

Aiuas;  <me  of  the  twelve  sign*  of  the  zodiac.  It 
is  usually  termed  the  vemal  sigik. 

Amis;  th«  oci^Dsl  name  for  the  battering-ram. 
In  tracing  the  progress  of  invention,  it  is  cnnous  to 
observe  liow  moch  more  rapidly  the  destructive  arts 
advance  than  those  which  ar«  intended  for  the  beaeSt 
and  real  advantaga  of  mankind.  Tlie  hurling  of  a 
stone  by  manoai  strength  wu  speedily  sacceeded  by 
the  sliag,  balistai  sod  aries ;  and  m  thfe  sane  way  we 
find  in  the  very  infancy  of  the  aits  the  Greek  fire 
taking  the  place  of  aimple  bitumen,  and  that  spin 
superseded  by  gunpowder,  which  appears  likely  to 
be  superseded  by  the  transatlantic  invention  of  high- 
pressure  steam. 

The  ansa,  as  an  instrument  for  battering  wsUs,  is 
said  ta  have  been  invented  by  Artemanes  of  Calzo- 
mens,  a  Greek  srchitect  who  fiourished  441  B.  C. 
The  "■"■T''-"  is  thus  described  by  Josepbus :  "  It  is 
a  vsat  beam,  like  the  mast  of  a  ship,  strengthened  at 
one  end  with  a  head  of  iron,  something  resembling 
that  of  a  ram,  whence  it  took  its  name.  This  was 
sometiraea  supported  bj  men,  and  at  other  times 
hnug  by  the  middlis  with  ropes  to  another  beam, 
which  lay  across  two  posts ;  and  hanging  thus  equally 
balanced,  it  was  by  a  great  number  of  men  drawn 
backwards  and  poshed  forwards,  striking  the  vail 
with  its  inm  head.  But  this  engine  did  most  eiecu- 
tion  when  it  was  mounted  on  wheels,  which  is  said 
to  have  been  first  done  at  the  siege  of  DyzantiaiQ 
under  Philip  of  Macedon."  Flntuch  informs  ua, 
that  Marc  Antony  in  the  Parthian  wu  made  use  of 
a  ram  fourscore  feet  long ;  and  Vitmviua  sayi,  Uiat 
they  were  sometimes  106  snd  sometimes  130  feet  in 
length ;.  and  to  this  moch  of  tlie  fbrce  and  stre:wth 
of  the  engine  wss  in  a  great  measure  owing.  "The 
rant  was  managed  at  one  time  by  a  whole  century  of 
soldiers ;  and  uiey  being  spent  were  replaced  by  an- 
other  centary,  so  tliat  it  operated  continually. 

In  the  graphic  delineation  beneath,  the  ories  is 
sacn  IB  operation  in  the  foreground,  supported  on 
the  shoulders  of  seven  soldiers,  and  the  men  hating 
given  momentum  to  the  tarn  by  retreating  s  few  ateiis, 
are  sn{^Msed  to  ba  advancing  to  the  attack  and  strkk 
ing  the  stones  with  the  whole  weisht  of  their  bodies 
acting  in  onison  with  the  nun  head.  It  may  be 
proper  toobserve,  dtat  the  aries  owed  all  its  force  to  its 
being  drivQS  perpendicular  to  the  surface  of  the  stone. 


We  alliide  to  this,  w  the  vti»  has  by  a  lUgU 
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misconception  made  it  strike  obliqaely.  At  tbe  back 
of  this  stirring  scene  a  similar  beam  suspended  by  a 
chain  is  made  to  operate  by  piercing  the  wail  with  a 
pointed  iron  head. 

Arish  ;  a  Persian  measure  of  length  containing 
about  thirty-eight  inches. 

Arista,  in  Astronomy,  an  obsolete  term  for  the 
spica  virginis. 

Arithmetic,  the  science  whose  object  it  is  to  in- 
vestigate the  relations  and  properties  of  numbers. 

Of  the  origin  and  early  progress  of  arithmetic  we 
know  nothing ;  the  remotest  source  to  which  we  can 
trace  it  is  Egypt,  whence  it  is  said  to  have  been  brought 
to  Greece  by  Thales  the  Milesian,  about  600  years 
before  Christ.  The  oldest  treatise  on  the  subject  is 
that  written  by  Euclid,  the  celebrated  Greek  geo- 
meter, and  is  contained  in  the  seventh,  eighth,  and 
ninth  books  of  his  Elements. 

The  Greeks,  in  counting  numbers,  reckoned  as  we 
do  by  periods  of  ten ;  this  we  perceive,  from  the 
structure  of  the  words  of  their  language,  used  to  sig- 
nify numbers  greater  than  ten.  Thus  the  term  for 
eleven,  is  a  compound  of  one  and  ten ;  for  twelve,  of 
two  and  ten ;  and  thirteen,  fourteen,  &c.  up  to  ttventy, 
are  literally  expressed  by  three  and  ten,  four  and  ten, 
and  so  on.  But  though,  in  reckoning,  the  Greeks 
divided  numbers  into  the  same  periods  as  we  do, 
their  method  of  representing  them  in  a  written  form 
more  concise  than  that  of  ordinary  language,  was  to- 
tally different  from  ours.  They  were,  it  is  well  known, 
ignorant  of  our  system  of  decimal  notation,  which 
may  indeed  be  termed  one  of  the  simplest  and  most 
perfect  of  human  inventions,  as  it  enables  us  to  repre- 
sent any  number,  however  great,  by  means  of  only 
ten  characters. 

The  earlier  marks  employed  to  represent  numerals 
were,  of  necessity,  suited  to  the  nature  of  the  mate- 
rials on  which  they  were  inscribed,  and  the  quality  of 
the  instruments  employed  to  trace  them.     In  carving 
on  pillars  of  stone,  none  but  straight  lines  are  capable 
of  being  cut  with  facility,  and  this  remark  applies 
still  stronger  to  materials  of  wood.     Hence  the  pri- 
mary numeral  characters,  like  the  early  forms  of  the 
letters  of  the  alphabet,  which  are  preserved  with  little 
variation  in  the  capitals  which  we  employ,  were 
wholly  of  this  nature.     When  this  method  was 
brought  to  some  degree  of  perfection,  the  uniform 
broad  strokes  were  dismissed,  and  the  letters  of  the 
alphabet  which  most  resembled  their  several  combi- 
nations  were  adopted  in  place  of  them.     But  when 
the  Greek  alphabet  was  extended  and  improved  by 
the  introduction  of  the  small  characters,  these  were 
sometimes  employed  in  their  natural  succession  to 
signify  the  lower  ordinal  numbers,  an  arrangement 
which  we  observe  in  the  heading  of  the  books  of  the 
Iliad  and  Odyssey.   The  first  letter,  a,  was  the  figure 
which  they  used  to  represent  one  ;  the  second,  /3,  de- 
noted two  ;  the  third,  y,  three,  and  so  on,  up  to  w,  or 
twenty-four,  which  was  necessarily  the  limit  of  this 
notation.    A  second  method  consisted  in  the  adop- 
tion of  the  initial  letters  of  the  words  expressing  cer- 
tain numbers  as  representations  of  those  numbers. 
Thus  the  n  of  HENTE  stood  for  five,  the  A  of  AEKA 
for  ten,  the  H,  which  is  the  first  letter  of  the  aspirated 
'EKATON,  for  an  hundred,  the  X  of  XIAlAfor  a  thou- 
tand,  and  the  M  of  MTPIA  for  ten  thousand.    In  order 
to  extend  this  notation,  a  simple  and  ingenious  device 
was  resorted  to;  a  large  n  placed  over  or  around 
any  letter  augmented  its  value  five  thousand  times ; 


thus  \a\,  denoted  fifty  thouiBand,  and  |fl[five  hunclred 
thousand. 

But  a  mighty  improvement  was  afterwards  effected 
by  the  Greeks  in  their  arithmetical  notation.  The 
twenty-four  letters  of  the  alphabet  were  distributed 
into  three  classes,  correspondmg  to  units,  tens,  and 
hundreds ;  and  to  complete  the  characters  for  the 
nine  digits,  three  additional  marks  were  introduced. 
Thus  the  first  eight  letters  with  an  additional  cha« 
racter,  represented  the  units ;  the  next  eight  with  an 
additional  character,  represented  the  tens ;  and  the 
remaining  eight  with  another  additional  character, 
the  hundreds.  This  arrangement  of  the  symbols  it 
is  obvious  could  extend  only  to  the  expression  of 
the  number  nine  hundred  and  ninety-nine;  but  by 
writing  an  iota  under  any  letter,  the  value  of  it  was 
augmented  a  thousand  times.  And  by  subscribing 
the  letter  M,  the  initial  letter  of  the  word  signifying 
a  myriad  or  ten  thousand.  A  sttll  further  advance 
was  made,  and  the  power  of  the  letters  increased 
ten  thousand  fold.  This  latter  object  was  sometimes 
more  simply  attained  by  placing  two  dots  over  the 
character,  whose  value  was  to  be  augmented. 

Such  is  briefly  the  very  beautiful  and  ingenious 
system  of  numeration  which  prevailed  amongst  the 
Greeks.  It  was  on  the  whole  remarkably  compact, 
and,  as  an  instrument  of  calculation,  might  be  deemed 
sufiicient  for  every  practical  purpose;  but  to  fulfil 
the  objects  of  science  something  more  vras  necessary. 
The  penetraating  genius  of  Archimedes  quickly  sup- 
piled  the  desideratum.  In  a  curious  tract,  entitled 
Arenarius,  this  philosopher  amused  himsdf  with 
showing,  that  it  was  possible,  assuming  the  estima- 
tion of  Aristarchus  of  Samos,  and  oliier  astronomers 
of  that  age,  to  represent  the  number  of  particles  of 
sand  which  would  be  required  to  fill  the  sphere  of 
the  universe.  He  took  the  limit  of  the  ordinary  nu- 
meral system,  or  ten  thousand  times  ten  thousand, 
that  is,  an  hundred  millions,  as  the  root  of  a  new 
scale  of  progression,  which  therefore  advanced  eight 
times  faster  than  the  simple  decimal  notation.  Suc- 
cessive periods,  which  he  termed  oetada,  were  thus 
formed  rising  above  each  other  by  the  continued 
multiplication  of  an  hundred  millions.  Archimedes 
proposed  to  carry  this  comprehensive  system*  as 
far  as  eight  periods,  which  would  therefore  corre- 
spond to  a  number  expressed  in  our  mode  by  sixty- 
four  digits.  From  the  nature  of  a  geometrical  pro- 
gression, he  demonstrated  that  proportional  num- 
bers would  range  at  equal  distances ;  and,  conse- 
quently, that  the  product  of  any  two  numbers  must 
have  its  place  determined  by  the  sum  of  the  separate 
ranks,  a  principle  which  involves  the  theory  of  loga- 
rithms. 

The  fine  speculation  of  the  Sicilian  pbiloeopher 
does  not,  however,  appear  to  have  been  carried  into 
effect ;  and  without  actually  performing  those  calcu- 
lations, he  contents  himself  with  merely  pointing  out 
the  process,  and  stating  the  approximate  results. 
But  ApoUonius,  the  most  ingenious  and  inventive, 
next  to  Archimedes,  of  all  the  ancient  mathemati- 
cians, resumed  that  scheme  of  numeration,  simplified 
the  construction  of  the  scale,  and  reduced  it  to  a 
commodious  practice.  For  greater  convenience,  he 
preferred  the  simple  myriad  as  the  root  of  the  dystem, 
which,  therefore,  proceeded  by  successive  periods, 
corresponding  to  four  of  our  digits,  and  distinguished 
by  breaks  or  blanks. 
But  the  Greek  notation  was  not  adapted  for  the 
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JcBCtnd'mg;  scale.  To  etpnis  fncfbaoM,  two  distinct 
SKtbods  were  followed ;  if  the  numerator  were  unity, 
die  fraction  was  indicated  by  accenting  the  denomi- 
nator ;  in  other  cases*  the  denominator  was  written 
a  little  above  to  the  right  hand  of  the  numerator. 
fhe  laborious  operations  required  for  the  manage- 
ment of  complex  fractions  gave  rise  to  the  sexagesimal 
aritiimetic  tiie  introduction  of  which,  about  the  year 
190,  is  commonly  ascribed  to  Ptolemy.  In  this  no- 
tation, which  was  suggested  by  the  astronomical 
division  of  the  circle,  the  integral  numbers  from  one 
to  59,  were  expressed  in  the  ordinary  manner ;  60 
was  called  a  texagtaima  prima,  and  was  denoted  by 
imity  with  an  accent  placed  over  it ;  120,  or  twice 
ao,  was  represented  by  two,  accented ;  240,  or  four 
times  60,  by /oar  accented,  and  so  on  till  3,600,  or  60 
times  60,  whidi  was  cmlled  seM^emia  $ecttnda,  and 
expressed  by  unity  with  two  accents.  Then  60  times 
3,600,  or  60  multiplied  by  itself  twice,  was  repre- 
sented by  nmty  with  three  accents,  and  so  on.  If  the 
nmnber  to  be  represented  were  not  an  exact  multiple 
of  60,  ^le  portion  of  it  which  was  the  greatest  multiple 
was  written  with  its  proper  number  of  accents,  and 
the  excess  was  joined  to  it  without  any ;  thus  3,614 
would  l»f«  been  expressed  by  writing  tiie  character 
for  sue  with  two  accents,  and  annexing  the  number 
14  vmtten  in  the  ordinary  manner.  The  operations 
with  sexagesimal  fractions  were  performed  in  Che 
^IfiifMifu^ing  scale  on  a  principle  quite  similar  to  that 
which  Archimedes  had  before  laid  down«  Each  pe- 
riod of  the  multiplier  was  multiplied  into  a  period  of 
ftkt  multiplicand,  and  this  product  was  then  thrown 
to  a  rank  depressed  as  much  as  the  conjoined  de- 
scents of  the  two  factors. 

We  hajre  thus  very  briefly  noticed  the  method  of 
notation  whidi  was  adopted  oy  the  Greeks ;  for  a  fuller 
aeconnt  of  Uiat,  and  the  systems  employed  by  other 
BatioBS,  we  must  refer  to  the  article  Numerals.  We 
may  htn  however  observe,  that  the  great  and  radical 
ddiect  of  the  Greek  system  consisted  in  the  want  of 
a  general  mark  analogous  to  our  cypher,  and  which 
witboot  having  any  ^ue  itself,  should  serve  to  as- 
certain the  rank  or  power  of  the  other  characters  by 
filling  up  the  vacant  places  in  the  scale  of  numeration. 
Had  ApoUonius  classed  the  numerals  by  triads  in- 
stead of  tetrads,  he  would  have  greatiy  simplified  the 
arrangement,  and  avoided  the  confusion  arising  from 
the  admixture  of  the  punctuated  letters  which  were 
vatd  to  express  thousands.  The  extent  of  the  alpha- 
bet was  fanmrable  to  the  first  attempts  to  represent 
nombers  by  symbols;  since,  with  the  addition  of 
three  intercalations,  it  furnished  characters  for  the 
whole  range  below  a  thousand;  but  that  very  cir- 
cttmstance  in  the  end  proved  a  bar  to  future  im- 
provonents.  It  would  have  been  a  most  important 
stride  to  have  next  exchanged  those  triads  into  monads, 
by  «tiifr»^H">g  the  letters  expressive  of  tens  and  hun- 
dreds, and  retaining  only  the  first  class,  which  with 
its  inserted  diaracter  should  denote  the  nine  digits. 
The  iota,  which  signified  ten,  now  losing  its  force, 
aught  have  been  employed  as  a  convenient  substitute 
for  the  cypher.  By  such  progressive  changes,  the 
arithmetical  notation  of  the  Greeks  would  at  last 
have  reached  its  utmost  perfection,  and  have  exactly 
resembled  our  own.  A  wide  interval  no  doubt  did 
still  remain ;  yet  the  genius  of  that  acute  people,  had 
it  oootinoed  unfettered,  would  in  time,  we  may  pre- 
i,  have  triumphantly  passed  the  intervening  boun- 


Our  modem  system  of  notation  we  unqueMionably  '^ 
derived  from  the  Arabians,  who  had  themselves  ob- 
tained this  invaluable  acqxiisition  from  their  extended 
communication  with  the  east.  It  seems  to  be  pretty 
generally  determined  that  the  mode  of  expressing  any 
number,  however  great,  by  means  of  nine  significant 
characters,  and  a  blank  one  eniployed  to  keep  the 
others  in  their  places,  was  known  in  Hindoostan  as 
early  as  the  sixth  century,  whence  it  was  introduced 
into  Arabia  about  the  middle  of  the  thirteenth, 
though  some  would  refer  it  to  an  earlier  date.  The 
period  of  the  introduction  of  these  digits  into  Europe 
is  a  question  which  has  occasioned  much  discussion. 
By  some  it  is  dated  so  early  as  the  beginning  of  the 
eleventh  century,  while  others  are  disposed  to  place 
it  two  hundred  and  fifty  years  later.  As  they  were 
doubtiess  first  used  by  astronomers,  and  afterwards 
circulated  in  the  almanacks  over  Europe,  Kircher 
with  some  air  of  probability  would  refer  their  intro- 
duction to  the  astronomical  tables  published  by  the 
celebrated  Alphonso,  king  of  Castile,  in  1252.  But 
it  is  suspected  that  in  the  original  work  the  numbers 
were  expressed  in  Roman  or  Saxon  numerals,  espe- 
cially as  two  letters  from  the  same  monarch  to  Edward 
the  First  of  England,  which  are  preserved  in  the 
Tower  of  London,  have  the  dates  1272,  and  1278, 
still  denoted  by  those  ancient  characters.  One  of 
the  oldest  authentic  dates  in  the  Arabic  figures  is 
that  of  the  year  1375,  which  appears  in  the  hand- 
writing of  Petrarch,  on  a  copy  of  St.  Augustine  which 
had  been  in  his  possession.  Although  at  that  period 
the  use  of  these  characters  was  still  confined  to  men 
of  learning,  it  had  already  begun  to  spread  in  Eu- 
rope. 

We  have  said,  that  our  mode  of  notation  by  nine 
significant  characters  and  a  blank  one,  was  known  as 
early  as  the  sixth  century  in  Hindoostan.  There  is 
little  doubt  but  that  the  Chinese  were  acquainted 
with  the  system  many  centuries  earlier;  and  it  is 
remarkable,  that  while  all  the  European  nations  have 
stopped  at  the  ninth  digit,  the  Chinese  from  the  ear- 
liest antiquity  have  proceeded  direct  from  one  to  ten, 
without  the  use  of  the  zero  or  cypher,  and  employing 
no  combination  as  the  Europeans  do.  From  ten  they 
proceed  thus : — ^ten  and  one,  ten  and  two,  ten  and 
three,  &c.  Twenty  is  expressed  by  two  and  ten ; 
twenty-one,  by  two  ten  and  one,  &c.  They  have 
characters  expressive  of  hundred,  thousand,  and  ten- 
thousand:  hence,  two  hundred,  two  thousand,  or  two 
ten-thousand,  would  have  the  numeral  fii;o  preceding 
it,  or  in  their  mode  of  placing  the  figures,  over  it,  as 
they  read  from  the  top  to  the  bottom  of  the  page. 

The  first  work  on  arithmetic,  printed  in  England, 
is  that  of  Cuthbert  Tonstall,  bishop  of  Durham.  It  b 
entitied  De  Jrte  Suppuiandi  libri  quaiuor,  and  issued 
from  the  press  of  Pynson,  in  1522.  A  copy  upon 
vellum,  supposed  to  have  been  Tonstall's  own,  and 
possessing  his  autograph,  is  preserved  in  the  library 
of  Corpus  Christi  College,  Oxford.  In  1 585  appeared 
La  Pratique  d* AritknUHque,  by  Simon  Stevin;  to 
which  was  attached  a  treatise,  entitied  La  Dieme,  in 
which  decimal  fractions  were  for  the  first  time  con- 
sidered. Previous  however  to  this  publication,  Peter 
Ramus  had  used  decimal  periods  in  performing  the 
extraction  of  the  square  root  of  fractions ;  and  ac- 
cording to  Dr.  Wallis,  our  countrymen  Buckley  and 
Recorde,  had  employed  a  similar  method  for  the 
same  purpose  as  early  as  1550.  But  Stevin  was  un- 
doubtedly the  first  author  who  professedly  wrote  on 
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Ihis  subject;  h»  'work  wm  sdbsaqwmdf  tna»Uted 
into  English  m  1608.  Tke  theory  nd  notation  of 
dccnnals  were  after  M»«ds  greatly  improved  by  Bftron 
N^xer,  in  his  RhtMUogiOrWOkd  anthnetic  was  brought 
to  its  prttent  state  by  the  discovery  of  coatiDued 
fractions,  which  was  made  by  Lord  Brounkcr  in  1670, 
and  whkh  enabled  him  to  approximate  very  acar  to 
the  ratio  of  the  circumference  of  the  circle  to  its 
diameter* 

NUMERATION. 

The  first  elements  of  arithmetic  are  acquired  by  us 
during  oar  in£uicy.  A  knowledge  of  our  present 
mode  of  reckoning  and  writing  nmabers  is  attained 
at  so  early  an  age  that  we  hardly  recollect  how  we 
began.  As  soon  as  we  are  able  to  exercise  our  rea- 
•oning  faculties,  we  find  ourselves  in  the  habit  of 
countmg  by  tens,  and  so  simple  and  natural  does  the 
method  i4>pear,  that  without  reflecting  on  the  means 
formerly  practised  by  nearly  aU  the  world,  and  still 
m  use  among  savages  for  effecting  the  same  object, 
we  are  induct  to  conclude  that  it  arises  from  some- 
thing inherent  in  the  nature  of  numbers,  and  that  we 
acquired  it  simultaneously  witii  our  ideas  of  them. 
But  a  little  consideration  will  enable  ua  to  see  the 
impropriety  of  such  a  conclusion. 

The  idea  of  numbers  having  been  acquired,  it  is 
natural  to  suppose  that  our  notions  of  those  whidi 
most  frequently  present  themselves  should  be  more 
clear  than  of  any  others.  The  perpetual  occurrence 
of  objects  singly  and  grouped  in  pairs,  must  render 
tiM  ideas  of  one  and  two  familiar  to  us  *,  while  of 
numbers,  such  as  those  which  we  express  by  the 
terms  twenty-three  and  twenty-four,  we  cannot  have 
any  distinct  apprehension.  Hence,  if  we  vnshed  to 
convey  an  idea  of  them,  we  could  only  do  so  b^  say- 
ing that  they  bear  a  certain  relation  to  the  sunpler 
ones. 

The  classification  by  pairs,  which  nature  points 
out,  would  suggest  the  snnplest  mode  of  reckoning. 
Hence  the  dual,  though  also  retained  by  the  Greeks, 
occurs  in  the  lang^uages  of  all  barbarovs  tribes.  Count- 
ing these  paira  again  by  twos  and  repeating  the 
same  process,  we  arrive  by  progressive  steps  at  the 
numbers  four,  eight,  and  eixteen,  &c.,  to  which  &e 
other  numbers  are  easily  reducible.  Thus  thirteen 
bemg  composed  of  eight,  font,  and  one,  would  ac- 
cording to  such  a  system  ot  numeration  be  called 
"  quac&uple  pair,  double  pair  and  one,"  or  denomi- 
nated more  concisely  by  words  of  corresponding  im- 
port. This  plan  of  arrangement,  termed  the  bmary 
scale,  seems  at  a  certain  period  of  society  to  have 
prevailed  in  most  countries ;  and  Leibnitz  haa  extolled 
the  system  with  abundant  extravagance.  It  would 
no  doubt  from  its  naked  simplicity  supersede  the  ap- 
plication of  thought,  and  reduce  all  the  operations 
which  occur  in  arithmetic  to  Ae  mere  labour  of 
writing ;  but  nodiing  would  thus  be  gained  in  prac- 
tice, since  advancing  vrith  excessive  slowness,  it  would 
soon  require  a  multiplicity  of  words,  and  a  fatiguing 
complication  of  characters. 

Tlie  next  step  in  the  progress  of  numeration  wbs 
probably  to  assume  the  double  pair,  or  four,  as  the 
root  of  the  scale.  The  ancient  Mexicans  appear  to 
have  reckoned  by  fours,  and  to  have  afterwards  ad- 
vanced in  their  numeration  by  combining  the  pro- 
ducts of  four  with  those  of  ten. 

But  nature  haa  furnished  the  universal  standard 
of  computation  in  the  fingers  of  the  hand,  the  pnic-> 


tin  afcooBting^  hy  whidi  must  have  batn  sa  iuailita 
in  the  earlier  periods  ef  society.  Ali  natioaaacoocd- 
ingiy  have  reckoned  by  Jh€§,  and  after  the  fingtw.  of 
one  hand  had  been  counted  ow,  it  was  a  second, 
and  peihaps  a  distant  step,  to  proceed  to  those  of  the 
otiier.  The  primitive  vrorda  expeeseiag  numbers  pro- 
bably exceeded  not  Bie,  To  denote,  sic,  eeven,  otgklg 
and  atar,.  the  North  American  Indians  repeat  the  jice, 
with  the  successive  addition  of  eae,  two,  three,  and 
/nor.  Couhl  we  safely  trace  the  descent  and  aft- 
ni^  of  the  abbreviated  terms  denoting  the  numbera 
fkom  five  to  ten,  it  seems  highly  probable  that  we 
should  discover  a  similar  process  to  have  taken  place 
in  die  formation  of  those  terms  in  the  most  re* 
fined  languages  ;  the  structure  of  those  deaotiBg 
numbers  above  ten,  sufficiently  betrays  the  inda* 
ence  of  die  arrangeaftent  by  that  muaber  in  their 
formation. 

The  pvocees  of  reckoning  with  the  fingers  of  both 
hands  naving  become  general,  we  amy  conceive  oar 
preseait  aystem  ef -muBeration  to  have  been  formed 
dma : — ^A  man  has  to  count  a  number ;  to  aceompliah 
this  he  makes  use  of  hb  fingeia,  and  for  every  otm 
that  he  counts  he  laya  down  a  finger  on  the  table  .< 
when  he  has  advanced  to  ten  he  has  reckoned  all  hia 
fingers,  aad  can  continae  no  further.  Therefore  ii 
the  nmnber  which  he  haa  to  count  be  greater  thao 
ten,  he  mnst  begin  and  rackoa  them  over  again ;  but 
befbre  he  can  do  so,  it  is  necessary  lor  him  to  nuurk 
in  some  manner  that  he  haa  already  reckoned  dkoa 
onee,  whidi  he  might  otherwise  forget.  He  does  thia, 
we  suppose,  by  making  another  person  put  down  otm 
finger,  and  then  proceeds  himself  to  reckon  all  hia 
ovm  fingers  a  second  time,  when  he  will  have  counted 
a  second  ten.  His  companion  immediately  puts  down 
anoUi^r  of  his  fingers,  to  denote  that  the  other  haa 
once  more  reckoned  the  whole  of  hia.  This  opem- 
tion  having  been  continued  until  the  first  person  haa 
reckoned  all  his  fingers  ten  times,  the  second  one 
will  then  have  lain  down  ten  fingers,  and  will  be  un- 
able to  proceed  further.  It  becomes  dierefore  necea- 
sary  to  empioy  a  third  person,  who  shall  do  for  the 
second  what  tne  second  daes  for  the  first ;  that  ia, 
mark  by  Umng  down  one  of  his  own  fingers  that  the 
other  lias  uua  down  all  his.  The  second  will  thua 
be  at  liberty  to  recommence  his  registering  of  the 
operations  of  the  first,  and  will  be  enabled  to  con- 
tinue until  he  has  again  put  down  all  his  fingers, 
when  he  must  stop  until  relieved  by  the  third  marking 
that  he  has  done  so,  by  laying  down  another  of  his. 
This  operation  is  continued  until  the  first  person 
finds  that  die  whole  number  n  counted ;  he  then  per- 
ceives that  he  has  got,  say  eeoen  fingers  down,  that 
the  second  has  fftree,  and  the  third  eight.  Now  as 
the  first  lays  down  a  finger  for  every  eae  that  he 
counts,  the  seven  fingers  irhidk  he  has  down  show 
that  he  has  counted  eeoen  onat.  But  every  finger 
vrhich  the  second  puts  down  denotes,  not  that  he  haa 
counted  one,  but  ^at  the  first  has  counted  ten,  whidi, 
being  unable  to  mark  them  with  his  own  fingers,  he 
has  employed  those  of  the  second  to  mark ;  derefore 
the  three  fingers  which  the  second  has  down  repre- 
sent ten  counted  three  times,  or  fArce  fens.  The  third 
pots  down  one  of  his  fingers  every  time  that  the  se- 
cond puts  down  all  of  his ;  but  every  finger  which  the 
second  puts  down  represents  a  toi,  therefore  every 
one  of  the  third  must  represent  a  ten  of  tens;  and  the 
eight  fingers  whi^  he  has  down  denote  that  a  ten  of 
tens  has  been  reckoned  eight  times.     Hence  the 
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wbole  noBiber  whidi  ha*  hota  counted  is  seven  ones, 
time  tens,  and  eight  tens  of  tens. 

Sdch  we  may  conceive  to  have  been  the  original 
fonnation  of  oar  decimal  scale  of  arithmetic,  traces 
of  which  we  may  discern  in  the  stmctore  <tf  language. 
If  the  primary  impcnrt  and  composition  of  dita,  Uarw, 
XiXmi,  and  fufpta,  the  Greek  terms  for  a  ten,hktmdirdd, 
a  thmumui,  and  a  tern  iktmtand,  could  be  safely  ascer- 
tained, we  should  doubtless  discover  the  influence  of 
tiie  doiary  system  in  their  formation.  It  is  strongly 
marked  in  the  composition  of  the  names  of  all  of  the 
numbers  between  ten  and  twenty.  But  the  origin  of 
tiie  names  imposed  on  the  radical  numbers  appears 
most  oooMMCUously  displayed  in  the  nakedness  of  the 
savage  dialects.  "jDie  Muysca  Indians,  who  formerly 
occupied  die  hi^  plain  of  Bogota,  in  the  province  of 
Grenada,  were  accustomed  to  reckon  first  as  fieur  as 
ten,  vduch  they  called  ftukicha,  or  a  foot,  meaning  no 
doobt  the  number  of  toes  on  both  feet,  with  which 
ihtf  commonly  went  bare  and  exposed ;  beyond  this 
number,  they  used  terms  equivalent  to  foot  om,  foot 
two.  Ice,  corresponding  to  twdee,  thirteen,  &c.  An- 
other tribe,  which  likewise  inhabits  South  America, 
the  Sabiconos,  call  tern,  the  root  of  the  scale,  tunea, 
and  repeat  only  the  same  word  to  signify  a  kmdred 
and  tttkomoand;  the  former  being  termed  tunea-tumea, 
and  the  latter  tweca^ttmeo'tuiiea.  Our  own  dialect, 
as  immediately  derived  from  its  Godiic  stem,  betrays 
a  composition  not  lees  rude  or  expressive  than  tne 
sinqile  articulation  ot  the  Sabiconos.  According  to 
the  authorities  collected  by  a  celebrated  German  phi- 
lologist, the  late  Adelung,  the  word  eleven  was  most 
anciently  written  etai^or  einUvin,  being  compounded 
of  em,  or  one,  and  the  verb  Uban,  to  leone,  and  there- 
fore signified  merely  one,  le&oe;  that  is,  retain  one, 
mad  set  aside,  no  doubt,  ten;  the  root  of  the  scale 
iw^oe  has  the  same  derivation.  The  names  iwemhf, 
thiriff,  forty,  he,,  have  the  terminating  syllable  ty, 
whidi  corresponds  to  ;r^  in  German,  and  zng  or  ttih 
among  the  oldest  writers  of  that  parent  tongue.  Thb 
termination  is  derived  from  the  verb  gieken,  todraw; 
and  hence  twmUif  means  stmi^y  two  drawings,  iktrtif, 
throe  drowmge,  &c.,  intimating  evidently  that  so  many 
tens  are  drawn  or  separated  from  the  heap  to  be 
counted.  The  term  hmdred,  which  abo  runs  unva- 
ried dutMigh  all  the  branches  ot  che  Gothic,  is  formed 
of  hmd,  which  andentiy  signified  only  ten,  and  red 
or  ret,  a  participle  from  the  verb  reittm,  to  reckon  or 
place  in  rows.  The  compound  would  therefore  inti- 
mate as  much  as  tern  timet  told.  In  the  Gothic  trans- 
lation of  the  Gospels,  made  by  Ulphilas  in  the  fourth 
century,  ome  Aaaored  is  expressed  by  taikmnd'taihmnd, 
or  die  word  for  ten  merely  doubled ;  exactly  like  the 
ttmeo'tmmea  oi  the  Sabiconos  of  South  America.  But 
in  die  Anglo-Saxon  version,  which  was  made  about 
three  centuries  later,  one  hmtdred  a  denoted  by  kund 
teomHg,  meaning  ten  cf  ten  drawmge.  In  the  same 
curious  monument  of  our  early  language,  kmnd  aea- 
famtig,  or  ten  of  seven  drawvngs,  is  employed  to  express 
jceeaiy.  It  seems  probable  that  kimd  and  ten,  or  teon, 
vrere  only  variations  of  the  same  word.  The  term  a 
thememnd  is  merely  an  abbreviation  of  dtme-hmnd,  its 
earliest  form,  llie  prefix  dmit  is  the  same  as  the 
word  twite,  and  hmmd  was  probably  contracted  for 
erne  hwedred;  the  combined  expression  would  there- 
fore signify  a  redoubled  hm$tdred,  or  one  kwndred  re- 
pented  foi  titnee* 

To  return  to  our  example.    The  man  in  question 
has  counted  the  number  which  he  required ;  let  us 


suppose  that  his  object  in  So  doing  has  bean  to 
tain  how  many  stones  are  contained  in  a  certain  heap. 
He  is  now  enabled  to  convey  to  himself  a  notion  of 
what  the  number  of  the  heap  is ;  for  he  has  found 
that  it  is  composed  of  seven  single  stones,  three  col- 
lections often  stones,  and  eight  other  collections,  eadi 
of  which  contains  ten  of  diose  first  collections,  or 
eight  collections  of  tens  often ;  all  numbers  which  are 
familiar  to  him  and  any  one  of  which  he  can  instanUy 
present  to  himself  by  laying  down  so  many  fingers. 
This  is  not  however  the  exact  form  of  expression  vr^ 
now  use  :  instead  of  a  ten  qf  tern,  we  say  a  kmdred, 
and  instead  of  a  three  qf  tem,  we  say  thirty,  and  the 
whole  number  we  should  denote  by  eight  hmndred  and 
thirty  eeven.  But,  as  we  have  already  observed,  the 
original  import  of  a  hmdred  is  equivalent  to  that  of 
a  ten  of  tem,  and  of  thirty  to  that  of  a  throe  qftene* 
As  numbers  were  reckoned  by  tens,  separate  names 
were  required  for  only  oae,  two,  three,  fcc. ;  ten,  ekven, 
twelve,  &c.  were  exfMressed  by  a  compound  which 
conveyed  the  notion  of  ten  and  one,  ten  and  two,  fcc 
But  in  consequence  of  the  modifications  which  in  the 
course  of  time  our  language  has  undergone,  the  struc- 
ture of  the  word  eleven  no  longer  affords  us  a  clue  to 
its  meaning.  We  learn  indeed  from  an  examination 
of  the  form  in  which  it  occurs  in  our  parent  tongue* 
the  Gothic,  that  it  originally  did  so ;  Iwt  to  us,  in  its 
corrupted  state,  it  has  m<Mre  of  the  mpearance  of  a 
name  arbitraril^r  chosen  to  represent  the  idea  of  the 
number  which  it  expresses,  than  of  a  derivative  or  a 
compound.  If  all  the  words  in  our  langua^  which 
express  numbos,  had  been  preserved  in  dieir  primi* 
tive  structure  and  composition,  vrithout  the  slightest 
deviation  from  the  form  in  which  they  were  at  first 
used,  our  system  of  numeration  would  explain  itself. 
It  is  true  that  but  a  little  of  reflection  or  examination  is 
even  now  required  in  order  to  render  it  perfectly  clear 
and  simple,  but  could  the  necessity  of  that  littie  be 
avoided  in  acquiring  the  foundation  of  so  elementary 
a  science  as  arithmetic,  a  point  of  material  advantage 
would  be  gained. 

This  method  of  expressing  large  numbers  by  means 
of  a  few  names,  is  ludimit^  in  its  application ;  were 
it  not  so,  our  language  virould  be  imperfect.  For 
numbers  are  infinite,  that  is  to  say,  there  is  no  greats 
eet  number,  because  however  great  a  number  may  be, 
we  can  always  by  adding  one  to  it  obtain  a  greater ; 
therefore  we  cannot  say  tihat  we  are  able  to  give  names 
to  all  numbers,  unless  we  employ  either  an  infinite 
number  of  isolated  words  to  represent  them,  or  a  few 
which  «ro  susceptible  of  being  combined  to  an  un- 
limited extent.  Of  these  the  first  is  impossible ;  the 
other  is  the  system  we  have  adopted.  Aswe  express 
ti  ten  of  tene  by  a  hundred,  sou  ten  of  lent  of  tent  or 
B,  ten  of  hundredt  is  denoted  by  a  thoutand;  a  ten  of 
thontandt  by  a  (en  thontand;  a  ten  of  tent  qfthoutandt  by 
a  hmdlred  tkoutand;  and  a  ten  qf  hundredt  of  thoutandt, 
or  a  thoutand  of  thoutandt,  by  a  wUUion,  This  word 
we  borrow  frt>m  the  French  language,  in  which  a 
thousand  being  denoted  by  mille,  a  thousand  thousand 
is  very  regularly  expressed  by  miUion.  In  like  manner, 
as  a  thousand  thousand  is  denoted  by  a  mUUon,  a 
thoutand  thoutand  thoutandt,  or  a  thoutand  milUont,  is 
expressed  by  a  bt-mUlion  contracted  into  a  biUion,  hi 
bemg  the  root  of  the  Latin  word  hit,  which  signifies 
two.  A  thousand  billions  b  a  trillion,  a  thousand 
trillions  a  quatriUion,  a  thousand  quatrillions  a  <|uin* 
titlion,  and  so  on  to  sextillions,  septiUions,  octilhons» 
&&.    The  formation  of  diese  names  is  very  regulars 
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thus,  a  t/umaand  thouBomd  or  a  miUe  miUe,  which  is  a 
mille  redoubled  once,  is  a  milUon  ;  a  thousand  mUliwiM 
or  a  nUUe  mille  miUe,  is  a  hi-miUion  or  bilUon,  meaning 
a  miUe  redoubled  twice ;  a  thousand  biUions  or  a  mille 
miUe  miUe  mUle,  which  is  a  mille  redoubled  three 
times,  is  a  trillion,  or  a  compound  of  mille  with  the 
root  of  the  Latin  word  for  tho'ee,  and  the  termination 
-ton.  The  quatriUion  is  similarly  formed,  quatr- 
being  the  root  of  the  Latin  word  for  four ;  as  are 
also  the  quinHUion,  sextilUon,  septiUion,  octillion,  no- 
niUion,  &c.,  which  contain  respectively  the  roots  of 
the  Latin  terms  tor  five,  six,  seven,  eight,  nine,  &c. 
The  general  principle  observed  in  the  formation  of 
these  compounds  is  this :  as  the  numbers  which  they 
represent  are  the  results  of  the  reduplication  of  a 
thousand,  or  miUe,  a  certain  number  of  times,  each 
of  them  consists  of  tbree  parts :  the  termination  -ton, 
which  denotes  that  the  operation  of  reduplication  is 
to  be  performed ;  the  word  miUe  representing  the 
number  on  which  it  is  to  be  performed ;  and  the 
prefix  of  the  root  of  the  Latin  word  which  expresses 
how  many  times  it  is  to  be  performed. 

The  inconvenience  which,  in  reasoning  upon  num- 
bers, would  necessarily  result  from  the  use  of  their 
names,  written  at  full  length,  has  given  rise  to  the 
employment  of  symbols  or  figures,  to  represent  them 
in  a  shorter  and  more  compact  manner.  It  is  evi» 
dent  that,  as  we  can  express  in  words  all  numbers  by 
means  of  only  ten  separate  names,  we  cannot  require 
More  than  ten  separate  symbols  to  represent  them  in 
figures.  But  nine,  as  we  shall  see,  are  sufficient,  and 
the  characters  which  are  employed  for  this  purpose 
by  almost  all  civilized  nations  are, 

1,     2,     3,    4,     5,     6,     7,    8,     9, 
which  represent  respectively. 

One,  two,  three,  four,  five»  six,  seven,  eight,  nine. 

The  number  eight  hundred  and  thirty-seven  would 
then  be  shortly  expressed  by  8  hundred,  3  tens,  and  7. 

The  question  which  now  occurs  is,  cannot  we 
shorten  this  abridged  form  itself?  Suppose  that  we 
denote  the  tens  by  marking  their  number  with  one 
accent,  and  the  tens  of  tens,  or  hundreds,  with  two 
accents;  the  number  will  then  be  expressed  by 
8^37.  Of  course  we  arc  not  bound  to  arrange  the 
collections  exactly  in  this  order ;  on  the  contrary,  any 
one  of  the  following  wavs  will  do  just  as  well :  8''73', 
3'8'7,  378";  78"3',  73'8''.  But  one  certam  method 
is  all  that  we  want,  and  in  making  a  choice  it  is  most 
natural  to  prefer  an  afrangement  in  which  the  dif- 
ferent collections  stand  in  Uie  order  of  theur  magni- 
tude, either  the  largest  or  the  smallest  being  placed 
first,  thus,  8''37,  or  73'8".  Of  these,  the  former  is 
that  which  is' universally  adopted. 

We  now  see  why  a  separate  charater  for  ten  was 
unnecessary ;  it  can  be  easily  represented  by  1'. 

The  use  of  these  accents  would  naturally  ^e  ex- 
tended to  numbers  beyond  hundreds;  thus,  sis  we 
ienote  a  ten  by  one  accent,  and  a  ten  of  tens,  or  a 
hundred,  by  two  accents,  in  a  similar  manner  we 
should  represent  a  ten  of  tens  of  tens,  or  a  thousand, 
by  three  accents,  a  ten  of  thousands  by  four,  and  so 
on.  But  it  would  soon  be  observed,  that  the  accents 
were  unnecessary ;  for  as  the  figure  with  one  accent 
would  always  be  the  second  from  the  right,  that  with 
two  accents,  the  third,  and  so  on,  it  is  evident  that 
the  place  of  each  figure  would  determine  how  many 
accents  were  to  be  written  over  it.  Therefore,  if  we 
put  the  figures  in  their  right  places,  we  may  omit 


their  accents;  and  thus  the  number  8''37  may  be 
written  837. 

But  there  are  some  numbers  of  such  a  nature,  that 
if  we  arrange  the  collections  of  one,  ten,  &c.,  which 
compose  them  in  the  order  of  their  magnitude,  and 
give  each  its  proper  accent,  the  singly  accented  figure 
will  not  be  the  second  from  the  right,  nor  the  doubly 
accented  one  the  third,  &c.  Thus  six  hundred  and 
thirty  would  be  expressed  by  6^3',  in  which  3'  is  the 
first  figure  from  the  right  instead  of  being  the  second, 
and  6"  the  second  instead  of  being  the  third.  There- 
fore, if,  in  this  case,  we  omit  the  accents,  the  place  of 
each  figure  will  not  point  out  how  many  belong  to  it. 
The  reason  is  plain ;  the  number  six  hondr^  and 
thirty  contains  an  exact  number  of  tens ;  that  is  to 
say,  if  we  were  to  distribute  six  hundred  and  thirty 
faggots  into  bundles  of  ten,  there  would  be  no  single 
faggots  left.  But  how  are  we  to  obviate  the  diffi- 
culty? What  must  we  do  in  order  to  render  our 
method  of  writing  numbers  general  and  uniform? 
The  simplest  plan  which  presents  itself  is  this  :  as  the 
difficulty  arises  from  the  collections  getting  out  of  the 
places  appropriated  to  them,  in  consequence  of  its 
happening  that  there  are  no  figures  in  some  of  the 
other  places,  let  us  bring  them  back  by  putting  a 
figure  in  each  of  the  empty  places.  But  the  figure 
which  we  employ  for  thip  purpose  must  not  be  one  of 
those  which  we  have  ahready  got,  and  each  of  which 
stands  for  a  number,  or  we  shall  alter  the  value  of 
the  number  which  we  want  to  express  ;  therefore  we 
must  invent  a  new  character. 

The  one  which  is  commonly  used  is  0,  the  cipher, 
or  zero,  as  it  is  called  ;  and  by  subjoining  this  figure 
to  6^3',  we  shall  bring  3*  into  the  second  place,  and 
6"  into  the  third.  We  may  now,  therefore,  omit  the 
accents,  for  the  place  of  the  figures  will  point  out 
how  many  belong  to  them ;  and  the  number  becomes 
630.  Again,  in  representing  three  thousand  and  four, 
or  3"'4,  3  ought  to  be  in  the  fourth  place  from  the 
right;  we  must,  therefore,  insert  two  blank  cha- 
racters in  order  to  bring  it  there,  or  write  3004. 
Hence,  in  representing  any  number  by  figures,  the 
following  arrangement  is  adopted :  write,  in  the  first 
place,  to  the  right  the  ones,  or  units,  as  they  are 
also  called ;  in  the  second  place  from  the  right,  put 
the  tens;  in  the  third,  the  hundreds;  in  the  fourth, 
the  thousands;  in  the  fifth,  the  tens  of  thousands;  ui 
the  sixth,  the  hundreds  of  thousands,  and  so  on.  If 
there  be  no  separate  figure  for  any  one  of  these  col  - 
lections,  that  is  to  say,  if  any  one  of  them  be  ab- 
sorbed, as  it  were,  in  one  of  tlie  following,  write  in 
its  place  a  0,  or  cypher.  The  arrangement  is  exhi- 
bited in  the  example  beneath : 

26807950283640 
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It  may  be  observed,  that  there  is  a  slight  and 
simple  abbreviation  in  the  mode  of  reading  a  number 
of  any  considerable  amount.  Thus,  in  the  above  ex- 
ample, instead  of  reading  two  tens  of  trillions,  six 
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trillioiis,  eight  hundred  billions^  seven  billions,  nine 
bnndred  millions^  &y'  tens  of  millions,  two  hundred 
thousand,  eight  tens  of  thousands,  three  thousand 
sax  hundred  and  forty,  we  use  the  words  trillions, 
billions,  millions,  and  thousands  only  once,  and 
say  twentv-six  trillions  eight  hundred  and  seven 
biUions,  nme  hundred  and  fifty  millions,  two  hun- 
dred and  "eighty-three  thousand  six  hundred  and 
fortv. 

We  now  proceed  to  explain  the  elementary  opera- 
tions <^  arithmetic 

ADDITION. 

When  we  have  several  numbers,  and  wish  to  as- 
certain or  to  express  how  many  units  are  contained 
in  them  all  taken  together,  we  do  it  by  addiium. 
In  considering  this  operation  we  shall  have  frequent 
occasion  to  speak  of  two  numbers  being  added  toge- 
ther; for  the  sake  of  convenience  we  shall  denote  this 
by  means  of  a  symbol.  Thus,  sometimes  instead  of 
saying  that  Sutobe  added  to  4,  we  shall  prefix  to 
8,  or  the  number  which  is  to  be  added,  the  sign  of 
addition  -)-,  called  plus;  and  then  write  it  after  4,  or 
the  number  which  it  is  to  be  added  to ;  as,  4  -f^  8. 
We  shall  also  make  use  of  another  symbol,  namely, 
=,  whidi  is  the  sign  of  equality.  Thus,  whenever 
we  vrish  to  express  that  one  set  of  numbers  is  equal 
to  anodier,  we  shall  employ  =  instead  of  the  words, 
is  eqwal  to;  as,  2  -}-  2  =  4,  instead  of  2  -f  2  t»  equal 
|04. 

We  may  consider  every  number  as  formed  by  the 
MKoessive  addition  oi  unity  to  itself.  Thus,  by  add- 
mg  I  to  1  we  obtain  the  number  2 ;  by  adding  another 
1  we  get  3 ;  or,  in  other  language. 
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1  +  1 

=  2 

1  +  1  +  1 

=  3 

l-hl-f  1  +  1 

=  4 

1  +  1  + 

1  +  1  +  1 

=  5 

1+1+1+ 

1  +  1  +  1 

=  6, 

and  so  on.  The  operation  of  addition  in  the  ordinary 
sotse,  is  only  an  abbreviation  of  this  one.  Instead 
of  our  object  being  to  get  a  number  which  is  only  one 
greater  tiisn  another,  it  is  to  find  that  which  is  several 
ernes  greater.  Hence,  as  each  step  in  the  natural 
succession  of  numbers  is  1,  it  is  only  necessary  in 
adding  two  numbers,  to  count  forwards  from  the  one 
of  thorn  as  many  steps  as  are  signified  by  the  other. 
Thus,  suppose  that  5  is  to  be  aikled  to  8 ;  reckoning 
onwards  finom  8,  we  pass  through  9>  10, 11, 12,  imtU 
at  die  fifUi  step  we  come  to  13,  which  is  therefore  the 
smm,  as  it  is  called,  of  5  and  8.  This  simple  process 
may  be  more  conveniently  performed  by  counting 
with  the  fingers. 

It  is  impossible,  strictly  speaking,  to  add  together 
more  than  two  numbers  at  a  time.  If  we  wish  to 
ascertain  the  sum  of  several,  we  begin  with  finding 
the  sum  of  the  first  and  second ;  to  this  we  add  the 
third,  and  so  on.  Suppose  that  the  sum  of  8,  5,  and 
6  b  to  be  ascertained ;  counting  forward  five  steps 
from  8  we  obtain  13,  Uie  sum  of  8  and  5 ;  and  then 
ascending  six  steps  from  this  we  reach  19,  which  is 
therefore  the  sum  of  the  three  numbers.  It  is  usual 
in  finding  the  sum  of  more  than  two  numbers,  to  per- 
form the  several  additions  mentally,  and  to  note  down 
oohr  the  result  of  the  last.  The  progress  of  the  learner 
will  be  greatly  facilitated  by  committing  to  memory 
the  accompanying  table,  which  contains  the  sum  (pro- 
cured intlus  way)  of  every  two  numbers  less  than  ten. 


The  construction  and  use  of  this  table  are  very 
simple ;  the  one  number  occupies  the  horizontal  row 
at  the  top,  and  the  other,  the  vertical  column  at  the 
side,  and  the  sum  of  the  two  will  be  found  in  the 
square  which  is  common  to  the  two  rows  headed  by 
them.  Thus,  below  the  column  headed  by  8  in  the  top 
row,  and  in  the  horizontal  range  opposite  to  5  stands 
13,  the  sum  of  those  numbers.  Tables  of  this  nature 
are  seldom  to  be  found  but  in  the  more  ancient  trea- 
tises on  arithmetic ;  they  are  mentioned  by  Professor 
Leslie,  in  his  admirable  article  on  Arithmetic  in  the 
Supplement  to  the  EncycloptBdia  Britannica,  who  ob- 
serves that  he  thinks  they  have  been  very  injudiciously 
omitted  in  the  later  systems  of  education.  It  is  evi- 
dent that  the  same  benefits  may  be  derived  from  their 
use  which  attend  that  of  the  ordinary  multiplication 
table ;  for  the  object  of  both  is  the  same,-*to  present 
in  a  compact  form  several  results  of  a  certain  opera- 
tion with  the  view  to  their  being  easily  committed  ta 
memory. 

The  immediate  application  of  the  preceding  method 
to  numbers  at  all  large  is  evidently  impracticable; 
we  therefore  adopt  another.  Suppose  that  27  is  to 
be  added  to  32 ;  27  is  2  tens  and  7  units,  and  32  is 
3  tens  and  2  units;  therefore,  their  sum  must  be 
2  tens  -|-  3  tens,  and  7  units  +  2  units,  or  5  tens  and 
9  units,  which  we  write  59.  Again,  let  it  be  required 
to  ^d  the  sum  of  349  and  637 

349  =  3  hundreds  +  4  tens  +  9  units, 
637  =  6  hundreds  +  3  tens  +  7  units. 
Therefore, 

349  +  637  =  3  bund.  +  6  hund.  +  4  tens  +  3  tens 
+  9  units  +  7  units,  =  9  hund.  +  7  tens  +  16  units. 
But  16  units  we  commonly  express  by  1  ten  and  6 
units.     Hence, 

349  +  637  =  9  hund.  +  7  tens  -4- 1  ten  +  6  units* 
or  as  7  tens  +  1  ten  =  8  tens, 

349  +  637  =  9  hund.  +  8   ens  +  6  units; 
which  we  write  986. 

We  perceive  then,  that  the  addition  of  numbers 
greater  than  ten,  consists  simply  of  the  repeated 
addition  of  numbers  less  than  ten.  We  add  together 
separately,  first  the  units  of  each,  then  the  tens,  the 
hundreds,  ^c.,  and  the  several  results  thus  obtained 
are  the  units,  the  tens,  the  hundreds,  &c.  of  the  sunu 
For  further  illustration  we  subjoin  another -example 
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in  which  four  nttmbere  are  to  be  added  togelher.  Let 
it  be  required  to  find  the  sum  of  2519,  8540,  30B,  and 
9347 ;  for  convenience  we  arrange  the'  different  col- 
lections of  eacli  sort  in  the  same  column. 

2519  =  2  thous.  -j-  5  hund.  -|-  1  ten  -|-  9  units, 
8540  =  9  thous.  +  5  hund.  -)-  4  tens, 

303  ^  3  hund.  -)-  8  units, 

9347  =  9  thous.  +  3  hund.  -)-  4  tens  4-  7  units. 
Tlierefore  2519  +  8540  +  308  -f  9347 

=  19  thous.  -f  16  hund.  -f  9  tens  -)-  24  units 
=  20  thous.  4-  7  hund.  -f  1  ten  -f  4  units 
=  20714. 

Having  thus  learnt  the  principle  on  which  we  pro- 
ceed, we  may  now  in  practice  omit  the  decomposition 
of  each  number  into  the  ooUections  of  units,  tens, 
&c.  of  which  it  consists.  Thus  having  arranged  the 
numbers  in  the  following  form, 

2519 

3540 

308 

9347 

20714 
ii  IS 

We  need  only  add  together  the  right  hand  column 
which  contains  the  units  of  each  of  &e  numbers,  and 
put  down  the  result  for  the  units'  figure  of  the  re- 
quired sum.  If  however  this  result  be  greater  than 
i,  it  will  be  composed  of  two  figures, — a  units'  figure 
and  a  tens'  figure ;  in  that  case  we  must  write  in  the 
sum  only  the  former,  and  mark  down  tiie  other  on 
one  side,  or  as  we  have  placed  it,  beneath  the  first,  in 
order  that  being  a  tens'  figure  it  may  be  added  to  the 
collection  of  tens.  •  In  the  present  instance  the  result 
of  the  addition  of  the  column  of  units  is  24,  or  2  tens 
and  4  units  J  we  accordingly  write  down  4  for  the 
units'  figure  of  the  sum,  and  mark  the  2  beneath, 
remembering,  however,  that  it  does  not  stand  simply 
for  2,  but  for  2  tens.  TTiere  is  no  necessity  for  writing 
2  tens,  because  it  will  be  disposed  of  in  the  very  next 
step  we  proceed  to,  which  is  the  addition  of  the  se- 
cond column,  or  that  containing  the  tens.  Tlie  result 
of  this  secon<Lstep  is  9  tens ;  adding  however  the  2 
tens  before  mentioned,  it  becomes  1 1  tens,  or  1  hun- 
dred and  1  ten ;  we  therefore  write  down  only  the  1 
ten  in  the  tens'  place  of  the  sum,  and  place  beneath  it 
the  1  hundred,  which  is  to  be  joined  to  the  collection 
Df  hundreds.  The  addition  of  the  third  column,  that 
of  the  hundreds,  gives  16,  or  joining  t^  1  hundred 
which  we  set  aside  in  adding  ^e  preceding  column, 
17  hundreds,  or  1  thousand  and  7  hundreds.  We 
therefore  write  7  in  the  hundreds'  place  of  the  sum, 
and  place  beneath  it  1,  to  be  added  to  the  thousands. 
Adding  the  third  column  which  contains  the  thou- 
sands, and  joining  this  1  thousand,  we  obtain  20 
fliousands,  or  2  tens  of  thousands.  Tliis  leaves  us 
no  figure  at  all  for  Ihe  thousands'  place,  we  must 
consequently  place  our  blank  character  0,  there,  in 
Order  that  the  next  collection  may  fall  into  its  right 
place,  and  write  the  2  tens  of  thousands  beneath.  But 
as  there  is  no  collection  of  ten  thousands  to  which  to 
add  it,  we  place  it  by  itself  in  the  ten  thousands' 
place.  The  number  thus  obtained,  20714,  is  there- 
fore the  sum  required. 

As  soon  as  a  little  practice  is  attained,  the  plan  of 
writing  down  the  numbers  to  be  carried,  as  it  is 
termed,  beneath  their  corresponding  figures  in  the 
sum  may  be  discontinued;  they  can  easily  be  re- 
tained mentally,  as  each  of  them  is  always  to  be 


added  to  the  next  column  which  it  operated  npom 
We  thus  deduce  the  ordinary  rule  for  the  addition  of 
numbers  which  are  greater  than  ten :  write  the  mqu* 
bers  to  be  added  under  one  another,  so  that  tint 
units'  digits  shall  be  all  in  one  column,  the  tens 
all  in  another,  the  hundreds  all  in  another,  and  so 
on;  add  the  numbers  in  the  units'  ooiamn,  and 
write  under  it  the  units'  digit  of  the  sum,  carry-* 
ing  the  tens'  digit  to  be  add^  to  the  next  cobimn ; 
cast  up  die  tens'  column  with  this  addition,  and  write 
under  it  the  units'  digit  of  its  sum,  carrying  the  tensf 
digit  to  be  added  to  the  next  column ;  proceed  thus 
with  every  column  till  the  last,  under  which  write  its 
whole  sum. 

BUBTRACTIOIf. 

When  we  have  two  quantities  and  we  wish  to  find 
how  many  units  will  be  left  in  one  of  them  aftor  the 
number  of  units  in  the  other  has  been  taken  away 
from  it,  we  ascertain  this  by  performing  the  operation 
of  subtrwtion.  Just  as  we  sometimes  write  the  sign 
+  before  a  number  as  a  short  way  of  expressing  that 
that  number  is  to  be  added  to  another,  in  a  similar 
manner  we  employ  the  sign  of  mAtrmeHon  — ,  to  de- 
note that  the  number  to  which  it  b  prefixed  is  to  be 
subtracted  firom  another.  Thus  8  -»-  5  is  8  wmu$  6, 
and  means  that  5  is  to  be  subtracted  from  8. 

The  object  of  this  operation  being  precisely  th* 
reverse  of  that  of  addition,  it  is  performed  in  a  di- 
rectiy  opposite  manner ;  that  is  to  say,  beginning  at 
that  one  of  the  two  numbers  from  which  the  other  ia 
to  be  subtracted,  or  the  mkmend  as  it  is  called,  we 
count  dowmifards  as  many  steps  as  are  denoted  by 
that  ofjier,  which  is  termed  the  mAir4tketid,  Thiia, 
suppose  that  5  is  to  be  subtracted  from  8 ;  descend* 
ing  from  8  we  pass  through  7,  6,  5,  4,  till  at  the  fifth 
step  we  come  to  3,  which  is  therefore  the  remainder 
or  difference  required.  The  auxiliary  table  which  we 
have  given  for  ascertaining  the  sum  of  any  two  num- 
bers less  than  ten,  will  evidently  serve  also  to  enable 
us  to  find  their  difference.    For  If  8  joined  to  5  make 

13,  it  is  equally  clear  that  8  taken  away  firom  13  niaat 
leave  5.  The  number  18  is  the  greatest  sum  in  ikt 
table ;  therefore  we  can  by  referenee  to  it  find  the 
difference  between  any  number  less  than  that,  and 
any  other  less  than  10.  Thus,  if  we  wish  to  find  what 
will  be  the  remainder  after  6  has  beenanbtracted  froaa 

14,  we  search  in  the  row  opposite  to  6  in  the  left  hand 
column  until  we  find  14 ;  the  number  8,  at  the  head 
of  ^be  column  in  which  14  stands  is  the  remainder 
required.    The  reason  is  obvions. 

As  in  the  case  of  addition,  die  immediate  applies^ 
tion  to  large  numbers  of  the  principle  of  descending 
firom  the  minuend,  tiie  number  of  steps  denoted  by 
the  subtrahend,  in  order  to  find  their  difference  would 
be  so  long  and  tedious  m  meliiod  aa  to  be  quite  im- 
practicable; hence  a  similar  subtfcitQte  is  adopted. 
Thus,  suppose  that  346  is  to  be  aubtracttd  firom 
9587: 

9587  =  9  thous.  -I-  5  hund.  -f  8  tena  -f  7 
345  =  3  hund.  4-  4  tens  +  5 

Therefore  9587  —  346 

=r  9  thous.  -h  S  hund.  —  3  hund.  +  8  leas  —  4  tens 
+  7—5. 

But  if  to  9  thousand  we  first  add  5  hundned  and  then 
from  it  eubtract  3  hundred,  the  effect  is  the  same  «s 
if  we  only  added  2  hundred  to  it.  Similarly,  if  we 
first  add  8  tens  to  it,  and  then  take  away  4  tens»  we 
in  effect  only  add  4  tens,  and  if  we  add  7  uoits  and 
aobtntft  ftf  it  ia  the  same  as  if  wc  added  only  2  units. 
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9687  —  345  =  9  thoos.  +  S  iRmd.  +  4  ieni  ^  H 

=  9241 
Tlie  oorrectneae  of  the  principle  or  which  we  hare 
proceeded  is  obvious ;  we  have  not  taken  the  whole 
tubtrihaid  from  the  minuend  at  once ;  for  as  we  have 
before  obeenred  the  numbers  being  krge,  that  would 
be  impracticable ;  but  we  have  separated  each  into 
its  component  parts,  and  subtracted  every  one  of  the 
parts  of  the  subtrahend  from  the  corresponding  part 
m  the  minuend. 

It  is  of  course  imposs&le,  from  the  nature  of  sub- 
tractioii,  to  perform  that  operation  unless  the  minu- 
end be  at  least  as  great  as  the  subtrahend.  For 
instance,  we  cannot  subtract  6  from  4 ;  because  it  Lb 
impomble  to  take  away  from  4  more  than  there  is  in 
4.  But  even  although  this  condition  be  complied 
with,  it  may  happen  that  one  of  the  component  parts 
into  whicii  we  divide  the  subtrahend  is  greater  than 
the  cocrespondinff  part  in  the  minuend;  in  other 
words,  although  ue  minuend  have  more  hundreds  in 
it  dian  the  subtrahend,  and  therefore  be  the  greater 
number  of  the  two,  yet  the  subtrahend's  collection  of 
tens  may  be  gseater  than  that  of  tiie  minuend.  Thus, 
siq^wee  that  784  is  to  be  subtracted  from  958, 
9S8  ^  9  hund.  +  S  tens  +  8  (minuend.) 
784  =  7  hund.  +  8  tens  +  4  (sulitrahend.) 
Here  fbete  are  8  tens  in  the  subtrahend,  and  only 
5  m  the  minuend  $  tiiereforewe  cannot  subtract  the 
former  collection  from  the  latter.  But  8  tens  must 
be  subtracted  as  well  as  the  other  collections  com- 
posing the  subtnhend ;  therefore  how  are  we  to  re- 
medy the  difficulty  ?  This  is  effected  in  a  very  simple 
manner  by  a  mediod  derived  from  l9ie  fmlowmg 
prindple :  that  we  do  not  alter  the  (Hfierence  of  two 
numbers  by  increasing  one  of  them,  provided  that  we 
increase  the  other  as  much.    Thus, 

8  —  6  =  2 
Now  add  3  to  each  of  the  numbers  8  and  6,  and 
tiben  subtract  them;  or  subtract  6  -f  3  or  9  from  8  -)-  3 
or  11;  tiie  difference  is  2.  Again  add  4  to  each; 
tben  6  +  4  or  10  subtracted  from  8  -)-  4  or  12  is  still 
2.  Let  us  now  apply  this  principle  to  our  example. 
We  have 

958  =  9  hund.  +  6  tens  +  8        (minuend.) 
784  =  7  hund.  4-  8  tens  4-  4        (subtrahend.) 
Add  10  tens  to  the  minuend^  and  in  doing  so,  give 
them  to  that  one  of  its  collections  which  b  deficient, 
that  is  to  the  tens'  collection,  which  instead  of  con- 
taining 5  tens  will  then  contain  15  tens.     In  accord- 
ance widi  our  principle,  we  must  also  add  10  tens  to 
Hie  nditrahend;  but  as  they  are  not  wanted  par- 
ticnlariy  in  any  one  collection,  place  them  in  that  to 
which  they  naturally  belong,  and  which,  as  10  tens 
is  a  hundred,  is  the  coHection  of  hundreds.    Then 
faitroducing  these  alterations 
958  —  784  =  9  hund.  —  8  hund.  + 15  tens  —  8  tens 
-J- 8  —  4  =  1  hund.  +7  tens +  4; 
or  as  we  commonly  express  it,  174. 
Again,  3495  is  to  be  subtracted  from  7002. 
7002  =  7  thous.  +  2 

3495  ==  3  thous.  H-  4  hund.  +  9  tens  +  5. 
'  As  5  cannot  be  subtracted  from  2,  we  add  10  to 
tills  latter,  at  the  same  time  adding  10  to  the  subtra- 
hend, whidi  instead  of  9  tens  will  thus  have  10  tens. 
Ptoceeding,  we  find  t^t  we  have  no  corresponding 
collection  of  tens  to  subtract  these  10  tens  from^  we 
therefore  add  10  tens  to  fbe  minuend,  at  the  same 
tune  addiDg  It)  tens,  or  1  hundred  to  the  stibtrriitnd. 


by  which  the  4  hundreds  will  beeome  5  hundreds. 
Continuing  with  the  operation*  we  find  also  that  we 
have  no  collection  of  hundreds  to  subtract  these  5^ 
hundreds  friom,  we  therefore  add  10  hundreds  to  the 
minuend,  and  also  to  the  subtrahend,  which  gives  us 
in  the  latter  4  thousands  instead  of  3  tikonsanda.  We 
therefore  have  7002  —  3495 

=  7  thous. — 4  thous.  + 10  hund. — 5  hund.-)- 10  tens 
—  10  tens -f  12  —  5 

=  3  thous.  4-  5  hund.  -|-  7, 
which  we  denote  by  3507. 

The  whole  operation  thai  is  simply  this :  Subtract 
each  of  the  component  collections  of  the  subtrahend 
from  the  corresponding  collection  of  the  minuend; 
and  if  any  one  of  those  of  the  minuend  be  wanting, 
or  not  so  great  as  the  similar  one  of  the  subtrahend, 
make  it  as  great  by  adding  10  of  its  own  class  to  it ; 
but  to  counteract  the  effect  this  would  have  on  the 
whole  remainder,  add  10  of  the  same  class  to  the 
corresponding  collection  of  the  subtrahend,  or  what 
is  the  same  in  effect,  add  one  of  the  next  highest  class 
to  the  next  highest  collection  of  that  number.  Thus, 
if  we  add  10  units  to  the  units'  collection  of  the  mi- 
nuend, we  must  in  return  add  what  is  the  same  as 
10  units,  namely  1  ten,  to  the  tens'  oollection  of  tiie , 
subtrahend;  and  if  10  tens  be  added  to  the  tens'  col- 
lection of  the  former,  1  hundred*  which  is  equal  to  10 
tens,  must  be  added  to  the  hundicds'  oollection  of  the 
latter. 

Having  thus  become  acquainted  with  the  principle 
of  the  operatianof  subtraction,  we  nu^  now  as  in  the 
case  of  addition,  onut  in  practice  the  separation  of  the 
numben  into  their  component  colleotiona.  The  last 
example  will  then  appear  in  the  following  form  with 
the  remainder  beneath : 

7002 
3495 

3507 

We  commence  with  the  units ;  as  2  is  less  than  5, 
we  add  10  to  it ;  then  the  subtraction  of  5  from  the 
sum  12,  leaves  7*  which  we  write  in  the  units'  place 
of  the  remainder.  The  next  figure  9,  with  the  adchtion 
of  1  to  countecact  the  effect  of  the  previous  borrowing, 
as  it  is  termed,  or  10,  is  now  to  be  subtracted:  but  as 
the  corresponding  collection  in  the  minuend  is  want- . 
ing,  we  add  10;  the  subtraction  leaves  no  figure  for' 
the  remainder ;  we  therefore  put  in  0 ;  1  carried  to 
tiie  4  of  the  next  collection  in  the  minuend  makes  it  5, 
which  taken  from  10  (this  10  being  borrowed)  leaves 
5 ;  and  1  carried  to  3  and  subtnicted  frt>m  7  leaves  3. 
Hence  the  whole  remainder  Lb  3507. 

The  reason  of  the  ordinary  rule  will  now  be  appa- 
rent: Write  the  subtrahend  under  the  minuend,  so 
that  the  units  of  both  shall  be  in  one  column,  the  tens 
in  anoflier,  the  hundreds  in  ano^ier,  and  so  en :  svfb- 
tract  every  figure  in  the  lower  Bttnd>er  from  Ihe  one 
over  it  in  the  upper,  and  write  the  remainder  under 
it.  When  the  figure  in  ^e  upper  is  the  smaQer,  add 
ten  to  it,  observing  at  <he  same  time  to  increase  by  1 
tiie  next  figure  to  the  left  in  tiie  lower  number. 

There  is  a  method  in  use  of  subtracting  numbers 
by  means  of  what  is  caned  their  arithmetical  com- 
plement ;  in  peculiar  cases  where  severd  additions 
and  subtractions  are  to  be  effected  it  furnishes  us 
with  a  more  expeditious  mode  of -obtaining  the  result 
of  them  all  by  the  peifoimanee  of  only  one  opera- 
tion. For  «n  account  «f  it,  see  Oonrnjuaan,  Ariih*' 
SMncfft.  < 
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MULTIPLICATION. 

When  the  same  number  is  to  be  added  together 
several  times,  the  addition  assumes  the  name  of  mul- 
tiplication. Thus,  if  4  eights  are  to  be  added  toge- 
ther, we  say  that  8  is  to  be  multiplied  by  4,  or  taken 
4  times ;  and  we  may  find  the  result,  according  to  the 
ordinary  rule,  thus : — 

8 

8 

8 

8 

32 

The  number  to  be  multiplied,  8,  is  called  the  mul- 
tiplicand;  the  number  by  which  it  is  to  be  multiplied, 
or  that  denoting  how  many  times  it  is  to  be  taken,  4, 
is  called  the  mtUtiplier,  and  the  result  of  the  opera- 
tion, 32,  is  the  product.  The  two  former  are  also 
called  the  factors  of  the  product,  which  is  itself  termed 
a  multiple  of  each.  As  we  employ  the  symbols  -|- 
and  —  to  represent  the  operations  of  addition  and 
subtraction,  we  use  X  to  denote  that  of  multiplica- 
tion. Thus  2  X  2  is  a  short  mode  of  representing,  2 
multiplied  by  2. 

It  is  evident  that  were  the  multiplicand  and  mul- 
tiplier large  numbers,  the  formation  of  their  product 
by  the  repeated  addition  of  the  multiplicand  would  be 
an  excessively  tedious  mode  of  operation ;  in  order 
therefore  to  abridge  it,  we  separate  that  number  into 
its  several  component  collections,  and  taking  each  of 
them  individually  the  number  of  times  denoted  by  the 
multiplier,  we  add  together  the  various  results,  and 
the  sum  thus  obtained  is  the  product  required.  For 
instance,  suppose  that  23  is  to  be  taken  4  times,  or 
multiplied  by  4 ;  we  shall  evidently  effect  this  by  first 
taking  3,  4  times,  and  then  taking  2  tens  or  20  the 
same  number  of  times,  and  the  operation  may  be 
performed  thus : — 

2  tens     4-     3 
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table,  the  invention  of  which  is  ascribed  to  Pjrthit* 
goras,  is  termed  tiie  multiplication  table,  and  exhi- 
bits the  product  of  any  one  of  the  nine  first  numbers 
by  every  one  of  them. 


2 
2 


3 
3 
3 


8  tens     +    12    =    92 

In  a  similar  maimer  we  find  the  product  of  6,348 
by  6:— 

5  thous.  4-    3  hund.  4-    4  tens  +    8 


5 
5 
5 
5 
5 


3 
3 
3 
3 
3 


8 
8 
8 
8 
8 


30  thous.  +  18  hund.  -f  24  tens  +  48  =  32088. 

We  can  now  therefore  multiply  any  number  how- 
ever great,  by  any  other  which  is  less  than  10;  but, 
from  the  preceding  examples,  it  must  be  apparent 
that  our  object  would  be  greatly  facilitated  did  we 
previously  possess  a  knowledge  of  the  product  of 
every  two  of  the  first  nine  numbers.  For  instance, 
we  diould  avoid  the  necessity  of  severally  adding  6 
eights,  6  fours,  6  threes,  and  6  fives,  if  we  already 
knew  that  the  result  of  those  operations  would  give 
48,  24,  18,  and  30.  Hence  it  becomes  a  matter  of 
importance  to  ascertain  these  products  before  pro- 
ceeding any  further ;  and  for  this  purpose  it  is  expe- 
dient to  arrange  them  in  a  tabular  form,  so  that  they 
may  the  more  easily  be  committed  to  memory.    Thi« 


Multiplication  Table. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

2 

4 

6 

8 
12 

10 
15 

12 

14 

16 

18 

3 

6 

9 

18 

21 

24 

27 

4 

8 

12 

16 

20 
25 
30 
35 
40 

24 

28 

32 

36 

5 

10 

15 

20 
24 

30 

35 

40 

45 

6 

7 

12 

18 

36 

42 

48 

54 

14 

21 

28 
32 

42 

49 

56 

63 

8 

16 

24 

48 

56 

64 

72 

9 

18 

27 

36 

45 

54 

63 

72 

81 

The  construction  and  use  of  this  table  are  very 
simple.  The  first  horizontal  row  contains  the  pro- 
duct of  each  of  the  first  nine  numbers  by  1,  and  is  of 
course  formed  by  the  repeated  addition  of  unity;  the 
second  row  contains  the  product  of  every  one  of  the 
same  numbers  by  2,  and  is  formed  by  the  successive 
addition  of  that  number;  the  third  contains  their 
products  by  3,  by  the  repeated  addition  of  which  it 
IS  formed,  and  so  on.  Hence,  if  we  wish  to  ascertain 
the  product  of  6  bv  4,  we  look  in  the  fourth  row,  or 
that  opposit<%  4,  till  we  come  to  the  sixth  column,  or 
that  heieuied  by  6,  in  which  stands  24,  the  product 
required.  We  express  this  generally  by  saying  that 
the  product  is  found  in  the  row  opposite  to  the  mul- 
tiplier, and  the  column  headed  by  the  multiplicand. 

In  tiie  sixth  row  and  the  fourth  column  stands  24, 
the  product  therefore  of  4  by  6 ;  and  in  the  fourth 
row  and  the  sixth  column,  as  we  have  already  found, 
stands  also  24  ;  hence  the  product  of  4  by  6  is  equal 
to  the  product  of  6  by  4 ;  or  more  shortly 

4X6=6X4 

By  a  similar  inspection  of  the  table  we  find  that 

5  X  3  =  15 
3  X  5  s=  15 

Therefore, 

5X3  =  3X5. 

The  same  will  be  found  to  be  the  case  with  evoy 
pair  of  factors  in  the  table ;  hence,  in  multiplying 
any  two  of  the  first  nine  numbers,  it  is  immateriiu 
which  we  make  the  multiplicand,  and  which  the 
multiplier ;  for  the  result  will  be  the  same  in  both 
cases. 

This  remark  we  deduce  from  actual  observation ; 
we  can  show  that  it  is  true  by  trying  it  on  any  of  the 
numbers  in  question ;  but  we  will  now  prove  that  it 
must  of  necessity  be  so,  that  it  cannot  be  otherwise. 
Let  us  take  the  case  of  5  and  3 ;  write  the  figure  1 
five  times  in  the  same  line,  and  do  this  three  times* 
placing  the  lines  one  beneath  the  other,  thus : — 

1,  1,  1.  1,  1, 
1,  1,  1,  1,  1, 
1,     1,     1,     1,     1. 

This  assemblage  of  units  represents  the  product  of 
5  by  3^  for  it  contains  3  rows  of  5  imits  each,  or  S 
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repeated  3  times.  Bat  tnBtead  of  reckoning  the 
Lonber  of  horizontal  rows  it  contains^  let  us  count 
the  Tertical  columns ;  of  these  there  must  of  course 
be  5,  for  each  cohnnn  is  made  up  of  1  of  the  5  units 
whidi  are  in  each  row ;  and  as  the  number  of  rows  is 
Z,  each  column  must  contain  3  units ;  therefore  count- 
ing in  this  way,  the  assemblage  contains  6  columns 
ef  3  unita  ^acn»  or  3  units  repeated  5  times«  and  re- 
pfesents  dierefore  the  product  of  3  by  5.  But  as  we 
mtae  seen*  the  same  collection  represents  the  product 
of  5  by  3  ;  hence  the  product  of  5  by  3  must  be  equal 
to  that  of  3  by  5,  which  we  find  to  be  the  case. 

This  mode  of  demonstraticm  is  evidently  not  con- 
fined to  the  particular  numbers  which  we  have  ap- 
plied it  to ;  it  may  be  extended  to  any  whatsoever, 
by  simply  imagining  a  line  to  be  formed  containing 
1  repeated  aa  often  as  there  are  units  in  the  multi- 
pbcand«  and  conceiving  as  many  of  these  lines  to  be 
ttken  and  placed  one  beneath  the  other  as  there  are 
muts  in  the  multiplier.  Reckoning  the  assemblage 
of  onits  thus  obtained  by  rows,  it  will,  from  the  na- 
ture of  Its  formation,  r^xresent  the  product  of  the 
multiplicand  bv  the  multiplier ;  but  if  we  suppose  it 
to  be  divided  mto  columns,  we  perceive  that  there 
most  be  aa  many  columns  as  there  are  units  in  each 
tow,  and  that  each  column  must  contain  as  many 
aoits  aa  there  are  rows ;  in  other  words,  the  assem- 
blage must  consist  of  a  column  containing  as  many 
vnits  as  tfaera  are  units  in  the  multiplier,  repeated  as 
many  times  as  there  are  units  in  the  multiplicand, 
and  will  represent  the  product  of  the  multiplier  by 
the  multiplicand*  if  we  may  use  the  expression.  But 
it  also  represents  the  product  of  the  multiplicand  by 
the  multiplier ;  hence  in  multiplying  any  two  num- 
ben,  it  is  mdifferent  which  of  them  we  make  the  mul- 
tiplier; for  the  product  obtained  in  both  cases  is  the 

We  may  in  practice  omit  the  decomposition  of  the 
■nhiplicand  into  its  component  parts,  and  when  the 
product  of  any  of  its  figmres  by  the  multiplier  con- 
atsta  of  more  than  one  digit,  instead  of  writuig  dovm 
the  whole  of  the  product,  we  put  down,  as  in  addition, 
only  iht  muts'  d&gtt,  and  carry  the  other  to  be  added 
to  the  next  product.  The  following  example  will 
iUasUatc  this  method,  and  afford  us  an  opportunity 
ef  noticing  a  peculiar  case  of  multiplication :  suppose 
3§40  is  to  be  multipled  by  8 ;  we  write  the  multipli- 
and  mnhtplier  under  one  another,  as  in  addition. 


29120 

We  then  multiply  the  first  figure  of  the  multipli- 
cand,  4,  by  8,  which  gives  32,  or  2  to  write  down  and 
3  to  carry ;  but  as  this  4  represents  4  tens,  the  product 
aanst  of  course  represent  32  tens ;  we  must  tiierefore 
write  Oafter  the  2,  inocder  that  that  figure  may  come 
into  its  rig^  place.  The  product  of  6  by  8  is  48, 
which,  ad£ng  the  3  left  to  be  carried  at  the  last  ope- 
latioo,  becomes  51 ;  writing  down  the  1,  we  carry  the 
5  to  the  nest  product  24,  which  thus  becomes  29, 
the  vdkole  of  which,  it  being  the  last  product,  we 
pBt  down.  We  observe  from  this  example,  that  in 
mnhiplying  a  nmnber  which  contains  one  or  more 
ted  cyclers,  we  commence  vrith  the  first  significant 
fgiae,  and  after  finishing  the  operation,  subjoin  to 
fit  ifsolt  the  number  of  cyphers  which  arc  annexed 
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to  the  multiplicand.  In  a  similar  manner,  if  any 
cyphers  occur  in  the  middle  of  the  multiplicand,  we 
must  fill  up  the  corresponding  places  in  the  product 
with  the  same  number,  unless  mdeed  we  happen  to 
have  a  significant  figure  to  carry  to  any  one  of  them 
from  the  preceding  partial  product. 

We  may  now  perceive  the  reason  of  the  following 
rule  for  Uie  multiplication  of  numbers,  when  the 
multiplier  consists  only  of  a  single  digit : 

Write  the  multiplier  under  the  units'  digit  of  the 
multiplicand ;  find  in  the  table  the  product  of  the 
units'  digit  of  the  multiplicand  by  Uie  multiplier; 
write  the  units'  digit  of  this  product  immediately  un- 
der the  multiplier ;  find  the  product  of  the  next  digit 
of  the  multiplicand  by  the  multiplier,  add  to  it  me 
tens'  digit  of  the  former  product,  write  the  units'  digit 
of  the  number  thus  found,  to  the  left  of  the  digit 
last  set  down,  and  proceed  as  before. 

The  following  may  be  taken  as  exercises  :-*To 
prove  that  956  X  6  =5736  ;  8200  X  9=73800  ;  and 
that  7012  X  5  =  35060. 

According  to  our  system  of  notation,  we  increase 
the  value  of  any  figure  10  times  by  merely  moving  it 
one  place  further  from  the  right ;  and  as  to  multiply 
any  number  by  10,  it  is  only  necessary  to  render 
each  of  the  collections  of  wluch  it  is  composed  10 
times  greater,  in  other  words  to  change  its  units  into 
tens,  its  tens  into  hundreds,  and  so  on :  it  is  evident 
that  we  shall  effect  this  operation  by  subjoining  a  0 
to  the  multiplicand,  since  by  so  doing  we  advance 
each  of  its  significant  figures  one  place  further  from 
the  right.  Similariy,  we  multiply  a  number  by  100, 
by  annexing  to  it  2  zeros  ;  for  we  thus  move  each  of 
its  figures  two  places  further  from  the  right,  and  con- 
sequently increase  their  value  100  times.  We  there- 
fore perceive  that  to  multiply  a  number  by  10,  100, 
1000,  10000,  &c.,  it  is  requisite  only  to  attach  to  the 
right  of  the  multiplicand  as  many  zeros  as  are  con- 
tamed  in  the  multiplier. 

When  the  significant  figure  of  the  multiplier  is 
greater  than  1,  the  operation  is  decomposed  into  two 
separate  ones.  For  instance,  suppose  that  a  number 
is  to  be  multiplied  by  500,  or  in  other  words  by  100 
times  5,  we  multiply  it  first  by  5,  and  then  increase 
the  value  of  the  product  100  fold,  by  subjoining  2 
zeros  to  it.    Thus,  347  is  to  be  multiplied  by  500, 

347 
500 


173500 


The  product  of  347  by  5  gives  1735,  to  which  we 
annex  2  zeros.  We  thus  deduce  the  following  gene- 
ral rule  for  the  multiplication  of  a  number  by  an- 
other, viiiich  consists  of  a  single  digit  followed  by  one 
or  more  zeros :  Multiply  the  multiplicand  by  the 
significant  figure  of  the  multiplier,  and  write  after 
the  product  as  many  zeros  as  occur  in  the  multipli- 
cand. 

This  principle  will  apply  to  the  case  in  which  the 
multiplier  is  any  number  whatsoever,  by  considering 
separately  each  of  the  collections  of  which  it  is  com- 
posed. Thus,  suppose  that  we  have  to  multiply  793 
by  345,  or  to  take  793,  345  times,  that  is,  to  take  it 
300  times,  40  times,  and  5  times,  and  add  the  results 
together,  or  in  other  words  to  multiply  it  bv  300, 40, 
and  5,  and  add  the  products  together.  This  reduces 
the  operation  to  three  separate  ones,  all  of  which  wc 
can  perform,  because^  the  multiplier  has  but  one  sig- 
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114 

nificant  figure  in  eteh. 
in  addition*  we  have 

793 
345 


ARITHMETIC. 
Arranging  the  numbers  as 


3965 

317-20 

237900 


5  X  793 

40  X  793 

300  X  793 


273585  =  345  X  793 


In  this  operation  we  multiply  793  successively  by 
the  collections  of  units,  tens«  and  hundreds  which 
compose  the  multiplier,  observing,  according  to  the 
rule  we  have  given,  to  subjoin  1  zero  to  the  product 
given  by  the  tens,  and  2  zeros  to  that  given  by  the 
hundreds.  The  addition  of  the  partial  products  gives 
the  whole  products  required.  But  as  the  zeros  which 
we  have  annexed,  count  for  nothing  in  this  addition, 
we  may  evidently  dispense  with  writing  them  at  all, 
provided  that  we  take  care  to  put  into  its  proper 
place  the  first  figure  of  the  partial  product  given  by 
each  of  the  significant  fibres  of  the  multiplier,  that 
is  to  say,  the  product  given  by  the  tens'  digit  of  the 
multiplier,  in  the  tens'  place,  that  given  by  the  hun- 
dreds  in  the  hundreds'  place,  and  so  on. 

From  this  we  deduce  the  following  general  rule 
for  the  multiplication  of  any  two  numbers  whatsoever: 
Write  the  multiplier  under  the  multiplicand,  units 
under  units,  tens  under  tens,  &c.  Write  down  the 
product  of  the  multiplicand  by  the  units'  digit  of  the 
multiplier,  observing  that  its  units'  digit  shall  be 
under  the  units'  digit  of  the  multiplier.  In  like  man- 
ner write  down  the  product  of  tiie  multiplicand  by 
the  tens'  digit,  observing  that  its  units'  digit  shall  be 
under  the  tens'  digit  of  the  multiplier ;  proceed  thus, 
and,  when  all  the  partial  products  are  set  down,  add 
them  up  as  they  stand,  for  the  whole  product. 

DIVISION. 

The  product  of  two  numbers  is  formed  by  the  re- 
peated addition  of  one  of  them  as  many  times  as 
there  are  units  contained  in  the  other;  in  other 
words,  the  two  factors  are  given,  and  the  product  is 
required.  Suppose  now  that  we  have  the  product 
and  one  of  the  factors  given,  and  thait  we  wish  to 
find  the  other ;  the  second  factor  is  simply  the  num- 
ber which  denotes  how  many  times  the  first  must  be 
added  to  form  the  product;  consequently  we  shall 
find  it  by  subtracting  the  first  factor  from  the  product 
till  we  can  subtract  it  no  longer.  For  instance,  if  we 
wish  to  know  how  many  times  16  must  be  added  in 
order  to  make  64,  in  other  woids,  how  many  times 
64  contains  16,  we  have  only  to  subtract  16  from 
64  as  often  as  we  can ;  thus. 


first  subtraction. 


64 
16  . 

48 

16  •  .  second  subtraction, 

32 

16  .  .  third  subtraction. 

16 

16  •  •  fourth  subtraction. 


As  we  can  only  subtract  16,  4  times,  "We  condud^ 
that  it  is  contained  in  64,  4  times.  Hence,  in  order 
to  find  how  many  times  one  number  contains  an- 
other, it  is  only  necessary  to  subtract  that  other  re-> 
peatedly  from  the  first.  The  number  of  times  this 
open^on  can  be  performed  is  the  number  of  times 
required.  But  the  application  of  this  method  to  cases 
in  which  tl^  one  number  contained  the  other  a  great 
many  times  would  be  exceedingly  laborious;  we 
therefore  substitute  a  more  compendious  one,  termed 
DMdon,  analogous  to  the  mode  of  abridging  the  re- 
peated addition  of  the  same  number  by  means  of 
multiplication,  and  alike  suggested  by  the  principle 
of  numerical  arrangemoot*  This  operation  is  then, 
strictiy  speaking,  confined  to  large  numbers,  but  it  is 
usually,  for  the  sake  of  uniformity,  said  to  apply  to 
all.  Thus,  in  the  preceding  example,  our  object  has 
been  to  divide  64,  which  is  termed  the  diMend,  by 
16,  or  the  diviior,  in  order  to  obtain  the  quoHefUl; 
and  Uie  operation  may  be  shortly  denoted  by  writing 

64 
64  -7- 16,  or,  more  commonly,  -<-• 

'    16 

Again,  suppose  that  we  wish  to  divide  111  by  37 : 
111 
37  •  •  first  subtraction. 

74 

37  .  •  second  subtraction. 

37 

37  •  •  third  subtraction 


As  the  remainder  we  obtain  after  subtracting  37 
3  times  is  0,  we  conclude  that  the  quotient  is  3. 

It  is  evident  that  when  the  dividend  does  not  con* 
tain  the  divisor  as  many  as  ten  times,  which  can  of 
course  be  easily  ascertained  by  a  simple  inspectioo 
of  the  two  numbers,  and  when  the  divisor  consists  of 
a  single  digit,  the  quotient  may  be  found  by  reference 
to  the  table  of  products  in  the  multiplication  table. 
Suppose,  for  instance,  that  it  is  required  to  know  how 
often  8  is  contained  in  66 :  passing  down  tiie  eighth 
column  in  the  table  until  we  come  to  56,  we  find  that 
that  number  stands  in  the  seventh  row,  or  that  oppo- 
site to  7,  which  is  therefore  its  other  fadbor,  and  de- 
notes the  number  of  times  that  it  contains  the  first 
We  may  perceive,  by  an  inspection  of  the  same  table; 
that  there  are  some  numbers  which  cannot  be  exactly 
divided  by  others.  For  instance,  as  the  seventh  row, 
or  lliat  which  contains  the  multiples  of  7  does  not 
include  40,  therefore,  it  is  evident  that  40  is  not  a 
multiple  of  or  divisible  by  7 ;  and  as  40  lies  between 
35  and  .42,  both  of  which  are  multiples  of  7,  the 
greatest  multiple  of  7  that  40  can  contain  is  35,  the 
factors  of  which  are  5  and  7. 

Let  us  now  prctceed  to  divide  1656  by  3;  or,  in 
other  words,  to  find  a  number  such  that  the  multi- 
plication of  its  units,  tens,  hundreds,  .te.  by  3,  will 
give  a  product  consisting  of  the  units>  tens,  hnn* 
dreds,  &c.  of  the  dividend  1656. 

It  is  dear  that  tiiis  required  number  cannot  contain 
a  collection  of  any  order  higher  than  that  of  than* 
sands,  for  if  it  had  one  of  ten  thousands,  there  would 
be  also  a  collection  of  ten.  thousands  in  the  prodnet, 
which  there  is  nc^  It  is  equally  clear  that  it  cadnot 
contain  a  collection  of  so  high  an  order  as  that  of 
thousands,  for  if  it  had  only  one  thousand,  Ae  product 
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woM  ocmtmn  at  least  3  thduaaiid,  whidi  is  not  tlie 
cise.  Hence  the  thousand  of  the  dMdcnd  must  ne- 
oasarily  result  ftom  the  multipiicaticm  of  the  hon- 
dmb'  coQecHott  of  the  quotient  by  3 ;  therefore  we 
aiiall  obtain  ^  niunber  of  the  hundreds  contained 
in  the  qootieiit  by  cdviding  that  of  the  hundreds  of  the 
ifividend  by  three.  But  16  is  not  divisible  by  8 ;  we 
therefore  find  the  greatest  number  in  it  which  is, 
ia  odier  words,  its  greatest  multiple  of  3,  which  is 
15,  and  the  quotient  of  this  by  3  is  5.  But  5  hun- 
dreds, multiplied  by  3,  gives  16  hundrecti,  and  the 
ifividend  1656  contains  16  hundreds ;  hence  the  dif- 
finenoe,  1  hundred,  must  have  entered  into  tiie  divi- 
dend in  omsequenoe  of  being  carried  over  from  tiie 
tens'  place,  in  tiie  formation  of  tiiat  number  through 
its  Bralti{dication  by  the  divisor.  If  now^  from  the 
whole  product,  we  subtract  i^ait  we  have  found  to 
have  been  one  of  the  partial  products  obtained  during 
tiie  performance  of  that  operation,  namely,  15  hun- 
dreds, or  1500,  the  remainder,  156,  will  contain  the 
pcodiicts  of  the  units  and  tens  of  the  quotient  by  the 
diviM)r ;  and  therefore  all  we  have  to  do  now^  is  to 
find  that  number,  the  multiplication  of  whose  units 
aid  teas  by  3  will  give  156— a  question  precisely 
soiilar  to  that  we  originally  set  out  vnth. 

Having  found  the  first  figure  of  the  quotient  of  this 
acoood  dividend,  in  a  similar  maimer  to  that  in  which 
we  Ibund  it  in  the  former  case,  we  subitract  its  pro- 
diKi  by  €be  divisor  from  the  dividend,  and  the  re- 
mainder which  we  obtain  we  make  a  third  dividend, 
iDon  whidi  we  operate  as  w^Km  the  two  i>receding» 
We  cwtinw*  this  metiiod  imtd  we  have  no  remainder 
left  of  wfaidi  to  make  a  dividend,  when  we  have  sub« 
tncted  the  divisor  firom  the  original  dividend  as  often 
as  we  can,  and  therefore  have  finished  the  operation. 

Tht  foUowing  is  a  connected  view  of  the  operation, 
(dividend)  1656  ) 3  (divisor) 

1500  5    552  quotient 


si 
tiie 


arrangement  of  the  divisor  and  dividend  is 

aibitrery ;  that  whidi  we  have  followed  is 

convenient  as  fodlitating  the  mental  multi- 

of  the  divisor  by  the  figures  of  tiie  quotient. 

us  take  another  example : 

1535  1 6 

1500  3    035 
35 


Here  vre  perceive  that  upon  subtracting  the  1500, 
or  tbe  product  of  the  hundreds'  figure  of  tne  quotient 
by  3,  we  obtain  for  remainder  only  3  tens  and  5 ; 
DOW  3  tens  not  bebg  divisible  by  5,  we  can  have  no 
teas'  figure  in  the  quotient,  we  must  therefore  vnite 
a  0  in  the  place  of  that  collection,  in  order  that  the 
other  colkdtions  may  frdl  into  their  right  places. 
Hcoee,  vrhenever  we  obtain  a  partial  dividend  which 
b  not  dhrisiUe  by  the  divisor,  we  must  insert  a  cy- 
pher in  the^ace  appropriated  to  its  collection  in  the 
qnotaent.    The  restof  the  operation  is  as  usuaL 

Let  US  now  proceed  to  a  case  in  which  the  divisor 
'    aiw&an  tium  one  digit,  for  instance,  the  di? 


^nsion  of  57981  by  251.  llie  quotient  evidentiy  can- 
not contain  any  collection  of  a  higher  order  than  that 
of  hundreds;  and  the  number  of  that  collection 
which  it  does  contain,  must  be  such  that,  multiplied 
by  251,  it  may  give  579  hundreds,  or  the  nearest 
multiple  of  251  below  that  number,  which  579  con* 
tains.  It  is  therefore  2 ;  but  the  product  of  2  hun- 
dreds by  251  is  502  hundreds,  and  the  dividend  con- 
tains 579  hundreds ;  the  difference,  77  hundreds,  must 
enter  into  the  dividend  by  having  been  fxaricd  over 
through  the  multiplication  of  the  tens  and  units  of 
the  divisor  by  the  quotient.  Subtracting  the  partial 
product  502  hundreds,  or  50200  from  the  whole  pro- 
duct 57981,  we  obtsdn  the  remainder  7781,  which 
must  contain  the  products  of  the  tens  and  units  of' 
the  quotient  by  the  divisor ;  therefore,  havins  found 
the  hundreds  of  the  quotient,  all  that  we  now  have  to 
do  is  to  find  a  number  which,  multiplied  by  251,  will 
give  7781.  To  effect  this>  we  proc^  as  before,  and 
find  the  fint  figure  3  of  this  second  quotient ;  multi- 
plying the  number  which  it  expresses  by  the  divisor,, 
and  subtmcting  the  partial  product  thus  obtained 
from  the  whole  product  7781,  we  procure  a  remainder 
251,  which  is  the  product  of  the  units'  figure  of  the 
quotient  by  the  divisor.  In  this  we  proceed  as  be- 
fiire,  until  the  whole  operation  is  finished.  The  fol- 
lowing exhibits  a  connected  view  of  it : 

57981  )    251 

50200  j    231 


We  find  the  successive  digits  in  the  quotient  by 
guessing  at  them  as  weU  as  vire  can.  When  vre  mul- 
tiply the  divisor  by  the  dint  guessed,  if  the  product 
be  greater  than  the  po'tial  ^vidend,  the  digit  is  too 
great ;  when  vre  subtract,  if  the  remainder  be  greater 
than  the  divisor,  the  digit  is  too  smalL 

From  these  various  considerations  we  may  perceive 
the  reason  of  the  ordinary  rule  for  the  division  ef  any 
one  number  by  any  otiier :  Write  the  divisor  on  the 
right  hand  of  tiie  dividend ;  from  the  left  of  the  divi- 
dend mark  off  the  smallest  number  of  digits  that 
make  a  number  not  lets  than  the  divisor,  find  by 
trials  the  greatest  nuiiri>er  of  times  tiiat  the  divisor  is 
contained  in  tiiis  period,  and  write  the  result  for  the 
highest  collection  of  the  quotient  beneath  the  divisor, 
but  separated  from  it  by  a  line :  multiply  the  divisor 
by  this  digit,  and  subtract  the  period  fimn  the  period 
marked  off ;  bring  dovni  to  tiie  ri^  of  the  ronainder 
the  next  digit  in  the  dividend,  wad  proceed  with  the 
number  thus  formed  as  irith  the  first  period,  writing 
the  result  as  the  secMid  digit  in  the  quotiait :  and 
proceed  in  the  same  vray  to  find  the  other  digits  of 
the  quotient. 

The  subject  of  Arithmetic  will  be  continued  under 
the  articles,  fFhole  Ntumben,  Meamrt,  FVaetitmi,  Deet- 
mal  FhteHcm,  4cc. ;  and  the  application  of  the  science 
to  the  purposes  of  commerce  will  be  explained  under 
the  heads  of  Cbs^HMMd  Nimben,  Bmh  qf  Three,  ia- 
iermi,  &c. 

Aritiimbtical  Macbinb.  The  various  popular  in- 
struments employed  for  arithmetical  purposes  have 
been   described  and  illustrated   under  our  article 
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Abacus  ;  under  which  head  our  readers  will  also  find 
an  account  of  Mr.  Babhage's  extraordinary  calcnlat,- 
ing  instrument. 

Aeithm ETic,  harmomcal,  is  that  part  of  the  doc- 
trine of  numbers  which  relates  to  the  comparison, 
reduction,  &c.,  of  musical  intervals. 

Arithmetic,  apectons,  is  that  which  gives  the  cal- 
culus of  quantities ;  using  letters  of  the  alphabet  in- 
stead of  figures  to  denote  the  quantities ;  and  coin- 
cides with  what  we  usually  call  algebra,  or  literal 
arithmetic.  Dr.  Wallis  has  joined  the  numeral  vrith 
the  literal  calculus ;  and  by  means  of  it  demonstrated 
the  rules  for  fractions,  proportions,  extraction  of  roots, 
Ace,  under  the  title  of  Eleinenta  Ariihmeticm, 

Arm.     See  Anatomy  and  B&achium. 

Arm, /ore,  that  part  lying  between  the  elbow  and 
the  wrist. 

Arm  qfa  hor$e;  the  fore  thigh. 

Arm  ;  each  extremity  of  a  bibb  or  bracket 

Arm  of  an  anchor;  mat  part  of  an  anchor  to  which 
Ihe  palm  is  welded. 

Armenius  Lapis,  or  Armenian  Stone;  an  opaque 
sort  of  stone  of  a  greenish  blue  colour,  like  the  lapis 
lazuli.     It  is  used  as  a  purgative. 

Armenian  Bole  ;  a  native  bole  or  eaith  brought 
from  Armenia,  commonly  called  bole  armoniac.  It 
is  a  fat  kind  of  earth  of  considerable  use  as  an  ab- 
sorbent and  astringent. 

Armillart  Sphere  ;  an  artificial  sphere  so  called 
from  armilla,  a  bracelet,  or  ring,  because  it  is  com- 
posed of  a  number  of  circles  of  metal,  wood,  or  paper, 
representing  the  several  circles  of  the  sphere  of  the 
world,  put  together  in  their  natural  order.  For  a 
more  particular  description  of  this  instrument  and  its 
use,  see  Astronomy. 

Armillary  Triqonometbr.;  an  instrument  in- 
vented by  Mr.  Munro  Murray,  and  improved  by  Mr. 
Ferguson,  consisting  of  five  semi-circles  divided  and 
graduated  so  as  to  solve  many  problems  in  astro- 
nomy. 

'  Arms.  Man  has  not,  like  many  animals,  received 
from  nature  any  member  intended  particularly  as  a 
weapon.  He  is  obliged  to  use  artificial  means  to  in- 
crease his  strength  when  he  attacks,  as  well  as  to 
screen  his  body,  which  nature  has  left  unprotected. 
Arms  were,  therefore,  an  early  invention;  perhaps, 
in  the  first  instance,  as  a  means  cf  defence  against 
animals.  They  were  soon  used,  however,  for  the 
purpose  of  conflict  between  man  and  man.  The  first 
and  most  natural  of  ail  arms  are  the  club  and  the 
sling.  Every  one  naturally  uses  missiles  as  meant 
of  offence,  and  the  sling  adds  force  to  the  cast.  In 
the  history  of  the  arms  of  all  nations,  we  find  inva- 
riaMy  that  man,  beginning  with  the  means  of  injury 
In  the  dose  struggle,  endeavours  continually  to  in- 
vent weapons  wh^  shall  take  cfiiect  from  greater  and 
greater  distances.  In  consequence  of  the  progress 
made  in  this  way,  dexterity  always  takes  at  last  the 
place  of  courage.  Nature  has  given  to  man  only  one 
weapon,  in  a  limited  sense  of  the  word — ^the^arm, 
used  in  boxing;  and  thtarcan  be  made  truly  a  weapon 
only  by  the  dexterity  aoquiied  by  long  t^tuning. 
The  art  of  boxing,  moreoiEer«  is  of  use  only  against 
men.  Within  its  sphere,  indeed,  it  iavery  efiectual. 
As  soon  as  men  learned  theAise  of  the  metals,  they 
worked  them  into  pikes,  spears,  lances,  and  soon  af- 
terwards into  swords  and  aonour.  Of  this  last»  part 
only  was  at  first  made  of  roetaU  but  the  proportion 
•went  on  increasing  till  at  last  axomplete  suit  of  iron 


came  mto  use.  The  first  hnprovement  on  the  sUn^ 
and  the  bow  was  the  cross-bow.  Still  later  came  the 
large  engines  employed  by  the  ancients,  and  called 
oaUtpuiim,  bdUitm,  &c.  These  would  produce  effect  at 
the  distance  of  1000  feet.  But  the  discovery  of  gun- 
powder changed  the  character  of  arms.  Objects 
6000  paces  cUstant  could  now  be  reached,  and  ob- 
stacles overthrown  with  ease,  the  destruction  of  which 
formerly  cost  the  labour  of  years.  But  the  early 
defensive  armour  is  much  too  curious  to  be  passed 
over  with  this  brief  historical  notice,  and  we  propose 
to  describe  the  principal  arrangements  adopted  for 
this  purpose  both  amongst  the  Greeks  and  Romans 
as  well  as  our  own  ancestors.  We  cannot  do  better 
-than  commence  with  the  helmet,  especially  as  we 
find  one  very  similar  to  the  earliest  of  which  we  have 
any  authentic  record,  employed  in  some  of  our  horse 
regiments  in  the  present  day. 

The  Roman  helmets,  though  commonly  distin- 
guished by  the  elegance  of  the  Grecian,  were  of  va- 
rious forms ;  and  mose  of  commanders,  ornamented 
with  mythdogical  and  other  ^^ 
gures  of  gold  in  high  relief. 

One  of  the  simplest  of  these  de- 
corated helmets  is  represented  in 
the  annexed  engraving,  and  com- 
bined with  the  splendour  of  the 
other  equipments  of  the  Roman 
legions,  must  have  given  them  a 
very  imposing  aspect,  which  un- 
doubtedly had  its  influence  on  the 
minds  of  their  less  civilized  and 
more  simple  opponents. 

The  round  decorated  helmet,  with  chain-mail  at- 
tached for  the  protection  of  the  neck«  thou^  for. 
ages  a  most  important  part  of  the  defenaive  annour 
of  the  knights  of  every  nation  of  Christendom,  was 
probably  of  eastern  origin,  and  might  have  been  in- 
troduced into  more  western  countries  by  Uie  Crusa- 
ders. A  very  beauttiul  illustration  of  the 
form  of  an  eastern  helmet  is  given  in  the 
accompanying  figure.  Plain  round  hel- 
melts  appear,  however,  to  have  been 
worn  occasionally  by  the  Roman  gla- 
diators, and  to  have  formed  part  of  the 
defensive  armour  of  the  common  soldiery 
in  most  nations  of  Europe  in  later  ages, 
and  even  in  England  so  late  as  the  se* 
venteenth  century.  But  the  changes  in 
military  tactics*  by  the  improvements  in  artilleirpaDd 
fire-arms,  have  caused  the  abolishment  even  of  this 
last  vestige  of  the  heavy  armour  of  our  forefathers. 
We  of  course  except  the  helmets  worn  in  some  of 
our  horse  regiments,  to  which  allusion  has  already 
been  made. 

The  ancient  body  armour  was  picturesque  in  its 
appearance,  but  not  so  well  caculated  for  resisting  a 
missile  weapon  as  that  worn  by  our  horse-guards 
and  lancers  in  the  present  day.  In  the  earliest  forms 
wood  and  the  skins  of  animals  were  resorted  to,  and 
the  latter  of  these  materials  was  rendered  so  hard  by 
exposure  to  the  wind  and  sun,  that  we  are  told  by  a 
distinguished  classic  author,  that  the  lance  could 
not  pierce  the  wearer.  Horsehair  was  also  cm* 
ployed  for  the  protection  of  the  body,  and  thou^ 
not  fitted  to  resist  a  direct  thrust,  effectually  protect^ 
the  soldier  from  the  action  of  any  cutting  instm- 
ment.  It  was  also  very  light.  The  cuirasses  were 
made  of  folded  linen  or  cloth ;  Vass  and  iron  were 
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KMt  commotily  of  two  pieces, 
•sd  joined  by  a  buckle  at  the 
iboulderB,  as  in  tbe  accompa- 
nying  wood-cat.  These  were 
altered,  through  their  heavi' 
oeta,  to  plates  upon  leather  or 
doth;  *nH  bo^  these  ""H 
dtain-nail,  bat  not  interlaced, 
•afi  Dr.  Merrick,  also  occur. 
Gold  plates  diatingniahed  tbe 
Greek  and  Roman  generals. 
The  BOldien  on  the  Ti^an  co- 
hunn'  wesir  a  short  leathern 
tonic,  like  a  waistcoat,  n|>0D 
which  plates  of  metal  were  sewed.  The  plates  were 
sometimes  sapeiseded  hy  small  chains.  The  Etros- 
<an  mirasaes  were  plain,  scaled,  ringed,  laminated, 
or  qntlted.  Dependent  from  their  cuirasses  were 
ttnpa,  aometimes  merely  of  leather,  at  others  with 
[oeces  of  metal  on  them ;  and  these  appendages, 
tetmed  by  the  French  lambreqiiiiu,  were,  togedier 
with  their  plain  and  laminated  cuiiaaaes,  adopted  bv 


the  hastnti  and  principes,  consisting  of  several  bands 
ef  biass  or  steel,  each  wrapping  half  round  the  body, 
and  therefore  fastening  before  and  behind  on  a 
leathern  or  quilted  tumc.  These  laminated  loricn 
were  very  heavy.  The  Roman  lorica  was  frequently 
(uiched  on  the  abdomen  with  embossed  figures,  on 
Ae  breast  with  a  Gorgon's  head  for  an  amulet,  on 
tbe  shoulder- plates  with  scrolls  of  thunder-bolts,  aod 


Hke  compact  cuirass  was  made  to  open  at 
the  aides,  where  the  breast  and  back  plates  jobed  by 
means  of  clasps  and  hinges. 

Dr-  Meyrick  obserres,  that  in  ancient  times  the 
shape  of  the  slueld  had  much  to  do  with  the  mytho- 
logy ot  the  people,  aod  therefore  were  circular  to 
npreaent  the  son,  and  crescent-like  to  imitate  the 
nooai  of  this  h' 
ta  species  of  shie! 
fmn  itsgnat  rarit 
we  give  a  Ggnre. 

The  ivy-leaf  w 

and  it  is  mostprofa 
Ucthat  the  Gree 
derived  the  pell 
which  XenophL- 
describes  as  of  the  same  fot 
pen.  Tbe  first  shields  ^ 
which  socceeded  light  wood.  Ox  leather,  covered 
with  metal  plates,  was  however  the  most  usefal  ma- 
teriaL  The  middle  had  a  plate  of  metal,  often  fnr- 
aiabed  with  a  thread  of  metal,  turned  in  a  circle  oi 
spirally.  At  first  the  shield  was  carried  by  a  piece 
ot  leather,  suspended  from  the  neck  over  the  left 
shoulder.  Hub  apraratns  often  appears  upon  Etnis- 
c«n  moaamenta.  The  handles  of  shields,  says  He- 
lodotaa,  were  inventions  of  the  Carians.  When, 
after  war,  the  shields  were  sospeuded  in  the  temples, 
the  handles  were  taken  away  to  prevent  their  being 
of  acTvice  in  sedition-  jEscbylus  says,  that  bells 
were  sometimes  added  to  shields  to  affright  enem* 
b^  the  sudden  sound,  but  Dr.  Meyrick  could  i 
vacover  a  single  specimen.  The  Peloponnesians  t 
(rased  tlieii  initiaia  upon  their  shields,  io  order 
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distingoiah  thenuehea  in  battle.  In  a  similar  manner 
upon  their  coins  there  often  occurs  only  a  monogram 
of  the  two  first  letters  of  their  names. 

ae  now  to  our  own  country,  and  it  may  in 
this  division  of  our  subject  be  advisable  to  go  some- 
what more  into  detail. 

ns  in  use  among  the  ancient  Britods  wera 
slight,  and  unfit  to  withstand  the  Romans  in  a  close 
iter;  though  in  light  skirmishes,  pmdently 
,  the  Britons  generally  gained  considerable  ad- 
vantage. Their  young  men  were  not  only  trained  to 
the  nee  of  arms  m  early  youth,  but  continued  in  the 
exercise  of  them  for  a  very  long  period ;  and  were 
always  ready  to  appear,  when  called  by  their  leaden 
actual  service.  Their  very  diversions  and  amuse- 
ts  were  of  a  martial  and  a  manly  cast ;  and  the 
javelin  they  used  in  hunting  was  a  principal  weapon 
in  the  field  of  war.  They  had  neither  helmets,  breast- 
plates, nor  defensive  armour,  but  a  light  shield. 
Csesar  tells  ns  they  had  a  dart  or  javelin,  which  they 
threw  from  their  war  chariots  to  aimoy  the  enemy  ; 
with  a  short  spear  for  the  infantry,  that  had  a  ball 
at  the  nether  end  filled  with  brass ;  this  they  shook 
with  great  violence  before  the  battle,  in  hope  to  in- 
timidate the  enemy ;  and  again,  when  they  engaged 
the  cavalry :  to  the  upper  end  of  it  a  thong  was 
fixed,  that  when  used  as  a  missile  weapon  it  might 
be  recovered,  and  again  used  in  tbe  close  encounter. 
They  had  also  long  and  broad  swords,  without  points, 
designed  only  for  cutting,  which  were  slung  by  a 
chain  over  the  left  shoulder ;  and  occasionally  a  short 
dirk  fixed  in  their  girdles,  llie  scythes  that  were 
sometimes  fastened  to  their  chariot  wheels,  may  be 
ranked  among  their  offensive  arms. 

The  ancestors  of  the  Saxons,  in  thdr  native  wood*, 

e  are  told,  transected  no  business,  public  or  pri- 
vate, without  being  completely  anued ;  and  the  custom 
of  wearing  swords  on  all  occasions  prevailed  in  every 
country  of  which  the  Germans  took  possession. 

The  early  Saxons,  previous  to  their  arrival  in  Br  -■ 
tun,  beside  the  bucjder  and  tbe  dagger,  used  a  swon: 
bent  in  themanner  of  a  scythe ;  but  their  descendants 
soon  changed  it  for  one  that  was  long,  stxaight,  and 
broad,  double-edged,  and  pointed. 

The  Saxon  in&ntry  were  not  aii  furnished  with 
the  same  offensive  weapons;  some  being  provided 
with  spears,  others  with  axes,  and  not  a  few  with 
clubs,  beside  swords,  which  were  common  to  them 
all.  Their  shields  were  generally  of  the  middle  size, 
for  the  most  part  ovsl,  always  convex,  and  having  a 
sharp  spike  projecting  from  the  centre ;  with  which, 
while  they  defended  themselves,  they  annoyed  their 
enemies.  They  fought  with  their  swords  and  shields, 
much  like  the  gladiators  of  the  Romans ;  and  in  the 
earliest  times  had  nothing  like  defensive  armour, 
which  they  seem  to  have  adopted  about  the  eighth 
or  ninth  century.  Some  alteration  in  our  national 
arms  |Hvbably  took  place  on  the  arrival  of  the  Danes. 
Their  swords  were  both  longer  and  larger  than  the 
Saxon  swords ;  the  lance  had  a  slight  difference ;  and 
they  appear  to  have  brought  the  battle-axe  into  more 
general  use.  Verstegan  enumerates  the  cross-bow 
as  a  Saxon  weapon,  butt  had  no  good  authority  foi 
the  assertion ;  as  it  neither  appears  in  any  ancieni 
history  or  delineation,  that  the  Saxons  ever  we 
qutdnted  with  it.  And  though  they  used  the 
mon  bow  when  following  tbe  chace,  they  oevei 
brought  it  to  the  field  of  battle.  Thejr  cavalry  wen 
armed  with  greater  uniformity  than  those  vbo  fought 
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on  foot ;  oarrying  in  their  right  hands  long  spears, 
and  at  their  left  sides  a  sword.  They  were  also 
better  provided  with  defensive  armour. 

Aaif  8,  in  Heraldnf,  are  nsnally  connected  with  the 
rank  or  history  of  the  bearer.  It  implies,  any  coats 
ol  arms ;  any  signs  of  arms,  or  armour,  ^minted  on 
shields,  targets,  banners,  &c. 

Arms  are  of  various  kinds,  as  arms  of  dominion, 
borne  by  kings  and  emperors. — Arms  of  pretension, 
borne  by  sovereigns  who  are  not  in  possession  of  the 
dominions  they  represent ;  as  the  arms  of  France, 
formerly  quartered  in  those  of  England. — Arms  as- 
sumptive ;  such  as  a  man  may  of  right  assume  with 
approbation  of  his  sovereign.  Arms  of  patronage ; 
such  as  governors  of  provinces.  Ice.  add  to  their  arms. 
'—Arms  of  alliance ;  such  as  are  taken  by  the  issues 
of  heiresses  to  show  their  descent,  paternal  and  ma- 
ternal.— ^Arms  of  succession,  taken  by  those  who 
inherit  certain  fiefs  or  manors. — Arms  of  adoption; 
those  taken  from  another  family  to  be  quartered  with 
the  paternal  one. — Arms  paternal  and  hereditary; 
such  as  are  transmitted  from  the  first  obtainer  to  his 
son,  grandson,  great-grandson,  &c. — ^Arms  of  con- 
cession; augmentations  granted  by  sovereigns. — Arms 
canting  or  allusive,  whose  figures  allude  to  the  names, 
professions.  Ice. ;  as,  a  trevet  for  a  person  named 
Trevet,  thf«e  cups  for  one  named  Butler,  Ice.  We 
may  cite  one  instance,  to  shew  the  importance 
which  our  ancestors  attached  to  these  almost  "  by- 
gone distinctions."  We  allude  to  the  celebrated  case 
of  Sir  Richard  le  Scrope  against  Sir  Robert  le  Gros- 
venor,  in  the  reign  of  Richard  II.,  about  a  coat  of 
arms,  viz.  azure  a  bend  or,  Ihis  case  was  tried  before 
the  Constable  and  High  Marshal  of  England,  and 
others  commissioned  for  the  purpose.  After  the  evi- 
dence of  a  large  portion  of  the  nobility  and  gentry, 
the  sentence  of  the  court  (at  the  end  of  three  years) 
was,  that  Sir  Robert  le  Ghrosvenor  should  bear  the 
said  arms  with  a  bordure,  argent :  who  thinking  him- 
self injured  by  that  sentence,  appealed  to  the  king, 
before  whom,  by  his  commissioners,  the  whole  plead- 
ings were  reviewed ;  and  at  length  it  was  decided  that 
Sir  Richard  le  Scrope  should  continue  to  use  the 
same  arms,  and  that  Sir  Robert  le  Grosvenor  should 
use  the  said  arms  with  a  bordure,  as  in  the  sentence, 
or  else  instead  of  a  "bmd,  or,"  he  might  bear  "a  garbf 
or,"  from  his  consanguinity  to  the  Earis  of  Chester ; 
whereupon  Sir  Robert  ever  after  bore  for  his  arms 
"  Azure  a  Garb,  or*'  and  the  same  have  continued 
by  his  descendants  to  this  day,  of  whom  the  present 
lilarl  Grosvenor  is  one, 

Arnabos  ;  an  aromatic  drug,  sometimes  employed 
as  a  substitnte  for  cinnamon. 

AftNALDiA ;  a  disease  formerly  known  in  England, 
one  of  the  symptoms  of  v^hich  was  a  loss  of  the 
hair. 

Aaif  OTTA ;  a  drug  of  which  a  good  deal  is  used  in 
this  country  for  the  purposes  of  the  dairy.  Cheese 
dyed  with  it  is  said  to  have  its  flavour  as  well  as  its 
colour  improved  by  the  mixture.  The  amotta  em- 
ployed by  the  dyers  is  of  a  dark  red  colour.  It  is 
formed  from  the  pulp  of  the  bixa. 

Arnvlphin  ;  a  coin  (brmerly  used  in  France.^  It 
was  estimated  at  about  a  ducat  and  a  half. 

Arroba,  or  Arrobb  ;  a  variable  weight  used  in 
Spain  and  Portugal.  In  the  former  country  it  is 
equal  to  25,  in  the  latter  to  32  of  their  respective 
pounds.  It  is  also  a  Spanish  liquid  measure,  which, 
4i  regulated  for  wine,  &c.  by  the  standard  of  Toledo 
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contains  1237)  Spanish,  or  9S1  English  cubic  inches, 
and  equals  8  azumbras,  or  32  quaildllos.  The  arroba 
menor,  or  arroba  of  oil,  measures  9^^\  Spamsh,  or 
771  English  cubic  inches,  and  is  divided  into  4  qnar- 
tillos.  The  arroba  is  a  name  also  given  to  one  of  the 
com  measures  of  Morocco. 

Aroph  ;  a  term  employed  by  the  ancient  alche- 
mists, both  for  saffron,  mandragora,  and  diemical 
flowers. 

Aroura  ;  a  Grecian  measure  of  length  amounting 
to  fifty  ffeet. 

Arpboqio,  in  Muric,  This  term,  which  is  of  fre- 
quent occurrence,  implies  that  the  tones  should  be 
sounded  distinctly,  beginning  at  the  lowest. 

Arpbnt  ;  a  French  measure  of  100  perches. 

Arquatus  Morbus;  the  ancient  name  forjann- 
dice. 

Arquebus.  This  missile  weapon  was  sometimes 
employed  in  the  hand,  and  at  otiier  times  used  for 
the  defence  of  a  fort.     It  had  a  matchlock. 

Arqubbusadb.  a  water  under  this  name  has  long 
been  fashionable,  both  as  a  medicine  and  a  cosmetic. 
One  of  its  principal  ingredients  is  alcohol. 

Arrachb',  va  Heraldry  ;  a  representation  of  a  plant 
torn  up  by  the  roots. 

Arrest,  in  the  Veierhuxry  Art ;  a  disease  seated 
between  the  ham  and  posteria. 

Arrhaphon  ;  a  skull  in  which  the  bones  are 
unconnected  by  sutures. 

Arriagi  ;  tiie  ancient  name  of  camphor. 

Arrondbb,  in  Heraldry ;  a  cross,  consisting  of 
sections  of  a  circle,  the  whole  of  the  curves  being  in 
the  same  direction. 

Arrotino;  a  celebrated  marble  figure  now  at 
Florence,  the  history  or  design  of  which  is  involved 
in  obscurity. 

Arrow;  the  well  known  missile  which  is  dis- 
charged fit)m  a  bow,  the  pointed  part  of  whidi  is 
called  the  arrow-head.  Bun(fles  of  arrows  are  called 
sheaves. 

Arrow  Stick.    A  rod  employed  in  surveying. 

Arschin  ;  a  Chinese  measure  of  length,  equal  to 
two  feet  eleven  lines. 

Arsenic  is  a  metal  of  very  common  occurrence, 
being  found  in  combination  with  nearly  all  of  the 
mettds  in  their  native  ores.  It  is  of  a  bluish-white 
colour,  readily  becoming  tarnished  on  exposure  to 
air,  first  changing  to  yellow,  and  finally  to  black. 
In  hardness,  it  equals  copper,  is  extremely  brittle, 
and  is  the  most  volatile  of  all  metals,  beginning  to 
sublime  before  it  melts.  Its  specific  gravity  is  5736. 
It  bums  with  a  blue  flame  and  a  white  smoke, 
emitting  a  strong  smell  of  gariic.  It  commonly  bears 
the  name  of  hlack  arsenic,  and  is  prepared  from  the 
white  arsenic  of  commercCi  by  heating  this  substance 
with  carbonaceous  matter,  and  allowing  the  volatile 
arsenic  to  condense  in  an  adjoining  vessel.  Arsenical 
pyrites,  a  very  abundant  natural  substance,  is  also 
advantageously  used  in  the  preparation  of  arsenic,  in 
which  case  iron  filings  and  lime  are  added,  to  engage 
the  sulphur,  and  prevent  its  sublimation  along  with 
the  arsenic.  Native  arsenic  has  been  found  in  the 
veins  of  primitive  rocks  in  several  countries,  but  in 
small  quantities,  and  generally  alloyed  by  the  pre- 
sence of  iron,  silver,  or  gold.  This  metal  is  used  in 
metallic  combinations,  when  a  white  colour  is  de- 
sired. With  oxygen,  arsenic  forms  two  compounds, 
both  of  which,  from  ttieir  property  of  combining  with 
alkaline  and  earthy  bases,  are  called  acidi.    The 
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aneaooB  acid,  the  most  hnportant  of  die  two,  is  the 
wkitt  oTMiic  of  the  shops.  It  b  usually  seen  ia 
white,  glassy,  translacent  masses,  to  which  form  it 
b  redaoed  by  fosion  from  a  powdery  state.  It  is  one 
of  the  most  Timlent  poisons  known,  not  only  when 
taken  into  the  stomach,  hot  when  applied  to  a  wound, 
or  even  when  its  Yapour  is  inspued.  It  is  found 
native  in  small  quantities,  but  is  obtained  for  use 
from  the  roasting  of  sereral  ores,  particularly  from 
that  of  cobalt  ami  arsenical  pyrites.  The  arsenous 
acid  is  condensed  in  long  horizontal  chimneys  lead- 
ing firom  the  furnaces  where  these  operations  are 
omducted,  and  usually  requires  a  second  sublima- 
tion, with  the  addition  of  a  little  potash,  to  deprive 
it  of  any  sulphur  it  may  contain.  Its  manufacture 
has  been  duefly  confined  to  Bohemia  and  Hungary. 
Persons  brought  up  from  their  youth  in  the  works 
five  not  longer  than  to  the  age  of  30  or  35  years. 
Ks6wing  the  deleterious  nature  of  their  occupation, 
tiiejr  are  so  careless,  that  we  have  seen  them  cleaning 
their  plates,  he,  in  wells,  over  which  a  skull  was 
painted,  to  warn  every  body  that  the  water  contained 
anenic.  Besides  its  use  in  medicine,  and  as  a  rats- 
bane, it  b  much  emplo3red  as  a  cheap  and  powerfhl 
flux  for  glass ;  but,  when  too  much  b  added,  it  b  apt 
to  render  the  glass  opaque,  and  unsafe  for  domestic 
use.  Aisenite  of  potash,  mingled  vrith  sulphate  of 
cooper,  affords  an  apple-green  precipitate,  called 
&Mee2e's  greem,  which,  vrtoi  dried  and  h^gated, 
forms  a  beautlfhl  pigment.  With  sul[^ur  arsenic 
forms  Ifluwise  two  definite  compounds-— the  realgar 
and  offpiment.  The  former  of  these  contains  the 
imaOest  proportion  of  sulphur,  and  b  red ;  the  latter 
b  yellow.  Ihev  are  both  found  native  in  many 
countries,  but  tneir  supply  in  commerce  depends 
upon  their  artificial  manufacture.  Thb  b  done  by 
dirtining  a  mixture  of  arsenical  pyrites  and  iron  py- 
rites, or  of  white  arsenic  and  rough  brimstone.  Reid- 
gar  or  orpiment  b  obtained  as  the  proportion  of 
sulphur  employed  b  greater  or  less.  These  com- 
povmds  afford  valuable  pigments  to  the  painter. 
AasBif  AL  ;  military  dep6t. 
AjiSKiriCAL  Magic BT ;  a  preparation  of  antimony, 
salphur,  and  arsenic. 

AnsBiN  ;  a  Russian  measure  of  length,  equal  to 
315  French  Imes.  The  Chinese  Arsdiin  amounts  to 
302  lines. 

AasuBA ;  a  dassical  term  for  the  powder  of  a 
silversmith's  workshop.    The  term  was  also  employed 
by  the  alchemists  for  their  dost  of  silver. 
AasuBA  ;  the  ancient  name  for  erysipelas. 
AmTBams;  see  Gout. 
AaraaiosA  Vena  ;  the  pulmonary  artery. 
Abtkeiosus  Canalis  ;  a  tube  leading  to  the  heart 
in  the  human  foetus. 

Artbby.  Thb  term  b  employed  to  describe  the 
conical  tubes  which  convey  the  blood  from  the  heart 
to  the  various  parts  of  the  body.  The  arteries  con- 
sist of  three  coats ;  the  external,  containing  blood- 
vesseb ;  the  middle,  consbting  of  elastic  fibres>  that 
contract  and  dilate ;  and  the  internal,  which  is  a  fine 
dense  membrane  that  supports  the  fibres.  By  the 
ciimlation  of  the  Mood  through  the  arteries,  is  pro- 
dnced  the  particular  motion  called  the  pulse,  which 
arbes  from  the  alternate  dilatation  of  the  arteries, 
called  the  diastole,  and  their  contraction,  called  the 
r.itoie.  The  time  which  the  fibres  of  th(  arteries 
take  in  performing  their  systole,  that  b,  their  return 
to  dieir  natural  state,  b  the  distance  between  two 
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pulses.  The  heart  diadurgaa  tiie  blood  into  tw» 
great  blood- vesseb,  called  the  arteria  pulmonalb  and 
the  aorta. 

The  arteria  pulmonalb,  or  pulmonary  artery,  rises 
firom  the  right  ventricle  of  the  heart,  and  diriding  it 
self  to  the  right  and  left,  carries  the  blood  by  innu« 
merable  ramifications  through  the  lungs. 

The  aorta  goes  from  the  left  ventricle  of  the  heart, 
and  b  divided  into  the  aorta  ascendens  and  the  aorta 
descendens.  The  aorta  b  called  ascendens  from  the 
point  where  it  leaves  the  heart  to  its  great  curvature 
or  arch,  from  which  it  is  principally  distributed  to 
the  thorax,  the  head,  and  the  upper  extremities.  The 
aorta  descendens  is  the  remaining  part  of  thb  trunk 
fh>m  the  arch  to  the  os  sacrum,  or  the  bifurcation* 
It  b  dbtributed  to  the  diaphragm,  abdomen,  and 
lower  extremities.  From  each  of  these  divisions 
arise  what  are  called  original  or  capital  branches, 
fipom  which  smaller  branches  and  ramifications  pro- 
ceed. The  capital  brandies  from  the  aorta  ascendens 
are — arteri«  subdavie,  the  subdavian  arteries,  which 
run  under  the  clavicle,  or  collar-bone.  The  carotids 
go  from  the  arch  of  the  aorta  directly  to  the  head. — 
The  aiieritt  coronarise  of  the  heart,  are  so  called 
because  they  form  a  sort  of  crown  on  the  basb  of 
the  heart.  The  principal  subordinate  branches  firom 
these  are  fVt>m  the  subclavian  arteries,  the  mammaria 
interna,  the  mediastana,  the  pericardia,  the  diaphrag- 
matica  minor  me  superior,  thymica,  trachealb,  ver- 
tebrales,  cervicales,  and  intercastales,  and  the  axiU 
lary  artillary,  which  b  only  a  continuance  of  the 
subdavian  from  where  it  goes  out  of  the  thorax  to 
the  axilla.  The  carotids  are  divided  into  external 
and  internal;  the  external  sends  out  the  maxiUarb 
interna,  ocdpitalb,  temporalb,  lingualb,  &c.  The 
internal  sends  out  the  opthalmic  and  middle  cerebral 
arteries. 

The  capital  branches  from  the  aorta  descendens 
are — in  the  breast,  the  brondiial,  oesophageal,  inter- 
costal, and  inferior  diaphra^atic ;  withm  the  ab- 
domen, the  odiac,  which  divides  into  the  hepatic 
the  coronaria  ventriculi,  and  the  spenic;  the  mesen- 
teric superior  and  inferior,  the  emulgents,  the  sper- 
matics,  the  lumbar  arteries.  Ice.  At  the  bifurcation 
the  aorta  divides  into  the  iliacs,  which  are  dirided 
Into  external  and  internal.  The  external  gives  off 
tile  epigastric,  femoral,  tibial.  Ice. ;  the  internal  sends 
forth  the  sacral,  gluteal,  ischiatic,  he, 

ABTHBOfr;  any  series  of  bones  in  the  animal 
structure. 

AftTiFiciAL  Day  ;  the  period  which  elapses  be- 
tween the  rising  and  setting  of  the  sun. 

ABTtLLEBT  signifies  all  sorts  of  great  guns  or 
cannon,  mortars,  howitzers,  petards.  Ice,  together 
with  all  the  apparatus  and  stores  th^to  belonging, 
which  are  taken  into  the  field,  and  used  for  besieging 
and  defending  fortified  places.  It  signifies  also  the 
science  of  artillery  or  gunnery,  which,  originally,  was 
not  separated  from  imlitary  engineering.  The  class 
of  arms  called  arftUtry  has  always  been  the  subject 
of  sdentific  calculation,  more  than  any  other  species, 
as  the  Italian  word  arte,  in  its  name  seems  to  indi- 
cate. The  same  name  b  also  given  to  the  troops  by 
whom  these  arms  are  served,  the  men  being  in  fact, 
subsidiary  to  the  instruments.  The  other  portions 
of  an  army,  are  armed  men,  while  the  artillery  oonsbts 
of  mamted  arm$.  Wooden  artillery  appears  at  first 
view  but  little  fitted  for  actual  service,  and  yet  it 
appears  that  it  was  used  effectually  in  one  of  Airing- 
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sebe's  fain|wiignw  m  tbe  Deecan.  The  commandant 
of  a  iaige  town  waa  nearly  nnprovided  with  cannon, 
having  only  one  or  two  defective  pieces.  The  town 
was,  however,  a  great  mart  for  timber.  The  gover- 
nor securing  both  the  timber  and  the  carpenters, 
garnished  his  ramparts  with  wooden  imitaticms  or 
cannon;  and  being  fhily  supplied  with  most  other 
requisites  when  the  imperial  aimy  arrived,  put  a  good 
lace  on  the  business.  He  did  more  too,  for  he  kept 
the  secret  within  his  own  walls;  and  the  enemy 
respecting  the  number  of  his  train,  commenced  their 
approaches  in  due  form,  affording  him  thus  abun- 
dance of  leisure  to  mature  his  plan  of  defence.  Every 
piece  as  soon  as  fired,  became  of  course  unservice- 
able, but  he  immediately  replaced  it  by  a  new  one. 
The  balls  from  the  imperial  batteries  were  returned 
with  the  utmost  facility,  as,  however  ponderous  these 
were,  our  hero  was  able  to  supply  pieces  of  any  cali- 
bre, and  sent  recochet  shot,  »Hou  le$  regU$,  even  with 
more  effect  than  his  enemy.  The  labours  of  the 
Carron  Foundry  never  produced  more  guns  in  a  year, 
than  this  man's  ingenuity  did  in  one  siege.  The 
enemy  tired  out  at  last,  with  the  obstinate  defence 
which  he  made  from  his  batteries,  determined  to 
carry  the  place  by  escalade  in  open  day.  Having 
failed,  however,  in  some  similar  enterprises,  a  neigh- 
bouring saint  was  procured,  who  was  to  head  the 
attack,  and  by  the  sanctity  of  his  character,  to  inspire 
the  soldiers  with  greater  zeal  in  a  desperate  cause. 
The  holy  man  was  raised  on  a  platform,  and  carried 
in  the  rear  of  tiie  forlorn  hope.  The  governor's 
good  luck  still  adhered  to  him.  A  shot  ft-om  a  wooden 
gun,  when  the  escaladers  were  nearly  close  to  the 
walls^  overthrew  the  saint,  and  the  siege  was  raised. 

AaTBRocAca,  in  Surgery,  is  a  disease  of  the  joints, 
or  the  extremities  of  bones,  more  commonly  named 
Spina  Ventosa.  When  this  disorder  affects  children. 
It  is  called  Paedarthrocaee. 

Arthrodia,  is  a  species  of  articulation,  admitting 
of  a  very  small  degree  of  motion ;  as  each  bone  com- 
posing Uie  joint  must  have  nearly  a  plain  surface. 
Such  is  the  articulation  of  the  humerus  with  the  sea* 
pula. 

Artdrodtkia,  in  Surgery,  is  a  chronical  rheuma- 
tic affection  of  the  joints. 

Arthropuosis,  is  a  suppuration  of  the  joints,  or  at 
least  a  strong  tendency  to  form  pus.  In  this  case 
there  it  a  deep-seated  inflammation,  obtusely  painful, 
sometimes  throbbing,  and  accompanied  with  febrile 
symptoms. 

Arthrosis,  a  juncture  of  two  bones  designed  for 
motion ;  called  also  articulation,  which  see. 

Articulation,  in  Anatomy,  the  juncture  or  con- 
nection of  two  bones.  Articulation  is  technically 
divided  into  diarthrosis,  or  moveable,  articulation; 
synarthrosis,  or  immoveable;  and  amphiarthrosis, 
which  is  defined  to  be  a  ccmipound  of  botii  the  others. 
The  immoveable  connections  of  bones  are  said  to  be 
by  symphysis,  harmonia,  suture,  gomphosis,  sdn- 
delesis,  synchondrosis,  synenrosis,  or  syndemosis, 
and  syssarcosis.  Hie  moyeable  articulations,  which 
alone  appear  to  deserve  that  term,  are  divided  into 
enarthroeis,  ginglymus,  and  arthrodia.  When  the 
spherical  head  of  one  bone  is  received  into  a  corres- 
ponding cavity  of  another,  a  joint  is  formed,  which 
admits  of  motion  in  every  direction,  this  is,  what  is 
termed  enarthrosis,  or  more  plainly  a  ball  and  sock- 
et joint,  of  which  we  gave  an  example  in  the  article 
Anatomy,  p.  80. 


Artipicers,  those  who  worii  with  the  hands,  and 
manufacture  any  kind  of  commodity  in  iron,  brass, 
wood,  &c,  also  called  handicrafts  and  mechanics. 

Artificial  Links,  on  a  sector  or  scale,  are  cer^ 
tain  lines  so  contrived,  as  to  rera^sent  the  loga- 
rithmic sines  and  tangents  ;  whidi,  hj  the  help  of 
the  line  of  numbers,  will  solve  all  questions  in  trigo- 
nometry, navigation,  he.,  with  tolerable  exactneas. 

Artimourantico.  While  we  now  write,  a  me- 
tallic preparation  under  this  name  has  received  the 
sanction  of  the  Bolognese  Academy,  and  is  manu- 
facturing on  a  large  scale  for  exportation  from  Italy. 
In  appearance  it  resembles  gold  of  18  carats  purity. 
It  b  an  alloy  of  tin,  sulphur,  bismuth,  and  copper. 

Artomsu,  a  kind  of  cataplasm  prepared  of  bread 
and  honey,  applied  chiefly  to  the  pnecordla. 

Arts,  Fine.  We  propose  under  this  head  to  fur- 
nish our  readers  with  a  ccmnected  view  of  the  pro- 
gress of  painting  and  sculpture  in  this  country;  and 
to  render  this  r^dly  useful  to  the  student  and  ama- 
teur, it  will  be  advisable  to  trace  somewhat  of  dieir 
early  history  in  connection  with  their  cultivation  in 
Greece  and  Rome.  Some  have  doubted  whether 
sculpture  or  painting  should  have  the  ptiority  in 
point  of  historical  invention ;  but  a  moment's  consi- 
deration will  serve  to  show  that  the  first  rude  efforts 
of  the  artist  would  be  directed  to  a  selection  of  the 
block  of  stone  nearest  in  point  of  form  to  the  object 
to  be  represented,  and  as  such  that  it  would  be  easier 
to  become  an  artist  in  those  materials  than  on  a  flat 
surface  where  both  ouiUm  and  reUrf  would  be  re- 
quired. 

Dcdalus,  the  first  artist  who  acquired  sufficient 
celebrity  to  have  his  name  handed  down  to  posterity, 
is  said  to  have  flourished  three  generations  before  the 
Trojan  war ;  and  according  to  Uie  most  generally  re- 
ceived chronology,  about  fourteen  hundned  years  be- 
fore the  Christian  era.  His  principal  and  best  an 
thenticated  works  were  large  statues  in  wood,  some 
of  which  remained  until  the  general  destruction  of 
art  under  the  later  Roman  emperors ;  and  in  spite  of 
the  rudeness  of  their  forms,  struck  an  intelligent 
traveller  of  the  period  with  the  grandeur  and  digoity 
of  their  air  and  character. 

The  spoils  of  the  defeated  armies  of  Xerxes  in 
Greece,  a  tenth  of  which  by  immemorial  custom  be- 
longed to  the  gods,  afforded  means  of  ample  employ* 
ment  to  the  great  sculptors  who  succeeded,  among 
whom  we  find  the  names  of  Phidias,  Alcamenes,  Cri- 
tias,  Thestocles,  Agoracritus,  and  Hegias ;  who  were 
soon  followed  byA^selades,  Callo,  Polydetus,  Phrad- 
mo,  Gorgias,  Laco,  Myro,  Pythagoras,  Scopas,  and 
Perelius. 

Of  Phidias'  general  style  of  composition,  the  friexei 
and  metopes  of  the  temple  of  Minerva  at  Athens, 
published  by  Mr,  Stuart,  and  since  brought  to  Eng- 
land, may  aiSford  us  competent  information ;  but  as 
these  are  merely  architectural  sculptures  executed 
from  his  designs  and  under  hb  directions,  probably 
by  workmen  scarcely  ranked  among  artbts,  and 
meant  to  be  seen  at  the  height  of  more  than  forty 
feet  firom  the  eye,  they  can  throw  but  little  li^t 
upon  the  more  important  d^taib  of  hb  art.  From 
the  degree  and  mode  of  relief  in  the  friezes  they  ap- 
pear to  have  been  intended  to  produce  an  eflect  like 
that  of  the  simplest  kind  of  monochromatic  painting, 
when  seen  from  their  proper  point  of  sight ;  which 
effect  must  have  been  extremely  light  and  elegant. 
,The  relief  in  the  metopes  is  much  higher,  so  as  to 


ohBiit  the  fignrca  neuly  complete ;  and  the  details 
Me  more  uxonUcIy  ud  eUbontely  made  out :  but 
tlwr  ftre  M)  different  in  their  d^reea  of  merit,  aa  ti 
be  endentlj  the  trorka  of  many  different  peraons , 
lome  of  whom  would  nut  have  been  entitled  to  the  nmk 
of  artiats  in  a  mach  leaa  cnltivated  and  fastidiona  age. 
A  very  good  illnstntion  of  early  baMO-relievo  is 
fsraidted  in  the  architectural  omamenta  of  the  tomb 
of  Xanthippna,  lather  of  Pericles.  lo  this,  and  in- 
deed in  all  the  early  baa-reUefs,  the  diaperiet  are 
thin,  and  the  (old*  atuali  and  distinctly  formed. 


One  of  llie  peiniliaiitiea  a!  the  early  artLata  waa  a 
iemn  to  pmdnca  powerful  and  atrilung  effecta  by 
f'C'*^  Agnrea,  and  this  was  peculiarly  displayed  in 
tke  animal  kingdom.  Hie  practice  of  placing  co- 
iomai  lions  <rf  atone  at  the  entnucc  of  a  temple  was 
both  an  Egyptian  and  Hindoo  usage.  Abdallatlf 
dcaaibea  two  that  he  saw  at  Mempua,  opposite  to 
one  another,  and  of  proportions  for  beyond  those  of 
■■tve.  He  Bays  the  sight  of  them  inspired  fear,  for 
the  •ealpbH'iMd  maintained  with  perfect  skill  all  the 
cxnetneM  of  form  and  proportion.  These  lions,  he  tells 
am,  woe  afterwaids  tookeo  and  covered  with  earth. 

It  ma  Bonetunaa  the  practice  of  the  Egyptians  to 
Mint  their  cokMsal  statnea,  aa  we  learn  from  Abdal- 
Mtif  •  accoont  of  the  p«at  colossus  which  he  saw  in 
the  mina  of  Memphis.  Tnces  of  red  paint  are  still 
duceniible  on  the  iace  of  the  great  sphyui,  and  on 
OBc  of  the  four  colossal  Ggurea  attached  to  the  front 
al  the  temple  o(  IpsambnI.  Among  the  Greeks  we 
find  ct^oaeal  statues  not  uncommon,  and  several 
wfckh  Panaanioa  mentions  were  30  feet  high  and 
irnranb.  Tiw  people  (tf  Ells  set  op  a  bronze  statue 
of  jD|»ter,  27  Gredc  feet  high,  in  the  Altis  or  sacred 
po^  new  ^NiD|Ha,  and  the  chryselephantine  statue 
of  tbe  same  deity,  placed  in  his  temple  on  the  banks 
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•f  the  Apheoa,  was  probably  not  laaa  than  SOtat 
high.  Among  the  Greeka  the  most  common  cohMsal 
atatnewas  the  chryselephantine,  tbongfa  occasionally 
marble,  and  still  more  fi«qaently  metal,  was  used  tor 
the  same  purpose ;  but  aa  it  is  simply  our  object  to 
show  how  widely  this  taste  for  colossal  figures  waa 
spread,  it  may  be  enou^  forna  to  cite  the  celebrated 
woil  of  Chares  (Ae  coloaaus  of  the  sun),  which  waa 
set  up  at  Rhodes.  This  work  of  Grecian  ait  aor- 
passed  any  thing  that  the  worid  has  ever  seen. — "  It 
was  70  cubits  high  (lOS  Roman  feet).  After  stand- 
ing fifty-sis  years,  it  was  thrown  down  by  an  earth- 
quake, but  it  is  still  a  wonder  even  in  its  proatiata 
condition.  Few  men  can  embrace  its  thumb ;  and 
fingers  are  larger  than  moet  statnea.  Huge  c»- 
os  are  seen  in  the  fractured  limbs,  and  within 
them  immense  atouea  which  had  been  put  there  for 
the  purpose  of  keeping  it  steady.  This  enormona 
statue  is  said  to  have  cost  300  talents,  and  twelve 
years'  labour."  The  colossus  which  Nebachadnex- 
zar  set  up  in  the  plain  of  Dura,  vras  "  an  image  of 
gold,  whose  height  ivaa  threescore  cubits,  and  the 
breadth  tiiereof  six  cubits."  Herodotus  also  mentions 
a  colossal  statue  twelve  cubits  high  and  of  solid  gold. 
It  would  bo  a  waste  of  our  readers'  time  to  mul- 
tiply specimens,  but  an  instance  of  Grfek  sculpture 
at  a  later  period  may  not  be  ont  of  place. 

Aa  examples  of 
masculine  beauty 
and  majestic  dig- 
nity, the  greater 
portion  of  the 
numerous  antique 
statues  of  Miner- 
va stand  unrival- 
led. The  accom- 
panying illustra- 
tion is  a  repre- 
sentation of  one 
which  possesses 
these  characteris- 
eminent 
degree,  and  which 
intheCa-  ' 
;  Museum 
at  Rome. 

The  attitude  is 
noble  and  grand ; 
and  the  general 
effect  of  the  whole 
figure  is  greatly 
heightened  by  the 
simplicity  and  ele- 
gance of  the  dra- 
pery in  which  it 


of  the  early  his-  ' 

tory  of  sculpture,  we  may  at  once  proceed  to  our 

illustrations  of  British  art. 

e  art  of  sculpture  was  imported  by  our  Roqan 
conquerors  into  Britain  at  a  very  early  period.  The 
remains  of  Roman  and  British  art  in  England  arc 
well  imagined,  but  executed  with  so  UtUe  skill  as 
to  admit  the  conjecture,  that  the  gods  and  altars, 
as  well  as  the  roads  of  the  time,  were  executed  by  the 
soldiers,    llie  war'jke  invaders  left  something  Uko 
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the  \ovt  of  art  hekioA  tbcin  lAem  MHan  withdrew  hi* 
lut  legloii.  A  brUea  rttfneof  long Lud  was ei«cted 
on  Lodprte  Hill.  But  ttiB  coloUal  dkiKiiaionB,  and 
fierce-  caamtmuice  whkb  Bade  celebrates,  are  bad 
«yin[rtomB  oftho  power  oftho  ■colptor'B  art,  Ampli- 
tilde  had  been  taken  fbr  ■oUimit}',  and  gigantic  fero- 
dty  for  herric  graudmr. 

The  8«ion»  nicceeded  the  RcimMu,  nod  whatever 
they-  did  bad  a  dksb  i^  tiM  wiUnesB  of  that  blunt 
people.  "Heir  ittempti  to  iKtitate  the  human  form 
are  sayage  andhideoui.  Bat  Tidiet  and  repose  began 
to  aid  them  in  softening  down  the  barbarous  rude- 
itraa  of  imitation  ;  and  in  their  Mcred  architecture 
dief  had  b^un  to  display  some  taste,  when  their 
pR^ias  was  Birerted  by  the  Normaas.-a  pet^le  as 
fierce  as  (bemsdves.  To  this  baad  of  coDquering 
adveotnrers  we  owe,  among  other  benefits,  the  intro- 
duction of  a  better  kind  «f  scatptiae.  The  tombs  of 
the  days  of  William  the  Norman  and  his  sons  were 
good  examples  of  die  Gothic  taste ;  and  tbe  forms 
sculptured  upon  ^lem  were  stiff  bnt  natural,  and 
intelligible  though  eoBrse. 

Of  the  state  of  the  fine  arts  in  France  dnrisg  the 
middle  ages,  but  little  is  cnriBetiy  known,  but  the 
following  beautiful  specimen  of  scolptnre,  forming  the 
dapital  of  a  column  erecnted  in  the  eighth  century, 
evinces  considerable  skill  in  the  general  outline  of  the 
figures,  as  welt  as  in  the  execution  of  the  drapery. 


We  introduce  this  illustration  in  the  present  his- 
torical view  of  our  own  sculpture,  as  it  exactly  re- 
sembles that  which  was  employed  in  English  ecclesi- 
astical edifices  in  England  about  half  a  century  later. 
As  we  pass  along  the  stream  of  time,  the  beauty  of 
church  architecture  increases ;  and  the  devout  meaning 
■nd  skilful  execution  of  its  accompanying  sculptures 
became  more  and  more  remarkable.  TIk  return  of  the 
Crusaders  brought  a  taste  for  the  Grecian  art,  which 
was  then  visible  wherever  they  had  marched.  The 
church  became  strong,  rich,  ambitious,  and  desirous  of 
eplendonr.  Magnificent  abbeys  were  built,  and  the 
whole  skill  and  genius  of  the  land  were  employed  in 
embellishing  tbem  with  traditions  of  the  saints  and 
legends  of  the  church.  Inthedaysof  the  thlrdHenry, 
the  desire  to  excel  seemed  universal,  and  many  works 
of  true  genius  adorned  our  cathedrals.     For  several 

'centuries  our  demands  for  sculpture  were  mostly 
supplied  by  foreign  hands :  and  often  Itom  a  foreign 
mgrket.  The  heathen  goos,  under  the  protection  of 
modem  names,  bad  gained  a  footing  in  the  island ; 
■Bd  a  crowd  of  allegorical  creatures  came  after  them. 

.If  we  examine  our  cathedi&ls,  where  plainness  and 
•implicity  should  preside,  there  this  marble  offspring 
of  affection  and  idle  leaminK  arc  seated.  It  is  pain- 
ful |o  beftT  sculpture  speaking  over  English  dust 
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with  an  alien  tongna.  llie  artista  of  those  days 
did,  however,  undertake  sometimes  to  represent  na- 
ture ;  but  they  gave  only  the  lifeless  image,  they 
missed  the  serenity  of  slumber,  and  carved  the  hor- 
ror of  death.  If  we  pass  on  to  a  later  period,  it  will 
be  found  that  the  sculpture  of  the  last  bnodretl 
years  has  partaken  more  lately  of  Englirik  fediag 
and  intellect ;  and,  though  often  deformed  by  allegory 
and  affectation,  debased  sometimes  by  vul^^ty  and 
in  genera]  unelevated  and  monotonous,  it  contains 
works  of  a  high  and  pure  order.  Of  some  of  her 
domestic  monuments  in  particular  England  may  be 
justly  proud ;  here  tbe  soundness  of  heart  has  happily 
prompted  many  daring  acts  of  rebellion  against  the 
false  tendency  of  professional  taste. 

Cibber  was  among  the  first  of  our  artists  who  re- 
turned to  sense  and  nature,  andhis  statues  of  raving 
and  melancholy  madness,  are  the  earliest  of  oat 
works  afbr  the  reformation,  which  show  an  '•riginal 
grasp  of  mind.  The  cold  insnlt  of  Pope  is  foKottei 
as  we  look  on  diose  "Isainless  brothers,"  who  yet 
stand  foremost  in  conception  and  second  in  execution 
long  all  the  productions  of  English  sculpture. 
Hysbrach  succeeded  Cibber,  and  Sheemaker  cama 
and  divided  with  him  the  pnblic  patronage,  llougli 
feeble,  literal,  and  languid,  they  maintained  somediiug 
of  the  elevation  of  style  which  Cibber  introduced ; 
produced  aeveral  recumbent  figures  which  seem  na- 
ture transcribed  rather  than  nature  eiahed  by  art, 
it  they  are  nature  still,  and  welcome  from  that  no- 
[Ity.  They  were  heavy  and  ungraceful;  they  had 
It  the  skill  to  use  allegory  so  as  to  make  it  under- 
stood, or  nature  so  as  to  rider  it  attractive. 

Roubilioc's  name  still  stands  deservedly  high 
though  it  is  at  this  period  sufTering  under  something 
like  an  eclipse.  His  ideas  are  fi«quently  just  and  na- 
tural, and  his  execution  is  always  careful  and  delicate. 
But  he  sacrificed  nature  and  simplicity  for  the  aaka 
of  effect ;  bis  works  are  all  too  lively  and  too  active. 
He  has  little  sedate  beauty,  little  traoquil  thou^t. 
Violent  passion  can  be  carved  by  a  commoner  hand 
then  men  imagine.  A  broad  mark  is  easily  hit ;  bat 
quiet  agony  of  mind  and  deep  tbonght  are  less  p«l- 
pabte  tMngs  that  demand  the  band  of  a  master.  Roa- 
biliac  dealt  largely  Tn  abstract  ideas,  nor  did  he  use 
them  wisely.  We  may  take  his  monmacDt  of  Ura. 
Nightingale  as  an  example ;  it  is  his  moat  cslehmted 
work,  and  a  work  of  beauty  and  patboa — a  dying 
wife  and  an  agonized  husband.  So  far  all  is  natural 
tent.  But  he  could  not  be  aatiafied  with 
nature  and  -nith  simple  emotion.  He  opms  an  iraa 
door,  end  sends  forth  a  skeleton ;  a  Death  projedng 
his  allegorical  dart  against  the  woman,  while  the  tnMa 
seeks  to  stay  it  with  a  hand  of  flesh  and  Uood.  Cu 
any  thing  be  more  absord  than  this  stittige  miztanc  of 
shadow  and  Bubstance?  See  with  what  discrctmi 
Milton  has  escaped  from  thediffimlty  of  describing 
Death,  and  yet  we  feel  satisfied  whh  the  indiattawt 
image  which  he  gives  ; — 

"What  KRHd  hit  IiHil 
The  Ukenco  of  i  klngiy  aowa  bad  m,' 
We  have  no  grinning  jaws  nor  marrowless  bones 
here.     When  blood  was  first  shed  on  earth,  the  aam* 
poet  makes  Death  rejoice  as  a  bird  of  prey  smell- 
ing coming  carnage : 

■  So  sctnlsd  th«  Krim  Patnn,  ml  DMDn'd 

Uia  DUIrUa  huge  Inlo  the  doikr  alt'' 

The  poet  saw  Uie  dificnlty;  <HilinBry  mioda  aw 
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Bflne ;  and  lience  tiie  sculptor  has  given  us  an  ima|;e 
sluch  startles  and  disg;aBts. 

Bacon  infused  more  £ngUsh  sense  into  sculpture 
than  any  of  his  predecessors.  Amidst  his  personifi- 
cations of  cities  and  countries,  and  virtues  and  quali- 
ties»  and  his  crowd  of  chubby  boys,  laiige  about  the 
jniddle  and  long  in  the  wing,  there  frequently  appeared 
apa^ething  of  a  better  nature ;  his  happier  judgment 
aeemed  often  on  the  point  of  vanquishing  allegory, 
but  the  dark  abstraction  always  prevail^    Forms 

'  which  came  without  the  pain  of  study  or  the  labour 
of  meditation,  were  made  too  welcome ;  he  was  am- 
bitious of  finding  a  new  labour  for  Hercules,  and  a 
chrisrian  employment  for  Minerva. 
Bacon's  statue  of  Samuel  Johnson  is  an  excellent 

-  work  :  stem,  severe,  full  of  surly  thought  and  con- 
acioua  pow«r :  and  his  Howard  has  the  look  of  the 
philanthropist.  The  limbs,  anns  and  necks  of  both 
are  naked ;  but  the  sentiment  overcomes  historical 
inaccoraoy. 

The  bust  sculpture  of  Nollekens  is  deservedly  es- 
teemed. This  popular  branch  of  the  art,  when  con- 
fined to  legislators,  warriors,  orators,  and  poets, 
beoQipes  the  handmaid  of  history ;  but  the  calls  of 
VBoi^  bring  a  thousand  heads  to  the  sculptor's  chisel, 
which  have  no  other  claim  to  distinction  than  what 
uumey  purchases,  while  a  man  of  genius  contents 
himself  vrith  the  fSune  of  his  productions,  and  is  either 
too  poor  or  too  careless  to  confer  a  marble  image  of 
llis  person  to  posterity.  Nollekens,  like  Bankes,  had 
file  ambition  to  introduce  a  purer  and  more  tasteful 
style  of  art.  His  busts,  which  he  considered  as  the 
mere  small  change  that  enabled  him  to  buy  hif 
Biarble  and  pay  his  men,  will  alone  preserve  his  name. 
In  Flaxman's  mind  the  wish  to  work  in  the  classic 
style  of  Greece,  and  the  love  to  work  in  the  original 
apirit  of  England,  long  held  an  equal  war,  sometimes 
forming  natural  and  beautiful  unions,  and  often  keep- 
ing purely  and  elegantly  asunder.  To  the  aid  of  his 
art  he  brought  a  loftier  and  more  poetical  mind  than 
aay  of  our  preceding  sculptors;  and  learning  unites 
wiUi  good  sense  and  natural  genius  in  all  the  works 
which  came  from  his  hand.  He  has  penetrated  with 
a  fkr  deeper  sense  of  the  majesty  of  Homer,  into  the 
Iliad  and  Odyssey,  than  Canova,  who  dedicated  his 
whole  life  to  the  renovation  of  the  antique ;  nor  has 
he  failed  to  catch  the  peculiar  inspiration  of  whatever 
Doet  his  fancy  selected  for  illustration.  We  feel  that 
lie  has  rarely  failed  to  reflect  a  true  general  image 
of  the  great  original ;  we  see  the  same  grave  majesty 
and  the  same  simplicity,  and  we  own  the  group  at 
ooce  as  the  offspring  of  the  spirit  of  Homer,  ^schy- 

.  ioB,  or  Dante.  These  works  have  spread  the  fame 
of  Flaxman  far  and  wide.  On  the  bulk  of  his  works 
IB  marble  he  has  impressed  the  same  serene  and 
atmple  spirit :  he  always  thinks  justly,  his  concep- 
tions are  all  inspired  by  strong  sense  and  by  the 
aevtrer  part  of  poetic  feeling. 

Westmacott  has  shared  largely  in  public  and  in 
private  favour,  and  some  of  the  most  expensive  of 
oor  monuments  have  been  confided  to  his  talents. 
He  has  in  so  fiar  profitted  by  the  wise  example  of 
West  and  the  good  sense  of  Flaxman,  obeyed  the 
admonition  of  our  cold  climate,  and  respected  the 
blushes  of  our  ladies,  and  clothed  some  of  his  works 
in  the  costume  of  the  country.  In  his  Hindoo  Girl 
there  is  a  certain  wildness  of  eye ;  the  stamp  of  a 

.  remote  land  is  upon  her :  and  in  his  Widowed  Mother 
and  Child  be  has  attained  the  pathos  of  truth. 


The  roiovation  of  the  statue  of  Achilles  in  honour 
of  Wellington  and  Watarioo  surpasses  all  imaginable 
absurdity.  By  what  perversity  of  fancy  the  cast  of 
an  antique  figure  was  thought  a  fit  visible  record  of 
EngUsh  glorv,  it  is  impossible  to  say.  The  statue  of 
Achilles  (if  Achilles  it  be)  had  already  told  its  story 
to  the  world,  and  it  was  a  strange  piece  of  folly  on 
the  part  of  Mr. Westmacott  to  press  it  into  the  Bntish 
service ;  but  in  our  service  it  cannot  abide ;  remove 
the  inscription,  and  the  Greek  is  a  Greek  again.  We 
hardly  blame  Westmacott  for  this ;  it  is  honourable 
enough  to  make  money  in  an  honest  way,  and  we 
are  obliged  to  the  hand  which  extends  our  acquaint- 
ance among  works  of  genius.  But  who  would  dedi- 
cate a  translation  of  the  Iliad  as  a  national  trophy  to 
the  honour  of  the  heroes  of  Waterloo  ? 

England  may  justly  be  proud  of  Chantrev;  his 
works  reflect  back  her  image  as  a  mirror;  ne  has 
formed  his  taste  on  no  style  but  that  of  nature,  and 
no  works  of  any  age  or  country  but  his  own  can 
claim  back  any  inspiration  which  they  have  lent  him. 
He  calls  up  no  shapes  from  antiquity :  he  gives  us  no 
established  visions  of  the  past :  the  beauty  and  the 
manliness  which  live  and  move  around  him  are  his 
materials,  and  he  embodies  them  for  the  gratification 
of  posterity.  He  seems  to  work  as  if  he  were  un- 
conscious of  any  other  rival  but  nature.  The  antique 
is  before  him,  but  he  prefers  flesh  and  blood,  and  it 
would  certainly  cost  him  far  more  labour  to  imitate 
the  work  of  another  school,  than  to  create  an  image 
from  the  impulse  of  his  own  feeling.  Robert  Bums 
eaid,  that  the  muse  of  his  country  found  him  as 
Elijah  did  Elisha,  at  the  plough,  and  threw  her  in- 
spiring mantle  over  him ;  and  the  same  may  be  said 
of  Chuitrey :  it  was  in  a  secluded  place,  a  nameless 
spot,  into  which  art  had  never  penetrated,  that  the 
inspiration  of  sculpture  fell  upon  him. 

The  Greeks  chiurmed  the  whole  earth  by  working 
exactly  in  the  same  spirit  as  this  great  man.  But  the 
liberties  which  they  took  with  their  Olympus  gave 
them  an  advantage  over  modem  sculptors.  A  Chris- 
tian artist  allows  not  his  fancy  to  invade  the  sancti- 
ties of  heaven — he  presumes  not  to  embody  its  shapes 
— ^he  dares  not  define  the  presence  of  his  Creator. 
Mr.  Chantrey's  groups,  though  the  most  admired,  are 
not  perhaps  the  happiest  of  his  works. 

Of  all  Mr.  Chantrey's  busts,  perhaps  that  of  the 
late  Sir  Walter  Scott  is  the  best.  The  poet  possesses 
a  face  as  changeable  and  various  as  the  chanacters  he 
drew  in  his  works,  and  an  expression  which  nothing 
but  genius  something  akin  to  his  own  can  hope  to 
seize.  In  this  remarkable  bust  the  brow  is  full  of 
thought,  the  eyes  look  through  the  spectator,  and 
there  b  a  grave  humour  about  the  mouth  which  seems 
ready  to  escape  in  speech.  The  whole  face  is  finished 
with  the  most  fascinating  skill. 

We  may  here  observe,  that  this  beautiful  bust  has 
been  the  parent  of  nearly  all  those  which  have  ap- 
peared about  the  streets  of  the  metropolis  since  the 
death  of  the  above  distinguished  individual.  Chan- 
trey  charged  two  guineas  for  the  plaster  cast — ^the 
Italians  who  have  moulded  it  from  the  original 
charge  half-a-crown. 

Bailey  studied  under  Flaxman.  His  conceptions 
are  in  general  just,  and  his  workmanship  almost 
always  good.  His  Eve  is  loveliness  personified,  and 
though  undraped,  yet  breathes  the  purest  spirit  of 
chastity.  Simple  description  indeed  can  hardly  do 
justice  to  the  peculiar  beauty,  aimplicity,  and  modes  of 
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of  thb  figure,  and  we  find  it  necessary  to  call  in  the 
aid  of  our  artisf  s  pencil  for  the  purpose  of  illus- 
trating the  work  of  this  highly-talented  sculptor. 


Of  this  statue  we  cannot  speak  too  hi^^ly.  There 
is  a  grace  and  almost  infantine  simplicity  in  the 
figure  which  serves  to  place  it  in  the  highest  order 
of  sculpture.  It  b  now  in  the  possession  of  the 
Bristol  Literary  and  Scientific  Institution.  Mr.  Lough 
has  highly^  distinguished  himself  hy  a  variety  of 
figures,  which  are  new  exhibiting  in  his  own  gallery, 
and  his  best  group  is  a  masteiiy  representation  of 
Duncan's  Horses,  which  Shakspeare  describes  as  de- 
vouring each  other,  forming  one  of  the  portents  of 
the  death  of  their  royal  master. 

Of  Mr.  Thom,  the  Scottish  sculptor,  we  had  rea- 
son to  expect  much,  but  since  the  completion  of  his 
figures  illustrative  of  Burns,  his  career  has  not  at 
all  realized  his  early  promise. 

In  the  present  enumeration  of  eculptor8,^e  must  not 
omit  to  notice  one  who  has  peculiarly  distinguished 
himself  by  the  useful  application  of  his  art  to  the 
purposes  of  architecture.  Mr.  Bubb  has  established 
a  dep6t  in  Grafton  Street,  East,  in  which  a  material 
called  Lithargelite,  is  modelled,  and  converted  into 
figures  much  superior  in  point  of  durability  to  many 
sorts  of  marble.  There  are  more  than  fifty  statues 
executed  by  this  artist  in  the  Regent's  Park,  and, 
amongst  other  works,  we  may  particularly  notice  a 
basso-relievo,  about  one  hundred  feet  long,  for  the 
Italian  Opera  House.  His  monument  to  the  memory, 
of  Pitt  has  long  been  deservedly  admired. 

In  concluding  our  historical  view  of  modem  sculp- 
ture, we  cannot  but  turn  for  a  passing  glance  to 
Italy.  Once  leaders  in  arts,  as  well  as  in  arms,  the 
Italians  are  now  sadly  degenerated,  and  they  have 
lately  lost  one  who  seemed  to  bid  fair  to  restore  to 
them  much  of  their  ancient  fame. 

Of  modem  sculptors  out  of  our  own  country,  Canova 
certainly  held  the  most  distinguished  rank,  and  to 
him  we  shall  therefore  more  particularly  call  the 
reader's  attention.  Of  the  early  career  of  tiiis  distin- 
guished artist,  whose  works  we  shall  now  have  occa- 
sion to  notice,  it  may  not  be  amiss  to  furnish  an 
illustrative  anecdote.  Canova — ^like  our  own  children 
of  genius,  Lough  and  Thom — ^was  of  humble  extrac- 
tion. He  was  bom  in  a  mud- walled  cottage  in  the 
little  village  of  Possagno,  among  the  Venetian  hills, 
on  the  first  day  of  November,  in  the  year  1757.  His 
father  died  when  he  was  three  years  old ;  his  mother 
married  again  in  a  few  months,  and  left  her  son  to 


the  charity  of  his  paternal  grandfather,  Paaino  Canom: 
Antonio  was  weak  in  person,  and  feeble  in  constitu- 
tion :  this  but  endeared  him  the  more  to  his  grand- 
mother, Catterina  Cecatto,  who  nursed  him  witii  the 
tenderest  care,  and  sung  him  ballads  of  his  native 
hilU,  inlusing  a  love  of  poetry  into  his  heart,  of 
which  he  ever  afterwards  acknowledged  the  value. 
In  his  tenth  year  he  began  to  cut  stone,  and  it  was 
his  grandfather's  wish  that  he  should  succeed  him  as 
hereditary  mason  of  the  village.  The  weakness  of 
his  body  and  his  extreme  youtii  were  ill  suited  for  a 
laborious  trade.  Old  Pasino,  who  was  a  man  of 
some  intellect,  indulged  him  in  modelling  of  fiowers ; 
and  in  drawing  of  animals.  Such  v^as  his  success, 
that,  in  Jiis  twelfth  year,  he  obtained  the  notice  of 
the  noble  family  of  the  Falieri,  who  had  a  palace  in 
the  neighbourhood.  As  the  notice  of  the  great  can 
rarely  be  purchased  but  by  something  like  a  miracle, 
a  species  of  miracle  is  told  to  account  for  the  good 
fortune  and  fune  of  Canova.  A  great  feast  was 
given  by  the  Falieri,  the  dinner  was  set  forth,  and 
the  guests  assembled,  when  the  domestics 'discovered 
that  a  crowning  ornament  was  wanting  to  complete 
the  beauty  of  the  dessert,  and  old  Pasino  tried  in 
vain  to  invent  something  suitable.  Young  Antonio 
called  for  butter,  and  instantly  modelled  a  lion  vrith 
such  skill  and  effect  as  excited  the  astonishment  of 
the  guests — ^the  artist  was  called  in,  and  he  came 
blushing  to  receive  the  caresses  of  the  company,  and 
the  first  applauses  of  that  kind  and  opulent  family. 
Its  head  hiad  the  sense  to  see  Canova's  genius,  and 
the  generosity  to  encourage  him.  From  that  moment 
his  fortune  was  made,  and  we  speedily  find  him  dis- 
tinguished by  the  patronage  of  the  great  and  powerful 
of  his  native  land. 

The  first  illustration  in  our  plate  Abts,  ime, 
represents  a  group  from  the  monument  to  the  me- 
mory of  the  Archduchess  Christine,  of  Austria.  This 
beautiful  and  pathetic  composition  was  executed  by 
Canova,  at  the  desire  of  her  husband. 

There  are  nine  figures  employed  in  the  entire 
monument,  and  we  select  for  our  first  group  the  prin- 
cipal series  of  three  figures. 

The  figures  are  all  of  the  natural  size,  and  consist 
of  an  allegorical  figure  of  Virtue,  with  two  young  fe- 
males bearing  torches :  Virtue  is  represented  in  the 
form  of  a  young  matron  of  a  dignified  but  melancholy 
aspect,  bearing  before  her  the  funeral  urn,  on  which 
she  seems  to  rest  her  forehead ;  she  is  attired  in  a 
rich  tunic,  and  her  hair  is  unbound  and  spread  in  a 
disorderly  way  over  her  shoulders.  Ascending  the 
steps,  which  are  spread  with  a  rich  carpet,  she  ap- 
proaches the  door  of  a  tomb.  The  attendant  who 
goes  before  her  has  already  reached  the  entrance, 
where  her  steps  seem  for  a  moment  arrested  by  the 
awful  feelings  which  the  place  inspires,  but,  bending 
forward,  and  lowering  her  torch  to  illumine  the  dark 
abode,  she  prepares  to  enter.  The  other  attendant, 
who  is  behind,  and  is  seen  in  profile,  has  the  sanae 
simplicity  of  dress  and  character;  with  downcast 
eyes,  and  slow  and  devoted  step  she  follows  her 
celestial  conductor :  two  wreaths  of  fiowers,  joined  at 
the  top  of  the  urn,  serve  to  connect  the  two  foremost 
figures,  which  would  separately  form  a  perfect  an4 
charming  composition. 

Our  second  series  from  Canova  is  selected  from  a 
basso-relievo,  representing  Hercules  destroying  hrs 
children  with  arrows.  It  is  usually  known  by  the 
name  of  the  "  Infuriate,"  and  we  cannot  do  bettrr 
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tkaa  Uke  Qie  deaciiption  of  the  eutira  woric  from 
^  pen  of  the  CoDDtesa  Albrizzo,  which  Trill  eaabte 
our  readers  folly  to  nndentand  the  amogement  of 
the  figora  we  hkve  selected.  (See  FiNi  AttTs,pkf«  1, 
A- 2- 

"  tie  HiQ  of  JDpiter  and  Alcueiik,  alter  haTing 
triiuiiphed  over  the  perils  to  which  the  hatred  of  Jddo 
had  exposed  him,  returned  to  the  bosom  of  his  &milv, 
where  he  foond  that  Lycus,  the  Theban  exile,  had 
forcibly  taken  poosesBion  of  his  throne,  and  medi- 
tated the  destruction  of  his  race.  Him  dke  hero 
•lew ;  bnt  while  in  the  act  of  purifying  himself  from 
the  stain  of  blood,  by  sacrificing  in  the  temple  of 
Jnpiter,  the  malignant  goddess,  still  pnrsning  him, 
caused  him  to  be  seized  by  a  sudden  freniy,  during 
iriiich,  he  destroys  his  own  offspring,  heUeving  them 
to  belong  to  his  cDemy  Euristhens.  Canova  has 
pMulnyed  this  tragical  subject  with  great  power  itod 
jndgiitent :  an  altar  smoking  with  the  sacrifice,  and  a 
peoealal  supporting  the  statue  of  Jnpiter,  occupy  Uke 
ccntie  of  the  basso-relievo ;  already  the  pavement  is 
strewed  by  the  bodies  of  his  children  transfixed  by 
arrows,  and  lyin^  in  various  attitudes  of  death.  Her- 
cnles,  still  porsumg  the  work  of  destruction,  is  in  die 
act  of  directing  a  deadly  shaft  against  one  of  his 
infant  children  whom  its  unhappy  mother  has  caught 
up  m  her  arnu,  and  tries  to  shield  with  her  own 
hody ;  extending  at  the  same  time  her  hand  and  arm 
towards  her  infuriate  husband,  with  a  look  of  tfai 
deepest  distraction  and  moving  supplication  :  shi. 
Becms  to  exclaim — '  Have  pity  on  thine  offspring, 
thy  wife,  or  thyself  j'  but  in  vain, — his  insensibility 
to  this  appeal,  even  more  than  the  slaughter  which 
■Bnoonda  him,  proves  the  dreadful  delusion  under 
which  he  labours.  One  child  has  taken  shelter  be- 
hind its  mother,  and  hiding  its  face  in  her  vest,  eeemi 
to  think  itself  secure  from  the  danger  which  it  does 
not  sec.  Another  hides  itself  behind  the  altar,  and 
raises  it>  little  hand  to  its  ears  to  deaden  the  horrid 
■hrieks  which  fill  the  temple.  A  third  has  seized  his 
ftther's  knee,  and.  although  ignorant  of  his  fault, 
tries  by  his  piteous  cries  to  stop  his  fury.  A  young 
fanalc  ia  on  her  knees  before  him,  her  hands  raised 
in  Tdtement  suj^licatiou ;  and  the  aged  Amphitryon, 
nshii^  forward  with  all  the  force  which  age  has  left 
him,  and  neglecting  his  own  safety,  placet  one  hand 
«ti  the  breast  of  Uercnies,  and  endeavoura  with  the 
€idter  to  arrest  the  murderous  shaft. 

"  Clothed  only  in  bis  lion's  skin,  the  large  and  im- 
Bwnady  puweiful  frame  of  the  hero  are  finely  dis- 
played, ud  fiilly  correspond  with  the  fame  of  his 
matchle^  farce ;  while  bis  distorted  features  and 
InAiriated  aspect  show  that  his  mind  is  darkened  by 
•otae  dire  delusion.  The  relentless  goddess,  however, 
nnaated  eren  by  this  slaughter,  prepares  for  herself 
the  deeper  vengeance,  when,  the  Ught  of  return- 
ing reason,  shall  awaken  that  terrible  and  insupport- 
able remorse  under  which  the  most  wicked  of  mau- 
Jtind  may  eicite  tbe  pity  of  men  and  the  clemency  of 

Thia  account  from  the  pen  of  an  Italian  lady  of 
nnk,  and  high  literary  acquirements,  well  describes 
the  powerful  conception  of  Canova,  in  the  work  re- 
pnaented  in  our  plate.  We  have  taken  the  principal 
figures  of  the  group,  the  arrangements  of  the  rest  will 
readily  be  understood. 

Hie  Religion  of  Canova  may  be  said  to  rank 
amongst  the  finest  of  his  works.  ■  We  shall  not  here 
oAerioto  k  diacossion  of  the  fitness  of  scolptore  for 
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illustrating  the  hi^iest  and  holiest  of  fedtnga  of  the 
human  mind,  but  it  is  an  undoubted  fact,  and  one  to 
which  we  have  alluded  elsewhere,  that  art  owes  more 
to  the  patronage  of  the  clergy  than  Oie  laity.  It 
was  BO  in  ancient  Greace  and  Some,  and  is  so  in  tha 
present  day. 


Ilie  splendid  statue  now  before  nt,  which  is  about 
twenty-five  feet  in  height,  is  a  sufficient  example  of 
what  religious  enthusiasm  will  effect  when  grafted 
on  a  high  degree  of  cultivation.  On  the  head  of  the 
figure  is  a  tiara,  bearing  in  its  front  the  symbol  of  the 
Trinity.  The  one  hand  ia  raised  to  heaven,  while  the 
other  rests  upon  a  medallion,  on  which  is  scnlptnred 
the  head  of  the  apostle  Peter.  We  can  say  but  little 
'    praiseof  this  latter  portion  of  the  worit.   The  style 

purely  French.  There  is  a  prettiness  about  it 
which  is  but  little  in  accordance  with  the  simple 
dignity  of  the  principal  figure.  Thia  fine  statue  waa 
executed  for  a  temple  he  proposed  to  elect  at  hia 
birth-place.  The  previous  remark  also  applies 
)me  of  his  dancing  girla :  they  aiti  rather  dw 
figurante  of  the  French  opera,  than  natural  models  of 
classic  beauty. 

t  come  now  to  ibejirl  af  Pan&ig,  andpurpoae 
tracing  its  progress  in  the  same  way  as  we  have  done 
irogenitor  Sculpture. 

.  Je  are  doubtless  indebted  to  the  Greeks  for  the 
high  state  of  cultivation  which  the  imitative  arts 
have  acquired.  In  sculpture  they  attained  so  high  • 
pitdi  of  excellence,  as  to  remain  unrivalled  even  to 
the  present  moment ;  and  it  is  probable,  that  as  far 

relates  to  the  perfect  imitation  of  a  single  figure. 

taste,  in  expression,  and  in  execution,  the  same 
maybe  said  of  their  painting:  but  there  ia  much  rea- 
son to  conclude,  that  in  many  brunches  of  that  art 
they  an  surpassed  by  many  artiats  in  the  preaeat 
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The  pnctlK  of  the  fln?  arts,  so-fat  t 
to  the  ddmeatioD  of  entain  flg:area,  ii  of  the  highest 
aotiqiiity  in  Egfpt;  and,  mdeed,  both  the  enchorial 
and  Mcred  writingK  andelidy  used  in  that  conntry, 
hare  been mpposed-toliavtf  anty  changed  their  formi 
from  actoal  drawings  of  visible  objects,  to  those  i ' 
rude  sketdtes  of  the  same  figures,  and  finaltj  into 
mnaiiig  written  character,  in  which  the  original  tea 
tore*  were  entirely  lost.  In  those  papyrus  rolls, 
which  aie-freqaentiy  to  be  found  in  the  coffins  of 
mnmmies,  all  these  different  species  of  characters 
generally  employed;  and  the  following  gronp  has 
been  reduced  from  an  original  fragment  of  one  of 
those  rolls,  as  Wording  a  perfect  idea  of  the  peculiar 
style  of  ancient  Egyptian  art,  its  chief  characteristics 
being  firm  decided  stroke*,  simplicity  of  ontUne,  and 
only  a  general  indication  of  the  principal  features  of 
the  object  delineated.  It  will,  perhaps,  be  interesting 
to  mention,  that  the  anneaed  group  probably  repre- 
sents Isis,  with  her  honied  head,  standing  in  one  of 
those  boats  in  which  the  ancient  Egyptians  supposed 
the  planetary  bodies  to  perform  their  courses.  "^ 
accuracy  of  the  original  drawing  may  be  relied 
the  roll  is  in  ,the  possession  of  the  Editor. 


Bui  in  Egypt,  the  artists  appeared  to  poMeas  nc 
power  of  selection.  When  a  specific  form  of  clia- 
racter  was  once  adopted,  there  it  remained,  and  was 
repeated  unchanged  for  generations.  Little  action 
WM  given  to  figure*,  and  no  attempt  at  all  at  expres- 
sion. Plmy  SBVS,  Aat  the  statues  made  by  the 
Egyptiaru  in  his  time,  differed  in  no  respect  f^om 
those  made  by  them  1000  years  before.  Of  their 
painting,  a  tew  figores  remain  to  us  ;  but  their  date 
u  by  no  means  clear.  Two  of  them,  seen  at  Thebes, 
and  described  by  Bruce;  are  supposed  by  him  to  be  of 
the  time  of  Sesostris  (aboot  700  yean  B.  C),  who  is 
said  to  have  beantifled  artd  rertOTed  that  city;  but 
this  k  mere  conjecture.  Of  these  paitrtings,  he  re- 
marks, that  they-may  be  compared  with  good  sign- 
painttngs  of  his  day. 

Pliny  also  speaks  of  painHiigs  at  Atdeai  in  ftidy, 
older  than  the  fonndalion  of  Rome.  UnfortonaMy 
we  cBimot  follow  this  antlior  predsely>  in  his  account 
of  the  rise  of  tite  art  in  that  country  any  more  than 
ia  Greece.  By  his  ownstatemeM/Aeonlygoideii 
he  had,  except  tradition,  viz.,  the  Greek  authors, 
were  extremely  incorrect.  Bui  liiougfa  we  may  not 
trust  onr  judgments  wiA  htm  on  the  origin  of  paint- 
ing i^yet  the  view  he  offered  us  of  its  progress,  the 
imperfection  of  its  first  essays,  the  grattoal  advance 
towards  perfection  by  the  addition  of  new  sMmote 
valuable  qualities,  and  the  retiograde  steps- It  felMnto 
after  it  had  rauihed  its  acme,  present  an  onk(  of 
things  so  precisely  frdlowing  fte  'system  ef  natvre  ' 
every  part,  that  we  cannot  heutote  to  quote  his  vit 
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n  the  EuegelapmiiaBrilaiilie*, 
r  smiling  at  the  claims  of  the  EgyptiHS^  who 
taid  that  the  art  hftd  been  known  and  pnotisc4  in 
Egypt  6000  yean  before  it  .wsa  hUnrfocad  into 
Greece,  he  aays,  that  it  was  not  pnctiaed  in  Grecca 


till  after  the  siege  of  Troy ;  a  drcnniBUnce  certaihhf 
not  credible,  ifthe  story  which  hemtates  of  Semitamis 
be  true ;  and  if  Homer  be  correct  in  imputing  so 
much  of  sculpture  as  he  does  to  the  artlsto  of  that 
period  J  or  the  amusements  of  Penelope,  of  Andro- 
mache, and  of  Helen,  at  their  looms,  l>e  at  all  founded 
in  facts.  It  is  not  probable  that  so  much  of  other 
arts,  particularly  of  weaving  coloured  designs,  should 
eiist,  without  some  advance  l>eing  made  at  the  onlv 
source  Whence  it  is  natural  to  imagine  they  could' 
arise.  It  is  vain  to  discuss  the  point ;  nor  is  it  of 
much  conseqnence  whether  it  were  at  Corinth  or  at 
Sicyon,  that  the  practice  of  drawing  first  attracted 
particnlar  notice.  But,  as  M.  Foseli  has  beantifnlly 
observed  in  his  first  lecture,  "  if  ever  legend  deserved 

belief,  the  amorons  tale  of  the  Corinthian  maid, 
who  traced  the  shadow  of  her  departing  lover  by  the 
■cret  lamp,  appeals  to  onr  sympathy  to  grant  it." 
The  arts  in  general,  and  painting  in  particulsr, 
appear  to  have  i)cenpr»ctised  in  Etruria  at  a  very 
remote  period ;  and  Winckelmann  thinks  it  probable 
that  the  Etruscans  had  made  considerable  progress 
in  the  arts  dependent  on  design,  l>efore  thdr  com- 
raunication  with  Greece.  The  same  inference  may 
be  driwn  from  some  passages  in  the  Roman  authors, 
thongti  the  evidence  of  no  Etruscan  writer  on  art  has 
been  liaitded  dowu  to  us.  It  is  proliably  not  with' 
oat  foundation,  that  the  Romans  have  been  accused 
of  having  endeavoared  to  destroy  every  vestige  or 

iment  which  they  found  in  the  countries  tkey 

an,  that  no  traces  might  be  left  of  the  antiquity 
of  the  neighbouring  nations.  This  jealousy  is  in 
some  degree  corrohorated  by  the  silence  of  Hieir 
writers,  who  appear  only  to  have  -preserved  the 
names  of  the  ranqoished  people  as  triumphal  tro- 
phies ;  and  not  for  the  purpose  of  makiDg  ]>osterity  ' 
acquainted  with  the  state  of  their  civilization,  or  thA 
arts  which  Aey  had  cnltivated  long  Ijefore  Romtdna 
and  his  associates  came  to  establish  thentselve*  on 
the  banks  of  the  liber. 

le  accompanying!  ***"'  "^'^  forms  part  of 
those  excavated  by  Sir  William  Hamiltmi,  may  be 
considered  as  one  of  the  most  perfect  maiai  of 
symmetrical  outline  from  the  Etruscan  school. 


Pliny  admits,  that  at  Qeie,  in  Etrariib  and  at 
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AidM  and  lAWniaa^  In.  lAtiiim,  Otere  cauttad  in 
kii  tune  aome  paintibgt  which  attracted  the  adniiia- 
tioa  of  tfa«  coriona,  uid  which  were  moK  ancieot 
than  the  foiuidatioa  of  Rodm.  Id  the  third  chapter 
of  the  35tfa  book  i:^  hia  Calami  Hutorf,  he  thtu 
■Kprcaaea  hinaelfi  "J  cannot  contemplate  witbont 
attoniahmeot  thoae  paintings  at  Cktb,  which  appear 
recent  and  fresh  after  lO  many  ages.  The  Mune  may 
be  Mid  of  the  Ataianta  and  the  Helen,  which  are 
teen  in  a  mined  temple  at  Lanuviam.  The  artist 
has  RpRtented  Atalanta  naked,  and  both  the  figures 
■R  of  exqniaite  beaoty." 

Jt  had  kmg  been  regretted  that  the  ravages  of  time 
and  the  devaitation  of  Italy  had  deprived  us  of  every 
TMtige  of  the  paintings  of  the  Etmscans,  when  the 
PMire  fteiandi,  a  Heatine  monk,  discovered  near 
&e  ancient  Tarqninia.  fcmuerly  belonging  to  Etruria, 
■ewal  tombs  decorated  with  painting*.  He  com- 
mnnicated  this  interesting  discovery  to  the  Count  de 
Cayhn,  in  a  letter  from  Rome  in  1760,  in  which  he 
infocnkcd  htm  that  in  the  environs  of  Tarquinia  are 
Ibsod  a  great  nnmber  of  small  grots,  which  had 
■ened  as  tomba,  and  which  were  decorated  with 
paintings  on  the  pilasties  and  fiinea. 

WmddnMnn  also  speaks  of  the  painting  fennd 
in  the  tombanear  Tatqninia;  many  of  the  fnezes  re- 
pnaeat  combats  and  awatsiaatioaa.  others  appear  to 
relate  to  &e  doctrine  of  the  Ettuacaas  on. the  state 
of  the  aonl  after  death. 

Froi  the  few.  ronaina  of  Etraacan  paiutii^  whidi 
iMve  escaped  dealmetion,  it  may  be  inferred  that  in 
Etroii^  as  in  every  other  country,  the  ait  was  oearly 
in  the  tame  state  ^  radaies*  in  ita  infancy ;  and  that 
«1  a  mon  advnocad  q>och,  when  it  began  to  assomc 
'  a  narina.i  fentttTe,  it  was  marlced  with  a  similar  cha- 
lacter  to  that  whtdi  was  preaerved  in  Tuscany  after 
the  tcriral  of  the  art ;  that  it  was  more  diatingnished 
^  gtandear  than  beaaty,  and  by  eaofa  than  grace. 
lW  this  waa  Rally  the  &at,  will  we  thmk  be  readily 
aJaitted  by  any  person  capable  of  apfveciatii^  the 
aceoBtpanyiag  graphic  delineation,  which  fen  force 
«f  npresiion  and  poetry  of  motion  is  infinitely  lu- 
pcrior  to  mMKf  dnwfni  of  the  preaent  period. 


Itmw  on  a  vaae  formerly  in  the  poainaion  tit  Mr. 
Hope. 

The  nitndid  nwdds  of  aatiqaity  which  are  still 
extort,  bnc  Mt  no  doubt  of  die  perfection  which 
Ob  art  of  aealptnie  had  attamcd.  bat  the  more  pe- 
ririMhic  qn^ity  al  pkAotaa  has  pretentad  any  direct 
•ridMce  reaching  us  with  respect  to  the  powers  of 
Ifce  Qratk  artista  in  paintitg.    Wc  coUcct  ftom  Uie 
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work  on  pwBting  of  Pliny  Qie  elder  Cwlich  waS'  in 
a  great  measure  compiled  from  treatises  existing  in 
his  time,  and  from  his  personal  knowledge),  that 
that  ait  had  attained  an  excellence  which  equalled 
that  of  sculptore,  and  many  eminent  masters  of  both 
are  enumerated  by  him.  Fhtdias,  renowned  as  a 
sculptor,  was  also  a  painter,  Apollodonts  of  Athena 
b  noticed  by  Pliny  as  being  the  first  whose  painting 
fixed  and  absorbed  the  attention  of  the  spectator,  and 
who  discrimi  Dated  with  delicacy  the  various  grada-  ' 
tions  of  shadow  in  painting,  end  hence  obtained  the 
name  of  the  tliade  paiater.  Parrhssiua,  who  flourish' 
ed  about  the  same  Ume,  contributed  to  the  advance- 
ment of  the  art  by  the  attention  which  he  paid  to  the 
symmetry  of  the  hunwn  figure,  giving  improved  ex- 
piession  to  the  countenance,  and  carefully  finishing 
the  exjtremilies.  The  greatest  painter,  however,  of 
ancient  times  yit*  Zeuiis;  whose  most  celebrated 
work  was  the  picture  of  Venus  at  Crotona,  said  to 
have  been  executed  from  aselection  of  five  of  thefitir- 
est  virgins  of  that  city.  To  these  must  be  added, 
Ariatidei,  Pamphilos  of  Macedon,  Protogeues,  and 
Apelles,  who  was  the  painter  of  Alexander  the  Great. 
The  opinions  expr^sed  by  contemporary  authors 
as  to  the  excellence  of  these  paintets,  must  necessarily 
be  but  relative,  and  can  fumtsh  no  criterion  for  a 
comparison  of  their  perfortaances  with  the  works  of 
modem  artists.  Much  learned  controversy  has  been 
employed  a*  to  the  merits  and  demerits  of  ancient 
painting,  yet  with  very  few  grounds  on  either  side 
on  whidi  to  found  any  arguments.  Although  not 
possessed  of  any  paintings  of  the  great  Greek  mas- 
ters, sorely  it  may  be  reasonably  inferred  that  those 
who  had  attained  such  excellence  in  sculpture,  who 
had  discovered  the  secret  of  imparting  such  grace, 
such  nature,  such  dignity  to  their  statues,  and  who 
equally  cultivated  and  admired  painting,  must  also 
have  attained  a  considerable  eminence  in  that  art  j 
their  excellence  in  sculpture  may  be  fairly  taken  as  a 
key  to  their  standard  of  taste,  with  regard  to  paint- 
ing. On  the  other  band,  however,  it  must  be  con., 
fessed  that  in  all  probability,  they  laboured  under  the 
great  disadvantage,  which  would  necessarily  arise 
from  a  want  of  tl^  knowledge  of  colours,  with  v4uch 
'iberaistry  has  fiimished  the  modem  artist  In  addi^ 
ion  to  this,  it  can  scarcely  be  doub'^d  that  they  were 
ignorant  of  the  practice  of  painting  in  oil,  althotigh 
Sir  Joshua  Reynolds  is  radier  disposed  to  adopt  a 
contrary  opinion, 
llie  only  specimens  from  which  we  can  form  any 
icisive  judgment,  are  the  renuuns  which  were  dis- 
covered m  Hercnlaneum  and  Pompeii,  and  the  fres- 
a  or  paintings  in  the  baths  of  Titos.  Of  the  latter 
may  be  observed  as  a  proof  of  their  merit  and  ex> 
cellencc,  that  on  their  discovery,  some  of  them  were 
attributed  to  Raphael.  Althoi^  these  paintings  are 
unequal  to  the  productions  of  modem  art,  boA  in 
their  colouring  and  effect,  yet  some  of  them  arc  un- 
doubtly  of  the  very  first  merit  in  design.  But  it 
must  be  remembered,  that  they  were  the  worit  of  an 
age  when  the  arts  were  already  declining;  and  th^ 
cannot  be  in  any  degree  considered  as  exhibiting  a 
type  of  the  meridian  splendour  of  the  Gretnan  masters. 
Of  the  paintings  found  at  Pompeii  and  Herculane> 
om,  it  is  snfllcient  to  observe  that  these  were  sm^ 
and  unimportant  country  towns,  and  conaeqnenUy 
not  likely  to  possess  even  what  niight  be  regarded  as 
specimens  of  the  best  state  of  the  ait  of  the  period  at  ' 
which  they  were  exectited. 
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There  is  every  reason  to  suppose  from  the  minute 
descriptions  of  Pliny,  Pausanias,  and  Quintillian/that 
in  the  essential  parts  of  invention,  expression,  grace, 
and  character,  the  painters  of  Greece  and  Rome,  ri- 
valled die  sculptors  ;  but  in  the  modem  invention  of 
grouping,  and  the  union  and  separation  of  groups,  in 
the  accompaniments  of  perspective,  in  beauty  of 
landscape  and  back  mund,  and  in  extreme  refine- 
ment 01  colouring,  it  is  probable  they  were  deficient. 
On  these  points  tibe  descriptions  which  remain  afford 
no  grounds  for  conclusions.  The  attempts  at  back 
groimd  in  the  pictures  of  Herculaneum  are  generally 
puerile,  and  the  most  beautiful  productions  of  ancient 
painting  with  which  we  are  acquainted,  are  figures 
relieved  off  plain  grounds,  or  rather  blended  into 
them. 

The  fine  arts  continued  to  decline  with  the  Roman 
power,  until  they  were,  at  last,  involved  in  one  common 
ruin  with  every  thing  great  and  civilized.  The  history 
of  painting,  from  the  fifth  to  the  eleventh  century, 
is  little  more  than  a  blank.  Still  the  art  was  not 
quite  extinct;  it  existed  amidst  the  terrors  of  war 
and  bigotry,  cherished  by  the  Greek  monks  in  their 
silent  seclusions;  and  for  two  centuries,  at  least, 
previous  to  the  era  commonly  assigned  to  its  revival, 
v^as  practised,  though  humbly,  in  fresco  and  mosaic. 
With  the  rise  of  the  Italian  republics  commences  the 
period  at  which  it  assumed  a  different  character ; 
artists  were  summoned  from  Greece  to  adorn  the 
public  and  private  buildings  of  Florence  and  Pisa,  and 
Mr.  Flaxman  states  that  the  mosaic  pictures  in  the 
interior  of  St.  Mark's  at  Venice,  which  was  built  as 
early  as  1085,  are  from  Greek  puntings  of  the  same 
age.  There  is  little  doubt  that  in  some  parts  of 
I^y,  schools  of  painting  were  established  as  early  as 
the  eleventh  or  twelfth  century. 

The  style  of  the  art  at  this  period  is  exemplified 
in  the  remains  which  exist ;  there  are  in  the  libraries 
of  the  Emperor  of  Austria  and  King  of  France,  Greek 
paintings  of  great  beauty,  which  were  executed  in 
the  middle  ages ;  but  the  finest  specimens  are  to  be 
found  in  the  church  of  Santa  Maria  Maggiore,  at 
Florence,  which  contains  the  Transfiguration,  Resur- 
rection, and  Glorification  of  Christ. 

Giovanni  Cimabue  was  bom  at  Florence  in  1240, 
and  instmcted  in  the  ordinary  practice  of  the  Greek 
artists  of  the  day.  But  he  soon  outstripped  his 
masters;  and  the  almost  divine  honours  which  he 
received  from  his  fellow-citizens  for  a  picture  of  the 
Virgin,  encouraged  him  to  pursue  the  art  with  ar- 
dour. His  pupil  Giotto,  to  whom  tiie  world  is  in- 
debted for  the  portraits  of  Dante,  Branetti,  and  other 
men  of  eminence  of  that  period,  contributed  still 
further  to  the  advancement  of  painting,  by  returning 
to  nature  as  the  standard  fay  whidh  to  regulate  the 
actions  and  expressions  of  his  figures. 

After  the  lapse  of  nearly  one  hundred  years  from 
the  death  of  Giotto,  Tomaso  da  San  Giovanni,  better 
known  by  the  name  of  Masaocio  (from  his  total 
neglect  of  personal  appearance),  e^ibited  a  more 
elevated  taste,  and  a  grander  style  of  execution  than 
his  contemporaries.  The  art  under  his  hands  may 
be  said  to  have  advanced  from  the  weakness  of  in- 
fancy to  the  station  of  youth,  verging  towards  the 
vigour  of  perfect  manhood.  He  was  the  first  to 
compose  with  an  eye  to  the  effect  of  a  whole  picture. 
He  managed  his  groups  and  single  figures  upon  the 

Erinciples  of  perspective,  which  had  been  taught  him 
y  the  sculptor  Branelleschi ;  and  by  understanding 
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the  ethd  of  those  principles,  first  placed  the  feet  of 
upright  figures  truly  fiat  upon  the  ground,  and  fore- 
shortened his  heads  and  figures  with  truth  and  effect. 
In  fact,  it  was  to  him  fiiture  artists  were  indebted 
for  a  more  sure  and  full  direction  of  the  line  in  which 
the  art  ought  to  be  pursued.  He  studied  nature  with 
the  greatest  attention,  gave  breadth  and  simplicity 
to  his  draperies;  and  most  admirable  action,  cha- 
racter, and  expression  to  his  figures,  which  are 
justly  and  appropriately  employed.  £ven  Raphael 
did  not  scruple,  eighty  years  afterwards,  to  study, 
and  sometimes  to  adopt,  his  actions ;  of  which  there 
is  an  extraordinary  instance  in  the  figure  of  St.  Paul 
preaching  at  Athens.  Michael  Angelo  is  also  re- 
ported by  Vasari  to  li^ve  regarded  his  pictures  with 
great  respect  and  attention.  His  principal  works  in 
ihe  chapel  of  the  Brancacci,  in  the  Church  del  Car- 
mine, at  Florence,  became  the  school  of  study  for  all 
those  excellent  artists  who  succeeded  him;  till  at 
length  Leonardo  da  Vinci,  bom  near  that  city  in 
1445,  two  years  after  the  death  of  Masaccio,  came 
forth  with  superior  lustre,  and  eclipsed  all  that  had 
preceded.  Endowed  with  uncommon  genius,  all  arts 
and  sciences  seemed  scarely  to  offer  a  sufficient  field 
for  the  exertion  of  his  talents.  He  grasped  at  all, 
and  succeeded  in  whatever  he  undertook ;  but  by  his 
versatility  wasted  much  of  his  time  in  experimoit. 
Had  he  persevered  with  steadiness  in  pursuit  of  the 
art  of  painting,  he  probably  would  have  carried  it  to 
the  utmost  perfection.  As  it  was,  whatever  he  painted 
came  from  his  hand  elevated  and  adorned  by  the 
pencil  of  the  artist,  and  presented  a  complete  ori- 
ginality of  effect.  To  truth  and  precision  of  cha- 
racter, and  whatever  had  been  well  done  by  Masaccio, 
Leonardo  added  new  and  most  valuable  qualities,  by- 
introducing  the  principles  of  chiaro-scuro,  and  depth 
of  tone  in  colour.  By  the  former  of  these,  pictures 
were  relieved  from  the  tameness  of  mere  imitation, 
and  acquired  an  increase  of  power  in  boldness  and 
stren^h  of  relief,  and  force  of  effect.  Michael  An- 
gelo m  design,  Corregio  in  fini^  and  chiaro-scuro, 
and  Rubens  in  composition,  are  surely  indebted  to 
Da  Vinci  for  the  foundation  of  much  of  their  excel- 
lence as  artists. 

A  history  of  the  ancient  schools  of  painting  is  no- 
thing more  than  a  history  of  the  painters  who  founded 
them.  Michael  Angelo  and  Raphael  have  the  fore- 
most claim  to  our  attention ;  and  we  cannot  do  better 
than  furnish  our  readeis  with  the  masterly  contrast 
of  these  eminent  painters,  given  by  Sir  Joshua  Rey- 
nolds : — "  If  we  put  those  great  artists,"  says  he. 
"  in  a  light  of  comparison  with  each  other,  Raphael 
had  more  taste  and  fancy,  Michael  Angelo  more  ge- 
nius and  imagination.  The  one  excelled  in  beauty, 
the  other  in  energy.  Michael  Angelo  has  more  of 
the  poetical  in  operation ;  his  ideas  are  vast  and  sub- 
lime ;  his  people  are  a  superior  order  of  beings ;  there 
is  nothing  about  them,  nothing  in  the  air  of  their 
actions,  or  their  attitudes>  or  the  style  and  cast  of 
their  limbs  or  features,  that  puts  us  in  mind  of  their 
belonging  to  our  species.  Raphael's  imagination  is 
not  so  elevated;  his  figures  are  not  so  much  dis- 
jointed from  our  own  diminutive  race  of  beings, 
though  his  ideas  are  chaste,  noble^  and  of  great  con- 
formity to  their  subjects.  Michael  Angelo's  works 
have  a  strong,  peculiar,  and  marked  character;  they 
seem  to  proceed  from  his  own  mind  entirely;  and 
that  mind  so  rich  and  abundant,  that  he  never  needed, 
or  seemed  to  disdain,  to  look  abroad  for  foreign  hdp. 
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Kaphad's  materials  are  generaOy  boirowed*  though 
tiK  noble  stmcture  is  his  own.  The  excellency  of  tUs 
eztcaordiDary  man  lay  in  the  propriety,  beauty,  and 
majesty  of  his  characters ;  his  judidous  contrivance 
of  composition,  correctness  of  drawing,  purity  of 
taste*  and  the  skilful  accommodation  of  other  men's 
coooepCions  to  his  own  purpose." 

A  taste  for  the  fine  arts  appears  to  have  been  ex- 
perienced in  Qennany  eariy  in  the  fifteenth  century, 
^lOQgh  it  made  but  little  progress  for  half  a  century. 
At  thai  time  Albert  Durer  relieved  it  from  Httle  better 
than  obscurity  by  his  ingenuity,  his  fertile  invention, 
and  his  skilfal  attention  to  minute  imitation  of  indi- 
vidual forms.  He  carefully  studied  the  human  figure, 
bat  wasted  his  time  in  fanciful  schemes  for  regulating 
propOTtion,  and  never  attained  any  very  high  rank 
as  an  artist.  The  bane  of  his  style,  if  it  may  be  so 
called,  is  meagreness  and  poverty  of  forms,  mean  ex- 
neaskm,  and  capricious  and  often  vulgar  invention. 
Locas  Van  Leyden  was  the  best  of  those  who  at- 
tempted to  rival  the  name  of  Albert  Durer,  unless  we 
except  Holbein ;  who,  though  he  never  equalled  him  in 
coa^Msition,  infinitdy  surpassed  him  in  portraiture, 
like  taste  of  the  Germans  totallychanged  after  they  pos- 
sessed the  knowledge  of  the  works  of  Michael  Angelo. 

The  history  of  Uie  art  in  the  neighbouring  coun- 
tries of  Flanders  and  Holland,  is  merely  the  same 
with  that  of  its  progress  in  Germany,  tili  about  the 
middle  of  the  sixteenth  century.  The  extreme  rich- 
Bess  of  colouring  which  had  been  effected  by  John 
Van  £yck«  was  maintained  entire ;  and  seems  almost 
esdoamly  to  have  occupied  the  attention  of  the 
Flemish  artists,  llieir  distance  from  Italy,  and  the 
eoBsequent  want  of  intercourse  with  that  country, 
pecfaided  any  precise  acquaintance  with  the  peculiar 
beantica  of  ancient  art;  and  having  no  model  to  guide 
them,  or  rival  to  contend  with,  uey  were  at  liberty 
to  foUow  the  suggestions  of  their  own  inclinations. 
It  oondncted  them  to  as  precise  an  imitation  of  the 
effects  of  natural  objects  immediately  presented  to 
their  eyes  as  lay  in  their  power.  The  established  re- 
ligion here,  as  in  Italy,  found  occupation  for  the 
artists  in  a  considerable  degree ;  but  its  exercise  soon 
deviated  into  common  life,  and  reached  its  ultimatum 
in  the  days  of  Rubens  and  Rembrandt.  The  former 
of  these  "  meteors  of  the  art,"  shining  in  a  sphere 
completely  his  own,  irradiated  the  world  with  a 
brilliant  and  uncommon  lustre.  Possessed  of  a  mind 
as  full  of  genius  as  energy,  he  appears  without  diffi- 
culty to  have  embraced  from  contemporary  artists, 
and  the  great  masters  of  Italy,  whose  works  he  vi- 
mted,  those  elements  of  which  he  composed  his  own 
system;  the  principal  features  of  which  are  an 
union  of  the  splendours  of  the  Venetian  school,  with 
a  grandeur  of  outline  drawn  from  the  Florentine, 
wiUurat  its  correctness. 

So  very  little  is  known  of  what  occurred  concern- 
ing the  art  of  painting  in  this  country,  previous  to 
the  time  when  Henry  VUI.  encouraged  the  abilities 
of  Holbein  in  portraiture,  and  invited  Titian  to  come 
here,  that  it  would  be  useless  to  endeavour  to  trace 
its  history.  Enough,  however,  is  known  to  satisfy 
na  that  it  was  at  a  very  low  standard.  It  was  but 
little  before  his  time  that  the  people  of  England  began 
to  throw  off  the  yoke  of  ignorance  and  barbarism, 
attd  to  cultivate  bterature  and  science.  The  ambi- 
tioii  of  Benry  to  be  renowned,  and  his  spirit  of  ri- 
valry to  his  great  neighbour,  Francis  I.  of  France, 
quite  sufficient  motives  to  stimulate  him  to  the 
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proud  aim  of  beocMning  a  patron  of  the  liberal  arts ; 
nad  not  his  theological  discussions  with  Luther,  and 
afterwards  his  more  sublunary  quarrel  with  the  Pope, 
so  powerfully  diverted  his  attention  from  them,  and 
produced  him  so  active  an  employment  in  deciding 
the  course  of  the  reformation  in  religion  which  con- 
sequently ensued. 

Charles  I.  endeavoured  to  introduce  a  feeling  for 
the  art,  which  had  previously  been  wanting  in  this 
country ;  but  for  which  he  appears  to  have  had  a  very 
great  affection.  He  employed  Rubens  during  his 
short  residence  here,  as  envoy  from  the  king  of  Spain, 
to  paint  the  ceiling  of  the  banquetting  room,  now  the 
chapel  of  Whitehall ;  and  procured  a  treasure  of  in- 
estimable value  to  the  country  by  the  countenance 
and  encouragement  he  afforded  to  Vandyke;  and 
also  to  other  ingenious  foreigners  who  have  enriched 
the  country  with  their  productions.  He  formed  a 
very  considerable  coUection  of  pictures,  in  addition 
to  those  already  possessed  by  the  crown,  and  at  the 
suggestion  of  Rubens  bought  the  Cartoons ;  he  em- 
ployed an  artist  to  copy  the  works  of  Titian  in  Spain, 
and  purchased  the  qabmet  of  the  Duke  of  Mantua,  at 
the  cost  of  twenty  thousand  pounds,  and  some  va- 
luable pictures  were  sent  him  as  presents.  The  whole 
was  sold  and  dispersed  by  the  parliament  in  1643, 
who  eave  especial  orders  "  that  all  pictures  which 
had  the  representation  of  the  Saviour  or  the  Virgin 
Mary  in  them,  should  be  burnt."  After  the  restora- 
tion many  of  them  were  returned  to  the  royal  col- 
lection, Imt  only  to  meet  utter  annihilation  by  the 
fire  which  consumed  the  palace  of  Whitehall. 

Of  those  who  have  practised  in  this  branch  of  the 
art,  and  are  departed,  Reynolds,  Romney,  Opie,  Bar- 
ry, Fuseli,  and  Lawrance,  require  to  be  particularly 
mentioned.  The  former,  witn  all  the  splendour  of 
chiaro-scuro  and  colour,  which  no  one  since  Rem- 
brandt has  wielded  vrith  so  much  power,  exhibited 
in  his  pictures  of  Hercules  strangling  the  Serpents, 
Macbeth,  Cardinal  Beaufort,  and  Ugolino,  a  fund 
of  historic  power.  Romney  also  had  poetic  imagina- 
tion, feeling,  and  expression ;  and  in  the  little  lei- 
sure allowed  by  his  general  practice  of  portraiture, 
indulged  in  the  delights  ideal  subjects  afforded  him ; 
while  Opie  presented  "images  new  and  striking, 
drawn  directly  from  nature,"  and  "  what  he  wanted 
of  academical  or  classical  information,  he  compensa- 
ted for,  in  a  great  measure,  by  character,  by  force, 
and  by  a  just  and  bold  imitation."  Barry  regularly 
educated  himself  for  the  practice  of  art,  and  undoubt* 
edly  had  the  highest  and  most  enthusiastic  feeling 
for  its  best  qualities.  With  a  generous  zeal  worthy 
of  the  highest  encomium,  he  broke  entirely  from  all 
consideration  of  the  ordinary  style  of  subject  or  de- 
sign ;  and  contemplating  his  art  in  the  most  elevated 
manner,  attempted  to  embody  the  poetical  ideas  he 
entertained.  His  most  sincere  admirers  must,  how- 
ever, regret  that  those  excellent  sentiments,  which 
he  so  ably  inculcated  by  his  pen,  were  not  more  com* 
pletely  supported  by  his  pencil. 

We  have  visited  the  Society  of  Arts,  which  are  said 
to  contain  some  of  his  highest  productions,  and  the 
reader  may  judge  of  our  surprise  when  we  beheld 
Dr.  Bumey  floating  in  the  "  Triumph  of  the  Thames,' 
in  a  baff-wig  and  gown.  Barry  was  too  eccentric  m 
his  habits  to  be  a  wise  man.  He  was  vain,  and  as^ 
sumed  a  peculiarity  of  feeling  to  excite  an  interest, 
which  his  merit,  as  a  painter,  would  otherwise  have 
ensured  him. 
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The  nwBotB  of  Fuseli  and  Lswnmoe'  are  too  fresh 
in  our  memories  to  excite  any  other  than  feelings  of 
pain  for  their  loss. 

The  first  of  these  distinguished  artists  excelled  in 
die  snblime,  though  it  was  a  species  of  sublimity 
which  often  approached  to  extravagance.  There  was 
a  great  similarity  between  Blake  and  Fuseli ;  and 
though  the  latter  had  more  knowledge  as  a  painter, 
he  was  equalled  in  poetry  of  conception  by  the  ami- 
able and  fenrent-minded  Blake.  The  errors  of  Fuseli 
arose  from  the  same  energy  of  character  which  pro- 
duced his  greatest  beauties,  and  this  is  proved  by  his 
own  frequent  and  impassioned  declaration,  that  he 
would  sooner  be  the  author  of  the  forced  and  capri- 
cious style  of  Gottyius  and  Spranger,  than  of  the  in- 
insipid  taste,  to  use  his  own  phrase,  of  Albert  Durer. 
Now  the  merits  of  Albert  Durer  have  been  examined 
in  the  early  part  of  this  article. 

Last,  though  not  least  in  the  list  of  eminent  artists 
who  have  passed  from  us,  we  must  place  the  name  of 
Lawrance ;  the  greatest  master  of  portraiture  which 
this  or  any  other  country  has  known.  His  works 
form  the  pride  and  ornament  of  ever)'  court  in  Eu- 
rope, and  sovereigns  contended  for  the  honour  of  a 
sitting.  The  likenesses  of  Lawrance  were  as  near  to 
perfection  as  refined  painting  can  be  said  to  permit, 
and  rarely  did  he  fail  to  impart  to  his  portraits  the 
refinements  of  his  own  mind.  To  coin  a  phrase,  they 
were  nature  idealized.  In  his  female  portraits — ^the 
great  test  of  talent — he  had  infinitely  more  grace  and 
variety  than  Vandyke,  or  any  who  preceded  him ; 
and  Fuseli  was  often  heard  to  declare,  that  his  female 
eyes  were  better  than  those  of  Titian.  As  a  curious 
item  in  art,  and  as  an  indication  how  his  labours 
were  a|)preciated  by  the  great  and  powerful,  it  may 
be  enough  to  say  that  he  had  more  orders  than  he 
could  execute,  at  prices  varying  from  two  to  seven 
hundred  guineas  for  each  picture. 

The  art  of  painting  in  water  colours  springing 
from  British  soil,  and  fostered  by  native  talent,  ought 
to  be  viewed  by  our  countrymen  with  redoubled  in- 
terest, from  its  commencement  by  Sandby,  during  its 
lupid  progress,  to  its  ultimate  success,  aided  by  the 
brilliant  powers  of  a  Girtin,  a  Turner,  a  Prout,  a  Cat- 
termole,  or  a  Robson. 

A  confined  sphere  has  been  fallaciously  urged 
against  this  beautiful  branch  of  art ;  but  the  "  Rem- 
brandt in  his  Study,"  of  Stephanoff,  the  "  Ann  Page 
and  Slender,"  of  Richter,  the  marine  subjects  of 
Fielding,  the  glowing  landscapes  of  Robson,  the  pic- 
turesque magnificence  of  Prout,  and  the  domestic 
beauties  of  Sharpe,  prove  the  great  range  of  which 
it  is  capable ;  and  our  increased  knowledge  of  the  pro- 
perties and  manufacture  of  colours  affords  a  reason- 
able hope  of  overcoming  the  perishable  nature  of  those 
in  early  use. 

The  first  period  at  which  we  hear  of  water  colour 
painting  is  about  1710,  but  the  names  of  Chatelain, 
Pillement,  and  their  contemporaries  fade  before  the 
greater  genius  of  Paul  Sandby,  who  was  bom  at  Not- 
tingham, in  1732.  While  studying  in  the  drawing 
school  in  the  Tower,  at  the  age  of  fourteen,  he  gave 
such  indications  of  Aiture  talent,  that  in  1748  he  ac- 
companied General  Watson,  as  draughtsman,  through 
the  highlands  of  Scotland,  and  etchings  from  his 
sketches  made  during  the  tour,  attracted  much  obser- 
vation. The  best  productions  of  his  pencil  are  yet 
rarely  surpassed  for  spirit,  clearness,  and  transpa- 
rancy. 


John  Cozens  excelled  in  wild  and  roroahkie  «os^ 
nery,  but  his  works  are  little  more  than  tinted  ch'ia- 
ro-scuro,  and  he  terminated  a  life,  of  which  littie'  is 
known,  in  a  state  of  mental  derangement  in  1799* 

Michael  Angelo  Rooker,  R.  A.,  was  educated  as  an 
engraver  by  his  father,  and  subsequently  became  a 
pupil  of  Paul  Sandby ;  his  most  noted  works  an  the 
views  painted  to  illustrate  the  series  of  Oxford  Al- 
manacs ;  and  his  large  collection  of  drawings  after  hit 
death,  which  took  place  March  3,  1801,  brought 
about  £1,240. 

A  new  and  brilliant  era  in  this  school,  hitherto 
holding  an  uncertain  and  dubious  rank,  sprung  up 
under  the  auspices  of  Thomas  Girtin,  who,  when  hii 
talents  for  painting  first  developed  themselves,  assi- 
duously studied  nature;  to  his  tour  in  Scotland, 
with  his  early  patron  Mr.  Moore,  may  doubtless  be 
attributed  the  wildness  of  imagery  and  general  bold- 
ness which  stamps  with  pre-eminence  the  finest  pro- 
ductions of  this  master. 

Nothing  could  exceed  the  grandeur  and  origmality 
of  his  conception,  but  a  want  of  drawing  is  frequently 
observable  in  many  of  his  paintings,  and  he  is  sup- 
posed to  have  been  tempted  to  work  with  less  regard 
to  correctness  of  form,  in  proportion  to  the  ease  with 
which  he  produced  depth  and  richness  of  colour,  and 
to  have  become  at  length  so  enamoured  of  colourinjt 
and  effect,  as  to  consider  drawing  of  little  conse- 
quence to  the  character  of  a  picture. 

But  that  vicious  course  which  makes  a  wreck  of 
the  body,  cannot  fail  to  ruin  the  mind  ;  the  continued 
sensual  indulgence  of  this  extraordinary  man  en- 
feebled his  mental  powers,  and  the  distinguished 
competitor  of  Turner,  the  thoughtless,  kind-hearted 
Girtin,  by  a  premature  death  in  1802,  perhaps  but 
saved  his  posthumous  fame  fh>m  the  imputation  of 
sinking  into  a  mannerist. 

About  1804,  the  conversation  among  many  eminent 
artists  frequently  turned  upon  the  injury  their  works 
sustained  m  the  exhibition  rooms  of  the  Royal  Aca- 
demy, being  often  hung  in  bad  light  from  insufficiency 
of  space.  The  academicians  were  sensible  of  the  un- 
fitness of  their  rooms,  for  the  purposes  to  which* 
from  necessity  alone,  they  were  appropriated ;  they 
had  no  space  to  build  on,  and  the  evil  was  without 
remedy. 

To  these  circumstances  l^e  Society  of  Painters  in 
Water  Colours  owes  its  origin ;  and  the  first  exhibi- 
tion was  opened  in  Brook  Street,  Grosvenor  Square, 
to  which  the  Royal  Academicians  were  the  foremost 
in  crowding,  and  unanimous  in  wishing  that  success 
to  the  undertaking  with  which  it  has  been  crowned, 
from  its  first  opening  on  the  22d  of  April  1804,  to  its 
present  annual  exhibition,  in  Pall  Mall,  East. 

In  concluding  this  article,  it  may  be  proper  to 
state,  that  we  have  confined  ourselves  as  closely  as 
possible  to  an  historical  and  critical  view  of  the  Fine 
Arts.  The  practice  of  painting,  sculpture,  engraving, 
modelling  and  casting  will  be  found  under  those 
several  heads. 

Arts,  Usfful,    See   Manu^acturbs   and  Com- 

MBRCB. 

Arundel  Oil;  this  name  has  been  given  to  a 
powerful  purgative  medicine,  extracted  from  a  nut 
growing  in  the  East  Indies. 

Arundelian  Marbles  ;  ancient  marbles  illustra* 

tive  of  the  history  and  mythology  of  the  Gredts. 

They  are  so  called  from  the  Eurl  of  Arundel,  t>y 

I  whom  they  were  conveyed  from  Pares  into  England. 
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Tbtgf  coBtaift  the  prittc^pal  ^K>dit  in  the  Atheaian 
lustory^  from  the  first  year  of  Cecrops,  1582  yean 
B- C,  to  354  yean  B.  C. 

AaiTiciK) ;  the  reed  or  instnuneat  which  separates 
tiie  threads  of  the  warp. 

Aax ;  the  ancient  name  for  the  citadel  of  a  fortified 
town. 

ArytjCno  Epiolotti  ;  fleshy  fasicoliB  attached  to 
the  arytKAoides  and  ^  epiglottis. 

ARTTiBif  oioK8>  in  AmOm^,  two  eartiiages  forming 
the  head  of  the  larynx. 

Artthii us,  in  iif  asie,  the  modulataon  of  time. 

As.  Hie  Romans  used  this  "word  in  three  different 
ways,  viz.,  to  denote,  1,  any  unit  whatever,  consi- 
dered as  divisible;  2,  the  unit  of  weight,  or  the 
poond  iUbra) ;  3,  their  most  ancient  coin.  In  the 
first  use  of  the  word,  the  pound,  foot,  jufenm  sec- 
ttrim,  were  called  a»,  when  contradistinguished  from 
their  divisions  or  fractions.  In  fact,  the  word  was 
i^iplicd  to  any  integer,  as,  inheritances,  interest, 
houses,  limds,  &c.  Therefore  e»  osse  herea  signifies 
i9  mkerit  the  wMe.  Different  names  were  given  to 
difocnt  numbers  of  usms  :  cbtpomftat  (duo  pmtdoj  = 
2  mm»t  mtttrtmi  (ttaqui  teiiuu,  viz.,  the  third  hidf 
ss  Si  Ma$m  intm  =:  3  osms,  quatru9ii$  =s  4  m$e$, 
and  so  on  to  emUmiM  =i  100  <»»et.  The  cw,  whatever 
unit  it  leprcscnted,  was  divided  into  12  parts  or 
0— «■  CwneimJ,  and  the  different  fracticms  of  Ite  as 
received  diiEerent  names,  as  follows :— - 

As 12  ounces.    Quincunx  .  .  5  ounces. 

Deunx  .  .     11      .  .         lYiens  ....  4 
Dextans   .  .  10     .  .         Quadrans,  or 
Liodrans  .  .    9  teruncius  .3 

Bes,  ordes  .8     .  .         Sextans  ...  2 
Sextnnx   .  •    7     >  •         Uncia  ....  1  ounce. 
Semis    ...    6 

Sescuncia  was  1|  ounce. 
1  uncia  contained  2  semiuncise 

3  duells 

4  sidlici 
6  sextuls 

24  scrupula  (scriptuia,  or  scripula,) 
48  oboli 
144  siliquse. 

Scholars  are  not  agreed  on  the  weight  of  a  Roman 
MMmd,  fast  it  is  not  far  from  327.1873  gramme$, 
Fvendi  measure.  Budseus  has  vrrittea  9  books  De 
Amt  ei  efma  PtarOku  (Of  the  As  and  its  Parts).  In 
1^  most  ancient  times  of  Rome,  the  copper  coin, 
whidi  was  called  a$,  actually  weighed  an  as,  or  a 
pound,  bat,  in  different  periods  of  the  republic  and 
tiie  sacoeeding  empire,  this  coin  was  of  very  different 


AaAPHATUH;  a  sort  of  serpigo,  supposed  to  be 
generated  in  the  pores  like  worms. 

AaAPKBis ;  defective  utterance. 

AMAwam,  in  the  ancient  phannacopoeiay  implied  a 
liuiraiievnne. 

Amam  I  a  Persian  gold  coin,  worth  about  six  shil- 


AsBXsmfuii;  a  cloth  or  paper  made  from  the 
Bmoml  called  asbestus. 

AacBHBAifT,  in  Atirolo^,  way  heavenly  body  sup- 
posed to  preside  over  the  £rte  of  an  individual. 

AsGBKDAirT ;  an  ornament  in  masonry  and  joiner's 
work,  whidi  bofders  the  diree  sides  of  doors,  win- 
aad  chimneys. 

A«CBiniiif9,  m  MHvmmf,  is  said  of  such  stars  as 


are  rising  above  the  hoxizon  in  auy  parallel  of  the 
equator ;  and  thus,  likewise,  <ucending  Za/t/ttf2e*— the 
Istitude  of  a  planet  when  going  towards  ^e  north 
pole.  Ascending  node  is  that  point  of  &  plauefs 
orbit,  wherein  it  pssses  the  ecliptic  to  proceed 
northward.  This  is  otherwise  called  the  northern, 
node* 

Ascending,  in  Anatomy,  is  employed  to  descnbf 
that  part  of  the  aorta  from  the  point  where  it  leaves 
the  heart  to  its  point  of  curvature. 

AscBNDiNo  Vbssbls,  in  Anatomif,  those  tubes 
which  carry  the  blood  upwards. 

AsoBNSiON,  in  Aetroriomsf.  We  understand  by  the 
right  ascension  of  a  star,  that  degree  of  the  equator^ 
reckoned  from  the  beginning  of  Aries,  which  comes 
to  tl^  meridian  with  the  star.  By  the  right  as- 
cension and  declination,  the  situation  of.  stars  in 
the  heavens  is  determined,  as  that  of  plapes  on  the 
etrth  by  longitode  and  latitude.  By  obUque  asoen^ 
sion,  we  understand  that  degree  of  the  equator,  count* 
ed  as  before,  which  riies  with  the  star,  in  an  oblique 
sf^iere. 

Ascensional  Diffbbbnob,  is  the  difference  be* 
tween  the  ri^t  and  oblique  aaeension  of  the  same 
point  in  the  sphere.  It  is  sometimes  used  to  d^Mnba 
the  space  of  time  the  sun  rises  or  sets  befoie  or  aftes 
six  o'clock.  I 

AscBNsus  MoBBi ;  the  ascent  or  increase  of  a 
disease. 

Ascent  of  Bodies*    See  Mbohaniob  and  At* 

TBAOnON. 

AsoiA,  in  Anatomg,  a  bandage  in  the  form  of 
an  axe. 

Asci  A ;  inhabitants  of  tike  globe  having  no  shadow, 
such  as  those  in  the  torrid  zone,  who  twice  a  year 
have  their  sun  at  noon  in  the  zenith. 

AsciTBs ;  dropsy  in  the  region  of  tiie  abdomen. 

AsE.   This  term,  which  is  now  obsolete,  ma 
ployed  to  describe  a  loathing  of  food*  arising  from  a 
diseased  stomach. 

AsELLi ;  two  stars  of  the  fourth  ma^itude. 

AsEPTA,  in  Chemisirg,  means  a  body  whkh  has 
not  undergone  the  putre&ctive  process. 

AsBALTUM.     See  Asphaltum  and  Bitubcbn. 

AsBES ;  the  fixed  residuum,  of  a  whitish  or  whit- 
ish-grey colour,  which  remains  after  the  entire  com^ 
bustion  of  organic  bodies,  and  is  no  longer  al^  ta 
suppcnt  combustion.  The  constituent  parts  of  ashea 
are  different  according  to  the  difierent  bodies  from 
which  they  originate.  The  ashes  of  vegetables  con-^ 
sist  chiefly  of  earthy  and  saline  ingredients,  the  latter 
of  which  may  be  separated  by  washing,  and  are  called 
vegetaMe  aUudi*  (See  Alkali.)  The  awre  compact 
is  the  texture  of  the  wood,  the  more  alkali  it  aflfbrds- 
SoBie  herbs,  however,  yield  more  than  trees,  and 
the  branching  fern  the  most.  The  more  the  plants 
have  been  dried,  the  less  they  produce.  The  vegetable 
alkali  is  always  combined  witii  carbonic  add.  The 
greater,  therefore,  the  heat  by  which  the  ariies  are 
produced,  and  the  more  continued  and  powerfrd  the 
caldnation  of  the  alkali,  the  more  caustic  vrill  it  be. 
It  can  only  be  entirely  piuified  from  foreign  sub- 
stances by  crystallization.  (See  Potash.)  Of  quite 
a  contrary  quality  are  animal  ashes,  particularly  those 
obtained  from  bone.  After  calcination,  it  retains  its 
origin^  texture,  and  contains  besides  lime  a  peculiar 
acid,  called  phosphoric  aeid.  The  use  of  vegetable 
ashes  is  very  extensive,  as  is  well  known;  soap- 
makers,  bleachers,  and  other  tradesmen  use  them  m 
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an  immense  quantity.    They  are  also  an  excellent 
manure. 

AsB-PiT ;  that  part  of  a  tonace  intended  to  re- 
ceive the  waste  fuel. 

AsHLAB  Work  ;  flat  stones  employed  for  facing 
buildings,  &c. 

AsHLSR  Timbers  ;  wooden  beams  used  to  support 
the  roof  of  a  building. 

AsiTi ;  an  epithet  for  those  abstaining  from  food. 

AsiNEsiA,  in  Afedtctiitf,the  stateof  woplexy  or  palsy. 

AsLANi ;  the  Turkish  name  for  a  Dutch  dollar. 

Asm  AG  A ;  the  mixing  of  a  fusible  alloy  of  metal. 

AsPALATHUs;  a  powerful  aromatic  occasionally 
employed  in  pharmaceutical  preparations. 

AsPARAQit; ;  the  fluid  extract  from  asparagus. 

AsPASiA ;  a  constrictiTe  medicine  for  the  pudenda 
muliebria. 

AsPBCT,  in  Astromomif  and  Attrohgy,  denotes  the 
situatioB  of  the  planets  and  stars  with  respect  to 
each  other.  There  are  ^ve  different  aspects : — 1,  sex- 
tile  aspect,  when  the  planets  or  stars  are  60^  distant, 
and  marked  thus  4e ;  2,  the  quartile  or  quadrate, 
when  they  are  90^  distant,  marked  D ;  3>  trine,  when 
130^  distant,  marked  A ;  4,  opposition,  when  180^ 
distant,  marked  8  ;  and  5,  conjunction,  when  both 
are  in  the  same  degree,  Hiarked  <5.  Kepler  added 
8  more.  It  is  to  be  observed,  that  these  aspects 
being  first  introduced  by  astrologers  were  distin- 
guished into  benign,  malignaiU,  and  indifferent;  and 
Kepler's  definition  of  atpect,  in  consequence  is, 
"  Aspect  is  the  angle  formed  by  the  rays  of  two  stars 
meetmg  on  the  earth,  whereby  their  good  or*bad  in- 
fluence is  measured." 
'  AapxcT  DouBLB.    See  Optics. 

Abfbr  ;  a  Turkish  coin  equal  to  three  fkrthings  of 
onr  money. 

AsFBBA  Abtbbia  ;  tihe  windpipe,  so  called  from 
tliie  inequality  of  its  cartilages. 

AspBBftiNBs ;  medicines  administered  by  external 
sprinkling. 

AsPBALiTis ;  the  last  vertebra  ot  the  loins. 

Asphaltum;  a  soft  bituminous  pitch  fbund  in 
many  parts  of  the  world,  but  more  especially  on  the 
banks  of  the  Dead  Sea. 

Asphyxia  ;  tiie  state  of  a  living  man  in  whom  no 
pulsation  can  be  peroeived.  It  begins  with  an  in- 
activity of  the  lungs,  which  proceeds  to  the  heart 
and  brain.  The  persoB  appears  dead,  without  breath, 
pulsation,  or  feeling.  It  may  be  occasioned  by  dif- 
ferent causes,  either  such  as  interrupt  the  mechanical 
motion  of  breathing,  or  such  as  disturb  the  action  of 
the  lungs  themselves.  The  former  may  be  caused 
by  an  extemi^  pressure  on  the  breast,  if  air  enters 
the  thorax  throu|^  wounds,  or  by  an  aocumulatbn 
of  blood  in  the  lungs,  so  that  they  cannot  contract 
themselves :  the  latter  state  takes  place  if  no  air  at 
all  enters  the  lungs,  as  is  the  case  with  suffocated, 
drowned* ?ftr  hanged  persons,  or  if  the  air  hrealhwl  in 
cannot  support  life. 

Aspizrr;  a  medidnal  drug  formerly  exported  in 
large  quantities  from  Lyons,  but  now  little  employed. 

Ass  {  a  charge  in  heraldic  coats  of  arms,  where  it 
was  the  «mblem  of  patience. 

AssAC,  in  Chemiknf,  the  aame  as  girmini  ammo- 
niacum. 

AssAPCBTiDA ;  a  drug  brought  from  Persia,  and 
occasionally  emplojied  in  medicine. 

Ass  A I ;  A  musieai  tdrm  which  indicates  that  the 
time  must  ba  m^sriMtfMi  or  sitaidfid^  as  aUegrQ, 


quick ;  aUegro  aB$ai,  still  quicker;  adapo  tmm,  stifl 
slower. 

AssANBOi ;  the  powder  that  falls  off  from  tiie  walls 
of  salt  in  the  salt  mines. 

As8ANT78 ;  a  weight  among  the  ancients,  amount* 
ing  to  two  drachms. 

AssARON ;  another  name  for  the  measure  called  in 
tile  Scriptures  omar. 

AssATURA ;  a  term  descriptive  of  the  poisonous 
effects  ascribed  to  fk«sh  cooked  meat 

Assault,  in  military  affiELirs,  implies  the  moment 
of  advance,  when  the  attacking  party  throwing  off 
the  protection  of  their  intrenchments,  advance  single- 
handed  to  the  combat. 

Assay,  the  metallurgical  result  of  the  process  of 
assaying,  which  see. 

Assat-Balancb.    See  Balancb. 

Assaying,  a  species  of  chemical  analysis,  to  ascei^ 
tain  the  quantity  of  gold  or  silver  in  a  metallic  alloy. 
In  its  moro  extended  meaning,  and  in  the  sense  m 
which  we  shall  adopt  it  in  the  following  article,  it  is 
used  for  the  determination  of  the  quantity  of  metal  in 
connection  with  any  other  mineral  employed  for  prac- 
tical purposes.  Tne  assaying  of  ores  may  be  per#> 
formed  either  by  what  is  termed  the  dry  or  moist 
processes ;  the  first  is  the  most  ancient,  and,  in  many 
respects,  the  most  advantageous,  and  as  such  still 
continues  to  be  generally  used. 

Assays  are  made  either  in  crucibles  with  the  blast 
of  the  bellows,  or  in  tests  under  a  muffle.  The  assay 
weights  are  usually  imaginary,  sometimes  an  ounce 
represents  an  hundred  weight  on  the  large  scale,  and 
is  subdivided  into  the  same  number  of  parts,  as  that 
himdred  weight  is  in  the  great ;  so  that  the  contents 
of  the  ore  obtained  by  the  assay,  shall  accurately  de- 
termine by  such  relative  proportion,  the  quantity  to 
be  expected  from  any.  weight  of  the  ore  on  a  larger 
scale.  In  selecting  uie  ores,  care  should  be  taken  to 
have  small  portions  from  different  specimens,  which 
should  be  pulverized,  and  well  mixed  in  a  metal 
mortar.  Hie  proper  quantity  of  the  ore  is  then  taken, 
and  if  it  contain  either  sulphur  or  arsenic,  it  is  put 
into  a  crucible  or  test,  and  exposed  to  a  moderate  de- 
gree of  heat,  till  no  vapour  arises  from  it ;  to  assist 
this  volatilization,  a  small  quantity  of  powdered  char- 
coal is  sometimes  added. 

To  assist  the  fusion  of  the  ores,  and  to  convert  the 
extraneous  matters  connected  with  them  into  scoria» 
assayers  use  different  kinds  of  flizxes.  The  most 
usual  and  efficacious  materials  for  the  composition  of 
these  are,  borax,  tartar,  nitre,  sal  ammoniac,  commOB 
salt;  glass,  fluor-spar,  charcoal  powder,  pitdi,  lime, 
litharge,  &c.  in  different  piiDpfitJ||Mi|a'»  We  may  here 
more  particularly  mention  twoOT  three  fluxes.  The 
white  flux  consuts  of  1  part  of  nitre,  and  3  of  tartar, 
well  mixed  together. 

The  Cornish  reducing  flux  consists  -of  10  oz.  of 
tarter,  3  oz.  and  6  drachms  of  nitre,  and  3  oz.  and  1 
drachm  of  borax,  mixed  well  together.  These  answer 
every  purpose,  provided  the  ores  be  deprived  of  all 
their  sulphur ;  or,  if  they  contain  much  earthy  mat- 
ters, beoiuse,  in  Uie  latter  case,  they  unite  with 
them,  and  convert  them  into  thin  gbna :  but  if  any 
quantity  of  sulphur  remain,  these  fluxes  unite  with 
it,  and  form  a  compound,  which  has  the  power  of 
destroying  a  portion  of  eadi  of  the  metals ;  conse- 
quently, &e  assay  under  such  circumstances  must  be 
very  inaccurate.  The  principal  difficulty  in  assaying 
appears  to  be  in  the  appropriatioo  of  the  proper 
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ftne*  to  eadi  puti^or  on,  the  mcccMfiil  per- 
fannanca  of  which  reqnirM  a  degree  of  koowledge 
that  can  only  be  attained  by  an  Gxleniive  practice. 

The  late  celebrated  Bergman  firat  su^ggeited  the 
■oist  proccat  for  assaying.  It  depends  upon  a  know- 
ledee  of  the  chemical  affinities  of  different  bodies  for 
ram  other ;  and  must  be  varied  according  to  the 
nature  of  the  ore ;  it  is  very  extensive  in  its  applica- 
ticni,  and  rvqnitVB  great  patience  and  address  in  its 
cxecntion.  To  enable  our  readers  to  understand 
the  (Hocesa  of  assaying  generally,  it  may  be  advis- 
able to  fnmish  a  more  particular  account  of  both 
uethods. 

We  may  contmence  by  pointing  out  the  process  for 
•Maying  cojiyer  ores.  The  experimentalist  shonld 
take  an  eiact  troy  ounce  of  the  ore,  previously  pul- 
Tcrized,  and  calcine  it  thoroughly;  stirring  it  all  the 
time  with  an  iron  rod,  without  removing  it  from  the 
cmdblc ;  after  the  calcination,  an  equal  quantity  of 
borax  must  be  added,  half  the  quantity  of  fusible 
gfasiT.  one-faorth  the  quantity  of  pitch,  and  a  little 
ponniled  charcoal.  Cover  the  mass  with  common 
Mit,  and  pat  a  lid  on  the  crucible,  which  is  to  be 
pUoed  in  a  furnace :  the  lire  is  to  be  raised  gradually, 
till  it  bums  brightly,  and  the  crucible  cootiDued  in  it 
for  half  an  hour,  stirring  the  metal  frequently  with 
an  iroo  rod,  and  when  the  scoria  which  adheres  to 
the  rod  appears  clear,  then  the  crucible  must  be  talLeu 
oat,  and  suffered  to  cool;  alter  which  it  must  be 
broken,  and  the  regnlus  separated  and  weighed ;  this 
■>  called  black  copper,  to  refine  which,  equal  parts  of 
COMMOD  salt  and  nitre  are  to  be  well  mixed  together. 
nc  blMck  cornier  ia  brought  into  fusion,  and  a  tea- 
of  the  floi  is  thrown  upon  it,  which  is  re- 
d  three  or  four  timee,  when  the  metal  is  poured 
into  an  ingot  mould,  and  the  batton  is  found  to  be 
fine  copper. 

We  m«y  now  point  out  bow  the  procea*  should  be 
pofiirmed  in  the  humid  way.  Make  a  solution  of 
vitreooa  ci^>per  ore,  in  5  times  its  weight  of  sulphuric 
add,  and  boil  it  to  dryness ;  add  as  much  water  a* 
will  diaaolve  the  sulphate  of  copper  thus  fomted ;  in 
this  siriiition  place  a  clean  bar  of  iron,  which  will  pre- 
cipitate the  whole  of  the  copper  in  its  metallic  form, 
iron,  the 


If  the 


with  impure  ir 


e- dissolved  in  the  si 

Mie  come  now  to  the  precious  metals,  which  will 
reijnirc  a  more  particular  illustration.  The  experi- 
mentalist must  take  the  assay  qtiantity  of  the  ore 
finely  powdered,  and  after  roasting  it  well,  add  to  the 
midunm  about  double  the  quantity  of  granulated 
lead.  It  must  then  be  put  in  a  covered  crucible,  and 
placed  in  a  Aunace ;  niae  the  fire  gently  at  first, 
and  continue  to  increase  it  gradually,  till  the  metal 
bepns  to  work  :  if  it  sbonld  appear  too  thick,  mske 
it  tKinii^r  by  the  addition  of  ahttle  mwe  lead ;  if  the 
netsl  is  too  rapidly  excited,  the  fire  should  be  dimi- 
nished. The  surface  will  be  covered  by  degrees  viith 
a  mass  of  scoria,  at  which  time  the  metal  should  be 
with  an  iron  hook  heated,  especially 
is  the  border,  lest  any  of  the  ore  should  remain 
Dived;  and  if  what  is  adherent  to  the  hook 
when  raised  from  the  crucible,  melts  quickly  again, 
asid  the  extremity  of  the  hook,  a^er  it  has  become 
cold,  is  covered  with  a  thin,  shining,  smooth  crust, 
the  scorification  is  perfect ;  but,  on  the  contrary,  if 
while  stirring  it,  any  cousiderable  clamminess  is  per- 
ceived in  the  acotia,  and  when  it  adheres  to  the  hook, 
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thoni^  red  hot,  and  appears  unequally  tiaged,  and 
seems  dusty  or  rough,  with  grains  interspersed  here 
and  there,  the  scorification  is  incomplete ;  in  coose- 
qnence  of  which,  the  fire  should  be  mcreased,  and 
what  adherea  to  the  hook  should  be  genlly  shaken 
off  and  returned  with  a  small  ladle  into  the  ctvcible 
again.  When  the  scorification  is  perfect,  the  metal 
should  be  poured  into  a  cone,  previously  rubbed  with 
a  little  tallow,  and  when  it  becomes  cold,  the  scoria 
may  be  separated  by  a  few  strokes  of  a  hammer.  The 
button  is  the  produce  of  the  assay. 

To  perform  the  same  process  by  cupellation,  take 
the  assay  quantity  of  ore,  roast  and  grind  it  with  an 
equal  portion  of  litharge,  divide  it  into  2  or  3  parts, 
and  wrap  each  up  in  a  small  piece  of  paper ;  put  a 
cupel  previously  seasoned  under  a  muffle,  of  wlucb  a 
representation  is  given 
in   the   accompaaying 
figure,  with   about  6  1 
times  the  quantity  of  I 
lead  upon  it.     When  | 
the     lead     begins     to 
work,     carefully    put 
one  of  the  papers  upon 
it,  and  after  this  is  ab- 
sorbed, put  on  a  second,  and  so  on  till  the  whole 
quantity  is  introduced ;  then  raise  the  fire,  and  as  the 
scoria  is  formed,  it  will  be  taken  up  by  the  cupel, 
and  at  last  the  silver  will  remain  alone.   This  will  be 
the  produce  of  the  assay,  unless  the  lead  contains  a 
small  portion  of  silver,  which  may  be  discovered  by 
pultiikg  an  equal  quantity  of  the  same  lead  on  an'- 
other  cupel,  and  working  it  off  at  the  same  time ;  if 
any  silver  he  produced,  it  must  be  deducted  from  the 
assay.     This  is  called  the  "witneM,"     Tlie  common 
sort  of  furnace  in  which  the  assay  is  carried  on.  Is 
shown  in  the  cut  beneath.     The  muffle  and  cupels 
are  seen  beneath  the  fuel. 


To  effect  the  same  thing  in  the  huraid  wav,  boil 
the  silver  ore  in  dilute  nitrous  acid,  using  about  25 
times  its  weight,  until  the  sulphur  is  quite  exhausted. 
The  silver  may  be  precipitated  from  the  solution  by 
muriatic  acid,  or  common  salt.  Fixed  alkalies  pre- 
cipitate the  earthy  matters,  and  the  prussiate  of 
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the  whole  tritnntad  in  an  irtm  mortsr.    Hw  Bttrme- 
tion  ratnisting  between  the  gold  ftnd  mercurronidciy 


potaMB  will  thow  if  any  other  metal  be  contained  ic 
the  Bolation. 

'  Hie  genenl  method  of  examioinK  the  pmi^  « 
gilTer,  ii,  m  we  tuTc  olmdy  oecD,  by  mixing  it  with  i 
onantity  of  lead  proportionate  to  the  supptned  quan- 
tity of  alloy ;  by  totins  this  mixture,  and  afterwards 
weighingtne  Temaining  button  of  nlTcr.  Hub  is  the 
■ame  praceai  as  refining  silver  by  cnpellation. 

It  is  sapposed  that  the  mau  of  siWer  to  be  exa- 
mined  conusts  of  13  eqnal  parta,  called  penny- 
weigfats ;  so  that  if  an  ingot  weighs  u  ounce,  each 
(iri£(partswilIbel-12diofaaoiiticei  hence,  if  the 
msas  of  silver  be  pore,  it  is  called  silver  of  1 3  penny- 
weights; if  it  contains  !-13tb  of  its  weight  of  alloy, 
it  is  called  silver  of  11  penny- weights ;  if  3-13tluofits 
weight  be  alloy,  it  is  called  silver  of  lOpenny-weightH, 
wbichpartsof  pure  silver  are  called  5  penny -weights. 
It  most  be  obaerved  here,  that  aesayers  give  the  name 
peanv-weight,  to  a  weight  equal  to  34  real  grains, 
whicn  must  not  be  confounded  wUh  their  ideal  weights. 
The  assayevs'  grains  are  called  fine  grains.  An  ingot 
of  fine  silver,  or  silver  of  13  penny-weights,  contains 
then  388  fine  gta'ne;  if  this  ingot  contain  l-388th  of 
alloy,  it  is  said  to  be  silver  of  11  penny-weights  and 
33  grains ;  if  it  contain  4-3S8ths  of  alloy,  it  is  said 
to  be  11  penny-weights,  30  grains,  &c.  Now  ■  cer- 
tain real  weight  must  be  taken  to  represent  the  assay- 
weightn:  for  instance,  3S  real  grains  represent  13 
fine  penny-wei|^ts :  this  is  sDb£vided  into  a  snffi- 
dent  nonber  o(  other  smaller  weifjhtB,  which  also 
represent  fractions  of  fine  penny-we)ght(  and  grains. 

We  have  already  shown  the  form  of  the  " " 
fdmace.  bnt  think  it  advisable  to  add  a  viei 
other  of  more  general  application. 


The  constractlon  of  this  very  useful  furnace  is 
simple,  and  will  readily  be  understood.  Its  fonn  is 
square,  terminating  in  a  truncated  pyramid.  The 
doors  shonld  be  provided  with  handles  of  some  non- 
conducting material,  and  the  semi-circular  apertures 
shown  in  the  figure  are  found  useful.  The  fuel  it 
put  in  at  the  top. 

We  may  in  conclusion  notice  the  mode  of  assaying 
ores  and  earths  containing  gold.  That  which  is  now 
most  generally  used  is  by  amalgamation ;  the  proper 
quantity  is  taken  and  reduced  to  a  powder,  about 
1-lOth  of  its  w^t  of  pan  mercury  is  added,  and 


unites  them  tn  the  form  of  an  amalgam,  which  u 
pressed  through  chamois  leather ;  the  gold  is  ea«ly 
separated  from  this  amalgam  by  eipomre  to  a  proper 
df^ree  of  heat,  which  evaporates  the  mercuiy  and 
leaves  the  gold.  This  evaporation  shonld  be  made 
in  a  furnace  with  a  current  of  air  ascending  a  pip« 
in  which  the  mercury  is  condensed. 

This  is  the  foundation  of  all  the  operations  by 
which  gold  is  obtained  from  the  rich  mines  of  Pern, 
Mexico,  sad  odier  parts  of  South  America. 

AsSBUBLT,  in  military  operations,  the  second  be«t 
of  the  dram  before  the  march. 

Assaas,  in  ArdtUeOwt,  laths  which  support  the 
tike  of  the  roof,  in  imitation  of  which  the  dentils 

AssiDBHT  Si«ns ;  symptoms  which  occasionally 
attend  any  disease  to  which  the  human  frame  is  in- 

Assiohablk  MA.aRiTnDB  ;  any  finite  maguitode. 

AssiONABLB  Ratio  ;  Uie  ratio  of  finite  quantities. 

AsaioNAT ;  the  name  of  the  national  paper  cur- 
rency in  the  time  of  the  French  revolution.  Foot 
hundred  millions  of  this  paper  money  were  first 
Htrack  off  by  the  constituent  assembly,  with  the  ap- 
probation of  the  king,  April  19, 1790,  to  be  redeemed 
with  the  proceeds  of  the  sale  of  the  confiscated  goods 
of  the  church.  August  37,  of  the  same  year,  Mira- 
bean  urged  the  issuing  of  3000  miillons  of  new  as- 
signats.  which  caused  a  dispute  in  the  assembly. 
Vergasse  and  Dnpont  particularly  distinguished  them- 
selves as  the  opponents  of  Mirabeau.  They  saw 
that  the  plan  was  an  invention  of  Claviire  (of  whose 
work  the  speech  of  Minbeau  was  only  an  extract), 
to  enrich  himself  and  his  adherents;  that  it  would 
tend  to  put  the 'rich  usurers  in  possession  of  the 
wealth  of  the  nation,  which  would  be  insufficient  to 
redeem  the  assignats,  particularly  if  they  were  in- 
creased. Among  other  arguments,  Mirabeau  main- 
tained the  expediency  of  the  measure  he  proposed, 
on  the  ground  that  the  holders  of  assignats  would 
necessarily  support  the  new  constitution,  which  waa 
the  only  guarantee  for  the  redemption  of  the  asMg- 
His  exertions  were  seconded  by  Pethion,  and 
800  millions  more  were  issued.  Hiey  were  increased 
by  degrees  to  40,000  millions,  and  the  currency  after 
a  while  became  of  no  value.  It  was  a  common  tiling 
to  employ  this  speciea  of  paper  money  as  a  lining  for 

Assiifii.ATion,  In  VedienM,  an  action  by  which 
the  nourishment  assimilates  with  the  thing  nourished. 
It  differs  only  in  name  from  nutrition.  See  Ali- 
KBiiT  and  AssoBBBrrT. 

Asais,  in  the  Egyptian  pharmacopoaa,  a  pHl  jn- 
pared  from  hemp  leaves. 

Assis,  in  Htraldrf,  sejant,  or  sitting,  as  a  lion 
assis  e^nt^,  or  sejant  gaidant  afiiont^. 

AssisrBNTBS,  the  prostrate  glands;  so  caUed  be> 
cause  they  lie  near  the  bladder. 

Association  or  Idbab  ;  that  connection  belween 
certain  ideas  which  causes  them  to  succeed  each  other 
involuntarily  in  the  mind. 

AasonBsi  a  fever  with  excessive  inward  heat, 
though  not  so  great  ertemally.  It  is  arranged  by 
Cullen  under  the  tertian  remittents. 

AasuMPTion,  in  Logie,  t^e  postulate  or  thing  sup- 
posed, which  is  the  minor  proposition  in  a  syllogism. 

AssuMFTivx  Auis.    See  Asms  in  Btnitrj. 
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•    AssuBAKOB.    8«e  Imsurancb. 

AsTAZOP ;  an  oiiitmeBt  of  sponiBla  and  honseleek. 

AiBTCBAcaiLOs ;  a  gangrenoiu  ulcer  at  the  lower 
part  of  the  feet 

AsTBRioN,  in  Mtrommuf,  the  caniB  veneticus. 

AsTBRini ;  a  constellation  of  fixed  stars. 

AsTEEK;  behind  a  ship,  as  opposed  to  ahead; 
which  implies  the  fore-part  of  the  Teesel. 

AaTBaoinas ;  the  newly  discovered  planetary  bo- 
£e9.    See  Asrsoif  omr. 

Asthma.  This  disease  has  not  unaptly  been 
caUed  the  plague  spot  of  our  climate,  and  as  such  it 
may  be  advisable  to  enter  rather  mQi?e  fully  into  its 
symptoms  and  treatment  than  we  usually  do  in  our 
medical  articles.  It  is  of  two  kinds,  the  dry,  and  the 
bamid  or  common  asthma. 

Asthma,  observes  Dr.  Good,  is  more  commonly  a 
^aease  of  Ae  later  than  the  earlier  period  of  life;  for 
it  does  not  often  appear  in  infancy  or  youth,  although 
occasional  instances  of  this  have  occurred,  particu- 
larly in  infancy,  and  have  been  mistaken  for  cases  of 
croap,  which  the  asthma  of  infancy  very  much  re- 
sembles, though  admitting  of  a  more  easy  cure.  It 
soon  becomes  habitual,  and  seems  sometimes  to  be 
hereifitary.  It  invades  all  temperaments,  but  more 
particiilariy  the  melancholic,  or  that  which  is  a  com- 
poood  of  the  melandiolic  with  the  sanguineous. 

The  paroxysms  of  asthma  are  upiversally  preceded 
by  languor,  flatulency,  head-ache,  heaviness  over  the 
eyes,  sidmess,  distarfoed  rest,  and  a  sense  of  fulness 
ud  anxiety  about  the  prBecordia.  "  When  the  even- 
ing approaches,"  says  Dr.  Bree,  who  unhappily  de- 
scribed fiom  hb  ovm  histttry,  **  the  weight  o?er  the 
eyes  becomes  more  oppressive,  and  the  patient  is  very 
sleepy.  Frequently  at  this  period  there  is  a  tingling 
and  beat  in  the  ears,  neck,  and  breast.  When  an 
asdimatie  person  feels  these  warnings,  he  may  be 
convinced  that  his  enemy  is  at  hand.^' 

The  aoeeeaion  is  usually  about  the  middle  at  the 
mi^it,  and  during  the  first  and  deepest  sleep :  the 
csose  of  vdiich  may  be  thus  explained.  Respiration 
always  takes  place  most  easily  in  a  raised  or  erect 
position,  but  in  the  night  the  body  is  recumbent. 
Respiration  is  also  so  mudi  of  a  voluntary  action, 
tiuit  although  it  continues  during  sleep,  and  when 
tbe  will  is  not  exerted,  it  is  considerably  aided  by  the 
coBcarrence  of  tiie  virill.  Now,,  during  sle^  this 
concurrence  is  wanting ;  and  hence  the  most  ravour- 
sMe  period  for  the  attack  of  this  insidious  complaint 
is  that  in  which  we  actually  find  it  makes  its  appear- 
snee— daring  a  recumbent  position  of  the  body,  when 
the  muscles  of  rMmration  are  destitute  of  the  stimu- 
tes  of  volition.  When  the  disease,  indeed,  has  once 
established  itself  and  become  habitnab,  it  will  recur  at 
otber  times  also,  but  less  frequently. 

For  the  most  part,  the  patient  wakes  suddenly, 
and  fieels  a  most  distressing  tightness  about  the  chest, 
as  if  be  vrere  bound  with  cords :  his  anxiety  is  inex- 
pressible, and  he  labours  for  breath  as  though  every 
voment  vrould  be  his  last.  He  is  obliged  to  sit 
etcct,  breathes  distressfully  vrith  a  wheezing  sound, 
and  cannot  bear  the  weight  of  the  bed-clothes.  Cool 
fireab  air  is  die  object  of  his  intense  desire.  At  the 
time  the  extremities  are  cold ;  the  heart  palpi- 
;  the  pulse  is  sometimes  quickened,  but  usually 
irre^ilar,  and  often  intermitting. 
In  treatmg  asthma,  attention  must  be  directed  to 
tbe  paroxysm  itadf,  and  to  the  natm^  of  the  consti- 
taftkn  after  tbe  paroxysm  has  ceased. 
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Dr.  Cullen,  who  pmd  considerable  attention  to  hu- 
mid astimia,  and  who  regarded  plethora  and  turge- 
scence  of  the  blood-vessels  as  the  usual  cause,  recom- 
mends blood-letting  in  the  first  attack,  and  especially 
in  young  persons ;  with  the  use  of  acids  and  neutral 
salts,  as  employed  by  Sir  John  Floyer,  for  the  pur- 
pose of  taking  off  the  turgency  of  the  blood.  But  the 
relief  it  affords,  even  in  dry  convulsive  asthma,  is  very 
temporary ;  and  Dr.  Cullen  allows  that  it  cannot  be 
persevered  in  without  undermining  the  constitution 
and  laying  a  foundation  for  dropsy.  Dr.  Bree  re- 
gards it  as  a  doubtful  operation  in  the  first  species,  or 
that,  to  adopt  his  own  language,  produced  by  Krial 
irritation,  and  as  always  imprudent  in  the  second. 

In  this  last,  "  I  have  repeatedly,"  says  he,  "  di- 
rected it ;  but  I  have  nevei*  had  reason  to  think  that 
the  paroxysm  was  shortened  an  hour  by  the  loss  of 
blood :  and  I  have  often  been  convinced  that  the  ex^ 
pectoration  was  delayed,  and  that  more  dyspnoea  re- 
mained in  the  intermission  than  was  common  after 
former  paroxysms.  In  old  people,  who  have  been 
long  used  to  the  disorder,  it  is  certainly  injurious. 
When,  indeed,  the  disease  is  secondary,  and  depends 
evidently  upon  an  overloaded  liver  or  stomach,  or 
some  suppressed  evacuation,  active  cathartics,  and 
especially  such  as  operate  simply,  will  be  of  great 
use ;  and  the  increased  action  excited  in  the  alvlDe 
canal  will  often  take  off  the  irregular  action  in  the 
chest ;  but  where  the  asthma  is  idiopathic,  and  espe- 
cially where  the  constitution  is  infixm,  as  in  old  age, 
a  powerful  alvine  irritation  will  exacerbate  the  spasm 
of  the  chest  instead  of  diminishing  it.  In  exciting 
nausea  or  vomiting,  however,  the  patient  may  be 
less  cautious ;  for  each  has  often  been  found  highly, 
advantageous  in  both  species  of  idiopathic  astluna- 
The  first,  by  diminishing  generally  the  living  power, 
and  hereby  relaxing  the  convulsive  active,  and  at  the 
same  time  determining  to  the  surface.  Riverius  em- 
ployed  vomiting.  Dr.  Akenside  was  much  attached 
to  the  practice  of  both ;  he  vomited  freely  on  the  ac- 
cession of  the  paroxysm,  and  often  continued  the 
same  plan  for  a  fortnight  or  three  weeks,  by  giving 
from  five  to  ten  grains,  or  even  a  scruple  of  ipeca- 
cuana  every  other  morning.  Sir  John  Floyer  ex- 
tended the  time  beyond  this,  though  he  did  not  repeat 
the  dose  so  frequently.  He  advises  the  operation  of 
vomiting  once  in  a  month.  Sedatives  and  antispas- 
modics have  been  found  of  considerable  advantage. 

Blistering  may  also  be  made  use  of,  but,  like  setons 
or  issues,  can  only  be  of  ulterior  advantage,  for  the 
fit  must  be  of  far  more  than  ordinary  leogtb  if  it 
continue  till  the  blister  has  produced  vesication.  It 
may,  however,  go  far  to  prevent  or  shorten  a  relapse 
on  the  ensuing  night ;  and  especially  when  the  dis- 
ease is  connected  with  an  asthmatic  habit. 

There  is  no  discharge  that  promises  such  direct  be- 
nefit as  that  from  the  excretories  of  the  bronchial 
vessels  themselves ;  so  is  there  no  tribe  of  medicines 
on  which  we  can  place  so  much  dependance  as  on 
expectorants,  when  judiciously  selected  and  adminis- 
tered. In  every  kind  of  idiopathic  affection  these 
may  be  employed  vrith  advantage  :  for  if  there  be  a 
turgescence  in  the  blood-vessels,  they  will  have  a 
tendency  to  emulge  them ;  if  the  bronchis  themselves 
be  surcharged  with  serum  or  mucus,  they  will  fad- 
litate  their  exhaustion ;  or  if  their  interior  tunic  be 
dry  and  irritable,  by  taking  off  the  obstruction  and. 
restoring  the  deficient  secretion,  they  vriil  soften  and 
lubricate  the  irritable  meq^Mrtne. 
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Of  all  the  medicines,  however,  which  act  on  the 
errpments  of  the  lungs,  the  squill  is  bj  far  the  most 
to  bft  depended  upon.  It  is  indeed  a  stimulant  of  the 
excement  system  generally ;  for  there  is  no  part  of 
this  system  capable  of  resisting  its  power :  and  it  is 
>ience  necessary  to  watch  its  effects  upon  the  kidneys 
and  intestinal  canal,  and  to  attemper  it  with  opium 
or  some  other  guard,  if  it  produce  much  influence  in 
either  of  these  ways ;  except,  indeed,  in  the  case  of 
asthma  connected  with  the  phlegmatic  habit,  which 
to  the  only  modification  of  tne  disease  in  which  this 
collateral  influence  is  found  to  be  of  advantage. 
Squills  have  also  a  peculiar  tendency  to  stimulate 
the  stomach,  and  produce  nausea  or  vomiting ;  and 
it  rarely  shows  much  of  an  expectorating  power  till 
it  has  occasioned  the  former.  But  as  these  are  ad- 
vantageous to  the  disease  in  both  species,  and  espe- 
cially in  humoural  asthma,  we  are  not  to  discontinue 
it  on  this  account,  but  only  to  moderate  its  use. 

As  ftur  as  diet  is  concerned,  it  may  be  necessary  to 
state,  Chat  the  food  should  be  light  and  cordial  with- 
out being  stimulant ;  of  a  solid  rather  than  of  a  liquid 
kind ;  and  the  meal  never  be  suffered  to  overload  the 
stomach :  all  flantulent  fruits  and  other  vegetables 
should  be  avoided ;  but  oranges,  the  alliaceous  escu- 
lents, and  the  aromata  may  be  allowed  in  modera- 
tion. Hot  liquors  should  be  sedulously  abstained 
from;  and  the  beverage  consist  chiefly  of  coffee, 
ginger-tea,  and  acidulated  waters. 

AsTRiBA.    See  Virgo. 

Astragal.    See  Architbcturs. 

Astragal,  in  Gwmery,  the  comer  ring  of  a  piece 
of  ordnance. 

AtTRAOALUs ;  the  superior  and  first  bone  of  the 
foot.    See  Anatomy. 

AsTRALisH ;  the  ore  of  gold  in  its  earliest  state. 

Astricta  ;  an  epithet  applied  to  the  stomach  in 
opposition  to  a  state  of  relaxation. 

AtTRicTioN;  the  operation  of  astringent  medi- 
cines. 

Astrictoria.    See  Astringbntia. 

Astringents  ;  medicines  of  a  binding  character, 
•uch  as  the  mineral  acids  and  solutions  of  iron,  zinc, 
and  lead.    The  bark  is  also  highly  astringent. 

Astringbntia  ;  those  things  wnich  have  a  binding 
quality,  as  Peruvian  bark,  &c. 

Astrobolismos  ;  another  word  for  apoplexy. 

Astrodicticuh  ;  an  instrument  for  seveial  per- 
sons to  view  the  stars  at  the  same  time,  invented  by 
Mr.  Weighel. 

AsTROGNOsiA ;  R  knowledge  of  the  fixed  stars. 

AsTROGNosY,  the  science  which  teaches  the  con- 
stellations, ranks,  &c.,  of  the  stars.  (See  Astro- 
nomy.) 

AsTROLABB,  RB  instrument  for  measuring  the  de- 
grees, minutes,  and  sometimes  even  the  seconds,  of 
angles.  It  generally  consists  of  a  horizontal  circular 
plate  of  metal,  having  those  divisions  on  its  extreme 
circumference.  The  utmost  accuracy  may  be  ob- 
tained in  the  measurement  of  angles,  by  means  of  a 
peculiar  contrivance  (vernier),  which  consists  of  an 
arc,  on  which  the  smallest  divisions  of  the  circle  are 
subdivided  as  minutely  as  is  requisite  in  the  observa- 
tions, and  as  the  skill  of  the  maker  can  graduate  it. 
This  arc  is  moveable,  so  that  it  can  be  fitted  to  the 
divisions  of  the  circle.  Fixed  to  this  circle  are  two 
indexes,  provided  with  telescopes.  One  of  them  is 
immoveable ;  the  other  turns  round  the  centre  of  the 
in  itrument.   By  taking  sights  from  the  vertex  of  the 


angle,  at  two  fixed  points  in  the  directum  of  ita  lidet^ 
the  arc,  which  measures  the  angle,  is  intersected  on 
the  circle  of  the  instrument.  In  modem  astronomy, 
this  instrument  is  no  longer  used,  except  in  the  prac- 
tical applications  of  geometry.  The  first  applicatioii 
of  the  astrolabe  to  navigation  was  made  by  the  phy- 
sicians Roderic  and  Joseph,  and  Martin  Behaim  of 
Nuremberg,  when  John  II.,  king  of  Portugal,  desired 
them  to  invent  a  method  of  preserving  a  certain 
course  at  sea.  They  taught  bow  to  discover  the  situ- 
ation of  a  vessel  at  sea  without  the  use  of  the  mag- 
netic needle. 

Astrology  ;  an  art  which  pretends  to  foretell  fu- 
ture events,  especially  the  fate  of  men,  from  the  posi- 
tion of  the  stars.  It  is  among  the  oldest  superstitions 
in  the  worid,  and,  as  Bailly  conjectures,  with  great 
apparent  probability,  it  owes  its  origin  to  the  influence 
of  the  heavenly  bodies,  particularly  the  sun  and  moon* 
on  the  seasons,  the  weather,  and  the  fertility  of  the 
earth.  This  led  to  the  idea  that  these  luminariea 
were  created  only  for  the  use  of  the  planet  we  inhabit, 
and  that,  as  they  have  an  influence  upon  the  earthy 
they  probably  have  some  connection  with  the  destiny 
of  individuals  and  of  nations.  The  Egyptians  have  a 
tradition  that  Belus  founded  a  colony  from  Egypt  on 
the  banks  of  the  Euphrates,  in  Asia ;  and  this  colony 
was  (umished  with  priests,  according  to  the  custom  oif 
the  mother  country,  who  were  free  from  public  taxes, 
and  were  called  by  the  Babylonians  ChMeet.  Henoe 
it  may  be  conjectured,  that  astrology  was  invented  by 
the  Egyptians ;  among  whom  the  inhabitants  of  Thebes 
particularly  claimed  the  honour  of  Uie  invention. 
Most  of  the  ancient  writers  are  agreed,  that  astrology 
was  communicated  by  the  Chaldees  to  other  natinna, 
From  this  circumstance,  astrologers  used  to  be  called 
Chaidee$  by  the  andent  writers ;  sometimes  Gemeik- 
Had  (see  Grnbtbuacon)  ;  and»  in  later  times,  ChaL 
dee  has  been  synonymous  vrith  aetrologer.  (See  Ho*- 
rosoopb.)  The  great  antiquity  of  this  art  may  be 
inferred  from  the  fact,  that  most  astrological  obser- 
vations are  founded  on  the  position  of  the  stars  in  re* 
ference  to  the  horizon,  which  yfbb  the  first  circle 
recognized  in  the  heavens ;  also  from  its  being  men- 
tioned in  the  Mosaic  history.  As  astrology  in  later 
times  fell  into  disrepute  on  account  of  the  cupidity 
and  fraud  of  its  practitioners,  these  assumed  the  name 
oi  MathemaHciane,  by  which  they  were  generally 
known  at  the  time  of  the  Roman  emperors.  They 
caused  so  much  trouble,  that  Tiberius  at  length  bc^ 
nished  them  from  Rome.  The  law  relating  to  this 
banishment  of  astrologers,  however,  makes  a  distina- 
tion  between  geometry  and  what  they  term  the  ma- 
thematical or  astrological  art.  However  objection- 
able astrology  may  be  in  itself,  it  has  been  of  essei^ 
tial  use  to  astronomy.  It  has  excited  more  intereat 
in,  and  led  to  more  careful  observations  of,  the  hea- 
venly bodies.  During  the  middle  ages,  astrology 
and  astronomy  were  cultivated  in  connection  by  tibe 
Arabs,  and  their  works  on  the  subject  are  still  extant. 
Pico  of  Mirandola,  who  manfully  combatted  the  errors 
of  astrology  towards  the  close  of  the  fifteenth  century, 
found  but  little  attention  paid  to  his  labours.  Even 
in  the  sixteenth  and  seventeenth  centuries,  astrology 
could  boast  of  Literary  men,  such  as  Cardano,  and 
even  Kepler,  among  its  adherents.  The  Copemican 
system,  the  correctness  of  which  experience  has  been 
continually  confirming,  has  shak^i  the  foundations 
of  the  ancient  science  -,  but  the  disease  is  not  whoiiy 
eradicated. 
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AsTBOiuTBOftoix>oiA ;  the  art  <tf  foreteUing  wea- 
tlKT.    See  Baeombtse. 

AarmoNomoAL ;  an  efMtiiet  for  any  thing  relating 
to  aatronomy,  aa  jUtromamieai  dmf,  hour,  or  year,  in 
dOadiiction  firom  the  civil  day,  hour,  or  year. — AHro^ 
■iwicfly  ekaraeUn,  those  rued  in  astronomy. — Aatro^ 
m&mieal  horinm,  in  distinction  from  the  sensible  ho- 
rixon. — jitinmomkal  place  pf  a  $tar  or  planet ;  the 
loBgitQde  of  a  star  or  place  in  the  ecliptic,  reckoned 
from  the  beginning  of  Aries. — Jtironomical  hown; 
audi  as  are  reckoned  from  the  noon  or  mid-day  to 
the  noon  or  midnight  of  another.— ^ffroaosiica/  ob^er- 
fmUnm;  snch  observations  as  are  made  with  suitable 
instrameiits  by  astronomers  on  the  heavenly  bodies 
to  ascertain  their  forms,  appearances,  motions,  &c. 
Tlie  observations  of  Hipparchus,  which  are  the  earliest 
handed  down  to  us  from  the  Greeks,  are  given  in 
Ptolemy's  Amalgmt. — Atirfmomiedl  tahhs  are  compu- 
tations of  the  motions,  places,  and  other  phenomena 
of  the  planets,  both  primary  and  secondary.  TaUes 
of  this  description  are  to  be  found  in  Ptolemy's  Amtd- 
fmt,  which  have  however  been  superseded  by  more 
modem  and  correct  calculations,  the  principal  of 
wfaidi  is  the  nautical  almanack. 

AsTEOHOMicAL  Caisicdar;  an  instrument  con- 
aistiag  of  a  board  on  which  is  pasted  an  engraved 
paper,  with  a  brass  slider,  which  carries  a  fine  line, 
Jttd  abowa  at  sig^t  the  meridian  altitode  and  declina- 
tiooof  thesun. 

AaTBoifi»ftCAL  QuADmANT;  a  mathematical  in- 
sUunmit  lor  taking  (rfieervations  of  the  sun. 

AsmoifoMiCAL  TsLnacon ;  so  called,  because  it 
«B  only  uaed  in  astronomical  observatifm,  consists  of 
an  otjfct-glasa,  and  an  eye-g^ass,  both  convex. 

AanoKOMiCAL  Sncron;  an  instrument  for  finding 
the  liilfereBce  in  ri|^  aacension  and  declination  be- 
tween two  obfects  whose  distance  is  too  great  to  be 
saca  throui^  a  fixed  telescope. 

AarftOHOMT  is  the  science  of  the  heavenly  bodies, 
and  deacribea  their  motions,  periods,  eclipses,  magni- 
tadas,  te.  Hie  popular  modes  of  illustrating  this 
science,  bodi  in  the  lecture-room  and  in  general  trea- 
tiaea,  are  but  of  little  value  to  the  astronomer;  and 
we  pnrpoae  hi  the  present  article  combining  the  prac- 
tice of  the  science  with  a  description  of  the  heavenly 
hodiea,  so  that  our  readers  may  acquire  not  only  a 
popvlar  view  of  astronomy,  but  learn  how  to  deter- 
mine for  themaelves  the  data  on  which  the  great 
trvtha  of  thia  interesting  science  are  founded. 

The  study  of  the  heavens  was  undoubtedly  coeval 
wiA  die  existence  of  man,  urged  by  the  double  im- 
pnlae  ol  hia  necessities  and  fears.  In  the  genial 
cttuMte,  and  beneath  the  serene  sky  of  the  East,  it 
aecoM  to  have  made  considerable  progress.  The 
great  convulsion  in  the  physical  world,  of  which  the 
sacred  writings  have  traced  the  outline,  swept  away 
miang  with  the  races  of  men  all  the  records  of  their 
inteUectnal  attainments ;  but  some  wrecks  of  their 
aatroBomicml  knowledge  seem  to  have  been  preserved 
cither  by  the  durability  of  the  monuments  on  which 
they  had  been  engraved,  or  by  the  memories  of  those 
whom  die  desolating  waters  had  spared.  These  pre- 
dona  relics,  which  time  still  respects,  inspired  the 
Chaldean,  Indian,  and  Egyptian  philosophers  with  a 
reverence  for  astronomy,  and  formed  the  epochs  of 
the  sdcace  which  they  restored.  From  Egypt  it 
speedily  passed  into  Greece  under  the  form  of  mys- 
teries top  sacred  for  the  ear  of  the  vulgar,  and  of 
mll^g<«kal  emblems  too  profound  for  their,  under- 


standing. Here  it  was  soon  stripped  of  the  mysticai 
drapery  in  which  superstition  hiaid  swathed  it,  and 
the  genius  of  that  refined  people  presented  it  purified 
and  improved  in  all  their  schools  of  philosophy. 
In  the  tenets  of  Thales,  Pjrthagoras,  and  their  suc- 
cessors, we  trace  some  of  the  soundest  doctrines  of 
modem  astronomy,  which  form  a  singular  contrast 
with  the  reveries  of  solid  orbits  and  t^  harmony  of 
the  celestial  spheres. 

Astronomy  was  now  destined  to  receive  into  the 
land  of  its  birth  all  the  advantages  of  royal  patron- 
age, and  that  science,  which  Rome  despised,  and 
which  Athens  persecuted,  found  shelter  among  the 
sovereigns  of  Alexandria.  The  establishment  of  the 
Alexandrian  school,  and  the  protection  and  cultiva- 
tion of  the  sciences  by  men  wno  had  lived  in  war,  is 
the  most  glowing  passage  in  the  history  of  the  hu- 
man mind.  It  is  the  romance,  indeed,  of  astronomy 
which  princes  should  peruse,  and  which  statesmen 
should  engrave  upon  their  heart.  The  fomiation  of 
the  library  of  Alexandria;  the  erection  of  its  observa- 
tory ;  the  invitation  to  his  court  of  the  philosophers 
of  ei^ery  clime ;  his  participation  in  their  conversation 
and  in  their  lalwurs,  and  uie  accessions  which  astro- 
nomy thence  derived,  have  immortalized  the  name  of 
Ptolemy  Philadelphus,  while  they  reflected  over  the 
darkness  of  ftiture  times  a  more  intense  light  than 
was  ever  thrown  by  her  blazing  Pharaohs  upon  the 
shelves  of  her  ruQ^E^  shores. 

Aristarchus,  one  of  the  earliest  astroncmiers  of  this 
great  school,  determined  that  the  distance  of  the  sun 
was  at  least  twenty  times  greater  than  that  of  the 
moon;  and,  convinced  that  the  earth  moved  round 
the  sun*  he  inferred  from  the  positions  of  the  stars* 
when  the  earth  was  in  the  opposite  points  of  its  orbit, 
that  their  distances  were  immeasurably  greater  than 
that  of  the  sun.  These  important  steps  in  the  science 
were  pursued  by  Eratosthenes,  whom  Ptolemy  Euer- 
getes  mvited  to  his  capital.  With  instruments  erected 
by  his  patron,  he  found  that  the  diameter  of  the  sun 
was  at  least  twenty-seven  times  greater  than  that  of 
the  earth;  and  by  comparing  the  distance  of  Alexan- 
dria and  Syene  with  the  celestial  arc  between  the 
zeniths  of  these  two  cities,  he  concluded  that  the 
circumference  of  the  earth  was  twenty-five  thousand 
stadia;  a  result  not  excessively  different  from  the 
measurement  of  modem  times.  Important  as  these 
determinations  were  to  astronomy,  yet  it  was  from 
his  successor,  Hipparchus,  that  the  science  derived 
the  most  valuable  improvements.  Collecting  and 
comparing  the  observations  of  his  predecessors,  ha 
resolved  to  repeat  and  to  extend  them.  He  ascer- 
tained the  length  of  the  tropical  year ;  he  discovered 
the  equation  of  time ;  he  fixed  the  lunar  motions  with 
great  accuracy,  and  he  determined  the  eccentricity 
and  the  inclination  of  the  moon's  orbit.  His  grand 
work,  however  is  his  Caialogtu  of  the  Longitude 
and  Latitude$  of  One  T/unuanaand  Twenty-two  Fixed 
Stare;  by  means  of  which  he  discovered  the  pre- 
cession of  the  equinoctial  points.  In  carrying  on 
these  inquiries,  he  was  led  to  the  principles  and  rules 
of  spherical  trigonometry,  one  of  the  most  valuable 
branches  of  geometry.  The  leading  works  of  this 
eminent  astronomer  perished  in  the  flames  which 
destroyed  the  Alexandrian  library,  but  the  most  im- 
portant of  his  observations  have  been  fortunately 
preserved  in  the  writings  of  his  successors. 

The  great  advances  which  were  thus  made  in  the 
science  were  succeeded  by  a  long  interval  of  dark- 
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Mi6y  «€ross  wbkb  m  ftw  ^kaMM  of  light  wert  ooca^ 
•tonany  tfm>wii.  The  Alenndnaii  Mmool,  hmnwtr, 
still  existed ;  and  the  oonseeraled  name  of  Ptolemy, 
60  indelibly  aseociated  yfith  its  origin,  was  destined 
in  its  latter  days  to  renew  its  glory.  About  one 
hnndred  and  thirty  years  before  the  Christian  era, 
Ptolemy  devoted  himself  to  the  science  of  the  hea- 
vens. He  discovered  the  second  inequality  in  the 
moon's  motions ;  he  determined  with  new  aocnracy 
the  relative  positions  of  the  planets,  and  their  dis- 
tances from  l^e  earth ;  bnt  rejecting,  on  the  evidence 
of  hie  senses,  the  system  of  Pythagoras,  who  made 
the  earth  the  centre  of  the  universe,  ronnd  which  the 
sun  and  the  whole  starry  heavens  performed  their 
revolutions.  This  fundamental  error  led  him  to 
explain  the  stations  and  retrogrations  of  the  planets, 
and  the  other  celestial  motions,  by  the  cumbrous 
machinery  of  epicycles,  which  so  long  deformed  the 
science  and  retarded  its  advancement.  The  subject  of 
astronomical  refractions  received  also  from  Ptolemy 
a  satisfactory  explanation ;  but  though  he  rendered 
such  signal  services  to  astronomy,  as  well  as  to  the 
science  of  optics,  dialliiig,  and  music,  yet  his  name 
will  for  ever  be  connected  ifi^  a  false  system  of  the 
universe ;  and  his  assiduity  as  an  observer  will  al- 
ways be  placed  in  disagreeable  contrast  with  that 
defect  of  sagacity  which  had  thus  marked  his  astio- 
nemical  speculations. 

With  the  life  of  Ptolemy  terminated  the  labours  of 
the  Alexandrian  school.  Centuries  rolled  on  amid 
intellectual  darkness  :  ambition  pursued  her  bloody 
course,  and  superstition  continued  to  offer  her  unholy 
sacrifice ;  but  no  gifted  spirit  arose  to  vindicate  the 
science  of  the  heavens  ftom  its  degraded  state.  Even 
the  accumulated  knowledge  of  former  times  perished 
in  the  conflagration  of  the  Alexandrian  library ;  and 
tiiough  the  tears  of  the  victorious  caliph  flowed  in 
repentance,  yet  they  were  a  poor  compensation  for 
the  havoc  of  his  arms. 

'  But  while  the  Arabs  had  thus  wantonly  violated  Hbe 
sanctuary  of  science,  their  own  land  was  ordained  to 
be  the  scene  of  its  triumphs.  Astronomy  was  again 
received  into  ike  palaces  of  kings,  and  Almansor, 
Al  Rasdiid,  and  Almamon,  were  its  cultivators  as 
well  as  its  ardent  patrons.  Hie  rays  of  science 
gilded  the  minarets  of  Bagdad  when  they  had  ceased 
to  shine  on  benighted  Europe.  The  Amalgest  of 
Ptolemy  was  recovered  from  the  Greek  emperor  by 
force  of  arms ;  and  several  works  were  composed  and 
observations  made,  which  powerfhlly  contributed  to 
the  science  of  astronomy.  Even  in  Persia  and  Tk- 
taiy,  associations  of  astronomers  were  formed  by  the 
command  of  their  princes ;  magnificent  instruments 
were  erected  at  the  royal  expense ;  and  catalogues  of 
the  fixed  stars,  and  astronomical  tables  of  singular 
accuracy  proceeded  from  the  pen  of  the  grandson  of 
Tamerlane  the  Great.  From  the  East,  astronomy 
passed  with  the  arms  of  the  Arabs  into  Spain,  where 
It  received  valuable  additions  from  the  genius  of 
AlhaEen  and  Alphonso  X.  The  Alphonsine  Tables, 
indeed,  which  appeared  in  1259,  are  to  this  day  a 
monument  of  the  knowledge  and  liberality  of  the 
Castiiian  king.  We  now  approach- the  era  of  reviving 
science.  Many  astronomers  Of  inferior  note  paved 
the  way,  by  valuable,  though  insulated  observations, 
for  die  great  restorer  of  astronomy.  Copernicus, 
who  was  bom  in  1437,  vvas  not  the  author  of  any 
remarkable  discovery ;  but  by  a  diligent  comparison 
of  the  discoveries  of  his  prwlecestors,  by  sagacious 


views  of  tiK  sifoplidiky  of  nahtte^iaadJyy  ju jut  per- 
ception of  the  relations  which  ought  to  exist  among 
the  various  bodies  of  the  system,  he-was  led  to  place 
the  sun  in  the  centre  of  the  universe,  and  to  account 
for  the  daily  revolutian  of  the  celestial  sphere  by  the 
motion  of  the  earth  upon  its  axis.  This  slight  change 
upon  the  Ptolemaic  system  banished  the  epicycles 
and  eceeaferics  of  his  predecessors,  and  every  pheno- 
menon in  the  general  motions  of  the  heavens  received 
an  immediate  explanation.  The  publication,  there- 
fore, of  the  ^ifrsiioswa  Intiaurata  in  1580,  forms  a 
principal  epoch  in  the  history  of  astronomy.  The 
tnie  solar  system  was  now  establidied,  and  die  va- 
rious planets  which  the  unassisted  eye  could  discover 
in  the  heavens,  were  placed  in  their  proper  spheres, 
and  aeariy  at  their  proper  distances  from  the  central 
luminary ;  while  the  fixed  stars,  separated  from  our 
planetary  univerae,  were  thrown  back  into  the  depths 
of  space,  to  become  in  their  turn  the  objects  of  a  more 
refined  philosophy. 

Hitherto  astronomr  was  merely  a  science  of  obser- 
vation, and  no  stretch  of  mind  was  required  to  com- 
prehend its  principles  or  its  details.  It  was  now 
destined  to  take  a  higher  and  a  wider  flight,  and  to 
call  into  its  scr^ee  the  most  profound  and  varied 
acqolnments*  The  subject  of  the  refraction  of  the 
atmosphere  had  formed  a  slight  connection  between 
astronomy  and  optics ;  but  the  invention  of  tht  tele- 
scope now  bound  these  sciences  together  by  an  indis- 
soluble tie,  and  fVosi.tfae  latter  the  former  derived  all 
its  subsequent  discoveries.  In -a  few  years  the  ring 
of  Saturn  and  nine  secondary  planets  rewarded  the 
laboun  of  Galileo,  Huygensy  and  Cassini ;  and  the 
application  of  the  pendulum 'to  clocks 'by  Huygens 
fiirnished  the  astronomer  with  one  of  his  most  valu- 
able instruments.  The  periad^  however,  of  which 
we  now  treat  has  derived  its  distinctive  feature  from 
the  determinations  of  the  laws  of  the  planetary  mo- 
tions by  Kepler  and  Newton.  Fond  of  analogies, 
Kepler  directed  his  mind  to  the  discovery  of  general 
laws :  he^  found  that  all  the  planets  revolved  in  ellip- 
tical orbits,  in  one  of  tiie  foci  Of  vrhlch  the  sun  was 
placed.  He  discovered  tfmt  the  Hue  v^hich  joined  th4 
sun  and  tiie  planet  described  equal  areas  in  equal 
times ;  and  by  comparing  the  powers  of  the  numbers 
which  represent  the  periods  and  the  distances  of  the 
planets,  he  determined  that  the  squares  of  their  pe^ 
riods  round  the  sua,  varied  as  the  cubes  of  the  greater 
axes  of  their  elliptical  orbits.  These  great  discoveries 
paved  the  way  for  views  still  more  comprehensive. 
Kepler  had  been  indulged  with  a  faint  glimpse  of  the 
mirtual  tendency  of  all  bodies  to  one  another;  and 
Dr.  Hook  went  so  far  as  to  show  that  the  motions  of 
the  planets  were  produced  by  the  attractive  agency 
of  the  sun,  combined  widi  the  force  which  had  origi- 
nally projected  them:  but  it  was  reserved  for  Newton 
to  establish  tiie  law  of  universal  gravitation  in  its 
entire  generality,  and  to  apply  it  wit^  demonstrative 
evidence  to  all  the  movements  within  the  solar  sys- 
tem. In  assimilating  the  power  by  which  the  apple 
falls  from  the  tree,  to  that  which  retains  tiie  moon  in 
her  orbit,  Newton  made  the  first  step  in  this  great 
generalization.  He  soon  perceived  that  all  the  other 
satellites  revolved  round  their  primary  planets  in  vir- 
tue of  tiieir  attraction,  and  Uiat  the  primary,  along 
with  the  secondary  planets,  were  carried  round  the 
sun  by  the  agency  of  his  predominating  attrac^n. 
Hence,  he  was  led  to  deduce  the  general  principle, 
that  idl  material  bodies  attract  each  other  with  • 
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font  directly  pn^wftioaal  to  the  number  of  their 
pvtides,  and  inTersely  proportional  to  the  squares 
of  their  distances.  Tlie  tides,  the  spheroidical  form 
of  the  earth,  the  precession  of  the  equinoxes,  and  the 
iiTeg;olarities  of  the  lunar  motions,  received  from  this 
comprehensive  proposition,  an  immediate  explana- 
tion ;  and  the  laws  of  the  material  universe,  rescued 
from  the  sdiools  of  a  false  philosophy,  were  now 
fixed  upon  an  imperishable  base. 

If  England  may  be  permitted  to  cast  a  proud  eye 
upon  the  period  we  have  been  considering,  she  cannot 
hot  contem[^te  with  the  bitterest  dejection  that 
which  succeeded  it.  As  if  Providence  decreed  that 
there  should  be  a  balance  in  the  glory,  as  well  as  in 
the  power  of  nations,  no  British  name  has  been  al- 
lofwed  to  share  in  the  intellectual  triumphs  which 
illustrated  the  middle  and  the  close  of  the  eighteenth 
century.  Truth  and  justice  demand  from  us  this  af- 
fikting  acknowledgment,  while  they  award  to  Clairaut, 
Euler,  D^Alembert,  Lagrange,  and  Laplace,  Uie  high- 
est honour  of  having  completed  the  theory  of  the 
system  of  the  world. 

Hie  problem  of  two  bodies,  or  the  determination  of 
iSbt  motions  of  one  planet  revolving  round  another, 
had  received  from  Newton  the  most  perfect  solution. 
He  had  even  shown  that  the  problem  of  three  bodies, 
in  vHiidi  the  action  of  a  disturbing  planet  is  intro- 
duced, could  be  resolved  by  tiie  principles  which  he 
had  established ;  and  in  the  case  of  the  lunar  irregu- 
larities, he  had  succeeded  in  explaining  no  fewer  than 
Sve  of  the  most  important.  At  this  point,  however, 
the  powers  of  analysis  failed,  and  it  was  left  to  a 
succeeding  age  to  complete  the  noble  edifice  which 
he  had  founded*  The  results  of  the  labours  to  whidi 
we  allude,  are  developed  in  the  M^canique  Celeste  of 
Laplace,  a  work  which  ranks  next  to  th%  Principia ; 
but  it  would  exceed  our  limits  were  we  to  assign  to 
each  of  the  astronomers  we  have  named  their  respec- 
ttre  claims  to  immortality.  By  the  improvements 
they  have  made  in  the  analytical  art,  they  have 
tohed  the  problem  of  tiiree  bodies,  and  have  com- 
puted, with  an  accuracy  almost  miraculous,  the  va- 
rious disturbances  which  affect  the  motions  of  the 
principal  planets. 

But  though  the  spirit  of  English  science  had  thus 
been  slumbering  amid  the  intrigues  of  faction,  and 
&e  apathy  of  short-lived  and  unenlightened  admi- 
nistrations, the  exertions  of  individual  genius  were 
preparing  in  secret  for  new  achievements.  The  in- 
vention of  the  achromatic  telescope  by  Dollond,  and 
the  improvement  of  reflectors  by  Short  and  Mudge, 
had  armed  the  observer  for  the  great  subject  of  side- 
real astronomy ;  for  examining  the  phenomena  and 
condition  of  the  stars,  and  the  structure  of  the  groups 
and  STstems  which  the  tdescope  descried  in  £e  im- 
mensity of  space.  In  this  period,  doubtiess  the  most 
brilliant  in  the  annals  of  discovery,  the  name  of 
Hendiel  stands  in  proud  pre-eminence  as  the  founder 
asnd  the  most  successful  cultivator  of  sidereal  astro- 
Bomy ;  and  when  we  add  the  name  of  his  accom- 
fished  son,  of  Dr.  Brinckley  (Bishop  of  Cloyne),  of 
Sir  James  South,  and  of  Mr.  Struve,  we  complete  the 
liat  of  great  men  who  have  immortaJized  themselves 
m  this  diflicult  and  boundless  field  of  inquiry.  Be- 
fore we  proceed  to  give  an  account  of  their  labours, 
it  u  necessary  that  the  reader  should  have  seme  idea 
of  the  distance  and  magnitudes  of  the  bodies  whidi 
are  to  come  under  his  consideration.  That  the  near- 
est of  the  fixed  stars  are  not  placed  at  immeasurable 


distances,  has  been  frdly  established  by  tiie  numerous 
and  ably  conducted  observations  of  the  Bishop  d 
Cloyne. 

It  was  to  regions'  so  remote,  and  to  bodies  so  vast, 
that  Sir  William  Herschel  directed  his  powerftil  te- 
lescopes, after  he  had  extended  the  limits  of  out*  own 
system,  by  the  discovery  of  one  primary  and  eight 
secondary  planets.  Professor  Kant  and  the  cele- 
brated Lambert  had  suggested  the  hypothesis,  that 
all  the  bodies  in  the  universe  were  collected  into 
nebulae,  and  that  aU  the  insulated  and  scattered  stars 
formed  part  of  the  nebulse  to  which  our  own  system 
belonged.  Pursuing  this  happy  thought.  Sir  Wil- 
liam Herschel  examined  no  fewer  than  2,500  nebulse, 
and  he  was  led  to  the  opinion  that  the  galaxy,  or 
milky-way,  was  the  projection  of  our  own  nebulae  ih 
the  sky ;  and  by  gauging  the  heavens,  or  counthig 
the  number  of  stars  whidi  occur  in  thie  same  space 
in  different  directions,  he  was  enabled  to  determine 
the  probable  form  of  the  nebulae  itself,  and  the  pro- 
bable position  of  the  solar  system  within  it.  But 
while  this  idea  impresses  us  with  its  grandeur,  it 
at  the  same  time  famishes  us  with  a  scale  for  esti- 
mating  the  immensity  of  nature.  If  all  the  separate 
stars  which  the  most  powerful  telescope  can  descry» 
are  only  part  of  our  own  nebulae,  what  roust  we 
think  of  the  millions  of  nebulae,  some  of  which  exhibit 
by  their  proximity  the  individtial  stars  of  which  they 
are  composed?  while  others,  as  they  recede  fron)  our 
failing  sight,  display  only  in  the  best  instruments  a 
continuous  aild  unbroken  light,  in  which  the  spaces 
between  the  stars  can  ho  longer  be  seen.  From  the 
systems  which  roll  within  these  groups  of  worlds,  a 
new  firmament  of  stars  will  be  seen,  and  each  system 
will  have  its  milky- way,  exhibiting  tiie  projection  of 
its  nebtdse,  varying  in  form  and  in  lustre  with  its  lo- 
cality within  the  group.  It  is  in  vain  to  pursue  ideas 
so  vast  and  overwhelming :  it  is  enough  that  the  mind 
tries  its  strength,  and  stands  self-convicted  of  its 
weakness. 

Let  us,  therefore,  turn  our  attention  to  nearer  ob- 
jects— to  our  own  nebulae,  and  the  stars  which  com- 
pose  it.  Not  content  with  determining  the  probable 
position  of  the  solar  system  within  the  nebulae  of  the 
milky- way*  Sir  William  Herschel  conceived  the  idea 
of  ascertaining  whether  that  system  was  stationary 
or  moveable.  By  a  comparison  of  the  proper  mo- 
tions of  the  fixed  stars,  he  determined  that  the  solar 
system  was  advancing  towards  the  constellation  Her 
coles ;  and  that  if  it  were  yiewed  from  one  of  the 
nearest  of  the  fixed  stars,  the  sun  would  appear  to 
describe  an  arch  of  about  one  second.  In  reasoning 
respecting  the  insulated  stars,  which  belong  to  what 
we  may  now  call  the  solar  nebulae,  he  justiy  con- 
ceived  tiiat  those  which  were  double  must  form  binary 
systems,  or  systems  in  which  the  two  stars  revolve 
round  their  common  centre  of  gravity.  These  views^ 
at  first  entirely  speculative,  received  from  subsequent 
and  long-continued  observation  a  very  remarkable 
confirmation.  If  we  suppose  a  line  to  join  the  centres 
of  the  two  stars  which  compose  a  double  star,  then 
if  the  two  stars  have  no  relative  motion,  this  line 
must  form  an  invariable  angle  with  the  line  or  direc- 
tion of  their  daily  motion.  By  means  of  an  inge- 
nious position-micrometer.  Sir  WiUiam  Herschel  de- 
termined this  angle  (called  the  angle  of  position)  for 
seven  hundred  and  two  stars,  between  1778  and  1784. 
After  a  lapse  of  twenty  years,  he  repeated  his  obsearva- 
tions  on  the  same  stars,  between  1800  and  1805,  and 
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he  had  the  satisfaction  of  findiiig  that  in  more  than 
fifty  double  stars  there  had  been  a  decided  change, 
either  in  their  distance  or  in  their  angle  of  position. 
In  this  way  he  discovered  that  one  of  the  stars  of 
Castor  revolved  round  the  other  in  342  years ;  that 
the  small  star  of  y,  Leonis,  performed  its  circuit  in 
1200  years ;  that  of  i,  Bootes,  in  1681  years ;  that  of 
i,  Serpentis,  in  375,  and  that  of  y,  Virginb,  in  708 
years.  By  this  great  discovery,  the  greatest  un- 
questionably in  the  history  of  astronomy,  the  exist- 
ence of  systems  among  the  fixed  stars  was  com- 
pletely established ;  but  so  far  did  Sir  William  Her- 
schel's  labours  transcend  those  of  the  age  in  which 
he  lived,  that  no  attempt  was  made  to  repeat  and  to 
extend  Uiem.  They  were  scarcely  admitted  into  any 
astronomical  work ;  they  were  ridiculed  by  men  whose 
reputation  had  been  eclipsed  by  his  own ;  and  they 
were  received  with  a  sort  of  incredulous  wonder,  even 
by  the  most  ardent  lovers  of  astronomy.  The  pro- 
gress of  knowledge  and  of  discovery  had  paved  the 
wav  not  only  for  the  hishest  achievements  of  Newton 
and  Laplace,  but  also  for  their  immediate  reception 
among  philosophers ;  and  had  these  great  men  never 
lived,  science  would  in  a  few  years  have  received 
from  other  minds  the  same  splendid  accessions.  The 
discoveries  of  Herschel,  on  the  contrary,  exhibited  no 
continuity  with  those  of  his  predecessors.  Before 
his  day  sidereal  astronomy  had  no  existence;  nor 
had  the  wildness  of  speculation  ventured  even  to  fore- 
shadow its  wonders.  Entrenched  in  the  remoteness 
of  space,  and  among  spheres  which  no  telescope  but 
his  could  descry,  her  walls  were  unsealed,  and  her 
outworks  even  unapproached.  His  genius,  however, 
enabled  him  to  surmount  barriers  hitherto  impreg- 
nable, and  conducted  him  in  triumph  into  the  very 
stronghold  of  her  mysteries.  The  cessation  of  such 
gigantic  labour  would  have  been  afflicting  to  science, 
had  not  that  same  wisdom  which  provided  for  the 
coDtinuify  of  his  name,  provided  also  for  the  conti- 
nuity of  his  labours. 

In  the  year  1816,  four  years  before  the  death  of  his 
venerable  father,  Mr.  (now  Sir  John)  Herschel,  had 
begun  a  re-examination  of  the  double  stars,  and  had 
made  some  progress  in  it.  The  same  idea  had  oc- 
curred to  Sir  William  South,  one  of  the  most  able 
and  enterprising  astronomers  of  the  present  day,  and 
it  was  agreed  that  they  should  undertake  the  work  in 
concert.  They  accordingly  began  in  March  1821, 
and  continuing  their  observations  in  1822  and  1823, 
they  were  able  to  communicate  to  the  Royal  Society 
in  January  1824,  the  position  and  apparent  distances 
of  380  double  and  triple  stars,  the  /esult  of  above 
10,000  individual  measurements.  The  instruments 
which  they  employed  were  two  achromatic  telescopes 
mounted  equatorially :  the  object-glass  of  the  smallest 
had  an  aperture  of  three  inches  and  three  quarters, 
and  a  focal  length  of  ^st  feet,  and  was  made  by  the 
late  P.  and  J.  Dollond.  The  power  usually  em- 
ployed was  133,  but  powers  of  6^,  116,  240,  and 
381,  were  sometimes  used.  The  largest  telescope 
was  seven  feet  in  focal  length,  with  an  aperture  of 
five  inches,  and  is  supposed  to  be  the  best  that  Mr. 
Tulley  ever  executed.  The  power  commonly  em- 
ployed was  179>  though  105,  273,  and  sometimes 
600  were  used. 

No  sooner  had  Sir  William  South  completed  his 
share  in  this  great  work,  than  he  began  another 
series  of  observations  of  equal  difficulty  and  import- 
ance.   They  were  made  principally  at  Passy,  near 


Paris,  with  the  instruments  above  mentioned ;  and  in 
November,  1825,  he  communicated  to  the  Royal  So- 
ciety the  apparent  distances  and  positions  of  453 
double  stars,  of  which  160  had  never  before  been 
observed. 

While  these  observations  were  going  on  in  Eng- 
land, an  able  continental  astronomer,  M.  Struve,  di- 
rector of  the  Imperial  Observatory  at  Dorpat,  in 
Livonia,  had  occupied  himself  with  Uie  same  subject; 
and  such  was  his  assiduity  and  zeal,  tbat  in  four 
years  he  completed  his  Catalogiu  Novui  SteUarum 
Duplicium  et  ifultiplicium,  containing  no  fewer  than 
3063  stars.  These  observations  were  chiefly  made 
with  a  telescope  by  Frauenhofer,  which  the  Emperor 
of  Russia  had  presented  to  the  observatory  of  Dorpat. 
This  magnificent  instrument  has  a  focal  length  of 
thirteen  feet,  and  an  aperture  of  nine  inches,  and  cost 
thirteen  hundred  pounds.  The  King  of  Bavaria  fol- 
lowed this  noble  example,  by  ordering  a  still  finer 
instrument  for  the  same  purpose. 

The  early  history  of  astronomy  was,  as  we  have 
seen,  fraught  with  error;  but  observation  has  now 
enabled  us  to  trace  with  mathematical  accuracy  the 
forms  and  motions  of  the  heavenly  bodies.  The 
planets  known  as  forming  part  of  our  system  are 
eleven  in  number,  and  we  cannot  do  better  than  enu- 
merate them  in  tiie  order  in  which  they  follow  from 
the  sun ;  omitting  however  our  earth,  which  will  be 
the  subject  of  a  more  minute  examination,  with  es- 
pecial reference  to  the  phenomena  of  the  seasons* 
day  and  night,  &c.  It  may  be  right  to  observe,  that 
all  the  planets  move  round  the  aun  from  east  to 
west,  and  the  paths  in  which  they  move  are  called 
their  orbits. 

The  one  whose  orbit  is  nearest  to  the  sun,  is  called 
Meratiy,  When  seen  through  a  telescope,  it  some- 
times appears  in  the  form  of  a  half  moon,  while  at 
other  times  a  little  more  or  less  than  half  its  disc  is 
seen ;  hence  it  is  inferred,  that  it  has  the  same  phases 
as  the  moon,  except  that  it  never  i4)pears  quite  round, 
as  its  enlightened  side  is  only  turned  dire(lly  towards 
the  earth  when  it  is  so  near  the  sun  as  to  become 
invisible  on  account  of  the  splendour  of  the  sun's 
rays.  The  enlightened  side  of  this  planet  being  al- 
ways directed  towards  the  sun,  and  it  never  appear- 
ing round,  are  evident  proofs  that  it  shines  by  re- 
flected light.  The  best  observations  of  this  planet 
are  those  made  when  it  is  seen  on  the  sun's  disc, 
called  its  transit;  for  in  its  lower  conjunction,  it 
sometimes  passes  before  the  sun,  like  a  small  spot, 
eclipsing  a  part  of  the  sun's  body. 

Mercury  performs  its  periodical  revolution  round 
the  sun  in  87  days,  23  hours,  15  minutes,  43  seconds ; 
its  greatest  elongation  is  28^  20^,  distance  from  the 
sun  36814721  miles;  the  eccentricity  of  its  orbit  is 
estimated  at  one-fifth  of  its  mean  distance  from  the 
sun;  its  apparent  diameter  IT;  hence  its  real  dia- 
meter is  3108  miles;  and  its  magnitude  about  one- 
sixteenth  of  the  magnitude  of  the  earth. 

Mercury  emits  a  bright  white  light ;  it  appears  a 
little  after  sun-set,  and  again  a  little  before  sun-rise ; 
but  on  account  of  its  nearness  to  the  sun,  and  the 
smallness  of  its  magnitude,  it  is  seldom  seen.  The 
light  and  heat  whidi  this  planet  receives  from  the 
sun,  are  about  seven  times  greater  than  the  light  and 
heat  which  the  earth  receives.  The  orbit  of  Mercury 
makes  an  angle  of  seven  degrees  with  the  ecliptic,  and 
it  revolves  round  the  sun  at  the  rate  of  upwards  of 
one  hundred  and  nine  thousand  miles  per  hour. 
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Vemu  13  the  second  planet.  When  viewed  through 
a  good  telescope,  it  has  a  very  pleasing  appearance. 
At  the  time  of  its  greatest  elongation,  it  appears 
like  the  moon  in  the  quadratures ;  one  half  of  its 
disc  being  enlightened.  In  the  inferior  part  of  its 
orbit*  as  its  elongation  decreases,  the  enlightened 
fait  becomes  less.  After  passing  the  inferior  con- 
junction, the  planet  is  again  seen  crescent-shaped, 
but  the  illuminated  part  continues  to  decrease,  and 
at  the  g:reatest  elongation  half  its  disc  is  again  seen 
enlightened.  In  the  superior  part  of  its  orbit,  as 
its  elongation  decreases,  its  face  becomes  more  full 
and  round,  till  the  superior  conjunction,  ailer  which 
time  it  is  again  diminished  by  the  same  gradation  as 
its  increase  was  in  the  former  case  accomplished. 
There  is  no  difficulty  in  accounting  for  this  variety 
of  phases,  it  being  occasioned  by  the  different  posi- 
tions of  Venus  widi  respect  to  the  Sun  and  Earth ; 
for  as  the  enlightened  face  of  Venus  must  of  course 
be  always  opposite  to  or  facing  the  sun,  it  will  be 
more  or  less  visible  to  us  according  to  our  situation 
ttt  various  times. 

The  sur&ce  of  Venus  is  diversified  with  spots  like 
our  moon,  by  the  motion  of  which  it  is  determined, 
that  it  revolves  on  its  axis  from  east  to  west  in  the 
space  of  about  twenty-three  hours.  Under  favour- 
able circumstances,  mountains  like  those  in  the  moon 
may,  it  Is  said,  be  dlscemed  with  a  very  powerftd 
telaMcope. 

A  body  which  weighs  one  pound  at  the  equator  of 
die  earth,  would,  if  removed  to  the  equator  of  Venus, 
wei^  only  0.98  pound. 

1^  proportion  of  light  and  heat  which  she  re- 
ceivet  from  the  sun  is  {U)out  1.91  times  greater  than 
that  received  on  the  earth. 

As  viewed  from  the  earth,  Venus  is  the  most  bril- 
fiant  of  all  the  planets ;  and  may  sometimes  be  seen 
wiUi  iht  naked  eye  at  noon  day.  She  is  generally 
known  as  the  morning  and  evening  star,  and  never 
recedes  far  from  the  sun.  The  mean  distance  of 
Venus  from  the  sun  is  0.7233316 ;  that  of  the  earth 
being  considered  as  unity.  This  makes  her  mean 
distance  nearly  68  millions  of  miles. 

Passing  our  earth,  which  will  be  full^jr  noticed 
hereafter,  we  come  to  the  planet  Mar$,  which  is  pe- 
culiarly distinguished  by  its  dusky  red  colour.  By 
the  spots  on  Mars,  its  diurnal  revolution  is  ascer- 
tained in  the  direction  from  west  to  east.  From  the 
ruddy  and  obscure  appearance  of  this  planet,  as  well 
as  fit>m  other  appearances,  it  is  concluded  that  its 
atmosphere  is  nearly  of  the  same  density  as  that  of 
the  earth.  Herschel  has  observed,  that  two  circles 
surrounding  the  poles  of  this  planet  are  very  white 
and  luminous,  probably  from  snow  lying  there.  The 
mean  distance  of  Mars  from  the  sun  is  1.5236923 ; 
that  of  the  earth  being  considered  as  unity.  This 
makes  his  mean  distance  above  142  millions  of 
miles.  He  performs  his  mean  sidereal  revolution  in 
686.9796458  mean  soUr  days;  or  in  686  days,  23 
boors,  30  minutes,  41  seconds,  4 :  and  his  mean  sy- 
nodical  revolution  in  779-936  mean  solar  days. 

A  body  which  wei^is  one  pound  at  the  equator  of 
the  earth,  would,  if  removed  to  the  equator  of  Mars, 
wei^  oidy  one-third  of  a  pound. 

The  proportion  of  light  and  heat  received  by  him 
mm  the  sun  is  about  0.43;  that  received  by  the 
earth  being  considered  as  unity. 

He  is  not  accompanied  by  any  satellite,  and  is 
known  by  hit  red  anid  fiery  appeanmce. 


His  course  sometimes  appears  retrograde.  The 
arc  which  he  describes  in  such  cases  vanes  from  10^ 
6'  to  19^  35':  its  duration  in  the  former  case  is  60 
days,  18  hours;  and  in  the  latter  case  80  days, 
1 5  hours.  This  retrogradation  commences  or  finishes 
when  the  planet  is  at  a  distance  from  the  sun,  which 
varies  from  128°  44'  to  146°  3T. 

The  next  planet  in  our  system  is  Fegta,  for  the 
knowledge  of  which  we  are  indebted  to  Dr.  Olbers  of 
Bremen,  being  first  discovered  by  him,  March  29, 
1807*  Its  distance  from  the  sun  is  about  223  millions 
of  miles,  and  its  annual  revolution  in  its  orbit  is  per- 
formed in  3  years,  7i  months.  But  neither  has  its 
diameter,  nor  the  duration  of  diurnal  rotation,  been 
yet  ascertained. 

Juno,  the  next  in  order,  is  another  new  planet; 
discovered  by  Mr.  Harding,  at  the  observatory  at 
Lilienthal,  near  Bremen,  l^ptember  1,  1804.  The 
mean  distance  of  this  planet  from  the  sun  is  esti- 
mated at  253  millions  of  miles,  and  its  annual  revo- 
lution is  performed  in  4  years,  4  months,  and  6  days ; 
but  its  diameter,  and  the  time  of  its  revolving  on  its 
axis,  are  unknown. 

Ceres  wst  first  discovered  by  Piazzi  of  Palermo, 
January  1,  1801.  Its  mean  distance  is  nearly  the 
same  as  that  of  Pallas,  and  consequently  its  amraal 
revolution  is  performed  in  nearly  the  same  time. 

The  next  superior  planet  is  PalUu,  which  was  first 
observed  by  Dr.  Olbers,  March  8,  1812:  the  mean 
distance  of  which  from  the  sun  is  reckoned  to  be 
about  263  millions  of  miles,  and  its  revolution  in  its 
orbit  is  made  in  about  4  years,  7  months,  and  ID 
days;  but,  like  the  two  former,  its  diameter  and 
diurnal  rotation  have  not  as  yet  been  correctly  ascer- 
tained. 

Jupiter  is,  next  to  Venus,  the  most  brilliant  of  the 
planets,  and  sometimes  even  surpasses  it  in  bright- 
ness. Its  apparent  diameter  at  its  mean  distance 
from  the  earUi  is  36".  Its  figure  is  an  oblate  sphe- 
roid, the  proportion  of  its  equatorial  to  its  polar  axis 
being  about  14  to  13.  Laplace  fiiom  theory  deduces 
this  proportion  to  be  1,000,000  to  9^286,922,  the 
result  obtained  from  computing  the  effect  of  the 
equatorial  regions  of  theplanet  in  disturbing  the 
nodes  of  the  satellites.  When  seen  through  a  tele- 
scope, this  planet  exhibits  a  very  remarkable  appear- 
ance, its  surface  being  covered  with  a  number  of  belts 
or  stripes  of  various  shades.  These  appearances 
differ  much  at  different  times,  and  even  at  the  same 
time  in  telescopes  of  different  powers.  These  belts 
were  first  observed  at  Naples  by  Znppi  and  Bartoli, 
two  Jesuits;  and  about  the  year  1660,  they  were 
observed  by  Campini,  with  refracting  telescopes  of 
his  own  construction,  and  not  miich  inferior  in 
distinctness  to  those  of  the  present  day ;  the  great 
modem  improvement  in  refracting  telescopes  con- 
sisting rather  in  the  reduction  of  their  size  than  in 
the  increase  of  their  magnifying  power. 

Jupiter  is  accompanied  by  four  satellites,  which 
were  discovered  by  Galileo,  the  8th  of  January  16 10. 
He  at  first  took  them  for  telescopic  fixed  stars ;  but 
continued  observation  soon  convinced  him  that  they 
really  accompanied  the  planet.  The  relative  situation 
of  these  small  bodies  changes  at  every  instant :  they 
oscillate  on  each  side  of  the  planet,  and  it  is  by  the 
extent  of  these  oscillations  that  the  rank  of  these 
satellites  is  determined ;  that  being  called  the  first 
satellite,  whose  oscillation  is  the  least.  They  are 
sometimes  seen  to  pass  over  the  disc  of  the  planed 
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and  project  a  shadow  in  the  fonn  of  a  well-defined 
olack  spotj  which'  then  describes,  a  chord  of  this 
disc. 

Jupiter  and  his  satellites,  therefore,  are  opaque 
bodies,  enlightened  by  the  sun ;  and  when  the  latter 
interpose  between  the  sun  and  Jupiter,  they  produce 
real  solar  eclipses,  precisely  similar  to  those  which 
the  moon  occasions  on  the  earth. 

These  phenomena  lead  to  the  explanation  of  an- 
other which  the  satellites  present.  They  are  often 
observed  to  disappear,  though  at  some  distance  from 
the  disc  of  the  planet :  the  third  and  fourth  rei4[>pear 
sometimes  on  the  same  side  of  the  disc. 

The  shadow  which  Jupiter  projects  behind  it  (rela- 
tively to  the  sun)  is  the  only  cause  that  can  explain 
these  disappearances,  which  are  perfectly  similar  to 
eclipses  of  the  mo(m.  The  circumstances  which 
accompany  them  leave  no  doubt  of  the  reality  of 
this  cause.  The  satellites  arc  always  observed  to 
disappear  on  the  side  of  the  disc  opposite  to  the 
sun,  and  consequently  on  the  same  side  to  which 
the  conical  shadow  is  projected.  They  are  eclipsed 
nearest  the  disc,  when  the  planet  is  nearest  to  its 
exposition. 

Finally,  the  duration  of  these  eclipses  answers  to 
the  time  which  should  elapse  while  they  transverse 
the  shadow  of  Jupiter. 

Thus  it  appears  that  these  satellites  move  from 
west  to  east  m  returning  orbits  round  the  planet. 
Observations  of  their  eclipses  are  the  most  exact 
means  of  determining  their  motions.  Their  mean 
Sidereal  and  synodical  revolutions,  as  seen  ham  die 
centre  of  Jupiter,  are  very  accurately  determined  by 
comparing  eclipses  at  long  intervals  from  each  other, 
and  observed  near  the  opposition  of  the  planet. 

Saium  can  hardly  be  seen  by  the  naked  eye.  When 
examined  by  a  telescope,  it  exhibits  a  very  remark- 
able appearance.  It  is  surrounded  by  a  thin,  flat, 
broad,  luminous  ring,  which  encompasses  the  body 
of  the  planet,  but  does  not  touch  it.  This  ring  casts 
a  strong  shadow  upon  the  planet,  and  is  divided  into 
two,  by  a  distinct  line  in  the  middle  of  its  breadth. 
The  lings  are  circular,  but  appear  elliptical  from 
being  viewed  obliquely. 

According  to  Dr.  Herschel,  the  dimensions  of  the 
rings,  and  ue  space  between,  are  as  follow : 

MOm. 

Inner  diameter  of  the  smaller  ring     .    .    .  146,345 

Outside  diameter  of  ditto 184,393 

Inner  diameter  of  the  larger  ring  ....  190,248 

Outside  diameter  of  ditto 204,883 

Breadth  of  the  inner  ring 20,000 

Ditto  of  the  outer  ring 7,200 

Ditto  of  vacant  space 2,839 

Besides  this  ring,  Saturn  has  seven  moons  of  dif- 
ferent sizes,  and  its  body  is  surrounded  also  by  belts, 
like  those  of  Jupiter. 

The  mean  distance  of  this  planet  from  the  sun 
is  9.5387861  ;  that  of  the  earth  being  considered 
as  unity.  This  makes  its  mean  distance  about  890 
millions  of  miles.  His  mean  sidereal  revolution  is 
performed  in  29.456  Julian  years.  The  rotation  on 
his  axis  is  performed  in  about  ten  hours  and  a  half. 
His  true  diameter  is  about  76068  miles. 

Uranus,  or  the  Georgittm  Sidus,  is  the  last  planet 
known  in  our  system.  It  was  discovered  by  Sir 
William  Herschel,  March  13th,  1781,  who  g^ave  it 
the  name  which  it  now  bears.  It  p^orms  its  sidereal 


revolution  in  thoxA  30,686  mean  solar  days,  or  in 
about  84  Julian  years. 

Its  distance  from  the  sun  is  upwards  of  nineteen 
hundred  millions,of  miles ;  and  its  apparent  diameter 
is  scarcely  4^,0. 

Six  satellites  accompany  this  planet,  which  move 
in  orbits  nearly  perpendicular  to  the  plane  of  the 
ecliptic. 

The  sizes  and  relative  situations  of  the  stm,  earth, 
and  moan,  will  now  engage  our  attention.  It  will 
hardly  be  necessary  to  state  that  the  first  of  these 
great  bodies  forms  the  centre  of  our  system,  round 
which  the  planets  and  satellites  revolve,  or  rather 
round  the  common  centre  of  gravity  of  the  entire  se- 
ries. 

The  first  thing  that  strikes  the  mind  when  con- 
templating this  glorious  orb,  is  its  astonishing  mag- 
nitude. Thb  vast  globe  is  found  to  be  about  882,000 
miles  in  diameter,  and,  consequently,  contains  a 
mass  of  matter  equal  to  more  than  thirteen  hundred 
thousand  spheres  the  size  of  our  earth. 

The  only  motion  which  an  ordinary  observer  can 
trace  in  the  son  is  one  of  rotation,  on  its  axis  in  the 
space  of  rather  more  than  twenty-five  days.  This 
motion  has  been  ascertained  by  means  of  a  variety  of 
dark  spots,  which  are  discovered  by  the  telescope  on 
the  sun's  disc.  They  first  appear  on  his  eastern 
limb,  and  after  a  period  of  about  thirteen  days,  dis- 
appear on  his  western.  These  spots  vary  bc^  in 
number,  magnitude,  and  shape ;  som^mes  40  or  50, 
and  at  other  times  only  one  or  two  are  visible.  Most 
of  them  have  a  very  dark  nucleus,  or  central  part, 
sui^unded  by  an  umbra,  or  faint  shadow.  Some  of 
the  spots  are  as  large  as  would  cover  the  whole  con- 
tinent of  Europe ;  and  one  was  seen  in  the  year  1779* 
which  was  computed  to  be  more  than  fifty  thousand 
miles  in  diameter.  With  regard  to  the  nature  of  thia 
globe,  it  appears  highly  probable,  from  the  observa- 
tions of  Sir  William  Herschel,  that  the  sun  is  a  solid 
and  opaque  body,  surrounded  with  luminous  clouds 
which  float  in  the  solar  atmosphere,  and  that  the 
dark  nucleus  of  the  spots  Lb  the  opaque  body  of  the 
sun  appearing  through  occasional  openings  in  its  at- 
mosphere. 

The  following  are  Sir  Isaac  Newton's  observationa 
on  the  sun;  1.  That  its  heat  is  seven  times  greater 
in  Mercurv  than  with  us,  and  that  water  there  would 
immediately  disappear  in  the  state  of  vapour.  2.  That 
the  quantity  of  matter  in  the  sun  is  to  that  of  Jupiter 
as  1100  to  1 ;  and  that  the  distance  of  Jupiter  from 
the  sun  is  in  the  same  ratio  to  the  sun's  diameter ; 
consequently  the  centre  of  the  sun  and  Jupiter  is 
nearly  in  the  superfices  of  the  former.  3.  That  the 
quantity  of  matter  in  the  sun  is  to  that  of  Saturn  as 
2360  to  1 ;  and  the  distance  of  Saturn  from  the  sun 
is  in  a  ratio  little  less  than  that  of  the  sun's  semi- 
diameter,  so  that  the  common  centre  of  gravity  of 
Saturn  and  the  sun  is  a  little  within  the  latter.  4. 
Hence  the  common  centre  of  gravity  of  all  the  planets 
cannot  be  more  than  the  len^  of  the  solar  diameter 
from  the  centre  of  the  sun. 

From  other  observations,  which  we  cannot  detail 
without  far  exceeding  our  prescribed  limits.  Sir  W. 
Herschel  was  induced  to  suppose,  that  the  appear- 
ance of  copious  spots  indicate  the  approach  of  warm 
seasons  on  the  surface  of  the  earth ;  and  he  endea- 
voured to  maintain  this  opinion  by  historical  evi- 
dence ;  connecting  the  varying  temperature  of  our 
atmosphere  with  the  appearance  and  disappearance 


orOe  Bolw  spote.  lleepotatt' 
■Bthor  coniiiiera  u  pmitaotta  inferior  Mnhua,  taa- 
nting  oT  opaque  donds,  an  capaUt  of  protectitig 
the  immediate  Bnrfaot  of  tbe  ran  ftom  the  exceoaive 
bntpmdDced  brcombiutiDniii  the  mpeiioi  stiatam, 
and  ptfliapa  of  renderii^  it  habitable  to  animated 
beinga.  Bat  if  stars  are  Bana,  and  Btini  arehabilttble, 
a  very  eitcnsire  field  of  examituttion  il  Umi  opened 

Some  diatingaiahed  pkilosopbo^,  Msongwhom  we 
■•y  reckon  Sir  IsaacNcwton,  consider  theauu'B  ra^H 
aa  compoecd  of  small  paitictes.  which  moTe  with  uni- 
focal velocities  in  uniform  raedioms,  bnt  with  varia- 
ble i^doeitiea  in  medimns  of  variable  densities.  These 
puticka,  they  my,  act  upon  the  minute  constituent 
part*  of  bodies,  not  by  nnpact,  but  at  some  indefi< 
aitdy  small  distance;  tbey  attract  and  are  attracted; 
and  on  being  reflected  or  refracted,  they  eicite  a  tI- 
hiatary  motion  in  tbe  com  ponent  particles.  Others, 
represent  fire  as  a  aubstance  sui  generia,  mnalterable  in 
its  natnre,  and  incapable  of  being  piDduced  or  de- 
aCrayed ;  natnally  eiisting  in  equal  quandtiea  in  all 
pbccs,  impoveptible  to  oar  senses,  and  only  discover- 
able by  its  effects,  when  it  is  collected  in  a  less  space 
Aan  Uiat  which,  from  its  tendency  to  an  nniversal 
and  eqnable  diffusion,  it  would  otherwise  occopy.  It 
ha«  also  been  jugoed,  that  the  matter  of  the  sun's  rays 
is  Dot  derived  from  the  sun  in  anv  shape,  but  that 
tbe  raya,  whether  direct  or  reflected,  are  of  use  only 
as  tbey  impel  the  particles  of  tire  in  paralld  direc- 
timu:  that  parallelum  being  destroyed,  by  intercept- 
ing flic  solar  rays,  the  fire  instantly  assumes  its  na- 
tnral  state  of  uniform  diffnsion. 

M.  de  Luc,  in  his  Lrltrtt  PignqKa,  is  ofopiiuoa, 
that  the  solar  rays  are  the  principal  cause  of  heat ; 
bat  that  they  only  heat  such  bodies  m  do  not  allow 
tbon  a  free  passage.  In  this  respect  he  agrees  wiA 
Newton ;  but  then  he  differs  totally  from  him  con- 
ccniiog  the  natnre  of  tbe  rays  of  the  son.  He  does 
not  M^tit  the  emanations  of  any  luminous  corpuscles 
from  the  sun,  or  rather  aelf-shining  substances,  bnt 
aoppoaes  all  space  to  be  filled  with  an  ether  of  great 
dasdcity  and  small  denaity,  and  that  light  consists 
in  the  vibrations  of  this  ether,  as  sound  consists  in 
the  vibratioaB  of  the  air.  Upon  Newton's  suppcwi- 
tion,  cays  an  excellent  writer,  the  causes  by  which 
partidcB  of  light,  and  the  corpuscles  constitutiiig 
otlKr  bodies,  are  mutually  attracted  and  repelled,  is 
nocntain.  The  cause  of  the  uniform  diffusion  of 
fire,  by  a  aeries  of  vibrations,  as  already  stated,  is 
eajually  inexplicable ;  and  we  add  to  the  other  diffi- 
culties attending  Ae  supposition  of  an  universal 
etber,  by  the  wont  of  a  first  mover  to  make  the  sun 
vibrate.     See  Lioht. 

Wb  do  not  in  the  present  case  propose,  mathetoo- 
tically,  investigating  the  doctrine  of  gravitntion,  or 
the  motioita  of  the  heavenly  bodies,  but  it  will  be  ne- 
ceaawy  to  premise,  that  there  are  two  forces  in  con- 
tinised  opoation,  the  one  termed  the  ccnlriptlal,  the 
oUwr  tbe  tfir^agal,  the  first  tending  to  draw  all 
bodies  towards  each  other,  while  the  second  acts  in 
prwaely  the  opposite  direction.  This  species  of  uni- 
vcnal  atti«ction,  which  was  first  examined  by  oar 
own  rnanortal  Newton,  and  to  wiiich  his  attention 
was  accidentally  drawn  by  the  fall  of  an  apple  from 
a  tree,  is  but  a  branch  of  the  same  system  of  forces 
wUcfa  Imlds  all  the  bodies  on  the  earth's  surface  to- 
lather.  Iron  owes  its  tenacity  to  the  attraction  al 
csl^WM,  umI  it  is  a  Mmilaifmtfl  which  caaeea  Ae 
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whidioar  drop*  of  falUng  tain  to  be  apheriod.    This  &ct  has 

bean  beantiAiUy  illustrated  by  a  modem  poet — 

"  That  tM-mae  Is*  wUob  sunlda  x  Un, 

And  UiU  It  trkckle  mm  Ita  laurc* ; 

Thil  Uw  pmervei  the  unli  ■  ipbcn. 

And  ^d«  ttic  pUneti  In  tlwlr  mmt-" 

Hie  mutual  attraction  between  the  planets  and  the 
sun  keeps  them  from  fiying  off  from  their  orbits 
by  the  centrifugal  force,  which  is  generated  by  their 
revolving  in  a  curve ;  and  the  latter  force  again  keeps 
them  from  falling  into  the  sun,  which  would  be  the 
case,  if  it  were  not  for  tbe  motion  impressed  upon 
them.  Thus  these  two  powers  balance  each  other, 
and  preserve  order  iu  the  entire  system. 

This  doctrine,  wbidi  is 

founded    on   the  demon- 

of  Sir  IsaacNew- 


earth  at  a,  gravitates,  i 

attracted  towards  the  \ 

a,  jr,  so  as  to  fait  from 

to  p,   in  the  time  that 

the  projectile  force  would 

have  carried  it  from  a  to  x,  it  will  describe  the  curve 
by  the  combined  action  of  these  two  forces,  ia 
same  time  that  the  projectile  force,  singly,  would 
have  carried  it  from  a  to  x,  or  the  gravitating  power, 
singly,  have  caused  it  to  descend  from  a  to  p;  and 
thrae  two  forces  being  duly  proportioned,  the  planet 
obeying  than  both,  will  move  in  the  circle  »»b e.. 
Bui  if  whilst  the  projectile  force  would  caziy  tha. 
planet  IVom  «  to  n,  the  enu's  attraction  should  bring 
-'  down  from  a  to/,  the  gravitating  power  would  then 
:  too  strong  for  the  projectile  force,  and  would 
utse  the  planet  to  dest^ribe  the  curve  a  e.  When  the 
planet  comes  to  e,  the  gravitating  power  (which  al- 
as the  square  of  the  distance  from  the 
ihes)  will  be  yet  stronger,  for  the  prck 
jeetile  force,  and  by  conspiring,  in  some  degree,  there-, 
with,  will  accelerate  the  planet's  motion  ^  the  way 
from  c  to  f ,  causing  it  to  describe  tbe  arcs  a  a  U  tf, 
&c.,  all  in  eqnal  times.  Having  its  motion  thus  ac- 
celerated, it  thereby  acquires  so  much  ceutrifnga] 
force,  or  tendency  to  fly  off  at  g,  in  the  line  y  A,  as 
overcomes  tlie  sun's  attraction ;  and  the  centiifngat 
force  being  too  great  to  allow  the  planet  to  be  brought 
nearer  to  the  sun,  or  even  to  move  round  hink  in 
the  circle  t  I  ■*,  t(c.  it  goes  off,  and  ascends  is  the 
curve;  JO  f,  &c.,  its  motion  decreasing  m  gradually 
from  f  to  d  as  it  increased  from  s  to  a,  be^nse  the 
tion  DOW  acts  against  the  planet's  projcc- 
jnst  as  much  as  it  acted  with  it  before. 
When  the  planet  has  got  round  to  a,  its  projectile 
force  is  as  much  diminished  from  its  mean  state  as  it 
was  augmented  at  g ;  and  thus  the  sun's  attraction 
bebg  more  than  sufficioit  to  keep  the  planet  from 
gobg  off  at  a,  it  describes  the  same  orbit  over  again, 
by  the  virtue  of  the  same  farces  or  powers.  A  double 
projectile  force  will  always  balance  a  quadruple  power 
of  gravity.  Let  the  planet  at  a  have  twice  as  great 
an  impulse  from  thence  towards  ar  as  it  had  before ; 
that  is,  the  same  length  of  time  that  it  was  projected 
from  a  to  D,  as  in  the  last  example ;  let  it  now  be 
projected  from  a  to  w,  and  it  will  require  four  time* 
aa  much  gravity  to  retain  it  in  its  orbit ;  that  is,  it 
must  foil  as  for  from  a  to  r  in  the  time  that  tbe  pro 
jectile  force  would  carry  it  from  a  to  c,  otherwise  it 
annU  not  describe  the  curve  a  t,  as  i*  evidoBt  fion 
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the  figure.  But  in  as  much  as  the  planet  moves  from 
a  to  c,  in  the  higher  part  of  its  orbit,  it  moves  from  / 
to  g,  or  from  g  toj,  in  the  lower  part  thereof;  be- 
cause from  the  joint  action  of  these  two  forces,  it 
must  always  describe  equal  areas  in  equal  times 
throughout  its  annual  course.  These  areas  are  repre- 
sented by  the  triangles  age,  fcc,  whose  contents 
'are  equal  to  one  another  from  the  properties  of  the 
ellipse. 

The  Earth  we  inhabit  must  now  be  examined ;  its 
motions  with  reference  to  the  occurrence  of  day  and 
night,  the  phenomena  of  the  seasons,  &c.,  will  readily 
be  understood.  Its  mean  distance  from  the  sun  is 
23984  times  its  own  semi-diameter;  so  that  it  is 
nearly  95  millions  of  miles  distant  from  that  lumi- 
nary. It  performs  its  mean  sidereal  revolution  in 
365.2563612  mean  solar  days,  or  365  days,  6  hours, 
9  minutes,  9  seconds,  6 :  but  the  time  employed  in 
going  from  one  equinox  to  the  same  again,  or  from 
one  tropic  to  the  same  again  (whence  called  the  tro- 
pical revolution),  is  only  365.2422414  mean  solar 
days,  or  365  days,  5  hours,  48  minutes,  49  seconds,  7- 

The  axis  of  the  earth  is  inclined  to  the  pole  of  the 
ecliptic,  at  an  angle  which,  at  the  commencement  of 
the  present  century,  was  23^  2T  56"  5 :  which  angle 
is  c^led  the  obliquity  of  the  ecliptic.  It  is  observed 
to  decrease  at  the  rate  of  (T,  4755  in  a  year.  But 
this  variation  is  confined  within  certain  limits,  and 
cannot  exceed  2^  42^. 

This  angle  is  also  subject  to  a  periodical  change, 
called  the  nutation;  depending  principally  on  tne 
place  of  the  moon's  node :  whereby  the  axis  of  the 
earth  appears  to  describe  a  small  ellipse  in  the 
heavens. 

The  intersection  of  the  equator  with  the  ecliptic  is 
not  always  in  the  same  point ;  but  is  constantly  re- 
trograding or  receding  contrary  to  the  order  of  the 
signs.  Consequently  the  equinoctial  points  appear 
to  move  forward  on  the  ecliptic;  and  whence  this 
phenomenon  is  called  the  precession  of  the  equinoxes. 
The  quantity  of  this  annual  change,  caused  by  the 
action  of  the  sun  and  moon,  and  which  is  called  the 
luni-solar  precession,  is  SCTAl ;  from  which  we  must 
deduct  the  direct  motion  caused  by  the  planets,  equal 
to  <y.3l :  and  the  difference,  or  50".10  is  the  general 
precession  in  longitude.  It  is  subject  to  a  small  se- 
cular variation.  A  complete  revolution  of  the  equi- 
noxes is  performed  in  25.868  years. 

A  mean  solar  day,  as  adopted  by  the  public  in  this 
country,  is  the  time  employed  by  the  earth  in  revolv- 
ing on  its  axis,  as  compared  with  the  sun,  supposed 
to  move  at  a  mean  rate  in  its  orbit,  and  to  make 
365.2425  revolutions  in  a  mean  Gregorian  year. 
But  the  mean  solar  day,  adopted  by  astronomers,  is 
founded  on  the  assumption  that  the  sun  makes  only 
365.2422414  revolutions  in  a  mean  Gregorian  year. 
It  is  divided  into  24  mean  solar  hours ;  and  these  are 
again  subdivided  into  mean  solar  minutes  and  se- 
conds. 

The  apparent  day  is  the  time  employed  by  the 
earth  in  revolving  on  its  axis,  as  coropax«d  with  the 
apparent  place  of  the  sun.  This  day  is  also  divided 
into  24  apparent  hours ;  which  are  again  subdivided 
into  apparent  minutes  and  seconds.  This  mode  of 
reckonmg  is  still  used  by  the  public  in  many  parts 
on  the  continent ;  and  is  frequently  referred  to  by  the 
practical  astronomer  on  various  occasions.  In  fact, 
the  apparent  culmination  of  the  stm  is  the  commence- 
ment of  the  astronomical  day  to  every  practical  aa- 
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titttoiner;  and  in  most  ephemcrides  the  compntations 
are  made  in  apparent  time. 

Tlie  astronomical  year  is  divided  into  four  parts* 
determined  by  the  two  equinoxes  and  the  two  sol- 
stices. The  mterval  between  the  vernal  and  au- 
tumnal equinoxes  is  (on  account  of  the  eccentricity 
of  the  earth's  orbit,  and  its  unequal  velocity  therein) 
nearly  eight  days  longer  than  the  interval  between 
the  autumnal  and  vernal  equinoxes.  These  intervals 
were,  in  1801,  nearly  as  follow : — 

D.  H.  IC  ^ 

From  the  vernal  equinox 
to  the  summer  solstice  =  92  21  50 

From  the  summer  sol- 
stice to  the  autumnal 
equinox    .      .     .     .=93  13  44 

From  the  autumnal  e- 

quinox  to  the  winter 

solstice  .  .  .  .=89  16  44  >  =  178  18  17 
From  the  winter  solstice 

to  the  vernal  equinox  =89    1  33, 

7  17  17 

The  figure  of  the  Earth  is  that  of  an  oblate  sphe- 
riod ;  the  axis  of  the  poles  being  to  the  diameter  of 
the  equator  as  304  to  305. 

The  mean  diameter  of  the  Earth  is  about  7916 
miles :  its  equatorial  diameter  is  7924  miles,  and  its 
polar  diameter  7898  mileb. 

As  k  necessary  consequence  from  this  circumstance, 
the  degrees  of  latitude  increase  in  length  as  we  re- 
cede from  the  equator  to  the  poles.  But  different 
meridians  under  the  same  latitude  present  different 
results ;  the  general  fact  however  is  well  ascertained. 

The  peculiar  phenomena  of  the  ieaaoiu,  to  which 
we  may  now  call  the  reader's  attention,  are  occa- 
sioned by  the  annual  motion  of  the  earth  in  its  orbit. 
To  understand  this,  we  must  bear  in  mind  that  the 
axis  of  the  earth  is  inclined  to  the  plane  of  its  orbit» 
and  that  it  always  keeps  parallel  to  itself,  or  is  di- 
rected constantly  to  the  same  point  of  the  heavens. 


I^t  the  accompanying  figure  represent  the  earth 
in  different  parts  of  its  elliptic  orbit.  In  the  spring 
the  circle  which  separates  the  light  from  the  dark 
side  of  the  globe,  called  the  terminator,  passes 
through  the  poles,  as  appears  in  the  position  a. 
The  earth,  then,  in  its  diurnal  rotation  about  its 
axis,  has  every  part  of  its  surface  as  long  in  light  as 
in  shade ;  therefore  the  days  are  equal  to  the  nights 
all  over  the  world  ;  the  sun  being  at  that  time  ver- 
tical to  the  equatorial  parts  of  Sie  earth.  As  the 
earth  proceeds  in  its  orbit,  and  comes  into  the  posi- 
tion b,  the  sun  becomes  vertical  to  those  parts  of 
the  earth  under  the  tropic,  and  the  inhabitants  of 
tile  northern  hemisphere  will  enjoy  summer  on  ac- 
count of  the  solar  rays  falling  more  perpendicuUrly 
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opoB  them ;  they  will  abo  have  their  days  Ignger 
Oaa  their  nights,  in  proportion  u  tiiey  are  more 
distant  from  the  eqoator ;  and  thoee  within  the  polar 
cii^  will  have  constant  daylight.  At  the  ume  time 
the  inhabitants  of  the  southeni  hemisphere  have 
wittter,  their  days  being  shorter  than  their  nights,  in 
proportion  as  they  are  farther  from  the  eqnator ; 
and  the  inhabitants  of  the  polar  n^ions  will  have 
coBttant  night.  The  earth  then  continues  its  course 
to  the  position  c,  when  the  terminator  again  passes 
diron^  the  polea,  and  the  days  and  nights  are  equal. 
After  this  the  earth  advances  to  the  position  d,  at 
iritid  time  the  inhabitants  of  the  northern  hemis- 
phere have  winter,  and  their  days  are  shorter  than 
their  aighta. 

In  mnuaer,  wlun  the  earth  is  at  t,  the  sun  is  far- 
ttwr  frran  it  than  In  winter,  and  in  iact,  the  disc  of 
the  sun  appears  longer  in  the  winter  than  In  the 
summer.  "Hie  difference  of  heat  is  not  owing  to  the 
son's  beii^  neater  to  ns,  or  more  remote,  but  to  the 
d^ree  of  obliqnity  with  which  its  mys  strike  any 
part  of  the  earth.     (See  Hair  and  Son.} 

The  Mean  is  the  constant  attendant  of  the  earth, 
■ad  revolves  aromid  it  in  37  days,  7  hoots ;  bat  the 
period  from  one  new  or  full  moon  to  another,  is  about 
39  days  13  hours.  She  is  the  nearest  of  all  the  hea- 
Toily  bodies  ;  being  only  about  two  hundred  and 
forty  thoosand  miles  distsAt  from  the  earth.  She  is 
modi  smaller  than  the  earth ;  being  only  about  3160 
Buks  in  diameter- 


I  of  these  circular  plains,  most  of  wluch  are  con- 
(udeiahly  below  the  levti  of  the  surrounding  coontry, 
ma^  be  perceived  with  a  good  telescope,  on  every 
region  of  the  lunar  surface. 

The  preceding  view  of  the  moon's  disc  is  taken 
from  RuBsel's  great  map,  and  will  fnmish  a  toler- 
able notion  of  its  nigged  and  unequal  surface  as  seen 
through  a  telescope. 

By  the  observations  made  by  Dr.  Herschel,  in  No- 
vember, 1779,  and  the  four  following  months,  we 
learn  that  the  altitude  of  the  lunar  moontains  has 
been  very  much  eiaggerated.  His  observations  were 
made  with  great  caution,  by  mean*  of  a  Newtonian 
le&eCtot,  6  feet  8  inches  long,  and  with  a  magni^ng 
power  of  33a  tines,  determined  by  eiperiment ;  and 
the  method  which  he  made  use  of  to  ascertain  the 
altitude  of  those  mountains,  which  during  that  time 
he  had  an  opportunity  of  examining,  seems  liable  to 
objection.  The  rock  situated  near  Lock*  Niger, 
I  found  to  be  about  one  mile  in  height,  but  none 
of  the  other  mountains,  which  he  mcEWired,  proved 
to  be  more  than  half  of  that  attitude ;  and  Dr.  Hers- 
chel concludes  that,  with  a  very  few  exceptions,  the 
generality  of  the  lunar  mountains  do  not  exceed  half 

mile  in  their  perpendicular  elevation. 

To  Dr.  Herschel  we  are  also  indebted  for  an  ac- 
count of  several  bnming  volcanoes,  which  he  saw  at 
different  times  in  the  moon.  Id  the  77th  vd.  of  the 
PhiL  TWnu.  he  says,  "  I  perceive  three  volcanoes  in 
different  places  of  the  dark  part  of  the  new  moon. 
Two  of  Uiem  are  nearly  extinct ;  or,  otherwise  in  a 
state  of  going  to  break  out.  The  third  showed  an 
actual  eruption  of  fire,  or  of  luminona  matter."  On 
the  next  night.  Dr.  Herschel  saw  the  volcano  bum 
with  greater  violence  than  on  the  preceding  evening. 
He  considered  the  eruption  as  resembling  a  small 
piece  of  burning  charcoal  when  it  is  covered  by  a  thin 
coat  of  white  ashes,  which  frequently  adhere  to  it, 
when  it  has  been  some  time  ignited,  and  it  had  a  de- 
gree of  brightness  about  as  strong  as  that  with 
which  anch  a  coal  would  be  seen  to  glow  in  fhist 
daylight. 


He  •UT&ce  of  the  moon  when  viewed  with  a  tele- 
acope,  presents  an  interesting  and  variegated  aspect ; 
being  diversified  with  mountains,  valleys,  rocka,  and 
plains,  in  every  variety  of  form  and  position.  Some 
of  these  mountains  form  long  and  elevated  ridges,  re- 
sembling the  chains  of  the  Arps  and  the  Andes ;  while 
a  variety  of  others,  of  a  conical  form,  rise  to  a  great 
height,  from  the  middle  of  level  plains,  somewhat  re- 
sembling the  Peak  of  Teneriff.  But  the  most  singular 
feature  of  the  moon  is,  those  circular  ridges  and  ca' ' 
ties  which  diversify  every  portion  of  her  sur&ce. 
rmnge  of  mounttuns  of  a  circular  fonn,  riaii^  three 
four  miles  above  the  level  of  the  adjacent  diatricts, 
nuToonds,  tike  a  mighty  rampart,  an  extensive  plain ; 
and.  in  the  middle  of  this  plain  or  cavity,  an  insulated 


TTie  phases  of  the  moon,  as  they  appear  at  eight 
diflerent  points  of  her  orbit,  are  represented  in  the 
accompanying  figure,  where  »  represents  the  sun,  the 
earth  being  in  the  centre,  and  ab  c.  See.,  the  moon's 
orbit.  When  the  moon  is  at  i,  in  conjunction  with 
the  son,  her  dark  wde  being  entirely  towards  the 
earth,  she  will  be  invisible,  as  at  a,  and  is  then  called 
the  new  moon.  When  she  come*  to  her  first  octant 
at «,  a  quarter  of  her  enlightened  heraiBpheie  will  be 
turned  towarda  the  earth,  and  ahe  wiU  then  appear 
homed,  as  at  4.     When  she  has  mn  tlirough  the 

Siarter  of  her  orbit,  and  arrived  at  q,  she  shows  u» 
e  half  of  her  enlightened  hemisphere,  as  at  j,  when 
it  is  said  she  is  one  half  (ill].  At  p  ahe  is  in  her  se- 
cond octant,  and  by  ahoning  us  more  of  her  enfight- 
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ened  hemisphere  than  at  g,  she  appears  gibbons. 
At  her  opposition  at  o,  her  whole  enlightened  side 
is  turned  towards  the  earth,  when  she  appears 
round  as  at  e,  and  she  is  said  to  be  full ;  having  in- 
creased ail  the  way  round.  On  the  other  side  she 
decreases  again  all  the  way  from  e  to  a;  thus,  in  her 
third  octant,  part  of  her  dark  side  being  turned  to- 
wards the  earth,  she  again  appears  gibbous.  At  m 
she  appears  still  farther  decreaised,  showing  again  ex- 
actly one-half  of  her  illuminated  side.  But  when  she 
comes  to  her  fourth  octant,  she  presents  only  a  quar- 
ter of  her  enlightened  hemisphere,  and  again  appears 
homed.  And  at  a,  having  now  completed  her  course, 
she  again  disappears,  'and  becomes  a  new  moon 
again,  as  at  first. 

The  Tides  form  an  exceedingly  interesting  part  of 
the  subject  of  physical  astronomy.  The  ocean  covers 
more  than  half  the  globe ;  and  this  large  body  of 
water  is  in  continual  motion,  ebbing  and  flowing  al- 
ternately, that  is,  if  the  tide  be  supposed  at  high 
water  mark,  it  will,  after  a  short  period,  subside,  and 
fbw  back  for  about  six  hours,  when  it  will  be  at  low 
water  mark.  The  time  of  high  water,  however,  is  not 
always  the  same,  but  is  about  three-quarters  of  an 
hour  later  each  succeeding  day,  for  near  thirty  days, 
when  it  begins  as  before.  Thus  we  may  suppose  at 
a  certain  place,  it  is  high  water  at  three  o'clock  in 
the  afternoon  on  the  day  of  new  moon ;  the  next  day 
it  will  be  high  water  at  three-quarters  of  an  hour 
after  three,  the  day  following  at  half-past  four,  and 
so  on  till  the  next  new  moon,  when  it  will  be  again 
high  water  at  three.  This  answers  to  die  motion  of 
the  moon ;  for  she  rises  every  day  about  three-quar^ 
ters  of  an  hour  later  than  the  preceding  one ;  and 
thus  completes  her  revolution  round  the  earth  in 
about  thirty  days. 

According  to  the 
Newtonianprindple 
of  atb^action,  these 
phenomena  are  thus 
ejcfdained.  The  wa- 
ters at  d,  on  the  side 
of  die  earth  next  the 
moon  e,  are  more 
attracted  than  the  central  parts  a  c,  and  these  again 
move  more  than  the  waters  on  the  opposite  side  at  b, 
therdbre  the  distance  between  the  earth's  centre  and 
the  waters  on  its  surface  under  and  opposite  the  moon 
will  be  increased.  To  explain  this  more  fully,  it 
should  be  borne  in  mind,  that  though  the  earth's 
diameter  bears  a  considerable  proportion  to  its  dis- 
tance from  the  moon,  yet  this  diameter  is  nothing 
when  compared  to  the  earth's  distance  from  the  sun, 
consequently  the  difference  of  the  sun's  attraction  on 
the  sides  of  the  earth  opposite  to  him  will  be  far  less 
tlian  the  differenee  of  the  moon's  attraction  on  the 
sides  opposite  to  her ;  therefore  the  moon  must  raise 
the  tides  higher  than  they  could  be  by  the  sun.  Sir 
kaac  Newton  has  determined  that  the  influence  of 
tiie  mm  in  this  case  is  three  times  lets  than  that  of 
the  moon.  The  tides,  then,  are  properly  the  joint 
production  of  the  «un  and  moon ;  or,  in  fact,  ^ere 
are  two  tides,  a  solar  and  » lunar,  whose  effects  are 
joint  or  opposite,  according  to  the  situation  of  the 
bodies  by  whi^  they  are  aflfocted.  When  the  sun 
•nd  moon  act  together,  as  at  new  and  full  moon,  the 
flux  and  refhn  become  considerable  ;  and  are  called 
spring  tides.  But  when  one  tends  to  elevate  the 
waXerSf  and  the  other  to  depress  Ihem,  as  at  the 


moon's  first  and  third  quarters,  then  the  flux  and  re- 
flux will  be  diminished ;  these  are  called  neap  tides. 

The  sun  being  farther  from  onr  hemisphere  in 
March  and  September,  than  in  February  and  October, 
is  the  cause  why  the  greatest  tides  happen  a  little 
before  the  vernal,  and  a  littie  after  the  autumnid 
equinox. 

When  the  moon  is  in  the  equator,  the  tides  are 
equally  high  in  both  parts  of  the  lunar  day ;  but  as 
she  declines  towards  either  pole,  the  tides  are  alter- 
nately high^  or  lower  in  northern  or  southern  lati- 
tudes. The  tides  are  so  retarded  in  their  passage 
through  channels,  and  so  affected  by  capes  and  head- 
lands, as  to  happen  variously  at  different  places.  The 
tide  raised  in  the  German  Ocean,  when  the  moon  is 
three  hours  past  the  meridian,  takes  three  hours  to 
arrive  at  London  Bridge.  Lakes  have  no  tides,  be- 
cause every  part  is  attracted  alike.  The  Mediter- 
ranean and  Baltic  seas  have  but  small  elevations  on 
account  of  tiie  narrowness  of  the  inlets  by  which 
they  communicate  with  the  ocean. 

Having  examined  the  phenomena  of  the  tides  in 
connection  with  the  attractive  influence  of  the  moon, 
it  will  now  be  advisable  to  observe  the  effects  of  that 
body  when  its  orbit  or  path  bringa  it  between  our 
planet  and  the  sun,  or  vice  versa,  in  which  case  an 
eclipse  is  produced. 

Eclipses,  especially  of  the  sun,  have  always  been 
considered  as  events  of  the  most  portentous  kind. 
Isaiah,  and  others  of  the  sacred  writers,  speak  of 
them  as  indicative  of  the  wrath  of  the  Almighty. 
Homer,  Pindar,  Pliny,  and  many  others  of  the  an- 
cients, also  make  mention  of  them  in  a  similar  way ; 
and  it  is  used  to  be  noticed,  more  particularly  by  the 
superstitious,  that  an  eclipse  was  often  accompanied 
by  a  national  calamity,  or  an  occurrence  of  a  striking 
nature,  the  malevolent  effects  of  which  were  to  con- 
tinue, for  the  sun,  as  many  years  as  the  eclipse  lasted 
hours,  and  for  the  moon  as  many  months.  Diony- 
sius  of  Halicamassus  remarks,  that  both  at  the  birth 
and  death  of  Romulus  there  was  a  total  eclipse  of 
the  sun,  di^ng  which  the  darkness  was  as  great  as 
at  midnight  It  is  also  said  that  there  was  a  solar 
eclipse  on  the  day  the  foundation  of  Rome  was  laid. 

An  eclipse  of  the  moon  is  mentioned  by  Ptolemy 
to  have  been  observed  by  the  Chaldeans  at  Babylon 
720  years  before  the  birth  of  our  Saviour ;  the  middle 
of  the  eclipse  reducing  the  time  to  the  meridian  of 
Paris,  was  6  hours,  48  minutes,  March  19th.  From 
this  eclipse  it  is  determined  that  the  mean  revolution 
of  the  moon  is  27  days,  7  hours,  43'  5".  This  is 
considered  the  first  eclipse  of  the  moon  on  record. 

Thales  rendered  himself  famous  by  foretelling  an 
eclipse  of  the  sun ;  he,  however,  (mly  predicted  the 
year  in  which  it  would  happen,  and  this  he  was  pro- 
bably enabled  to  do  by  the  Chaldean  Saros,  a  period 
of  223  lunations.  Thb  eclipse  is  rendered  remark- 
able by  its  happening  just  as  the  armies  under 
Alyattes,  king  of  Lycba,  and  Cyaxeres  the  Mede, 
were  engaged ;  aqd  being  regarded  by  each  party  as 
an  evil  omen,  inclined  both  to  make  peace :  it  has 
been  clearly  proved  that  this  eclipse  occurred  610 
years  before  Christ,  September  30.  Xenophon  ob- 
serves, that  the  king  of  the  Persians  laid  siege  to  the 
city  of  Larissa  at  the  time^he  empire  was  taken  from 
the  Medes,  but  was  not  able  by  any  means  to  make 
himself  master  of  it ;  finally,  a  cloud  coming  over  the 
aun  made  it  disappear,  so  that  the  hearts  of  the  in- 
habitants failed*  and  the  city  was  taken.    This  cloud 
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was,  no  doubt,  the  moon  ecUpsing  the  sun ;  for  it 
mMsn  that  Cynis  finished  the  reduction  of  the  Me- 
4&an  empire,  B.  C.  547,  in  which  year  there  was  a  great 
solar  eclipse,  the  centre  of  which  crossed  tiie  Tigris, 
not  iu  from  the  place  where  Larissa  was  situated. 

It  is  by  a  kinar  eclipse  that  a  mistake  has  been 
fiKind  in  tiie  Christian  era ;  for  it  is  well  known  that 
Christ  was  bom  when  Herod  was  king  of  Judea; 
and  Joeephus  affirms,  that  just  before  the  death  of 
dus  Herod  there  was  an  eclipse  of  the  moon  on  the 
nig^t  between  the  12th  and  13th  of  March:  but  it 
has  been  clearly  proved  Uiat  this  eclipse  happened  on 
the  fourth  year  before  what  is  considered  the  Chris- 
tian era ;  wherefore  this  era  ought  to  be  carried  back 
three  years  at  least.  The  darkness  that  occurred  at 
our  Saviour's  crucifixion,  and  which  continued  ^uree 
hours,  cannot  be  attributed  to  an  eclipse  of  the  sun, 
the  Passover  being  kept  at  the  time  of  full  moon : 
had  even  the  two  luminaries  been  in  conjunction,  the 
darimess  could  only  have  lasted  four  or  five  minutes, 
Ofwing  to  their  apparent  diameters  being  so  nearly 
cqoaL  Dion3rsius,  a  judge  of  Areopagus,  being  at 
HeK<^)olis,  and  observing  this  preternatural  pheno- 
menon, cried  out,  that  "  Nature  was  either  dissolving, 
or  the  God  of  nature  suffering."  He  afterwards  em- 
braced the  Christian  fiiith,  and  suffered  martyrdom 
for  the  troth  of  it. 

In  China  there  is  a  tribunal  of  astronomy,  the  bu- 
stness  of  which  is  to  calculate  eclipses,  and  to  present 
their  types  to  the  emperor  and  mandarins  some  months 
before  they  occur,  witii  an  account  of  the  part  of  the 
heavens  where  they  will  happen,  and  how  many 
digits  the  luminary  will  be  eclipsed.  When  an  eclipse 
is  announced,  preparation/  is  made  at  court  for  the 
observance  of  it ;  as  soon  as  it  begins,  a  bUnd  num 
beats  a  drum,  upon  which  the  mandarins  and  great 
officers  mount  their  horses,  and  assemble  in  the  great 
square  of  the  palace. 

An  eclipse  happened  during  Lord  Macartney's  em- 
bassy to  China,  which  kept  the  emperor  and  his 
mandarins  the  whole  day  devoutly  praying  the  gods 
that  the  moon  might  not  be  eaten  up  by  the  great 
dngon  which  was  hovering  about  her :  the  next  day 
a  pantomime  was  performed,  exhibiting  the  battle  of 
the  dragon  and  the  moon,  and  in  which  two  or  three 
hundred  priests,  bearing  lanterns  at  the  end  of  long 
•ticks,  dandng  and  capering  about,  sometimes  over 
the  plain,  and  then  over  chairs  and  tables,  bore  no 
Mean  part. 

FVom  this  brief  view  of  the  eariy  historv  of  eclipses, 
we  may  now  by  the  aid  of  an  engfraving  illustrate  the 
cause  of  these  singular  phenomena. 


The  sun  at  «  is  seen  to  have  its  light  intercepted 
in  ita  pnajsgi  to  the  larger  circle,  on  the  right  side  of 
the  figure  by  the  moon's  disc,  which  falls  interme- 
diate to  those  bodies.  Now,  m  consequence  of  this 
anangement  of  tiie  sun,  earth,  and  moon,  an  eclipse 
must  occur.  If  the  orbit  of  the  moon  vras  parallel 
to  that  of  the  earth,  this  exclusion  of  the  sun's  rays 
would  hi^ipen  on  each  succeeding  mondi ;  but  as  her 
nodes  are  continually  changing,  annular  eclipses  of 
die  son  which  really  arise  from  the  moon,  are  of 
comparatively  rare  occurrence. 


An  annular  eclipse  is  eadrtU,  but  not  taUU;  for  the 
moon  being  at  this  time  in  her  ofogee,  or  at  her 
greatest  distance  from  HtkB  earth,  ner  shadow  ter- 
minates at  some  distance  fix>m  its  surface.  Even 
when  nearest  to  the  earth,  or  in  her  perigee,  her 
shadow  never  falls  upon  more  than  180  miles  of  the 
surface.  During  total  eclipses  of  the  sun,  small  stars 
become  visible;  and  at  the  period  of  the  great  solar 
eclipse  in  1820,  at  which  time  lOi  digits  out  of  the 
12  were  obscured,  the  planets  Mercury  and  Venus 
could  be  seen  by  the  naked  eye. 

By  a  reference  to  the  engraving,  it  will  be  seen 
that  an  eclipse  of  the  sun  can  only  last  for  a  short 
time,  as  the  penumbra  or  shadow  projected  on  the 
earth  is  smaUer  than  the  moon  itself;  but  in  the 
next  form  of  eclipse,  for  which  we  shall  require  an- 
other figure,  the  darkness  may  last  for  a  much  longer 
period. 


The  sun  is  still  in  the  same  situation  as  before,  but 
the  earth  and  moon  have  changed  places,  so  that  an 
inhabitant  of  the  latter  body  would  see  the  earth  ob- 
scuring the  sun's  rays.  It  will  thus  be  obvious,  that 
what  we  call  an  eclipse  of  the  moon,  is  in  reality  an 
eclipse  of  the  solar  light. 

A  total  eclipse  of  the  moon  can  only  happen  when 
that  body  is  exactly  in  the  node  at  the  time  of  oppo- 
sition, in  which  case  it  remains  enveloped  in  the 
shadow  of  the  earth  two  hours ;  and  as  it  passes 
through  the  centre  of  the  shadow,  which  is  consi^ 
derably  darker  than  near  the  edges,  the  moon  is  mora 
completely  obscured. 

A  great  solar  eclipse,  visible  in  England,  will  take 
place  15th  May,  1836,  when  11^  18'  will  be  covered. 

Another  oonsiderable  eclipse  of  the  sun  will  occur 
15th  March,  1858,  when  11<>  30'  will  be  hidden. 

A  still  more  remarkable  eclipse  of  the  sun  will  take 
place  19th  August,  1887>  when  the  whole  of  the  disc 
will  be  covered  excepting  2^. 

A  total  eclipse,  without  continuance,  will  occur 
3d  February,  1P16.  The  apparent  diameters  wiU 
coincide,  and  for  an  instant  there  will  be  a  total  ccm-» 
cealment  of  the  sun's  li^t.  This  eclipse  will  be  the 
greatest  that  will  be  visible  in  England  fill  after  the 
year  of  our  Lord  2000. 

To  complete  the  above  view  of  the  solar  system,  it 
will  be  necessary  now  to  examine  another  class  of 
bodies,  differing  very  considerably  in  their  arrange- 
ment from  the  planets.  These  are  the  comets :  they 
generally  appear  attended  by  a  nebulous,  light,  either 
surrounding  them  as  a  comma,  or  stretched  out  to  a 
considerable  length  as  a  tail ;  and  they  sometimes 
seem  to  consist  of  such  light  only.  Their  orbits  are 
so  eccentric,  that  in  their  remoter  situations,  the 
comets  are  no  longer  visible  to  us,  although  at  other 
times  they  approach  much  nearer  to  the  sun  than 
any  of  the  planets ;  for  the  comet  of  1680,  when  in  its 
perihelion^  was  at  the  distance  of  only  one-sixth  of 
the  son's  diimieter  from  its  surface.  Their  tails  are 
often  of  great  extent,  appearing  aa  a  faint  light,  di- 
rected always'  towards  a  point  nearly  opposite  to  the 
sun :  it  is  quite  uncertam  of  what  substance  they 
consist ;  and  it  is  difficult  to  determine  which  of  th. 
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conjectures  respecting  them  can  be  considered  as  the 
least  improbable :  it  is  possible  that,  on  account  of 
the  intense  cold  to  whidi  the  comets  are  subjected  in 
the  greatest  part  of  their  revolutions,  some  sub- 
stances, more  light  than  any  thing  we  can  imagine  on 
the  earth,  may  be  retained  by  them  in  a  liquid,  or 
even  in  a  solid  form,  until  they  are  disengaged  by  the 
effect  of  the  sun's  heat.  But  we  are  sCill  equally  at  a 
loss  to  explain  the  rapidity  of  their  ascent ;  for  the 
buoyancy  of  the  sun's  atmosphere  cannot  possibly  be 
supposed  to  be  adequate  to  the  effect ;  and  on  the 
whole,  there  is,  perhaps,  reason  to  believe  that  the 
appearances  are  derived  from  some  cause  bearing  a 
considerable  analogy  to  the  fluid  supposed  to  be  con- 
cerned in  the  effects  of  electricity.  It  is  probable 
that  the  density  of  the  nucleus,  or  the  body  of  the 
comet  itself,  is  comparatively  small,  and  its  attraction 
for  the  tail  consequently  weak,  so  that  it  has  little 
tendency  to  reduce  the  tail,  even  if  it  consists  of  a 
material  substance,  to  a  spherical  form;  for  since 
some  comets  have  no  visible  nucleus  at  all,  there  is 
no  difficulty  in  supposing  the  nucleus,  when  present, 
to  be  of  a  very  moderate  density,  and  perhaps  to  con- 
sist of  the  same  kind  of  substance  as  constitutes  the 
tail,  or  comma,  in  a  state  of  somewhat  greater  con- 
densation. If,  therefore,  it  should  ever  happen  to  a 
planet  to  fall  exactly  in  tiie  way  of  a  «x>met,  of  which 
there  is  but  very  litUe  probability,  it  is  to  be  supposed 
that  the  inconvenience  suffered  bv  the  inhabitants  of 
the  planet  might  be  merely  temporary  aitd  local :  the 
chances  are,  however,  much  greater,  that  a  comet 
might  interfere  in  such  a  manner  with  a  planet,  as  to 
denect  it  a  little  from  its  course,  and  retire  again 
without  coming  actually  into  contact  with  it. 

The  number  of  comets  is  very  much  greater  than 
that  of  the  planets  which  move  in  the  vicinity  of  the 
•un.  From  the  reports  of  Termer  historians,  as  well 
as  from  the  observations  of  late  years,  it  is  ascertained 
that  more  than  four  hundred  and  fifty  have  been  seen 
previous  to  the  year  1771 ;  and  when  the  attention  of 
astronomers  was  called  to  this  subject,  by  the  expec- 
tation of  the  return  of  the  comet  of  1759^  no  fewer 
than  seven  were  observed  in  the  course  of  as  many 
years.  From  this  circumstance,  and  the  probabi- 
lity that  all  the  comets  recorded  in  ancient  authors, 
were  of  considerable  apparent  magnitude,  while  the 
smaller  were  overlooked;  it  is  reasonable  to  con- 
clude that  the  number  of  comets  is  considerably  be- 
yond any  estimate  that  might  be  made  from  the 
observations  we  now  possess.  But  the  number  of 
comets  whose  orbits  are  settled  with  sufficient  accu- 
racy to  ascertain  their  identity  when  they  may  appear 
again,  is  no  more  than  fifty-nfne,  reckonmg  as  late  as 
the  year  1771*  The  orbits  of  most  of  these  are  in- 
clined to  the  plane  of  the  ecliptic  in  large  angles,  and 
the  greater  number  of  them  approached  nearer  the 
sun  than  the  earth  ever  does.  Their  motions  in  the 
heavens  are  not  at  all  in  the  order  of  the  signs,  or  di- 
rect, like  those  of  the  planets ;  but  the  number  whose 
motion  is  retrograde,  is  nearly  equal  to  that  of  those 
whose  motion  is  direct. 

The  analogy  between  the  periodical  time  of  the 
planets,  and  tneir  distances  from  the  sun,  discovered 
by  Kepler,  takes  place  also  in  the  comets.  Hence, 
the  mean  distance  of  a  comet  from  the  sun  may  be 
found  by  comparing  its  period  with  the  tune  oi  the 
earth's  revolution  round  the  sun  :  thus,  the  period  of 
the  comet  that  appeared  in  1531,  1607,  1682,  and 
I759»l>eing  about  seventy-six  years,  its  mean  distance 


is  found  by  this  proportion :  as  the  square  of  one 
year,  the  earth's  periodical  time,  is  to  5776  the  square 
of  7^f  the  comet's  periodical  time ;  so  is  1,000,000 
the  cube  of  100,  the  earth's  mean  distance  from  the 
sun,  to  5,776,000,000  the  cube  of  the  comef  s  mean 
distance,  the  cube  root  of  which  b  1794,  the  mean 
distance  itself,  in  such  parts  as  the  mean  distance  of 
the  earth  contains  100.  If  the  perihelion  distance  of 
this  comet,  58,  be  taken  from  3588,  double  the  mean 
4istance,  we  shall  have  the  i4;^elion  distance  3530  of 
sudi  parts  as  the  distance  of  the  earth  contains  100  ; 
and  this  is  little  more  than  35  times  the  distance  of 
the  earth  from  the  sun.  By  a  like  method,  the  aphe- 
lion distance  of  ^e  comet  of  1680,  comes  out  138 
times  the  mean  distance  of  the  earth  from  the  sun* 
supposing  its  period  to  be  575  years;  so  that  this 
comet  in  its  aphelion,  goes  to  more  than  14  times  the 
distance  from  the  sun  that  Saturn  does. 

Comets,  in  describing  their  elliptic  orlnts  round 
the  sun,  have  been  found  to  be  disturbed  by  the  action 
of  the  larger  planets,  Jupiter  and  Saturn ;  but  the 
great  eccentricity  of  their  orbits  makes  it  impossible, 
in  the  present  state  of  mathematical  science,  to  assign 
the  quantity  of  that  disturbance  for  an  indefinite 
numlM^r  of  revolutions,  though  it  may  be  done  for  a 
limited  portion  of  time,  by  considering  the  orbit  as 
an  ellipsis,  the  elements  of  which  are  continually 
changing.  This  method  was  suggested  by  La  Grange, 
and  is  followed  in  the  MicmUque  Celeste.  Dr. 
Halley,  when  he  predicted  the  return  of  the  comet  of 
1682,  tooK  into  consideration  the  action  of  Jupiter, 
and  concluded  that  it  would  increase  the  periodic 
time  of  the  comet  a  little  more  than  a  year ;  he  there- 
fore fixed  the  lime  of  the  reappearance  to  the  end  of 
the  year  1758,  or  the  beginning  of  1759.  He  pro- 
fessed, however,  to  have  made  this  calculation  has- 
tily, or,  as  he  expresses  it,  kvi  calamo. — (SifnopHs  of 
the  Astronomy  of  Comets.) 

The  effects  both  of  Jupiter  and  Saturn,  on  the  re- 
turn of  the  same  comet,  were  afterwards  calculated 
more  accurately  by  Clairaut,  who  found  that  it  would 
be  retarded  511  days  by  the  action  of  the  former 
planet,  and  100  by  the  action  of  the  latter ;  in  con- 
sequence of  which,  the  return  of  the  comet  to  its 
perihelion  would  be  on  the  15th  of  April,  1759*  He 
admitted,  at  the  same  time,  that  he  might  be  out  a 
month  in  his  calculation,  llie  comet  actually  reached 
its  perihelion  on  the  13th  of  March,  just  thirty-three 
days  earlier  than  was  predicted;  affording,  in  this 
way,  a  ver>'  striking  verification  of  the  theory  of  gra- 
vity, and  the  calculation  of  disturbing  forces.  The 
same  comet  may  be  expected  again  about  the  year 
1835. 

In  some  instances,  the  effects  which  the  planets 
produce  on  the  motion  of  comets,  are  far  more  consi- 
derable than  in  this  example.  A  comet  which  was 
observed  in  1770,  had  a  motion  which  could  not  be 
reconciled  to  a  parabolic  orbit ;  but  which  could  be 
represented  by  an  elliptic  orbit  of  no  great  eccentri- 
city, in  which  it  revolved  in  \he  space  of  five  years 
and  eight  months.  This  comet,  however,  which  had 
never  been  seen  in  any  previous  revolution,  has  not 
been  seen  in  any  subsequent  one.  On  tracing  the 
path  of  this  comet,  Mr.  Buridiardt  found  that,  be- 
tween the  years  1767  and  1770,  it  had  come  veiy 
near  to  Jupiter,  and  had  done  so  again  in  1779.  He 
therefore  conjectured  that  the  action  of  Jupiter  may 
have  so  altered  the  original  orbit,  as  to  render  the 
comet  for  a  time  visible  from  the  earth ;  and  that  the 
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flame  cause  may  have  so  clianged  it»  after  one  revolu- 
tion, as  to  restore  the  comet  to  the  same  region  in 
i^ch  it  had  formerly  moved.  This,  if  a  true  con- 
jecture, is  the  greatest  instance  of  disturbance  which 
has  yet  been  discovered  among  the  bodies  of  our 
sjvitem,  and  fumisbes  a  very  happy  as  well  as  an  un- 
expected confirmation  of  the  theory  of  gravity. 

Though  the  comets  are  so  much  disturbed  by  the 
action  of  the  planets,  yet  it  does  not  appear  that  their 
re-action  produces  any  sensible  effect.  The  comet  of 
1770  came  so  near  to  the  earth  as  to  have  its  perio- 
dical return  accelerated  by  two  days ;  two  hundred 
and  Ibrty-six,  according  to  La  Place ;  and  if  it  had 
been  equal  in  mass  to  the  earth,  it  would  have  aug- 
mented the  length  of  the  year  by  not  less  than  two 
hours  and  forty-eight  minutes.  It  is  certain  that  no 
such  augmentation  took  place,  and  therefore  that  the 
disturbing  force  by  which  the  comet  diminished  the 
gravity  of  the  earth  is  insensible,  and  the  mass  of  the 
comet,  therefore,  less  than  1 -500th  of  the  mass  of  the 
earth.  The  same  comet  also  passed  through  the 
middle  of  the  satellites  of  Jupiter.  Hence,  it  is  rea- 
sonable to  conclude,  that  no  material,  or  even  sensible 
alteration,  has  ever  been  produced  in  our  system  by 
the  action  of  a  comet. 

M.  Fatio  has  suggested  that  some  of  the  comets 
have  their  nodes  so  very  near  the  annual  orbit  of  the 
earth,  that  if  the  earth  should  happen  to  be  found  in 
that  part  next  the  node,  at  the  time  of  a  comef  s  pass- 
n^  by,  as  the  apparent  motion  of  the  comet  will  be 
inaredibly  swift,  so  its  parallax  will  become  very 
sensible ;  and  the  proportion  thereof  to  that  of  the 
son  may  be  given ;  so  that  such  transits  of  comets 
will  afford  the  best  means  of  determining  the  distance 
of  the  earth  and  sun. 

The  only  other  comet  which  it  will  be  advisable  to 
notice  in  our  present  article  is  that  of  Biela,  the  one 
whidi  is  now  (November,  1832)  generally  expected. 
Lord  Byron,  whose  vmtings  bespeak  more  of  true 
poetry  than  scientific  knowledge,  characterises  one 
of  diese  "  wandering  planets"  as 

'*  A  patHen  comet  and  a  curBe, 
The  menace  of  the  nnlvene." 

We  mention  the  singular  mistake  implied  in  the 
above  line,  as  a  similar  one  has  been  committed  by 
many  others  as  well  as  the  noble  poet.  Now  a 
reference  to  the  comet  of  Biela  will  show  that  the 
path  and  period  of  a  comet  may  be  calculated  on 
with  great  precision.  It  was  particularly  noticed  by 
the  astronomer  from  whom  it  takes  its  name,  on  the 
27th  of  February,  1826,  and  on  examining  its  ele- 
ments in  connection  wiUi  the  preceding  comet,  it  was 
found  that  they  must  be  one  and  the  same.  An 
anomaly  however  appeared  in  the  period  of  revolu- 
tion, which  in  one  of  its  returns  was  completed  in 
2460  da3rs,  and  in  the  other,  2469  days ;  this  in- 
ef{uality  was  found  to  be  owing  to  the  action  of  the 
planet  Jupiter,  near  which  it  had  passed. 

Proceeding  onward,  to  the  more  distant  regions  of 
space,  we  come  to  ibi^  fixed  aUxn,  Prior  to  a  notice 
of  0ieir  classification,  however,  a  few  preliminary  re- 
marks will  best  explain  their  nature  and  arrangement. 

The  fixed  stars  are  farther  distant  from  the  earth 
than  the  farthest  of  the  planets ;  as  we  frequently  find 
tile  fixed  stars  hid  behind  the  most  distant  of  those 
bodies ;  and  they  are  supposed  to  have  no  parallax, 
which  the  planets  have.  It  is  inferred  that  the  fixed 
stars  are  greater  than  our  earth ;  for  if  that  was  not 


the  case,  they  could  not  be  visible  at  such  an  im-^ 
mense  distance. 

It  is  evident,  also,  that  the  fixed  stars  shine  with 
their  own  light ;  for  they  are  much  farther  from  the 
sun  than  the  remotest  planet,  and  appear  much 
smaller;  but  since,  notwithstanding  this,  they  are 
found  to  shine  much  brighter  than  such  planet,  it  b 
evident  they  cannot  borrow  their  light  from  the  same 
source. 

Astronomers  divide  the  heavens  into  threeregions ; 
a  northern  and  a  southern  hemisphere,  and  the  zodiac. 
Stars  of  various  magnitudes  are  seen  in  all  these  re-r 
gions,  and  are  classed  into  what  are  called  constella- 
tions, or  systems  of  stars,  according  as  they  lie  near 
one  another,  so  as  to  occupy  those  spaces  which  the 
figures  of  dififerent  sorts  of  animals  would  take  up,  if 
they  were  delineated  on  what  appears  to  be  the  con- 
cave surface  of  the  heavens.  Those  stars  which  the 
ancients  could  not  bring  into  any  particular  constelr 
lation,  they  called  unformed  stars,  but  most  of  these 
are  comprehended  in  the  new  constellations  of  the 
modems. 

This  mode  of  dividing  the  stars  into  different  con- 
stellations, serves  to  arrange  them  in  such  a  manner 
that  any  particular  star  may  be  readily  found  in  the 
heavens  by  means  of  a  celestial  globe,  on  which  the 
constellations  are  so  delineated  as  to  put  the  most 
remarkable  stars  into  those  parts  of  the  figures  which 
may  be  most  easily  pointed  out.  This  may  be  illus- 
trated by  a  reference  to  the  classification  already 
alluded  to. 
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UUiona  of  the  Zodiac, 

principal  start 

Conttel- 

No.  of 

'                and  their 

lationa. 

Stan. 

magnitudo. 

Aries 

.     66 

Taurus  . 

.  140 

Aldebaran 

1 

Gemini  . 

.     85 

Castor  1,  Pollux 

2 

Cancer   . 

.     83 

Leo 

.     95 

Regulus 

1 

Virgo      . 

.  110 

Spica  Virginis    . 

1 

Libra     . 

.     61 

Zubenich  Meli  . 

2 

Scorpio  . 

.     44 

Antares     . 

1 

Sagittarius 

.     69 

Capricomus    . 

.     61 

Aquarius 

.   108 

Scheat 

3 

Pisces     . 

.  112 

ConateUaiums  ot 

I  the  north  nde  of  the  Zodiac. 

Ursa  Minor    . 

.     24 

Stella  Polous     . 

2 

Ursa  Major    . 

.    87 

Dubhe 

1 

Cassiopeia 

.     55 

Perseus  . 

4 

.     59 

Algenib 

3 

Auriga   . 

.     56 

Capella 

1 

Bootes    . 

.     54 

Arcturus    . 

Draco 

.     60 

Rastaben  . 

Cepheus 

.     35 

Alderamin 

Canes  Venatici,  viz. 

.  V  25 

Asterion  and  Chara 

Cor  Caroli 

.       3 

Triangulum 

.     16 

Triangulum  Minus 

.       5 

Musca    . 

6 

Lynx 

.     44 

Leo  Minor 

.     24 

Coma  Berenicis 

.     40 

Camelopardalus 

.     58 

Mons  M(Bnalus 

.     11 

Corona  Boreal  is 

.     21 
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Stan. 

rnoupai  Bun 
and  their 
magnitudes. 

Serpens  .... 

60 

Scutum  Sobieeki     . 

8 

Hercules,  cum  Ramo  et 

Cerbero 

113 

Ras  Algethi 

3 

Serpentarius  sive  Ophui- 

chus    .... 

67 

Ras  Alhagus 

2 

Taurus  Poniatowski 

7 

Lyra       .... 

22 

Vega 

1 

Vulpecula  et  Anser 

37 

Sagitta   .... 

18 

Aquila    .... 

40 

Altair 

1 

Delphinus 

18 

Cygnus  .... 

73 

Deneb  Adige     . 

1 

Equulus 

.     10 

I^iacerta 

16 

Pegasu^ 

85 

Markab 

2 

Andromeda     . 

66 

Almaach    . 

2 

Constellations  on  the  south  side  of  the  Zodiac. 

Phoenix  . 

.     13 

Officina  sculptoria  . 

.     12 

Eridanus 

,    76 

Achemer  . 

1 

Hydrus  .... 

,     10 

Cetus      .... 

.     80 

Menckar   . 

2 

Fornax  Chemica 

.     14 

Horologium    . 

.     12 

Reticulas  Rhomboidalis 

.     10 

Xiphias  . 

.       7 

Cela  Praxitelis 

.     16 

Lepus     . 

.     19 

Columba  Noachi     . 

.     10 

Orion     . 

.    78 

Betelgeux  . 

1 

Argo  Navis     . 

.     60 

Canopus    . 

1 

Canis  Major   . 

.     30 

Sirius 

1 

Equuleus  Pictorius 

8 

Monoceros 

.     31 

Canis  Minor  . 

.     14 

Procyon    , 

1 

Chamaeleon    . 

.     10 

Pyxis  Nautica 

4 

Piscis  Volans 

8 

' 

Hydra    . 

.     60 

Cor  Hydra 

1 

Sextans  . 

4 

Robur  Carolinum    . 

.     12 

Machina  Pneumatica 

.       3 

Crater    . 

.     11 

Alkes 

3 

Corvus   . 

9 

Algorab     . 

3 

Crux 

6 

Crucis 

1 

Musca    . 

4 

Apus 

.     11 

• 

Circinus 

4 

• 

Centaurus 

.     36 

Lupus    . 

.     24 

Quadra  Euclidis 

.     12 

Triangulum  Australe 

.       6 

Ara 

9 

Telescopium    . 

9 

Corona  Australis     . 

.     12 

Pavo 

.     14 

Indus     .... 

12 

icroscopium 

.     10 

Octans  Hadleianos 

.     43 

Grus       .... 

14 

, 

Toucan  .... 

9 

■ 

Piscis  Australis 

20 

Tomachaut 

The  stars  vary  very  materially  in  their  apparent 
magnitude  and  number  at  different  periods  of  tune. 
Tlie  first  new  star  that  we  have  any  good  account 


of,  was  discovered  by  Cornelias  Gemma,  in  1672>  la 
the  chair  of  Cassiopeia.  It  surpassed  Sirius  in 
brightness  and  magnitude ;  and  was  seen  for  sixteen 
months  successively.  At  first,  it  appeared  larger  than 
Jupiter,  and  then  it  gradually  diminished  both  in 
magnitude  and  lustre,  until  1673,  when  it  became 
invisible. 

On  the  13th  of  August,  1696,  David  Fabricius  ob- 
served the  Stella  Mira,  in  the  neck  of  the  whale ;  which 
has  since  appeared  and  disappeared  periodically. 

In  the  year  1600,  William  Jansenius  discovered  a 
changeable  star  in  the  neck  of  the  swan ;  which,  in 
time  became  so  small  as  to  be  thought  to  disappear 
entirely;  till  the  year  1667,  when  it  recovered  its 
former  lustre  and  magnitude. 

In  the  year  1604,  Kepler  and  several  of  hb  friends 
saw  a  new  star  near  the  heel  of  the  right  foot  of  Ser- 
pentarius, so  bright,  that  it  exceeded  any  thing  they 
had  ever  seen  before;  and  they  state,  that  it  was 
ever}'  moment  changing  into  some  of  the  colours  of 
the  rainbow,  except  when  it  was  near  the  horizon,  at 
which  time  it  was  generally  white.  It  surpassed 
Jupiter  in  magnitude.  It  disappeared  between  Octo- 
ber 1606,  and  the  February  following,  and  has  not 
been  seen  since  that  time. 

In  July  1670,  Hevelius  discovered  a  new  star, 
which  was  scarcely  perceptible  in  October.  In  April 
following,  it  still  retained  its  lustre,  but  wholly  dis- 
appeared in  August.  In  March  1672,  it  was  seen 
again,  but  very  small ;  and  has  not  been  visible  since. 
It  may  be  proper  to  add,  that  the  star  Algol,  in  the 
space  of  rather  more  than  two  days,  changes  froia 
the  second  to  the  fourth  magnitude. 

M.  Maupertuis,  in  his  IHssertatum  on  the  Figuret 
of  the  Celestial  Bodies,  is  of  opinion,  that  some  stars, 
by  their  prodigious  swift  rotation  on  theu*  axis,  may 
not  only  assume  the  figures  of  oblate  spheroids,  but 
that  by  the  great  centrifugal  force  arising  from  such 
rotations,  they  may  ultimately  attain  the  figure  of  a 
milUstone,  or  be  reduced  to  flat  circular  planes,  so 
thin,  as  to  be  quite  invisible  when  their  edges  are 
turned  towards  us,  as  Saturn's  ring  is  in  such  a  po- 
sition. But  when  very  eccentric  planets,  or  comets, 
go  round  any  flat  star  in  orbits  much  inclined  to  its 
equator,  the  attraction  of  the  planets,  or  comets,  in 
their  perihelions  must  alter  the  Inclination  of  the 
axis  of  the  star ;  on  which  account  it  will  appear 
more  or  less  large  and  luminous,  as  its  broad  side 
is  more  or  less  towards  us.  And  thus  he  imagines 
we  may  account  for  the  apparent  changes  of  magni- 
tude and  lustre  of  those  stars,  and  likewise  for  their 
appearing  and  disappearing. 

Dr.  Herschel's  success  in  examining  the  milky- 
way  with  his  great  instrument,  induced  him  to  turn 
his  telescope  to  the  nebulous  parts  of  the  heavens. 
Most  of  tnese  yielded  to  a  Newtonian  reflector,  of 
twenty  feet  focal  distance,  and  twelve  inches  aper- 
ture ;  and  he  ascertained  that  they  were  composed  ot 
stars,  or  at  least  contained  stars,  and  afforded  very 
strong  indications  of  their  consisting  of  them  en- 
tirely. "  The  nebula,"  says  he,  "  are  arranged  into 
strata,  and  run  on  to  a  great  length,  and  some  of 
them  I  have  been  able  to  pursue,  and  to  guess  pretty 
well  at  their  form  and  direction.  It  b  probable 
enough  that  they  may  surround  the  whole  starry 
sphere  of  the  heavens,  not  unlike  the  milky-way, 
which  undoubtedly  is  nothing  but  a  stratum  of  fixed 
stars ;  and  as  this  immense  starry  bed  is  not  of  equal 
lustre  in  every  part,  nor  runs  in  one  straight  direc- 
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tku.  but  is  corred,  and  evcD  divided  into  two  sbcsnu 
tioag  K  very  considerable  portion  of  it ;  we  m«y  Hke- 
wiae  Expect  the  greatest  variety  in  the  strata  of  the 
cluster  of  the  stais  and  nebulB.  One  of  these  ne- 
balooB  beds  ia  so  rich,  that  in  passing  through  ■ 
section  of  it  in  the  time  of  only  thirty-sii  minutes,  I 
have  detected  no  less  than  thirty-one  nebnlK,  all  die- 
tinctly  Tisible  apon  ■  fine  blue  gky.  Heir  situation 
and  shape,  as  well  as  condition,  seem  to  denote  the 
greatest  variety  imaginable.  In  another  stiatDm,  oi 
pertiaps  a  different  branch  of  the  former,  I  have  often 
•een  double  and  treble  nebute  variously  arranged  j 
large  ones,  with  small  seeming  attendants ;  narrow, 
but  mnch  extended  lucid  nehube,  or  bright  da^es ; 
■ome  of  the  ^pe  of  a  fan,  resembling  an  electric 
bnish  issuing  from  a  lucid  pomt ;  others  of  the  co- 
metic  shape,  with  a  seeming  nadeos  in  the  centre, 
or  like  cloudy  stars,  surronnded  with  a  nebuious  at- 
raoapherei  a  different  sort  of  orb  again,  containing  a 
nebnloBity  of  the  milky  kind,  like  those  wonderful,  in- 
aplicable  phenomena  aboat  Orioois ;  nbile  others 
show  with  a  funter  mottled  kind  of  light,  which  de- 
notes  their  being  resolvable  into  stan." 

One  of  the  remarkable  nebalous  appearances  ob- 
•erved  by  Dr.  Her«chel,  is  delineated  in  the  accom- 
panying wood  cut.  It  is  taken  from  Orion,  and  does 
itot  of  coarse  come  withio  the  power*  of  a  small 


Hnyfens  considered  the  view  he  had  of^iis  a 
kMity  as  similar  to  that  arising  from  a  curtain  being 
rataed,  and  the  obserrer  piercing  into  an  ocean  of 
light,  of  which  the  waves  were  irregular.  '      —    ' 

The  stars  of  the  firmament  are  said  to  be  fixed, 
bicaose  they  have  been  generally  observed  to  pre- 
serve the  same  distance  from  each  other :  they  do 
■ot  all  ^>peAr  to  us  of  the  same  magnitude,  whether 
tfaey  are  really  different  in  site  one  from  die  other, 
or  whether  they  appear  so  to  us  in  conseqaence  of 
tbdr  diftrent  distances.  It  b  probable  that  both  these 
caaae*  operate  to  display  the  fixed  stars  of  snch  va- 
riova  magnitudes.  Be  this  as  it  may,  astronomers 
fa«*e  agreed  in  distributing  the  fixed  stars  into  six 
diffcfcnt  classes,  according  to  their  relative  magni- 
tude, independent  of  those  small  stars  vriiich  com- 
pose the  white  and  brilliant  spaces  In  the  heavens, 
^hieh  are  denconiaated  nebolie,  and  that  bright  band 
vhieh  extends  acroas  our  hemisphere,  and  which 
&1IB  ita  lucid  appearance  is  termed  the  milky-way. 
IVmc  which  are  distinctly  visible  ore  fewer  in  num- 
ber tban  might  be  supposed.  Hie  British  catalogue, 
wUd>i  beaides  the  stars  visible  to  the  naked  eye, 
indiKke  a  great  nomber  which  cannot  be  seen  with- 

tbaa   diree   tbonsand   in   both   hemispheres.     The 
■■■ber  of  ftars  discoverable,  in  either  hemisphere. 


s  not  above  a  thousand.    From 

0  Judge  by  computation  and  ob- 
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by  the  naket 

what  we  are  able  ti   _     _      , 

servation,  it  is  concluded  that  none  of  the  fixed  si 

be  at  a  less  distance  than  32,000,000.000,000  of 
miles  from  us,  which  is  farther  than  a  cannoa-ball 
wmild  fly  in  7,000,000  of  years. 

'    pursuance  of  our  plan  as  already  arranged,  we 

t  now  proceed  to  the  subject  of  practical  oftro- 

f.     Ul^er  this  head  it  will  be  necessary  in  the 
instance  to  describe  the  simplest  sort  of  astrO' 

lical  instruments,  commencing  with  the  fl 
This  is  a  ve- 
ry important,  f 
•    at    the  ^ 

che^>    piece  ; 

of  apparatus, 
iJiough  in 
large  obser- 
vatories it  b 
but  tittle  em- 
ployed. It  is 
shown  in  the 
engraving, 
mounted  on 
a  circular  pil- 
lar/,whtdi  is 
supported  by  f1 

resting  on 
three  ^  foot- 
screws.  The 
quadrant,  n, 
uie  piltai,and 
tlie  horizon- 
tal rircle,  aU 
revolve  round 


A  telescope  b 

E laced  on  the 
orizontal  ra- 
dius, and  b 

directed  to  a  meridian  mark,  prerionsly  made  on 
some  dUtont  object  for  placing  the  plane  of  the 
instrument  in  the  meridian,  and  also  for  setting  tiie 
zero,  or  beginning  of  the  scale,  exactly  horizontal. 
llib  a  sometimes  done  by  a  level,  instead  of  a  tele- 
scope, snd  sometimes  by  a  pinmb-line,  i,  suspended 
from  near  the  centre,  and  brought  to  bisect  a  fine 
dot  made  on  the  limb,  where  a  nucroscope.  a,  is 
placed,  to  examine  the  bisection.  The  weight  or 
plummet,  at  the  end  of  the  plumb-line,  is  suspended 
in  a  small  cistern  of  water,  o,  which  keeps  it  from 
being  a^tated  by  the  air.  A  similar  dot  is  made 
for  Qie  upper  end  of  the  plumb-line,  upon  a  piece  of 
brass,  adjustable  by  a  screw,  p,  in  order  that  the  line 
may  be  exactly  at  right  angles  with  the  telescope, 
when  it  is  placed  at  0°.  The  central  part  of  the 
frame  of  the  quadrant  is  screwed  to  a  piece  of  brass,  k, 
by  three  screws,  and  thb  piece  is  again  screwed  by 
three  other  screvrs  at  the  top  of  the  pillar,  /.     By 

IS  of  the  three  first  screws,  the  plane  of  the 
quadrant  can  be  placed  exactly  parallel  to  the  vertical 
axis,  and  by  the  other  screws  the  telescope  can  be 
placed  exactly  perpendicular  to  it  The  nut  of  the 
delicate  screw.  A,  b  attached  by  an  universal  joint  to 
the  end  of  the  telescope.  The  collar  for  the  other 
end  b  attached  by  a  similar  joint  to  a  clamp,  I,  which 

be  fiMteoed  to  any  part  of  the  limb.    A  similar 
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pretented  in  die 
accompanying  fi- 
gure, where  t  u 
an  achromatic 
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In  order  to  fix  the  traoait  inatrument  exactly  in  Qi 
meridian,  the  observatory  clock  should  be  previously 
regulated  to  sidereal  time,  by  means  of  corresponding 
or  equal  altitudes  of  the  sun  or  a  star,  taken  before 
and  alter  they  pass  the  meridian,  by  email  quadrants 
or  circles,  or  by  a  good  sextant.  The  axis  of  the 
transit  is  then  to  be  placed  horizontal,  by  meant  of  a 
spirit  level  which  accompanies  the  instrument,  and 
the  greatest  care  must  be  taken  that  the  axis  of 
vision  deacribea  in  the  heavens  a  great  circle  of  the 
sphere. 

The  inatromenta  we  have  now  been  describing, 
though  of  considerable  value  to  the  practical  astro- 
nomer, are  unfitted  for  aome  of  the  most  important 
observations  he  will  be  called  upon  to  make.  On 
this  account  we  proceed  to  deecribe  a  very  important 
piece  of  apparatus,  combining  in  itself  a  variety  of 
ioatrumeuts,  and  one  that  is  well  fitted  for  a  private 
observatory. 

When  a  simple  telescope  monnted  on  a  stand,  is 
elevated  to  view  any  heavenly  body  at  the  moment  of 
ita  meridian  passage,  the  observed  body  appears  to 
pass  horizontally  across  the  field  of  view,  but  in  any 
other  situation  to  the  east  or  west  of  the  meridian, 
the  apparent  passage  of  the  body  through  the  field 
of  view  is  in  an  oblique  direction,  and  the  more  so 
the  greater  the  declination  towards  the  visible  pole, 
and  also  the  greater  the  distance  from  the  meridian 
line.  Hence,  the  motion  of  the  simple  telescope, 
which  moves  in  a  circle  parallel  to  the  horizon,  when 
turned  round  on  its  vertical  axis,  will  never  coincide 
with  the  motion  of  a  heavenly  body  that  moves  cither 
in  the  equator,  or  in  a  circle  parallel  to  it ;  unless 
indeed  the  observer  could  stand  at  one  of  the  poles, 

which  case  the  equator  would  become  the  horizon, 
and  circles  of  altitude  would  be  also  circles  of  decli- 
n.  But  no  observer  can  be.  so  circumstanced. 
He  may,  however,  incline  the  axis  of  motion  of  hia 
telescope,  so  as  to  be  placed  in  the  meridian,  and 
eiactiy  parallel  to  the  earth's  axis,  and  then  when 
the  field  of  view  is  directed  to  take  in  any  heavenly 
body,  the  motion  of  the  telescope  round  aach  axis, 
supposing  it  to  be  fixed,  will  attend  the  said  body 
during  the  remainder  of  its  path  above  the  horizon. 
Accordingly  we  find  Christopher  Schelner  using  a  te- 
lescope mounted  on  a  polar  axis,  in  1620,  whidi  wqs 
soon  after  the  time  that  Galileo  invented  the  simple 
dioptric  telescope ;  and  though  Muller  contrived  his 
torquet,  a  kind  of  portable  equatorial,  in  1544.  yet 
the  idea  of  Scheiner's  polar  axis  most  likely  sng- 
gested  to  the  modem  instrument-makers  the  beat 
principle  on  which  an  equatorial  instrument,  as  wdl 
as  the  equatorial  sector,  ought  to  be  constructed. 
By  the  use  of  Scheiner's  contrivance,  an  observer 
could  follow  a  star  or  other  heavenly  body  through 

diurnal  arc,  but  it  had  no  appendages  to  ascertain 
the  place  of  the  observed  body,  as  to  rigbt  ascensioD, 
decimation,  distance  from  the  meridian,  £[c. ;  neither 
could  the  telescope  be  directed  to  a  body  invisible  to 
the  naked  eye. 

Mr.  Henry  Hindlev,  an  eminent  clock-maker  at 
York,  was  probably  the  first  man  who  contrived  and 
attached  the  different  adjustable  circles  as  compa- 

ns  to  the  telescope.     Mr.  Smeaton,  in  his  p^>er 

the  Graduation  iff  Attnaumical  iiwfmaen/t,  read 
before  the  Royal  Society,  November  17,  1785,  states 
that  Hindley  contrived  an  bstrument  of  the  equatorial 
kind  ao  eaily  as  1741.  This  instrument  had  the 
equatorial  plate,  quadrant  of  latitude,  and  declination 
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Mmi-circle  indented  at  the  ciKnmfereace,  and  moved 
by  worm-BCrewB,  containing  fifteen  threads  each,  all 
in  actirai  together ;   which  acrewa  at  the  same  time 


a  micrometer  screws,  the  angular  motions, 
"nu  lele«cope  was  of  the  refracting  liiud,  and  inverted 
the  object  viewed-  "  It  staid  with  me,"  says  Mr. 
Smealon.  "  two  years,  in  which  time  I  showed  it  to 
all  my  mechanical  and  philosophical  friends,  amongst 
whom  was  Mr-  Short,  who  afterwards  published,  in 
the  Philoivphicai  2Vawnc/i<Hu,  an  accoant  of  a  port- 
alile  observatory,  but  without  claiming  any  particular 
■writ  for  the  contrivance." 

Hr.  Short  placed  his  reflecting  telescope 
system  of  gradoated  circles,  and  he  has  generally 
btai  considered  aa  tlie  first  contriver  of  the  equato- 
lial  instniment,  though  it  appears  evident  from  Mr. 
Smeaton's  account  ^iat  Hlndley's  instrument  was 
Hnoewfaat  prior  to  tus. 

We  come  now  to  Mr.  Tronghton,  who  constructed 
an  eqUBtarial  instniment  sufficiently  large  to  be 
placed  in  aa  observatory  for  the  purpose  of  making 
Bsefiil  obserratianB.  This  iogeniDus  artist  contrived 
many  modifications  of  the  instramait,  but  the  port- 
able equatorial  instrument,  invented  by  Mr.  Fayrer, 
•rill  require  a  more  particular  description,  as  its  price 
wilj  admit  of  its  general  use  in  private  obaervatorie*. 
Thk  inatnunent  differa  from  its  predecessors  chiefly 
in  these  respects ;  it  luu  no  azimuth  circle  fixed  in  a 
pefmaoently  horizontal  position ;  it  lias  its  equatorial 
circle  divided  into  d^;rees  and  also  into  time,  with 
two  vemiera  reading  at  opposite  points,  one  vernier 
reads  to  the  accuracy  of  30r  of  space,  and  the  other 
to  If  ot  time ;  tliiB  drcle  has  a  long  axis  passing 
tlauagb  %  tube,  so  that  it  may  be  placed  in  a  hori- 
natal  direction  by  its  axis  bang  placed  firmly  verti- 
al,  im  which  sitoatioa  it  Incomes  an  azimuth  circle; 
the  tekacope  is  fixed  on  the  end  of  the  axis  of  the 
df<H [notion  circle.  This  position  allows  any  eleva- 
tion of  the  telescope  that  may  be  reqtiired,  and  keeps 
(bt  oboerver's  eye  at  a  distance  frran  the  other  pans 
of  the  infltmment,  but  injures  the  uniformity  of  the 
appearance  of  the  instrument  as  a  whole  i  the  levels 
are  applied,  one  on  the  common  axis  of  the  tele- 
Kope  and  declination  circle,  and  the  other  at  right 
angles  thereto,  as  a  chord  to  the  declination  circle ; 
and  lastly,  the  declination  circle  is  complete,  with 
ofipoBite  verniers  reading  to  about  twenty  or  tiiirty 
•econds,  according  to  the  dimensions  of  the  graduated 

Fitm  such  a  construction  it  is  easy  to  perceive  that 


o  the  opposite  verniers,  which  property 
gnatij  ensures  the  accuracy  of  the  adjustment. 
AAcr  these  previous  remarks,  it  will  suffice  to  give  a 
brief  detail  of  the  parts  of  this  instrument,  as  repre- 
•ented  in  the  accompanying  figure. 

The  adjustment  screws  are  shown  at  a.  The  tri- 
sngnlar  frames,  b,  are  fixed  firmly  to  the  circular 
Btand.  and  support  the  pivots  of  the  horiionta]  axis. 
round  wbich  the  tube  c  moves.  At  the  summit  of 
the  triangular  frame  i,  is  an  adjustable  or  sliding 
part,  like  that  of  a  transit  instrument,  by  which  the 
tdescopc  may  be  adjusted  in  the  meridian,  when  pre- 
lioaaly  placed  nearly  so  by  the  feet.     The  graduated 


Tbe  posterior  -pivot  of  tlie  horizontal  a=is,  bonw 
by  the  triangular  bars,  projects,  and  has  firmly  at- 
tached to  it  the  qnadrantal  piece,  r,  partly  hidden 
from  sight  in  our  view  of  the  instrument ;  this  qnad- 
rantal piece  is  graduated,  and  reads  by  a  vMnier  aa 
minutelv  as  the  other  circles ;  it  serves  to  set  the 
equatorial  axis  parallel  tb  the  earth's  axis,  in  whidi 
situation  it  may  be  clamped  faat_,  as  well  as  in  a  ver- 
tical, or  indeed  in  any  otiier  position,  by  a  clamping- 
out  of  sight  in  the  present  position,  applying  to 
the  quadranlal  arch ;  the  declination  circle  is  shewn 
at/,  with  ita-horizontal  axis  resting  on  a  pair  of  verti- 
cal supports,  carried  by  the  upper  end  of  the  pcrfsr 
axis,  that  passes  through  the  tube  c,  so  that,  when  the 
telescope,  attached  to  the -axis  of  the  declination  cir- 
cle, has  any  horizontal  or  rather  oblique  motion,  the 
other  circle  moves  with  it,  and  indicates  the  distance 
moved  along  the  equator,  or  in  a  circle  parallel  to  it. 
The  double  vernier  bar  is  on  the  posterior  place  of 
the  declination  circle,  and  may  therefore  be  viewed 
after  an  observation  without  danger  of  altering  the 
position  of  the  telescope.  The  level  on  the  dedina- 
tion  axis  may  be  conveniently  adjusted  by  turning 
the  drcle  half  round,  and  by  making  the  bubble  keep 
the  middle  of  the  tube  in  both  situations,  which  may 
he  done,  partly  by  the  screws  a,  and  partly  by  the 
screws  of  rectification  of  the  level  itself ;  and  zero  of 
the  declination  circle  may  be  put  tc 


circle,  wbich  may  be  either  an  equatorial  or  azimuth    niers  when  the  circle  is  truly  placed  ii 
circle,  accordingly  ■■  it 
sttel  axis  nicely  fitted  t 
required  position  with 


n  horizontal 


■  inclined  or  vertical,  has  a   positioiQ,  in  which  situation  also  zero  of  the  quadrant 
revolve  in  the  tube  in  any    e,  must  coincide  with  the  z 


spect  to  the  horizon ;  but ' 


thus  constructed,  will  possess  al   the  vi 
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nous  powers  ascribed  to  a  portable  equatorial,  com- 
bined witb  the  other  instruments. 

We  have  now  to  furnish  an  account  of  the  most 
important  astronomical  instrument  which  the  inge- 
nuity and  mechanical  skill  of  thb  country  has  pro- 
duced ;  we  allude  to  the  great  circle  of  Mr.  Ramsden, 
which  has  been  very  fully  described  by  Piazzi.  It  is 
represented  in  our  Plate,  Astronomy,  jS^.  1.  The 
vertical  axis  of  this  instrument  is  composed  of  various 
parts,  which  revolve  together,  and  which  may  be  con- 
sidered, when  nrmly  united,  as  one  piece ;  at  the  lower 
end  is  a  cone,  I,  inverted,  the  smallest  diameter  of 
which  is  five  inches,  where  it  is  attached  to  the  azi- 
muth or  horizontal  circle  with  a  series  of  conical  radii, 
and  the  greatest  diameter  is  14.2,  where  it  is  fixed  to 
the  oblong  stage  of  brass,  A ;  which  stage  is  further 
strengthened  by  suspension  pieces,  at  tibie  four  cor- 
ners. The  azimuth  circle  is  three  feet  in  diameter, 
divided  into  180^  twice  over,  and  each  of  the  degrees 
again  into  ten  subdivisions  of  6'  each.  Tlie  extreme 
inferior  end  of  the  axis,  below  the  azimuth  circle,  is 
a  small  cone  of  hard  steel.  On  the  stage  A,  are 
fastened  four  strong  brass  pillars,  indicated  by  the 
letters  C  C  C  C,  and  placed  near  the  comers  of  the 
stage.  Above  the  superior  ends  of  these  four  pillars, 
18  another  stage,  B,  of  similar  dimensions,  in  the  cen- 
tre of  which  is  a  tube,  which  constitutes  the  upper 
pivot  of  the  axis ;  at  each  side  of  the  central  tube  of 
this  upper  stage,  is  an  opening  which  nearly  divides 
the  stage  in  two,  except  at  the  middle  and  two  extreme 
edges,  which  edges  are  made  firm  by  lateral  connecting 
pieces ;  the  use  of  the  open  parts  of  the  upper  stage 
IS  to  admit  the  object  end  of  the  telescope,  to  view 
stars  near  the  zenith. 

The  two  large  pillars,  each  7  feet  high,  and  4  inches 
diameter,  ascending  from  marble  bases  on  the  floor  of 
the  observatory,  and  terminating  with  a  large  arch, 
which  connects  their  superior  ends,  constitute  a  part 
of  the  superior  support  of  the  vertical  axis ;  two  similar 
pillars,  omitted  in  the  engraving,  also  rest  on  the 
marble  base  at  right  angles  to  the  above.  At  the  top 
of  the  arches,  a  cross  or  piece  of  four  straight  bars, 
is  screwed  to  the  four  upper  portions  of  the  arches, 
and  a  hole  in  die  centre  of  this  uppermost  cross 
piece  neceives  tiie  tubular  pivot  of  the  vertical  axis. 
The  lower  support  of  the  vertical  axis  consists  of  three 
concentric  circles  of  iron,  laid  one  over  another  on 
friction  rollers ;  the  uppermost  of  which  bears  the 
inferior  pivot  of  the  axis,  and  the  other  two  have  each 
an  adjustable  motion,  one  from  east  to  west,  and 
the  oUier  from  north  to  soutii.  These  are  moved 
by  handles  attached  to  fine  screws,  which  screws 
acting  as  pressing  points,  move  the  large  iron  circles 
in  their  respective  directions,  when  the  axis  is  to  be 
placed  exactly  perpendicular  to  a  horizontal  line  drawn 
m  any  azimuth.  M  is  a  mahogany  circle  attached 
to  the  uppermost  iron  circle ;  on  this  circle  of  wood 
is  placed  a  balustrade  of  metal,  R  R,  composed  of  a 
superior  and  inferior  large  ring,  each  being  three  feet 
in  diameter^  connected  by  twenty  cylindrical  pillars, 
each  of  one  inch  diameter,  and  13  inches  high  ;  this 
balustrade  defends  the  azimuth  circle,  and  serves  to 
give  either  a  slow  or  quick  motion  from  it  to  the  axis 
of  the  instrument,  by  means  of  the  clamping  mechan- 
ism, connected  with  an  universal  joint,  of  which  the 
handle  Q  only  is  seen  in  the  figure.  The  microscopic 
micrometer,  N,  which  reads  off  the  graduations  of 
the  azimuth  circle,  is  also  carried  between  two  of  the 
pillars  of  this  balustrade,  together  with  the  subjoined 


reflector  of  silver  for  the  illumination  of  the  dividing 
marks  of  the  azimuth  circle  :  the  field  of  view  of  the 
compound  microscope  contains  but  a  very  small  space 
of  the  image  of  the  divided  limb ;  it  was  therefore 
found  necessary,  not  only  to  mark  every  degree  with 
ten  successive  Arabic  numerals,  and  also  each  tenth 
space,  with  larger  numerals  of  the  Roman  character, 
but  also  to  insert  points  for  discriminating  the  ten 
subdividing  lines,  which  are  counted  0, 1,  2,  3,  &c., 
the  distance  between  each  of  which,  we  have  already 
said  is  &,  therefore,  die  corresponding  values  are  <f, 
6',  12',  18',  24',  &c.  up  to  a  degree,  as  read  without 
the  aid  of  the  micrometer. 

The  compound  microscope,  N,  has  the  mechanism 
of  the  micrometer,  in  the  point  where  the  focus  ot 
the  eye-glass,  or  perhaps  we  should  rather  say,  where 
the  united  foci  of  the  glasses  of  the  compound  eye- 
piece meet  the  image  of  the  subdivisions  of  the 
limb,  as  formed  in  the  tube  by  the  object-lens ;  this 
mechanism  is  rather  complex,  and  cannot  be  very 
clearly  apprehended,  perhaps,  by  a  mere  verbal  de- 
scription ;  it  consists  of  two  parallel  horizontal  plates 
of  metal,  having  each  an  oblong  hole  along  its  mid- 
dle, the  upper  one  of  brass  and  ^at  lower  of  steel ;  the 
brass  one  is  divided  into  ten  spaces  of  each  1',  counted 
each  way  from  zero,  which  is  a  point  in  the  middle, 
and  is  moveable  separately  by  die  horizontal  screw 
on  the  left  hand ;  the  steel  plate  carries  a  cross  hair 
or  wire,  and  is  adjustable  to  the  right  or  left  by  a  screw 
of  70  threads  per  inch,  which  has  a  nut,  as  a  head, 
divided  into  60  equal  parts,  one  of  which  parts  corres- 
ponds to  a  second  of  a  degree ;  this  divided  head  is 
placed  at  the  right  hand  of  the  microscope,  so  that 
one  of  the  two  screws  cannot  be  mistaken  for  the 
other,  and  both  may  be  held  at  the  same  time,  and 
turned  by  the  separate  hands  of  an  observer,  if  ne- 
cessary. To  prevent  a  loss  of  motion  in  the  screw 
of  divided  head,  or  micrometer-screw,  a  spring  of 
contrary  pressure  is  applied  in  constant  action,  which 
makes  the  cross  wire  move  backwards  or  forwards, 
without  the  loss  of  even  a  second,  as  counted  on  the 
divided  head. 

The  microscopes  have  two  adjustments,  one  for  the 
object-lens  to  make  the  image  fall  distinctly  on  the 
micrometer's  thread  and  scale,  and  another  for  the 
eye-piece  to  render  this  image  clear  to  the  eye ;  also 
the  micrometer  has  two  adjustments,  one  to  adjust 
zero  of  the  scale,  under  the  eye-piece,  to  zero  of  the 
image  of  the  divided  limb  :  diese  two  latter  adjust- 
ments are  effected  by  the  different  fixing  screws, 
which  are  not  seen  in  the  figure.  The  circumscribing 
boundary  of  the  circle,  corresponding  to  the  felley  of 
a  wheel,  is  formed  of  two  separate  rings,  united  in 
various  equidistant  points  by  parallel  cylindrical 
pieces,  so  diat  the  appearance  of  die  compound  piece 
is  that  of  a  circular  ladder ;  a  form  which  gives  strength 
without  any  great  addition  to  the  weight.  On  the 
plane  of  one  of  these  rings  is  firmly  fixed  a  third 
circle,  whidi  contains  the  lines  of  graduation,  which 
are  but  faintly  seen  in  the  figure.  The  central 
piece,  or  nave  of  the  wheel,  into  which  the  spokes,  or 
radii,  are  fast,  is  a  segment  of  a  cylinder  of  cast 
brass,  nicely  perforated  in  the  middle,  and  the  spokes 
are  composed  of  eight  metallic  cones  and  the  tele- 
scope, which  passes  through  the  nave  and  forms  two 
more.  The  horizontal  axis  of  this  large  circle,  or 
wheel,  as  we  have  described  it,  is  formed  of  a  double 
cone,  which  is  hollow  throughout,  and  has  pivots  of 
hard  steel  at  the  extreme  ends ;  it  has  four  supports. 
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torn  an  ukft  that  tke  weight  would  be  too  much  for 
tlic  phTota  alone  to  bear.  One  of  the  supports  is 
seen  at  D  D,  which  ie  a  kind  of  frame  attached  to  the 
perpcndiciilar  pillars  C  C  next  to  the  eye ;  the  ex- 
treme end  of  the  axb  a,  which  is  not  perforated, 
bears  on  a  Y  formed  in  the  middle  of  the  cross  bar  of 
this  firame,  which  bar  has  an  actjastable  motion  up 
and  down,  by  means  of  the  screw  p,  with  a  head  di- 
▼ided  into  60  parts,  each  of  which  parts  corresponds 
to  ih  of  an  inch.  Another  supp<ut,  every  way  si- 
milar to  D  D,  is  attached  to  the  two  upright  pillars 
C  C,  behind  the  circle,  which  therefore  cannot  be  seen, 
bat  it  requires  no  farther  description.  The  third 
and  fourth  supports  of  the  axis  are  a  fifth  pillar,  the 
top  of  which  IS  seen  through  the  arch  of  the  frame 
D  D,  and  its  bottom  near  G,  and  a  sixth  pillar,  P, 
oppoaite  to  the  former.  These  two  pillars  placed 
nearer  the  middle  of  the  stage  A  than  the  four  comer 
pillars,  C  C  C  C,  are  each  tho'ee  feet  and  three  inches 
high,  and  eleven  inches  distant  from  each  other,  mea- 
siued  from  the  intericur  sides  we  presume ;  they  are 
made  steady  at  their  inferior  ends,  each  by  two  cross 
bracing  pieces,  /  /,  fastened  to  the  long  pillars,  C  C 
and  C  C,  respectively }  one  of  which  pieces,  t,  only 
can  be  seen  attached  to  the  ri^t-hand  supporting 
pillar,  owing  to  the  position  of  the  figure.  On  the 
top  of  pillar  P,  may  be  seen  a  small  fhune,  canying 
a  pair  of  firiction  rollers ;  which  frame  can  be  lowered 
or  raised  by  a  rod  passing  through  the  pillar  down  to 
below  the  stage  A,  under  which  is  hidden  from  sight 
a  screw  of  adjustment  for  the  height  of  the  said  rod 
and  frame  of  friction  rollers.  The  rollers  are  placed 
edge  to  edge  in  the  same  plane,  forming  a  land  of 
curved  V  between  them,  on  which  the  projecting 
ring  of  the  conical  axis  is  supported.  The  situation 
of  this  ring  piece,  attached  to  the  cone,  is  at  the 
mean  point,  between  the  centre  of  the  circle  and  the 
back  steel  pivot*  which  pivot  is  notaeen  in  the  figure. 
Thus  one-half,  or  any  smaller  part  of  the  weight  of 
the  circle  may  be  waatdid  to  bear  on  this  support,  by 
adfusting  the  screw  of  the  long  rod  within  tiie  pillar, 
the  nut  of  which  we  have  said  is  under  the  stage  A. 
Another  ^support,  with  a  frame  of  two  friction  rollers, 
exactly  aimilar  to  the  one  described,  is  placed  over 
the  corresponding  pillar,  and  under  a  corresponding 
annular  piece  embracing  the  second  cone  of  the  axis  at 
its  middle  point;  but  the  rod  of  this  pillar,  which  ad- 
jiists  the  height  and  quantum  of  bearing  of  this  second 
frame,  does  not  descend  so  low  as  the  stage  A,  but 
tefminates  a  litUe  below  the  middle  of  this  pillar, 
which  is  cut  into  two,  and  joined  again  by  a  small 
ihune  of  four  Uttle  pillars  near  I,  so  Smt  a  hand  may 
be  put  into  the  vacant  space  of  the  small  frame,  to 
jM^ust  by  a  tapped  nut  acting  here,  instead  of  being 
pot  under  the  stage  A ;  the  reason  of  which  is  not 
quite  evident  from  the  appearance  of  the  figure,  nor 
is  it  explained  in  the  original  account.  The  end  of 
the  axis  which  ia  turned  from  view  is  perforated,  and 
admits  a  lens  that  receives  the  light  of  a  small  lan- 
tern, H,  placed  in  a  line  with  it,  and  transmits  this 
light,  without  the  entrance  of  smoke  or  dust,  to  a 
diagonal  mirror,  which  possesses  a  central  hole  in  it, 

{>kioed  at  the  point  of  intersection  of  the  telescope's 
tne  of  sight,  and  of  the  central  line  of  the  axis :  this 
mirror  again  reflects  the  received  light  towards  the 
eye-piece  of  the  telescope,  and  renders  the  two  ad- 
justable hairs,  which  cross  one  another  at  right  angles 
in  the  united  focus  of  the  eye-glasses,  distinctly 
visible  to  the  eye  of  an  observer  on  the  daorkest  night. 


It  was  found,  however,  that  when  much  light 
was  admitted  into  the  telescope,  the  stars  of  small 
magnitude  became  invisible;  on  which  account  a 
contrivance  was  introduced  for  proportioning  the 
quantity  of  light,  according  to  circumstances.  This 
contrivance  consists  of  a  {Mirallelopiped  composed  of 
three  pieces  of  glass,  the  middle  one  white,  and  the 
two  extreme  ones  green,  contained  in  a  frame  which 
has  an  adjustable  nation  by  means  of  pulleys,  two 
of  which  may  be  seen  on  the  inside  of  the  back  pil- 
lars,  C  C,  which  pulleys  assist  the  adjustment  during 
the  time  of  making  an  observation,  if  necessary,  and 
limit  the  quantity  of  light,  agreeably  to  the  ascent 
and  descent  of  the  parallelopiped  interposed  between 
the  lantern  and  the  end  of  the  axis.  The  reason  of 
the  green  glasses  being  at  both  sides  of  the  white 
glass,  b,  that  the  refraction  of  the  light  may  be  cor- 
rected by  the  second  green  glass,  so  as  to  prevent  the 
wires  in  the  focus  of  the  eye-piece  from  appearing 
double.  In  this  telescope  there  are  six  eye-pieces, 
five  direct,  and  one  diagonal,  or  what  Piazzi  calls 
prismatic,  because  the  piece  of  glass  that  is  placed  at 
the  elbow  of  a  bent  tube,  put  on  as  an  eye-piece,  is  a 
prism  bounded  by  one  curved  side  and  two  rectilinear 
ones,  the  latter  two  of  which  are  placed  at  an  angle  of 
45^,  with  respect  to  each  other ;  the  curved  side  being 
that  which  first  received  the  rays  of  light,  and  the 
diagonal  onea  being  silvered.  The  peculiarity  of  this 
prismatic  eye-piece  is,  that  it  inverts  the  object  with- 
out reversing  it ;  that  is,  the  position  is  changed  with 
respect  to  top  and  bottom,  but  not  with  respect  to 
right  and  ieft«  The  prismatic  eye-piece  has  two 
powers ;  one  making  the  magnifying  property  of  the 
telescope  75,  and  the  other  130.  The  powers  with 
the  &ve  direct  eye-pieces  are  respectively  50, 75, 100, 
130,  and  170.  The  principal  use  of  the  prismatic 
powers  is  to  search  for  stars  and  measure  altitudes 
of  bodies  placed  near  the  zenith ;  the  above  eye-piece 
with  its  additional  tube  being  horizontal  when  the 
telescope  is  in  a  vertical  position. 

The  v^tical  circle  is  graduated  into  360^  and 
figured  into  90^  four  times  ov^ ;  each  separate  degree 
is  also  figured  with  Arabic  numerals,  and  the  sub- 
divisions dotted  or  painted  like  the  azimuth  circle. 
The  observed  angle  is  read  ofi"  by  two  different  micro- 
scopes vrith  micrometers,  placed  above  and  below  the 
vertical  circle,  at  the  distance  from  each  other  of  a 
semi-circle ;  the  frame  £  of  the  superior  microscope 
is  attached  to  the  nearest  pillars,  C  C,  as  shown  in 
the  figure,  just  under  the  upper  stage  B,  which  frame 
contains  sliding-pieces  of  adjustment  for  setting  the 
microscope  in  the  required  position  with  respect  to 
the  divisions  on  the  limb  of  the  circle  ;  the  adjust- 
ments both  of  the  microscope  when  placed,  and  also 
of  its  contained  micrometer,  are  similar  to  those  of 
the  micrometer  placed  over  the  azimuth  circle  already 
described.  The  inferior  microscope,  F  I,  of  the  verti- 
cal circle  is  in  every  respect  similar  to  the  superior 
one,  the  micrometer's  divided  nut  in  both  being  placed 
to  the  right.  The  micrometers  of  these  microscopes, 
however,  have  each  two  horizontal  adjustments  of 
motion,  one  pahJlel  to  the  plane  of  the  vertical  cir- 
cle, and  the  other  perpendicular  to  that  plane,  and 
also  each  a  vertical  adjustment. 

Besides  these  microscopes  for  reading  off  the  sub- 
divisions, each  frame  contains  a  smaller  one,  which 
we  will  call  the  secondary  microscopes,  the  use  of 
which  is  for  vievring  a  fine  plumb-line,  suspended  by 
a  small  screw  over  tiie  superior  frame  £,  and  passing 
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down  to  G  through  a  wooden  ^square  pipe,  where  the 
plumb  may  be  seen  immersed  in  the  small  vessel,  G, 
full  of  water,  above  a  small  stage,  in  order  to  keep 
the  line  from  oscillating.  This  vessel  G  may  be 
raised  or  lowered  by  the  screw  that  supports  it.  The 
secondary  microscopes  have  each  the  same  adjust- 
ments as  the  above-mentioned  microscopes ;  and  the 
plumb-line  has  also  its  point  of  suspension  so  ad- 
justable, that  it  can  be  brought  into  the  foci  of  the 
upper  and  lower  eye-pieces  so  as  to  bisect  the  fields 
of  view,  when  the  microscopes  are  both  properly 
adjusted. 

The  plumb-line  serves  two  separate,  and  very  im- 
portant purposes ;  for  its  peculiar  application  to  both 
of  which  we  are  indebted  to  the  ingenious  Ramsden : 
first  it  not  only  serves  to  set  the  vertical  axis  perpen- 
dicular in  one  position,  but  by  being  carried  round 
in  azimuth  with  the  axis  and  all  the  other  append- 
ages, serves  to  show  if  the  perpendicular  direction  of 
the  said  axis  is  preserved  with  respect  to  all  the  points 
of  east,  west,  north,  and  south ;  and  if  any  deviation 
is  detected  by  the  thread  being  at  one  side  of  the 
original  situation,  then  one  of  the  adjustments  of  the 
iron  circles  imder  the  inferior  pivot  of  the  axis,  as 
effected  by  the  handle  of  the  compound-joint  under 
the  mahogany  ring,  M,  must  be  made  to  verify  the 
position;  and,  secondly,  the  horizontal  axis  of  the 
vertical  circle  is  made  perfectly  level  by  the  same 
plumb-line ;  this  is  effected  by  an  additional  appara- 
tus, in  a  very  ingenious,  as  well  as  very  accurate 
manner,  which  may  be  thus  explained  without  a 
figure  :  suppose  a  bar  of  metal  to  be  made  of  such 
length  as,  when  used  as  a  horizontal  measure,  would 
just  reach  from  the  divided  face  of  the  vertical  circle 
to  a  point  directly  opposite  it  in  one  of  the  pillars  at 
the  upper  end ;  and  suppose  again,  this  measuring 
bar  to  be  applied  below  to  a  point  at  the  lower  part 
of  the  said  pillar,  to  try  if  in  this  situation  it  will  also 
touch  the  graduated  face  of  the  same  circle  ;  then,  if 
the  distance  is  found  to  be  precisely  the  same  in  both 
cases,  the  conclusion  would  be  from  such  a  rough 
measure,  that  the  pillar  and  the  plane  of  the  vertical 
circle  are  parallel,  or  very  nearly  parallel,  to  each 
other;  now,  as  the  circle  was  originally  made  by 
being  turned  on  its  own  pivots  in  a  large  frame,  its 
axis  b  necessarily  at  right  angles  to  its  plane,  and 
consequently  also  to  the  surface  of  the  pillar.  Hence, 
if  the  pillar  were  perfectly  perpendicular,  the  axis, 
on  a  supposition  that  the  measures  were  accurately 
taken,  would  be  perfectly  horizontal.  But  we  know 
that  a  plumb-line  is  perpendicular  whenever  it  is  at 
rest,  therefore  any  contrivance  that  will  measure 
very  minutely  the  distance  from  the  plumb-line  to 
the  plane  of  the  circle,  both  above  and  below,  will 
determine  whether  or  not  the  axis  is  horizontal ; 
this  contrivance  is  what  we  have  to  describe : 

Conceive  the  said  bar  of  measurement  to  terminate 
at  one  end  after  the  manner  of  a  two- pronged  fork, 
and  suppose  one-half  of  a  compound  microscope,  viz. 
the  object,  object-lens,  and  body  of  the  instrument, 
to  be  carried  by  one  prong  of  the  fork,  and  the  eye- 
glass in  a  separate  tube,  borne  by  the  other  prong ; 
and  it  is  easy  to  apprehend,  that  the  image  of  any 
small  object,  whatever  it  may  be,  may  by  the  adjust- 
ment of  the  object-lens  be  made  to  fall  into  the  open 
space  between  the  prongs,  which  image  may  again 
be  rendered  distinct  to  Uie  eye  by  the  focal  lEuljust- 
ment  of  the  eye-glass ;  we  have  now  got  a  measuring- 
bar  with  a  compound  microscope  carried  by  it,  in 


two  separate  hai.es,  so  that  any  substance  that  will 
pass  between  the  prongs  of  its  forked  end  may  be 
brought  into  the  field  of  view,  and  be  seen  magnified 
by  the  eye-glass,  used  on  the  principle  of  a  simple 
microscope  :  let  the  thread  of  me  plumb-line  be  thia 
interposed  body,  which  indeed  will  cover  only  a  small 
portion  of  the  field  of  view ;  but  as  the  plumb-line  is 
not  to  be  moved,  except  by  the  screw  at  the  point  of 
suspension,  nor  even  touched  by  any  external  object, 
the  microscope  must  necessarily  be  brought  to  it, 
and  placed  in  such  a  manner  that  the  thret^  will  bi- 
sect the  field  of  view ;  this  is  done  by  fitting  the  forked 
end  of  the  measuring- bar  into  the  upper  frame  £, 
first,  in  such  a  way  that  it  may  be  made  to  slide  in 
and  out  any  number  of  times  to  the  same  situation ; 
then  the  adjustments  of  the  frame,  or  of  the  cock  of 
suspension,  will  bring  the  thread  into  the  field  of 
view ;  let  now  the  object  be  a  round  dot  on  a  slip  of 
ivory,  or  mother-of-pearl  would  be  better,  perhaps, 
and  its  image  may  be  so  adjusted  that  the  plumb- 
line  will  bisect  it  in  its  magnified  state.  This  inge- 
nious contrivance  of  producing  an  image  in  the  open 
air  has  been  denominated  Ramsden's  ghost  by  suc- 
ceeding instrument  makers,  from  the  name  of  its  in- 
ventor. Let  now  the  measuring-bar,  which  we  will 
suppose  to  be  too  short,  be  laid  and  supported  hori- 
zontally in  a  direction  jtist  perpendicular  to  the  plane 
of  the  circle,  and  let  there  be  a  thick  pin  screwed  into 
its  end  next  the  circle,  which  by  being  unscrewed 
vrill  approach  the  plane  of  the  circle  till  it  just 
touches  it  as  the  circle  revolves,  then  the  distance 
from  the  extreme  end  of  this  pin  to  the  plumb-line 
is  exactly  gauged ;  it  is  of  no  importance  what  may- 
be the  total  length  of  this  gauge,  provided  it  be  kept 
unaltered ;  remove,  in  the  next  place,  the  measuring- 
rod  and  its  apparatus  at  each  end  in  statu  quo,  to  a 
similar  fitting  made  for  it  in  the  inferior  frame  I  F ; 
and  if,  when  the  plumb-line  bisects  the  image  of  the 
dot  here  as  it  did  before,  which  the  adjustments  of 
the  frame  only  must  now  effect,  the  pui  at  the  oppo- 
site end  turns  out  to  touch  the  plane  of  the  circle 
below  at  the  same  right  angle  that  it  did  above,  then 
the  plane  is  perpendicular,  and  the  axis  necessarily 
horizontal ;  but  if  there  is  any  deviation,  tiie  adjust- 
ing-screw, p,  on  the  bearing  frame,  D  D,  must  rectify 
one-half  of  this  deviation,  and  the  pin  which  screws 
into  the  measuring-bar  the  other  half;  after  a  few 
trials  above  and  below,  the  horizontal  position  may 
be  given  to  the  axis  in  question  to  the  exactitude  of 
a  single  second ;  for  we  have  said,  that  a  microscope 
may  be  depended  on  to  that  degree  of  accuracy  in 
reading  off  the  micrometer's  scale.  When  the  ver- 
tical circle  is  truly  fixed,  a  second  measuring-bar 
may  be  added  at  the  lower  frame,  while  the  first  re- 
mams  at  the  upper  one,  and  the  turning  the  circle 
round  on  its  axis  would  show  both  above  and  below 
when  any  alteration  takes  place  in  the  true  position, 
from  whatever  cause.  But  instead  of  using  ^e  plane 
of  the  circle  itself,  Ramsden  judged  it  better  to  fix  a 
little  bridge,  wy,  over  the  object-glass  of  the  tele- 
scope, with  a  prominence,  h,  which  he  made  to  come 
in  contact  with  the  pins  of  the  measuring-rod  above 
and  below  successively,  by  which  means  the  contact 
is  more  nicely  observed,  and  the  method  equally  ac- 
curate. Whenever  the  line  of  collimation  of  the  te- 
lescope is  thus  adjusted,  it  will  be  certain  to  describe 
a  semi-circle  in  the  heavens,  when  turned  half  round, 
which  will  be  truly  perpendicular  to  the  horizon, 
whether  that  semi-circle  be  in  the  meridian  or  in 


■ny  given  ulmath.  Whenever  Razzi  rectified  the 
superior  and  inferioT  micrometeni  and  plamb-line,  hv 
took  care  ta  use  the  zeros  of  the  verticaJ  circle  as  the 
points  that  bisected  the  circle  best  into  two  ei|nal 
Roni-circles;  and  he  gave  as  a  reason,  that  he  found 
these  did  not  deriate  more  than  a  quarter  of  a  se- 
cond fmra  their  true  places.  When  the  vertical  circle 
b  used  in  taking  altitudes,  it  may  be  clamped  by  a 
piece,  k,  on  the  pillar  P,  which  when  loose  will  allow 
aqnick  motion,  but  when  fwt  will  only  permit  a  very 
stow  one  by  means  of  the  handle,  V,  of  the  compound- 
joint,  which  like  that  at  Q  is  connected  with  the 
tangent- screw  out  of  sight.  These,  we  believe,  are 
all  the  essential  parts  of  this  highly-important  ia- 
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'  month,  when  the  finder  has  pointed  the  tube  properly 

to  its  object. 

Moat  observatones  possess  an  iustmmenC  called 
an  armillary  sphere.  In  the  present  day,  it  is  more 
used  for  elncidating  the  general  principles  of  astro- 
nomy, than  for  practical  research!  it  may,  hoitrver, 
be  advisable  to  give  a  description  and  graphic  deli- 
neation of  the  instnunent. 


"Hie  theory  of  the  telescope  would  not  be  nnder' 
stood  by  the  reader  without  a  preparatory  acquaint- 
ance with  the  science  of  optics,  and  we  purpose  under 
The  article  Teuucopk  giving  a  very  full  account  of 
that  form  of  the  instrument  which  is  best  fitted  for 
astronomical  pnrposee  ;  but  there  is  a  very  important 
part  of  the  furniture  of  the  observatory  which  must 
be  noticed  here,  we  mean  the  frame-work  and  sup- 
ports for  the  telescope.  One  of  these,  contrived  bj' 
Sir  William  Herschel,  is  represented  in  the  centre  of 
the  observatory  (Plate,  Abteonomt,  fy.  3),  in  which 
A  is  the  elevated  mouth  of  a  seven-teet  tube,  and  B 
the  place  of  the  large  speculum  that  reflects  the 
rays  of  light  back  to  the  small  diagonal  plane  metal 
near  C,  which,  by  a  second  reflection,  brings  them  to 
■  (bens  at  the  eye-piece  below  C,  as  seen  in  the  en- 
graving. Above  C  is  the  finder,  the  upper  end  of 
which  has  a  small  achromatic  object-glass,  and  the 
lower  end  the  eye-glass.  The  upper  end  of  the  tube 
Testa  on  a  support.  D,  which  is  capable  of  being 
raised  or  depressed  by  a  pinion  on  the  axis  of  the 
handle  under  D,  while  the  lower  end 
horizontal  bar  of  the  fnune  K  F,  which  is  suspended 
by  a  pulley  over  F  ;  the  four  pivots  a,  b,  c,  and  d,  of 
the  said  frame,  eliding  b  the  open  grooves, 
those  letteia  in  the  main  frame,  keep  the  small  frame 
in  any  given  situation,  and  allow  a  free  motion,  first 
down  the  vertical,  and  then  down  the  inclined  piece! 
that  compose  the  main  frame,  as  low  as  to  G  and  H : 
and  when  the  lower  end  of  the  tube  has  been  de- 
pressed into  this  situation,  the  tube  may  have  an 
devation  approaching  towards  the  zenith  :  for  not 
only  is  the  npper  end  elevated  by  the  handles 
for  the  quick,  and  at  D  for  the  slow  motions ; 
the  lower  one  is  depressed  by  the  handle  at  I,  round 
which  the  cord  is  coiled,  diat  goes  round  a  fixed 
ntller  at  K,  and  two  others  at  L  and  M,  before  it 
cmbrates  the  pulley  N,  and  is  hooked  to  a  pin  at  O 
above  the  frame.  The  rest  of  the  main  frame  is  so 
clearlj  exhibited  In  the  engraving,  that  no  farther 
description  of  it  is  necessary.  In  some  of  the  instm- 
nents  of  this  construction,  when  the  handle  J  is 
omitted,  and  a  quicker  motion  in  altitude  is  required, 
and  also  a  greater  elevation  than  can  be  given  simply 
by  the  handle  at  D,  the  second  square  stem  that  car- 
ries the  pinion  of  the  handle,  is  raised  by  hand,  and 
kept  to  its  elevation  bir  means  of  a  second  rack, 
when  this  squared  stem  is  lowered  again.  The  quick 
motion  in  azimuth  is  given  by  sliding  the  lower  end 
of  the  tube  gently  along  the  bar  on  which  it  rests, 
or  try  moving  the  whole  frame,  which  moves  on  cas- 
lotB ;  but  the  slow  notion  is  produced  by 


is  seen  in  the  figure,  of  an  artificial 

sphere,  composed  of  a  number  of  circles  of  metal, 

put  together  so  as  to  represent'  the  ecliptic  zodiac, 

tropics,  and  other  imaginary  circles  in  the  heavens, 

their  natural  order. 

The  earth  is  situated  in  the  centre  of  this  sphere, 
the  same  plane  with  the  rational  horizon,  which 
horizon,  d,  is  generally  represented  by  a  broad  silvered 
circle,  divided  into  degrees,  &c.  The  whole  ma- 
chinery is  QsuaJly  supported  upon  a  brass  stand,  and 
is  moveable  about  an  axis,  within  a  brass  meridian 
like  the  common  globes- 

This  meridian  is  likewise  moveable  within  the  sil- 
vered horizon,  so  as  to  admit  the  elevation  or  denrea- 
of  the  poles,  /.  The  use  of  this  sphere  is  to 
t  the  imagination  in  conceiving  the  apparent 
motion  of  the  celestial  bodies.  The  student  must 
suppose  himself  to  be  placed  upon  the  earth,  with 
the  various  circles  in  the  heavens  revolving  round 
him  from  east  to  west. 

Having  in  the  preceding  pages  entered  pretty  fiiUy 
bo  the  construction  of  the  instruments  employed  in 
practical  astronomy,  it  may  now  be  necessary  to  fur- 
nish a  notion  of  the  sort  of  edifice  beet  fitted  for  con- 
taining them.     A  very  useful  observatory  is  repre- 
sented in  Plate,  Asibohoiit,  Jig.  2.     It  consists  of  a 
circular  building  with  a  moveable   roof  of  eimilar 
form.     The  latter   is   made   to  revolve  on   friction 
rollers,  and  a  contrivance  of  a  winch  and  pulley  en- 
ables the  observer  to  eievate  or  depress  the  moveable 
ceiling  in  the  lantern  at  pleasure.     Various  instru- 
ments are  seen  round  the  room,  and  amongst  the 
illaty  sphere,  to  which  allusion  has  al- 
ready been  made.     Shutters  for  presenting  the  tube 
of  the  telescope  in  various  aspects  are  also  employed, 
towards  one  of  which  the  large  instrument  is  directed. 
We  do  not  purpose  in  the  present  place  entering 
to  the  history  of  observatories,  as  that  branch  of 
the  subject  will  be  discnssed  under  the  article  itself; 


h  is  scarcely  necessary  to  add  that  the  eye  of  the   but  it  may  he  advisable  to  give  a  descripti 
's  ^?plied  to  the  side  of  the  tube  near  its  very  exceUtut  modem   establish] 
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kingdom,  erected  without  reference  to  expense  for 
the  express  purpose  of  practical  astronomy. 

The  observatory  belonging  to  Trinity  College, 
Dublin,  commonly  called  die  Dublin  Observatory, 
was  begun  in  the  year  1783.  It  was  founded  by  Dr. 
Francis  Andrews,  provost  of  that  college,  who  be- 
queathed a  large  income  for  this  purpose,  which  was 
to  commence  upon  a  particular  contingency  happen- 
ing in  his  family.  When  this  event  had  tsJ^en  place, 
the  College,  wim  their  wonted  zeal  for  the  promotion 
of  science,  determined  not  to  lose  time  by  waiting  for 
the  accumulation ;  but  advanced  from  their  own 
funds  a  sum  considerably  exceeding  the  amount  of 
the  original  bequest. 

They  chose  for  their  professor  of  astronomy  and 
observer,  the  Rev.  Dr.  Usher,  a  man  of  extensive 
learning  and  indefatigable  research,  who  was  directed 
to  proceed  to  England,  to  order  from  Mr.  Ramsden 
the  best  instruments  he  could  make,  without  any 
limitation  of  expense. 

The  apparatus  first  ordered  was  a  transit  instru- 
ment of  six-feet  focal  length,  with  a  four-feet  axis, 
bearing  four  inches  and  a  quarter  aperture,  with  three 
different  magnifying  powers  up  to  600.  An  entire 
circle  of  ten-feet  diameter,  on  a  horizontal  axis  for 
measuring  meridian  altitudes ;  an  equatorial  instru- 
ment, with  circles  of  five  feet  in  diameter :  an  achro- 
motic  telescope,  mounted  on  a  polar  axis,  and  carried 
by  an  heliostatic  movement.  Regulators  were  also 
ordered  from  Mr.  Arnold,  without  any  limitation  of 
price.  The  situation  chosen  for  the  observatory  is  on 
elevated  ground,  about  four  miles  from  Dublin.  The 
foundation  is  a  solid  rock  of  limestone,  of  several 
miles  extent ;  and  the  soil  is  very  favourable,  being  a 
calcareous  substance,  called  limestone  gravel,  which 
is  remarkable,  absorbs  rain,  and  thus  contributes  to 
dry  the  atmosphere. 

The  plan  of  the  building  unites  at  once  both  ele- 
gance and  convenience :  it  fronts  the  east,  and  the 
lower  range  of  windows  and  doors  are  twenty-three 
in  number.  In  the  centre  there  is  a  magnificent 
dome  of  three  stories  high,  with  a  moveable  roof  for 
fhe  equatorial  instrument,  which  is  placed  upon  a 
pillar  of  sixteen  feet  square,  of  the  most  substantial 
masonry,  and  surrounded  by  a  circular  wall  of  a  foot 
distance,  that  supports  the  moveable  dome,  and  also 
the  floors,  which  in  no  part  touch  the  pillar ;  thus, 
no  motion  of  the  floor  or  wall  can  be  communicated 
to  the  instrument.  The  aperture  for  observation  in 
the  dome  is  two  feet  and  a  half  wide. 

But  the  most  important  erection  belonging  to  this 
establishment  is  behind  the  main  buildmg,  and  at 
right  angles  to  it,  in  order  to  obtain  an  uninterrupted 
view  both  north  and  south.  This  is  the  meridian 
or  transit  room,  which  contains  both  the  transit  in- 
strument and  the  circle.  It  is  thirty-seven  feet  long, 
twenty  broad,  and  twenty-one  high.  Fine  pillars  of 
Portland  stone  are  erected  for  boSi  instruments,  and 
the  floor  is  so  framed  as  to  let  all  the  pillars  rise  to- 
tally detached  from  it :  and  such  was  Dr.  Usher's 
attention  to  extreme  accuracy,  that  he  first  ascer- 
tained the  pillars  to  be  perfectly  homogeneous,  lest 
any  variety  in  their  substance  might  admit  of  a  dif- 
ference in  their  expansion  or  contraction  by  heat, 
cold,  or  other  changes  of  atmosphere. 

We  cannot  conclude  this  view  of  practical  astro- 
nomy without  quoting  a  remark  made  by  a  very  en- 
lightened critic  in  the  QHorterUf  Review,  who  says, 
"  when  we  look  at  the  state  of  science  on  the  Conti* 


nent,  pursued  by  academiciana  freed  from  the  embar- 
rassments of  professional  labour,  and  when  we  look 
at  their  numerous  and  well-appointed  observatories, 
we  shrink  from  the  comparison  which  is  thus  forced 
upon  our  attention.  We  feel  as  if  it  were  a  species 
of  treason  to  record  the  fact,  that  within  the  wide 
range  of  the  British  islands  there  is  onlv  one  ob- 
servatoiy,  and -scarcely  one  supported  by  tne  govern- 
ment !  We  say  scarcely  one,  because  we  believe  that 
some  of  the  instruments  in  the  observatory  at  Green- 
wich were  purchased  out  of  the  private  funds  of  the 
Royal  Society  of  London.  The  observatories  of  Ox- 
ford, Cambridge,  Dublin,  Edinburgh,  Armagh,  and 
Glasgow,  are  all  private  establishments,  to  &e  sup- 
port of  which  government  contributes  nothing."  T^e 
consequence  of  this  is,  that  many  of  them  are  in  a 
state  of  comparative  inactivity,  and  of  but  little  ser- 
vice to  the  scientific  world. 

Works  of  reference  on  astronomy  have  not  multi- 
plied to  the  same  extent  as  the  printed  treatises  on 
many  other  sciences.  The  labour  of  a  long  life  is 
necessary  to  the  formation  of  a  good  book ;  and  till 
the  formation  of  Mr.  Babbage's  modes  of  calculation, 
a  series  of  tables  would  alone  occupy  years  of  mathe- 
matical labour. 

Of  the  numerous  works  on  astronomy,  we  shall 
only  mention  here  the  latest  and  most  important 
manuals  and  elementary  works :  Aatnmomie  par  de 
LaUmde,  3rd  edit.,  Paris,  1792,  3  vols.,  4to.  (there 
is  an  abridgment  of  it — Abrige  d'Aalronomie  par  de 
LaUmde,  Paris,  1795)  ;  Aatronomie  Tlieorique  et  Pra- 
tique, par  Delambre,  Paris,  1814,  3  vols.,  4to. —  a 
work  important  for  professional  astronomers ;  Sckti- 
berfs  Theoretical  A8tron(my,PeteT&buif;]i,  1798, 3  vols., 
4to.,  and  the  new  French  edition  of*  the  same  work, 
1822 ;  Biot'e  Tra%t4  El^mentaire  d'Astronomie  Phy~ 
sique,  2nd  edit,  Paris.,  1810,  3  vols.;  Laplace's  Expo- 
sition du  Systhne  du  Monde,  5th  edit.,  Paris,  1824  (a 
general  exposition  of  the  results  developed  in  the 
large  work,  M4canique  Celeste) ;  Bode's  lUustratioiu 
qf  Astronomy  (which  is  confined  to  the  less  difficult 
propositions  of  geometry  and  astronomy),  3rd  edit., 
Berlin,  1808,  2  vols. :  together  with  this  work,  we 
may  mention  Biitjas*  Manual  of  Astronomy,  Berlin, 
1794,  5  vols.,  which  requires,  however,  more  exten- 
sive knowledge.  Excellent,  though  very  condensed,  is 
Bohnenberger's  Astronomy,  Tiibingen,  1811.  Piazzi's 
Italian  Manual  qf  Astronomy  is  a  good  work.  Among 
the  English  treatises  are  Woodhouse's  Elementary  Treor 
tise  on  Astronomy,  1823,  and  Ferguson's  Lectures  o» 
Astronomy,  a  popular  work;  also  Fince's  Compute 
System  of  Astronomy,  3  vols.,  4to.,  with  additions, 
1814.  To  astronomers,  practical  and  theoretical, 
BesseVs  Observations  at^  the  Observatory  of  Kimigsberg, 
which  have  appeared  in  folio  since  1813,  are  indis- 
pensable. Notices  of  astronomical  tables  may  be 
found  in  the  larger  astronomical  treatises  mentioned. 
With  respect  to  astronomical  periodicals,  Zack's 
Monatl,  Correspondenz  zur  Brforderung  der  Erd-  wtd 
HimmelS'  Kunde,  with  which  is  connected  Lindenau^s 
and  Bohnenberger's  Astronom.  Zeitschr.,  is  continued 
under  the  title  Correspondence  Astronomique,  G4ogra- 
phique,  &c.  du  baron  de  Zach.  Schumacher  has  also 
published,  in  Copenhagen,  since  1822,  Astronomioche 
Nachrichten.  The  latest  observations  may  be  also 
found  in  the  Paris  Connaissance  des  Terns,  and  in 
the  Berlin  Astronomisches  Jakrbuch,  which  has  been 
published  for  more  than  fifty  years.  The  history  of 
astronomy  may  be  found  at  large  in  Montachi's 
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fiiMMfV  cfet  MatkAm&tigwe9j  4  vols.,  4to.;  in  Delam- 
bfe's  Hisioire  de  VAitrwumU  Andame,  celle  du 
Mofem  Agt  et  Moderne,  FatiB,  IS17,  5  vols.,  4to.; 
and  in  BaUfy't  Hisioire  de  VAUronomie,  of  which  the 
first  Tohime  appeared  in  1771,  containing  the  history 
of  andent  astronomy,  and  the  three  other  volumes, 
1779  and  17^2,  ccmtaining  the  history  of  modem 
astronomy,  followed,  in-1787«  by  his  Trait((  de  VAm- 
trmnmAe  Ltdiemue,  which  latter  work,  however,  must 
be  used  with  precantion,  on  account  of  the  inclina- 
tion of  the  author  to  adopt  theories  on  insufficient 
grounds,  which  indeed  is  one  of  the  faults  of  his  school. 
Mrs.  Somerviiie's  excellent  and  learned  treatise  on 
the  Meekamsm  of  the  Heavens,  lately  published,  de- 
serves the  highest  praise,  both  for  general  research 
and  hig^  mathematical  attainments.  This  work  will 
alone  give  a  character  to  the  literature  of  the  age 
m  whi^  we  live,  and  tend  to  place  our  fair  coun- 
try-woman foremost  in  the  ranks  of  astronomical 


AsTftoacoPB,  an  astronomical  instrument,  com- 
posed of  two  cones,  on  whose  surface  the. constella- 
tions are  delineated,  by  means  of  which  the  situation 
of  the  stttB  may  easily  be  knoim. 

AsTBoscopiA. ;  the  art  of  examining  the  stars  by 
telescopes,  or,  in  plainer  terms,  practical  astronomy. 

AsTKOTHSMATA,  in  Astrology,  the  positions  of  the 
•tafs  in  a  plan  of  the  heavens. 

AsraoTHSSiA ;  the  same  as  Astbum,  which  see. 

AsravM ;  a  constellation  or  assemblage  of  stars. 

AarauM,  in  Alchemy,  a  term  employed  to  denote 
the  power  imparted  by  chemical  mixture. 

Asm PTOTs ;  commonly,  a  straight  line,  which  ap- 
proaches a  curve  line,  so  that  the  distance  between 
them  is  constantly  diminishing,  although  they  can 
never  meet,  even  if  indefinitely  continued.  Hence 
Leibnitx  called  infinite  spirits  the  asympiotei  of  the 
DuHf^    An  asymptote  may  also  be  a  curve. 

Atabai.  ;  a  kind  of  tabor  used  among  the  Moors, 
lAich  is  probably  a  word  of  Moorish  extraction. 

Atabitlus  ;  a  provincial  wind  mudk  felt  in  Apulia, 
of  a  dry  and  noxknu  quality.  The  ancient  natural- 
ists qpieak  of  the  at^ulus  in  terms. of  horror,  on 
lifroiint  of  Ae  ravages  it  made  among  the  fruits. 

Ataxt  signifies  irregularity  of  crisis,  and  pana- 
yms  of  fevers. 

Ata&axia  ;  CKemption  from  disease  or  vexation. 
"  The  sceptics,"  says  Glanville, "  a£fected  an  indiffer- 
ent eqmpODderoos  neutrality,  as  the  only  means  to 
their  atarazia  and  freedom  from  passionate  distnrb- 
anoes."  So  much  for  the  deamess  and  simplicity  of 
a  much-praised  author. 

Atchb,  in  Commerce;  the.  smallest  silver  coin 
ement  in  Tmkey,  worth  about  one-third  of  a  penny 


Atchuvbmsht,  in  Heraldry,  denotes  the  arms  of 
m  pcnon  or  family,  together  with  all  the  exterior 
ornaments  of  the  shield,/as  helmet,  mantle>  orest, 
scrotta,  and  motto,  together  with  such  quarterings  as 
any  have  been  acquired  by  alliances,  all  marshalled 
in  order.  Haiehment,  as  a  funeral  mementoi,  is  a 
vrigarisn  of  the  above. 

AisBBAS,  in  Oaaii/ty ;  a  subliming  vessel. 

Aisoab  ;  a  weapon  among  the  Saxons,  whidi 
sanu  to  have  been  used  as  a  hand  dart 

A  Tbmvo,  in  snuje;  of  similar  signification  with 
•  hmtfufa,  and,  like  that  expression,  seldom  used  but 
Ae  time  has  been  interrupted.  A  tempo,  in 
of  iractng  or  fighting,  means  a  blow  or 


thrust  at  the  same  time  with  the  antagonist's  blow  or 
thrust.  It  is,  of  course  necessary  that  a  tempo  blows 
should  be  made  in  such  a  way  as  to  afford  at  the 
same  time  a  guard  against  the  other's  thrust,  or  to 
prevent  its  full  effect.  This  kind  of  bTow  takes 
place  particularly  in  fighting  with  the  broad-sword, 
when  the  antagonist  leaves  himself  much  exposed. 

Atbmpo  Giusto,  ts  Music,  signifies,  to  sing  or 
play  in  proper  time. 

Athanasia,  in  ancient  3fe(2tci»e,*  an  epithet  given 
to  a  kind  of  antidotes,  supposed  to  have  the  power  of 
prolonging  life,  even  to  immortality.  In  the  Augustan 
Dispensatory  yie  still  find  a  medicine  under  the  appel- 
lation of  "  athanasia  magna,"  recommended  against 
dysenteries  and  haemorrhages. 

Athanati  ;  a  peculiar  body  of  cavalry,  among  the 
ancient  Persians,  consisting  of  10,000  men,  always 
complete,  because,  when  any  one  of  them  died  an- 
other was  immediately  put  into  his  place. 

ATHANoa,  in  Chemistry  ;  a  digesting  furnace,  which 
retained  the  heat  for  a  long  period  of  time,  and  was 
so  contrived  that  it  might  be  increased  or  diminished 
at  pleasure. 

Athbna,  in  Medicine ;  a  plaster  or  liniment  re- 
commended against  wounds  of  the  head  and  nerves, 
of  which  we  find  descriptions  given  by  Oribasius, 
j£lius,  and  i£ginata. 

Athenatorium,  in  Chemistry;  a  thick  glass  cover, 
to  be  luted  to  a  cucurbit  when  the  alembic  is  taken 
off. 

Athsnorius  Catapotium,  in  Medicine;  a  cough 
pill  mentioned  by  Celsus,  consisting  of  myrrh,  pep- 
per, castor,  and  opium. 

Athenippum,  in  Medicine;  an  afiiision  for  the  eyes. 

Athbroma,  in  Surgery,  is  a  soft,  pultaceous,  un- 
inflamed  tumor ;  generally  contained  within  a  cyst, 
or  bag.  The  cure  of  this  swelling  consists  in  its 
removal  with  a  scalpel.  It  is  very  common  on  the 
finger  joints. 

Athwart,  when  used  in  navigation,  implies  across 
the  line  of  the  course. 

Athwart-Hawsb  j  the  situation  of  a  ship  when 
she  is  driven  by  the  wind,  tide,  or  other  accident, 
acroas  the  fore-part  of  another.  This  phrase  is  equal 
ly  applied  when  the  ships  bear  against  each  other,  or 
when  they  are  at  a  small  distance :  the  transverse 
position  of  the  former  to  the  latter  being  principally 
understood.  Athwart  the  fore-foot  denotes  the  flight 
of  a  cannon-ball  frmn  one  ship  across  the  course  of 
another,  to  intercept  the  latter,  and  oblige  her  to 
shorten  sail,  that  the  former  may  come  near  enough 
to  examine  her. 

ATLAifTinxs,  in  Astronomy;  another  name  for  the 
Pleiades. 

Ati^ntibbs,  in  Architecture ;  pillars  used  like  the 
Caryatides,  to  support  an  edifice. 

Atlas,  in  Anatomy;  the  first  vertebr»  of  the  neck, 
which  supports  the  head.. 

Atlas,  in  Commerce;  a  very  beautiful  species  of 
Chinese  manufacture,  now  but  little  used.  It  con- 
sisted of  a  mixture  of  metal  and  silk,  and  was  bought 
with  avidity  at  very  high  prices. 

Atmospbbrb.  This  is  the  ordinary  title  of  the 
elastic  fluid  in  which  we  live  and  breathe.  The 
weight  and  pressure  of  the  atmosphere  has  already 
been  examined  under  the  article  Air,  and  will  J»e  fur- 
ther discussed  when  treating  of  the  Barometer  ;  but 
there  are  some  interesting  facts  connected  with  the 
atmosphere  which  may  properly  have  a  place  Ijere. 
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The  atmosphere  may  be  considered  a  universal 
solvent,  and  tnongh  itself  inodorous,  it  is  the  medium 
of  all  smells,  and  dissolving  the  different  odorous 
effluvia,  is  charged  with  the  emanations  of  all  the 
various  substances  it  sweeps. 

When  we  reflect  upon  this  ever-agitated  heteroge- 
neous fluid,  compounded  of  the  most  active  elements 
of  life  and  destruction,  constantly  combining, — sepa- 
rating, now  evident  to  the  most  ordinary  sense,  now 
escaping  the  grasp  of  imagination,  we  cannot,  rati- 
onally, be  surprised  at  the  little,  comparatively,  that 
is  really  known  concerning  it.  All  within  the  power 
of  the  most  ardent  student  is  to  collect  the  few  facts 
that  are  established,  to  dismiss  conjecture  and  hypo- 
thesis, and  to  apply  himself  to  make  additions  to  our 
knowledge  by  care^lly  observing,  and  accurately  and 
limiinously  describing,  the  processes  during  which  he 
is  permitted  to  be  present. 

"  By  invisible,  but  ever-active  agencies,  the  waters 
of  the  deep  are  raised  into  the  air,  whence  their  dis- 
tribution follows,  as  it  were  by  measure  and  weight,  in 
proportion  to  die  beneficial  effects  which  they  are  cal- 
culated to  produce.  By  gradual,  but  almost  insensible, 
expansions  the  equipoised  currents  of  the  atmosphere 
are  disturbed,  the  stormy  winds  arise,  and  the  waves 
of  the  sea  are  lifted  up ;  and  that  stagnation  of  air 
and  water  is  prevented  which  would  be  fatal  to  ani- 
mal existence.  But  the  force  which  operates  is  cal- 
culated and  proportioned;  the  very  agent  which 
causes  the  disturbance  bears  with  it  its  own  check, 
and  the  storm,  as  it  vents  its  force,  is  itself  setting 
the  bounds  of  its  own  fiiry." — Daniel* a  Essays, 

It  is  evident,  from  a  slight  view  of  these  "  compli- 
cated and  beautiful  contrivances,"  that  it  is  hopeless 
to  expect  that  all  the  causes  of  the  phenomena  of  the 
atmosphere  will  ever  be  entirely  attained  by  human 
science.  At  present  but  few  are  known,  and  those 
imperfectly.  Amongst  the  principal  ones  which  most 
affect  the  subject  of  our  present  inquiry  are,  undoubt- 
edly, heat  and  electricity.  The  first  raises  and  sus- 
'  pends  the  evaporated  waters  invisibly  in  the  air,  until 
some  more  powerful  attraction  dissolves  the  union, 
and  the  deserted  moisture,  exposed  to  view,  falls 
again  to  the  earth,  and  revisits  it  in  the  various  forms 
of  clouds,  mist,  rain,  dew,  snow,  hail,  sleet,  and 
hoar-frost.  To  electricity  may  be  principally  attri- 
buted tiie  more  splendid  phenomena  of  lightning,  the 
aurora-borealis,  and  the  other  igneous  meteors.  And 
the  effect  of  these  causes,  variously  combined  and  in- 
finitely modified  by  other  agents,  is  felt  in  those  cur- 
rents of  atmospheric  air,  which  are  described  by  a 
sacred  writer,  as  "  going  toward  the  north,  and  to- 
ward the  south,  as  whirling  about  continually  and 
returning  again  according  to  their  circuits." 

Professor  Leslie  furnishes  the  following  plain  and  | 
simple  facts  on  the  subject. 

"  The  mean  height  of  the  barometer  (that  is,  the 
mean  weight  or  pressure  of  the  atmosphere)  at  the 
level  of  the  sea,  is  the  same  in  every  part  of  the  globe. 
"  The  barometer  constantly  descends  in  a  geome- 
trical progression  for  equal  ascents  in  the  atmosphere, 
subject  to  a  correction  for  the  decreasing  temperature 
of  the  elevation. 

"  The  mean  temperature  of  the  earth's  surface  in- 
creases gradually  from  the  poles  to  the  equator. 

"The  mean  temperature  of  the  atmosphere  de- 
creases from  below  upwards  in  a  regular  gradation. 

"  The  barometer  at  the  level  of  the  sea  is  but  slightly 
affected  by  the  annual  or  diurnal  fluctuations  of  tern* 


perature ;  but,  in  the  higher  regi<»a  of  the  atmos- 
phere, is,  on  the  contrary,  greatly  affected  by  them. 

"  The  heating  and  cooling  of  the  atmosphere,  by 
the  changes  of  day  and  night,  take  place  equally 
throughout  its  mass. 

"  The  average  quantity  of  vapour  in  the  atmos- 
phere decreases  from  below  upwards,  and  from  the 
equator  to  the  poles. 

"  The  western  coasts  of  the  extra-tropical  climates 
have  a  much  higher  mean  temperature  tiian  the  east- 
em  coasts. 

"  A  wind  generally  sets  from  the  sea  to  the  land 
during  the  day,  and  from  the  land  to  the  sea  during 
the  night,  especially  in  hot  climates. 

"  Between  the  tropics  the  fluctuations  of  the  baro- 
meter do  not  much  exceed  one  quarter  of  an  inch, 
while,  beyond  this  space,  they  reach  to  three  inches. 

"  In  the  temperate  climates  the  rains  and  the  winds 
are  variable. 

"As  we  advance  towards  the  polar  regions,  we 
find  the  irregularities  of  the  wind  increa^;  and 
storms  and  calms  repeatedly  alternate,  without  warn- 
ing or  progression. 

"  In  the  extra-tropical  climates,  a  fall  in  the  baro- 
meter almost  always  precedes  a  period  of  rain,  and 
indicates  a  change  or  acceleration  of  the  aerial  cur- 
rents. 

"  Barometers,  situated  at  great  distances  from  each 
other,  often  rise  and  fall  togedier  with  great  regularity. 

"  More  than  two  currents  may  often  be  traced  in 
the  atmosphere  at  one  time,  by  the  motions  of  clouds, 
&c. 

"The  force  of  the  winds  does  not  always  decrease 
as  the  elevation  increases ;  but,  on  the  contrary,  is 
often  found  to  augment  rapidly. 

"  The  variations  of  the  barometer  are  less  in  high 
situations  than  in  those  ^t  the  level  of  the  sea. 

"  In  Great  Britain,  upon  an  average  of  ten  yean, 
westerly  winds  exceed  tiie  easterly  in  the  proportion 
of  225  to  140 ;  and  the  north^ly  winds  exceed  the 
southerly,  as  192  to  173. 

"  Northerly  winds  almost  inyariably  raise  the  baro- 
meter, while  southerly  winds  as  constantly  depress  it 

"  The  most  permanent  rains  from  this  cliinate  come 
from  the  southern  regions. 

"The  mean  height  of  the  barometer  varies  but 
little  wiUi  the  changes  of  the  seasons. 

"  The  apparent  permanency  and  stationary  aspect 
of  a  cloud  ia  often  an  opticid  deception,  arising  from 
the  solutioD  of  mobture  on  one  side,  and  its  precipi- 
tatiofi  on  the  other. 

"  The  quantity  of  vapour  in  the  atmosphere  in  the 
different  seasons  of  the  year  (measured  on  the  surr 
face  of  the  earth,  and  near  the  level  of  the  sea)  follows 
the  progress  of  the  mean  temperature. 

"  llie  pressure  of  the  aipeous  atmosphere,  sepa- 
rated fh)m  that  of  the  aenal,  generally  exhibits  di- 
rectly opposite  changes  to^e  latter. 

"  Great  falls  of  the  barometer  are  generally  accom- 
panied by  a  temperature  above  the  mean  for  the  sea- 
son, and  great  rises  by  one  below  the  same." 

The  same  authority  also  states,  that  "  the  British 
islands  are  situated  in  such  a  manner  as  to  be  subject 
to  all  the  circumstances  which  can  possibly  be  rip 
posed  to  render  a  climate  irregular  and  variable. 
Placed  nearly  in  the  centre  of  the  temperate  zone, 
where  the  range  of  temperature  is  very  great,  th«r 
atmosphere  is  subject,  on  the  one  side,  to  the  impres- 
sions of  the  largest  continent  of  the  worid ;  and;  on 
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tlK  other,  to  those  of  the  vast  Atlantic  Ocean.  Upon 
their  coasts  the  great  stream  of  aqueous  vapour,  per- 
petually arising  from  the  western  waters,  first  re- 
ceives the  influence  of  the  land,  whence  emanate  those 
condensations  and  expansions  which  deflect  and  re- 
verse the  grand  system  of  equipoised  currents.  They 
are,  also,  within  the  frigorific  effects  of  the  immense 
barriers  and  fields  of  ice,  which,  when  the  shifting 
position  of  the  sun  advances  the  tropical  climate  to- 
wards the  northern  pole  counteract  its  energ>%  and 
present  a  condensing  surface  of  enormous  extent  to 
the  increasing  elasticity  of  the  aqueous  atmosphere. 

Heat  is  one  of  the  most  important  agents  resorted 
to  in  the  economy  of  creation  for  revivifying  the  at- 
mosphere. This  is  effected  by  the  constant  opera- 
tion of  aerial  currents  fkmiliarly  termed  mtuh.  By 
tiiis  means  the  whole  of  the  ingredients  of  the  at- 
mosphere are  continually  amalgamated  together ;  for 
we  find  that  though  the  atmosphere  may  diminish  in 
lightness  as  we  ascend,  there  is  precisely  the  same 
general  character  pervading  its  particles.  Without 
winds  the  air  would  become  putrescent  and  stagnant 
by  the  thousand  effluvias  of  a  crowded  city,  and  our 
own«  "  giant  metropolis,"  would  be  little  better  than 
one  vast  lazar  house.  It  should,  however,  be  borne 
in  mind,  that  the  smoke  of  our  coal  fires  is  not  as  in- 
jorious  to  health  as  is  generally  imagined,  and  the 
prejudice  which  originated  in  Evelyn's  "  Fumifu- 
gium,"  is  now  giving  way  to  a  more  accurate  che- 
mical acquaintance  with  the  antiseptic  properties  of 
common  carbon.  To  explain  the  theory  of  the  winds, 
we  cannot  do  better  than  select  one  particular  species 
of  aerial  current,  which  may  serve  to  illustrate  the 
phenomena  generally. 

The  trade-wimU,  which,  within  the  tropics  at  all 
times  constantly  blow  from  the  east,  but  somewhat 
vary  their  force,  and  decline  a  little  tof  the  north  or 
the  sooth,  according  to  the  latitude  and  the  season, 
are  the  most  remarkable  of  all  the  aerial  currents, 
and  of  signal  importance  in  navigation.  These 
steady  breezes  favoured  the  voyages  of  Columbus, 
and  oondacted  him  to  the  discovery  of  the  Mexican 
archipelago.  The  same  powerful  stream  afterwards 
drew  the  Portuguese  from  their  southern  course^  and 
cairied  them  to  the  shores  of  the  Brazils.  Since  the 
character  and  extent  of  those  winds  have  become 
perfectly  known,  the  navigator  reckons  safely  on 
their  aid,  and  shapes  his  voyage  in  such  a  way  as  to 
ledoce  its  performance  almost  to  a  calculation. 

The  cause  of  the  trade- winds,  however,  is  not  ob- 
TioQSy  or  very  easily  traced.  Various  attempts  have 
been  made  to  explain  their  principle  of  action,  yet 
seldom  cm  any  solid  or  accurate  principles.  It  would 
form  an  interesting  discussion  to  examine  the  differ- 
ent hypotheses  advanced ;  but  we  can  afford  room  to 
notice  very  briefly  the  most  considerable  only  of  these 
opinions. 

Des  Cartes,  and  his  followers,  imputed  the  trade- 
winds  to  the  inertia  of  the  atmosphere,  which  they 
conceived  prevented  the  air  acquiring  the  full  ro- 
tation of  the  earth,  especially  near  the  equator. 
The  vrind  being  thus  left  behind,  as  the  globe  rolled 
Cpom  the  vrest,  would  have  an  apparent  motion  in 
the  contrary  direction,  and  seem  to  blow  from  the 
east.  But  it  may  be  urged,  that  as  passengers  ai- 
Most  insensibly  gain  the  celerity  of  Uie  ship  which 
carries  them,  so  ^ery  portion  of  the  incumbent  at^ 
BBOsphere^  though  more  loosely  attached  to  the  ter- 
XBqaeouB  stuiace,  must  soon  acquire  the  peculiar  mo- 
AmTS  h  Sciences. — Vol.  I. 


tion  corresponding  to  the  parallel  of  latitude.  Nor 
would  the  inequality  of  such  combined  movements 
in  the  air  at  all  disturb  the  order  and  arrangement 
of  its  general  mass. 

Dr.  Halley  gave  a  diffetent  explication  of  the  origin 
of  trade-winds,  which  seems  very  plausible,  and  was 
for  some  time  deemed  quite  satisfactory.  This  able 
philosopher  and  experienced  navigator  supposed  that 
the  spot  where  the  sun's  vertical  rays  exert  their  ut- 
most heating  energy,  being  in  the  lapse  of  a  day  suc- 
cessively transferred  from  east  to  west  round  the  cir- 
cumference of  the  globe,  must,  as  a  centre  of  con- 
fluence, draw  in  its  train  a  current  of  air.  The  cur- 
rent thus  formed  would  result  from  the  excess  of  the 
air  streaming  from  the  east  above  that  from  the 
west ;  and  it  would  therefore  advance  with  a  tardy 
pace,  following  at  a  distance  the  powerful  energy  of 
the  sun.  The  same  easterly  wind  might  incline  to- 
wards the  north  or  the  south,  according  as  the  great 
luminary  appears  to  approach  the  northern  or  the 
southern  tropic. 

But  it  should  be  observed,  that  the  torrid  zone 
stretches  mostly  over  the  ocean,  and  includes  only  a 
narrow  portion  of  land.  The  heat  excited  in  suc- 
cession Uirough  that  liquid  tract,  by  the  diurnal  pas- 
sage of  the  sun,  is  hence  extremely  small,  and  hardly 
sufficient  to  produce  the  gentlest  air.  Nor  could 
even  this  feeble  current  have  a  decided  and  constant 
direction :  it  would  only  tend  towards  the  heated 
part  of  the  surface  of  the  ocean.  In  the  morning,  it 
would  breathe  from  the  west  ^  about  noon,  it  would 
become  neutral,  and  die  away ;  and  in  the  evening, 
it  would  again  spring  up  and  flow  from  the  east. 
Near  midnight  this  current  would  sink  into  a  perfect 
calm.  The  hypothesis  will,  therefore,  not  bear  any 
strict  examination.  It  is  neither  adequate  to  the 
production  of  such  effects,  nor  accordant  with  the 
actual  phenomena  of  the  trade-winds. 

The  first  who  succeeded  in  taking  a  correct  view 
of  the  question  was  George  Hadley,  in  a  short  paper 
inserted  in  the  PhilotopIUcal  TVaTuactions  for  1735. 
By  combining  in  some  measure  the  idea  of  Des  Cartes 
with  the  opinion  of  Halley,  he  produced  a  clear  and 
simple  account  of  the  cause  of  trade-winds,  which 
appears  entirely  consistent  and  free  from  every  ob- 
jection. Though  the  daily  variation  of  temperature 
be  very  inconsiderable  within  the  tropics,  yet  the 
annual  accumulation  of  heat  renders  the  equatorial 
regions  much  wanner  than  the  higher  latitudes,  and 
consequently  maintains  a  perpetual  current  of  air 
from  either  side.  If  those  aerial  motions  were  not 
modified  by  the  figure  and  rotation  of  the  gbbe,, 
there  would  always  be  two  opposite  winds  blowing 
directly  from  the  north  and  from  the  south  to  the 
equator.  But  the  stream  which  perhaps  originates 
at  the  northern  tropic,  in  advancing  to  the  equator^ 
must  seem  gradually  to  deflect  towards  the  west,  in 
consequence  of  the  increasing  velocity  with  which  the 
successive  parallels  of  latitude  are  carried  eastwards. 
During  the  time  this  current  takes  to  perform  its 
journey,  it  is  apparently  transported  to  the  west, 
through  a  space  eqiial  to  the  excess  of  the  arc  traced 
by  the  tropic.  The  current  from  the  southern  tropic 
is  equally  bent  towards  the  west.  When  both  of 
them  meet  at  the  equator  their  opposite  impulsions 
from  the  north  and  south  are  extinguished,  and  they 
flow  directly  west  in  a  single  united  stream,  and  with 
accumulated  force.  The  apparent  motions  of  the 
different  streamlets,  which  from  both  hemispherea 
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Con>ipire  to  conititutc  the  tnde-wind,  )•  repreKntid 
in  the  accompanying  diagram. 


But  it  is  not  enough  to  connect  the  general  facts ; 
a  complete  theory  should  harmonize  oil  the  sub- 
Qidinate  details.  An  easy  calculation  accordingly 
conducted  to  those  precise  results  which  are  com- 
mensurate and  exactly  congruous  with  the  actual 
phenomena.  The  trade-wiod  may  be  reckoned  to 
begin  about  the  latitude  of  2S  degrees.  At  this 
psrallel,  the  mean  temperatore  is  four  centesimal 
degrees  colder  than  immediately  under  the  equator, 
which  difference  of  heat  may  graduate  throuch  the 
atmosphere  to  the  altitude  of  10,000  feet.  Where- 
fore, ue  expansion  of  the  air  at  the  equator,  which 
draws  to  it  a  meridional  wind,  wilt  amount  to  a  co- 
lumn of  100  feet.  The  velocity  of  the  current  hence 
produced,  must  be  about  SO  feet  every  second,  which 
corresponds  to  51  miles  in  the  hour.  But  each  point 
on  the  parallel  of  24°,  is  carried  eastward  by  its  revo- 
lution about  the  earth's  ails,  J  miles  faster  every  hour 
than  on  the  parallel  of  25°.  Consequently,  when  the 
wind  arrives  at  the  parallel  of  24°,  it  will  seem  to 
have  acquired  a  tendency  of  7  miles  an  hour  to  the 
we«t.  As  it  reaches  the  successive  parallels  of  33°, 
32°,  310,  Ac.  it  will  gain  continual,  though  de- 
creasing additions  to  its  apparent  westerly  course, 
which  at  the  equator  will  have  augmented  to  104 
miles  in  the  hour. 

In  this  calculation,  we  have  made  no  deduction  for 
the  resistance  which  the  streams  of  air  must  experi- 
ence in  sweeping  over  the  surface  of  the  globe,  be- 
cause no  experiments  have  been  made  to  ascertain 
the  effect  of  such  retardation.  It  is  no  doubt  less 
on  the  ocean  than  on  the  land,  and  must  evidently 
be  diminished  in  proportion  to  the  depth  of  the  mass 
of  fluid  which  is  borne  along.  Still,  however,  this 
obstruction,  joined  to  this  impediment  of  internal 
motion,  must  be  very  considerable  ;  and  we  may 
safely  reduce  the  numbers  before  stated  to  one-third, 
which  would  give  18  miles  an  hour  for  the  celerity 
of  the  primary  meridianal  wind,  and  35  miles  for 
that  of  the  oriental  or  trade-vrind,  resulting  from  the 
influence  of  the  figure  and  rotation  of  the  earth. 

From  the  laws  of  universal  attraction  it  has  been 
inferred,  that  these  celestial  bodies  must  act  npon  the 
atmosphere,  or  that  they  must  occasion  a  flux  and 
reflux  of  the  atmosphere,  as  well  as  that  of  the  ocean. 
Hence  it  has  been  alleged,  that  though  we  cannot 
discover  aerial  tides,  of  ebb  or  flow,  by  means  of  the 
barometer,  because  columns  of  air  of  unequal  height, 
but  different  density,  may  have  the  same  pressure  or 
weight;  yet  the  protuberance  in  the  atmosphere, 
which  is  continually  follovring  the  moon,  must,  they 
ny,  of'COwse  produce  a  motion  in  aU  parts,  and  so 


produce  a  wind  more  or  less  in  every  place,  wkicb, 
conspiring  with,  or  counteracted  by  the  winds  aris- 
ing from  other  causes,  malces  them  greater  or  less. 
Several  dissertations  to  this  eBect  were  published. 


much  more  powerful  effects  of  heat  and  cold,  M  dry- 
ness and  moisture,  of  winds,  Ice.,  so  that  tiieir  action 
upon  the  barometer  has  been  long  disputed  and  even 
denied ;  yet  that  the  moon  in  partitnilar,  as  well  ■• 
.  has  such  an  action,  has  been  for  a  consider' 
able  tine  sannised  ;  and  of  late  years  it  has  been  in 
a  degree  observed  and  rendered  sensible  by  means  of 
ver^  accurate  and  long-continaed  barometncal  obser- 
vations, and  perceived  merely  by  taking  a  mean  of  the 
observations  of  many  years.  Toaldo,  the  learned 
astronomer  of  Padua,  after  a  variety  of  oboervationB 
made  in  the  course  of  several  years,  found  reason  to 
assert,  that,  at  the  time  of  the  moon's  apogeum,  the 
mercury  in  the  barometer  rises  the  0.022  of  an  inch 
higher  than  at  the  perigeilm ;  that  at  the  time  of  the 
quadratures,  the  mercury  stands  O.OOS  of  an  inch 
higher  than  at  the  time  of  the  syzygies ;  and  that  it 
stands  0.022  of  an  inch  higher  when  the  moon  in 
each  Innatian  comes  nearest  to  our  lenith,  (meaning 
the  zenith  of  Padua,  where  the  observationa  wtre 
made),  than  when  it  goes  farthest  from  It. 

In  the  seventh  volume  of  the  PhiloiophiealM^atim, 
there  is  a  paper  of  L.  Howard,  Esq.  which  contains 
rious  observations  relative  to  this  subject. 
This  gentleman  found,  both  from  his  own  obstrva- 
tians,  and  from  an  examination  of  the  Meteorological 
Journal  of  the  Royal  Society,  which  is  puMished 
annually  in  the  Philompkieal  TVwuoctioM,  that  the 
moon  had  a  manifest  action  upon  the  barometer. 
"  It  appears,"  he  says,  "  to  me,  evident,  that  the  at- 
mosphere is  subject  to  a  periodical  change  of  gravity, 
by  which  the  barometer,  on  a  mean  of  ten  yeui,  is 
t  at  least  one-tenth  of  an  inch,  wnile  the 
passing  from  the  quarters  to  the  full  and 
new ;  and  elevated,  in  the  same  proportion,  during 
to  the  quarter."  A  great  fall  of  the  baro- 
generally  takes  place  before  high  tides,  espe- 


ally  at  the  ti 
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said,  which  render  the  dinmni 
tide  of  the  atmosphere  insensible  to  us,  may  be  the 
elasticity  of  the  air,  and  the  interference  of  the  maiA 
"   ore  powerful  effects  of  heat,  cold,  vapours,  lie. 

It  has  been  calculated  by  D'Alembert,  from  t^ 
general  theory  of  gravitation,  that  the  influence  ot 
the  sun  and  moon  in  their  daily  motions  is  sufficient 
to  produce  a  continual  east  wind  about  the  equ^or. 
So  that,  npon  the  whole,  we  may  reckon  three  prin- 
cipal daily  tides,  vu.  two  arising  from  the  attractiona 
of  the  sun  and  moon,  and  the  diird  from  the  heat  ot 
e  sun  alone  ;  all  which  sometimes  combine  toga- 
er,  and  form  a  tide  of  great  magnitude. 
In  corroboration  of  the  opinion  of  the  influence  of 
e  sun,  and  principally  of  the  moon,  in  the  piDdnc- 
tion  of  the  wind,  we  must  likewise  mention  the  ob- 
servations  of  Bacon,   Gassendi,   Dampkr,   Halley, 
&c. ;  namely,  that  the  periods  of  the  year  most  likelv 
have  high  wind   are  the   two  equinoxes ;   that 
rms  are  more  frequent  at  the  time  of  new  and  full 
on,  especially  those  new  and  (iill  moons  whkb 
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happcB  abcmt  the  equinoxes ;  that,  at  periods  other- 
wise calm,  a  small  breeze  will  take  place  at  the  time 
of  high  water ;  and  that  a  small  movement  in  the 
atmosphere  is  generally  perceived  a  short  time  after 
the  noon  and  the  midn^;ht  of  each  day. 

Atmospheric  Clock  ;  a  machine  for  measuring 
the  mean  temperature  of  the  air. 

Am osPHKRic  Stonbs  ;  see  Abrouths. 

Atoixbns  Ocuu,  in  Anatomy,  one  of  the  muscles 
of  the  eye,  usually  called  the  elevator  oculi. 

Atomic  Philosophy.  The  nature  of  the  ulti- 
mate elements  of  which  bodies  are  constituted,  has 
been  a  fruitful  source  of  speculation  among  philoso- 
phers of  all  ages.  From  the  earliest  times  of  antiquity 
down  to  the  present  day,  two  opinions  directly  op- 
poaed  to  each  other  have  divided  the  world  on  this 
subject;  the  one,  that  matter  is  composed  of  an 
assemblage  of  minute  particles  or  aionu  incapable  of 
farther  division, — the  other,  that  there  is  no  limit  to 
its  divisibility,  the  smallest  conceivable  portion  still 
consisting  of  an  infinity  of  parts.  The  first  of  these 
theories,  which  is  commonly  distinguished  by  the 
name  of  the  Atomic  philosophy,  was  originated  in 
Greece  by  Leucippus ;  it  was  supported  by  Demo- 
critos,  and  subsequently  considerably  improved  by 
Epicurus.  It  also  existed  at  a  very  early  period 
among  the  Hindoos,  as  Mr.  Colebrooke*  has  shown, 
and  formed  the  prominent  feature  of  the  doctrines  of 
the  Vaiseshica  school  of  philosophy.  According  to 
Canade,  the  reputed  fouzider  of  that  sect,  material 
substances  are  primarily  atoms,  and  secondarily  ag- 
gregates. These  atoms  are  etema),  and  the  mote 
which  is  seen  in  a  sun-beam,  and  which  b  the  most 
ninote  of  perceptible  things,  consists  of  several  of 
them.  They  are  simple  and  uncomposed ;  else  the 
series  vrould  be  endless,  and  were  it  pursued  indefi- 
nitely, there  would  be  no  difference  of  magnitude 
beiween  a  mustard-seed  and  a  mountain,  a  gnat  and 
an  dephant,  each  alike  consisting  of  an  infinity  of 
partides.  The  ultimate  atom  then  is  simple.  Two 
of  these  atoms  concurring  by  an  unseen  peculiar  vir- 
tue, the  creative  will  of  God,  time,  or  other  compe- 
tent cause,  constitute  a  binary  or  double  atom,  which 
is  the  first  compound;  by  the  concourse  of  three 
binary  atoms,  a  ternary  atom  is  produced,  which  is 
the  second  compound;  the  next  is  formed  by  the 
union  of  four  ternary  atoms,  and  is  a  quaternary  atom, 
and  so  on  to  grosser  masses  or  aggregates.  In  this 
wanner  Canade  accounts  for  the  formation  of  all  ma* 
terial  bodies,  from  these  four  of  the  nine  substances 
or  elements  recognised  by  the  Hindoo  philosophers, 
tiie  existence  of  which  is  deduced  from  dbtinct  per- 
ception. Thus,  great  earth,  as  he  terms  it,  is  pro- 
daoed  firom  earthly  atoms,  great  water,  from  aqueous 
atoow,  great  light  or  heat,  from  luminous,  and  great 
air  from  aerial  ones. 

This  doctrine  bears  a  considerable  analogy  to  that 
eaabraced  by  the  earlier  philosophers  of  Greece,  who 
in  many  instances  seem  to  have  entertained  views 
more  coolbrmable  to  the  principles  of  modem  science 
than  their  successors.  Anaxagoras  supposed  the 
material  world  to  consist  of  minute  particles,  but 
contended  that  those  particles  were  of  different  kinds, 
the  peculiar  form  and  properties  of  any  substance 
'**pf*Mi"»g  on  the  nature  of  the  particles  of  which  it 
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was  chiefly  composed.  He  also  maintained  the  ex- 
istence of  an  active  intelligent  principle,  or  infinite 
mind,  distinct  from  matter,  and  possessing  a  power  of 
motion  within  itself,  the  communication  of  which,  to 
the  passive  particles  of  the  material  mass,  caused  the 
union  of  the  homogeneous  ones,  and  produced  the 
various  forms  of  nature.  The  hypothesis  of  Empe- 
docles  was  a  simplification  of  this.  He  admitted 
the  existence  of  only  four  different  kinds  of  primary 
particles,  and  accounted  for  their  aggregation  by 
conceiving  them  to  be  endued  with  the  qualities  of 
friendship  and  discord ;  or,  as  in  modem  scientific 
language  we  should  call  them,  affinity  and  repul- 
sion. These  qualities  being  excited  by  the  commu- 
nication of  motion  to  the  original  material  mass, 
Uirough  the  agency  of  the  active  intelligent  principle 
of  nature  or  Divine  mind,  their  operation  he  supposed 
to  lead  to  the  union  of  homogenous  atoms,  and  the 
separation  of  heterogenous  ones ;  and  consequently 
to  the  formation  of  four  elements,  as  he  termed  them, 
— air,  earth,  fire,  and  water,  by  the  intermixture  of 
which,  in  various  proportions,  he  imagined  all  other 
substances  to  be  produced.  Both  of  these  philoso- 
phers maintuned  the  existence  of  several  essentially 
distinct  kinds  of  particles ;  they  disagreed  only  as  to 
the  number  of  those  classes,  Democritus  admitting 
but  four,  and  Anaxagoras  imagining  a  separate  class 
for  every  different  compound  in  nature.  Leucippus 
attempted  to  reduce  it  still  farther;  he  derived  the 
whole  material  world  firom  one  elementary  kind  of 
matter,  consisting  of  minute  indivisible  corpuscles  or 
aiomt,  of  various  shapes,  insensible,  and  possessed  of 
an  intrinsic  power  of  motion.  By  the  agency  of  this 
power,  the  intervention  of  a  Divine  mind  in  the  forma- 
tion of  the  various  objects  in  nature,  which  had  been 
recognised  by  preceding  philosophers,  was  dispensed 
with,  and  their  production  accounted  for  by  the  for- 
tuitous concurrence  of  atoms  of  similar  forms.  Inde- 
pendently of  its  atheistical  tendency,  a  fatal  objec- 
tion to  this  doctrine  is,  that  each  particular  atom 
being  supposed  insensible,  no  collection  of  atoms  can 
become  sensible.  It  was  probably,  as  Bayle  thinks, 
from  a  conviction  of  this  difficulty  that  Democritus, 
the  follower  of  Leucippus  supposed  every  atom  to  be 
endued  with  a  soul,  although  on  other  points  he, 
agreed  with  his  master.  But  Epicurus,  who  is  con- 
sidered the  great  supporter  of  the  ancient  atomic 
philosophy,  rejected  this  innovation,  and  adhered 
in  this  respect  to  the  original  notion  of  Leucippus. 
He  ascribed  the  formation  of  the  various  material 
bodies  of  the  universe  to  the  union  sometimes  at- 
tending the  casual  collision  of  two  wandering  atoms, 
which,  from  the  jagged  or  pointed  shape  of  one  of 
them,  might  happen  to  adhere.  The  compound  would 
probably  possess  interstices  just  adapted  to  corres- 
ponding projections  of  other  atoms  which  would 
consequently  on  meeting,  unite  to  it.  When  these 
primary  atoqis  were  closely  connected,  wiUi  but  little 
space  between,  they  produced  solids,  such  as  stones 
and  metals ;  when  loose  and  disjoined,  the  resulting 
compound  vras  of  lax  texture,  as  wood,  water,  and 
vapour. 

The  arguments  adduced  by  the  advocates  of  the 
doctrine  of  the  existence  of  ultimate  atoms,  were 
various.  They  contended  that  without,  such  an  ar- 
rangement, there  would  be  no  durability  in  the  system 
of  nature ;  that  the  component  particles  of  matter, 
gradually  worn  down  by  constant  attrition,  during  a 
period  of  indefinite  extoit,  would  eventually  become 
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unable  to  form  any  thing  possessing  bulk  and  soli- 
dity ;  or  else  would  produce  substances  of  a  very  dif- 
ferent nature  from  those  which  they  gave  rise  to  for- 
merly, when  in  a  less  comminuted  state.  And  hence, 
added  they,  the  races  of  animals  and  the  tribes  of 
plants  could  Aot  have  preserved  their  uniformity  for 
so  long  a  period,  if  the  particles  out  of  which  they 
were  formed  had  undergone  any  change  in  size  and 
figure ;  for,  from  those  two  qualities  arose,  according 
to  their  doctrine,  all  the  distinguishing  marks  which 
characterise  a  body.  They  also  argued,  that  as  everj'^ 
material  body  which  comes  under  our  observation 
does  possess  a  definite  size,  so  ought  each  of  the 
parts  of  which  it  consists. 

Among  the  modems,  the  same  diversity  of  opinion 
prevailed  which  divided  the  ancient  world.  By  Leib- 
nitz, the  existence  of  atoms  was  denied,  as  incon*- 
sistent  with  two  of  his  leading  dogmas — the  law  of 
continuity,  and  the  doctrine  of  a  sufficient  reason. 
The  very  notion  of  an  atom,  he  contends,  implies 
that  of  absolute  hardness ;  now,  if  two  bodies  per- 
fectly hard,  and  therefore  altogether  inelastic,  were 
to  meet  with  equal  and  opposite  motions,  they  must 
both  necessarily  stop  at  once.  Hence,  to  suppose  the 
existence  of  bodies  so  constituted  as  to  pass  instantly 
from  a  state  of  rapid  motion  to  one  of  perfect  rest,  is 
inconsistent  with  the  law  of  continuity,  which  im- 
plies that  no  change  can  take  place  abruptly,  or 
without  passing  through  the  intermediate  gradations. 

More  intelligible  are  the  arguments  advanced  by 
Des  Cartes,  and  the  host  of  philosophers  who  at- 
tached themselves  to  his  theory  during  the  seven- 
teenth century ;  these  contented  themselves  for  the 
most  part  with  proving,  that  no  body  can  be  consi- 
dered in  a  mathematical  sense  incapable  of  division. 
No  compound  or  visible  bodies,  it  is   well  known, 
ever  come  into  immediate  contact  with  each  other, 
or  influence  each  other  by  means  of  simple  solidity. 
The  earth  is  affected  by  the  sun,  the  moon  by  the 
earth ;  the  waters  of  the  earth  by  the  moon.     The 
particles  of  all  bodies  deemed  the  most  solid  and 
impermeable,  are  capable  of  approaching  nearer,  or 
receding  farther  from  each  other,  by  an  application 
of  different  degrees  of  cold  or  heat.    We  can,  hence, 
it  is  said,  form  no  conception  of  perfect  solidity ; 
and  every  phenomenon  in  nature  appears  to  disprove 
its  existence.    The  minutest  corpuscle  we  can  ope- 
rate upon,  is  still  capable  of  a  minuter  division,  and 
the  parts  into  which  it  divides  possessing  the  common 
nature  of  the  corpuscle,  which  has  produced  them, 
must  necessarily,  it  is  added,  be  capable  of  a  still 
farther  division ;  and  as  such  divisions  can  have  no 
assignable  limit,  matter  must  necessarily  and  essen- 
tially be  divisible  to  infinity.    This  argument,  in- 
deed, is  highly  plausible ;  but  it  was  soon  obvious 
that  it  leads  to  a  pure  nonentity  of  a  material  world  : 
for  that  which  is  essentially  unsolid,  and  infinitely 
divisible,  must  at  length  terminate  in  nothing.    And 
hence,  Leibnitz,  about  half  a  century,  and  Boscovich, 
about  a  century  afterwards,  attempted  to  amend  the 
system,  by  contending  as  indeed  Zeno  is  supposed  to 
have  done  formerly,   that  matter  has  its  ultimate 
atoms  or  monads,   as  they  were  denominated  by 
Leibnitz,  from  the  language  of  Pj^hagoras,  beyond 
which  it  is  altogether  indivisible;  and  that  these 
ultimate  atoms  or  monads  are  simple  unextended 
points,  producing  however  the  phenomena  of  exten- 
sion by  their  combination,  and  essentially  possessed 
of  the  powers  of  attraction  and  repulsion. 


The  object  of  Boscovich,  in  framing  this  hypothesis, 
was  to  get  rid  of  the  difficulty  of  imagining  the  pro- 
perty of  extension  to  belong  to  a  body  taken  col- 
lectively, when  the  same  is  not  predicated  of  its  com- 
ponent parts.  For  this  purpose  he  still  adhered  to 
the  supposition,  that  matter  is  made  up  of  a  number 
of  unextended  points,  bat  attempted  to  account  for 
the  extension,  which  a  combination  of  them  possesses, 
by  resolving  the  very  idea  of  that  property  itself  into 
something  more  simple, — ^the  resistance  offered  by  a 
combination  of  particles  to  the  approach  of  another 
combination  of  similar  particles,  in  consequence  of 
those  particles  being  endued  witfi  the  power  of  re- 
pulsion at  certain  distances.  This  would  certainly  pro- 
duce the  effect  which  results  from  the  property  which 
we  usually  term  impenetrability ;  and  it  is  from  that 
primary  property  of  matter  that  the  notions  of  sub- 
stance, figure,  and  bulk,  included  under  the  term  ex- 
tension, arise.  But  the  ingenuity  of  Boscovich, 
though  enabling  us  to  maintain  in  argument  the 
doctrine  of  particles  mathematically  indivisible,  can 
hardly  persuade  us  of  the  reality  of  their  existence, 
and  we  shall  evade  the  objection  which  may  on  this 
account  be  alleged  against  the  theory  of  indivisible 
atoms,  yet  still  possessed  of  extension,  by  con- 
sidering those  atoms  as  bodies  not  destitute  indeed 
of  parts,  but  having  those  parts  held  together  by  a 
force  capable  of  resisting  any  attempt  by  natural 
means  to  separate  them.  Upon  this  supposition  we 
may  fairly  speak  of,  or  reason  on,  the  ultimate  par- 
ticles to  which  the  division  of  matter  can  be  carried, 
even  though  they  mtiy  be  proved  mathematically  to 
consist  of  an  Infinite  number  of  points.  This  theory, 
though  opposed  by  Kant,  and  the  more  modern  Ger- 
man schools  of  philosophy,  was  the  view  taken  by 
Newton.  "All  things  considered,"  observed  that 
philosopher,  "  it  seems  probable  that  God  in  the  be- 
ginning formed  matter  in  solid,  massy,  hard,  impe- 
netrable, moveable  particles,  of  such  sizes  and  figures, 
and  with  such  other  properties,  and  in  such  propor- 
tion to  space  as  most  conduced  to  the  end  for  which 
he  formed  them." 

But  the  strongest  proofs  which  we  posses  of  the 
correctness  of  the  hypothesis,  that  matter  consists  of 
a  finite  number  of  indivisible  particles,  are  derived 
from  the  discoveries  of  modem  chemists,  relative  to 
the  definite  proportions  in  which  substances  combine; 
from  the  laws  which  have  been  observed  to  regulate  the 
phenomena  of  crystallization,  and  from  the  researches 
of  Professor  Mitscherlich  into  the  correspondence 
which  frequently  exists  between  the  crystalline  form 
of  compound  bodies,  and  the  number  of  their  consti-' 
tuent  atoms ;  and  which  he  has  denominated  isomor^ 
phism.  Of  the  first  we  shall  speak  in  the  next  arti- 
cle, the  others  we  shall  notice  under  their  respective 
heads.  In  addition,  we  may  observe,  that  this  theory 
is  strongly  supported  by  one  or  two  exceedingly  in- 
genious arguments  deduced  entirely  from  recent 
observation  and  experiment.  In  a  memoir  on  the 
Finite  Extent  of  the  Atmosphere,  published  in  the  Phi- 
losophical Transactions  for  the  year  1822,  Dr.  Wol- 
laston  has  obser\'ed,  that  upon  the  supposition  of 
the  contrary  hypothesis,  the  matter  composing  our 
atmosphere  ought  to  extend  throughout  space.  For 
being  a  permanently  elastic  fluid,  the  force  of  repul- 
sion which  continually  tends  to  keep  its  parttcies 
asunder,  must  operate  wherever  any  portion  of  air 
exists ;  consequently,  if  it  be  infinitely  divisible,  there 
ought  to  be  no  limit  to  its  extent.    On  this  supp>o8i- 
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Hon  all  space  would  be  filled  with  matter,  and  in  that 
case,  the  different  hea:venly  bodies'  would  attract  to 
themelTes  an  aerial  flaid  of  more  or  less  density  in  pro- 
portion to  their  respective  bulks.  The  occultation  of 
Venus,  by  the  body  of  the  sun,  or  the  passage  of  that 
planet  behind  it  in  May,  1821,  afforded  the  means  of 
ascertainuig  whether  this  were  the  case  wi^  respect 
to  the  sun ;  for  from  the  well-known  optical  pheno- 
mena of  refraction,  the  apparent  position  of  a  body 
seen  through  any  one  of  uiese  atmospheres,  would 
differ  from  its  real  position  m  a  degree  proportionate 
to  the  density  of  that  atmosphere.  A  series  of  ob- 
aerrations  was  made,  both  on  its  approadi  to  and 
departure  from  the  sun,  and  in  no  one  instance  was 
tile  apparent  position  of  the  planet  found  to  be  in  the 
least  degree  affected  by  any  refraction  of  the  rays 
proceeding  from  it  through  a  solar  atmosphere ;  thus, 
justifying  the  conclusion  that  none  existed  of  that 
density,  which  would  have  surrounded  it,  had  matter 
been  uniformly  diffused  throughout  space,  or  in  other 
wofds,  been  infinitely  divisible.  On  the  other  hand, 
if  we  suppose  the  atmosphere  to  be  made  up  of 
atoms,  or  to  consist  of  a  finite  number  of  elementary 
particles,  incapable  of  farther  division,  the  force  of 
repulsion  can  only  separate  them  up  to  that  point ; 
aiMl  that  force  being  diminished  in  proportion  to  the 
increase  of  the  rarity  of  the  medium,  in  other  words, 
of  its  elevation  from  the  surface  of  the  earth,  it  fol- 
lows that  at  a  certain  height,  the  power  of  gravity 
which  tends  to  draw  the  particles  towards  the  earth, 
would  coonterbaiance  that  of  repulsion,  which  acts 
in  a  contrary  direction,  and  thus  render  them  sta- 
tioiiary,  and  consequently  at  that  distance  would  be 
found  the  limit  of  the  atmosphere. 

Dr.  Faraday,  in  a  paper  on  the  Existence  of  a  Limit 
to  Vaporization,  in  the  TranaactUms  for  1826,  has 
corroborated  this  view  of  the  question,  by  showing 
that  there  is  a  certain  temperature,  and  for  most 
bodies  not  a  very  low  one,  at  which  all  evaporation 
of  their  substance  ceases,  the  force  of  gravity  be- 
longing to  their  component  particles  counterpoising 
that  of  the  mutual  repulsion  which  tends  to  destroy 
dieir  cohesion.  This,  observes  Dr.  Daubeny,  would 
not  be  the  case  if  die  matter  of  which  those  bodies 
consisted  were  infinitely  divisible ;  for  however  low 
their  temperature  might  be  (always  supposing  it  to 
be  above  the  point  of  absolute  privation  of  heat),  in 
ether  words,  however  feeble  the  power  of  repulsion, 
yet,  as  it  would  be  exerted  on  parts  of  matter  which 
are  by  the  very  supposition  so  minute  as  to  possess 
iht  counteracting  force  of  gravity  in  a  still  weaker 
denee,  it  ought  to  continue  to  produce  some  effect. 

From  all  the  concurrent  arguments  we  seem  to 
be  justified  in  concluding  that  a  limit  b  to  be  as- 
signed to  the  divisibility  of  matter,  and  consequently 
that  we  must  suppose  the  existence  of  certain  ulti- 
mate particles,  stamped,  as  Newton  conjectured,  in 
the  banning  of  time  by  the  hands  of  the  Almighty 
with  permanent  characters,  and  retaining  the  exact 
size  and  figure,  as  well  as  the  other  more  subtle 
^oalities  and  relations  which  were  given  to  them  at 
^le  first  moment  of  their  creation.  Whether,  according 
to  the  doctrine  of  some  philosophers,  these  particles 
ail  belong  to  one  primary  kind  of  matter,  the  Trputrfi 
M9  of  the  Greeks,  impressed  with  certain  distinct 
properties,  or  with  various  modifications  of  the  same 
propel  ty  ;  or  whether,  as  others  imagine,  several 
elementary  kinds  of  matter  were  originally  produced, 
the  iatermiztnTe  and  union  of  which  are  the  causes  of 


the  infinite  varietur  of  appearances  that  diversify  the 
face  of  creation,  is  a  question  to  which  no  decisive 
answer  can  be  returned.  The  present  state  of  our 
knowledge  of  nature  would  incline  us  to  the  latter 
opinion ;  while,  the  revolutions  to  which  that  know- 
ledge is  continually  subject,  forbids  us  positively  to 
assert  that  the  progress  of  discovery  may  not  ulti- 
mately establish  the  truth  of  the  former. 

Atomic  Thbort  ;  the  expression  which  is  used  to 
designate  the  laws  of  the  definite  proportions  in 
which  chemical  combination  takes  place  between 
bodies. 

it  is  a  circumstance  which  could  hardly  fail  to 
have  attracted  observation  as  soon  as  any  progress 
had  been  made  in  chemical  manipulation,  that  the 
same  body,  however  produced,  is  at  all  times  com- 
posed of  tlxe  same  ingredients  in  exactly  the  same 
proportions.  Thus,  if  several  portions  of  the  sub- 
stance known  by  the  name  of  carbonate  of  potass,, 
be  analyzed,  they  will  all  be  found  to  consist  of  cer- 
tain quantities  of  carbonic  acid  and  potass ;  and  if 
the  quantities  of  those  elements,  wluch  enter  into 
each  be  compared,  the  proportion  of  the  weight  of 
the  acid  to  ti^e  weight  of  the  alkali  will  invariably  be 
that  of  22  to  48,  whether  the  portion  of  the  com- 
pound examined  be  a  pound,  an  ounce,  or  a  grain. 
It  would  also  have  been  observed,  that  the  same 
body  frequently  united  in  more  than  one  proportion 
with  another ;  and  that  the  different  compounds  thus 
produced  by  the  union  of  the  same  substances  in 
different  proportions,  often  bore  no  relation  whatever 
to  each  other,  but  seemed  each  to  belong  to  a  distinct 
class  of  bodies.  One  of  them,  for  instance,  might 
possess  acid  properties,  the  o^er'be  tasteless  and 
inert ;  or  one  might  be  combustible,  while  the  other 
supported  or  extinguished  flame.  It  could  not  fail 
also  to  be  remarked,  that  in  those  cases  in  which  the 
chemical  properties  of  the  combining  bodies  were  in 
a  manner  effaced  by  their  union,  they  would  not 
unite  in  every  proportion ;  in  other  words,  the  num- 
ber of  combinations  of  which  they  were  susceptible 
did  not  appear  to  be  indefinite,  that  in  fact  there  are 
few  instances  in  which  it  exceeded  four  or  Hve ;  and 
that  when  tiie  ingredients  were  presented  to  each 
other  in  intermediate  quantities,  the  resulting  com- 
pounds were  not  in  reality  distinct,  but  mixtures  of 
two  or  more  of  the  combinations  known  to  exist. 
This  point  being  ascertained,  it  was  natural  that  the 
relation  whidi  the  several  compounds,  consisting  of 
the  same  ingredients,  might  bear  one  to  the  other 
should  be  a  subject  of  inquiry ;  and  it  is  only  sur- 
prising that  men  of  science  should  so  long  have 
overlooked  the  simple  law  by  which  the  combinations 
between  bodies  are  now  shown  to  be  regulated. 

The  first  step  towards  the  determination  of  this 
point  was  made  by  a  German  chemist,  of  the  name 
of  Wenzel,  who,  in  a  work  published  at  Dresden,  in 
1777,  remarked,  that  when  two  neutral  salts  decom- 
posed each  other,  the  resulting  compounds  were  ex- 
actly neutral.  Thus,  if  sulphate  of  silver  and  nitrate 
of  barytes  were  to  be  brought  into  contact,  decompo- 
sition would  ensue,  and  there  would  result  two  neu- 
tral salts — nitrate  of  silver  and  sulphate  of  barytes ; 
and  if  to  the  nitrate  of  silver  thus  obtained,  phos- 
phate of  soda  were  added,  we  should  then  have  phos- 
phate of  silver  and  nitrate  of  soda,  both  also  neutral. 
Hence  the  same  quantity  of  sulphuric  acid,  that  was 
combined  with  the  silver  in  order  to  form  sulphate  of 
silver,  is  exactly  sufficient  to  enter  into  combination 
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with  the  barytes,  so  as  to  form  sulphate  of  barytes ; 
and  the  same  quantity  of  nitric  acia«  which  was  ori- 
ginally united  with  iht  barytes  to  form  nitrate  of 
barytes,  exactly  suffices  to  combine  with  the  sihrer 
for  the  formation  of  nitrate  of  sihrer.  Now  19*75 
grains  of  dry  sulphate  of  silver  is  made  up  of  5  grains 
of  sulphuric  acid,  and  14.7  grains  of  oxide  of  silyer; 
or,  in  other  words,  5  grains  of  acid  and  14.7  of  oxide 
are  requisite  to  form  a  neutral  compound,  or  to  neu- 
tralize each  other's  properties ;  and  16.5  grains  of 
nitrate  of  barytes  consists  of  6.75  grains  of  nitric 
acid,  and  9-75  of  barytes.  It  is  found,  when  these 
substances  are  presented  to  each  other  in  these  quan- 
tities, that  the  union  of  the  sulphuric  acid  and  the 
barytes  produces  a  neutral  compound,  as  does  also 
that  of  the  nitric  acid  and  the  silver ;  hence  we  con- 
clude that  6  grains  of  sulphuric  acid  just  suffice  to 
neutralize  9.75  of  barytes ;  and  6.75  grains  of  nitric 
acid  to  neutralize  14.75  of  silver.  These  results  are 
exhibited  more  conveniently  in  the  following  form. 

Original  Compounds. 
5    grs.  sulph.  aad  neutralize  14.75  grs,  ox.  sil. 

6.75  nit.  acid   .  .    9.75.         barytes 

RenUHmg  Compounda. 
5      grs.  sulph.  acid  neutralize  9*75.  barytes 
6.75       nit.  acid  .        .     14.75.  ox.  sil. 

Here  we  perceive  that  exactly  5  grains  of  sulphuric 
add  neutrsJiie,  or  form  a  neutral  compound  with, 
bodi  14.75  grains  of  oxide  of  silver,  and  9.75  of  ba- 
rytes ;  hence,  14.75  grains  of  oxide  of  silver  are  equi- 
valent in  their  power  of  combining  to  9.75  grains  of 
barytes.  We  also  observe,  that  just  6.75  grains  of 
nitric  add  are  required  to  neutralize  the  same  quaur 
tities  of  those  bodies ;  it  follows,  therefore,  that  6.75 
grains  of  nitric  acid  are  equivalent  to  5  grains  of 
sulphuric  acid. 

Now  it  is  found  tint  if  the  S1.5  grains  of  nitrate  of 
silver  (consbting  of  6.75  grains  of  nitric  add,  and 
14.75  of  oxide  of  silver)  wUch  result  from  the  above 
process,  be  presented  to  7.5  grains  of  dry  phosphate 
of  soda  (containing  3.5  grains  of  phosphoric  acid  and 
4  of  sodi^  decomposition  ensues,  and  the  4  grains  of 
soda  just  suffice  for  the  6.75  grains  of  nitric  acid,  and 
the  14.75  grains  of  oxide  of  silver  for  the  3.5  of  phos- 
phoric acid;  which  we  may  express  more  conve- 
.    niently  thus. 

Ori^fin&i  Compound$. 
6.75  grs.  nit.  acid  neutralize  14.75  grs.  ox.  sil. 
3.5      .     phos.  add  .  4  soda 

EetuUimg  Compoundf, 
6.75  gr.  nit.  acid  neutralize  4       grs.  soda 
3.5    .    phos.  acid  .        .  14.75  ox.  sil. 

Combinmg  these  results  with  those  exhibited  in 
the  preceding  table,  we  percdve  at  once  that 

6.76  grains  nitric  acid"!  are  equivalent  to  each  other 
5  .  .  .  sulphuric  >in  their  power  of  com- 
3.5      .     ,  phosphoric  J  bining ; 

and  that 

9.75  grains  barytes    "j  are  equivalent  to  each  other 

14.75    .     .ox.  silver  >in    their    power  of  com- 

4      .     .     .  soda        J  bining. 

Proceeding  upon  this  principle,  Richter,  a  Prussian 
chemist,  endeavoured  to  ascertain  the  relative  capa- 
dties  of  saturation  belonging  to  the  several  acids  and 
bases,  and  to  express  them  by  a  scale  of  numbers. 
The  results  of  his  researches  were  published  in  the 


form  of  a  table,  but  they  were  by  no  means  so  correct 
as  those  of  Wenzel,  whose  accuracy  indeed  b  re- 
markable. This  table  contains  the  equivalent  quan- 
tities of  some  of  the  earths  and  alkalies  which  would 
be  requbite  to  neutralize  1000  parts  of  sulphuric 
add,  and  abo  the  equivalent  quantities  of  some 
other  add,  which  would  be  capable  of  produdng  the 
same  effect  as  that  quantity  of  the  sulphuric  It 
might  naturally  have  been  expected  that  two  inqui- 
ries would  be  suggested  by  thb  table  of  Richter's ; 
the  one  with  a  view  of  ascertaining,  first,  whether 
the  same  law  which  had  been  established  with  re- 
spect to  a  few  of  the  acids  and  bases  held  good  gene- 
rally diroughout  nature,  and  particularly  where  two 
or  more  combinations  between  one  body  and  another 
existed ;  and  secondly,  whether,  if  such  were  the 
case,  any  relation  could  be  traced  between  the  dif- 
ferent combining  quantities  of  those  substances  which 
entered  into  combination  in  more  than  one  propor- 
tion. But  it  was  not  until  several  years  had  elapsed 
that  any  attempt  was  made  to  determine  either  of  these 
ftu:ts.  It  b,  indeed,  unquestionable,  that  so  early  as 
1769#  Mr.  Higgtns,  in  hb  Comparaiivs  View  qf  th$ 
Phiogittie  and  AmH-Pkiogiitic  TVortet,  published 
in  that  year,  dbtinctly  states,  that  one  ultimate  par- 
ticle of  sulphur,  and  one  of  oxygen  constitute  sul- 
phurous add,  and  one  ultimate  partide  of  sulphur 
and  two  ultimate  particles  of  oxygen,  sulphuric  add; 
and,  moreover,  that  in  the  compounds  of  azote  and 
oxygen,  the  ingredients  are  to  each  other  in  the  re- 
spective proportions  of  1  to  1^  2,  3,  4,  and  5 ;  but,  it 
b  evident,  from  the  slight  mention  which  he  makes 
of  thb  relation,  that  he  was  hardly  aware  of  its  im- 
portance. 

In  the  year  1808,  Mr.  Dalton  published  the  first 
volume  of  hb  New  Syeiem  of  Chemical  PkUoiophf, 
at  the  conclusion  of  which  he  announces  as  a  general 
fact,  that  when  two  bodies  combine,  the  union  takes 
place  betwixt  their  component  particles  in  the  pro- 
portion of  1  of  the  first  to  1  of  the  second,  1  of  the 
first  to  2  of  the  second,  1  to  3,  and  so  on.  Hence, 
from  the  relative  weight  of  the  elements,  constituting 
any  given  compound,  that  of  their  ultimate  atoms 
may,  with  certam  limitations,  be  inferred ;  and  there- 
fore, when  either  of  the  same  ingredients  occurs  in  a 
known  proportion  in  other  bodies,  the  number  of  its 
atoms  present  in  them  may  admit  of  being  deter- 
mined. Two  years  afterwards,  he  publbhed  the  se- 
cond part  of  hb  System,  in  which  he  confirmed  these 
views  by  a  mass  of  facts  derived  from  an  accurate 
examination  of  the  con^unds  of  oxygen  with  other 
bodies ;  and,  by  the  investigations  of  other  chembts, 
they  have  been  extended  to  all  dasses  of  chemical 
compounds  whatever.  It  will  at  once  be  evident; 
that  these  doctrines  of  Mr.  Dalton's  comprehend  twe 
distinct,  though  mutually  related  proposttions ;  whe- 
ther it  be  true  that  the  |»t)portions  in  which  bodies 
combine  follow  any  numencal  law,  and  secondly, 
whether,  if  such  be  the  case,  the  circumstance  may 
be  accounted  for,  by  supposing  the  union  to  take 
place  between  the  atoms  that  constitute  the  sub- 
stances in  question,  and  that  in  each,  the  atoms  aie 
characterize  by  a  difference  of  weight.  The  first 
point  is  a  question  of  fact,  which  can  only  be  esta- 
blished by  observation,  and  which,  so  far  as  that 
observation  has  hitherto  extended,  is  invariably  found 
to  occur.  It  would  obviously  exceed  our  limits  to 
give  any  very  detailed  exemplification  of  its  correct- 
ness; we  shall  dierefore  confine  oursdves  to  tbe 


ATOMIC   THEORY. 


167 


Mowing  instsnoes,  "wlilch  are  der^^  firom  bodies 
whose  composition  has  been  sufficiently  and  accu- 
rately <ktermined.  To  the  different  substances  are 
prefixed  the  numbers,  denoting  the  relative  weights 
of  tlie  proportions  in  which  they  combine  to  form 
die  compound  marked ;  and  the  symbol  -f  is  used 
merely  as  a  short  and  convenient  substitute  for  the 
words  eombmedwith. 

Oxjfgen  and  Hydrogen. 
I  hydrogen  +    8  oxygen,  form  water. 
1       .  .       4-  16     .  .        .  .    deutoxide  of  hydrog. 

Oxygen  and  Carbon. 
6  earbon  +    8  oxygen,  form  oxide  of  carbon, 

(or  carbonic  oxide.) 

6    .  .       +  16     .  .        .  .    carbonic  acid. 

Oxffgen  and  Snipkm: 
16  sulphur  +    8  oxygen,  form  hypo,  sulph.  acid. 
16      .  .      +16     .  .        .  .    sulphurous  acid. 
16      .  .      +24     .  .        .  .    sulphuric  acid. 

Oxygen  and  Nitrogen. 

14  nitrogen  +    8  oxygen,  form  protoxide  of  nitrog. 

(or  nltroas  oxide.) 

14       .  .       +  16     .  .        .  .   deutoxide  of  nitrog. 

(or  nitrous  gas.) 

14       .  .       +  24     .  .        .  .    hyponitrous  acid. 
14       .  .       +  32     •  .         .  .    nitrous  acid. 
14       .  .       +  40     .  .        .  .    nitrous  acid. 

Hydrogen  and  Sulphur. 
1  hydrogen  +  16  sulphur,  form  sulphuretted  hydrog. 

1  •  .       +  32      .  .        .  .    bisulphuretted  hydr. 

Hydrogen  and  Carbon. 

2  hydrogen  +    6  carbon,  form  sub-carburetted  hydr. 

2       .  .        +  12     .  .        .  .   carburetted  hydrogen. 

(or  olefiant  gas.; 

The  same  relation  b  also  found  to  exist  in  combi- 
nations of  compounds  of  simple  bodies ;  thus : 

Poiase  and  Sulphuric  Acid. 
48  potass  +40  sulphuric  acid,  form  sulphate  of  potass. 
48    •  •    +80  .  .  .  .  bisulphate  of  pot. 

Potosf  wiih  OxaUc  Acid. 
48  potass  +  36  oxalic  acid,  form  oxalate  of  potass. 
48    .  •     +  72        .  .  •  .   binoxalate  of  potass. 

48    •  .     -i-144        .  .  .  .    quadroxalateofpot. 

It  is  also  found  to  extend  to  combinations  of  salts 
and  solphnrets  (or  sulpho-sahs.) 

Now,  if  we  but  for  a  moment  examine  these  re- 
salts,  we  diall  perceive  tiiat  the  proportion  of  oxygen 
which  invariably  combines  with  the  substances  men- 
tiooMd  is  8,  or  a  multiple  of  8 ;  and  that  the  propor- 
tions ot  hydrogen,  carbon,  and  sulphur,  are  respec- 
tivetT,  either  1,  6,  and  16,  or  some  multiple  of  those 
nuBUMcrs.  We  observe  also  that  we  may  extend  the 
same  principle  to  those  bodies  which  Richter  extended 
to  th^r  primary  compounds,  and  Wenxel  to  the 
combinations  of  those  compounds.  We  remarked 
above,  that  the  quantities  of  two  substances,  which 
by  combining  togeUier,  saturate  or  neutralize  each 
other,  are  equivalent  in  their  power  of  combination ; 
that,  for  instance,  14.75  grains  of  sulphate  of  silver 
are  equivalent  to  5  grains  of  sulphuric  acid,  those 
quantities  exactly  saturating  each  other.  Also,  that 
the  quantities  of  two  or  more  substances,  each  of 
which  combines  with  and  saturates  the  same  quantity 
of  a  third  substance,  in  other  words,  which  are  both 
ccpiivalent  to  that  third  quantity,  are  equivalent  to 
cadi  other:  thus,  5  grains  of  sulphuric  acid,  and 


6.75  grains  of  nitric  acid  are  equivalents,  for  they 
will  both  combine  with  and  neutralize  eidier  14.75 
grains  of  oxide  of  silver,  or  9.75  grains  of  barytes ; 
and  for  the  same  reason,  these  two  last-mentioned 
quantities  are  also  equivalents.  The  term  chemicai 
equivalent,  then,  impOes  that  proportion  of  a  body 
which  is  necessary  to  act  upoi^  another  body,  the 
circumstances  of  chemical  affinity  being  such  as  to 
permit  action  to  take  place,  it  being  invariably  found 
that  the  proportions  are  always  the  same  for  one 
body,  whatever  other  body  it  be  compared  with. 
Hence,  if  a  particular  number  be  arbitrarily  taken  to 
represent  the  quantity  of  any  one  substance  which  is 
requisite  in  order  that  that  substance  may  be  able  to 
enter  into  combination,  and  be  called  its  equivalent, 
then  the  equivalents  of  other  substances  may  be  ex- 
pressed by  numbers,  each  number  bearing  the  same 
proportion  to  the  first  number,  that  the  combining 
quantity  of  the  body  it  represents  bears  to  the  com- 
bining quantity  of  the  substance  to  which  we  have 
assigned  that  first  number.  This  was  the  principle 
on  which  Richter  proceeded,  and  by  the  application 
of  which  he  formed  his  table ;  and  a  slight  examina- 
tion of  the  results  of  combinations  which  we  have 
given  above  will  show,  that  by  assuming  1  as  the 
arbitrary  number,  to  represent  hydrogen,  the  num- 
bers attached  in  the  following  table  to  those  simple 
substances  which  occur  in  those  results  represent 
their  chemical  equivalents ;  other  simple  substances 
are  also  inserted,  which  do  not  enter  into  the  pre- 
ceding investigations,  but  whose  numbers  have  been 
ascertained  in  a  similar  manner. 

Chemical  Equwalente,  referred  to  Hydrogen  a$  I. 

Sulphur       .     .     .     .16 
Calcium       ....  20 

Sodium 24 

Iron        28 

Potassium    ....  40 
Molybdenum    ...  48 

Now  ^  we  may  perceive,  that  the  numbers  repre- 
senting the  chemical  equivalents  of  all  the  above 
bodies  are  multiples  of  that  of  hydrogen,  which  is 
both  the  lightest  body  known,  and  that  of  which  the 
combining  quantity  is  the  smallest ;  indeed,  that  they 
are  all  multiples  of  twice  that  number,  and  most  of 
them  of  four  times.  The  same  observation  is  found 
to  apply  to  the  equivalent  numbers  of  all  the  elements 
ary  substances  knovni,  although,  indeed,  according 
to  Berzelius,  it  fails  in  one  or  two  instances. 

It  may,  then,  be  considered  as  a  fact  sufficiently 
established  by  experiment,  that  the  different  propor- 
tions in  which  bodies  combine,  do  follow  a  numerical 
law,  and  the  question  naturally  arises,  how  this 
circumstance  may  be  accounted  for.  This  can  only 
be  effected  on  the  supposition  of  matter  being  divisible 
into  a  definite  number  of  ultimate  atoms,  and  conse- 
quently furnish  an  additional  argument  in  favour  of 
that  hypothesis ;  for  even  if  the  facts,  which  we  have 
detailed,  be  not  iireconcilable  to  the  contrary  one, 
they  are,  at  hjast,  in  no  degree  accounted  for  by  them. 
Be  it  observed,  at  the  same  time,  that  the  truth  of 
the  facts  in  question  will  not  be  at  all  affected,  what- 
ever be  the  manner  in  which  we  may  attempt  to  ac* 
count  for  them ;  they  are  established  beyond  all  doubt. 

If  mattei  be  infinitely  divisible,  no  reason  can  be 
assigned  why  bodies  should  unite  in  certain  propor- 
tions, and  not  in  others;  we  should  rather  expect, 
that,  as  their  smallest  conceivable  portions  differ  in 


Hydrogen  .     . 
Carbon       .     . 

.  .  1 
.    .     6 

Oxygen       .     . 
Lithium      .     . 

.  .  8 
.     .  10 

Phosphorus     . 
Nitrogen     .     . 

.  .  12 
.     .  14 
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qaantity  only,  and  not  in  quality,  from  the  largest, 
diey  should  idl  possess  the  same  affinities,  and  that, 
consequently,  the  number  of  combinations  taking 
place  between  different  substances,  should  be  as  in- 
finite, as  are  the  parts  into  which  they  themselves 
admit  of  being  separated. 

But,  on  the  other  hand,  if  we  admit  the  finite 
divisibility  of  matter,  and,  consequently,  the  exist- 
ence of  ultimate  particles  or  atoms,  we  must  neces- 
sarily suppose  that  each  distinct  elementary  sub- 
stance is  composed  of  atoms  differing  fh>m  those  of 
every  other  substance  in  point  of  density  or  weight, 
and  that  the  chemical  union  of  bodies  is  nothing 
more  than  a  combination  between  their  ultimate 
atoms.    On  these  suppositions  we  are  enabled  to 
account  for  the  regularity  with  which  those  combi- 
nations take  place.    By  referring  to  the  table  which 
we  have  given  above,  it  will  be  perceived  that  there 
are  two  (Ufferent  combinations  of  oxygen  with  hy- 
drogen ;  of  which  1  part,  by  weight,  unites  in  the 
one  case,  with  8  parts  of  oxygen  to  form  water ;  and 
hn^the  other,  with  16  parts  of  oxygen  to  form  deu- 
toxide  of  hydrogen.  Let  us  suppose,  that  in  the  first 
combination  there  are  the  same  number  of  atoms  in 
each  of  the  combining  bodies,  or  that  each  single 
atom  of  the  hydrogen  unites  with  each  single  atom 
of  oxygen ;  it  follows,  that  the  atom  of  oxygen  must 
be  eight  times  as  heavy  as  the  atom  of  hydrogen, 
in  other  words,  that  the  weight  of  the  former  must 
be  to  tiiat  of  the  latter  in  the  proportion  of  8  to  1 ; 
for,  otherwise,  the  weights  of  a  collection  of  the 
same  number  of  atoms  of  each  would  not  be  in  that 
proportion,  which,  however,  we  see  is  the  case.    We 
may  account  for  the  second  combination,  in  which 
the  proportion  of  oxvgen  is  twice  as  great  as  in  the 
first,  by  supposing,  in  this  case,  that  two  atoms  of 
oxygen  combine  with  each  single  atom  of  hydrogen. 
We  therefore  see,  that  if  it  be  admitted  that  the  first 
case  of  combination  is  that  in  which  the  combining 
bodies  unite  atom  to  atom,  it  must  Uecessariiy  follow, 
that  if  we  represent  the  weight  of  the  atom  of  hydro- 
:gen,  or  its  atomic  weight,  by  1,  that  of  oxygen  will 
be  8,  and  if  we  call  the  atomic  weight  of  oxygen  1, 
we  must  express  that  of  hydrogen  by  J,  or  the  corre- 
sponding decimal  of  .125,  whichever  may  be  most 
convenient.    But  it  is  by  no  means  certain,  from  the 
relative  combining  weights  of  these  elements,  that 
they  do  unite  atom  to  atom  in  the  first  case  of  com- 
bination ;  and  if  they  do  not,  the  relative  weights  of 
the  atom  of  each,  which  we  have  deduced  upon  that 
supposition,  will  not  be  correct.     It  b  just  as  pos- 
sible, that  the  second  case  of  combination  is  that  in 
which  the  substances  combine  atom  to  atom;  and 
if  we  suppose  such  to  be  the  case,  it  is  evident  that 
the  atomic  weight  of  oxygen  will  be  to  that  of  hydro- 
gen in  the  proportion  of  16  to  1 ;  and  that  we  may 
explain  the  first  case  of  combination  by  supposing 
two  atoms  of  the  hydrogen  to  combine  with  each 
single  atom  of  oxygen.     These  observations  may 
be  more  conveniently  represented  in  the  follovring 
manner  *,    it  will  be  apparent  that  the  proportions 
of  the  ingredients  will  be  equally  well  expressed  by 

•  hyd.  -H  16  oxy.,  where  2  utonu  hyd.  unite  with  1  atom  oxy. 
X  hyd.  -|-  Ifi  oxy.t  where  1  atom  hyd.  unites  with  1  atom  oxy. 

as  by  the  mode  which  we  first  adopted,  and  in  which 

we  stated  the  composition  thus, 

1  hyd.  +  8  oxy.»  where  I  atom  hyd.  unites  with  1  atom  oxy 


Ihyd.  4  l«oxy.. 


1  atom  hyd. 


For  it  will  be  observed,  that  the  proportion  of  the  ele- 
ments in  each  combination  is  the  same  in  both  fomis  ^ 
that  denoted  by  2  hyd.  -h  16  oxy.  being  the  same  with 
that  expressed  by  1  hyd.  -f  8  oxy.    "Die  reason  that 
two  different  inferences  as  to  the  relative  weight  of 
the  combining  substances  are  drawn  from  each  same 
proportion,  is,  as  we  see,  that  those  inferences  are 
deduced  upon  certain  suppositions,  with  respect  to 
the  mode  in  which  the  union  takes  place ;  and  each 
combination  being  liable  to  two  such  suppositions, 
is  susceptible  of  two  inferences.    Hence,  where  a 
substance  combines  with  another  in  several  propor- 
tions, all  that  we  are  sure  of  is,  that  only  one  of 
them  can  represent  the  atomic  weight,  and  in  choos- 
ing that  one,  we  must  be  guided  by  other  consider- 
ations derived  from  a  general  review  of  the  com- 
pounds which  it  contrilnites  to  form.    The  relative 
weight  of  the  atoms  of  oxygen  and  hydrogen  is  a 
subject  of  disagreement  among  chemists  at  the  present 
day,  in  consequence  of  some  supposing  the  union, 
between  atom  and  atom  to  take  place  in  the  first 
combination,  or  that  by  which  water  is  formed,  and 
others  referring  it  to  the  second,  or  that  producing 
the  deutoxide  of  nitrogen.    We  have  seen  that  both 
these  suppositions  are  equally  possible ;  and  that  the 
necessary  consequence  of  the  one  is  to  establish  the 
relative  atomic  weights  of  oxygen  and  hydrogen  to 
be  8  and  1,  that  of  the  other  16  and  1.    The  latter 
is  the  view  adopted  by  Berzelius  and  Gay-Lussac ; 
the  former  prevails  almost  universally  among  British 
chemists.    Similar  differences  exist  as  to  oUier  sub- 
stances, nitrogen,  for  example.    Thus,  if  we  suppose- 
the  proportion  standing  first  in  the  list  of  combina- 
tions of  nitrogen  with  oxygen,  which  we  have  given 
in  our  table,  to  be  that  in  which  the  combining  bodies 
unite  atom  to  atom,  the  weight  of  the  atom  of  nitro- 
gen will  be  represented  by  14,  and  that  of  oxygen  by 
8 ;  and  in  the  other  combinations  the  union  will  take 
place  between  1  atom  of  nitrogen  with  respectively 
2,  3, 4,  5  atoms  of  oxygen.    But  both  Berzelius  and 
Mr.  Dalton  are  of  opmion,  that  the  most  simple  of 
the  combinations  of  nitrogen  and  oxygen,  or  that  in 
which  they  unite  atom  to  atom,  is  the  second  in  our 
list,  or  that  producing  nitrous  gas ;  and  accordingly 
they  infer  that  the  atomic  weight  of  nitrogen  is  to 
that  of  oxygen  as  14  to  16,  or  me  latter  being  8,  the 
former  is  7.    The  composition  of  the  combinations  of 
those  substances  will  then  be  as  follows : 
14  nit  ^  8  oxy.  nitrons  oxide ;  8  atoms  nit  to  1  atom  oxy. 
7  nit  ^  8  oxy.  nitrous  gas ;  1  atom  nit  to  1  atom  oxy. 
14  nit  ^  84  oxy.  hyponitrous  add;  2  atoms  nit  to  3 atoms  oxy. 
7  nit  ^  16  oxy.  nitrous  acid ;  1  atom  nit  to  2  atoms  oxy. 
14  nit  ^  40  oxy.  nitric  acid ;  8  atoms  nit.  to  5  atoms  oxy. 

The  opposite  opinion  is,  however,  that  which  is 
more  generally  maintained ;  and,  according  to  that,, 
the  numbers  representing  the  relative  atomic  weights 
of  nitrogen  and  oxygen  are  14  and  8.  In  the  deter- 
mination of  the  numbers  to  be  used  to  denote  the 
equivalent  quantities  of  the  substances  in  the  table 
which  we  have  already  given,  it  appeared  natural 
when  a  substance  entered  into  combination  in  several 
proportions,  to  select  the  least  of  them ;  but  as  we 
have  seen,  particularly  in  the  case  of  the  combinations 
of  oxygen  and  hydrogen,  we  were  by  no  means 
certain  that  in  so  doing  we  should  obtain  the  real 
combining  proportion  of  that  substance,  and  the  one 
of  which  all  the  others  were  multiples.  The  deter- 
mination of  the  number  representing  the  equivalent. 


8at(/uisoxy.  I  as  of  that  denoting  the  atomic  weight  of  any  sub- 
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depends  entirely  upon  which  of  its  combina- 
tiODs  be  considered  to  be  that  in  which  the  bodies 
unite  atom  to  atom;  and  the  same  number  will 
stand  for  both.  When  a  body  combines  only  in  one 
proportion,  it  is  assumed,  unless  it  can  be  proved  to 
be  otherwise,  that  they  unite  atom  to  atom,  and 
hence,  that  their  relative  weights  will  represent  those 
of  their  atoms.  A  variety  of  considerations  usually 
operate  to  determine  the  choice  of  the  simplest  pro- 
portion in  which  a  body  combines  for  the  purpose  of 
ascertaining  its  equivalent  quantity  or  atomic  weight, 
which  it  would  be  totally  out  of  place  to  enter  into 
here  on  the  present  occasion;  we  shall,  therefore, 
only  observe,  that  in  Dr.  Thomson's  elaborate  First 
PrmcipUf,  our  readers  will  find  the  subject  fully 
investigated  in  detail. 

«It  is  evident,  therefore,  that  with  the  limitations 
vdiidi  we  have  mentioned,  the  relative  weights  of  the 
atoms  of  all  the  elementary  bodies,  as  well  as  their 
diemical  equivalents,  may  be  expressed  by  a  scale  of 
numbers.  The  same  principle  may  be  extended  to 
their  compounds ;  for  instance,  as  we  suppose  water 
to  be  formed  by  the  combination  of  several  atoms  of 
oxygen,  uniting  atom  to  atom  with  an  equal  number 
of  atoms  of  hydrogen  ;  the  compound,  thus  formed, 
mrost  consist  of  the  same  number  of  compound  atoms, 
if  we  may  use  the  expression,  every  one  of  which 
will  be  composed  of  one  atom  of  each  of  the  com- 
bining bodies ;  and  the  weight  of  the  atom  of  hydro- 
gen being  1,  and  of  that  of  oxygen  8,  the  weight  of 
the  compound  particle  of  VTater,  or,  as  by  an  extension 
of  the  meaning  of  the  term,  it  b  called  the  atomic 
weight  of  water,  will  be  9-  For  a  similar  reason, 
tiie  weight  of  an  atom  of  deutoxide  of  hydrogen 
must  be  17 ;  for  in  this  case,  for  two  atoms  of  oxy- 
gen are  supposed  to  unite  with  every  single  atom  of 
hydrogen,  and  the  weight  of  the  compound  particle 


each  other  ;  hence,  indeed,  the  name  eombmmgf 
weights,  given  to  them  by  Dr.  Young.  Thus,  if  16  re- 
present an  atom  of  sulphur,  and  1  an  atom  of  hydrogen, 
and  if  sulphur  and  hydrogen  unite  atom  to  atom,  then 
16  parts  (whether  grains  or  pounds)  of  sulphur  ought 
to  saturate  1  part  of  hydrogen,  and  thus  form  17  parts 
of  sulphuretted  hydrogen ;  and  the  number  17  should 
also  be  the  atomic  weight  and  combining  quantity  of 
that  gas.  This  is  true ;  for  we  find  that  17  parts  of 
sulphuretted  hydrogen  enter  into  combination  with 
56  of  sulphuret  of  potassium.  This  last  number  is 
the  atomic  weight  of  sulphuret  of  potassium,  it  being 
composed  of  an  atom  of  sulphuret,  the  weight  of 
which  is  16,  and  an  atom  of  potassium,  which  is 
40. 

When  we  speak  of  the  atomic  weight  of  a  body, 
we  do  not,  of  course,  mean  to  say  tiiAt  its  ultimate 
atom  actually  weighs  so  much,  but  that  the  relation 
which  its  weight  bears  to  that  of  the  atom  of  some 
other  body,  is  expressed  by  the  number  used.  Con-> 
sequently  we  must  take  some  other  body  as  a  standard, 
and  assume  some  number  to  represent  its  atomic 
weight.  The  choice  of  both  is  perfectly  arbitrary ; 
Thomson,  Wollaston,  and  Berzelius,  refer  all  sub- 
stances to  oxygen,  on  account  of  its  capability  of 
combining  with  every  other  simple  body;  and  the 
first  assumes  its  atomic  weight  to  be  1,  the  second 
10,  and  the  third  100.  This  difference  is  of  little 
moment,  as  it  merely  involves  the  necessity  of  ex- 
pressing in  the  one  case  by  whole  numbers,  what  is 
done  in  the  other  by  fractional  parts. 

Mr.  Dalton,  on  the  other  hand,  prefers  taking 
hydrogen  for  his  standard,  and  in  this  he  is  followed 
by  a  number  of  other  chemists.  The  advantage  is, 
that  all  other  known  bodies  being  heavier  than  hy- 
drogen, their  atomic  weights  may  be  expressed  by 
means  of  only  an  ascending  scale  of  numbers.    The 


of  the  deutoxide  which  is  thus  produced,  must  there-  <  piumber  assumed  as  the  atomic  weight  of  hydrogen 


fore  be  1  added  to  twice  8,  or  17*  In  a  similar 
manner,  the  atomic  weight  of  nitrous*  oxide  will  be 
found  to  be  22,  that  of  nitrous  gas  30,  hyponitrous 
add  38,  nitrous  acid  46,  and  nitric  acid  54.  Simi- 
larly, the  relative  atomic  weight  of  a  compound  of 
any  two  substances,  may  be  ascertained  by  adding 
together  the  wei^ts  of  the  number  of  atoms  of  each, 
which  enter  into  combination ;  and  this  principle 
will,  ai  course,  extend  to  the  combinations  of  these 
eompoonds.  For  instance,  the  atom  of  sulphuric 
add,  vnU,  by  reference^to  its  composition  in  the  table 
whidi  we  have  given  above,  be  seen  to  be  40  ;  and 
that  of  potass  is  48,  this  body  being  formed  by  the 
oomlMnation  of  1  atom  of  potassium,  whose  weight 
is  found  to  be  40,  with  1  of  oxygen ;  hence  the  atomic 
wei^t  of  sulphate  of  potass  is  88,  and  that  of  the 
hisolphate,  in  the  composition  of  which  2  atoms  of 
sQipfauric  acid  combine  with  each  single  atom  of 
potass,  must  necessarily  be  128.  In  its  crystallized 
form  this  last  salt  contains  a  quantity  of  water; 
eacb  partide  of  it,  in  fact,  is  formed  by  the  union 
together  of  2  atoms  of  add,  1  of  potass,  and  2  of 
water;  consequently  the  atomic  weight  of  the  com- 
poand  must  be  146.  It  vrill  also  be  perceived,  that 
tiie  same  numbers  which  express  the  relative  atomic 
weights  of  two  bodies,  will  also  denote  their  chemical 
fgmivolmffj  as  we  have  termed  their  relative  combin- 
ing wei^ts.  For  if  they  represent  .the  comparative 
wught  of  atoms,  and  if  bodies  combine  .  atom  to 
atcMii*  these  numbers  must,  as  already  stated,  repre- 
sent the  ratio  in  which  bodies  combine  and  saturate 
AsTs  &  SciBNCBS. — Vol.  I. 


by  those  who  take  it  for  a  standard,  is  1. 

Either  of  these  standards  will  answer  every  pur- 
pose. In  order  to  convert  a  number  on  the  hydrogen 
scale  into  the  corresponding  one  on  the  oxygen  scale, 
it  is  only  necessary  to  divide  the  former  by  8  ;  and 
if  that  on  the  oxygen  scale  be  multiplitd  by  8,  the 
product  will  be  that  of  the  hydrogen  scale.  The 
comparative  merits  of  these  two  scales  must  be  set- 
tled by  each  person  according  to  the  facility  he  finds 
in  applying  ^em  to  his  purposes ;  we  may  however 
observe  that  the  former  would  possess  a  decided  ad-* 
vantage,  if  it  should  be  found  to  be  invariably  true, 
that  tiie  combining  proportions  of  all  other  bodies 
were  multiples  of  ^t  of  h>drogen. 

Our  limits  have  compelled  us  to  abstain,  in  the 
present  artide,  from  many  interesting  points  of 
inquiry,  intimately  related  to  the  atomic  theory, 
though  not  forming  an  essential  part  of  it;  we  may 
instance  the  prindple  observed  by  Guy-Lussac,  to 
regulate  the  combination  by  volume  of  gaseous 
bodies,  and  which  is  termed  the  law  of  volumes ; — 
the  facts  discovered  by  Mitscherlich,  relative  to  the 
correspondence  existing  between  the  crystalline  form 
of  compound  bodies  and  the  number  of  thdr  con- 
stituent atoms,  which  he  has  denominated  ifomor- 
pMsm — and  the  phenomena  of  isomerism  and  sieror- 
ganization.  We  shall,  however,  speak  of  these  on  a 
future  occasion.  Those  of  our  r^ers  who  wish  to 
investigate  the  subject  more  fully,  we  cannot  do 
better  than  refer  to  the  latest  edition  (1832)  of  Dr. 
Turner's  Elements;  Dr.  Daubeny's  Introduction  to 
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ATONY ATTIC. 


ike  Aiwrnie  Tkwnf,  and  the  before-«ie|ittOBed  work 
of  Dr.  Thomson. 

Atont  {  a  want  of  due  tenaioo,  or  a  relaxation  of 
the  system. 

Atea  Bius  ;  a  disposition  to  a  dark  biliary  secre- 
tioui  usually  yisible  mrough  the  whole  frame. 

Ateip,  in  nautical  language,  is  applied  either  to 
the  anchor  or  sails.  The  anchor  is  said  to  be  atrip, 
when  it  is  partially  discharged. 

ATaoPHY  is  a  deficient  nourishment  of  the  body. 
There  are  many  diseases  in  which  the  body  becomes 
daily  more  lean  and  emaciated*  appears  deprived  of 
its  common  nourishment,  and  for  that  reason,  of  its 
common  strength.  It  is  only  therefore  in  those  cases 
in  which  the  emaciation  constantly  increases,  that  it 
ooaatitutes  a  peculiar  disease ;  for  when  it  b  merely 
a  symptom  of  other  common  diseases,  it  ceases  with 
the  disease,  as  being  merely  a  consequence  of  great 
eracuatioDa,  or  of  the  diminished  uscdfulness  or  im- 
perfect digestion  of  the  nourishment  received.  But 
when  emaciation  or  atrophy  constitutes  a  disease  by 
itself,  it  depends  upon  causes  peculiar  to  this  state 
of  the  system.  These  causes  are, — ^permanent,  op« 
pressive,  and  exhausting  passions,  organic  disease,  a 
want  of  proper  food  or  of  pure  air,  exhausting  dis- 
eases, as  nervous  or  malignant  fevers,  suppurations 
in  important  organs,  as  the  lungs,  the  liver,  &c. 
Copious  evacuations  of  blood,  saliva,  &c.,  are  also 
apt  to  produce  this  disease,  and  on  this  account, 
]ying4n  women,  and  nurses  who  are  of  slender  con- 
stitution, are  often  the  subjects  of  this  complaint. 
This  state-  of  the  system  is  also  sometimes  produced 
by  poisons.  A  speci?8  of  atrophy  takes  place  in  old 
people,  in  whom  an  entire  loss  of  strength  and  flesh 
brings  on  a  termination  of  life  vrithout  the  occurrence 
of  any  positive  disorder.  It  is  known  as  the  momt- 
MM  Mcmlu,  or  atrophy  of  old  people.  Atrophy  is  of 
frequent  occurrence  in  in&ncy,  as  a  consequence  of 
improper,  unwholesome  food,  exposure  to  cold,  damp, 
or  impure  air,  fee.,  producing  a  superabundance  of 
■Ulcus  in  the  boweb,  worms,  obstruc^ns  of  the 
mesenttric  glands,  foUowed  by  extreme  emaciation, 
which  state  of  things  is  often  fatal,  although  the 
efforts  of  the  physician  are  sometimes  successful, 
when  all  the  causea  of  the  disease  have  been  pre* 
yioualy  removed.  A  local  state  of  the  same  kind 
is  sometimes  produced  in  single  limbs,  by  palsies, 
OS  the  pressure  of  tumours  upon  the  nerves  of  the  limb, 
&C.,  and  is  generally  curable  by  removing  the  cause. 

Attack,  in  the  MtUtartf  Art.  £very  combat  con- 
sists of  attack  and  defence :  the  first,  with  f)ew  ex- 
ceptions, will  always  be  ^  most  advantageous: 
hence,  an  experienoed  general  chooses  it,  if  possible, 
even  in  a  defensive  war*  Nothittg  is  more  ruinous 
than  to  lose  its  advantage ;  and  it  is  one  of  the  most 
important  objects  to  deprive  an  adueraary  of  it,  and 
to  confine  him  to  the  defensive.  The  attack  is  di- 
rected according  to  the  condition  and  position  of  the 
enemy,  according  to  the  purpose  of  the  war,  accord- 
ing to  place,  time,  and  circumstances*  Many  modes 
aid  combinations  are  allowable.  The  simplest  and 
moat  unexpected  foim  will  be  the  best.  On  the 
dexterity  and  courage  of  the  troops,  the  correct  and 
quick  execution  of  the  attack  will  depend.  Those 
attacks  are  the  best,  where  all  the  forces  can  be  di- 
rected ill  concert  towards  that  point  of  the  enemy  on 
which  his  position  depends.  If  he  be  beaten  at  this 
point,  the  resistance  at  others  will  be  without  concert 
or  energy.    Sometimes.it  may  be  of  advantage  to 


sfttack  the  weakest  side  of  the  enemy,  if  ttf  thta  way 
a  fatal  blow  can  be  given  to  him ;  otherwise,  an  at^ 
tack  at  this  point  is  not  advisable,  because  it  leads  to 
no  decisive  results,  leaves  the  stronger  points  to  be 
overcome  afterwards,  and  divides  t£e  force  of  the 
assailant.  In  most  cases,  the  enemy  may  be  defeated 
if  his  forces  can  be  divided,  and  the  several  parts 
attacked  in  detail.  The  worst  form  of  attack  is,  that 
which  extends  the  assailing  troops  in  long,  weak 
lines,  or  scattem  them  in  diverging  directions.  It  is 
alwa3^  unfortunate  to  adopt  hidf  measures,  and  not 
aim  to  attain  the  object  at  any  price.  Instead  of 
saving  power,  these  consume  it  in  fruitless  efforts, 
and  sacrifices  are  miftie  in  vain.  Feeble  assaults  and 
protracted  sieges  are  of  this  ruinous  character.  The 
forms  of  attack  in  a  battle,  which  have  been  used 
from  the  earliest  times,  are  time  divided  by  the  tacti- 
cians. 1.  The  parallel,  which  is  the  most  natural  form, 
and  which  the  troops  attacked  strive  as  much  as  pos^- 
sible  to  preserve  it ;  for  as  l<mg  as  they  can  do  so> 
they  retain  their  connection  and  the  power  of  apply- 
ing their  force  as  occasion  may  require ;  but,  for  this 
Very  reason,  it  is  not  the  best  form  of  attack,  because 
it  leaves  the  defensive  party  too  long  in  possession  of 
his  advantages.  2.  The  form  in  which  both  the 
wings  attack,  and  the  centre  is  kept  back.  Where 
the  front  of  the  enemy  is  weak  (the  only  case  im 
which  it  is  practicable),  it  appears,  indeed,  overpow- 
ering. 3.  The  form  in  which  the  centre  is  pushed 
forward,  and  the  wings  kept  back,  will  hardly  ever  be 
chosen,  on  account  of  several  evident  disadvantages. 
4.  The  famous  oblique  mode,  where  one  wing  advances 
to  engage,  whilst  the  other  is  kept  back»  and  occupies 
the  attention  of  the  enemy  by  {N-etending  an  attack. 
Epaminondas,  if  not  the  inventor  of  this  form,  knew, 
at  least,  how  to  employ  it  to  the  greatest  advantage. 
Whilst  the  wing  which  remained  behind  engaged  die 
attention  of  the  enemy,  he  increased  continually  the 
strength  of  the  one  advancing,  Ti^idb  he  led  against 
the  flank  of  the  enemy,  with  a  view  of  overpowering 
it  by  numerical  superiority.  The  success  of  this 
mode  is  almost  certain,  provided  the  enemy  t^ccs  no 
measures  against  it.  In  our  times,  this  form  of 
attack  is  executed  in  another  way  !-^whilst  engaging 
the  enemy,  his  flank  is  surroundwl  by  detached  corps; 
which  fall,  at  the  same  time,  on  his  rear.  If  he 
suffers  this  quietly,  he  is  vanquished.  The  enemy's 
attention  is  kept  occupied,  during  such  operations^ 
mostly  by  feigned  attacks  or*  movements,  which  are 
called  in  general,  demonstraiionst  and  are  intended  to 
keep  him  in  error  concerning  the  real  object  Field 
fortifications  are  attacked  with  oolunms,  if  possible, 
from  several  sides  at  the  same  time»  and  with  im* 
petuosity.  Commonly,  the  artillery  breaks  a  way  be- 
forehand, destroys  the  workB,and  disturbs  the  garrison. 

Attaint,  in  the  Veterinarj  Art,  a  diseased  lind); 
proceeding  from  a  blow. 

Attaucjb  Vbstbs  ;  a  species  of  golden  doth. 

Attbnua«ts  ;  a  peculiar  class  of  medicines,  among 
which  we  may  particularly  place  the  aromatio^ 
and  also  the  alkaline  salts.  When  viscid  humours 
are  to  be  evaporated  from  the  chest,  then  elecam- 
pane and  balsam  of  Peru  may  advantageously  ba 
employed. 

ATTsmjATEON ;  the  act  of  reducing  a  body  intir 
minute  particles. 

Attic,  in  Architeciurt.  An  iu)per  story,  or  false 
order,  of  dwarfish  proportions,  placed  on  ^e  summit 
of  a  real  order,  is  called  an  attic  story,  or  an  attic 
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ttda;  ygohMj,  hetAvme,  from  cdftcealing  the  toot 
R  imitated  the  boildings  of  Attica,  which  were  with- 
out, or  with  very  flat  roofs,  for  tiiere  are  no  attics 
existing  in  the  rains  of  Athens.  In  the  best  ancient 
cxamptes.the  attic  order  or  story  was  generally  formed 
of  pilasters,  with  capitals  and  entablatores  composed 
wf^at  regard  to  the  rales  which  govern  the  regular 
orders.  In  modern  examples,  termini,  terminial  busts, 
and  even  caryatides,  have  been  used  to  form  the  attic 
of  a  building.  The  Roman  architects  employed  the 
attic  to  great  advantage  over  the  entablatures  of  their 
trhtmphal  arches.  The  solidity  of  their  forms  com- 
pensated for  the  mds  below,  and  formed  appropriate 
pedestala  for  the  chariots  and  horses  with  which  they 
were  crowned.  Their  divisions  formed  also  excellent 
panels  for  sculpture  or  inscriptibns.  If  an  attic  be 
introduced  in  an  architectural  design,  it  should  be  so 
aanaged  as  not  to  i^pear  an  after-thought,  or  that 
tile  building  had  been  raised  since  its  first  erection ; 
it  should  bear  a  just  proportion  to  the  other  parts, 
and  is  better  when  the  building  has  a  proportionate 
baaqnent  or  stylobate,  than  when  th6  columns  or 
ante  of  the  principal  order  are  standing  on  the 
ground.  If  windows  be  required,  they  should  be 
either  cirdes  or  as  nearly  square  as  possible.  An 
oblong  parallelogram  also  looks  better  in  an  attic 
order  than  a  perpendicular  aperture  of  the  same  di- 
mensions. The  attics  of  Sir  William  Chambers,  at 
Somerset  House,  and  of  Mr.  Soane,  in  the  Lothbury 
Court  of  the  Bank  of  England,  are  cited  as .  good 
examples  of  atUcs. 

Attic  Basx.  This  is  a  peculiar  kmd  of  column, 
or  support,  employed  both  in  the  Doric  and  Ionic 
orders.  * 

Airmmx,  in  PamHng  and  Scu^turt;  the  position 
or  gesture  fitted  for  the  display  of  some  grace,  or 
beauty,  or  other  quality  of  form.  As  a^tude  b  of 
first  importance  to  the  artist,  and  6f  primary  utility 
in  grouping,  a  knowledge  of  anatomy  is  absolutely 
neceaaary  to  prevent  the  introduction  of  constrained 
or  impbasible  attitudes.  An  attitude  may  be  fixed 
or  tnaasitorv,  meditated  or  accidental,  and  should  be 
applied  wim  propriety  to  the  action  represented,  or 
the  figure  will  be  unnatural.  Attitudes  are  usually 
arranged  by  the  aid  of  a  wooden  automaton,  called 
a  "  lay  figure."  One  of  the  most  striking  examples 
of  accidental  attitude  on  record,  is  that  of  Mr.  Nol- 
lekin's  celebrated  bathing  figui^,  justly  considered  as 
fhe  best  which  he  ever  executed,  and  which  we  are 
informed  he  derived  from  his  undraped  female  sitter 
rising  suddenly  from  a  couch,  on  which  she  had  been 
aitdng  in  the  artist's  study.  At  the  end  of  the  last 
centnry,  the  celebrated  Lady  Hamilton  began  to  prac- 
tise ;  and,  as  every  art  b^ins  with  imitation,  she 
ImitHted,  irith  great  talent,  the  attitudes  of  antique 
fltatoeB  in  many  larse  towns  of  Europe ;  and  Sir  Wil- 
iiaa  Hamilton  comd  say  that  he  possessed,  in  his 
wife,  a  whole  collection  of  antiques.  Her  dress  was 
a  nmple  tunic,  fistened  with  a  ribbon  tight  under 
tbe  breast,  and  a  shawl.  With  these  she  imitated 
aH  the  diferent  draperies.  Mr.  Rehberg  drew  her 
attitodes,  and  published  them  in  London.  On  the 
eontinent  of  Europe,  this  art  has  been  carried  to 
amd&  perfection  by  Mrs.  Hendel-Schlitz,  who  ex- 
lubtted  the  most  beautiful  attitudes,  cbpied  from  the 
Greek,  Egyptian,  Italian,  and  German  styles  of  art. 
But  she  was  not  satisfied  with  imitations :  she  in- 
vented mai^  attitudes,  which  were  declared,  by  all 
tile  critics  of  the  day  (amongst  whom  was  Goethe), 


some  of  the  finest  produttioQa  of  art.  Her  attitudift 
have  been  drawn  and  published  by  Petoux  and  Ritter 
(Frankfort,  on  the  Maine,  1809).  There  has  been 
also  a  male  artist  of  the  same  kind,  Mr.  von  Secfcen- 
dorf  (called  Patrick  PkaUt),  who  accompanied  his 
exhibitions  with  lectures.  The  same  sort  of  exhibi- 
tion has  lately  been  produced  by  Mr.  Ducrow. 

AtTOLLSNs  ;  a  series  of  muscles  sometimes  called 
levatores  and  etevatores. 

AtraAGTtoN )  the  name  by  which  we  express  the 
teudency  which  all  bodies  invariably  have  to  move 
towards  each  other.  If  two  masses  of  matter  be 
placed  at  any  distance  from  each  other,  and  be  unin- 
fluenced by  any  external  force,  they  will  be  observed 
to  move  td^rards  each  other,  as  if  they  each  possessed 
a  certain  virtue  by  which  it  is  cfq>able  of  drawing  the 
other  towards  it.  It  is  also  found  that,  under  the 
same  drcumstanoes,  this  effect  increases  as  the  masses 
or  quautities  of  matter  in  the  bodies  increase.  If  the 
quantity  of  matter  be  double,  the  bodies  will  move 
towards  each  other  with  a  double  speed :  if  the 
quantity  of  matter  be  increased  in  a  threefold  pro- 
portion, the  speed  of  their  mutual  approach  will  be 
also  increased  in  a  threefold  proportion ;  and  so  on^ 
It  is  likewise  found,  that  tiie  energy  of  this  effect  is 
increased  in  a  certain  proportion  as  the  distance  be- 
tween the  bodies  is  diminished ;  the  more  closely  the 
bodies  approach,  the  mdre  rapid  will  be  their  mo- 
tions :  but  this  increase  of  rapidity  is  not  in  propori- 
tion  to  the  decrease  of  the  distance,  but  in  the  pro- 
portion of  the  decrease  of  what  arithmeticians  caU 
the  square  of  the  distance.  This  attraction  of  bodies 
for  one  another  is  called  Gravitation,  or  Gravity, 
which  see.  Gravitation,  then,  may  be  considered 
as  a  power  constantly  acting  at  sensible  distanced 
upon  masses  of  matWr,  or  visible  combinations  of  the 
ultimate  invisible  atoms  of  bodies.  It  is  a  unhrersal 
property  of  matter  in  its  dperation,  and  id  found  to 
depend  upon  the  quantity  of  matter  alone,  Without 
regard  to  its  nature.  When  occurring  between 
bodies  which  are  situated  at  considerable  distances 
from  each  other,  it  is  one  of  the  most  extraordinary 
subjects  which  the  humaik  mind  ^an  contemplate; 
and,  although  the  maimer  in  which  it  operates,  and 
the  laws  which  it  follows,  are  now  well  understood, 
it  proceeds  from  secret  agencies  which  tiie  human 
mind  has  nev^  yet  been  able  to  detect.  It  is  found 
to  exist  among  all  the  great  bodies  of  the  universe, 
and  to  be  the  power  which,  restrained  by  that  of 
inertia,  preserves  the  planetary  bodies  in  their  orbits, 
and  presides  over  their  movements ;  and  it  is  owing 
to  the  same  general  principle  that  the  moon  raises 
the  water  of  the  ocean,  and  forms  what  we  call  the 
tide.  We  have  also  numerous  instances  of  it  whidi 
come  more  immediately  within  our  own  powers  of 
observation.  A  stone  unsupported  by  the  hand  b 
drawn  directly  to  the  earth;  and  a  plummet  sus- 
pended near  the  side  of  a  mountain  inclines  towards 
it  in  a  degree  proportioned  to  the  magnitude  of  the 
mountain ;  as  Dr.  Maskelyne  ascertained  by  a  series 
of  experiments  upon  the  mountain  Shehalion,  in 
Scotland.  If  the  plummet  were  let  fiall  near  the 
mountam,  it  would  still  fall  to  the  earth,  because, 
although  drawn  towards  the  mountain,  it  is  much 
more  strongly  drawn  towards  the  earth,  the  earth 
containing  by  far  the  greater  quantity  of  matter. 

When  the  power  of  attraction  operates  at  very  mi* 
nute,  insensible  distances,  it  is  termed  Cohbsion.  It 
acts  upon  the  ultimate  invisible  atoms  of  bodies 
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tending  to  unite  them  into  one  mass,  and  is  the 
power  which  keeps  together  the  particles  of  bodies  in 
the  state  of  a  «otid,  and  resista  an;  attempt  to  sepa- 
rate them.  The  results  of  attraction,  as  relating  to 
the  texture  and  forma  of  matter,  are  iafiaenced  by  the 
circumstances  uoder  which  it  has  talceu  place.  Some- 
times the  particles  are,  as  it  were,  indiscriminately 
collected ;  at  others,  they  are  beautifully  arratiged, 
giving  rise  to  regular  and  determinate  figures  :  in 
this  case,  bodies  of  the  same  composition  ahnost  in- 
variably aifect  the  same  form ;  hence,  we  are  often 
enabled  to  infer  the  composition  of  &  substance  from 
accurate  inspection  of  its  external  or  mechanical  cha- 
racters. The  regular  polyhedral  solids  thns  resulting 
from  the  influence  of  attraction  upon  certain  liinds  of 
matter,  are  usually  called  eiyilali;  and  are  aaid  to  be 
produced  by  the  process  of  cn/itaUisalioti, 

Hence,  it  would  seem  that  attraction,  in  cansing 
the  atoms  to  cohere,  so  as  to  form  solid  masses, 
seems  not  to  act  equally  all  around  each  ktom,  but 
between  certain  sides  or  parts  of  one,  and  corres- 
ponding parts  of  the  adjoining  ones.  The  fluor-spar 
of  Derbyshire  crystallizes  in  cubes,  as  does  also  com- 
mon salt.  Nitre  assumes  the  form  of  a  six-sided 
prism,  and  sulphate  of  magnesia  that  of  a  four-sided 
prism.  The  basaltic  pillars  of  the  Giant's  Causeway 
in  Ireland,  and  in  the  Isle  of  Staffa,  are  natural  crys- 
talline anangements  of  particles.  The  observation 
made  by  Gahn,  that  when  a  piece  of  calcareous  apai 
was  carefully  broken,  all  its  partirles  were  of  a  rhom- 
boidal  Rgure,  induced  Bergman  to  suspect  the  exist- 
ence of  a  primitive  nucleus  in  all  crystallized  bo- 

The  beautifully  syst- 
roetrical  arrangement 
which  eiists  naturally 
ta  the  form  of  crystal- 
line bodies  is  shown  in 
the  mathematical  figure 
annexed,  rcpreseating  & 
cube  having  a  series  of 
decreasing  layers  of  cu- 
bic particles  upon  a  por- 
tion of  its  face*. 

The  attraction  of  co- 
hesion is  sometimes  at- 
tended with  a  very  peculiar  eSect.  If  water  be  poured 
into  a  glass  vessel, and  allovred  to  attab  a  state  of 
rest,  it  will  be  observed  to  be  more  elevated  at  the 
sides  than  at  the  centre,  owing  to  the  attraction  be- 
tween the  sides  of  the  vessel  and  the  water.  If  a 
tube  with  a  very  fine  bore  be  iiunersed  in  water,  the 
liquid  will  be  elevated  in  the  inside  above  its  level  on 
the  outside.  This  effect  takes  place  because  the  at- 
traction between  the  sides  of  the  tube  and  the  vrater, 
which  tends  to  draw  up  the 
water  at  the  sides,  is  sufficiently 
powerful  at  the  same  time 
lift  up  that  in  the  middle.  I 
tube  with  a  bore  of  half 
inch  be  tried,  this  effect  will  i 
take  place,  at  least  to  so  visi 
an  extent,  for  the  surface  pre- 
sented by  the  sides  of  the  tube, 
and  consequentiy  its  power  of 
attraction,  does  not  increase  in  the  same  proportion 
as  the  surface  of  the  water.  The  accompanying  illus- 
tration will  serve  to  exhibit  the  ascent  of  the  water  ia 
lubes  ofdiSereut  bores. 


■ATWOOD'S    MACHINE. 

Anotiier  mode  of  exhibiting  the  effects  of  capillary 
attraction  may  now  be  adverted  to.  It  cousials  in 
the  use  of  two  glass  plates, 

hinged  together  like  a  book . 
as  is  shown  in  the  engrav- 
ing, and  partially  separated 
on  one  side.  On  placii  g 
tiie  plates  in  any  coloured 
fluid,  it  will  be  found  to  as 
cend  in  a  curved  line ;  the 
fluid  rising  highest  at  the 
side  where  the  plates  aic^ 
neareat,  and  as  such  obeying 
as  in  the  former  case. 

We  have  considered  attraction  as  operating  in  two 
principal  points  of  view, — at  sensible  distances  on 
masses  or  combinations  of  atoms,  of  which  species  is 
that  case  to  which  we  have  given  the  name  of  ^un- 
lalion;  and  at  insensible  distances  upon  the  atoms 
themselves,  so  as  to  keep  them  together  in  one  body. 
When  it  operates  at  insensible  distances,  tc  unite 
particles  of  different  bodies,  so  that  they  cannot  be 
separated  by  any  ordinary  means  it  ia  termed  cAtMieal 
allraclion,  or,  simply  aMnity,  and  is  exemplified  in 
the  solution  of  a  lump  of  sugar  or  alum  m  water. 
For  a  particular  account  of  its  effects,  and  the  laws 
wUch  they  follow,  see  CHiHisTav  and  Atokic 
Thiobv. 

There  are  yet  two  other  species  of  attraction  to 
notice — those  of  electricity  and  magnetism.  The  at- 
tTHCtiun  of  electricity  is  produced  by  a  distnibance 
of  the  electrical  equilibrium,  and  is  usually  exempli- 
fied for  experimeutid  purposes  by  rubbing  a  glsss 
tube,  and  Uien  bringing  it  into  the  neighbourhood  of 
any  light  pendulous  body.  The  same  effects  on  a 
iai^e  scale,  are  shown  by  the  electrical  machine.  Se« 

£l.BCTatCITT. 

The  attt«ction  of  magnetism  ia  exemplified  in  the 
approach  of  iron  filings  to  a  magnet;  like  that  of 
electricity,  it  acta  at  sensible  distances  upon  masses, 
and  must  therefore  be  arranged  in  the  same  class  as 
gravitation,  though  so  far  as  we  can  at  present  Judge, 
»ns  resulting  from  the  same  causes.    See 
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ATTBACTivaa  1  apeculiar  speciesof  remedies  which 
ct  by  promoting  external  discharge. 

Attbaintb  ;  digestive  medicines. 

Attbibutks  ;  Uie  peculiar  properties  of  bodies. 
Thus,  gravitation  is  an  attribute  of  matter,  whatever 
be  its  form.  Infinite  extension  is  also,  though  erro- 
neously, considered  an  umversal  attribute. 

Attbibutbs,  in  Painting  and  Sculpivrr,  mean  any 
adjunct  to  a  figure  or  group,  which  is  cbar»cterislic 
of  the  principal  subject. 

Atwood's  Machine.  A  very  useful  apparatns 
under  this  title,  employed  by  the  Editor  in  his  public 
lectures,  should  have  a  place  in  the  present  depart- 
of  our  work.  Its  great  cost  prevents  its  general 
.  but  it  is  of  the  greatest  importance  for  illus- 
trating the  doctrine  of  accelerated  motion.  The 
space  described,  and  the  acceleration  gained  by 
bodies  which  descend  freely  towards  the  earth,  has 
been  often  attempted  to  be  proved  by  means  of  direct 
experiments ;  but  the  resistance  of  the  air,  which 
opposes  a  coDsiderable  and  fluctuating  impediment, 
and  the  difficulty  of  measuring  the  time  of  desceot 
when  falling  bodies  liave  acquired  a  great  degree  of 
velocity,  which  soon  increases  beyond  the  power  of 
ienses  to  estimate,  have  always  rendered  the  re- 


A  T  y  P  O  S A  VOIRDUPOIS. 

•alt  of  Bttch  experinwDtB  pracurioot ;  but  b^  meana 
•f  the  inttniment  Teconuneitded  in  the  i 

accompuiyuigeDgtaviiigeTeiy  difficulty 
i«  obviated. 

It  conibts  of  a  tatt  mahogaaj'  co-  ! 

lin&n,  not  less  than  tea  feet  in  height,  i 

retting  on  a  base,  and  mppottin^  a 
•eries  of  frictioD  wheels.  The  friction 
,  wbeeb  again  support  a  large  ceotial 
roller.  To  the  left  of  the  figore  U 
Been  a  wooden  rod,  graduated  m>  that 
tbe  descent  of  any  foiling  body  may 
leadQy  be  indicttted  in  fe«t  and  inches. 
Now,  if  we  suppose  the  weights  on 
die  opposite  ends  of  the  line  to  be  ei- 
Bctly  lialanced.  no  motion  would  occnr, 
as  they  Konld  be  exactly  in  n  state  of 
couilibriam ;  but  if  we  odd,  in  the 
•lightest  degree,  to  the  weight  on  the 
left  bond,  then,  by  destroying  the  eqni- 
Ubrium,  we  shall  produce  notion,  and 
the  body  will  descend.  The  weights 
employed  for  thb  pnrpo«e  are  heavy, 
and  but  little  acted  on  by  the  air  or  any 
eitraneoas  circomstance ;  but  aa  the 
■lights**'  increase  of  weight  will  pro- 
duce motion,  we  may  thus  make  it  ap-  I 
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parmt  to  the  eye. 

Attpos  ;  any  thing  irregular  in  iti  fbrm.  either  i 
medictne  or  anatomy. 

AvAKT-GuABo;  the  corps  which  precedes  the 
mardi  of  an  armv- 

AvANTE,  in  the  old  medical  nomenclature,  the 
nine  with  hypochondriasis. 

Attbin;  a  defective  gait  in  ahorse. 

AoDtroBiA  Axtxria;  the  internal  auditory  artery 
which  goes  off  from  each  side  of  the  arteria  baailaris 
to  the  organ  of  hearing,  and  accompanies  the  audito- 
ry nerve,  having  first  furnished  sev^^  (mall  branches 
to  tbe  membrana  arachnorides, 

AuniToaios  Mbatus  ;  the  passage  that  conveys 
tbe  air  to  the  auditory  nerve.  It  leads  from  tbe 
lower  anterior  part  of  the  concha  to  the  tympannm, 
■Dd  w  partly  bony,  partly  cartilaginous  ;  the  bony 
part  is  the  longest,  and  forms  the  bottom ;  the  rest 
w  eaitilaginoQs,  and  maLes  the  eitemal  opening  or 
orifice  of  the  canal.  These  two  parts  form  a  canal 
of  about  three-fourths  of  an  inch  long,  slightly  tor- 
fauHis,  and  wider  in  some  parts  than  in  others.  On 
Qie  membianoos  covering  of  tbe  cartilaginous  part 
we  observe  the  yellow  bodies,  supposed  to  be  the 
{[tandnbe  cemminis.     The  bony  part  of  the  meatus 


observed  when  a  syringe  is  used  to  inject  any  thing 
witb  into  tbe  ear. 

AnniToarBS  Naavcs  i  tbe  auditory  n 
•eventh  pair  of  nerves  arc  called  auditory 
HE  the  sympatheticK  minores.  This  seventh  pair  of 
naree  runs  mto  the  os  jpetrosum,  and  b  there  di- 
vided into  the  portio  mollis,  which  is  spent  upon  the 
labyrinth  of  the  ear,  and  distributed  to  the  auditorius 
meatus  intemna,  passing  to  the  vestibnlum  cochlecc, 
and  the  portio  dura,  which  goes  out  by  the  aqueduct, 
between  the  mastoid  and  styloid  processes,  passes 
throngb  tbe  parotid,  becomes  acutaneons  nerve,  and 
communicatcB  with  tbe  upper  maxillary.  On  these 
Mcrves,  no  covering  from  tbe  dura  mater  can  be 


AvBLLANE ;  an  heraldic  cross  placed  on  the  sove- 
reigns' globe. 
AvintubiE;  a  species  of  military  exercise. 
AvENVB,  in  ArchitKhire;  a  way  to  an  access  or 
approach ;  a  long  walk  of  columns,  arcades,  statues, 
trees,  &c.  used  for  the  decoration  of  an  approach  to 
a  palace  or  mansion.     The  avenue,  in  the  hands  of 
a  man  of  taste,  is  susceptible  of  great  variety  and 
beauty  of  design. 
AvBRTi,  in  Hortemanthip,  a  regular  step  or  motion. 
AuoBB  j  an  instrument  for  boring  holes. 
AuoBs ;  two  points  in  a  planet's  orbit  i   the  one 
denominated  the  apogee,  the  other  the  perigee. 

AuGBTTB,  in  military  engineering,  the  tube  for 
ignitbg  a  mine. 

AusMBNTBD.  Tlus  term  Iil  JUiaic  means,  when 
applied  to  a  note,  an  interval  of  three  chromatic 
degrees. 

AuoMBNTATiOK,  In  Htroldry,  a  particular  mark  of 
honour,  borne  either  on  an  escutoheon,  or  a  canton ; 
aa  argent,  a  hand,  gules,  borne  by  every  baronet  who 
cannot  claim  higher  honour. 

AuouBY  was  at  one  time  considered  a  science  of 
the  first  importance ;  it  has  now  however  taken  its 
proper  rank  among  the  absurd  superstitions  which 
disgraced  the  darker,  nay,  even  the  moat  enlightened 
periods  of  antiquity.  'The  intestines  were  generally 
torn  quivering  with  life  from  the  still  sensitive  vic- 
tim, and  formed  the  principal  instrumeht  in  the  hand 
of  Uie  soothsayer  or  priest.  Thanks,  however,  to  the 
diffusion  of  general  knowledge  in  every  class  of 
society,  those  disgusting  exhibitions  of  cruelty  and 
priestcraJl  have  now  passed  away,  and  we  advert  to 
it  but  as  an  historical  record. 

)  a  Grecian  measure  of  length  equal  to  the 
stadium. 

a  measure  of  capacity,  employed  on  the 
Continent,  equal  to  thirty-live  English  gallons. 

AvNCBi.  Wkiobt.  This  is  a  tenn  much  employed 
by  tbe  old  writer*.  It  relates  both  to  tbe  miple- 
ments  for  weighing  and  the  mode  of  effecting  a  sale. 
Tbe  auncel  was  a  balance  witb  several  scale  pans, 
and  its  use  was  prohibited  by  statute.  To  sell  by 
auncel  means  with  advantage  to  the  dealer. 

AvNB ;  a  measure  of  length  employed  on  tbe  Con- 
tinent. It  varies  considerably  in  different  parts  of 
Europe.  Dr.  Kelly,  in  his  Caid>ai,  makes  it  equal  to 
46.38  English  inches.  In  other  parts  it  is  equal  to 
'ae-tentt«  of  our  ell. 
AvoiBovpois  ;  a  weight  having  sixteen  ounces  to 
the  pound,  in  distinction  to  Troy  weight,  which  has 
only  twelve.     Tbe  following  b  a  tabular  view  of  thb 

.6  drams  make  1  ounce. 
.  G  ounces  1  pound. 

3S  pounds  I  quarter. 


356  =        16  =         1        ?«. 
7168  =      448  =      28  =     1  =  ael. 
38673=    1793=    112=    4=    1      foH. 
.  573440  =  35840  =  3240  =  80  =  20  r:  1 

S760  Troy  grains  make  I  pound  Troy,  and  7000 
Tioy  grains  1  pound  Avoirdupois  ;  hence  175  pounds 
Troy  are  equal  to  1 44  pounds  Avoirdupois. 

A  very  valuable  comparative  estimate  of  tbe  relative 
values  of  Briti^  and  Foreign  Avoirdupob  weights 
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A  U  R  A A  URIGRAPHUS. 


has  been  published  by  Mr.  Adqockj  gf  which  we  may 
now  give  the  substance. 


•^^"^r^^r-rr—f^ 


Names  of  Placet. 


Amsterdam.  .  .  . 

Berlin 

Bremen  .... 
Brunswick  .  .  .  . 

China 

Cologne  .... 
Constantinople  .  . 
Copenhagen  .  .  . 
England  .... 
Florence  .... 
France 

Geneva  

Genoa  

Hamburg.  .  .  . 
Hanover  .... 
Leghorn  •  «  .  . 
Lyons 

Naples 

Netherlands  .  . 
I^ersia 

Poland 

Portugal  .... 

Prussia 

Riga 


AVOIRDUPOIS  WBIOHT. 


Namet  of  Weights. 


Pound,  old  weight  .  . 

,  Flemish  .  .  . 

Pound    

Pound    

Pound   

Catty 

Pound   

Oke 

Pound   

Pound   

Libbra 

Livre,  Poids  de  Marc  . 

Kilogramme 

Livre  Usuelle  .... 
Heavy  Pound    .... 

Light  Pound 

Libbra,  Peso  Grosso  , 
Libbra,  Peso  Sottile   . 

Pound  

Pound    

Libbra 

Livre,  Pois  de  Sole  .  . 
Livre,  Pois  de  Table  , 
Cantaro  Grosso  .  .  . 
Cantaro  Piccolo    .  .  . 

New  Pound 

Batman  of  Cherray  . 
Batman  of  Tauris  .  . 
Cracow  Pound  .... 
Warsaw  Pound    .  .  . 

New  Pound 

Arratel 

Pound    

Pound   


Number 

equal  to 

1121b. 

Avolrd. 


102.819 

50.796 
108.421 
101.950 
108.798 

84.002 
108.646 

39.536 
101.553 
112.000 
149.609 
103.771 

50.796 
101.6^3 

92.256 
110.709 

145.697 
160.261 
104.868 
104.378 
149.609 
110.617 
118.518 

66.997 
105.660 
50.796 
88.316 
176.634 
125.440 
134.430 
125.721 
110.687 
108.617 
121.512 


Aura,  signifies  an  exhalation  or  vapour.  The  old  che- 
mists mean  by  it  a  certain  fine  ant)  pure  spirit,  found 
in  every  animal  and  vegetable  body ;  but  so  subtle 
as  only  to  be  perceptible  to  us  by  its  smell. 

AuRBA  Albxandrina,  in  Pkarmacy^  a  compound 
opiate  confection,  much  in  repute  among  the  ancient 
physicians.  It  was  considered  as  a  powerful  alexi- 
pharmio,  or  antidote  to  poison. 

AuRBNS ;  an  ancient  gold  coin,  varying  very  much 
in  its  value  in  different  parts  of  the  Roman  empire, 
equal  to  about  eighity  sesterces. 
•  AuRicuuE  JudjB  is  a  sort  of  fungus,  which  ^ws 
on  elder  trees.  Its  internal  use  is  hardly  considered 
safe,  but  a  decoction  in  milk  has  been  much  esteemed 
US  a  gargle  in  cases  of  quinsey. 

Auricula  ;  the  external  part  of  the  ear,  which 
IS  divided  into  the  upper  part,  called  pinna,  and  the 
lower  soft  part,  called  lobus,  or  lobulus.  The  pinna 
fs  divided  into  several  eminences  and  cavities :  the 
eminences  are  the  helix,  called  also  capreolus ;  aftti- 
(lelix;  tragus,  called  also  antilobium;  and  anti- 
h'agus.  like  helix  is  the  large  border  round  the  ear, 
kr  the  exterior  compass  of  the  ear :  so  called  because 
)f  its  tortuosity.  The  anti-helix  is  the  large  oblong 
iminence  surrounded  by  the  helix.    The  tragus  is 


the  like  anterior  pfotuberance>  opposite  to  the  lobei 
below  the  fore  part  of  the  helix^  which  in  the  aged  i| 
often  covered  with  hair^.  The  anti-tragus  is  the 
posterior  protuberance  below  the  inferior  extremity 
of  the  anti-helix ;  the  name  of  a  muscle  which  acts 
only  upon  the  cartilage  of  the  ear. — ^The  cavities  are 
the  scapha,  on  the  inside  of  the  helix ;  the  cavitaji 
innominata,  or  fossa  navicularis,  at  the  anterior  upper 
part  of  the  anti-helix ;  the  concha,  which  is  situaied 
under  the  anti-helix,  divided  by  a  septum,  which  is  ^ 
continuation  of  the  helix ;  and  the  meatus  auditorius 
extemus. 

The  auricula  is  composed  chiefly  of  cartilage^ 
which  gives  and  preserves  its  shape.  It  has  uie 
advantage  of  being  variable,  for  tiiere  are  certain 
small  muscles,  called  helicalis  major  and  minor,  tra- 
gicus,  and  anti-tragicus,  which  are  peculiar  to  the 
ear ;  they  act  only  upon  the  cartilage,  and  contribute 
to  direct  it  towards  sound ;  or,  by  giving  a  greater 
tension,  to  increase  its  intensity. 

The  external  ear  is  fixed  to  the  cranium,  not  only 
by  the  cartilaginous  portion  of  the  meatus,  but  also 
by  the  ligaments,  viz.  the  anterior,  which  is  fixed 
by  one  extremity  to  the  root  of  the  apophysis  sy- 
gomatica  of  the  os  temporis,  close  to  the  comer  of 
die  glenoid  cavity,  and  by  the  other  extremity  to 
the  anterior  and  superior  part  of  the  cartilaginous 
meatus.  The  posterior  ligament  is  fixed  by  one  end 
to  the  root  of  the  mastoid  apothysis,  and  by  the 
other  to  the  posterior  part  of  the  convexity  of  the 
concha,  so  that  it  is  opposite  to  the  anterior  liga- 
ment. There  b  also  a  xind  of  superior  ligament, 
which  seems  to  be  only  a  continuation  of  the  apo- 
neurosis of  the  frontal  and  occipital  muscles. 

AuRicoLLA,  a  substance  with  which  goldsmiths 
solder  gold. 

Auriga,  in  Astronomy,  the  Waggoner ;  a  constel- 
lation in  the  northern  hemisphere.  In  Ptolemy's 
Catalogue  there  are  14  stars  numbered;  in  Tycho's, 
27 ;  in  Hehelius's,  40  :  in  the  Britannic  Catalogue^ 
66.  This  is  one  of  the  48  asterisms,  mentioned  by 
all  the  ancient  astronomers ;  and  is  represented  by  the 
figure  of  an  old  man  in  a  l^ind  of  sitting  posture, 
with  a  goat  and  her  kids  in  his  left  hand,  and  a  bridle 
in  his  right.  Besides  the  Hoedi,  this  constellation 
includes  another  of  the  stars  which  the  ancients  dis- 
tinguished by  peculiar  names,  that  is,  Capella,  and 
Almathoea  Capra,  which  is  the  bright  one  near  the 
shoulder,  and  supposed  to  be  the  mother  of  the 
Hoedi,  and  the  nurse  of  Jupiter.  The  Hoedi,  or 
the  two  stars  in  the  arm  of  Auriga,  were  regarded 
by  the  ancients  as  affording  presages  of  the  weather : 
and  they  were  so  much  dreaded,  on  account  of  their 
power  over  storms  and  tempests  that  succeeded  their 
rising,  that  they  were  said  to  shut  up.  the  navigation 
of  the  sea  at  wis  season.  When  the  day  of  their 
peculiar  influence  was  passed,  the  ancients  cele- 
brated a  festival  with  sports  and  games,  under  the 
denomination  of  "Natidis  Navigationis."  Germa- 
nicus  calls  them  stars  unfriendly  to  mariners ;  and 
Vir^l  joins  them  with  Arcturus,  mentioning  their 
settmg  and  rising  as  circumstances  of  the  most  im*. 
portant  presage.  To  the  same  purpose  all  the  an- 
cient critics  represent  a  part  of  the  constellation 
Auriga,  if  not  the  whole  of  it,  as  deserving  particular 
attention,  and  as  much  an  object  of  terror  ^  the 
blazing  Arcturus. 

AuRiGRAPHys ;  an  illumins^tor^  or  writei'  in  golden 
chfiractera. 
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Avus;-  the  teim  by  -rn^di  aouUxnusts  expcws 
the  ear.  The  ear  it  wwaelly  dividBd  into  the  eit»niBl 
Md  iiitenud.  By  the  external,  ie  meant  all  that 
hea  ivkhont  tiie  external  orifice  of  the  meatas  audi- 
tarisa  m  the  os  teapona.  By  the  internal,  all 
that  tiee  within  the  ca^dty  of  this  bone ;  the  orifice 
ef  vhidi  ia  called  cyar.  The  arteries  of  the  external 
ear  come  anterioriy  from  the  arteria  temporalis,  and 
poaterioriy  from  the  occipitidb.  The  veins  are 
hraachea  of  ihe  external  jugulars.  The  portio  dnra 
of  the  auditory  nerve  hanring  paased  out  of  the  cra- 
mam  thnmdli  the  f<nramen  stylo-.mastoidiBmn,  gives 
off  a  branch  which  runs  up  behind  the  ear.  The 
eeoond  vertebral  pair  said  also  a  branch  to  the  ear, 
the  ramificationa  of  whidi  communicate  with  those 
of  the  otiier  branch  from  the  portio  dura.  The 
boMsa  of  the  ear,  called  aaaUens,  iniros,  orbiculare, 
awl  stapes,  are  placed  in  the  cavity  of  the  tympa- 
nmn,  immediately  on  the  inside  of  the  Membrana 
tympani.  The  malleus  is  joined  by  its  handle  to  the 
membraBa  tympani,  and  its  round  head  rests  on  the 
ineos,  the  long  leg  of  which  rests  on  the  os  orbicu- 
lare, which  is  fixed  to  the  fore  part  of  the  stapes,  the 
sole  of  which  rests  on  the  hole  called  fenestra  ovalis. 

The  use  of  the  external  ear  is  to  collect  sounds, 
and  to  render  their  impression  on  the  other  organs 
of  hearing  most  perfect.  This  is  evident  from  those 
who  hare  their  ears  cut  off  being  obliged  to  use  a 
horn,  or  some  other  means  to  assist  them  in  hearing : 
all  animals,  as  deer,  hares,  ^.  whose  ears  have  much 
flW>tion,  always  direct  them  so  as  to  meet  the  sound. 
See  Ejlb,  Soond,  and  Acoustics. 

AxtuMCAirvu  i  a  surgical  instrument  employed  to 
operate  on  tbe  ear. 

AvmoaA  BoBXALis,  or  Northern  Lights.  We 
dtcn  see  in  the  north,  near  the  horizon,  usually  a 
sbort  tune  after  sunset,  a  dark  segment  of  a  circle, 
soiTOunded  by  a  brilliant  arch  of  white  or  fiery  light ; 
and  this  arch  is  oiton  separated  into  several  concen- 
tde  ardies,  leaving  the  dark  segment  visible  between 
tifeta*  Fnmi  these  arches,  and  from  the  dark  seg- 
ment itsdf,  in  high  latitudes,  columns  of  light,  of  the 
most  variegated  and  beautifrd  colours,  shoot  up  to- 
wards the  senith,  and,  sometimes,  masses  like  sheaves 
of  light  are  eeattered  in  all  directions.  The  appear- 
ance ia  then  splendid ;  and  its  increasing  beauty  is 
ettoonnced  by  a  general  undulation  of  the  masses  of 
light.  A  kind  of  fiery  coronet  is  afterwards  formed 
about  the  xenith,  by  the  meeting  of  all  the  columns 
of  li^t,  resembling  the  knob  of  a  tent.  At  this 
moment  the  spectacle  is  magnificent,  both  for  the 
mottipUcity  and  beauty  of  the  columns  which  the 
anroca  presentB.  (See  Maupertuis  De  la  Fi^e  de  la 
Thrre,  Fans,  17380  The  light,  after  this,  grows 
fiunter  and  more  tranquil.  This  faintness  and  tran- 
qoiUity,  however,  are  only  temporary,  for  the  pheno- 
mena are  soon  repeated  in  all  their  beauty^-^^the- 
oedUation  of  the  columns  of  light,  the  formation  of 
the  corona,  and  Uie  like,  though  with  a  thousand 
variations.  At  length,  the  motion  wholly  ceases,  the 
light  ia  collected  about  the  northern  horizcm,  the 
davk  s^^ment  vanishes,  and  nothing  is  left  but  a 
stnmc  hrightnees  in  the  north,  which  is  lost  in  the 
dtwnwg  day.  These  brilliant  appearances  are  also 
attended,  in  high  latitudes,  with  loud  noises,  de- 
serihcd  aa  resembling  the  hissing  and  crackling  of 
Ibe- works.  Tliis  appearance  has  received  the  name 
of  aofffom  Hgki,  bec^ise,  on  account  of  our  position 
an  the  earth*  we  see  it  oidy'  about  the  north  pole.    A 


sindlar  appeatanee,  oarera  ^mrifMt,  was  seea  about 
the  south  pole,  in  1^773,  by  Cook's  sailors,  between 
58^  and  60^  8.  lat,and  later  travellers  have  observed 
the  same.  Hieee  phenomena  ought,  therefore,  pro- 
perly to  be  xralled  poktr  lights.  Philosophers  are  of 
different  opinions  as  to  the  cause  of  the  aurora.  It 
is,  however,  satisfactorily  ascertained  to  be  within 
the  region  of  our  atmosphere.  The  satisfactory  de- 
monstration of  the  agency  of  electricity  in  the  pro- 
ducti(m  of  thunder  and  lightning,  has  occasioned  the  ' 
application  of  its  prindples  to  S^e  solution  of  other 
phenomcsia,  and  in  some  instances  it  applies  more 
plausibly  than  any  other  existing  explanation.  Such 
is  particularly  the  case  with  some  of  those  luminous 
appearances  that  occasionally  enliven  our  atmos- 
I^iere ;  effects  which  have  always  been,  and  still  con- 
tinue amongst  its  most  mysterious  phenomena. 

The  aurora  borealis,  or  northern  li^t,  is  a  pheno- 
menon of  tliis  kind,  whose  appearance  so  exactlv  re- 
sembles some  of  the  effects  of  artificial  ele<^city, 
that  those  who  have  had  the  opportunity  of  comparmg 
it  with  them,  can  entertain  no  doubt  that  their  causes 
are  identical.  Wh^  electricity  passes  through  rare- 
fied air,  it  exhibits  a  diffused  luminous  stream,  which 
has  all  the  characteristic  appearances  of  the  northern 
li^ts.  There  is  the  same  variety  of  colour,  and  in- 
tensity ;  the  same  unduiating  motion,  and  occasional 
corruscations ;  ihe  streams  exhibit  the  same  diversity 
of  character,  at  one  moment  minutely  divided  in  ra- 
tnifications,  and  at  another  beaming  forth  in  one 
body  of  li^t,  or  passing  in  distinct  broad  flashes ; 
and  when  the  rarefaction  is  considerable,  various 
parts  of  the  stream  assvbne  that  peculiar  glowiog  co- 
lour v^teh  occasionally  appears  in  the  atmosphere, 
and  is  regarded  by  the  uninformed  observer  vriUi 
aitonidmient  and  fear.  There  is,  therefore,  little 
doubt  that  the  natural  phenomenon  is  occasioned  by 
the  passage  of  electricity  through  the  upper  regions 
of  ^e  atmosphere.  The  lowest  estimate  that  has 
been  made  of  the  distance  from  the  earth's  surliwre  at 
which  it  occurs,  is  that  of  Mr.  Cavendish,  who  states 
that  distance  to  be  71  miles ;  now,  at  70  miles,  the 
air  is  1,048,576  times  more  rare  than  at  l^e  surface  of 
the  earth ;  and  this  is  a  degree  of  rarefaction  beyond 
the  power  of  any  air-pump  yet  constructed.  These 
circumstances  tend  almost  to  a  demonstration,  that 
^e  light  of  the  aurora  is  produced  by  the  san^ 
means  as  the  light  of  electricity ;  but  there  are  other 
characteristics  of  that  remarkable  phencmienon  tiiat 
still  remain  unexplained. 

Dr.  Halley  has  described  very  fully  the  appearance 
of  a  remarkable  aurora,  and  has  collected  together  a 
variety  of  observations  that  may  serve  as  a  history  of 
its  phenomena;  he  ascribed  its  produition  to  the 
same  inHuence  as  that  which  causes  magnetism ;  and 
the  observations  of  Mr.  Dalton  prove  £at  the  lumi- 
nous beams  of  the  aurora  is  r^ly  that  of  the  dip- 
ping.needle.  Signior  Becoaria  conceives  that  the 
phenomena  of  magnetism  are  occasioned  by  a  con- 
stant natural  circulation  of  the  electric  fiuid  from 
north  to  south,  originating  from  several  sources  in 
the  northern  hemisphere.  The  aberration  of  the 
common  centre  of  these  currents  from  the  north 
point,  he  supposes,  may  cause  the  variation  of  the 
needle ;  the  period  of  this  declination  from  the  centre 
may  be  the  period  of  the  variation ;  and  the  obliquity 
of  the  current  the  cause  of  the  dip  of  the  magnetic 
needle. 

llie  northern  lights  a^  at  present  very  rarely 


176 


AURORA    BOREALIS ^AURUM. 


visible  liere ;  about  thirty  yean  since  thejr  were  fre- 
quently observed,  and  on  one  occasion  their  appear- 
ance was  remarkably  brilliant,  and  has  been  mi- 
nutely noticed  by  Mr.  Dalton.  An  extract  from  his 
description  will  convey  a  general  idea  of  an  effect 
we  have  but  rarely  Im  opportunity  to  observe. 

"  Attention  was  first  excited  by  a  remarkable  red 
appearance  of  the  clouds  to  the  south,  which  afforded 
sufficient  light  to  read  by,  at  eight  o'clock  in  the 
evening,  though  there  was  no  moon,  nor  light  in  the 
north.  Some  remarkable  appearance  being  expected, 
a  theodolite  was  placed  to  observe  its  altitude,  bear- 
ing, &c. 

"  From  94  to  10  p.  m.,  there  was  a  large,  luminous, 
horizontal  arch  to  the  southward,  almost  exactly  like 
those  we  see  in  the  north;  and  there  was  one  or 
more  concentric  arches  northward.  It  was  particu- 
larly noticed,  that  all  the  arches  seemed  exactly 
bisected  by  the  plane  of  the  magnetic  meridian.  At 
half-past  10  o'clock,  streamers  appeared  very  low 
in  the  S.  £.,  running  to  and  fro,  from  W.  to  £. ; 
they  increased  in  number,  and  began  to  approach 
the  zenith,  apparently  with  an  accelerated  velocity ; 
when,  all  on  a  sudden,  the  whole  hemisphere  was 
covered  with  them,  and  exhibited  such  an  appearance 
as  surpasses  all  description.  The  intensity  of  the 
light,  the  prodigious  number  and  volatility  of  the 
beams,  the  grand  intermixture  of  all  the  prismatic 
colours  in  their  utmost  splendour,  variegating  the 
glowing  canopy  with  the  most  luxuriant  and  en- 
chanting scenery,  afforded  an  awful,  but  at  the  same 
time  the  most  pleasing  and  sublime  spectacle  in 
nature.  Every  one  gazed  with  astonishment;  but 
the  uncommon  grandeur  of  the  scene  only  lasted 
about  one  minute;  the  variety  of  colours  disap- 
peared, and  the  beams  lost  their  lateral  motion,  and 
were  converted,  as  usual,  into  the  flashing  radia- 
tions ;  but  even  then  it  surpassed  all  other  appear- 
ances of  the  aurora,  in  that  the  whole  hemisphere 
was  covered  with  it. 

"  Notwithstanding  the  suddenness  of  the  effulgence 
at  the  breaking  out  of  the  aurora,  there  was  a  re- 
markable regularity  in  the  manner.  Apparentiy,  a 
ball  of  fire  ran  along  from  east  to  west,  and  the  con- 
trary, with  a  velocity  so  great  as  to  be  barelj  dis- 
tinguishable from  one  continued  train,  which  kmdlcd 
up  the  several  rows  of  beams  one  after  another:, 
these  rows  were  situate  before  each  other  with  the 
exactest  order,  so  that  the  bases  of  each  row  formed 
a  circle  crossing  the  magnetic  meridian  at  right 
angles;  and  the  several  circles  rose  one  above  an- 
other in  such  sort,  that  those  near  the  zenith  appeared 
more  distant  fVom  each  other  than  those  near  the 
horizdn,  a  cArtain  indication  that  the  real  distances 
of  the  rows  were  either  nearly  or  exacUy  the  same. 
And  it  was  forther  observable,  that  during  the  rapid 
lateral  motion  of  the  beams,  their  direction  in  every 
two  nearest  rows  was  alternate,  so  that  whilst  the 
motion  of  one  row  was  from  £.  to  W.,  that  in  the 
next  was  from  W.  to  E, 

"  The  point  to  which  all  the  beams  and  flashes  of 
light  uniformly  tended,  was  in  the  magnetic  meridian, 
and  as  near  as  could  be  determined,  between  1 5  and 
20  degrees  of  the  zenith.  The  aurora  continued, 
though  diminishing  in  splendour,  for  several  hours. 
There  were  several  meteors  (falling  stars)  seen  at  the 
time;  they  seemed  below  the  aurora,  and  uncon- 
pected  therewith." 

When  the  northern  hghts  are  vbible  in  this  coun- 


try, they  are  said  to  appear  chiefly  in  the  spring  and 
autumn,  and  usually  aher  a  period  of  dry  weather; 
they  do  not  refract  the  light  of  the  stars,  which  ai« 
often  distinctiy  seen  through  the  luminous  arch  or 
beams.  They  are  seen  more  rarely  in  countries  nearer 
the  equator,  but  occur  almost  instantiy  during  the 
long  winters,  in  the  polar  regions,  and  with  a  lustre 
of  which  we  can  form  but  a  faint  conception. 

In  the  Shetiand  isles  they  are  called  "merry 
dancers,"  and  are  the  regular  attendants  of  clear 
evenings,  giving  a  diversity  and  cheerfulness  to  the 
long  winter  nights.  Their  first  appearance  is  at 
twilight,  just  above  the  horizon ;  they  have  at  first 
no  particular  brilliance  or  motion ;  but,  after  some 
time,  break  forth  into  streams  of  refulgent  light, 
whose  Protean  colunms  graduall)'  assume  every  pos- 
sible variety  of  form  and  shade  of  colour ;  frequently 
covering  the  whole  visible  hemisphere ;  which  then 
presents  the  most  brilliant  spectacle  imagination  can 
conceive. 

In  Hudson's  Bay,  the  refulgence  of  the  aurora  is 
stated  to  be  frequentiy  equal  to  that  of  the  full  moon. 
lo  the  northern  latitudes  of  Lapland  and  of  Sweden, 
tiieir  brilliance  is  so  remarkable  and  constant,  as  to 
tuikven  the  path  of  the  traveller  during  the  whole 
Light  In  the  north-eastern  parts  of  Siberia  they 
are  also  described  as  moving  with  incredible  velocity  ; 
and  clothing  the  sky  with  a  most  brilliantly  luminous 
appearance,  "  resembling  a  vast  expanded  tent,  glit- 
tering with  gold,  rubies,  and  sapphires."  This  phe- 
nomenon is  said  to  be  accompanied  by  a  loud  hissmg 
or  crackling  noise,  so  terrific,  that  when  the  fox- 
hunters,  on  the  confines  of  tiie  icy  sea,  are  over- 
taken by  it,  their  dogs  lie  close  to  the  ground,  and 
refuse  to  move  until  the  noise  has  pass^.  H^t  a 
noise  of  this  kind  occasionally  accompanies  the 
northern  lights,  has  been  testified  by  several  ob- 
servers, and  amongst  others,  Mr.  Naime  and  Mr, 
Cavallo ;  the  last  says,  he  has  heard  it  distinctly  on 
several  occasions.  This  effect  is  the  most  extraor- 
dinary of  all  that  accompany  this  phenomena,  and  if 
established  as  a  fact,  is  perfectiy  unaccountable ;  for, 
from  the  extent  of  the  country  over  which  the  aurora 
is  frequentiy  seen,  it  is  certain  that  it  must  occur  at 
a  very  considerable  height  above  the  earth's  surface ; 
and  though  the  calculations  on  this  subject  differ  re- 
markably, yet  the  very  lowest  estimate  gives  an  ele- 
vation, at  which,  according  to  the  known  principles 
of  philosophy,  there  exbts  no  medium  capable  of 
transmitting  sound. 

An  aurora  has  been  sometimes  observed  near  the 
south-pole,  which  seems  to  favour  Beccaria's  idea, 
that  its  cause  is  the  circulation  of  a  fluid.  Its  appear- 
ance is  similar  to  that  of  the  northern  light,  but 
without  the  same  diversity  of  colour. 

The  beams  of  the  aurora  appear  to  converge  to- 
wards the  zenith,  and  their  summits  seem  narrower 
than  their  bases;  but  this,  as  was  observed  by  Dr. 
Hal  ley  and  Mr.  Cavendish,  is  merely  an  optical 
illusion;  and  it  has  been  shown  by  Mr.  Dalton,  that 
the  beams  are  really  cylindrical,  and  parallel  to  each 
other ;  and  that  the  distance  of  their  bases  from  the 
earth,  is  equal  to,  or  probably  greater  than,  the  length 
of  the  beams;  and  he  has  calculated  that  these  beams 
are  75  miles  long,  and  7i  miles  diameter. 

AuRUM ;  gold,  the  most  valuable  of  all  the  metals. 
It  is  of  a  reddish-yellow  colour,  soft  texture,  not 
sonorous,  but  exceedingly  ductile  and  malleable. 
(Sec  Gold.) 
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AvftUM  PoTABiui;  tincture  of  gold,  a  cordial 
liqaor  with  leaf  gold  in  it. 

AuEUM  FuLMiNANs ;  thondeiing  gold,  a  precipi- 
tate of  goUL  so  called  because  of  the  explosion  which 
it  makes  by  a  gentle  attrition. 

AuRUM  HoaizoNTAi.s ;  a  mercurial  medicine  of  a 
red  colour. 

AuauM  MosiAcuM,  or  Musicum  ;  a  composition  to 
lay  on  a  colour  like  brass  or  copper. 

AusTsa ;  the  south  wind. 

Au8TEa£  is  in  general  applied  to  a  rough  astrin- 
gent taste,  united  with  that  of  sourness,  ft  is  iden- 
tical with  acerbi. 

AusTEAL  SioNS ;  the  six  last  signs  in  the  zodiac, 
so  called  because  they  are  on  the  south  side  of  the 
equinoctial. 

AuBTKALis  Pisces  ;  a  constellation  of  the  southern 
hemisphere,  being  one  of  the  forty-eight  constella- 
tions mentioned  by  the  ancients,  not  visible  in  our 
latitude.  The  stars  in  Ptolemy's  Catalogue  are  18 ; 
and  in  the  Britannic  Catalogue  24.  Formahaut,  a 
star  of  the  first  magnitude,  is  in  the  mouth  of  this 


AvsTEALizE ;  a  disposition  to  point  towards  the 
sooth ;  and  as  opposite  magnetic  poles  attract  each 
other,  it  will  be  obvious  that  what  we  call  the  north 
pole  of  the  magnet,  is  the  austral  or  southern  pole. 

AusTEo  Afeicus,  in  Meteorology,  the  south-south- 
west pointy  or  wind. 

Automaton.  Under  liie  article  Andeoides,  our 
readers  wiU  find  an  account  of  a  very  curious  and 
perfect  automaton,  and  we  now  purpose  continuing 
oar  account  of  self-moving  machines.  In  the  first 
place,  however,  it  may  be  advisable  to  notice  some 
of  the  earlier  attempts  at  constructing  automata. 
Tlie  flying  dove  of  Archytas,  mentioned  by  Aulus 
GeUius,  is  the  earliest  self-moving  engine  of  which 
vre  have  any  record ;  and  this,  as  well  as  the  flying 
cinir  of  Dr.  Hook,  may,  in  all  probability,  be  classed 
with  the  speaking  head  of  Friar  Bacon,  and  the  no 
leas  wonderful  impositions  contrived  by  the  dealers 
in  orades  during  the  darker  ages  of  the  world.  Com- 
ing, however,  to  a  later  period,  we  find  that  Louis 
XIV.  was  pasaicmately  fond  of  automata,  and  devoted 
the  early  years  of  his  life  to  their  construction.  One 
piece  of  apparatus  constructed  by  this  ingenious  scion 
of  royalty,  u  worthy  of  record. 

It  represented  a  lady  proceeding  to  court,  in  a  small 
diariot  drawn  by  two  horses,  and  attended  by  her 
coachman,  footman,  and  page.  When  the  machine 
was  placed  at  the  end  of  a  large  table,  the  coachman 
smacked  his  whip,  the  horses  started  off  with  all 
their  natural  motions,  and  the  whoXt  equipage  drove 
on  to  the  forther  extremity ;  it  would  now  turn  at 
right  angles  in  a  regular  way,  and  proceed  to  that 
part  of  tiiie  table  opposite  to  that  which  the  prince 
sat,  when  the  carriage  stopped,  the  page  alighted  to 
open  the  door,  and  the  lady  came  out  with  a  petition, 
which  she  presented  vrith  a  curtsey  to  the  bowing 
young  monarch;  tiie  return  was  equally  in  order. 
After  appearing  to  attend  the  prince  for  a  short  time, 
the  lady  curtsied  again,  and  re-entered  the  chariot, 
the  page  mounted  behind,  the  coachman  flourished 
his  vrfaip,  and  the  footmltn,  after  running  a  few 
steps,  resumed  his  place. 

M.  Droz,  of  La  Chanx  de  Fonds,  in  the  province 
of  Nenfcha^l,  also  executed  some  curious  pieces  of 
mechanism.  One  of  these  was  a  clock,  presented  to 
the  king  of  Spcun,  to  which  pertained,  among  other 


curious  contrivances,  a  sheep  that  imitated  the  bleat- 
ing of  that  animal,  and  a  dog,  watching  a  basket  of 
fruit,  that  barked  and  snarled  when  any  one  offered 
to  take  it  away,  and  a  variety  of  moving  human 
figures.  Mr.  Coliinson  informs  us,  that  when  he  waa 
at  Geneva,  Droz,  the  son  of  the  former,  showed 
him  an  oval  gold  snuff-box,  about  4^  inches  long, 
3  broad,  and  i }  thick,  wiiich  was  double,  with  an 
horizontal  partition ;  one  of  the  partitions  contained 
snuff,  and  in  the  other,  upon  opening  the  lid,  there 
sprang  up  a  very  small  bird,  of  green  enamelled  gold, 
parching  on  a  gold  stand.  This  minute  curiosity, 
being  only  three-quarters  of  an  inch  from  the  beak 
to  the  extremity  of  the  tail,  moved  its  body,  shook 
its  wings,  opened  its  bill  of  white  enamelled  gold, 
and  poured  forth  such  a  clear,  melodious  song,  aa 
would  have  filled  a  room,  of  twenty  or  thirty  feet 
square,  with  its  harmony.  Another  automaton  of 
Droz's  was  the  figure  of  a  man,  about  the  natural 
size,  which  held  in  its  hand  a  metal  style ;  and,  by 
touching  a  spring  that  released  the  internal  clock- 
work from  its  stop,  the  figure  began  to  draw  on  a 
card  of  Dutch  vellum  laid  under  l£e  style.  Having 
finished  its  drawings  on  the  first  card,  the  figure 
rested.  It  then  proceeded  to  draw  different  subjects 
on  five  or  six  other  cards,  which  number  limited  its 
delineating  powers. 

To  furnish  >*^^-o^ 

our      readers  ^ — \  /'T^^^S^ 

with  a  notion 
of  tiie  amaz- 
ing accuracT 
with  which 
automata  may 
be  made  to  de- 
lineate figures, 
and,  indeed, 
perform  the 
partofmedia- 
nical  drafts- 
men, we  an> 
nex  a  fac-si- 
mileofa  draw- 
ing, in  the  pos- 
session of  Mr. 
Fillinham,  which  was  actually  executed  by  an  auto* 
maton  figure  exhibited  in  London. 

We  cannot  dismiss  the  subject  of  automata  with- 
out adverting  to  the  fact  that  nearly  all  those  which 
have  yet  been  made  for  exhibition,  are  much  fitter 
for  the  amusement  of  children,  than  as  furnishing 
recreation  for  thinking  beings.  Of  a  far  different 
character  are  those  employed  for  weaving,  and  other 
mechanical  manipulations.  They  have  served  to 
raise  this  country  to  a  degree  of  commercial  wealth, 
which  has  enabled  her  to  fight  the  battles  of  freedom 
in  every  part  of  the  civilized  world. 

AUTOPHOSPHOETTS,  SCC  PbOSPHOEUS. 

Autopyeiteb;  a  species  of  bread  described  by 
Galen.  The  word  is  only  found  in  the  very  early 
books  on  medicine. 

Autumn  ;  that  one  of  the  seasons  which,  in  the 
northern  temperate  zone,  begins  when  the  sun,  in  its 
apparent  descent  to  the  southern  hemisphere,  touches 
the  equator.  The  end  of  autumn  is  at  the  time  of 
the  sun's  ^preatest  south  declination,  or  when  he 
enters  Capricorn.  According  to  our  computation  of 
time,  the  beginnmg  of  autumn  is  Sept  23,  when,  for 
the  second  time  in  the  year,  the  days  and  nights  ava 
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cqnal ;  and  the  end  is  Dec.  21,  at  tke  time  of  the 
shortest  day.  Hie  aulomn  of  tiie  southern  hemis- 
phere takes  place  at  the  time  of  oar  spring.  From 
this  astronomical  autumn  tiie  physical  or  popular  au- 
tumn differs  according  to  the  climate. 

Autumnal  Equinox,  see  Equinox. 

Autumnal  Point  is  called,  hy  astronomers,  that 
point  where  the  equator  cuts  the  ecliptic:  the  sun 
reaches  it;  Sept.  23.  It  is  said  to  be  at  the  beginning 
of  Libra,  and  is  continually  marked  so,  notwith- 
standing the  point  has  long  since  receded  from  this 
constellation,  and  is  ^ow  near  the  stars  of  the  left 
shoulder  of  Virgo.  It  is  opposite  to  the  vernal  point ; 
therefore  its  ascension  amounts  to  180^,  and  its  lon- 
gitude also  to  as  many,  or  six  signs ;  its  declination 
and  latitude  =  0. 

Aux  ;  an  astronomical  term  employed  to  describe 
a  portion  of  the  ecliptic. 

Awl  ;  a  sharp-pointed  implement  formed  of  the 
best  steel. 

AwMB,  see  Aumb. 

Awn  of  wine,  a  measure  which  does  not  occur 
in  modem  commercial  transactions,  but  is  stated  in 
the  dictionaries  to  be  equal  to  360  pounds. 

Awning,  on  board  a  ship,  is  when  a  sail,  a  tar* 
pauling,  or  the  like,  is  hung  over  any  part  of  the 
vessel,  above  the  decks,  to  keep  off  the  sun,  rain,  or 
wind.  Awnings  are  made  of  canvass.  The  length 
of  the  main-deck  awning  is  from  the  centre  of  the 
fore-mast  to  the  centre  of  the  main-mast  and  fore- 
mast. The  length  of  the  quarter-deck  awning  is 
from  the  centre  of  the  main-mast  to  the  centre  of  the 
mizen-mast ;  and  the  width  answers  to  the  breadths 
of  the  ship,  at  the  main-mast,  mizen-mast,  and  at  the 
midway  between.  The  length  of  the  poop,  or  after- 
awning,  is  from  the  centre  of  the  mizen-mast  to  the 
ensign-staff,  about  seven  feet  above  the  deck.  The 
canvass  is  cut  to  the  given  breadths  of  the  awning, 
allowing  a  few  inches  to  hang  down  on  each  side, 
which  is  sometimes  scolloped  and  bound.  Half  the 
diameter  of  the  masts  is  cut  out  in  the  middle  at 
each  end,  and  lacing-holes  are  made  across  the  ends, 
to  connect  one  awning  to  another.  Sometimes  cur- 
tains are  made  to  hang  to  the  sides  of  the  awnings, 
of  the  same  length  as  tiie  awning.  Their  depth  is 
taken  from  the  sides  of  the  awning  to  the  gunwale. 
The  seams  and  tablings  are  the  same  as  those  of  the 
awnings,  and  iacing-holes  are  made  along  the  upper 
tabling  of  the  curtain,  and  the  side  tabling  of  the 
awning. 

In  the  long-boat  they  make  an  awning,  by  bringmg 
the  sail  over  tiie  yard  and  stay,  and  booming  it  out 
with  the  boat-hook. 

On  shore,  awnings  are  made  of  conuiion  canvass ; 
and  if  they  be  frequently  wetted,  ice  may  be  pre- 
served between  them  and  the  damp  earth — so  power- 
ful is  the  refrigirating  power  of  the  evaporation. 

AxAMBNTA ;  ckoiui  harmony  without  instrumen- 
tal accompaniment. 

AxB ;  a  large  sized  hatchet.  It  is  much  employed 
by  the  Indian  tribes  for  the  purposes  of  war,  and 
many  hundreds  of  these  destructive  implements  have 
lately  been  manufactured  in  Birmingham  to  be 
sent  with  the  "  fire  water"  (^n^^ici^,  ardent  spirits), 
for  the  purpose  of  civilizing  the  aboriginftls  in  Ame- 
rica. 

Axilla  ;  the  ann-pit.  There  is  a  peculiar  secre- 
tion from  Uiis  part  of  the  body,  which  in  pumy  per- 
sons is  highly  offensive.    It  is  {i^inn^«  that  a  eyre 


ma^  be  effeeteil  by  the  use  of  a  JacoctioB  of  wild 
artichoke  in  wine. 

AxiLLART  Abt9bt,  see  Subclavian. 

•Axillary  Glakds  i  seeretiBg  glands  beneath  the 
arm-pits. 

AxiLLABT  Nbrvb.  This  nerve  passes  beneadi  the 
arm-pit,  and  joins  the  cervical  series. 

AxiLLAET  Vbin.  TUs,  like  the  preoeding,  takes 
its  name  from  the  arm-pit,  beneath  which  it  mns, 
and  dividing  itself  into  branches,  supplies  the  whole 
neighbourhood. 

Axillary  Vbrtbbrjb.  The  second  in  the  down* 
v^rard  series  of  bones. 

Axiom,  a  self-evident  truth,  or  a  propoeition 
whose  truth  every  person  receives  at  fint  sig^t;  and 
to  which  the  term  is  applied,  par  excellence,  on  ac- 
count of  its  importance  in  the  process  of  reasoning 
Axioms  are  self-evident  truths  that  are  jaecessary, 
and  not  limited  to  time  and  place,  but  mast  be  true 
at  all  times  and  in  all  places. 

Thus,  that  the  whole  is  greater  than  a  part ;  that 
it  is  impossible  for  a  thing  boUi  to  he  and  not  to 
be,  at  tne  same  timp;  and  that  from  nothing,  no* 
thing  can  arise,  are  axioms. 

By  axioms,  called  also  maxims,  are  UBderstoQd  all 
common  notions  of  the  mind,  whose  evidence  is  so 
clear  and  forcible,  that  a  man  cannot  deny  them  with  • 
out  renouncing  common  sense  and  natural  reason. 

Self-evident  proportions  furnish  the  first  principles 
of  reasoning;,  and  it  is  certain,  that  if  in  our  re- 
searches we  merely  employ  such  prihciptes  as  these» 
and  apply  them  properly,  we  shall  be  in  no  danger 
in  advancing  from  one  discovery  to  another.  For 
this  we  may  appeal  to  the  writings  of  matheB(iAi> 
ticians,  which  being  conducted  agreeable  to  this 
standard,  inoontestably  prove  the  atabiiity  of  humaii 
knowledge,  when  it  is  made  to  rest  on  so  sure,  a 
foundation.  The  propoaitiona  of  this  kind  of  8ciflBica» 
have  not  only  stood  the  test  of  ages ;  but  they  ice 
found  to  be  attended  with  that  invincible  evidenQl* 
which  constrains  the  assent  of  all  who  oonsider  Hia 
proofs  by  means  of  which  they  are  established. 

Lord  Bacon  proposes  a  new  science,  tP  coiiMst.of 
general  axioma,  under  the  dencunin^tion  of  phiki$q~ 
phia  prima, 

Auom  is  also  an  established  principle  in  some  art 
or  science.  Thus,  it  is  an  «xiQm  in  physics  that 
Nature  does  nothing  in  vain ;  that  electa  are  proppr- 
tional  to  their  causes,  &c.  So  it  is  an  vmm  in  geo- 
metry, that  if  to  equal  things  you  add  eauala*  the 
sum  will  be  equal,  &c.  It  is  an  axiom  m  optica^ 
that  the  angle  of  incidence  is  eqi:(al  to  the  angle  of 
reflection  and  refraction.  In  thi^  sense  the  gen^inl 
laws  of  motion  are  called  axioms ;  as  thl^t  idl  motion 
is  rectilinear,  and  that  action  and  reaction  are  equal. 

These  particular  axioms,  it  mi^y  be  observed*  do 
not  immediately  arise  from  any  fint  notions  or  idefia^ 
but  are  deduced  from  certain  hypotheses;  this  is  par« 
ticularly  obserraible  in  physical  matters,  in  which,  na 
^veral  experiments  conti^b^te  to  make  one  hypot^- 
sis,  so  several  hypotheses  contribidte  to  one  axipin. 

The  axioms  ^  Euclid  are  very  genen^  proposi- 
tions, and  so  are  the  axioms  of  the  Newtonian  philoa^ 
phy ;  but  these  two  kinds  of  a^oms  have  very  diffor* 
ent  origins.  The  former  appear  true,  upon  a  ht^ 
contemplation  of  our  ideas ;  whereas  the  latter  9ire  ^e 
result  of  the  most  laborious  induction.  Lord  B^^oi^ 
therefore,  strenuously  contend^,  ths^  Ihey  sho^y 
never  be  admitted  upon  coige^ture,  or  even  upon  Mim 
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•otbority  of  the  learned ;  bQt,  aa  they  are  the  general 
principles  and  grounds  of  all  learnings  they  should 
be  canvassed  aikl  examined  with  the  most  scmpyloua 
attention* 

A.  modem  writer  distinguishes  between  axioms  in- 
toitive,  and  self-evident,  The  former^  he  9%y8«  pass 
through  the  first  inlets  of  luiowMge,  and  (i^ih  di- 
rect conviction  on  the  ininds,  as  external  objects  do 
on  the  senses^  of  all  men ;  in  tbe  formation  of  the 
the  latter,  reason  judges  by  single  comparisons,  with- 
out the  ud  of  a  third  idea  or  middle  term ;  so  that 
they  have  their  evidence  in  themselves,  and  though 
inductively  framed^  they  cannot  be  syllogistically 
proved.  If  we  admit  this  distinction,  and  its  rea- 
sonableness must  be  allowed,  the  character  of  intui- 
tive axioms  will  be  restricted  to  particular  truths. 

Axis,  in  Aiuitomy,  the  second  yertebne  of  the 


Axis,  in  Gtometrjf,  the  straight  line  in  a  plane 
figure^  about  wMch  it  revolves,  to  produce  or  gene- 
rate a  solid.  Thus,  if  a  semi-circle  be  moved  round 
its  diameter  at  rest,  it  will  generate  a  sphere,  whose 
axis  is  that  diameter ;  and  if  a  right-angled  triangle 
be  turned  about  its  perpendicular  at  rest,  it  will  de- 
scribe a  cone,  whose  axis  is  that  perpendicular.  The 
term  axis  is  yet  more  generally  used  for  a  right  line 
conceited  to  be  drawn  from  the  vertex  of  a  figure  to 
the  middle  of  the  base. 

Axis  of  a  Cirde  or  Sphere,  is  any  line  drawQ 
tiuough  the  centre,  and  terminated  at  the  circum- 
lerence  on  both  sides. 

Axis  tf  a  Cjy^oder,  is  the  line  from  the  centre  of 
Ae  one  end  to  that  of  the  other. 

Axis  qf  a  Comt  Section,  is  the  line  from  the  prin- 
cipal vertex,  or  vertices,  perpendici^ar  to  the  tangent 
at  that'  point  The  ellipse  and  hyperbole  have  ead^ 
two  axes,  which  are  fimte  and  perpendicular  to  each 
other;  but  the  parabola  has  only  one,  and  that  infi- 
nite in  length..  Transverse  axis,  in  the  ellipse  and 
liyperbola,  is  the  diameter  passing  through  the  two 
foo,  and  the  two  principdl  vertices  of  the  figure.  In 
the  hyperbole  it  is  the  shortest  diameter,  but  in  the 
ellipse  it  is  the  longest  Congregate  axis,  or  second 
axis,  in  the  ellipse  or  hyperbola,  is  the  diameter  pass- 
ing through  the  centre,  and  perpendicular  to  the 
transverse  axis,  and  is  the  shortest  of  all  the  conju- 
gate diameters.  Axis,  of  a  curve  line,  is  still  more 
generally  used  for  that  diameter  which  has  its  ordi- 
nates  at  ri^t  angles  to  iX,  when  that  b  possible. 
Tar,  as  in  conic  sections,  any  diameter  bisects  aU  its 
paralld  ordinates^  making  the  two  parts  of  them  on 
ooth  sides  of  it  equal ;  and  that  diameter  whidi  has 
toch  ordinates  perpendicular  to  it,  is  an  axis :  so,  in 
corves  of  the  second  order,  if  any  two  parallel  lines 
eadi  meeting  the  curve  in  three  points;  the  right 
line  whidi  cuts  these  two  parallels  so,  that  the  sum 
of  the  two  parts  on  one  side  of  tiie  cutting  line,  be- 
tween  it  and  die  curve,  is  equal  to  the  third  part 
terminated  by  the  curve  on  the  other  side,  then  the 
•aid  Une  will  in  like  manner  cut  all  other  parallels 
to  the  former  two  lines,  viz.,  so  that  of  every  one  of 
them,  the  sum  of  the  two  parts,  or  ordinates,  on  one 
side,  will  be  equal  to  the  third  part  or  ordinate  on 
the  other  side.  Such  cutting  line  then  is  a  diameter ; 
and  that  diameter,  whose  parallel  ordinates  are  at 
right  an|^  to  it,  when  possible,  is  an  axis.  And 
the  same  for  other  curves  of  still  higher  orders. 

Axis,  in  Atironomtf.  As  the  axis  of  the  world  is 
tn  anaginary  right  line  conceived  to  pass  through 


the  centre  of  ^  earth,  and  terminating  at  each  end 
in  the  surface  of  our  sphere*  ab6ut  thk  line,  as  a|i 
axis,  the  sphere*  in  the  Ptolemaic  system,  is  sop* 
posed  dailv  to  revolve, 

Aias  i^  ik^  Earth,  is  the  luie  conneoting  its  two 
poles^  and  about  which  the  earth  performs  its  fiiai' 
nal  rotation*  Irom  west  to  east.  Tfm  is  a  part  of 
the  axis  of  the  world,  and  always  remains  paralM 
to  itself  during  the  motion  of  the  earth  in  its  orbit 
about  the  sun,  and  perpendicular  to  the  plane  of  the 
equator. 

Axis  of  a  PUmet^  is  the  line  passing  through  its 
centre,  and  about  which  the  planet  revolves.  The 
Sun,  Earth,  Mooi|,  Jupiter^  l^ars,  and  Venus,  it  is 
known  firom  observation,  iiioye  about  t^oir  several 
axes;  ^d  belike  motion  is  easily  iaferrfd  of  the 
other  ^ee.  Mercury^  Saturn,  and  yiwrgian  planet. 

Axis  (^ihe  Horizon,  Equator,  Eclipth'^Wii Zodiac, 
are  riight  Kn^  paes^  dSh>ugh  the  centrej)  of  those 
circlfs,  perpendicular  to  their  planes.  "  r'     . 

A^is  i^  a  Ma^i,  or  Magnelieol  Aw,  is  a  line 
passed  through  the  middle  of  a  magnet  lengthivise ; 
so  that,  however  the  magnet  be  divided,  provided  the 
division  be  made  according  to  a  plane  passing  through 
that  line,  the  magnet  will  then  be  cut  into  two4oad- 
stones.  And  the  extremities  of  such  lines  are  called 
the  poles  of  the  stone. 

Axis,  in  Mechanica,  ,  The  axis  of  a  balance  or  cy- 
linder is  the  line  upon  which  it  moves  or  turns. 

Axis  of  Oscillation,  w  a  line  parallel  to  the^orizonit 
passing  tiirough  HxQ  centre,  about  which  a  penduhim 
vibi*ates,  and  perpendicular  to  the  plane  in  v^h^ch  \% 
oscillates, 

Axis  in  Pe^troohio,  or  Tfh^l  and  AxU^  is  ox^fs 
of  the  mechanical  powers,  or  simple  machines,  con-* 
trived  chiefly  for  thp  raising  of  weights  to  a  consi-. 
derable  height.    See  Mechanics. 

Axis  qf  a  Vessel,  is  that  quiescent  right  line  pass* 
ing  through  the  middle  of  it^  perpendicular  to  its  base« 
and  equally  distant  from  its  sides. 

Axis,  In  Optics,  The  optic  axis,  or  yisual  axis,  is 
a  ray  passing  through  the  centre  of  the  ey^  or  fall- 
ing perpendicularly  on  the  eye. 

Axis  qf  a  Lens,  or  Glass,  is  the  axis  of  the  solid  of 
which  the  lens  is  a  segment  Or  the  axis  of  a  glass^ 
is  the  line  joining  the  two  vertices  or  middle  poijfita 
of  the  two  opposite  surfaces  of  the  glass. 

Axis  of  Incidence,  in  Dioptrics,  is  the  line  passing 
through  the  point  of  incidence,  perpendicularly  to 
the  re&acting  surface. 

Axis  of  Reaction,  is  tiie  line  continued  from  the 
point  of  incidence  or  refraction,  perpendicularly  (o 
the  refracting  surface,  along  the  farther  medium. 

AxLB,  see  Axis. 

AxuNGiA ;  the  old  name  for  hogs'-lard. 

AxuNGiA  ViTRi  Sandinbr  ;  a  salt  of  glass  pro- 
cured during  fusion. 

AzARUM  ;  a  medicinal  root  employed  as  a  specific 
for  the  farcy  in  horses. 

AzBD ;  another  name  for  the  large  Camphor, 
which  see. 

AzELFOGB,  in  Astronmm^,  a  fixed  star  of  the  second 
magnitude,  in  the  Swan's  Tail. 

AzBMBCH,  in  Astronomy,  see  Virgin's  Spikb. 

Azimuth  ;  an  arc  of  the  meridian,  comprehended 
between  the  meridian  of  the  place,  and  the  azimuU^ 
circle,  passing  through  tiie  sun,  &c. 

Azimuth  Circles  ;  great  circles  of  the  spheres, 
intersecting  each  other  ui  the  Zenith  and  Nadir. 
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AZIMUTH  COMPASS AZOTE. 


A21VUTB  Compass.  The  common  compass^  when 
provided  with  sights,  may  be  converted  into  this 
mstmment.  The  sights  are  so  placed  that  the  sun 
may  be  seen«  in  order  to  find  its  amplitude  or  azi- 
muth. Whence  the  declination  of  the  magnetic  me- 
ridian from  the  true  or  astronomical  meridian  may 
be  determined;  those  two  meridians  seldom  coin- 
ciding. 


An  instrument  of  this  description  is  represented  in 
the  accompanying  figure,  in  which  the  sight-plates 
ascend  perpendicularly,  being  furnished  with  a  per- 
pendicular thread  or  wire  through  the  middle  The 
ring  of  the  gimbals  rests  with  its  pivots  on  the  semi- 
circle beneath,  the  foot  of  which  turns  in  a  socket,  so 
that  whilst  the  box  remains  steady,  the  compass  may 
be  turned  round,  in  order  to  place  the  sights  in  the 
direction  of  the  sun,  or  other  celestial  object  The 
pivots  of  the  gimbals  of  this,  as  well  as  of  the  steer- 
mg  compass  in  general,  should  lie  in  the  same  plane 
with  the  point  of  suspension  of  the  needle  or  card, 
for  the  purpose  of  avoiding  the  irregularity  of  its  vi- 
brations as  much  as  possible.  In  the  inside  of  the 
box  there  are  two  lines  drawn  on  its  sides  perpendi- 
cularly down,  from  the  points  where  the  thread 
touches  the  edge  of  the  box.  These  lines  serve  to 
show  how  mwaj  degrees  the  north  or  south  pole  of 
the  needle  is  distant  from  the  azimuth  of  the  sun ; 
on  which  account  the  middle  of  the  apertures  in  the 
sight  vanes,  the  thread,  and  the  above-mentioned 
two  lines  must  stand  exactly  in  the  same  vertical 
plane.  The  use  of  the  thread,  which  is  sometimes 
omitted  in  compasses  of  this  sort,  is  to  show  the  de- 
grees between  the  magnetic  meridian  and  the  azimuth, 
he,,  when  the  eye  of  the  observer  stands  perpendicu- 
larly over  it.  On  one  side  of  the  box  of  the  azimuth 
compass,  there  is  generally  a  nut  or  stop,  which, 
when  pushed  in,  bears  against  the  card  and  stops  it ; 
and  tins  is  done  for  the  purpose  of  reading  that  de- 
gne,  half-degree,  Bcc,  of  the  card  which  coincides 
with  one  of  the  perpendicular  lines  in  the  inside  of 
the  box. 

Azimuth  Dial  ;  a  dial  whose  stile  or  gnomon  is 
perpendicular  to  the  plane  of  the  horizon. 

AzoGA  Ships  (from  the  Spanish  azogue,  quick- 
silver) were  those  Spanish  ships,  commonly  called 
the  quicktUver  ships,  from  their  carrying  mercury  to 
the  Spanish  West  Indies,  to  extract  the  silver  from 
the  mines  of  Mexico  and  Peru.  They  were  prohi- 
bited from  carrying  any  goods  except  for  the  king 
of  Spain. 

Azote,  or  Nitrookn,  is  a  permanently  elastic 
gis,  transparent,  colourless,  and  inodorous.      Its! 


specific  gravity  is  0.9748 ;  and  100  cubic  inches  of 
it  weigh  30.0355  grains. 

A  number  of  processes  have  been  given  in  chemical 
books  for  the  preparation  of  azote,  but  thev  are 
tedious  or  troublesome,  or  both.  The  following  is 
the  method  recommended  by  Mr.  Donovan  in  his 
excellent  work  on  Chemistry.  Take  a  bottle,  capable 
of  containing  a  gallon  (277 i  cubic  inches),  and  fit  a 
cork  accurately  to  it :  throw  into  it  22  troy  drachms 
of  the  salt  sold  by  druggists  under  the  name  of  green 
copperas,  or  sulphate  of  iron,  with  half  a  pint  of 
water;  then  pour  as  much  water  on  4i  drachms  of 
roche  lime  as  will  slake  it;  and  when  slaked,  throw 
it  into  the  dissolved  sulphate  of  iron.  Cork  the 
bottle  perfectly  close ;  and,  having  inverted  it,  im- 
merse the  neck  in  a  vessel  of  water,  to  prevent  the 
entrance  of  air.  By  agitating  this  mixture  briskly 
during  a  few  minutes,  still  keeping  the  neck  im- 
mersed, the  whole  of  the  oxygen  present  in  the  com- 
mon air,  which  (he  bottle  had  contained,  will  be 
absorbed ;  and,  on  removing  the  cork  under  water, 
a  quantity  of  water  will  rush  in,  equal  to  the  volume 
of  oxygen  which  had  been  removed.  The  air  now 
remaining  in  the  bottle  is  pure  azote ;  its  volume  is 
222  cubic  inches,  and  it  may  be  transferred  into 
any  other  vessel,  by  filling  that  vessel  with  water, 
inverting  it  so,  that  the  mouth  shall  be  in  water,  then 
getting  the  mouth  of  the  bottle  under  the  vessel,  and 
turning  the  mouth  upwards,  water  will  enter  and 
azote  will  rise  into  the  receiver.  The  quantity  of 
sulphate  of  iron  and  lime  here  directed,  is  just  double 
what  would  be  required  by  calculation ;  but  the  pro- 
cess is  thus  hastened. 

If  a  burning  body  be  immersed  in  a  jar  of  azote, 
it  is  extinguished  as  instantaneously  as  if  plunged 
into  water.  No  animal  that  breathes  can  live  in 
azote ;  and  from  this  circumstance  is  derived  its  name, 
which  signifies  life-depriver.  It  is  not  combustible: 
it  enters  extensively  into  combination :  it  is  an  abun- 
dant element  in  animal  matter ;  and  its  existence  in 
such  large  quantity,  is  a  chief  distinction  between 
the  constitution  of  animal  and  vegetable  matter. 
There  is  great  difference  of  opinion  as  to  whether 
oxygen  and  azote  are  merely  mixed  together  in  the 
atmosphere,  or  whether  they  are  in  a  state  of  che- 
mical combination.  Strong  arguments  have  been 
advanced  on  both  sides,  and  the  question  remains  yet 
undecided.  It  is  now  no  longer  confined  to  the 
atmosphere,  but  has  extended  to  the  constitution  of 
all  mixed  gases. 

Those  who  support  the  opinion  that  the  two  gases 
are  chemically  combined  in  the  atmosphere,  found 
their  belief  upon  facts  like  the  following : — ^Tlie  spe- 
cific gravity  of  azote  is  less  than  that  of  the  atmos- 
phere; the  specific  gravity  of  oxygen  is  greater. 
Now,  since  a  certain  volume  of  oxygen  is  heavier 
than  an  equal  volume  of  azote,  we  should  expect, 
that  if,  in  the  atmosphere,  they  be  merely  mixed 
without  the  operation  of  afiSnity,  the  oxygen  would 
at  length  subside  to  the  earth,  while  the  azote  will 
float  above  it.  But  we  know  that  the  fact  is  other- 
wise; for  air  taken  from  the  greatest  elevations  to 
which  balloons  ascend,  afibrds  the  same  relative 
quantities  of  the  two  gases.  Atmospheric  air  is  also 
of  the  same  composition  in  all  parts  of  the  world. 
This  consideration  appears  to  favour  the  opinion, 
that  between  the  two  cases  some  chemical  attraction 
subsists  :  but  there  are  also  considerable  objectaona 
to  this  view  of  the  subject 
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It  may  be  objected,  that  if  the  oxygen  and  azote 
are  thus  combined,  some  of  those  chemical  changes 
ought  to  be  obeervable,  which  indicate  combination, 
and  new  properties  should  be  evolved.  But  none 
such  are  discoverable;  for  the  specific  gravity  of 
common  air  is  the  mean  of  the  specific  gravities 
of  oxygen  and  azote :  and  its  chief  properties  seem 
to  be  a  mean  of  the  properties  of  its  component 


A  view  of  the  subject  has  been  proposecl  by  Dr. 
Dalton,  which  is  not  liable  to  these  difficulties, 
altibough  not  free  from  objections  of  another  kind. 
Dr.  D^ton  conceives  that  the  repulsion  which  pro- 
duces the  elasticity  of  the  atmosphere,  does  not  sub- 
sist between  azote  and  oxygen,  but  between  azote 
and  azote,  and  between  oxygen  and  oxygen.  He 
conceives  that,  with  regard  to  oxygen,  azote  offers 
•carcely  any  resistance  to  the  indefinite  expansion  of 
tibat  gas ;  and  that  oxygen  does  not  resist  the  inde- 
finite expansion  of  azote.  In  fact,  he  supposes  that 
each  acts  as  a  vacuum  to  the  other,  and  that  what- 
ever pressure  a  particle  of  oxygen  at  the  earth's 
florfiure  sustains,  that  pressure  arises  solely  from  all 
the  particles  of  oxygen  above  and  around  it^  but 
none  whatever  from  those  of  the  azote ;  and^  con- 
versely, that  a  particle  of  azote  at  the  eardi's  surface, 
m  pressed  by  all  the  other  particles  of  azote  in  the 
■tmoephere,  but  not  at  all  by  the  oxygen.  Each  gas 
tfaiis  sustaining  only  its  own  weight,  it  would  expand 
itself,  regardless  of  the  other ;  both  would  press  upon 
other  U^es,  but  neither  would  subside  according  to 
its  weight.  And  although,  at  very  great  heights, 
there  might  be  a  difference  of  the  relative  propor- 
tions of  the  oxygen  and  azote,  in  consequence  of 
the  great  predominance  of  azote  in  the  atmosphere, 
this  could  not  be  observed  at  such  heights  as  are 
within  our  reach.  He  conceives  that  the  two  gases 
are  not  in  any  manner  chemically  combined. 

The  moat  obvious  objection  to  the  hypothesis  of 
Dalton  is,  that  were  it  admitted,  it  should  follow, 
that  by  connecting  a  glass  globe  filled  with  oxygen, 
and  one  filled  with  azote,  by  a  stop-cock,  the  heavier 
gas  being  underneath,  the  moment  the  communica- 
tion ia  opened,  tlTere  should  be  an  instantaneous 
mixtore.  Dr.  Dalton  made  the  following  experiment : 
A  pint  vial  filled  with  carbonic  acid,  and  an  ounce 
Tial  ot  common  air,  were  connected  by  a  glass  tube, 
tiiirty  inches  long  and  one-third  of  an  inch  bore,  so 
thmt  both  vials  vrere  air-tight  with  regard  to  the 
external  air,  and  communicated  with  each  other 
throni^  the  tube.  This  apparatus  stood  vertically, 
the  common  air  vial  being  uppermost.  In  one  hour, 
the  eonmion  air  vial  had  acquired  no  sensible  quan- 
tity oi  carbonic  acid  gas ;  but  in  three  hours  it  had 
it  in  great  plentv.  Dr.  Dalton  adduces  this  experi- 
ment,  to  prove  tnat  the  ascent  of  the  air  in  the  lower 
TtMgl  is  not  attributable  to  chemical  affinity,  as  none 
snbsista  between  the  two  gases ;  and  he  infers  that 
it  fitvoors  his  hypothesis.  It  seems  to  be  as  much 
mn  evidence  against  his  hypothesis  as  for  it.  If  each 
BBS  acted  as  a  vacuum  to  the  other,  there  ought  to 
be  an  instantaneous  commixture.  But,  to  remove 
^fs  obstacle,  be  says,  that  the  gases  meet  widi  some 
laerhanical  obstruction,  owing  to  their  minute  divi- 
uoftK  uriiile  passing 'Cach  other  in  contrary  directions. 
Is  it  conceivable,  observes  Mr.  Donovan,  that  such 

obstruction  could  exist  to  the  transmission  of  two 

throngji  a  tube  one-third  of  an  inch  diameter ; 

tint,  for  the  space  of  an  hour,  there  should  not 


have  passed  even  the  smallest  quantity  of  the  car- 
bonic  add  gas  into  a  vacuum?  This  experiment 
seems  quite  fatal  to  the  hypothesis.  He  has  ad- 
duced other  experiments,  made  vnth  the  same  kind 
of  apparatus,  but  using  gases  which  are  not  known 
to  have  any  direct  affinity  for  each  other ;  such  as 
carbonic  acid  gas  and  hydrogen.  In  the  mixture 
which  took  place  of  these  two  gases  with  each  other. 
Dr.  Dalton  conceives  that  affinity  cannot  be  supposed 
to  be  concerned,  as  they' are  not  known  to  have  any 
affinity.  That  conclusion  may,  however,  be  ques- 
tioned. It  may  be  very  true  that  carbonic  add  and 
hydrogen  do  not  manifest  any  affinity  for  each  other 
in  their  gaseous  state ;  but  it  is  quite  certain,  that 
the  three  elements  concerned— carbon,  ox}gen,  and 
hydrogen — have,  collectively,  a  powerful  affinity  for 
each  other,  and  constitute  the  bases  of  vegetable 
organized  matter.  The  obstacle  to  the  successful 
exertion  of  their  affinity,  is  the  elastic  form  :  but  a 
partially  successful  exertion  may  be  conceived  to 
operate  so  far,  that  the  solid  elements  would  be 
retained  at  the  limits  between  the  calorific  repulsion 
and  chemical  attraction ;  the  latter  force  being  active 
in  a  slight  degree,  but  not  suffidently  so  to  effect  a 
combination.     See  NiTaoosN. 

AzoTB,  in  Alchemy;  the  mercurius  philosophorum, 
or  universal  remedy. 

AzuRB,  in  Heraldry,  denotes  the  blues  in  the  arms 
of  any  person  below  the  rank  of  baron.  In  en- 
graving, this  colour  is  represented  by  regular  hori- 
zontal lines. 

Azure,  in  Painting;  a  light  or  sky-coloured  bhie. 
This  word  is  presumed  to  be  derived  from  the  Arabic 
lazul,  which  has  the  same  meaning.  The  fine  sky 
colour  of  lapis  lazuli,  and  the  pigment  made  from  it, 
called  ultra-marine,  are  of  the  greatest  use  to  paint- 
ers, both  in  oil  and  water  colours.  It  is  the  most 
costly  colour  which  painters  employ. 

AzTOES,  in  Anatomy;  another  name  for  the  os 
sphenoides. 

AzToos,  the  name  of  a  vein  situated  vrithin  the 
thorax,  on  the  right  side,  having  no  similar  vein  en 
the  left 

AzzAXUK,  in  MetdUnryy;  a  peculiar  spedes  of  iron 
brought  from  China. 

BAAT;  a  coin  current  in  Siam,  weighing  about 
half  an  ounce,  and  is  identical  with  the  tical  of  the 
Chinese.  It  is  also  used  as  a  weight  for  other  bodies. 

Babylonia  Cuea  ;  a  term  used  by  the  astrologers 
to  signify  the  art  of  casting  nativities. 

Babylonian  ;  an  epi^et  applied  to  any  thing  be- 
longing to  astrology. 

Babylonica,  in  Antiquity;  a  species  of  rich  weav- 
ing, so^^ralled  from  the  dtv  of  Balylon,  where  the  art 
of  weaving  hangings  with  a  variety  of  colours  was 
first  invented. 

Bac  ;  a  kind  of  praam  or  ferry-boat. 

Bacca  Bbrmtjdensis,  in  the  Materia  Mediea;  the 
fruit  of  arbof  sapronaria  or  soap-berry  tree,  the  ker- 
nel of  which,  steeped  in  water,  raises  a  froth,  like 
soap. 

Baccharach  Winb  ;  a  wine  very  much  resem- 
bling Rhenish ;  but  Portzius  says  that  it  differs  from 
it  in  several  particulars. 

Baccharis  is  a  sweet-scented  medidnal  plant, 
growing  mostly  in  rough  and  dry  grounds.  The 
roots  smell  like  cinnamon,  and  are  a  powerful  stimu- 
lant ;  the  leaves  are  moderately  astringent. 


Ig2  BACILLI- 

34Ctiu  ftfe  taade  b}r  mixiiig  nicdmiM  with  a 
proper  quaotity  of  flagar,  and  the  mucilage  of  gum 
tti^acatith ;  and  when  formed  into  a  stiff  paste,  it  is 
cat  into  proper  portions  and  dried.  This  form  b 
adapted  for  medicine  designed  to  be  slowly  swallowed, 
as  demalcenta* 

Bacillux  f  a  peculiar  form  of  medicine. 

Baciuum;  iron  instruments  used  in  chemistry 
in  the  shape  of  a  staff. 

Back-boa  an  (  a  board  placed  in  the  after  part  of 
a  dbip  to  lean  against,  as  the  back  of  a  chair.  This 
name  is  also  applied  to  an  instrument  for  remedying 
distorted  spine. 

BACK-PBAXB-wHtsL ;  an  instrument  for  laying 
Cordage. 

Backing  qf  a  waU  ;  the  building  which  forma  the 
intner  fiftce  of  a  wall,  or  tihe  act  of  building  the  inner 
fhoe. 

BA6K-PAiimirft ;  the  method  of  painting  mezzo- 
tinto  prints  pasted  oa  glass,  with  oil  colours.  See 
PXllfTINa.  

Back  an  anchor;,  to  carry  6ut  a  smldl  anidior  to 
support  the  larger  one. 

Back  a$tem;  to  manage  the  oa^  in  rowing  in  a 
direction  contrary  to  the  usual  method. 

BAOit  the  aaiU;  to  arrange  them  for  the  ship. to 
retreat  or  move  astern,  in  consequence  of  the  tide 
&vourmgher. 

Backoammok  ;  a  game  i^^ed  with  dice,  by  two 
persons,  on  a  table  divided  mto  two  patts,  upon 
which  there  are  24  black  and  white  spaces.  Called 
pniUf,  Each  player  has  15  men,  black  and  white,  to 
distinguish  them,  llie  word  is  of  WeMi  origin,  sig- 
nifying Utik  batik.  The  following  are  in  brief  the 
laws  of  the  game :  1.  If  a  man  is  takm  from  any 
point,  it  must  be  played.  2.  A  man  b  not  played, 
till  it  b  placed  upon  a  point  and  quitted.  3.  If  a 
player  has  only  14  men  m  play^  there  is  n6  penalty 
attending  it.  4.  If  he  bears  any  number  of  men  be- 
fore he  has  entered  a  man  taken  up,  and  which,  of 
oodrse,  h^  Was  obliged  to  enter,  such  men,  so  borne, 
must  be  entered  again  in  the  adversary's  table,  as 
well  as  the  man  tak«i  up.  5.  If  he  has  mbtaken  hb 
throw,  and  played  it,  and  hb  adversary  has  thrown, 
it  b  not  in  the  choice  of  either  of  the  players  to  alter 
it,  unless  both  parties  agree  to  it. 

Back-pibck  ;  a  po^on  of  defensive  armour  Sti^ip- 
ped  to  the  back. 

BaoK-btafp;  an  instrument  for  taking  the  sun's 
altitude,  so  called  because  the  back  of  the  observer 
b  directed  towards  the  sun.  It  consists'  of  two  con- 
centric ktCB  and  three  vanes :  the  arc  of  the  longest 
radius  b  30  degrees,  and  that  of  the  shorter  60  de- 
grees, milking  altogether  90  degrees,  or  a  quadrant  of 
the  hettvens. 

BACK^stATS ;  a  portion  of  the  rigging  of  a  ship. 

Back-swokd;  a  sword  with  one  sharp  edge, 
employed  in  contrtidistinetion  to  a  Cut-and'-thrust 
wehpon. 

Baooh.  Thb  species  of  animal  flesh  is  employed 
to  so  large  an  extent  as  an  article  of  rood  in  thb 
country,  that  it  may  be  adviseable  to  go  somewhat 
into  detail  in  the  processes  for  preparing  it.  When 
a  hog  b  killed  for  bacon,  the  sides  are  laid  iii  large 
wooden  troughs,  and  sprinkled  all  over  with  bay 
salt :  thus  they  are  left  for  twenty-four  hours,  to 
drain  away  the  blood  and  the  superfluous  juices. 
After  thb  first  preparation,  tiie^  should  be  taken  out, 
wiped  very  dry,  and  the  drainings  thrown  away* 


^B  A  Q  PI  P  E. 

Next,  some  fresh  htsf  salt,  well  heated  in  a  buige 
iron  frying-pan,  b  to  be  rubbed  over  die  meat,  u^il 
it  has  absorbed  the  mobture,  and  thb  friction  re- 
peated four  successive  days,  while  the  meat  b  turned 
only  every  other  day.  If  large  hogs  are  killed,  the 
flitches  should  be  kept  in  brine  for  three  weeks,  and, 
during  that  period,  turned  ten  times,  thm  taken 
out,  and  thoroughly  dried  in  the  usual  manner  i 
for,  unless  they  be  thus  managed,  it  is  impossible 
to  preserve  them  in  a  sweet  state,  nor  wUi  their 
flavour  be  equal  to  those  properly  cared. 

Smoked  b(Eu:on,  one  of  the  most  relished,  but  in- 
digestible, dishes  of  th^  Qermans,  b  prepared  in  a 
similar  manner  to  that  adopted  in  the  curing  of  the 
celebrated  Westphalia  hams.  For  the  latter,  how- 
ever, animab  wluch  have  beenvrell  fed,  and  allowed  to 
roam  at  pleasure  in  the  extensive  moorlands  of  that 
province,  are  generallt  selected.  The  manner  of  ob- 
taining them  is  nearly  as  follows:  after  the  hama 
have  htett  poperly  salted,  rubbed,  and  wiped  with 
dry  cloths,  m  order  to  absorb  all  the  impure  juices, 
the  cavities  of  the  joints,  as  well  as  i^e  bones  them- 
sehresy  are  carefully  covered  with  a  mixtiire  consisting 
of  two  parts  of  the  best  salt,  perfectly  dried,  and  one 
part  of  black  pepper,  coarsely  powdered.  As  soon 
as  thb  operation  is  performed,  the  hams  are,  on  the 
same  day,  suspended  in  a  chimney,  where  no  other 
but  wood  fire  b  burnt,  and  which  b  usually  increaaed 
during  the  first  three  days.  The  time  of  fumigation 
b  regulated  by  the  sue  of  ^e  meat,  and  generally 
extends  from  three  to  six  months. 

Bacon,  fhmiL  .  See  Ai>ipocikb,  for  which  it  b 
but  a  vulgar  name. 

Baoxflx,  in  AKCtent  FoHi/kation ;  a  species  of 
lever-trap  to  destroy  titose  entering  the  portcullis. 

Bacudomxtkt  ;  a  mod^  of  measuring  distances. 

Badiaoa  ;  a  species  of  spongy  plant }  the  powder 
of  which  b  said  to  act  very  rapidly  on  livid  tumours. 

Badiobon  ;  a  mixture  employed  both  by  statuaries 
and  carpenters  to  hide  deffecte  in  their  work. 

Bag,  in  Conmerce;  a  determinate  quantity  of 
goods  contained  in  a  bag^  varying  in  size  according  to 
die  article  or  the  place,  frotti  three  to  four  hundred 
wei^t. 

Bag,  in  Phanmicif;  various  ingredients  applied 
extemaly,  so  as  to  act  by  the  absorbents. 

Bag,  in  Farrimj;  attached  to  the  bridle-bit.  It 
contains  savin  and  assafostida. 

Baooagb  ;  part  of  die  equipment  of  an  army; 

Baonbttb,  in  Arckiteehtre  ;  a  small  round  mould- 
ing* generally  enriched  with  laurel  leaves  and  ribbons. 

Baonbttb  DrviicATORB,  see  DiviifiNO  Rod. 

Baopipb  ;  a  well-known  wind  instrument,  of  hi^ 
antiquity  aihong  the  norUiem  nations,  iHiidi  has  so 
long  been  a  fainrarite  with  the  natives  of  Scotland, 
that  it  may  be  considered  as  their  national  instru- 
ment. It  consists  of  two  principal  parts :  the  first 
comprises  a  leather  bag,  which  receiver  aikd  holds 
the  wind  conveyed  to  it  by  a  small  tube;  fitmnhed 
with  1^  valve,  to  prevent  the  vrind  from  returning. 
The  second  part  of  the  instrument  consbts  of  three 
pipes, — ^the  great  pipe  or  drone  ;•  a  smaller  pipe,  whidi 
emits  the  wind  at  the  bottom ;  and  a  third  with  a 
reed,  through  which  it  is  blown.  The  wind  b  forced 
Into  the  pipes  by  compressing  the  bag  under  the  arm, 
while  the  notes  are  regulated,  as  in  a  flute  or  haut- 
boy, by  stopping  and  opening  the  holes,  which  are 
eight  in  number,  with  the  ends  of  the  fingers.  It  is 
not  known  when  the  bagpipe  first  found  its  way  into 
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\,  but  it  b  {irobable  tiiat  the  NorwegianB  and 
first  introdaced  it  into  the  Hebrid^,  which 
islands  they  long  poesessed.  Aristldes  Qointilianns 
iafonas  us,  that  it  prerailed  in  the  Highlands  in  Tery 
eafly  ages ;  and  indeed  the  genius  of  the  people  seems 
to  read&r  ih»  opinion  highly  probable.  The  attach- 
ment of  that  people  to  Uieir  music,  called  pibrachs, 
a  afanost  incredible,  and  on  some  occasions  is  said  to 
bare  pnxhiced  effects  little  less  marvellous  than  those 
ascribed  to  the  ancient  music.  At  the  battle  of 
Qiaebec,  in  1760,  while  the  British  troops  were  re- 
treating in  great  disorder,  the  general  complained  to 
a  field-officer  in  Fraser's  regiment  of  the  bad  beha- 
▼ioar  of  his  corps.  "Sir,"  said  he,  with  some 
warmth,  "  you  did  very  wrong,  in  forbidding  the 
mcrs  to  play  this  mcnning ;  nothing  encourages  the 
Highlaiiders  so  much  in  the  day  of  action.  Nay, 
even  now  they  would  be  of  use." — "  Let  them  blow 
like  ihe  deril,  then,"  replies  the  general,  "  if  it  will 
bring  back  the  men."  The  pipers  were  tiien  ordered 
to  pby  a  favourite  martial  air ;  and  the  Highlanders, 
the  moment  they  heard  the  music,  retcuned  and 
focmed  with  alacrity  in  the  van.  In  a  former  war 
in  India,  Sir  Eyre  Coote,  aware  of  the  attachment 
of  the  ttiglanders  to  tiimr  favourite  instrument,  gave 
thcfli  fifty  pounds  to  buy  a  pair  of  bagpipes  after  the 
battle  of  P^rto  Nuovo.  In  Rome,  at  Uie  time  of  Ad- 
vent, the  peasants  of  the  mountains  play  on  the  bag- 
pipe befoi^  the  images  of  the  Virgin.  The  music  is 
very  sim{^,  and  yet  sweet ;  and  every  traveHer  re- 
nembcrs  it  with  delight. 

Bao-rkbf  ;  the  lowest  reef  in  a  ^U 

Baii.  ;  to  empty  of  water. 

Bahjion B ;  an  heradic  charge,  representing  a  lion 
rampant  holdaig  a  staff  in  his  mouth. 

Bails  ;  the  fnateB  which  support  tire  awning  or 
tilt  of  a  boat. 

Baiocco;  a  small  coin  in  the  Roman  states,  a 
hundred  of  which  make  a  Roman  crown. 

Baizb,  in  Ommerce ;  a  kind  of  coarse,  open,  woollen 
stuff,  having  a  long  nap ;  sometimes  frized  on  one 
side,  at  other  times  not  MMd,  according  to  the  uses 
for  vrhidi  it  is  intended. 

This  stuff  is  without  wale,  being  manufactured,  on 
a  loom  vrith  two  tieddles  like  flannel.  It  is  chiefly 
mannfartured  about  Colchester  and  Bocldag,  in 
Essex ;  and  in  Flanders,  about  Lisle  and  Toamay, 
tec  This  manufacture  was  first  brought  into  Eng- 
land, together  vrith  that  of  says,  serges,  &c.,  by  the 
Flemings,  who  fled  hither  from  the  persecution  of  the 
Duke  q€  Ahra,  about  the  fifth  year  of  the  reign  of 
Queen  Elizabeth,  and  had  afterwards  peculiar  priri- 
l^es  granted  tiiem  by  the  12  Car.  II.  in  1660.  The 
exportation  of  baize  Was  formerly  much  more  consi- 
derable than  it  is  no#,  as  the  FVench  manufacturers 
have  learned  to  imitate  them,  and  have  set  up  manu- 
fiurtnxes  of  their  own  at  Nismes,  MontpelUer,  &c. 
However,  a  considerable  quantity  of  baize  is  still  ex- 
ported to  Spain,  Portugal,  and  Italy.  Their  chief 
use  is  for  the  religious^  and  for  linings  in  the  army ; 
the  looking-glass  makers  also  use  them  behind  their 
passes,  to  preserve  the  tin  or  quicksilver;  and  the 
nsfi  mnfcns  to  line  their  cases. 

Hie  breadth  of  baize  iseommoilly  a  yard  and  half, 
yard  and  diree-quarters,  <^  two  yards ;  by  forty-two 
or  forty-eie^  in  length :  those  of  a  yard  and  three- 
quarters  are  most  proper  for  the  Spanish  trade. 

Bakiitg  is  the  art  of  converting  flour,  or  other 
farinaceous  substances,  into  bread.    A  proper  degree 


of  heat  is  an  essential  requisite  tar  the  baking  process. 
When  the  inner  arch  of  the  oven  appears  entirely 
white,  it  is  generally  considered  as  sufficiently  heated. 
But  this  being  a  fallacious  criterion,  tiie  rollowing 
arrangement  has  been  recommended  :->— Place  a  hand- 
ful of  flour  close  to  the  aperture  of  the  oven,  and 
if  it  turn  of  a  brown  colour,  the  heat  is  then  nearly 
of  the  degree  required ;  but  if  it  become  blacky  or 
remain  white,  in  the  former  case  the  fire  must  be 
considerably  reduced ;  and  in  the  latter,  more  fuel 
must  be  added.    See  BaBAD. 

Balalaika,  in  Munc,  a  musical  instrument  of  the 
bandour  kind,  of  very  ancient  Sclavonian  origin ;  it 
is  in  common  use  both  vrith  the  Russians  and  Tar- 
tars ;  aolording  to  the  celebrated  Niebuhr,  it  is  also 
frequent  in  Egypt  and  Arabia.  The  body  of  it  is  an 
oblong  semi-circle,  about  six  inches  in  length,  with  a 
neck  or  fingeNboard  of  two  feet.  It  is  played  on 
with  the  fingers  like  the  bandour  or  guitar ;  but  has 
only  two  wires,  one  of  which  gives  a  monotonous 
bass,  and  by  the  other  the  piece  is  produced. 

Balance.  This  important  instrument  may  be 
con8idered.as  consisting  of  an  iuflexible  rod  or  lever, 
called  the  beam,  fumi^ted  with  thtee  axes ;  one,  the 
fulcrum  or  centre  of  motion,  situated  in  ihe  middle, 
upon  which  the  beam  tum8>  and  the  other  two  near 
the  extremities,  and  at  equal  distances  from  the 
middle.  These  last  are  called  the  points  of  support, 
and  serve  to  sustain  the  pans  or  scales.  The  points 
of  support  and  the  fulcrum  should  be  in  the  same 
right  Ime.  The  arms  of  the  lever  being  eqbal,  it 
follows,  that  if  equal  weights  be  put  into  the  scales, 
no  effect  will  be  produced  on  the  position  Of  the 
balance,  and  the  beam  wiU  remain  horizontal.' 

If  a  small  addition  be  made  to  the  weight  in  one 
of  the  scales,  the  horizontality  of  the  beam  will  be 
disturbed;  and  after  osdllatin^  for  s6me  tinie,  it 
will,  on  attaining  a  state  of  rest,  form  an  angle  with 
the  horizon,  the  extent  of  which  is  a  measure  of  the 
delicacy  or  sensibility  of  the  balance. 

What  we  have  now  stated,  vrill  serve  to  illustrate 
the  principle  of  the  balance.  Its  mode  of  construc- 
tion will  be  best  understood  by  a  diagram^ 

One  of  the 


best  form  is 
here  repre- 
sented. The 
parts  are  all 
BO  arranged 
that  it  Can, 
at  pleasure, 
be  lifted  off 
the  points  of 
support.  — '- 
This  is  ef- 
fected by  add 
of  the  two 
uprights, 
which    are 

elevated  by  a  smdl  lever  at  <he  bottom.  The  scale 
pans  are  made  ttf  gta^s  or  platina.  If  the  former  be 
employed,  care  should  betaken  to  prevent  their  being 
excited  electHenlly;  which  would  materially  affect  the 
results.  This  is  particularly  alhided  to,  as  the  Editor 
has  seen  a  difference  of  mord  than  half  a  gtoin  pro- 
duced, by  merely  cleaning  one  of  the  glass  scale  panb 
with  a  dry  silk  handkerchief. 

In  order  to  have  a  bailee  as  perfect  as  possible, 
it  is  necessary  to  attend  to  the  following  axioms : 
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1.  The  anna  of  the  beam  ought  to  be  exactly  equal 
l>oth  as  to  weight  and  length. 

2.  The  points  from  which  the  scales  are  suspended, 
should  be  in  a  right  line,  passing  through  the  centre 
of  gravity  of  the  beam;  for  by  this,  the  weights  will 
met  directly  against  each  other,  and  no  part  of  either 
will  be  lost,  on  account  of  any  oblique  direction. 

3.  If  the  fulcrum,  or  point  upon  which  the  beam 
turns,  be  placed  in  ihe  centre  of  gravity  of  the  beam, 
and  if  the  fulcrum  and  the  points  of  suspension  be 
in  the  same  right  line,  the  balance  will  have  no  ten- 
dency to  one  position  more  than  another,  but  will 
rest  in  any  position  it  may  be  placed  in,  whether  the 
-scales  be  on  or  off,  empty  or  loaded. 

If  the  centre  of  gravity  of  the  beam  when  level, 
be  immediately  above  the  fulcrum,  it  will  overset  by 
the  smallest  action ;  that  is,  the  end  which  is  lowest, 
will  descend ;  and  it  will  do  this  with  more  swift- 
ness, the  higher  the  centre  of  gravity  be,  and  the 
less  the  points  of  suspension  be  loaded. 

fiut  if  the  centre  of  gravity  of  the  beam  be  imme- 
^ate4y  below  the  fulcrum,  the  beam  will  not  rest  in 
any  position  but  when  level ;  and  if  disturbed  from 
that  position,  and  then  left  at  liberty,  it  will  vibrate, 
and  at  last  come  to  rest  on  the  level.  In  a  balance, 
therefore,  the  fulcrum  ought  always  to  be  placed  a 
little  above  the  centre  of  gravity.  Its  vibrations  will 
be  quicker,  and  its  horizontal  tendency  stronger,  the 
lower  the  centre  of  gravity,  and  the  less  the  weight 
upon  the  points  of  suspension. 

4.  The  friction  of  the  beam  upon  the  axis  ought 
to  be  as  little  as  possible ;  because,  should  the  fric- 
tion be  great,  it  will  require  a  considerable  force  to 
overcome  it ;  upon  which  account,  though  one  weight 
should  a  little  exceed  the  other,  it  will  not  prepon- 
derate, the  excess  not  being  sufficient  to  overcome  the 
friction,  and  bear  down  the  beam.  The  axis  of  mo- 
tion should  be  formed  with  an  edge  like  a  knife,  and 
made  very  hard :  these  edges  are  at  first  made  sharp, 
and  then  rounded  with  a  fine  hone,  or  piece  of  buff 
leather,  which  causes  a  sufficient  bluntness,  or  roll- 
ing edge.  On  the  regular  form  and  excellence  of 
the  axes,  depends  chiefly  the  perfection  of  this  in- 
strument. 

5.  The  pivots,  which  form  the  axis  or  fulcrum, 
should  be  in  a  straight  line,  and  at  right  angles  to 
the  beam. 

6.  The  arms  should  be  as  long  as  possible,  rela- 
tively to  their  thickness,  and  the  purposes  for  which 
they  are  intended ;  as  the  longer  they  are,  the  more 
sensible  is  the  balance. 

They  should  also  be  made  as  stiff  and  inflexible  as 
possible ;  for  if  the  beam  be  too  weak,  it  will  bend 
and  become  untrue. 

7.  The  rings,  or  the  piece  on  which  the  axis  bears 
should  be  hard  and  well  polished,  parallel  to  each 
other,  and  of  an  oval  form,  that  the  axis  may  always 
keep  its  proper  bearing,  or  remain  always  at  the 
lowest  point. 

8.  If  the  arms  of  the  balance  be  uneoual,  the 
weights  in  equipoise  will  be  unequal  in  the  same 
proportion.  The  equality  of  the  arms  is  of  use  in 
scientific  pursuits,  especially  in  the  making  of  weights 
by  dissection.  A  balance  with  unequal  arms  will 
weigh  as  accurately  as  another  of  the  same  work- 
manship with  equal  arms,  provided  the  standard 
weight  be  first  counterpoiscKl,  then  taken  out  of  the 
scale,  and  the  thing  to  be  weighed  be  put  into  the 
scale,  and  adjusted  against  the  counterpoise.     Or 


when  proportional  quantities  only  are  considered,  the 
bodies  under  examination  may  be  weighed  against 
the  weights,  taking  care  always  to  put  the  weights 
in  the  same  scale ;  for  then,  though  the  bodies  may 
not  be  really  equal  to  the  weights,  yet  their  propor- 
tions amongst  each  other  will  be  the  same  as  if  they 
had  been  accurately  so. 

In  order  to  try  the  g^oodness  of  a  pair  of  scales, 
the  scales  should  be  taken  off  the  beam  to  ascertain 
if  the  beam  balances  without  them ;  they  should  then 
be  put  on  again  and  afterwards  reversed,  or  each 
scale  hung  on  the  opposite  end  of  the  beam  which 
it  before  occupied.  Equal  weights  should  then  be 
put  into  the  opposite  scales,  and  these  should  in  like 
manner  be  reversed  or  changed ;  and  if  the  beam  main- 
tains its  horizontal  position  under  all  these  changes, 
it  may  be  relied  on  as  being  good  and  perfect.  The 
pivots  or  fulcrum  upon  which  the  beam  turns  ought 
to  be  sharp,  or  knife  edged,  as  it  is  termed,  and  they 
should  be  of  steel  well  hardened,  as  well  as  the  in- 
terior of  the  ring  in  which  they  move :  this  confines 
the  fulcrum  to  a  minute  line,  and  prevents  friction. 
In  beams  for  nice  purposes,  the  pivots  ought  not  to 
be  too  much  elevated  above  the  centre  of  gravity,  for 
although  this  centre  will  generally  be  found  an  inch 
or  two  below  the  pivots  in  strong  warehouse  beams, 
in  order  to  bring  them  to  a  sp^y  equilibrum,  by 
which  time  is  saved ;  yet,  for  accurate  weighing,  the 
nearer  the  centre  of  gravity  is  brought  into  the  straight 
line  that  would  connect  the  tops  of  the  two  scale 
eyes,  and  the  under  side  of  the  pivot,  the  better ;  al- 
though such  a  beam  will  occasion  great  loss  of  time 
by  its  vibrating  a  long  time  before  it  becomes  station- 
ary. 

The  steelyard  haUmce  is  an  imperfect  modification 
of  the  instrument  we  have  aheady  described.  It  is 
merely  a  balance  of  which  the  arms  are  unequal,  and 
a  weight  is  made  to  slide  along  the  longest  arm,  the 
scale- pan  being  fixed  at  the  other  extremity.  Now 
it  will  be  obvious,  by  the  slightest  reference  to  the 
principle  of  this  arrangement,  that  the  expansion  of 
the  longest  arm  will  alone  render  the  instrument  to 
a  certain  extent  defective. 


'l]he  bent  kver  balance,  shown  above,  is  somewhat 
similar  in  its  operation  to  the  steelyard.  It  acts  by  a 
fixed  weight,  increasing  in  power  as  it  ascends  along 
the  arc  of  a  circle,  and  the  scale  on  the  graduated 
qaudrant  indicates  the  amount  of  weight 
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With  this  inatrament^  one  constant  weig]|t  serves 
to  weigh  all  others  in  the  range  of  the  balance*  by 
only  varying  the  position  of  the  arms  of  the  instru- 
ment, instead  of  varying  the  places  or  points  of  sus- 
pension in  the  arms  themselves. 

Mr.  Patten,  of  Newport,  in  the  United  States,  has 
invented  a  very  ingenious  balance  for  taking  specific 
gravities.     It  is  thus  described  in  Siliman's  JourruU: 

"  One  great  objection  to  the  usual  balance,  is  the 
difficulty  of  getting  the  points  of  suspension  of  the 
scales  to  be  at  equal  distances  from  the  point  of 
suspension  of  the  beam ;  another  is  the  friction — 
thb  alone  is  sufficient  to  prevent  the  substance  to  be 
weighed  from  containing  an  exact  quantity  of  matter 
with  the  weight  used ;  for  suppose  a  beam  to  be  so 
nicely  constructed  as  to  turn  with  the  tenth  of  a 
grain — now  to  weigh  100  grains,  that  weight  will  be 
pot  into  one  dish,  and  the  substance  into  the  other, 
hot  a  tenth  of  a  grain  must  be  added  before  the  scale 
can  tnm  perceptibly;  it  therefore  exceeds  100  gndns 
by  the  tenth  of  a  grain,  and  the  weights  can  only  be 
equivalents  when  the  index  is  at  rest,  which  may  be 
any  where  within  the  quantity  required  to  turn  the 
beam — sufficiently  accurate  for  all  common  purposes, 
bat  not  for  weighing  the  gases  and  taking  accurately 
specific  gravities  ;  and  ui  analysis,  where  the  weights 
are  often  repeated,  its  amount  is  considerable.  The 
only  accurate  method  is  to  make  the  weight  itself 
the  standard.  To  do  this  is  the  object  of  the  beam 
made  of  steel,  sufficiently  strong  and  light.  The 
dish  is  suspended,  the  beam  itself  upon  an  axis,  the 
milled  head  of  a  long  screw  that  is  fitted  with  a 
shoulder  and  axis,  and  goes  through  the  slide  that 
traverses  and  carries  the  weight.  Now,  suppose  it 
is  wished  to  obtain  ten  grains ;  place  that  weight  in 
the  dish,  and  screw  back  the  weight  until  it  exactly 
counterbalances  it.  If  the  weight  be  now  removed, 
and  a  quantity  of  the  substance  to  be  weighed  b 
sohstitated  until  the  index  points  to  where  it  did  at 
first,  there  will  then  be  very  nearly  the  exact  weight, 
with  but  a  small  allowance  for  friction;  for  were 
this  beam  a  common  one,  and  so  nicely  constructed 
as  to  torn  with  the  100th  part  of  a  grain,  it  would 
make  the  distance  four  times  greater  from  the  point 
of  suspension  of  the  weight,  turn  with  the  400th 
part  of  a  grain.  It  is  apparently  an  objection  that 
100  grains  will  require  400 ;  but  ihe  fact  is  settled  by 
Coolomb,  that  this  kind  of  friction  does  not  increase 
in  an  equal  proportion  with  the  weights  used ;  that 
is,  if  with  a  pound  in  each  scale,  a  beam  turn  with 
one  grain,  if  there  were  two  pounds  in  each,  it  would 
require  two  grains. 

"  The  beam  may  be  used  as  a  steelyard,  by  screw- 
nig  the  weight  to  any  number  marked  upon  the 
scale ;  and  should  a  greater  quantity  be  required,  then 
%^f^}\0<r  of  double  the  weight  may  be  substituted." 

The  usefulness  of  havmg  good  balances  for  the 
weighing  of  substances,  is  not  limited  to  the  due 
perfonnance  of  nice  experiments,  but  they  also  save 
much  time  in  weighing,  when  a  less  degree  of  accu- 
racy is  required.  If  a  pair  of  scales,  loaded  with  a 
certain  weight,  be  barely  sensible  to  one-t^nth  of  a 
^^rmin«  it  wUl  require  a  considerable  time  to  ascertain 
the  weight  to  tnat  degree  of  accuracy,  because  the 
torn  must  be  observed  several  times  over,  and  is  very 
■mall;  but  if  scales  were  used  which  would  turn 
with  die  hundredth  part  of  a  grain  or  less,  supposing 
that  the  weight  was  not  required  to  any  ereater  accu- 
racy than  the  tenths  of  grains,  a  single  tenth  of  a 
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giain,  more  or  iess«  would  make  so  great  a  difference 
in  tii4^  turn  of  the  scale,  that  it  would  be  seen  imme- 
diately. 

For  the  determination  of  the  specific  giavity  o( 
various  substances,  Muschenbrock  says,  he  used  a 
balance  which  turned  within  a  fortieth  of  a  grain 
when  loaded  with  200  or  300  grains ;  hence  his 
balance  determined  the  weight  to  the  I2,0P0th  part 
of  the  weight. 

Mr.  Bolton's  larger  balance  (mentioned  in  Phil. 
TVan8,,  vol.  66),  loaded  with  a  pound,  probably  of  the 
common  avoirdupois,  would  turn  with  one-tenth  of 
the  grain ;  so  that  %he  weight  is  determined  to  the 
70,000th  part  of  the  entire  mass. 

Mr.  Bolton's  small  balance,  capable  of  weighing 
half  an  ounce,  turned  with  the  hundredth  part  of  a 
grain ;  which  is  the  24,000th  part  of  the  weight. 

Mr.  Reid's  balance,  mentioned  in  the  same  volume, 
when  loaded  with  55lbs.  avoirdupois,  turned  readily 
with  less  than  pennyweight,  and  a  very  distinctly  with 
four  grains,  so  that  it  determined  the  weight  to  the 
96,000th  part  of  the  weight  in  the  scale;  and  al- 
though so  strong,  is  decidedly  the  best  common 
balance  whose  performance  has  been  recorded. 

Mr.  Whitehurst's  balance,  mentioned  in  the  Bam% 
volume,  which  weighed  one  pennyweight,  was  sen- 
sibly affected  with  the  2,000th  part  of  a  grain,  or  the 
48,000th  part  of  the  weight. 

Mr.  Nicholson's  balance,  noticed  by  him  in  his 
Dictionary  of  Chemistry,  when  loaded  wiUi  12,000 
grains  in  each  scale,  turned  with  the  70th  part  of  a 
grain  or  the  d4,000th  part  of  the  weight;  so  that 
this  was  a  very  good  balance. 

Mr.  Alchome's  balance  (mentioned  in  the  Phil, 
JVans,,  vol.  77),  with  ISlbs.  at  each  end .  turned  with 
two  grains;  they  were  probably Tioy  pounds,  and 
so  the  accuracy  of  this  balance  went  only  to  the 
43,200th  of  the  weight. 

Dr.  G.  Fordyce  (in  the  Phil.  2Vai».,  vol.  75) 
mentions  a  balance,  made  by  iUmsden,  turning  on 
points  instead  of  edges,  which  when  loaded  with 
four  or  five  ounces  Troy,  could  ascertain  the  weight 
to  the  l60th  part  of  a  grain ;  that  's  to  say,  the 
30,400th  part  of  the  wei^t  in  the  scale. 

Mr.  Maggellan's  balance,  mentioned  by  Nicholson 
in  his  Dictionary  of  Chemistry,  with  a  pound  in  each 
scale,  showed  distinctly  one-tenth  of  a  grain,  or  the 
70,000  part  of  the  weight. 

The  Royal  Society's  balance,  made  by  Ramsdeti, 
and  turning  on  steel  edges  upon  planes  of  polished 
crystal,  is  said  to  be  sensible  to  the  7«000,000th  part 
of  the  weight. 

The  comparison  of  the  weights  of  different  coun- 
tries, as  made  by  Mr.  Tillet,  with  the  standard 
mark  in  the  mint  at  Paris,  was  made  with  a  balance 
which  weighed  a  coin  of  4,608  grains,  and  turned 
with  a  quarter  of  a  grain,  or  the  18,432d  ^art  of  the 
weight  in  the  scale ;  so  that  although  this  balance 
might  be  reckoned  a  good  one,  it  was  in  fact  inferior 
in  accuracy  to  any  of  the  above-mentioned,  except 
M  uschenbrock's. 

Professor  Weisel,  in  his  OhservaHons,  says,  he  used 
a  balance  which,  when  loaded  vrith  two  marks, 
Cologne  weight,  ^t  each  end,  the  beam  turned 
l-12th  of  an  mch  with  a  foreign  coin,  which,  accord- 
ing to  the  German  weights,  given  in  Mr.  Gray's 
JSiemenis  cf  Pharmacy,  is  the  131,072d  part  of  Uie 
weight  in  each  scale ;  so  that  this  balance  was  a  very 
good  instrument. 
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Tbe  bklajMC  bbmI  by  Mr.  Cooper  (TVoni.  Soe.  ArU, 
vol.  41),  uid  made  by  Mr.  Robinson,  was  sensibly 
affected  by  l-400tb  of  a  groin,  when  the  scales  were 
loaded  with  1000  grains  at  each  end;  so  that  this 
balance  may  be  esteemed  of  very  great  accDiacy,  and 
very  lit  for  the  porposee  to  which  it  was  applied  ; 
namely,  the  KoalysiB  of  organic  sabetaacee  by  fin. 
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In  ^1  researches  wUch  depend  npon  the  accurate 
weighing  of  the  articles  employed,  and  of  the  pro- 
diKts  obtained,  the  accuracy  of  the  balance  employed 
eaght  eter  to  be  stated,  in  order  that  it  may  be  de- 
tenniDed  what  CMifidance  oaght  to  be  placed  in  the 
KBuits  obtained.  * 

The  mechanic  will,  from  this  accDimt  of  balsnces, 
be  able  to  tatm  a  proper  estimate  of  the  vidne  to  be 
attached  to  taUee  of  specific  gravity,  or  to  chemical 
analysis,  whkk  depend  on  a  aopposBd  accuracy  in 
weighing  which  is  not  attainable  m  practice.  V/nen, 
indeed,  tables  of  specific  gravity  are  given  to  five 
places  of  figares,  the  last  figure  is  merely  a  guess 
figure ;  and  if  they  have  more  than  five  figures,  the 
author,  as  Nicholsou  juatly  observes,  either  deceives 
intentionally,  or  through  ignorance  c«r  decimals. 

BALANCB,ELac- 

*BicAL[  tn  iustni- 
inent  employed  to 
mesaure  the  repulsive 
and  attractive  powers  ^ 
of  electrified  bodies. 
The  nature  ami  ope- 
ration of  this  appa- 
ratus will  be  best  uB> 
dentood  by  reference 
to  the  acMtmpaAying 
illnstration. 

ItcouBisteofalarfe 
gradaated  arc,  d,  sup- 
ported by  a  projecting 
plate  ofbrsas  which  is 
attached  to  the  perpeo- 
dicnlar  column  Ic,  the 
axle  of  this  vTheel  rerts 
on  four  smilt  friction 
wheels,  ^,aDdit$een- 
tre  is  that  of  Ac  gra- 
duated arc  at.  At> 
tached  to  tke  axle  is 
an  Indei,  c,  formed  of 
an  exceedingly  (tn* 
sttaw,  the  motioa  of 

which  in  connection  With  that  of  the  wheel  i  serves 
to  indicate  the  amount  of  revolution  -  of  the  latter. 
Over  this  wheH,  and  in  a  groove,  at  it»  circumference, 
passesaline,  totheoaeeitreinity  ofwhich  is  attached 
a  light  ball  of  gilt  wotid,  g,  and  to  the  other,  a  float 
a.  which  consists  of  a  glass  tube  alront  two-tenths 
of  an  inch  in  diameter,  terminating  in  a  nnall  bulb,  I, 
at  its  lower  end,  which  contains  asmall  portion  of  mer- 
curyor  someverrfiaeshot,  put  into  it  for  the  purpose 
of  adjusting  the  instnnaent,  bo  that  die  index  hand, 
c,  nay  point  to  the  xn-o  division,  or  that  in  the  centre 
of  fte  arc,  as  eihtbited  in  the  engraving.  The  dif- 
ference of  the  weight  of  this  fioat  when  in  and  out 
of  the  mter  is  known,  and  every  tenth  of  an  inch 
of  the  tabe  which  is  immersed  or  emerged,  according 
as  it  sinks  or  rises  on  the  ftnid,  is  made  to  correspond, 
b^  cinpleying  a  wheel  of  its  required  circumference 
with  five  divisions  of  the  arc.  He  body,  whose 
electricity  u  to  be  measured,  is  presented  at  A,  and 


its  atti«ctiTe  or  repdlsivfl  power  rtl^v*  to  Oe  ball 
g  isestimated  by  the  rising  or  falling  of  the  float  ia 
the  fiuid,  and  the  consequent  motion  of  the  indea 
hand,  c,  over  a  corresponding  portion  of  the  arc  a. 
When  the  attractive  force  of  the  two  bodies  is  to  be 
estimated,  the  line,  which  passes  over  the  wheel  i 
mnst  be  formed  of  two  pa^,  the  lower  part  being 
of  silver  thread  and  the  remainder  of  sdk;  whea 
their  repulsive  force  is  to  be  estimated,  the  whole  is 
(rf  silk. 

Balaitss  Torsion,  litis  instru- 
ment was  Erst  suggested  by  Coulomb, 
for  electrical  purposes :  it  is,  however, 
equally  fitted  for  measurmg  the  intoi- 
sity  of  the  magaetic  force.  It  consists 
of  a  glass  cylinder,  on  which  is  placed 
a  plate  supporting  on  upright  tube.  In 
the  centre  of  the  tube  is  a  brMs  circle 
and  hook,  supporting  a  fine  silk  thread. 
Now,  we  may  suppose  a  small  magnet 
suspended  by  the  line,  and  all  commu- 
nication wiUi  the  air  cut  off  by  the 
glass  case.  On  bringing  a  magnet, 
whose  strength  we  wish  to  measure, 
in  contact  with  the  giass,  the  experi- 
menter will  find,  b^  the  point  of  gra- 
duation at  which  it  acts  on  the  sns- 
pended  needle,  the  exact  power  of  the 
secondary  magnet. 

BAUHcayvr  th»  Weatfitr.    His  is  an  inttrumant 
which  serves  to  indicUe  ^  density  of  the  air,  and. 


as  such,  the  chances  of  rain  or  dry  weather.  The 
balance  in  the  above  figure  has  its  arms  eqoal,  and 
to  one  side  is  attached  a  large  and  thin  cylinder, 
exactly  balanced  by  a  brass  weight  in  the  scale.  Now, 
if  we  suppose  the  beam  to  be  in  etjuilibrio  when  &* 
air  is  at  a  given  density,  and  the  air  become  heavier, 
the  equilibrium  will  be  destroyed,  as  the  large  cy- 
linder displaces  more  air  than  the  brass  weight,  aal 
as  such  will  be  more  buoyant,  and  ascend.  If,  «ft 
the  ccpntrary,  Uie  air  become  lighter,  then  it  wfll 
sink.  A  rod  descending  from  the  scale  beam,  by 
passing  over  the  graduated  arch,  serves  tn  iiMUcaM 
the  weight  of  the  air  at  the  time  of  making  Ae  obaer- 
vation.  If  Qie  air  be  heavy,  then  fine  weather  may 
be  expected;  but  if  the  cylinder  sink,  then  rain  is  tin 
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Mil  into  a  narrower  oonpttM,  m  a  1101111,  by  folding 
up  a  part  of  it  at  one  corner^  by  which  it  is  distin- 
gvished  firom  retfimg.  Balancing  is  peculiar  to  few 
sails. 

Balcony,  in  ArekUeeiure ;  a  projection  from  the 
front  of  a  honse,  surrounded  by  a  balustrade  or  open 
ganery.  Ip  common  ^pnses  these  are  simple  pro- 
jections,  supported  by  trusses  of  wood,  stone,  or 
iron,  an^  surrounded  by  a  plain  or  ornamental  rail- 
ing ;  but  they  are  susceptible  of  considerable  ele- 
gance of  decoration,  and  may  be  supported  by  co- 
himns,  caryatides,  carved  trusses,  or  cantalivers,  and 
corered  by  elegant  canopies,  supported  in  a  similar 


BAiJ>ACHiif ,  in  ArckUeetwr%  and  Sadpture  ;  a  kind 
cxf  canopy,  ornamented  with  sculpture,  and  supported 
by  columns  for  the  embellishment  of  altars;  but 
Bsore  particularly  used  to  those  which  are  lusnlst^ 
like  the  great  idtar  in  (^e  church  of  St.  Peter  at 
Rome. 

BAiDWiir'a  PH(^8PBoai78,  a  phosphorescent  sub- 
stance, formed  by  calcining  nitrate  of  lime  at  a  low 
fed  neat* 

Balistji  or  Baixistji  ;  a  kind  of  machine  for 
besieging,  or  i^taddng  tiie  besiegers,  in  use  among 
tiie  ancients,  by  which  heavy  stones,  also  arrows  and 
otiier  we^K>tt8,  were  thrown ;  and  even  burning  sub- 
stances anid  dead  bodies,  by  the  besiegers.  Many  of 
the  ancient  writers  confound  the  haHttm  with  the 
eai^mUm,  but  Polybius  makes  a  difference,  usins  the 
latter  wmd  only  for  those  machines  which  threw 
stones.  Tile  mechanism  of  these  machines  is  not 
quite  dear.  Tliere  it  a  third  name  for  a  kind  of 
tiiese  madmies— oHo^er.  The  weight  of  the  stones 
tiuown  was  from  10  to  300  pounds.  Sometimes  a 
large  quantity  of  stones  was  thrown  at  once.  Aclear 
idea  of  these  instruments  cannot  ba  formed  without 
Uie  stn^  of  treatises  on  tiie  anna  and  warfare  of 
€b^  ancients.    See  Aribs. 

Bauc,  in  AgriatUme;  a  ridge  or  bank  between  two 
furrows,  or  pieces  of  arable  land. 

BjLixnnf,  in  Anoimi  ArckUecimr9f  the  court  wttjiin 
a  fortifled  castle.  There  were  generally  two,  the 
ootier  ballium  imme^ately  within  the  gates,  separated 
by  a  wall  from  Ae  inner  balUum,  whidi  contained 
the  apartments  for  the  ganrison  uid  goivemor.  St. 
IVtei  in  the  Bailey,  at  Oxford,  stands  in  the  outer 
baffinm  of  the  castle.  The  Old  Baiky  in  London  is 
90  named  for  occupying  a  similar  situation* 

BAMJjocfK.    See  AsROKAvnes. 

BALLooir,  in  Ckmmirf.  This  k  a  vary  uaeAil 
gluB  implement.    Its  appKcatiop  is  ahowft  in  the 


m  which  a  vetatt  b  seen  entering  the 
of  1^  baUonn  to  which  it  U  luted.    In  this 


case  it  serves  to  condense  the  vapour  which  passes 
from  the  retort,  and  thus  forms  a  distillatory  appa- 
ratus. The  non-condensible  gases  pass  up  by  the 
bent  tube,  and  then  descend  beneath  the  level  of  the 
water  in  a  Woulfe's  bottle. 

Ballast  (from  the  Danish  bagUuf),  is  a  load  of  sand 
or  stones,  deposited  in  ships,  which  have  not  freight 
enough  to  sink  them  to  their  proper  depth  in  the 
water,  so  as  to  resist  the  vnnd  and  waves.  In  storms, 
if  the  vessel  leaks,  part  of  the  ballast  must  often  be 
thrown  out,  to  make  the  vessel  lighter.  By  the 
English  navigation  act,  and  by  the  laws  of  other  com- 
mercial nations,  subsequently  established,  vessels  are 
often  obliged  to  take  ballast,  either  on  their  departure 
or  return,  instead  of  transporting,  even  at  little  profit, 
iBavy  and  cheap  goods  of  the  country,  to  foreign 
states. 

Mr.  Rewcastle  has  an  ingenious  patent  mode  of 
preserving  the  equilibrium  of  ships,  which  may  here 
be  noticed.  The  intention  of  the  patentee  is  to  ballast 
vessels  by  means  of  water  introduced  into  the  hold 
of  the  ship,  instead  of  dry  articles.  In  order  to  effect 
this  object,  he  proposes  to  divide  the  hold  of  the 
ves^  into  a  number  of  distinct  compartments,  by 
placing  partitions  between  the  ribs  or  timbers,  which 
are  to  be  made  up  by  boar(J^g,  and  the  joints  care- 
ftilly  caulked,  so  as  to  prevent  the  leakage  of  water; 
over  the  planking,  is  to  be  placed  sheets  of  felt,  such 
as  are  usually  prepared  for  sheathing  the  bottoms  of 
ships,  and  upon  these  may  be  placed  sheets  or  plates 
of  iron,  which  being  made  perfectly  tight,  will  con- 
stitute a  series  of  tanks  capable  of  holding  water,  by 
which  the  ship  is  to  be  ballasted. 

In  such  ships  as  are  weak  in  their  structure,  it  may 
not  be  desirable  to  form  the  compartments  or  tanks 
as  parts  of  the  vessel  itself,  it  is  therefore  proposed, 
in  those  instances,  to  construct  moveable  tanks  or 
boxes  of  iron,  vvhich  shall  exactly  fit  those  parts  of 
the  hold  where  the  ballast  is  to  be  placed ;  and  these 
tanks  being  filled  with  water*  will  answer  the  same 
purpose. 

like  tanks,  whether  niade  as  compartments  in  the 
hold  of  the  ship,  or  as  distinct  tanks  to  be  placed  in 
the  hold,  must  be  securely  covered  to  prevent  the 
water  from  flowing  over,  as  the  ship  rolls  or  pitches, 
and  pipes  must  be  properly  placed,  leading  to  the 
tanks,  for  the  purpose  of  conducting  the  water  into 
these,  and  other  pipes,  to  discharge  it,  which  pipes 
must  be  furnished  with  stop-cocks ;  and  there  must 
also  be  tubes  in  the  tops  of  the  tanks,  to  allow  of  the 
ingress  and  egress  of  the  air. 

Balm  op  Oilbad  is  the  dried  juice  of  a  small  tree 
or  shrub  (amyrts  gUeadeuaii),  which  grows  in  several 
parts  of  Abyssinia  and  Syria.  This  tree  has  spread- 
ing, crooked  branches;  small,  bright-green  leaves, 
growing  in  threes ;  and  small,  white  flowers  on  sepa- 
rate footstalks.  The  petals  are  four  in  number,  and 
the  fruit  is  a  small,  egg-shaped  berry,  containing  a 
smooth  nut. — ^By  the  inhabitants  of  Syria  and 
Egypt,  this  balsam,  as  appears  from  the  Scriptures, 
was  in  great  esteem  from  the  highest  periods  of 
antiquity.  We  are  informed  by  Josephus,  the  Jewish 
historian,  that  the  balsam  of  Gilead  was  one  of  the 
trees  whkh  waa  given  by  the  queen  of  Sheba  to  king 
Solomon.  The  Ishmaelitish  merchants,  who  were 
the  purchasers  of  Joseph,  are  said  to  have  been  tra- 
velling from  Gilead,  on  the  eastern  side  of  Canaan, 

to  B^nP^  *UM^  ^  ^^®  ^^  ^^^  camels  laden  with 
spicory,  baha  and  myrrh."    It  waa  then,  and  is 
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Btill,  considered  one  of  the  most  valuable  medicines 
that  the  inhabitants  of  those  countries  possess.    The 
virtues,  however,  which  have  been  ascribed  to  it 
exceed  ail  rational  bounds  of  credibility.    The  mode 
in  which  it  is  obtained  is  described  by  Mr.  Bruce  : 
The  bark  of  the  tree  is  cut  with  an  axe,  at  a  time 
when  its  juices  are  in  their  strongest  circulation. 
These,  as  tiiey  ooze  through  the  wound,  are  received 
into  small  earthem  bottles ;  and  every  day's  produce 
is  gathered,  and  poured  into  a  larger  bottle,  which  is 
closely  corked.     When  the  juice  first  issues  from  the 
wound,  it  is  of  a  light-yellow  colour,  and  a  somewhat 
turbid  appearance ;  but,  as  it  settles,  it  becomes  clear, 
has  the  colour  of  honey,  and  appears  more  fixed  and 
heavy  than  at  first.     Its  smell,  when  fresh,  is  exqui- 
sitely fragrant,  strongly  pungent,  not  much  unlike 
that  of  volatile  salts ;  but  if  the  bottle  be  left  un- 
corked, it  soon  loses  this  qualit}\     Its  taste  is  bitter, 
acrid,  aromatic,  and  astHngent.    The  quantity  of 
balsam  yielded  by  one  tree  never  exceeds  60  drops 
in  a  day.     Hence  its  scarcity  is  such,  that  the  ge- 
nuine balsam  is  seldom  exported  as  an  article  of  com- 
merce.    Even  at  Constantinople,  the  centre  of  trade 
for  those  countries,  it  cannot,  wiliiout  great  difficulty, 
be  procured.     In  Turkey,  it  is  in  high  esteem  as  a 
medicine,  an  odoriferous  unguent  and  cosmetic.    But 
its  stimulating  properties  upon  the  skin  are  such, 
that  the  face  of  a  person  unaccustomed  to  use  it  be- 
comes red  and  swollen  after  its  application,  and  con- 
tinues so  for  some  days.    The  Turks  also  take  it  in 
small  quantities,  in  water,  to  fortify  the  stomach,  and 
excite  the  animal  faculties. 

BiO^AM.  The  term  haUam,  was  formerly  applied 
to  any  strong- scented,  natural,  vegetable  resm,  of 
about  the  fluidity  of  treacle,  inflammable,  not  miscible 
with  water  without  addition,  and  supposed  to  be  pos- 
sessed of  many  medical  virtues.  All  the  turpentines, 
the  Peruvian  balsam,  copaiba,  &c.,  are  examples  of 
natural  balsams.  >Iany  medicines,  also,  compound- 
ed of  various  resins  or  oils,  have  obtained  the  name 
of  balsams;  as  Locatelli  balsam,  &c.  Lately,  the 
term  has  been  restricted  to  those  resins  which  contain 
benzoic  acid.  The  most  important  balsams  are  those 
of  Tolu  and  Peru — storax  and  benzoin,  as  they  are 
named :  the  latter  is  concrete,  the  former  fluid,  though 
becoming  solid  with  age.  They  are  odorous  and 
pungent,  and  useful  only  as  articles  of  the  materia 
medica.  The  benzoic  acid  is  extracted  from  them 
by  applying  a  gentle  heat,  when  it  is  volatilized  and 
afterwards  condensed. 
Balubtbr,  in  Architecture;  a  small  turned  column 
?  usually  introduced  between  piers,  on  the  upper  parts 
of  large  buildings  under  windows,  and  on-  balco- 
nies, &c. 
^  Balustrade,  in  Architecture;  a  row  of  balusters. 
Bangub  ;  a  kind  of  opiate,  much  used  throughout 
the  East  as  a  means  of  intoxication.  The  Persians 
call  it  beng.  It  is  made  of  the  leaf  of  a  kind  of  wild 
hemp,  in  different  ways. 

Banner;  a  word  found  in  all  the  modem  lan- 
guages of  western  Europe,  the  origin  of  which, 
however,  is  given  in  many  very  different  ways.  It 
signifies  the  colours,  or  standard.  Among  the  ancient 
Germans,  if  a  knight  was  able  to  ^ad  10  helmets, 
that  is  to  say,  10  other  knights,  against  the  enemy, 
the  duke  (herzog)  gave  him  a  banner,  and  he  was 
called  a  banerct  (bannerherr).  In  some  republics, 
banneret,  or  standard-bearer,  was  the  title  of  one  of 
the  highest  oflUcers,  as  the  goitfalionere  of  Florence 
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and  other  Italian  republics,  and  the  bantterherr  la 
the  Swiss  republics.  Banneret,  in  England,  was  a 
knight  made  in  the  field,  with  the  ceremony  of  cut- 
ting off  the  point  of  his  standard,  and  making  it  a 
banner — a  custom  which  has  long  since  ceased.  Se- 
veral banners  are  famous  in  history,  as  the  Danish 
banner,  taken  from  the  DaiMs  by  Alfred  the  Great, 
the  oriflamme,  &c.  Catholic  churches  generally  have 
their  banners. 

Banquette,  in  Fortification ;  the  elevation  of  earth 
behind  a  parapet,  on  which  the  garrison  of  a  for- 
tress may  st<md,  on  the  approach  of  an  enemy,  in 
order  to  fire  upon  them.  The  height  of  the  parapet 
above  the  banquettee  (the  height  of  defence),  is  usu- 
ally about  four  feet  six  inches ;  the  breadth  of  the 
banquette,  when  it  is  occupied  by  one  rank,  two  and 
a  half  to  three  feet^  when  it  is  occupied  by  two 
tanks,  four  to  six  feet.  It  is  frequently  made  double, 
uiat  is,  a  second  is  made  still  lower. 

Barbette  ;  an  elevation  of  earth  behind  the  breast- 
work of  a  fortification  or  intrenchment,  from  which 
the  artillery  may  be  fired  over' the  parapet.  The 
height  of  the  breasting  (the  part  of  the  parapet  which 
covers  the  cannon)  is  generally  3i  feet ;  the  length 
of  the  barbette,  14  to  16  feet ;  the  breadth  for  every 
cannon,  16  to  18  feet.  An  ascent  leads  from  the  inte- 
rior of  the  intrenchment  to  the  barbette.  When  the 
garrison  has  much  heavy  ordnance,  or  the  enemy 
has  opened  his  trenches,  or  when  it  is  determined  to 
cannonade  the  intrenchments  of  a  given  point,  as,  I 
for  example,  a  bridge  or  pass,  and  the  direction  of 
the  cannon  is  not  to  be  materially  changed,  it  is 
usual,  instead  of  making  a  barbette,  to  cut  embra- 
sures in  the  parapet :  on  the  contrary,  firing  from 
the  barbette  is  expedient  when  the  soldiery  expects 
to  be  attacked  only  by  infantry,  or  wishes  to  can- 
nonade the  whole  surrounding  country. 

Barilla;  the  term  applied,  in  commerce^  to  a 
product  obtained  from  the  combustion  of  certain 
marine  vegetables.  This  word  is  the  Spanish  name 
of  a  plant  {salsola  soda),  from  the  ashes  of  which  is 
produced  the  above  substance,  which  affords  the 
aflcali  (soda).  This  is  also  procured  from  the  ashes  of 
prickly  saltwort,  shrubby  saltwort  (palsolafrutiosa), 
and  numerous  plants  of  other  tribes.  The  plants 
made  use  of  for  burning  differ  in  different  countries ; 
and  the  residue  of,  their  incineration  contains  the 
soda  in  various  states  of  purity.  The  barilla  derived 
from  the  e^)esemhryanthemum  nodifionm  of  Spain*  and 
the  M,  copticum  of  Africa,  contains  from  25  to  40  per 
cent,  of  carbonate  of  soda ;  whereas  that  from  the  sal- 
sola  and  the  saUcomia  of  other  districts  affords  about 
half  this  quantity ;  and  the  particular  variety  known 
under  the  name  of  kelp,  procured  by  burning  various 
sea  weeds,  is  a  still  coarser  article,  not  yielding  above 
2  or  3  per  cent,  of  real  soda.  To  obtain  the  carbon- 
ate of  soda,  it  is  only  requisite  to  lixiviate  the  bariUa 
in  boiling  water,  and  evaporate  the  solution. — On  the 
shores  of  the  Mediterranean,  where  the  preparation 
of  soda  is  pursued  to  a  considerable  extent,  the  seeds 
of  the  plants  from  which  it  i^  obtained  are  regularly 
sown  in  places  near  the  sea.  These,  when  at  a  suffi- 
cient state  of  maturity,  are  pulled  up  by  the  roots, 
dried,  and  aflerwards  tied  in  bundles  to  be  burnt 
This,  in  some  places,  is  done  in  ovens  constructed  for 
the  purpose,  and,  in  others,  in  trenches  dug  near  the 
sea.  Tne  ashes,  whilst  they  are  hot,  are  continually 
stirred  with  long  poles,  and  the  saline  matter  they 
contain  forms,  when  cold,  a  solid  mass,  almost  as 
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bard  as  stone.  This  is  afterivards  broken  into  pieces 
of  convenient  size  for  exportation.  The  best  sort  of 
Spanish  soda  is  in  dark-coloured  masses  of  a  bluish 
tinge,  verj'  heavy,  sonorous,  dry  to  the  touch,  and 
externally  abounding  in  small  cavities.  Its  taste  is 
very  sharp,  corrosive,  and  strongly  saline.  The  im- 
portant uses  of  soda  in  the  arts,  and  especially  the 
constant  consumption  of  it  in  the  manufacture  of 
all  kinds  of  line  and  hard  soaps,  are  well  knoT\^. 
The  greater  part  of  the  barillas  or  crude  sodas  of 
commerce  are  now  obtained  from  the  ashes  of  various 
sea  weeds,  which  manufacture  is  extensively  prose- 
cuted upon  the  extensive  shores  of  Scotland. 

A  new  mode  of  preparing  barilla  must  now  be 
noticed,  it  is  the  patent  invention  of  Mr.  M'Leod. 
We  cannot  do  better  than  quote  his  specification,  as 
it  gives  a  concise  view  of  the  process,  and  the  cir- 
cumstances which  led  to  the  discovery. 

"Travelling  along  the  coast  of  Coromandel,  at 
certain  seasons  of  Uie  year,  the  ground  in  many 
places  is  observed  to  be  covered  with  a  white  efflo- 
rescence, which  on  examination  will  be  found  to 
consist  chiefly  of  muriate  and  sesqui-carbonate  of 
soda.  These  substances  are  collected  by  the  natives, 
and  used  by  them  for  a  variety  of  purposes. 

"  'Hie  ground  on  which  this  efflorescence  appears, 
is  never  covered  with  verdure.  The  soil  is  a  deep 
sand  with  a  mixture  of  clay,  carbonate  of  lime,  &c. 
The  day  contains,  as  it  generally  does,  some  oxide 
of  iron,  of  which  whole  fields  on  the  west  side  of  the 
great  Pulicate  Lake,  forty  or  fifly  miles  north  of 
Madras,  are  of  this  description. 

'^  Carbonate  of  soda  is  met  with  only  on  the  surface, 
and  it  is  found  in  greatest  abundance  a  few  weeks 
after  the  periodical  rains  have  ceased.  The  natives 
begin  collecting  it  in  March,  and  continue  to  do  so 
dimng  the  hot  weather  that  succeeds.  The  saline 
cinst  is  scraped  from  the  surface,  mixed  with  sand 
and  clay,  washed  in  water  so  as  to  separate  some  of 
the  insoluble  matter,  and  the  watery  solution  is  eva- 
porated to  dryness.  The  residuum  thus  obtained, 
IS  the  karum  of  the  bazars,  and  is  the  only  prepara- 
tion hitherto  made  or  used  in  India  of  these  mate- 
rials. 

"This  karum  contains  from  four  to  six  or  eight 
per  cent,  of  soda,  and  the  rest  consists  of  carbonic 
add,  sand,  clay,  muriate  of  soda,  decomposed  vege- 
table matter,  and  occasionally  other  impurities. 
Various  attempts  have  been  made  to  introduce  this 
sabstance  into  our  manufactories,  and  with  this  view 
consignments  of  it  have  at  different  times  been  sent 
from  Madras,  but  the  nature  and  quantity  of  its  im- 
purities effectually  excluded  it. 

"  Some  years  ago  it  occurred  to  me,  that  if  it  were 
divested  of  some  of  its  insoluble  matter,  and  sub- 
mitted to  the  action  of  fire  so  as  to  free  it  from  a 
portion  of  carbonic  acid,  decomposed  vegetable 
matter,  virater,  sulphur,  and  other  vplatizable  impu- 
rities, it  might  become  an  article  of  considerable  im- 
portance. I  conceived  that  if  the  karum  were  treated 
in  this  manner,  and  fused  in  a  reverberatory  or  other 
furnace,  it  might  be  converted  into  a  substance  re- 
sembli^  barilla,  which  m>uld  be  found  a  perfect 
substitute  for  that  article.  This  Mea  I  soon  after 
pot  in  practice,  but  n^  first  attempts  were  unsuc- 
cessfbl. 

"  The  materials  above  mentioned  being  fused  in  a 
reverberatory  furnace,  became  a  maks  of  green  glass, 
in  consequence  of  their  containing  a  quantity  of  sile- 
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cious  matter,  of  which  they  had  not  been  sufficiently 
divested.  It  therefore  became  necessary  to  get  rid  of 
this  admixttire  by  more  careful  solution  and  evapora- 
tion to  dryness,  as  already  mentioned.  These  ope- 
rations being  performed  with  sufficient  care,  the  resi- 
duum underwent  the  action  of  fire  without  any  sen- 
sible portion  being  converted  into  glass,  and  the  fused 
mass  being  withdrawn  and  cooled,  resembled  very 
fine  barilla  in  most  of  its  essential  properties ;  and 
in  fact  passes  current  in  the  London  and  Antwerp 
markets  as  barilla  of  a  superior  quality." 

Bark,  Peruvian,  is  die  produce  of  various  spe- 
cies of  the  cinchona,  which  is  the  spontaneous  growth 
of  many  parts  of  South  America,  but  more  particu- 
larly of  Peru.  The  tree  is  said  somewhat  to  resem- 
ble a  cherry-tree  in  appearance,  and  bears  clusters  of 
red  flowers. — ^This  valuable  medicine  was  formerly 
called  Jesuit*a  bark,  from  having  been  introduced  into 
Europe  by  the  members  of  that  religious  order,  who 
were  settled  in  South  America.  They  were  in- 
structed in  the  use  of  it  by  the  natives  of  Peru,  to 
whom  it  had  been  long  known ;  and  it  continued, 
for  many  years,  a  source  of  profit  to  the  order.  Its 
botanical  name  was  derived  from  that  of  the  Countess- 
del  Cinchon,  the  lady  of  a  Spanish  viceroy,  who  had 
been  cured  by  it.  The  tree  from  which  it  is  obtained 
grows  abundantly  in  the  forests  of  Quito  and  Peru, 
and  the  bark  is  cut  by  the  natives  in  the  months  of 
September,  October,  and  November,  during  which 
alone,  the  weather  is  free  from  rain.  The  bark  is  of 
three  kinds — the  red,  the  yellow,  and  the  pale.  The 
first  has  now  become  scarce,  but  has  also  lost  the 
exclusive  reputation  which  it  once  had,  the  yellow 
and  pale  barks  having  been  found  to  be  stronger  in  their 
febrifuge  properties.  The  croum-bark,  as  the  highest 
priced  is  termed,  is  of  a  pale,  yellowish-red.  The  uses 
of  the  bark  in  medicine  are  too  well  known  to  need 
description  ;  but  the  chemical  discoveries  in  relation 
to  it  are  deserving  of  more  particular  mention.  Its 
medical  properties  were  found,  a  few  years  since,  to 
depend  upon  the  presence  of  a  substance  called  qui- 
nine. This  exists,  more  or  less,  in  all  kinds  of  Peru- 
vian bark,  but  in  quantities  very  unequal  in  the  va- 
rious kinds.  It  was  discovered  by  Messrs.  Pelletier 
and  Cavatou,  who  also  ascertained  Ifcat  the  most 
useful  and  permanent  form  of  the  substance  was^ 
that  of  a  neutral  salt,  in  which  it  was  combined  with 
sulphuric  acid,  constituting  the  celebrated  sulphate 
of  quinine.  This  extract  is  so  powerful,  that  one 
grain  of  it  is  a  dose ;  and  thus  does  this  little  pow- 
der, which  is  almost  imperceptible,  supply  the  place 
of  the  nauseous  mouthsful  of  bark,  which  were  ab- 
solutely eaten  by  the  unfortunate  beings  who  were 
afflicted  with  the  ague,  berore  this  invaluable  article 
was  discovered.  Next  to  the  bleaching  liquor  and 
the  gas-lights,  this  may  be  regarded  as  the  most 
valuable  of  the  gift^  of  chemistry  to  her  sister  arts. 
So  extensive  has  the  manufacture  of  this  roost  import^ 
ant  article  become,  that,  in  1826,  no  less  than  1593 
cwt.  of  bark  were  used  by  four  chemists  concerned 
in  the  production  of  it  in  Paris ;  and  90,00()  ounces 
of  sulphate  of  quinine  were  produced  in  France  in 
the  same  year,  being  enough  for  the  curing,  at  a  fair 
calculation,  of  near  2,000,000  of  sick,  who  have  by 
this  most  happy  discovery,  been  spared  the  swallow- 
ing of  at  least  10,000,000  ounces  of  crude  bark. 
This  one  discovery  should  entitle  the  name  of  Pel- 
letier to  the  gratitude  of  all  posterity.  It  may  be 
added  as  a  cjirious  fact  in  pharmeceutical  chemistry » 
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that  tlie  same  gehias  vrbidh  enafolied  our  Gallic  neigh- 
bours to  extract  this  important  principle  from  a 
coarse  and  woody  fibre,  has  not  yet  taught  them  the 
viost  convenient  mode  of  preparing  it  as  a  medicine. 
On  the  Continent  it  is  usually  taken  in  the  form  of  a 
po^wder,  and  the  Editor  of  this  work,  on  asking  for  the 
sulphate  of  quinine  prepared  as  pills,  has  repeatedly 
been  recommended  to  take  the  white  and  bitter  pow- 
der between  bread  and  butter.  In  this  country  it  is 
usually  taken  in  the  form  of  a  pill,  or  in  the  infusion 
of  rose  leaves. 

Baromistbr.  There  is  no  philosophical  instru- 
ment so  much  consulted  as  the  one  we  are  now  about 
to  describe.  Strictly  speaking,  it  can  rarely  be  con- 
sidered as  a  perfect  index  to  the  ever- varying  density 
of  our  atmosphere,  but  there  is  no  other  contrivance 
which  science  has  furnished  equally  calculated  for 
foretelling  changes  in  the  weather.  It  would  be  a 
waste  of  our  reader's  time  to  go  much  into  the  his- 
tory of  the  barometer,  and  it  may  be  enough  to  state 
that  Torricelli  discovered  the  principle  on  which  it 
acts,  but  Pascal  applied  that  principle  to  useful  pur- 
poses in  the  construction  of  what  is  properly  called 
the  weather-glass. 

It  has  been  shown  in  the  articles  Aia  and  Atmos- 
»HBEB,  that  the  invisible  fluid  which  surrounds  us, 
ia  material, — ^possesses  weight,  and  as  such,  must 
press  on  all  bodies  which  are  immersed  in  it.  Now, 
if  by  a  very  simple  process,  which  vriU  shortly  be  de- 
scribed, we  remove  the  weight  of  the  air  from  within 
a  tube,  and  fill  the  tube  with  mercury,  the  fluid  will 
remain  suspended,  and  in  a  state  of  equilibrium, 
when  the  column  of  mercury  is  an  exact  balance  to 
the  air's  pressure.  Now  this  is  exactly  the  arrange- 
ment adopted  in  constructing  the  barometer. 

The  glass  tubes  of  which  barometers  are  made,  should 
have  a  bore  of  not  less  than  one-third  of  an  inch  in  dia- 
meter, and  they  should  be  perfectly  clean  within.  To 
prevent  their  contracting  any  impurity  before  they 
are  used,  it  is  usual  to  hermetically  seal  both  their 
ends  at  the  glass-house.  Being  provided  with  a  tube 
of  this  description,  on  preparing  it  for  a  barometer, 
one  of  its  ends  must  be  removed  with  a  file. 

Mercury  in  a  state  of  great  purity,  is  very  essen- 
tial to  a  goo(y>arometer.  It  is  generally  purified  by 
distillation,  but  as  this  operation  may  not  be  conve- 
nient to  some,  we  shall  mention  Dr.  Priestley's  mode 
of  purifying  it,  which  is  remarkable  for  its  simpli- 
city, and  has  an  excellent  effect : — ^Let  a  strong  10 
or  12  ounce  phial,  with  a  ground  stopper,  be  a  quar- 
ter filled  with  the  mercury  to  be  purified ;  put  in  the 
stopper,  hold  the  bottle  inverted  with  both  hands,  and 
shale  it  violently,  by  striking  the  hand  that  supports  it 
against  the  knee.  Aft#  twenty  or  thirtjr  strokes, 
take  out  the  stopper,  and  blow  into  the  phial  with  a 
pair  of  bellows,  to  change  the  air.  If  the  mercury 
is  not  pure,  the  surface  will  become  black  in  a  short 
time,  and  if  very  foul,  a  bladL  coat  will  coagulate 
on  the  surface.  Invert  the  phial,  stopping  it  with 
the  finger,  and  let  out  the  running  mercury.  Put  the 
coagulated  part  into  a  cup  by  itself,  and  press  it  re- 
peatedly with  the  finger  so  as  to  get  out  the  mercury 
entangled  in  it.  Put  both  portions  of  mercury  into 
the  phial  again>  and  repeat  the  process  till  no  more 
black  powder  separates. 

After  the  mercury  has  been  thus  purified  from  its 
admixture  with  baser  metals,  it  should  be  boiled  for 
about  half  an  hour,  to  free  it  from  the  moisture  which 
it  is  apt  to  contain.    It  may  then,  when  nearly  cod. 


be  poured  into  the  tube  till  it  reaches  to  within  two 
inches  of  the  top ;  then  to  free  it  from  the  air«  hold  it 
with  the  sealed  end  lowest,  in  an  inclined  position 
over  a  chafing-dish,  placed  near  the  edge  of  a  table, 
in  order  that  all  parts  of  the  tube  may  be  exposed  suc- 
cessively to  the  action  of  the  fire,  by  moving  it  ob- 
liquely over  the  chafing-dish.  The  sealed  end  is  to 
be  first  gradually  presented  to  the  fire,  and  the  other 
parts  in  slow  succession.  The  air,  if  any  be  con- 
tained in  the  tube  along  with  the  mercury,  will  by 
this  means  be  expanded,  and  rising  to  the  top  of  the 
tube,  will  escape.  Tlie  tube  must  now  be  filled  to  the 
brim,  the  open  end  stopped  with  the  finger,  and 
plunged  into  a  bason  of  mercorr.  The  finger  must 
then  be  taken  away,  and  the  tuoe  being  held  verti- 
cally, the  mercury  in  it  will  remain  suspended  at  the 
height  of  about  29  or  30  inches,  or  indeed,  what- 
ever balances  the  preisure  of  the  atmosphere  at  the 
time. 

The  accompanying  engraving  exhibits 
an  arrangement  for  removing  the  air  from 
the  mercury,  by  the  agency  of  a  pump. 
The  lower  disk  represents  the  pump- 
plate,  on  which  is  placed  a  glass  receiver. 
The  barometer  tube  is  kept  air  tight  by 
a  collar  of  leathers,  and  the  lower  e3ctre- 
mity  dips  into  a  cup  of  mercury.  Now 
it  will  be  obvious  that  as  soon  as  the 
pump  is  worked,  and  the  receiver  ex- 
hausted, if  we  readmit  the  air,  the  mer- 
cury will  be  driven  up  purified  of  the  air 
which  otherwise  adheres  in  considerable 
quantities. 

It  may  be  proper  to  add,  that  even  m 
the  most  perfect  barometer,  an  atmos- 
phere of  mercury  occupies  the  upper  part 
of  the  tube,  and  independent  of  that  de- 
fect, air  is  usually  found  to  pass  down 
the  external  surface,  and  thus  destroy  the 
perfection  of  the  vacuum. 
A  barometer  con- 
structed   on    the 
principles  we  have 
now  been  describ- 
ing,   but   in  the 
simplest  form,  is    . 
shown  in  the  en-    i 

graving,  and  be-    « 

side  it  is  placed 
another,  which 
possesses  some 
advantages  over 
that  instrument. 
The  straight  tube 
is  supposed  to  be 
of  the  ordinary 
length,  and  pos- 
sessing a  range 
of  three  or  four 
inches;  the  bent 
tube,  on  the  con- 
trary, offers  a 
range  of  nearly 
douole  that  i^ 
mount.  It  is  call- 
ed the  angular  ba- 
rometer, and  the  

only  defect  which  is  found  in  this  form  arises  irom 
the  increased  friction  of  the  mercury  in  the  tube. 
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Tb€  VkUKwry  in  the  iMurometer  b  seldom  to  be  seen 
••low  as  38  indies^  or  hi^rthan  30i.  It  mdi- 
ctttes  At  foflowB : — 

31  incbet .  . .  Very  dry  weather,  hard  frost. 

30^   ......  Settled  fair,  settled  frost. 

30 Fair,  frost. 

39i Changeable. 

S9 Rain,  snow. 

28} Much  rain,  much  snow. 

28 Stormy  weather. 

In  Jansary,  1822,  the  mercury  fell  to  28,  which 
as  aaid  to  have  been  the  lowest  ever  remarked  in  Eng- 
land. By  the  fail,  a  pressure  equal  to  2,000lbs.  was 
removed  ^m  each  person's  body,  yet  probably  no  in- 
4iividaAl  was  at  the  time  conscious  of  it.  The  man- 
mom  bei^t  of  the  mercurial  column  is  about  nine 
o'clock  A.  M.;  the  mean  at  twelve,  and  the  minimum 
at  tfai«e  p.  M.  If  the  column  rise  from  nine  ▲.  m.  to 
three  p.  m.  it  indicates  fine  weather;  if  it  Ukl  during 
that  interval,  rain  mav  be  expected. 

We  luuve  now  to  cul  the  reader's  attention  to  a  se- 
ries of  observatioBS  by  Mr.  Walker,  a  knowledge  oi 
whidi  wiU  materially  facilitate  our  acquaintance  with 
the  instrument,  and  its  uses. 

1.  The  barometer  rising,  nay  foe  considered  as  a 
general  iadlcataon  that  the  weather,  comparatively 
with  the  state  of  it  at  the  time  of  observation,  is  be- 
coming dearer. 

2.  llie  atmosphere  apparently  becoming  clearer 
and  the  barometer  above  rain,  and  rising,  show  a  dis- 
position in  the  air  for  fisir  weather. 

3.  The  atiKisphere  becoming  clear,  and  the  baro- 
meter above  cAaa^eo^ie,  and  rising,  indicate  fair  wea- 


4.  The  atmosphere  dear,  and  the  barometer  near 
/sir,  and  rising,  denote  continued  fair  weather. 

5.  Our  prognostic  of  the  weather  is  to  be  guided 
lelaetively,  thus :  if  notwithstanding  the  sinking  of  the 
barometer,  little  or  no  rain  follow,  and  it  afterwards 
rise,  we  may  expect  continued  dry  weather. 

6.  if,  during  a  series  of  cloudy  rainy  weather,  the 
barometer  rise  gradually,  though  yet  below  ndn,  espe- 
oafly  if  the  wmd  change  from  the  south  or  west  to- 
wards the  north  or  east  points,  clear  and  dry  weather 
BMj  be  expected. 

7.  The  weather  for  a  short  period,  viz.  from  mom- 
mg  until  e^Mng,  may  commonly  be  foretold  with  a 
coosideEahle  degree  of  ^certainty.  If  the  barometer 
has  risen  durmg  die  night,  and  is  still  rising,  the 
cioods  are  high  and  apparently  dispersing,  and  the 
wiad  calm,  especially  if  it  be  in  or  about  the  north  or 

ponts,  a  dry  ds^  may  be  confidently  expected. 
saaae  imle  applies  for  predidbing  the  weather  from 
tiB  morning. 

8.  Dormg  the  increase  of  the  moon  there  seems  to 
be  a  greater  disposition  or  effort  in  the  air  for  dear 
4iry  weather,  tlum  in  the  wane;  but  this  disposition 
does  not  osuafiy  commence  till  about  three  or  four 
days  after  the  new  moon,  and  ceases  about  three  or 
four  days  alter  the  foU  moon. 

9.  The  barometer  should  be  observed  occasionally 
thsice  in  the  day,  or  oftener  when  the  weather  is 
cfaaogeaUe,  in  onfer  to  notice  whether  the  mercury 
be  statianary,  rising,  or  sinking ;  for,  from  this  cir- 
comstanoe,  together  with  the  direction  of  the  wind 
and  the  apparent  stete  of  the  air  at  the  tiaie,  is  infor- 
mation to  be  coUected;  and  a  ^continuance  of  the 

ar  a  sudden  change  of  the  weather,  to  be  fore- 


Lastly,  observe  always,  the  higher  the  n^eniury 
shall  stand  in-the  scale  in  each  instance,  and  the  i^we 
regularly  progressive  its  motion  shall  be,  the  stronii^ 
wUl  be  the  indication :  likewise,  the  more  H^  wind 
inclines  towards  the  nortii  or  east  points,  the  greatnr 
will  be  the  disposition  in  the  air  for  fair  weather.  Tl^ 
indications  of  rainy  weather  will  obviously  be  the  di- 
rect reverse  of  those  rules  which  predict  iair  weather- 
"Ftoat  is  indicated  in  winter  by  the  same  rules  that  'w^ 
dicate  fieur  weather ;  the  wind  being  in  or  about  the 
north  or  east  points,  and  the  thermometer  sinking  to- 
wards 30.  A  fall  of  snow  seldom  comes  without  it 
previous  frost  of  some  duration,  and  is  indicated  b^ 
the  sinking  of  the  barometer ;  especially  if  the  msf'- 
cury  be  bdow  changeable,  and  the  thermometer  at  or 
near  the  freezing  point.  When  the  temperature  of  th^ 
air  is  about  35,  snow  and  rain  sometimes  fall  tOr 
gether ;  at  a  warmer  temperature  than  35  it  seldom 
snows,  or  rains  at  a  colder  temperature.  Thunder  i^ 
presaged  by  the  same  rules  which  indicate  rain,accom/- 
panied  by  sultry  heat;  the  thermometer  being  up  to  76. 
Storms,  hurricanes,  and  high  winds,  are  indicated  by 
the  barometer  falling  suddenly,  or  sinking  considerr 
ably  below  much  rain.  The  barometer  is  known  to 
be  rising  or  sinking,  by  the  mercury  having  either  a 
convex  or  concave  suiiace ;  or  by  the  perceptible  rise 
or  descent  of  the  mercury,  if  at  the  time  of  observAr 
tion  the  barometer  be  gently  rapped.  If  at  any  time 
the  weather  should  differ  widely  from  the  Indications 
of  the  barometer,  it  may  be  presumed,  as  it  is  some- 
times known  to  happen,  that  a  particular  spot  is 
affected  by  local  circumstances.  After  a  bng^conti- 
nued  series  of  wet  weather,  we  may,  when  the  wea» 
ther  bepomes  fine,  expect  an  uninterrupted  contina-* 
ance  of  dry  weather.  If,  after  a  long  series  of  wet 
weather,  the  barometer  rise  above  chcmgeable,  and  the 
wind  veer  steady  to  the  north  or  east  points,  a  conti- 
nued duration  of  fair  weather  may  be  expected.  Slow 
and  progressive  variations  in  the  barometer,  with  ^, 
fixed  and  steady  state  of  the  wind,  indicate  perma- 
nency with  the  change.  The  barometer  standing  at 
or  above/otr,  denotes  generally  fair  weather,  although 
the  atmosphere  wear  at  the  time  an  unfavourable 
aspect. 

The  greater  coincidence  there  is  of  the  circum- 
stances enumerated  in  the  rules  above  mentioned,  the 
stronger  may  our  confidence  be  in  the  expectation  of 
fair  weather ;  and  in  the  continuance  of  it  when  pre- 
sent, by  the  barometer  whilst  high  remaining  station- 
ary, or  varying  but  little,  and  the  state  of  the  atmos- 
phere and  direction  of  the  wind  disposed  to  be  settled. 
In  this  variable  dimate  there  is  no  reliance  to  be 
placed  on  any  rules  beyond  those  above  mentioned, 
for  indicating  the  weather  for  any  length  of  time  to- 
gether, or  for  any  distant  period. 

The  straight  tube  we  have  already  described,  though 
it  does  not  possess  the  largest  range,  is  assuredly  the 
most  perfect  form  of  the  instrument.  The  wheel  ia- 
remeltr  is  even  less  perfect  than  the  diagonal  one,  and 
yet  as  that  is  the  (nrdinary  form  of  the  weather- 
glass, its  arrangement  should  be  illustrated.  Before, 
doing  which,  it  may,  however,  be  proper  to  guard 
our  readers  against  ^e  purchase  of  instruments  of 
this  description,  sold  by  foreiga  vendors  about  the 
streets  of  the  metropolis.  They  are  usually  made  in 
the  most  imperfect  manner,  and  the  mercury  with 
which  the  tube  is  filled,  adulterated  with  lead,  which 
gradually  discolours  the  gl^as  ^d  destroys  the  valu? 
of  tile  barometer. 
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The  ■ttompKnyliig  engitylng 
represents  n  glass  tulw  god- 
taining  mercnry,  having  a  largt 
Tonnd  head  or  ball,  and  bent 
npwanls  at  the  bottom.  Upon 
the  Burface  of  the  mercnry  in 
the  carved  leg,  a  placed  a  short 
glass  float,  loaded  with  the 
same  material,  with   a  string 

iiuung  over  a  pulley,  and  ba- 
snced  by  another  vraight  hang- 
ing freely  in  the  air.     As  the 
surface  of  the  mercury  in  the 
ball  i»  very  large,  and  that  at 
the  bottom  of  the  tube  compa- 
ratively small,  the  motion  oi 
the    quicksilver,    and    conse- 
quently of  tbe  balance  or  float  /  l 
at  bottom,  will  be  very  consi-  {-  1 
derable  :    but   as    the   weight  V  f 
moves  np   and  down,  it  turns  ' 
the  pulley,  and  to  that  is  at- 
tached a  hand,  or  index ,  which 
passes  over  tbe  di\'iaians  of  a 
large  graduated  circle. 

He  common  portable  baromiltr  has  a  small  bag, 
for  the  purpose  of  containing  the  mercury,  so  that  no 
part  of  it  is  exposed  to  the  atmosphere ;  but  the  air 
presses  upon  the  outside  of  the  bag.  To  render  the 
instruaent  perfectly  portable  in  its  frame, 
is  used  to  force  the  merci 
tnbe. 
Portable  barome- 

ahown  in  the  ac- 
companying eograv- 
ini^,  are  chiefly  re< 
qnired  for  measur- 
ing the  heights  of 
motutains,and  they 
should  always  be 
constructed  in   the 

ner.     The   mercury 
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r   to   the   top   o'  the 


be  raised  always  t 


the   c 


aril  < 


distance  from  the 
Bcale,  in  order  that 
the  divisions  of  the 
scale  may  indicate 
the  real  altitude  of 
the  surface  of  tbe 
mercury  in  the  tube 
above  that  of  tbe 
mercurv  in  the  cis- 
tern, thev  should 
also  be  Aimished 
with  a  triangular 
stand,  capable  of 
supporting  them  in 
exactly  a  vertical 
position,  as  shown 
in  the  figure.  Mr. 
Ramsden,  ao.  emi-  ' 
nent     philosophical 

instrument    maker.  - 

contrived  a  valuable 
BTometer  of  this  sort,  andhwdMcribed  it  himwlf 


in  the  PUJMopUcd  7Va)>Mc(>«M.  !%«  principel  puts 
of  it  are  a  simple  straight  tube,  Gied  into  a  wooden 
cistern,  which,  for  the  convenience  of  carriage,  is 
closed  with  an  ivory  screw,  and,  that  being  removed, 
is  open  when  in  use.  From  this  aperture  is  dis- 
tinctly seen  the  coincidence  of  die  gauge<muk,  with 
a  line  on  the  rod  of  an  ivory  float  swimming  on  the 
surface  of  the  fluid  metal,  which  is  raised  or  de- 
pressed by  a  brass  screw  at  the  bottom  of  the  cistern. 
From  this,  as  a  fixed  point,  the  height  of  the  column 
is  readily  measured  on  the  scale  attached  to  the 
frame.  The  thermometer  is  placed  near  the  cistern, 
the  ball  of  which  is  not  inclosed  within  the  wood- 
work, but  ten  projecting.  The  three-legged  stand, 
supporting  the  instrument  when  in  use,  serves  as  a 
case  for  it  when  inverted,  and  carried  from  place  to 
place.  Two  of  these  barometers,  made  by  the  in- 
ventor, after  the  mercury  in  them  had  been  carefully 
boiled,  being  sufiered  to  remain  long  enough  in  tlie 
same  situation  to  acquire  the  same  temperature, 
usually  agreed  in  height,  or  rarely  differed  from  each 
other  more  than  a  few  tjioueandtb  parts  of  an  inch. 
When  the  barometer  is  used  for  measuring  the 
heights  of  mountains,  or  other  elevations,  the  tem- 
perature of  the  mercury  must  be  considered,  as  well 
as  its  elevation ;  because  it  will  expand  and  contract 
with  heat  and  cold,  and  the  upper  regions  of  tlie  at- 
mosphere are  much  colder  than  those  below.  The 
general  principle  of  these  kinds  of  measurement  may 
be  understood  from  the  following  illustration : — 
When  the  barometer  on  the  surface  of  the  earth 
stands  at  30  inches,  and  the  temperature  is  33  Fah.. 
it  has  been  ascertained  by  trial.  Uiat  tailing  snch  ba- 
rAneter  to  the  perpendicular  height  of  S7  feet,  lowers 
the  mercury  about  one-tenth  of  an  inch,  or  will 
cause  it  to  fall  to  39.9 ;  but  presuming  it  tn  be  raised 
still  higher  in  the  air,  or  until  it  descends  another 
tenth  of  an  inch,  or  stands  at  39.8,  it  is  required  to 
know  how  much  it  has  been  elevated  f  The  second 
stratum  of  air  is  evidently  equal  in  wei^t  to  the 
firet.  because  each  has  produced  an  equal  depression 
of  the  mercury ;  but  since,  from  the  nature  of  the 
atmosphere,  each  succeeding  stratum  is  lighter  or 
less  dense  as  we  ascend,  so  the  second  stratum,  to 
be  of  equal  weight,  must  be  of  greater  height  than 
the  first,  and  consequently  the  whole  ascent  must  be 
more  than  twice  S7  feeL  To  eiiamine*tlus  differ- 
ence, the  density  of  the  first  stratum  of  air  may  be 
tepresnited  by  the  number  of  tenths  of  an  inch  of 
mereury  whidi  it  is  capable  of  supporting ;  and  as 
tbe  column  was  supposed  to  be  at  30  inches  high, 
this  will  be  300 :  for  the  same  reason,  the  density  ^ 
the  second  stratum  will  be  represented  by  S99;  but 
the  weights  of  these  two  strata  are  equal,  therefore 
their  bulks  must  be  inversely  as  their  densities;  and 
since  their  bases  are  equal,  diflerence  of  bulk  can 
only  arise  from  difference  of  height ;  and,  conse- 
quently, to  obtain  the  thickoeH  of  the  second  stra- 
tum of  air,  or  its  height  above  the  first,  it  will  only 
be  necessary  to  say  299  is  to  300,  as  87  feet,  the 
height  of  tbe  first  stratum,  is  to  87.39  feet,  which 
will  be  the  height  of  the  second  ;  so  that  the  whole 
distance  ascended  will  be  174.39  feet.  In  like  man- 
ner, if  the  barometer  is  carried  upwards  until  tbe 
mercury  falls  to  29.S,  then  the  proportion  will  be 
298  ;  300  : :  87  feet,  :  87.584  ;  ot  it  will  have  as- 
cended to  the  height  of  36l  feet  and  7-eths. 

BAaoN  i  a  word  derived  from  tbe  Latin,  which  sig- 
|F''>)r«ainai,but,  sometimes,  a  Mrrm/.     In  thefendal 
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•ystem  of  the  middle  ages,  at  first,  the  immediate  te- 
nant of  any  superior  was  called  his  baron.  In  old  re- 
cords, the  citizens  of  London  are  so  styled,  and  the 
16  members  of  the  house  of  commons,  elected  by  the 
dnque-ports,  are  still  called  barotu.  The  iaouly  of 
Montmorency  called  themselves,  in  France,  premiers 
bttrona  de  ta  chr4Henti,  This  name  was  introduced 
by  William  the  Conqueror  from  Normandy  to  Eng- 
land, and  used  to  signify  an  immediate  vassal  of  the 
crown,  who  had  a  seat  and  vote  in  the  royal  court 
and  tribunals,  and,  subsequently,  in  the  house  of 
peers.  It  was  the  second  rank  of  nobility,  until  dukes 
and  marquises  were  introduced,  and  placed  above  the 
earls,  and  viscounts  idso  set  above  the  barons.  In 
Germany,  the  ancient  barons  of  the  empire  were  the 
immcdia^  vassals  of  the  crown.  They  appeared  in 
the  imperial  court  and  diet,  and  belonged  to  the  high 
nobility.  But  these  ancient  feudatories  were  early 
elevated  to  the  rank  of  counts  or  princes.  The  mo- 
dem barons  only  form  a  ranjc  of  lower  nobility  after 
the  coonts. — Barons  of  the  Exchequer;  four  judges  in 
England  and  five  in  Scotland,  to  whom  the  adminis- 
tration of  justice  is  committed,  in  causes  between  the 
king  and  his  subjects,  relating  to  the  revenue.  They 
were  formerly  barons  qf  ike  realm,  but,  of  late,  are, 
generally,  persons  learned  in  the  laws. 

Baronets  ;  a  hereditary  dignity  in  Great  Britain 
and  Ireland,  next  in  rank  to  the  peerage,  originally 
instituted  by  James  I.,  May  22,  1661.  It  is  said  that 
Lord  Chancellor  Bacon  suggested  tbc  idea,  and  the  first 
baronet  was  Sir  Nicholas  Bacon  of  Redgrave.  Ba- 
ronets are  created  by  patent,  under  the  great  seal,  and 
the  honour  is  generally  given  to  the  grantee  and  the 
heirs  male  of  hj^  body  lavvfuUy  begotten,  though  some- 
times it  is  entailed  on  collaterals.  From  the  pream- 
ble of  the  original  patent,  it  appears  that  the  order 
was  created  to  get  money  for  me  support  of  soldiers 
in  Ireland,  each  baronet,  on  his  creation  being  oblig- 
ed to  pay  into  the  treasury  a  sum  little  less  than 
1 100/.  In  1823,  there  were  661  baronets  in  Eng- 
land.  Precedency  is  given  to  baronets  before  all 
knights,  except  those  of  the  Garter,  bannerets  created 
on  the  field,  and  privy  counsellors. 

Baronets  qf  Ireland;  an  order  instituted  by  James 
I.,  for  the  same  purpose,  and  with  the  same  privileges, 
as  the  baronets  of  England.  Since  the  Union,  in  1801, 
none  have  been  created  otherwise  than  as  baronets  of 
the  United  Kingdom.  A  hereditary  dignity,  some- 
what similar  to  knighthood,  appears  to  have  been 
conferred,  in  this  country,  even  in  very  ancient 
times. 

Baronets  qf  Nova  Scotia,  and  Baronets  of  Scotland, 
Cbaiies  I.  instituted  this  order  in  1621,  for  the  pur- 
pose of  advancing  the  plantation  of  Nova  Scotia,  in 
which  the  King  granted  a  certain  portion  of  land  to 
each  member  of  the  order.  Since  the  union,  the  power 
of  the  king  to  create  new  baronets  within  Scotland  is 
held  to  have  ceased. 

BASRicAnE,  or  Barricado  ;  those  objects  which 
are  hastily  collected,  to  defend  a  narrow  passage  (for 
instance,  the  street  of  a  village,  a  defile,  a  bridge,  &c.), 
the  moving  of  which  retards  the  enemy,  and  gives  to 
die  sharp-shooters,  posted  behind  or  in  its  neighbour- 
hood, an  opportunity  of  firing  upon  them  with  effect. 
Waggons,  harrows,  casks,  chests,  branches  of  treed, 
beams, — ^in  short,  every  thing  which  is  at  hand,  is 
used  for  this  purpose ;  and,  if  it  is  necessary  that  the 
enemy,  when  consisting  piincipally  of  cavalry,  should 
be  checked  in  the  pursuit,  though  it  be  but  for  a  mo- 


ment, the  ammunition  and  baggage- waggons  may  be 
employed  ¥rith  effect. 

Some  o#the  most  remarkable  instances  of  the  use 
of  the  barricade  on  record,  are  those  which  occorred 
during  the  late  revolution  which  placed  Louis  Philip 
on  the  throne  of  France. 

Barytbs  ;  the  name  of  one  of  the  earths.  It  is 
procured  either  from  the  native  sulphate  of  IxuTtes, 
by  exposing  its  powder  to  a  red  heat  with  charcoal, 
and  by  forming  from  the  resulting  sulphurate  a  ni- 
trate, which  is  decomposed  by  heat ;  or  from  the  native 
carbonate,  by  dbsolving  it  in  nitric  acid,  and,^  in. like 
manner,  subjecting  it  to  the  heat.  Thus  obtained, 
barytee  has  a  specific  gravity  of  4,  is  of  a  gray  colour, 
has  a  caustic  taste,  and  slakes  on  exposure  to  the  air, 
like  lime  falling  to  powder  from  the  absorption  ol 
water.  It  is  soluble  in  26  parts  at  60^,  and  in  the 
proportion  of  nearly  half  its  weight  at  21 2^.  The  so- 
lution, on  cooling,  affords  prismatic  crystals.  Its  wa- 
tery solution  possesses,  distinctly,  alkaline  properties, 
changing  the  vegetable  blues  to  green,  and  acquiring 
a  film  upon  its  surface,  when  exposed  to  the  air,  from 
the  absorption  of  carbonic  acid.  It  operates  as  a  vi- 
rulent poison  when  taken  into  the  stomach.  To  the 
flame  of  alcohol  it  imparts  a  yellow  colour,  which,  to- 
gether with  its  great  solubility  in  water,  serves  to  dis- 
tinguish it  from  the  other  earths.  It  is  useful  in  che- 
miod  analysis,  in  consequence  of  its  property  of 
uniting  by  fusion  with  several  of  the  earths  and  me- 
tallic oxides,  and  rendering  them  soluble  in  adds  or 
water. — ^Barytes  has  been  decomposed  by  the  agency 
of  gatvianism,  and  ascertained  to  be  the  oxide  of  a 
peculiar  metal,  to  which  Sir  Humphrey  Davy  has 
given  the  name  of  bariwm.  It  has  a  white  colour,  with 
a  metallic  lustre,  resefltf>lmg  that  of  silver.  Exposed 
to  the  air,  or  thrown  into  water,  it  absorbs  oxygen, 
and  is  converted  into  barytes. — ^Barytes  combines  with 
the  acids,  and  forms  a  variety  of  salts,  two  of  which, 
the  carbonate  and  the  sulphate,  are  found  abundantly 
in  nature.  The  first  of  these  is  called,  in  mineralogy, 
fVitherite,  from  Dr.  Withering,  its  discoverer.  It  is 
commonly  fibrous  or  bladed  in  its  structure,  occasi* 
onally  including  small  cavities  lined  with  minute 
crystals.  It  is  whitish,  translucent,  and  glistening. 
Specific  gravity,  4.3.  It  is  composed  of  barytes,  78, 
and  carbonic  acid,  22.  Like  all  the  other  salts  of  ba- 
rytes (with  one  exception),  the  carbonate  is  a  viru- 
lent poison,  and  has  often  proved  fatal  to  domestic 
fowls  and  animals  who  have  accidently  swallowed  it, 
about  the  mines  where  it  occurs.  Its  principal  lo- 
calities are  in  the  north  of  England,  where  it  is  found 
in  lead  mines :  it  also  occurs  in  Stiria,  Salzburg,  and 
Siberia.  It  is  used  to  obtain  the  pure  bd^^tes,  and 
those  salts  of  this  earth  which  are  employed  as  che- 
mical tests,  and  for  the  purposes  of  scientific  illustra- 
tion.— ^The  sulphate  of  barytes,  called,  in  mineralogy, 
heavy-spar,  is  found  abundantly  in  almost  every  coun- 
try, usually  accompanying  galena,  or  common  lead 
ore,  of  which  it  frequency  forms  a  part.  It  is 
often  beautifully  crystallized  under  a  variety  of  forms, 
derived  from  a  right  rhombic  prism  of  101°  42',  and 
7S^  18',  but  is  more  generally,  lamellar  or  compact. 
It  presents  numerous  colours,  of  which  white  is  the 
most  frequent.  It  is  translucent,  and  sometimes 
transparent,  capable  of  being  scratched  by  the  knife, 
and  of  a  specific  gravity  of  4.7.  Like  the  artificial 
sulphate  of  barytes,  it  is  insoluble,  and  is  the  only 
salt  of  this  earth  which  is  not  poisonous.  It  consists 
of  67  parts  barytes  and  33  sulphuric  acid.    It  is  em- 
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ploytd.  tiM3«gk  lets  eztenBiTaly,  ibr  t]m  flftBW  wir- 
poses  as  the  carbonate,  and  wan  formeriy  uae<fc  by 
Mr.  Wedgewoodf  in  Ae  mana&dknre  of  hll  beaatitul 
jasper  ware. — ^A  fibrous  yaiiety  of  heaTynipar,  oalled 
Bologmam  atone,  and  wkidi  ooeun,  imbedded  in  amall 
nodular  masses,  in  a  marl  near  Bologna,  has  tb«  re- 
markable property  of  becoming  phoAphoreseent  by 
caldnatioB. — The  mriifieial  sulphate  of  biyrytes,  form- 
ed by  adding  sulphuric  acid  to  the  carbonate  of  ba- 
rytes,  is  employed  for  the  purpose  of  punting  in  wa- 
ter-colours, and  is  th^  most  beautiful  white  now  in 
use.  It  is  known  by  the  name  (^perwutneni  wkiU. 
The  same  substance  is  much  valued  for  marking  bot- 
tics  In  chemical  laboratories,  where  the  acid  vapours 
destroy  common  ink,  and  for  labeling  articles  kept  in 
cellars  and  mobt  places.  In  order  to  be  applied,  it 
M  mixed  up  with  spirits  of  turpentine  and  linseed  oil, 
to  the  consistence  of  common  paint,  'wben  it  is  laid 
on  with  a  brush.  If  a  black  marking  materiid  is  pre- 
&rred,  this  may  be  rendered  so  by  the  addition  of  a 
little  lamp-black.— The  nitrate  qfbirytei  is  formed  by 
dissoWing  the  native  carbonate  in  diluted  nitric  acid, 
and  crystallizes  on  evaporation.  It  is  soluble  in  10 
or  12  parts  of  water,  at  6(P,  and  in  3  or  4  parts  at 
212^.*^The  nmriate  efbarptet,  in  like  manner,  is  pro- 
duced by  submitting  the  carbonate  to  the  action  of 
dilute  muriatic  acid.  It  is  much  more  soluble  than 
the  nitrate.  Solutions  of  both  these  salts  are  of  great 
importance  in  analytical  processes,  for  the  detection 
of  8ul{^uric  add ;  the  barytes  forming,  with  that 
acid,  an  insoluble  precipitate,  while  the  nitric  or  mu- 
riatic  add  neutralizes  tiie  base.    The  muriate  of  ba- 

rs  is  employed  with  advantage,  as  a  medicine,  in 
treatment  of  scrofulous  diseMes,  though,  from  its 
poisonoas  nature,  great  cautifpa  is  requisite  in  its  ad- 
ministration. 

Basb,  in  ArekUectmr*  and  Sentptmre ;  the  foot,  4Mr 
bottom  of  any  figure.    The  word  base  is  used,  gener- 
ally, for  any  i>ody  which  bears  another,  but  particu- 
larly for  that  portixm  of  the  lower  part  of  a  column, 
which  is  between  the  shaft  and  pedestal  (when  a  pe- 
destal is  used),  and  differs  in  the  various  ordei  s  luid 
species  of  architecture.    In  Egyptian  architecture  the 
bases  of  columns  are  mostly  simple  plinths ;  and  al- 
though Dr.  Pococke  exhibits  the  bs^e  of  a  column 
found  in  Egypt  with  several  tori,  yet  this  circum- 
stance indioites  the  style  to  be  of  the  time  of  Greek 
architecture  prevailing  in  Egypt.    The  base  of  the 
Tuscan  coluinn  consists  of  a  torus  and  fillet ;  the  Do- 
ric has  none,  except  a  plain  piinUi,  on  which  it  ie 
sometimes  elevated,  but  it  is  generally  placed  on  a 
continued  plinth  or  upper  step  of  the  temple,  as  in  the 
temples  HI  Thoricus,  Corinth,  Agrigentum^  Psstum, 
Athens,  Sunium,  and  JSgina.    Although  in  modem 
times,  the  attic  base  has  been  given  to  the  Roman 
spoliation  of  the  Doric,  yet  in  the  best  time  of  Roman 
architecture  (according  to  Vitruvras),  the  Doric  was 
used,  as  by  its  inventors,  without  the  base.    The 
Ionic  column,  in  the  earliest  specimens,  has  a  base, 
of  which  ^  hdg^  was  half  ito  diameter^  and  com- 
posed of  a  variety  of  members.    The  bases  to  the  Co- 
rinUiian  and  Composite  orders  emanate  from  the 
Attic ;  a  torus  or  two  more,  a  greater  number  of  fillets 
or  beads,  two  scotise,  Ace,  are  the  general  character- 
iatics  of  these  bases.    Different  bases  have  been  in- 
vented, and  used  both  by  Greek  as  well  as  Roman  ar- 
chitects  for  the  Ionic  order,  but  aU  &J1  short  of  the 
purity  of  style  which  eharacterises  the  Attic. 
Ba«b»  or  Basis  ;  Aterm  in  tactics,  first  introduced 


into  military  language  by  Henry  von  Bulow,  who 
laboured  to  reduce  war  ^  mathematical  principles, 
and  to  give  more  certain  rules  to  the  commander. 
By  haais,  he  understands  a  tract  of  country  well  pro- 
tected by  fortresses,  and  from  which  the  operations 
of  the  army  proceed.    The  line  uoon  which  these 
operatioiis  are  executed  he  calls  the  une  qf  operations 
the  fortresses  from  which  the  operations  begin,  the 
whject;  the  point  to  be  first  carried,  the  fAjeci.  Thus, 
in  an  offensive  war  of  France  against  thie  south  of 
(Germany,  supposing  Prussia  and  Switzerland  to  be 
neutral,  the  Rhine,  from  Basle  to  Carlsnihe,  would 
be  the  basis ;  Strasburg,  the  subject ;  Ulm  or  Ratis- 
bon,  the  object;  and  die  road  from  Strasburg  to 
these  places  the  line  of  operation*  As  Biilow  thought 
magazines  indispensible,  the  security  of  the  line  of 
operation  agunst  all  attacks  from  the  side  seemed 
to  him  likewise  indispensible^  and  he  laid  down  the 
prindple,  that  both  the  lines,  drawn  from  the  ends 
of  the  basis  to  the  object,  ought  to  meet  there  in  a  ri^it 
or  an  obtuse  angle,  the  last  being  preferable.    The 
novelty  and  importance  of  the  subiect,  and  the  se- 
verity with  whxdi  Biilow  criticised  his  opponents, 
gave  rise  to  a  violent  dispute.  In  18 14,  the  subject  was 
discussed  in  Fragmtnte  ans  dea  Grvndedjen  der  Stra- 
tegic, erldutert  dureh  die  Daratellung  dea  Feldzuga  tii 
DeataehUmd,  1796  ;  a  most  valuable  work,  composed 
by  the  archduke  Charles  of  Austria.   He  adopts  many 
of  the  ideas  of  Biilow,  and  rejects  others ;  and,  on 
the  whole,  establishes  the  theory  of  the  basis  on  such 
grounds,  that  every  unprejudiced  military  man  will 
be  disposed  to  admit  it.    He  also  maintains,  that  the 
basis  (according  to  his  definition,  a  straight  line, 
which  unites  several  points  at  which  the  stores  of  the 
army  are  oolIected(  must  be  covered.  It  ought,  since 
the  operation  on  one  road  would  be  dangerous,  to  in- 
dttde,  if  possible,  several  fortified  places,  connected 
by  ea^y  communications,  and  to  run  paralld  with  the 
basis  of  the  enemy.    If  the  troops  have  moved  too 
far  from  the  basis>  a  new  one  should  be  formed.  The 
Archduke  explains  his  principles  on  a  supposed  thea- 
tre of  war  in  the  soutii  of  C^ermany,  and  by  the  war 
which  actually  took  place  in  that  oountry  in  1796» 
in  which  fae  distinguished  himself  so  much.    The 
last  wars  in  Europe  have  shown  the  correctness  of 
this  theory,  which  has  been  acted  on,  more  or  less 
by  generals  in  all  ages,  and  the  neglect  of  whldi 
has  generally  been  attended  with  suffering  and  de- 
feat.   Thus  the  Prussians,  in  1792,  advanced,  with- 
out paying  regard  to  the  fortresses  of  Metz,  Thionville, 
Landau,   Sec,  on  one  line  of  operation,   and   were 
neariy  destroyed  at  Valmy ;  and,,  for  the  same  rea- 
son, the  army  of  Jourdan,  in  1796,  was  almoFt  en- 
tirely ruined,  after  some  unfortunate  engagements. 
So  the  army  of  Napoleon  perished  in  Russia,  be- 
cause he  had  not  formed,  before  advancing  to  AIos- 
cow,  a  new  basis  on  the  Dnieper.  The  war  in  Spain, 
also,  westward  of  Madrid,  consisted  only  of  de- 
tached movements  of  large  columns, which  were  in- 
effectua],  on  account  of  the  want  of  a  proper  comma- 
nication.    The  allies  also  were  enabled  to  march 
from  all  sides  against  N^>oleon,  at  Leipsic,  in  con- 
sequence of  his  having  neglected  to  form  a  basis  at 
Dresden;  and  they  themselves  were  several  times 
exposed  to  the  greatest  danger  in    France,   from 
a  similar  neglect,  when  nothing  but  the  boldness  of 
Bliicher,  and  the  courage  of  our  troops  saved  them. 
It  may  be  objected*  that  Napoleon  owed  his  greatest 
glory  to  campaigns  in  which  he  entirely  dbregarded 
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4tt  ^Msb ;  as  those  of  180S  and  1809»  against  Aus- 
tria, and  his  previous  campaigns  in  Italy ;  but  one 
single  great  and  decisive  battle  lost  would  bsve  pun^ 
khied  severely  bis  neglect  of  this  principle.  And 
moreorer,  there  is  one  rule  still  more  important  than 
those  of  tactics — to  act  according  to  the  circum- 
stances and  character  of  the  enemy«  and  to  bring  on 
decisive  results  by  enezgetic  measures,  rather  than 
to  moulder  away  in  inaction.  We  may  remark, 
also,  that  the  conquest  of  the  capital  of  a  large  state 
is  always  a  most  important  object,  and  should  be 
aimed  at  as  speedily  as  the  rules  of  tactics  will  allow. 

Bass  ;  the  lowest  oart  in  the  harmony  of  a  mu- 
sical composition,  it  is  the  most  important  of 
all  the  parts,  the  foundation  of  the  .  harmony,  and 
the  support  of  the  whole  composition. — Flgwred  han 
is  a  bass  which,  while  a  certain  chord  or  harmony  is 
continued  by  the  parts  above,  moves  in  notes  of  the 
sHBke  harmony.  For  example,  if  the  upper  parts 
ooiMnst  ctf*  C,  £,  G  (die  common  chord  or  harmony 
of  C),  and  while  Ihey  are  continued,  the  bass  moves 
£nom  C,  the  fundamental  note  of  that  harmony,  to 
£,  another  note  of  the  same  harmony,  that  bass  is 
called  a  figured  bass. — Fimdamentai  bas$  is  that  bass 
which  forms  the  tone  or  natural  foundation  of  the 
harmony,  and  from  which  that  harmonv  b  derived. 
To  expUm  this  by  an  example : — ^If  the  harmony 
consist  of  the  common  chord  of  C,  C  will  be  its  fun- 
damental bass,  because  from  that  note  the  harmony 
b  deduced ;  and  if,  whUe  that  harmony  is  continued, 
the  bass  be  changed  to  any  other  note,  it  ceases  to  be 
fundamental,  because  it  is  no  longer  the  note  from 
which  that  harmony  results,  and  is  calculated. — 
Orotmd  bats  is  bass  which  starts  with  some  subject 
of  its  own,  and  continues  to  be  repeated  throughout 
the  movement,  while  the  upper  part  or  parts  pursue 
a  separate  air,  and  supply  the  harmony.  This  kind 
of  bass  was  greatly  in  fashion  half  a  century  ago, 
but  has  long  since  been  rejected  as  an  unnatural  re- 
straint upon  the  imagination,  and  productive  of  a 
monotonous  melody. — Bass  cltf  is  the  character  put 
at  the  beginning  of  the  stave,  in  which  the  bass,  or 
lower  notes  of  Uie  composition,  are  placed,  and  serv- 
ing to  determine  the  pitch  and  names  of  those  notes. 
— BoMso  concertamte  (Ital.)  is  the  bass  of  the  litle  cho- 
rus ;  the  bass  which  accompanies  the  softer  parts  of 
a  composition,  as  well  as  those  which  employ  the 
whole  power  of  the  band*  This  part  is  generally  ta- 
ken by  the  violoncellos. — Bass-counter  or  comtra-hass ; 
the  under  bass;  that  part  which,  when  there  are 
two  basses  in  a  composition^  is  performed  by  the 
double  basses,  the  violoncellos  taking  the  upper  bass 
or  basso  concerttmie, — Basso  recitante  (ItaL) ;  the  bass 
of  the  little  chorus ;  the  same  with  Basso  conces-fani^. 
Basso  repiemt  (Ital.)  ;  the  bass  of  the  grand  chorus ; 
tiiat  bass  which  joins  in  the  full  parts  of  the  compo- 
sition, and,  by  its  depth  of  tone  and  energy  of  stroke, 
affbrtb  a  powerful  contrast  to  the  lighter  and  softer 
passages  or  movements. 

Bas-Rblibf.    See  succeeding  article. 

Basso-Riubto,  in  Scuiature;  that  kind  of  sculp- 
tnre  in  which  the  figures  do  not  stand  out  from  the 
ground  in  their  full  proportion :  low  or  flat  sculp- 
ture. All  works  in  sculpture  are  alassed  as  bassi- 
rBievi  vdien  the  subjects  represented  are  not  isolated, 
but  are  adherent  to  the  ground,  whether  they  are  ojf 
a  similar  or  different  material,  and  applied  or  fixed 
thereto ;  or  form  a  part  of  the  material  in  which  they 
are  wrought     This  branch  of  tiie  art  is  divided  into 


three  classes,  called,  a'to-riliavo^  BStso-tilievo^  and 
basso-rilievo* 

Alto-rilievo  is  that  relief  in  which  the  figures  ars 
entire,  or  nearly  so,  being  attached  only  in  a  ^w 
places,  and  are  relieved  from  the  grouinl  like  the 
metopes  of  the  Parthenon ;  mezzo-nlievo  b  that  in 
which  half  the  figure  stands  clear  from  the  ground, 
and  the  other  appears  buried  therein;  and  bassos 
riiievo,  properly  so  called,  «s  that  in  which  the 
figures  lose  their  projection,  and  ar^  represented  as 
nearly  flat,  like  the  Panathenaic  procession  of  the 
same  temple.  Custom,  however,  has  nearly  abo* 
lished  two  of  these  terms  s  and  basso-rilievo  b  often 
applied  to  each  sort,  be  the  projections  what  they 
may.  The  word  anagiyphum,  in  the  ancient  writers, 
indicates  a  particular  manner  of  thb  sort  of  sculp* 
ture,  and  b  equivalent  to  the  modem  chasing  or 
embossing ;  to  which,  when  executed  in  metal,  ac-* 
cording  to  Cicero,  was  given  the  name  of  torenma. 

The  true  basso-rihevo,  which  has  but  small  pfo« 
jectioii^  requires  move  skill  in  tiw  scu^rtor  than  that 
in  which  the  projection  b  more  considerable ;  be^ 
cause  it  b  extremely  difficult  to  give  a  natural  effect 
to  a  figure  which  b  of  its  proper  ^jght  and  size,  but 
falb  short  of  its  real  thickness.  What  b  more  difli* 
cult  eveii  than  this,  in  the  style  of  sculpture  now 
under  consideration,  b  picturesque  composition  in 
grouping  the  figures  (  because  the  artist  cannot,  as 
in  painting,  eii^>loy  different  back  grounds  remote 
from  each  other :  and  as  the  shadows  in  sculptura 
are  real  and  not  imitative,  he  must  calculate  hb 
composition,  and  arrange  its  form  for  the  light  in 
which  it  b  to  be  placed.  The  ancients  used  bassi<* 
rilievi  in  decorating  arehitectoral  designs,  and  in 
ornamenting  their  domestic  furniture.  All  nations^ 
however,  in  the  history  of  the  arts  have  used  them, 
and  they  resemble  in  style  that  of  thei^  other  works« 
The  Egyptians  ornamented  their  temples  with  an 
innum^vbb  quantity  of  figures  and  hieroglyphics, 
of  which  the  greater  part  ha<^  the  outlines  only 
sunk,  and  the  area  thus  formed  only  painted ;  but 
many  of  them  are  of  the  class  of  bassi-nlievi.  Their 
manner  of  executing  these  sculpAires  was  singular : 
they  first  channelled  an  outline  in  tbe  stone,  and 
soiuc  it  round  the  figure,  so  that  it  did  not  project 
beyond  the  original  Sice ;  being,  in  fact,  xaon  a  spe- 
cies of  engraving  than  sculpture.  The  cabinet  of  the 
Eoyal  Library  at  Paris  possesses  a  very  curious 
Egyptian  sculpture  thus  wrought ;  and  many  of  the 
same  description  are  found  in  Egypt,  *principaUy  on 
the  frontispieces  of  the  temples  where  the  Scarabeus 
extends  hb  reign. 

The  study  of  the  ancient  bassi-rilievi  b  of  great 
service  in  the  hbtory  of  the  arts ;  as  from  them  may 
be  collected  many  important  facts  of  the  mythology, 
customs,  costume,  &c.  of  the  ancients.  The  finest 
collections  of  antique  bassi-rilievi  now  existing;  are 
those  forming  the  Townly  Collection,  and  now  in 
the  British  Museum, ;  the  Elgin  Marbles  in  the  sane 
place;  the  collections  of  Mr.  Thomas  Hope,  Mr« 
Soane»  the  professor  of  architecture  in  the  Royal 
Academy  of  London ;  and  several  fine  casts  in  the 
Royal  Academy.  In  Parb  they  had  some  fine  an* 
tique  bassi-rilievi  in  the  Royal  Museum ;  the  Mu- 
seum of  the  Augustins;  and  many  private  collec- 
tions. The  application  of  bassi-nlievi  among  the 
modems  is  the  same  as  among  the  ancients ;  being 
used  in  -the  decoration  of  public  buildings,  *pa* 
laces,  churches,  triumphal  arches,  theatres,  concert- 
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rooms,  and  private  houses ;  fumitare,  tombs,  and 
other  subjects  of  ornamental  architecture.  The  most 
celebrated  specimens  of  basso-relievo  (properly  so 
ctdled),  of  modem  art  in  England,  are  those  of  the 
tympanum  of  the  pediment  of  the  East  India  House, 
by  Bacon ;  the  monument  of  Captain  Miller,  in  a 
panel  of  St.  Paul's  Cathedral,  by  Flaxman :  several 
others  on  the  public  monuments,  erected  in  that 
cathedral  and  in  Westminster  Abbey,  by  Bacon, 
Banks,  Bacon,  jun.,  Rossi,  Chantrey,  Kendrick, 
Hopper,  and  Westmacott;  and  on  the  Continent, 
those  of  Baudurli,  Ghiberti,  and  Lucca  della  Robbia, 
at  Florence.  Some  of  the  finest  bas-reliefs  existing, 
are  by  Canova  and  Thorwaldsen.  The  bas-reliefs 
found  by  von  Brondstedt,  Cockerell,  frc,  in  the  tem- 

51e  of  Apollo  at  Phigalia,  and  sold  to  the  British 
luseum  for  15,000^  sterling,  are  celebrated,  as  are 
those  on  the  column  of  Trajan. 

Basset;  the  name  of  a  game  at  cards,  formerly 
much  played,  especially  in  France.  It  is  very  simi- 
lar to  the  modern  faro.  Severe  edicts  were  issued 
against  it  by  Louis  XIV.,  and  it  was  afterwards 
played  under  the  name  of  pour  et  contre.  De  Moivre, 
m  his  Doctrine  of  Chances,  has  calcnlated  many 
problems  connected  with  this  game. 

Bassbt-Horn,  the  richest  of  all  wind  instruments 
(called  also  comet,  by  reason  of  its  curvature),  is  be- 
lieved to  have  been  invented  at  Passau,  in  1770.  It 
was  afterwards  perfected  by  Theodore  Lotz,  in  Pres- 
burg.  It  is,  properly  considered,  an  enlarged  cla- 
rionet; and,  notwithstanding  the  difference  of  its 
form,  it  resembles  that,  not  only  in  its  qualities  and 
tone,  but  also  as  regards  its  intonation,  the  mode  of 
holding  it,  and  fingering;  so  that  every  clarionet- 
player  can  perform  on  it  without  practice.  Besides 
the  mouth-piece,  by  which  the  intonation  is  given,  it 
is  formed  of  ^ve  pieces — ^the  head-piece  (called  the 
barrel),  two  middle  pieces,  the  trunk  and  the  bell, 
which  is  usually  of  brass.  It  has  15  ventages,  of 
which  four  are  provided  with  open,  four  with  closed 
keys.  Its  compass  is  3  J  octaves,  from  lower  F  in 
the  bass,  to  double  C  of  the  treble.  It  is  seldom  used 
in  the  orchestra;  However,  it  is  found  in  Mozart's 
Requiem  and  some  other  pieces.  The  basset-horn 
may  also  be  used  as  a  bass  instrument. 

Bassoon  ;  an  instrument  which  forms  the  natural 
bass  to  the  hautboy.  It  is  played,  like  that  instrument, 
with  a  reed,  and  forms  a  continuation  of  its  scale 
downwards.  The  reed  is  fixed  to  a  crooked  mouth- 
piece, issuing  lirom  the  side  of  the  bassoon.  There, 
keys  communicate  to  the  ventages,  which  otherwise 
are  too  remote  for  fingering.  It  was  formerly  used 
as  an  accompaniment  to  the  hautboy,  from  which  it 
was  termed  hoison  de  hautbois.  But  it  is  now  so  far 
improved  with  keys  'as  to  be  susceptible  of  being 
played  in  solo.  Its  compass  is  three  octaves,  from 
double  A  in  the  bass  to  A  in  the  second  space  of  the 
treble ;  and  its  designation  generally  is  the  F  or  bass 
clef ;  yet,  in  the  higher  passages,  for  the  more  con- 
venient arrangement  of  the  notes,  the  alto,  or  tenor 
clef,  is  often  used.  It  consists  of  four  tubes,  bound 
together  like  a  faggot.  Hence  the  Italians  term  it 
fagotto,  and  from  them  the  Germans  fagott.  In 
music  designed  for  wind  instruments,  it  usually  forms 
the  bass.  There  is  a  modification  of  this  instru- 
ment, much  lower  and  stronger  in  its  tones, — the 
bass-horn, — ^which,  in  field  music,  has  of  late  been 
substituted  for  the  serpent. 

Bass-Viol  ;  a  stringed  instrument,   resembling, 


in  form,  the  violin,  but  much  larger.  It  has  fear 
strings  and  eight  stops,  which  are  subdivided  into 
semi-stops,  and  is  played  with  a  bow. 

Bastion  (bulwark).  In  order  to  defend  a  place 
which  is  surrounded  by  a  rampart  and  a  ditch,  it  is 
necessary  that  every  point  at  the  foot  of  the  rampart, 
in  the  ditch  and  before  the  citadel,  *  should  be,  as 
much  as  possible,  commanded  by  the  cannon  of  the 
works.  This  is  effected  by  breaking  the  line  of  for- 
tification, so  that  a  defence  sideways  may  be  attained. 
Before,  and  for  some  time  after  the  invention  of  gun- 
powder, it  was  thought  that  towers,  standing  out 
from  the  wall,  would  answer  this  purpose ;  but  these 
soon  gave  place  to  the  spacious  and  projecting  bas- 
tions or  bulwarks,  which  consist  of  two  flanks,  that 
serve  principally  for  the  defence  of  the  neighbouring 
bastions,  and  of  two  faces,  which  command  the  out- 
works and  the  ground  before  them.  The  wall  be- 
tween two  bastions  is  called  the  curtain.  These  bas- 
tions are  built  in  very  different  ways.  Some  are  en- 
tirely filled  with  earth ;  some  have  a  void  space  in- 
side ;  some  are  straight,  some  curved,  some  double, 
some  have  even  three  or  four  flanks,  one  over  the 
other ;  some  have,  and  some  have  not,  fauBse-brap 
(see  Fortification)  ;  sometimes  they  have  case- 
mates, destined  for  the  retreat  of  the  garrison,  or  for 
batteries ;  sometimes  cavaliers,  or  orillons,  &c.  In 
modern  times,  among  the  fortifications  built  accord- 
ing to  the  system  of  bastions,  those  on  the  plan  of 
Cormontaigne  and  the  modern  French  works,  are 
considered  best  adapted  for  defence.  They  are 
spacious ;  the  flank  of  the  side  bulwark,  which  is 
perpendicular  to  the  prolongation  of  the  face  of  the 
principal  bulwark,  is  not  farther  distant  than  a  gan- 
shot  (300  paces)  from  its  point ;  it  is  also  straight, 
and  orillons  and  other  artificial  contrivances  are 
banished. 

Bath.  Bathing  undoubtedly  took  place  first  in 
rivers  and  in  the  sea,  but  men  soon  learned  to  enjoy 
this  pleasure  in  their  own  houses.  Even  Homer 
mentions  the  use  of  the  bath  as  an  old  custom. 
When  Ulysses  enters  the  palace  of  Circe,  a  bath  is 
prepared  for  him,  after  which  he  is  anointed  with 
costly  perfumes,  and  dressed  in  rich  garments.  The 
bath,  at  this  period,  was  the  first  refreshment  offered 
to  the  guest.  In  later  times,  rooms,  both  public 
and  private,  were  built  expressly  for  the  purpose  of 
bathing.  The  public  baths  of  the  Greeks  were  mostly 
connected  with  the  gymnasia,  because  they  were 
taken  immediately  after  the  adiletic  exercises.  The 
Romans,  in  the  period  of  their  luxury,  imitated  the 
Greeks  in  this  point,  and  built  magnificent  baths. 
The  following  description  applies  both  to  the  Greek 
and  Roman  baths : — ^The  building  which  contained 
them  was  oblong,'  and  had  two  divisions,  the  one  for 
males,  the  other  for  females.  In  both,  warm  or  cold 
baths  could  be  taken.  The  warm  baths,  in  both 
divisions,  were  adjacent  to  each  other,  for  the  sake 
of  being  easily  heated.  In  the  midst  of  the  building, 
on  the  ground-floor,  was  the  heating-room,  by  whidi 
not  only  the  water  for  bathing,  but  sometimes  also 
the  floors  of  the  adjacent  rooms,  were  warmed. 
Above  the  heating-room  was  an  apartment  in  which 
three  copper  kettles  were  walled  in,  one  above  an- 
other, so  that  the  lowest  was  immediately  over  the 
fire,  the  second  over  the  first,  and  the  third  over  the 
second.  Jn  this  way,  either  boiling,  lukewarm,  or 
cold  water  could  be  obtained.  The  water  was  carried, 
by  separate  pipes,  provided  with  cocks,  from  these 
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kettles  into  the  bathing-rooms,  and  a  Aresh  supply 
was  immediately  poured  into  the  kettles  from  a  re- 
servoir.    Close  to  the  heating-room  were  three  sepa- 
rate rooms  on  each  side,  for  the  hot,  the  lukewarm, 
and  the  cold  bath.    The  bathing- rooms  had,  in  the 
floor,  a  bason  of  mason- work,  in  which  there  were 
seats,  and  round  it  a  gallery,  where  the  bathers  re- 
mained before  they  descended  into  the  bath,  and 
where,  also,  the  attendants  were.    There  was  abo  a 
sweating-room,  which  was  heated  by  means  of  flues, 
and  was  called  laconicwn.    This  room  had  an  open- 
ing in  the  ceiling,  through  which  the  light  fell,  and 
from  which  was  suspended  a  brazen  plate,  that  could 
be  raised  and  let  down  at  pleasure,  to  increase  or 
lessen  the  heat.     For  undressing,  for  receiving  lhe 
garments,  and  for  anointing  after  bathing,  there  were 
different  rooms ;  and  connected  with  the  bath  were 
walks,  covered  race-grounds,  tennis-courts,  and  gar- 
dens.    These  buildings,  together  wili^  a  number  of 
badiing-rooms,  were  necessary  for  a  public  bath, 
which  was  adorned  with  spleiidid  furniture,  and  all 
the  requisites  for  recreation,  and  resembled,  in  its 
exterior  appearance,  an  extensive  palace.    Roman 
luxury,  always  in  search  of  means  for  rendering  sen- 
sual enjoyments  more  exquisite,  in  later  times,  built 
particular  conduits  for  conducting  sea- water  to  the 
baths,  used  mountain  snow,  and  enlarged  these  esta- 
blishments in  such  a  way  that  even  their  ruins  excite 
admiration.     (See  Wichelhausen,   On  the  Botha  qf 
ike  Aweietds,  Mannheim,  1807.)     Among  the  Euro- 
peans,  the  Russians  have  peculiar  establishm^ts 
for  bathing,  which  are  visited  by  all  classes  of  the 
people  during  the  whole  year.    The  Russian  bath 
consists  of  a  single  hall,   built  of  wood.     In  the 
midst  of  it  is  a  powerful  metal  oven,  covered  with 
heated  stones.  Round  about  there  are  broad  benches. 
In  entering  this  hall,  you  encounter  such  a  heat,  that 
<«e  who  is  not  accustomed  to  it  can  bear  it  but  a  few 
moments.    Those,  however,  who  can  endure  it  for 
some  time,   undress  and  stretch  themselves  on   a 
mattress  upon  one  of  the  benches.    Cold  water  is 
then  poured  on  the  heated  stones ;  a  thick,  hot  steam 
rises,  which  envelopes  the  bather,  and  heats  him  to 
sodi  a  degree,  that  the  perspiration  issues  from  his 
whole  body.  The  thermometer,  in  this  steam,  usually 
rises  to  40°  or  SOP  Reaumur  (122°  to  142°  Fah.). 
After  the  Russian  has  enjoyed  his  bath  in  this  way, 
he  is  gently  whipped  with  wet  birch  rods,  rubbed 
with  soap,  in  order  to  lessen  the  perspiration,  and, 
afterwarcb,  washed  with  lukewarm  and  cold  water ; 
of  the  latter  some  pailsfidl  are  poured  over  his  head; 
or  else  he  leaps,  immediately  after  this  sweating- 
batii,  into  a  river  or  pond,  or  rolls  in  the  snow.    The 
Rosstan  of  higher  rank  takes,  after  his  bath,  a 
draught  of  English  ale,  white  wine,  toasted  bread, 
sQgar  and  citrons,  and  rests  upon  a  bed.    The  com- 
mon Russian,  after  having  cooled   himself  in  the 
snow,  drinks  some  brandy,  and  goes  again  to  his 
work.    The  people  regard  these  baths  as  a  necessary 
of  life,  and  they  are  to  be  found  in  every  village. 
They  are  also  met  with  in  Finland.— Among  tiie 
Asiatics,  baths  are  in  general  use.    Hie  Turks,  by 
tiieir  religion,  are  obliged  to  make  repeated  ablutions 
daily:  brides  these,  men  and  women  must  bathe 
in   particular  circumstances  and  at  certain  times. 
For  this  purpose,  there  is,  in  every  city,  a  public 
badi  connected  with  a  mosque;  and  rich  private 
persons  possess  private  bath-houses,  adorned  with 
'all  the  )bjects  of  Asiatic  luxury.      Besides  these 
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baths,  the  Turks  have  also  the  dry-bath  of  the 
ancients.     The  buildings  which  they  use  for  this 
purpose,   are  built  'of  stone,   and  usually  contain 
several  rooms,  the  floors  of  which  are  of  marble. 
These  rooms  are  heated  by  means  of  pipes,  which 
pass  through  the  walls,  and  conduct  the  heated  air 
to  every  part  in  the  most  perfect  manner.     After 
undressing,  they  wrap  themselves  up  in  a  cotton 
coverlet,  put  on  wooden  slippers,  in  order  to  de- 
fend the  feet  against  the  heat  of  the  floor,  and  then 
enter  the  bath-room.    The  hot  air  soon  produces  a 
profuse  perspiration;   upon  which  they  are  washed, 
wiped  dry,  combed,  and  rubbed  with  a  woollen  cloth 
At  last,  the  whole  body  is  covered  with  soap,  or 
some  other  application,  which  improves  the  skin. 
After  this  bath,  they  rest  upon  a  bed,  and  drink 
coffee,   sherbet,   or  lemonade.    The  Turkish  ladies 
daily  bathe  in  this  manner;  the  men  not  so  fre- 
quently.   A  peculiar  kind  of  baths  b  used  in  the 
East  Indies,  of  which  Anquetil  gives  the  following 
actount : — An  attendant  stretches  the  bather  upon  a 
table,  pours  over  him  warm  water,  and  begins,  after- 
wards, with  admirable  skill,  to  press  and  to  bend 
his  whole  body.    All  the  limbs  are  extended,  and  the 
joints  made  to  crack.    After  he  has  done  with  one 
side,  he  goes  on  with  the  other;  now  kneels  upon  the 
bather ;  now  takes  hold  of  his  shoulders  ;  now  causes 
his  spine  to  crack,  by  moving  the  vertebree ;  now 
applies  gentle  blows  to  the  fleshy   and  muscular 
parts.    After  this,  he  takes  a  cloth  of  hair,  and  rubs 
the  whole  body,  removes  the  hard  skin  from  the  feet 
with  pumice-stone,  anoints  the  bather  with  soap  and 
perfumes,  and  finishes  by  shaving  and  cutting  his  hair. 
This  treatment  lasts  about  three-quarters  of  an  hour, 
and  produces  the  greatest  refreshment.    An  agree* 
able  feeling  pervades  the  whole  body,  and  ends  with 
a  sweet  slumber  of  several  hours.     Public  baths  are 
common  in  Europe,  and  there  are  at  present  few 
cities  without  them.    Medicine  has  been  employed 
to  increase  the  wholesome  effects  of  baths  by  various 
compositions  and  methods  of  application.    Baths  are 
distinguished  by  the  nature  of  the  fluid,  by  the  degree 
of  heat,  and  by  their  influence  upon  the  body.   They 
are  prepared  with  water,  mUk,  wine,  &c. ;  are  of 
different  temperatures ;   and  herbs,  iron,  soap,  and 
other  substances  are  mixed  with  them,  as  the  purpose 
requires.    There  are,  also,  baths  of  earth,  sand,  air, 
vapour,  and  electric  baths.    They  are  applied  either 
to  the  whole  body,  or  only  to  a  single  part.    The 
shower-bath  afibrds  an  agreeable  and  healthful  mode 
of  bathing,  and  much  use  is  made  of  it  in  medicine. 
Mineral  baths  are  those,  the  water  of  which  natu- 
rally contains  mineral  ingredients. 

Bath,  Knights  of  the ;  a  military  order  of  Eng- 
land, concerning  the  origin  of  which  antiquaries 
differ.  It  is  certain  that  Henry  IV.,  on  the  day  of 
his  coronation,  conferred  the  degree  upon  46  knights. 
From  that  time,  the  kings  of  England  have  bestowed 
this  dignity  previous  to  coronations,  after  births  and 
marriages  ofHhe  royal  issue,  &c.  Charles  II.  created 
several  knights  of  the  Bath,  but  after  his  time,  the 
order  fell  into  neglect,  till  1725,  when  George  I. 
revived  it.  By  the  book  of  statutes  then  prepared, 
the  number  of  knights  was  fixed  at  38,  viz.  the  so- 
vereign, and  37  knights -companions.  The  king  al- 
lowed the  chapel  of  King  Henry  VII.,  in  Westminster 
Abbey,  to'  be  the  chapel  of  the  order.  The  Dean  of 
Westminster  is  dean  uf  the  order.  An  sBquire  of  the 
order  is  allowed  to  hunt  and  fish  in  the  king's  roy- 


I9S 


BAT18T 


alty,  and  it  cxempftod  ftom  terving  in  tke  office  of 
high  sheriff;  and  every  parochial  office.  JT.  B.  ia  the 
abbreviation  for  Kmght  •/  the  Baih. 

Batistb  ;  cambric ;  a  very  fine,  thick»  white,  linen 
doth.  It  is  made  of  the  beet  white  flax,  called  rami, 
which  is  cultivated  in  a  district  of  France.  In  the 
13th  century,  this  mannfactnre  is  said  to  have  been 
brought  into  vogue  by  Baptieta  Cha»brai»  in  Flan- 
ders, and  the  linen  afterwards  received  from  him 
the  name  of  batiste,  or  cambric  (<oc2e  de  Ckambrai.) 
O^ers  think  that  the  first  appellation  is  derived  from 
the  fine  linen  which  we  receive  from  India,  whore  it 
is  called  btutaa.  Different  kinds  of  batiste  are  called 
iifioiif,  daires,  oambrie$,  &c.,  and  manufactured  not 
onlv  in  France  and  the  Netherlands*  but  also  in 
Switzerland,  in  Bohemia,  and  Silesia.  The  best 
come  ffom  India.     (See  Cambric.) 

Battbrino-Rax,  see  Aribs. 

Battbbt,  in  the  military  or/ ;  1.  any  raised  place 
in  which  cannon  are  planted ;  2.  all  the  lines  of  a 
fortress,  behind  the  paf^pets  of  which  are  cannon. 
They  are  erected  in  the  open  field,  in  citadels,  on  a 
lake  or  the  sea,  before  a  place  which  is  to  be  be- 
sieged, Itc  With  regard  to  the  kind  of  artillery, 
they  are  distinguished  into  cannon,  howitzer,  mortar, 
kc.  With  regard  to  their  object,  they  are  divided 
into  breach  batteries,  used  to  attack  the  faces  or 
salient  angles  of  the  bastion  or  ravelin*  im  order  to 
make  an  accessible  breach ;  batteries  ea  ^eharpe,  or 
obHque  batteries,  which  are  erected  beside  the  br«udi 
batteries,  under  an  angle  of  ao  to  30  degrees,  in  order 
to  batter  a  breach  obliquely;  rieochei  batteries,  which 
command  the  enemy's  lines,  so  that  the  balls  roll 
akmg  the  whole  length  of  the  rampart,  and  render 
it  insecure,  &c.  Their  position  is  perpendicular  to 
the  line  which  is  to  be  enfiladed.  Mortar  batteries 
have  the  parapets  inwards,  and  no  embrasures.  In 
reepeet  to  their  position,  they  are  divided  into  hori- 
xontal,  raised,  and  sunk  batteries.  The  disposition  of 
floating  batteries  may  be  various.  Such  a  battery 
commonly  consists  of  a  raft,  in  the  middle  line  of 
which  cannon  are  placed,  having  before  them  breast- 
works made  of  bags  of  wool.  Tke  raft  ia  fastened  by 
A  strong  cable,  to  a  beam  or  anchor,  round  which 
H  is  to  be  moved,  and  brought,  by  the  aid  of  oars 
ov  rudders,  to  the  proper  place.  In  experimental 
physics,  battery  is  a  combination  of  sevend  jars  or 
metallic  plates,  to  increase  the  effect  of  electricity 
and  galvudsou    (See  Elbctbicitt.) 

Battlb.  The  object  of  a  war  may  be  obtained  in 
two  different  ways :  either  one  party  forces  the  ene- 
my, by  skilful  mancBuvres,  marches,  demonstrations, 
the  occupation  of  advantageous  positions,  &c,  to 
quit  tiie  field  (which  belongs  to  the  province  of 
ttrategy)  %  •  or  the  hostile  masses  approach  each  otiier 
(by  design  or  by  chance),  so  that  a  battle  becomes 
necessary  to  determine  vrhich  shall  keep  the  field. 
The  rules  for  insuring  a  successful  issue,  whether 
they  respect  the  preparations  for  the  conflict,  or  the 
direction  of  tiie  forces  when  actually  ei^gaged,  belong 
to  taetiee,  in  the  narrower  sense  of  the  word.  Stra- 
tegy also  shows  the  causes  which  bring  armies  toge- 
ther, and  produce  batties  without  any  agreement 
between  this  parties.  It  belongs  not  to  this  article 
to  explain  this  point.  It  may  be  sufficient  to  say,  in 
general,  that  armies  in  then:  marches  (and  conse- 

aaently  in  their  meeting),  are  chiefly  determined  by 
ke  coantmff  the  mountains  and  rivers  of  a  country. 
In  ancient  times  and  the  middle  ages,  tiie  battle- 
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ground  waa  often  chosaa  by  agreement,  and  then  the 
batUe  waa  a  mere  trial  of  strength,  a  duel  ea  grot; 
but,  in  our  time,  such  trifling  is  done  away. 

War  is  now  carried  on  for  the  real  or  pretended 
interest  of  a  nation,  or  a  ruler  who  thinks  or  pre- 
tends that  his  interest  is  that  of  the  nation.  Wars 
are  not  undertaken  for  the  purpose  of  fighting,  and 
batties  are  merely  the  consequence  of  pursuing  the 
purpose  of  the  war.  They,  arise  from  one  party'a 
striving  to  prevent  the  other  from  gaining  his  object. 
Every  means,  therefore,  of  winning  the  battie  is  re- 
sorte4  to,  and  an  agreement  can  hardly  be  thought 
of.  In  tiiia  reapect,  a  land  battle  ia  entirdy  different 
from  a  naval  battle.  The  former  is  intended  merely 
ta  remove  an  obstacle  in  the  way  of  gaining  the  ob- 
ject of  the  war ;  the  destruction  of  the  enemy,  there- 
fore, is  not  the  first  thing  sought  for.  The  views  of 
one  party  can  often  be  carried  into  effect  with  very 
little  effusion  pf  blood ;  and  if  a  general  can  obtain 
the  same  end  py  manoeuvring  as  by  a  battie,  he  cer- 
tainly prefers  the  former.  But  the  object  of  a  naval 
engi4;einent  is,  almost  always  the  destruction  of  the 
enemy ;  those  cases  only  excepted,  in  which  a  fleet 
intends  to  bring  supplies  or  reinforcements  to  a  block- 
aded port,  and  is  obliged  to  fight  to  accomplish  ita 
purpose.^— As  the  armies  of  the  ancients  were  not  ao 
well  organized  as  those  of  the  modems,  and  the  com- 
batants fought  very  littie  at  a  distance,  after  tiie  battie 
had  begun,  manoeuvres  were  much  more  difficult,  and 
troops  when  actually  engaged,  were  ahnost  entirely 
beyond  the  control  of  the  generaL  With  them  there- 
fore, the  battie  depended  almost  wholly  upon  the 
prerious  arrangements,  and  the  valour  of  the  troopa. 
Not  so  in  modem  times.  The  finest  combinational 
the  most  ingenious  manoravres,  are  rendered  possible 
by  the  better  organization  of  the  armies,  which  thas» 
generally  at  least,  remain  under  the  control  of  the 
generaL  The  battie  of  the  ancients  waa  the  rude 
beginning  of  an  art  now  much  developed.  It  is  the 
skill  of  tiie  general,  rather  than  the  courage  of  the 
soldier,  that  now  determines  the  event  of  a  battle. 
Inhere  is,  probably,  no  situation  which  requires  the 
simultaneous  exertion  of  all  the  powers  of  the  mind 
more  than  that  of  a  general  at  tne  decisive  moment 
of  a  battie.  While  the  soldier  can  yield  himself  en- 
tirelv  to  the  impulse  of  his  courage,  the  general  muat 
coolly  calculate  the  most  varied  combinationa; 
while  the  soldier  retreats,  the  general  must  endeavour 
to  tum  the  tide  of  battie  by  his  ardour  or  his  geniua. 
Daring  courage,  undaunted  firmness,  the  most  active 
and  ingenious  inventon,  cool  calculation  and  thoroo^ 
s^-posscssion,  amid  scenes  of  tremendous  agitation* 
and  under  the  consciousness  that  the  fate  of  a  whole 
nation  may  depend  on  him  alone  in  the  trying  mo- 
ment,—these  are  the  qualities  which  a  good  general 
cannot  dispense  vrith  for  a  moment.  If  it  is  the  cha- 
racter of  genius  to  conceive  great  ideas  instantane- 
ously, military  genius  is,  in  this  respect,  the  greateat. 
(xreat  generals  have  therefore  been,  in  all  age%  the 
objects  of  admiration ;  and  as  a  great  artist  may  be 
no  example  in  a  moral  point  of  view,  although  we 
admire  the  genius  displayed  in  his  productions,  ao 
we  cannot  but  bestow  the  same  kind  of  admiration 
on  the  high  intellectual  gifts  of  a  great  general.  Few 
situations,  therefore,  enable  a  man  to  acquire  higher 
glory,  than  that  of  a  great  commander  in  a  good 
cause. — If  troops  meet  accidentally,  and  are  thus 
obliged  to  fight,  it  is  called  a  reficoa^.  Further, 
batties  are  distinguished  into  ^emwe  and  i^mmmt. 
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Of  camnb,  a  btttle  wliich  ii  offoitWe  for  one  mde^  is 
drfeofthre  for  the  other.  Tacticians  divide  a  battle 
into  three  peripdt — ^that  of  the  disposition,  that  of 
tlM  combat,  and  the  decisive  moment.  The  general 
eyaminea  the  strength,  reconnoitres  the  position,  and 
sndeavoiirB  to  learn  the  intention  of  the  enemy.  If 
the  enemy  conceals  his  plan  and  position,  skirmishes 
and  partial  assaults  are  often  advisable,  in  order  to 
dtstnrb  him,  to  obtain  a  view  of  his  movements,  to 
iadu^  him  to  advanoe>  or  with  the  view  of  making 
prisoners,  who  may  be  questioned,  &c.  Since  the 
general  cannot  direct  all  these  operations  in  person, 
c^ioers  of  the  staff  and  aids  assist  him  ;  single  scouts' 
or  small  bodies  are  sent  out,  and  spies  are  employed. 
Any  person  or  thing  (ministers,  peasants,  shepherds, 
maps,  &c.),  which  can  afford  information  of  the  ene^ 
my,  or  the  ground  on  which  the  battle  is  likely  to 
take  place,  is  made  use  of  for  obtaining  intelligence, 
by  force  or  otherwise. 

According  to  the  knowledge  thus  acquired,  and  the 
■tate  of  the  troops,  the  plan  of  the  battle,  or  the  dis- 
position, is  made ;  and  here  military  genius  has  an 
opportunity  to  display  itself.  There  is  an  immense 
differoice  between  the  quick,  clear,  and  ingenious 
disposition  of  a  great  general,  which  shows  the  lead- 
ing features  of  the  plan  to  every  commander  under 
him,  and  provides  for  all  cases,  favourable  or  un- 
finroiiTable,  with  a  lew  distinct  touches,  without  de- 
priving the  different  commanders  of  freedom  of  action, 
and  t£e  slow,  indistinct,  minute,  and  after  all,  inac- 
curate dispositions  of  a  feeble  commander.  Napo- 
leon's dispositions  are  real  masterpieces.  Like  a 
great  artist,  he  delineates,  with  a  few  strokes,  the 
whole  character  of  the  battle ;  and  as  the  disciples 
of  Ri^hael  assisted  is  the  painting  of  his  pictures, 
hot  necessarily  worked  in  the  great  style  of  their 
■nstv,  which  his  first  lines  gave  to  the  picture,  so 
afl  the  skilful  generals  under  Napoleon  laboured  for 
the  aocomplishment  of  one  greiEit  end,  sometimes 
disclosed  to  them,  sometimes  concealed  in  the  breast 
•f  the  commander.  To  the  dis^sition  also  belongs 
the  detaching  of  large  bodies  which  are  to  co-operate 
ia  the  battle,  but  not  under  the  immediate  command 
of  the  chief.  The  plan  of  the  battle  itself,  the  poei- 
tkm  of  ^e  troops,  Itc,  is  called  the  wrder  cf  battle 
im-drt  de  hataOU).  This  is  either  the  pandlel,  or 
the  endosiag  (if  the  enemy  cannot  develope  his  forces, 
or  you  are  strong  enough  to  outflank  him),  or  the 
obiiqae.  When  each  division  of  troops  has  taken  its 
poaition,  and  received  its  orders,  and  the  weaker 
pointa  have  been  fortified  (if  time  allow|  it),  the  ar- 
tflleiy  placed  on  the  most  favourable  points,  all 
<»|ta<twMi  connected  by  bridges ;  villages,  woods,  &c., 
taken  possession  of,  and  all  impediments  removed  as 
far  as  possible  (which  very  <Hten  cannot  be  done, 
except  by  fitting),  then  comes  the  second  period — 
that  of  ibe  engagement.  Ihe  combat  begins,  either 
cm  several  points  at  a  given  signal,  as  is  the  case 
when  the  armies  are  Very  large,  and  a  genertd  at- 
tack is  intended ;  as,  for  instance,  at  Leipsic,  where 
three  fire-balls  gave  the  signal  for  battle  on  the 
side  of  die  allitt;  or  by  iSarmishes  of  the  light 
troops,  which  is  Uie  most  common  case.  The  ar- 
tillery endeavours  to  dismount  the  batteries  of  the 
enemy,  to  destroy  his  columns,  and,  in  general,  to 
break  a  passage,  if  possible,  for  the  oihsr  troops. 
llie  forces,  at  the  piesent  day,  are  brought  into 
aetioo  mostly  in  columns,  and  not  as  fonneriy,  in 
Umg,  but  weak  lines.    Here  the  «kill  of  the  com- 


manders oi  battalions  is  exerted.  Upon  them  rests 
the  principal  execution  of  the  actual  combat.  The 
plans  and  order  of  a  general  reach  only  to  a  certaui 
point ;  the  chiefs  of  battalions  must  do  tne  great  work 
of  the  battle.  Before  the  battle,  the  general  places 
himself  upon  a  point,  from  which  he  can  seethe 
conflict,  and  where  he  can  easily  receive  reports— 
upon  a  hill,  m  a  windmill,  &c.  Sometimes,  if  there 
is  no  such  favourable  point,  a  staging  is  erected.  Na- 
poleon stood  upon  such  a  one  in  the  battle  of  Wa- 
terloo. A  few  men  are  near  him,  as  his  body-guard ; 
others  takea charge  of  the  plans  and  maps;  tele- 
scopes are  indispensable..  He  often  sends  one  of  his 
aids  to  take  instant  command  of  the  nearest  body  of 
cavalry,  in  order  to  execute  an  order  which  must  be 
carried  into  effect  quickly.  He  receives  the  reports 
of  the  generals  under  him,  and  gives  new  orders; 
disposes  of  the  troops  not  yet  in  action ;  strengthens 
weak  points;  throws  his  force  upon  the  enemy, 
where  he  sees  them  waver ;  or  changes  if  necessary, 
with  a  bold  and  ingenious  thought,  the  whole  order 
of  battle.  The  general  now  uses  every  means  to  bring 
on  the  third  period  of  the  battle — ^the  decisive  mo- 
ment. This  cannot  always  be  the  result  of  combi- 
nations. It  often  takes  place  much  sooner  than  was 
expected ;  it  is  often  protracted  by  accidents,  want 
of  energj  on  the  part  of  the  commanders,  &c.— 
Sometimes  all  the  operations  are  drawing  to  the 
end  which  the  general  has  been  aiming  to  attain, 
when  an  unforeseen  accident  suddenly  gives  a  new 
impulse  to  the  enemy.  Victory  or  defeat  depend 
now  upon  one  moment,  one  hi^ipy  idea.  Perhaps 
it  is  all  important  to  break,  at  once,  the  enemy's  cen- 
tre ;  perha^  to  concentrate  the  destructive  power  of 
the  artillery,  and,  sweeping  away  some  obstacle,  to 
send,  as  Napoleon  often  did,  a  torrent  of  cavalry 
upon  a  certain  point.  Any  thing  which  can  carry 
disorder  into  the  ranks  of  the  enemy  is  of  great  use. 
If  he  begins  to  waver,  or  to  retreat  in  order,  or  fly 
in  disorder,  it  is  always  necessary  to  follow  up  the 
victory  with  all  possible  vigour  and  celerity.  This  is 
as  important  as  victory  itself.  Napoleon  was,  till 
the  last  war  in  Germany,  a  master  in  this  particular. 
There  are  three  maxims  as  important  for  the  general 
as  they  are  aimple: — 1.  Know  your  enemy,  his 
strength  and  intentions :  2.  make  all  the  operations 
and  manoeuvres  of  the  parts  coincide,  as  much  as 
possible,  with  the  great  plan  of  the  battle ;  3.  pur* 
sue  victory  to  the  utmost.  It  is  also  a  maxim,  in  re- 
gard to  battles,  as  well  as  to  the  conduct  of  war  ge- 
nerally, to  make  the  enemy  conform  to  your  pla^, 
and  to  avoid  the  necessity  of  accommodating  your- 
self to  his.  (See  the  second  division  of  this  work, 
in  which  examples  will  be  given  illustrative  of  the 
most  celebrated  engagement  in  ancient  and  modem 
times.) 

Battlk  Axb  ;  a  weapon  much  used  in  the  early 
part  of  the  middle  agra,  particularly  by  the  peo|;^ 
who  fought  on  foot.  It  was  not  uncommon,  how- 
ever, among  the  knights,  who  used  also  the  mace, 
a  species  of  iron  dub  or  hammer.  Both  are  to  be 
seen  in  the  different  collections  of  old  arms  m  Europe. 
Both  these  weapom,  and  another  kind,  called  m 
German  MorgmuUin  (morning  star),  consisting  of  a 
staff,  having  an  iron  biBdl  at  tibe  end,  with  cross  iron 
spikes,  served  to  give  stunning  blows,  whose  force 
was  felt  through  the  iron  armour  of  the  knights. 
Knights  used  chiefly  the  Mvrgm^tein  and  the  mace. 
The  Greeks  and  Romans  did  not  empley  the  battle  ^ 
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axe,  though  it  was  found  among  contemporary  na- 
tions. In  fact,  the  axe  is  one  of  the  earliest  weapons, 
its  use,  as  an  instrument  of  domestic  industry,  na- 
turally suggesting  its  application  for  purposes  of 
offence;  bat,  at  the  same  time,  it  will  always  be 
abandoned  as  soon  as  the  art  of  fencing,  attacking, 
and  guarding  is  the  least  cultivated;  because  the 
heavier  the  blow  given  with  this  instrument,  the 
more  will  it  expose  the  fighter.  It  is  a  weuK)n 
which  affords  hardly  any  guard,  and  it  never  v^uld 
have  remained  so  long  in  use  in  the  middle  ages, 
had  it  not  been  for  the  iron  armour,  whith  protected 
the  body  from  every  thing  but  heavy  blows.  In 
England,  Ireland,  and  Scotland,  the  battle-axe  was 
much  employed.  At  the  battle  of  Bannockbum, 
king  Robert  Bruce  clove  an  English  champion  down 
to  Uie  chine  with  one  blow  of  his  axe.  A  blow  of 
equal  force  was  given  by  a  Suabian  knight,  in  the 
Levant,  in  presence  of  the  German  emperor.  The 
Lochaber  axe  remained  a  formidable  implement  of 
destruction  in  the  hands  of  the  Highlanders  nearly 
to  the  present  period,  and  is  still  used  by  the  city 
guard  of  Edinburgh  in  quelling  riots,  &c. 

Battle- PiBCB ;  a  painting  which  represents  a 
battle,  exhibiting  large  masses  of  men  in  action. 
The  armour  of  the  ancients,  and  the  whole  array 
and  action  of  their  battles,  afford  subjects  much 
more  favourable  to  the  artist  than  the  straight  lines, 
or  condensed  columns,  and  the  fire-arms  of  the  mo- 
dems. A  painter  of  battle-pieces  ought  to  have  an 
accurate  knowledge  of  the  appearance  of  horses  and 
men,  and,  if  possible,  to  have  seen  a  battle,  as  few 
persons  are  able  to  form  from  hearsay  an  accurate 
idea  of  such  a  scene.  Some  of  the  greatest  pieces  of 
this  kind  are,  the  battle  of  Constantine,  of  which  the 
cartoons  were  drawn  by  Raphael,  and  which  was 
executed  by  Giulio  Romano ;  Lebrun's  battles  of  Alex- 
ander, and  the  battles  of  the  Amazons,  by  Rubens. 
From  these  may  be  distinguished  the  skirmishes, 
surprises,  &c.,  which  are  represented  with  so  much 
skill  by  Antonio  Tempesta,  John  Snellink,  Jos.  van 
der  Velde,  John  Asselyn,  Peter  Sneyers,  Robert  van 
Hoek,  Fulcone,  called  oracolo  delle  battagUe,  James 
Courtois,  Francis  van  der  Meulen,  Philip  Wouver- 
mann,  Charles  Breydel,  Henry  Verschuuring  and, 
George  Philip  Rugendas. 

Bayonet.  This  is  the  name  of  the  iron  blade, 
formed  like  a  dagger,  and  placed  upon  the  muzzle  of 
the  musket,  which  is  thus  transformed  into  a  thrust- 
ing  weapon.  It  was  probably  invented,  about  1640, 
in  Bayonne,  and  was  used  m  the  Netherlands,  in 
1647,  but  was  not  universally  introduced  until  after 
the  pike  was  wholly  laid  aside,  in  the  beginning  of  the 
18th  century.  Since  the  general  war  in  Europe,  some 
officers  have  adopted  the  idea  of  former  military  writers 
(for  instance,  Guibert),  of  increasing  the  efficiency  of 
the  bayonet  by  a  more  regular  exercise  of  the  infantry 
in  its  use.  A  Saxon  captain,  von  Selmitz,  has  the 
merit  of  having  first  developed  this  idea  in  a  system- 
atic treatise.  As  cavalry  are  often  counted  by  horses, 
infantry  are  sometimes  counted  by  bayonets.     * 

Beam,  in  Architecture ;  a  long  and  large  piece  of 
timber,  into  which  the  feet  of  the  principal  rafters, 
king  posts,  &c.,  are  framed ;  intended  also  to  tie  the 
walls  of  the  building  together ;  contradistinguished 
from  those  used  in  the  floors,  which  are  called  girders, 
and  those  which  are  used  to  support  the  fronts  of 
^louses,  which  are  called  brestsomers. 

Bbab,  in  Attronomy;  a  name  given  to  two  constel- 


lations called  the  greater  and  the  lesser  bear,  or  ursa 
major  and  minor. 

The  polar  star  is  said  to  be  in  the  tail  of  the  lesser 
b«ar ;  this  star  is  never  above  two  degrees  distant 
from  the  north  pole  of  the  world.     (See  Ursa.) 

Bebr  ;  a  fermented  liquor,  made  from  any  farina- 
ceous grain ;  but  generally  from  malted  barley.  This 
is  effected  by  extraction  with  water  and  fennenta- 
tion.  With  this  view,  a  quantity  of  malt  freed  from 
its  germs,  and  sufficient  for  one  brewing,  is  coarsely 
bruised  by  grinding,  and  being  placed  in  the  mash- 
tub,  after  being  well  mixed  with  tepid  water,  its 
temperature  is  considerably  raised.  When  the  whole 
mass  has  been  well  stirred,  and  then  allowed  to  sub- 
side,  the  extract  (mash),  or  sweet-wort,  is  brought 
into  the  boiler ;  and  the  malt  remaining  in  the  tub, 
is  once  more  extracted  by  infusion  wi£  hot  water. 
This  second  extract,  treated  in  like  manner,  is  added 
to  the  first,  and  both  are  boiled  together.  This  clear 
infusion  is  now  drawn  off,  and  called  boiled  wort. 
To  render  the  beer  fitter  for  digestion,  as  well  as  to 
fit  it  for  the  market,  hops  are  added.  After  which 
it  ought  to  be  quickly  cooled,  to  prevent  its  transition 
to  the  acetous  fermentation,  which  would  ensue, 
if  it  were  kept  too  long  at  a  high  temperature.  On 
thb  account,  the  wort  is  transferred  into  the  cooler ; 
where  it  is  exposed  with  a  large  surface  to  cold  air, 
and  from  this  to  the  fermenting-tub,  that  by  the  ad- 
dition of  a  sufficient  portion  of  recent  yeast  it  may 
begin  to  ferment.  When  this  fermentation  has  pro- 
ceeded to  a  due  degree,  and  the  yeast  ceases  to  rise, 
the  beer  is  conveyed  into  casks,  placed  in  cool  cellars^ 
and  the  fermentation  completed.  It  now  becomes 
what  is  called  "  barrelled  beer,"  with  the  precaution 
of  occasionally  filling  up  the  vacancy  caused  in  the 
vessel  by  evaporation.  Or,  the  beer  is  bottled  before 
it  has  done  fermenting  ;  and  the  bottles  are  stopped 
a  little  before  the  fermentation  is  completely  over. 
By  so  doing,  the  bottled  beer  is  rendered  sparkling. 
In  this  state  it  frequently  bursts  the  bottles,  by  the 
disengagement  of  the  carbonic  acid  gas  which  it 
contains;  and  it  effervesces  like  champaign,  when 
brought  into  contact  with  air,  on  being  poured  into 
another  vessel. 

Beer,  well  prepared,  should  be  limpid  and  clear, 
possess  a  due  quantity  of  spirit,  excite  no  disagree- 
able sweet  taste,  and  contain  no  disengaged  add. 
By  these  properties  it  is  a  species  of  vinous  beverage^ 
and  is  distinguished  from  wine,  in  the  strict  sense* 
and  other  liquors  of  that  kind,  by  the  much  greater 
quantity  of  mucilaginous  matter  which  it  has  re- 
ceived by  Extraction.  "Brown  beer"  derives  its 
colour  from  malt  highly  dried  in  the  kiln,  and  ita 
bitterish  taste  from  the  hops.  "  Pale  beer"  is 
brewed  from  malt  still  lower  dried. 

In  the  above  notice  we  have  confined  ourselves  to 
the  simplest  process  for  the  brewing  beer.  Porter 
fitted  for  the  London  market  is  a  very  different  com- 
pound, and  will  be  described  under  that  head. 

Bell,  a  vibrating  instrument,  ranked  by  musicians 
among  the  number  of  musical  instruments  of  percus- 
sion. The  parts  of  a  bell  are  the  body  or  bairel,  the 
clapper  within  side,  and  the  suspending  links.  It 
is  usually  formed  of  a  compound,  called  bell-metal. 
The  thickness  of  its  edges  is  usually  l-15th  of  its  dia- 
meter, and  its  height  twelve  times  its  thickness.  The 
bell -founders  have  a  diapason,  or  bell-scale,  with 
which  they  measure  the  size,  thickness,  we'.ght,  and 
tone  of  their  bells. 
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The  sound  of  a  bell  arises  from  a  vibratory  motion 
of  the  parts  thereof,  much  like  that  of  a  musical 
chord.  The  stroke  of  the  clapper,  it  is  obvious,  must 
change  the  figure  of  the  bell,  and  from  a  round  make  it 
oval ;  but  ^e  metal  having  a  great  degree  of  elasticity, 
that  part  which  the  stroke  drove  farthest  from  the 
centre  will  fly  back  again,  and  this  even  somewhat 
nearer  the  centre  than  ]>efore ;  so  that  the  two  points, 
which  before  were  the  extremes  of  the  longer  dia- 
meter, now  become  those  of  the  shorter.  Thus,  the 
ctrcnmference  of  the  bell  undergoes  alternate  changes 
of  figure,  and  gives  that  tremulous  motion  to  the  air, 
in  which  sound  consists. 

M.  P^nault  maintains,  that  the  sound  of  the  same 
bell  or  chord,  is  a  compound  of  the  sound  of  the  se- 
veral parts  thereof;  so  that  where  the  parts  are  ho- 
mogeneous, and  the  dimensions  of  the  figure  uniform, 
there  Is  such  a  perfect  mixture  of  all  these  sounds,  as 
constitutes  one  uniform,  smooth,  even  sound;  and 
the  contrary  circumstances  produces  harshness.  This 
he  proves  from  the  bell's  diflfering  in  time  according 
to  the  part  you  strike ;  and  yet  strike  it  any  where, 
there  is  a  motion  of  all  the  parts.  He  therefore  con- 
siders bells  as  composed  of  an  infinite  number  of 
rings;  which,  according  to  their  different  dimensions, 
have  different  tones,  as  chords  of  different  lengths 
have;  and  when  struck,  the  vibrations  of  the  parts 
immediately  struck  determine  the  tone  being  sup- 
ported by  a  sufficient  number  of  consonant  tones  in 
the  other  parts.  Mr.  Hawksbee,  and  others,  have 
**  found,  by  exp^ment,  that  the  sound  of  a  bell  struck 
under  water,  is  a  fourth  deeper  than  in  the  air ; 
though  Mersennus  says,  it  is  of  the  same  pitch  in 
both  elements.  This  writer  has  treated  largely  of 
the*  different  metals  of  which  bells  are  formed,  of 
tiieir  figure,  crassitude,  and  degrees  of  ponderosity, 
as  they  respect  each  o^er  in  a  given  series. 

Bells  are  observed  to  be  heard  farther,  placed  on 
fdains,  than  on  hills;  and  still  farther  in  valleys, 
than  on  plains :  the  reason  of  which  it  will  not  be 
difficult  to  assign,  if  it  be  considered  that  the  higher 
Uie  sonorous  body  b,  the  rarer  is  its  medium ;  con- 
sequently the  less  impulse  it  receives,  and  .the  less 
proper  vehicle  it  has  to  convey  it  to  a  distance. 
There  is  a  curious  observation  in  a  paper  of  M. 
Beanmur's,  in  the  Memoirs  of  the  Paris  Acadenty, 
relating  to  the  shape  most  proper  for  bells,  to  give 
them  the  loudest  and  clearest  sound.  He  observes, 
that  as  pots,  and  other  vessels  more  immediately 
necessary  for  the  service  of  life,  were  doubtless  made 
before  bdls,  it  probably  happened,  that  the  observing 
these  vessels  to  have  a  sound  when  struck,  gave  oc- 
casion to  making  bells,  intended  only  for  sound,  in 
that  form :  but  that  it  does  not  appear  that  this  is 
the  most  eligible  figure ;  for  lead,  or  metal,  which 
is,  m  its  common  state,  not  at  all  sonorous,  yet  be- 
oonies  greatly  so  on  being  cast  into  a  particular 
foirm,  and  that  very  different  from  the  common  shape 
c»fbells. 

In  melting  lead  for  the  common  occasions  of  cast- 
ing in  small  quantities,  it  is  usually  Effected  in  an 
iron  ladle ;  and  as  the  whole  is  seldom  poured  out, 
the  remainder,  which  falls  to  the  bottom  of  the  ladle, 
coob  into  a  mass  of  the  shape  of  that  bottom.  This 
is,  consequently,  a  segment  of  a  sphere,  thickest  in 
the  middle,  and  thinner  towards  the  edges :  nor  is 
the  ladle  any  necessary  part  of  the  operation,  since,  if 
a  mass  of  lead  be  cast  in  that  form  in  a  mould  of 
cartfi  or  sand,  in  any  of  these  cases  it  is  found  to  be 
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very  sonorous.  Now,  if  this  shape  alone  can  give 
sound  to  a  metal,  which  in  other  forms  is  perfectly 
mute,  how  much  more  must  it  necessarily  give  it  to 
other  metals  naturally  sonorous  in  whatever  form. 
It  should  seem  that  bell^  would  much  better  perform 
their  office  in  this  than  any  other  form,  and  that  it 
must  particularly  be  a  thing  of  great  advantage  to 
small  bells  of  common  house-clocks,  which  are  re- 
quired to  have  a  shrill  note,  and  yet  are  not  allowed 
any  great  size.  M.  Reaumur  very  judiciously  ob- 
serves, that  if  our  forefathers  had  oppoitnnities  of 
being  acquainted  with  the  sound  of  metals  in  this 
shape,  we  should  probably  have  had  all  our  bells  at 
present  of  this  form. 

With  regard  to  the  origin  of  bells,  those  of  a  small 
size  are  very  ancient ;  but  those  of  a  large  bulk,  hung 
in  towers  and  hung  by  ropes,  were  introduced  at  a 
much  later  period.  Among  the  Jews,  it  was  or- 
dained by  Moses,  that  the  lower  part  of  the  blue 
robe  which  was  worn  by  the  high-priest  in  religious 
ceremonies,  should  be  adorned  with  pomegranates 
and  gold  bells  intermixed  at  equal  distances. 

The  kings  of  Persia  are  said  to  have  had  the  hem 
of  their  robes  adorned,  like  that  of  the  Jewish  high 
priests,  with  pomegranates  and  gold  bells.  The 
Arabian  princesses  wear  on  their  legs  large  hollow 
gold  rings,  filled  with  small  fruits,  which  sound  like 
bells,  when  they  walk ;  and  these,  with  similar  ap- 
purtenances, give  notice  that  the  mistress  of  the 
house  is  passing,  so  that  the  servants  of  the  family 
may  behave  with  respect,  and  strangers  may  retire 
to  avoid  seeing  the  person  who  advances.  Calmet 
supposes,  that  it  was  with  some  such  design  of  giving 
notice  that  the  high-priest  was  passing,  that  he  wore 
little  bells  at  the  hem  of  his  robe  ;  and  it  was  also 
a  kind  of  public  notice  that  he  was  about  to  enter 
into  the  sanctuary. 

In  the  court  of  the  king  of  Persia,  no  one  entered 
the  apartments  without  some  warning ;  and  thus  the 
high-priest,  when  he  entered  the  sanctuary,  desired 
permission  4o  enter  by  the  sound  of  his  bells,  and 
in  so  doing,  he  escaped  the  punishment  of  death 
annexed  to  an  indecent  intrusion.  The  prophet 
Zacharias  speaks  of  bells  of  the  horses,  which  were 
probably  hung  to  the  bridles  or  foreheads  of  war- 
horses,  that  they  might  thus  be  accustomed  to  noise. 
Among  Christians,  Qiey  were  first  employed  to  call 
together  religious  congregations,  for  which  purpose 
runners  had  been  employed  before.  Aflerwftrds  the 
people  were  assembled  by  the  sound  of  little  pieces 
of  board  struck  together ;  hence  called  sacred  boards. 
To  the  present  day,  the  Catholics  use  such  boards  in 
Passion- week  and  Lent,  because  the  noise  of  bells 
seems  to  them  unsuited  to  the  solemnity  of  the  sea- 
son. On  the  first  day  of  £aster  the  bells  ring  again, 
and  the  return  of  the  accustomed  sound  produces  a 
very  cheerful  effect.  Paulinus,  bishop  of  Nola  in 
Campania,  is  said  to  have  first  introduced  church 
bells,  in  the  fourth  century,  and  thence  the  Latin 
names  of  the  bell,  campana  and  nola,  are  said  to  have 
originated.  In  the  sixth  century  bells  were  used  in 
the  convents ;  they  were  suspended  on  the  roof  of  the 
chureh  in  a  frame.  Towards  the  end  of  this  century 
bells  were  placed  on  some  churehes  at  the  expense 
of  certain  cities.  About  550  they  were  introduced 
into  France.  Pope  Sebastian,  who  died  in  605,  first 
ordered  that  the  hours  of  the  day  should  be  an- 
nounced by  striking  tlie  bell,  that  people  might  better 
attend  to  the  hora  canoniat,  that  is,  to  the  hours  for 

N 


^02 


BELLOWS ^BEND    DEXTER. 


•mginS  sad  praying.  In  6lO»  Clotihaire  besi^ed  Sena^ 
when  Lupos,  bishop  of  Qrleaas,  ordered  the  beUt  of 
St.  Stephen  to  be  vxing.  The  aoond  so  frightened 
Clothaire,  that  he  gave  up  the  siege«  In  the  eighth 
centnry,  the  custom  of  baptizing  and  naming  bells 
began.  Church  bells  were  probably  introduced  into 
England  soon  after  their  invention.  They  are  first 
mentioned  by  Bede,  about  the  dose  of  the  aevenUd 
century.  In  the  East  they  came  into  use  in  the  ninth 
century ;  in*  Switzerland^  in  1020 ;  at  what  period 
tkey  were  brought  into  Germany  is  uncertain.  In 
the  11th  century  tiie  cathedral  at  Augsburg  had  two 
bells.  The  same  spirit  which  induced  people  to 
build  immense  minsters,  and  to  apply  thdr  wealth 
n  ornamenting  the  places  of  worship,  made  ihxm  vie 
with  each  other  in  me  size  of  their  bella.  The  gresrt 
bell  of  Moscow,  cast  in  1653,  in  the  reign  oi  the 
empress  Anne,  is  said  by  Mr.  Clarke,  to  be  com- 
puted to  weigh  443,772  Ibk  A  bell  in  the  chutch  of 
St.  Ivan,  in  the  same  city>  weighs  I27»&36  U>s.;  an- 
other, 356  cwt.;  and  the  one  cast  in  1819  weighs 
1600  cwt.,  the  clapper  alone  weighing  18  cwt  On 
the  cathedral  of  Paris  a  bell  was  placed  in  1680, 
which  weighed  340  cwt.,  and  measured  26  f^t  in 
circumference.  In  Vienna  a  bell  was  cast,  in  171  li 
of  354  cwt.  In  Olmiitz  is  one  of  358  cwt.  The 
famous  bell  at  Erfurt,  in  Germany,  which  ia  con- 
sidered to  be  of  the  finest  bell-metal,  having  the 
largest  proportion  of  silver  in  it,  and  is  baptized 
Susanne,  weighs  275  cwt.,  is  more  than  24  feet  in 
circumference,  and  has  a  clapper  of  4  feet,  weighing 
11  cwt.  Great  Tom,  of  Christ  Church,  Oxford, 
weighs  17«000  lbs.;  of  Lincoln^  9694  lbs.;  the  bell  of 
St.  Paul's,  London,  8400  lbs.;  a  bell  at  Nankin,  in 
China,  is  said  to  weigh  50,000  lbs.;  and  seven  at 
Pekim,  120,000  lbs.  each  The  inscriptions  on  old 
bells  are  curious,  and  in  some  cases,  have  even  his- 
torical value ;  and,  at  this  time,  when  cuiiosities  of 
all  kinds  are  eagerly  sought  for,  a  collection  of  these 
inscriptions  would  not  be  uninteresting.  The  dif- 
ferent uses  of  bells  have  given  rise  to  many  poems, 
some  of  which  are  inscribed  on  the  beHs  themselves. 
One  of  the  most  common  is  the  foUovnng : 

Funera  plango*  falguiu  frango,  a&bbato  pan^^ 
Bxcito  lentMk  dksipo  vantost  P*co-  eromitoa. 

Perhaps  the  finest  poem  which  has  ever  been  written 
on  bells  is  Schiller's  poem,  D»  Qlocke  (The  Bell),  in 
which  he  describes  the  casting  of  the  bell,  and  all  its 
uaesy  in  a  highly  poetical  manner.  This  has  been 
translated  into  many  languages,  and  lately  into  Greek 
and  Latin,  by  a  projfessor  at  Li^e. 

BstLOws ;  a  machine  so  formed  as  to  exhale  and 
inhale  air  by  turns,  by  the  enlargement  and  contrac- 
tion of  its  capacity.  As  soon  as  men  began  to 
make  use  of  fire,  the  importance  of  bellows  was  felt, 
since  the  natural  bellows,  if  we  may  give  this  name 
1»  the  lungs,  could  not  be  applied  to  any  great  ex- 
tent. The  invention  of  bellows  is  ascribed  to  Aria- 
eharsb,  tho  Scythian.  Probably,  this  invmition,  like 
so  many  others,  took  place  in  different  countries, 
since  the  want  which  occasioned  it  is  universal.  The 
first  deviation  from  the  ancient,  and  still  common 
form  of  the  bellows,  viras  made  by  the  Germans 
about  100  years  ago,  and  the  forms  at  present  are 
very  various,  as  many  attempts  have  been  made  for 
the  improvement  of  this  highly  important  machine, 
which  becomes  necessanr  wherever  a  p<Mverful  flame 
is  required  in  the  arti.    As  mining  is  carried  on 


eatenaiTely  in  Germany;  and  great  heat  ia  re(^iited 
in  smcking  th«  ofes»  and  w^cking  the  metals>  many 
new  kinds  of  bellows  ha^e  been  invented  in  that 
country,  of  which  we  only  mention  that  ef  Mr.  Voa 
BaadevA  i«  Munich.  It  eonsosto  of  an  eanpty  hoeu 
which  morea  np  and  down  in  iwiotberA  partially 
filled  with  water.  Between  the  bottom  of  the  empty 
box  and  surface  of  the  water  is  a  space  filled  with 
air,  which  is  driven  out  by  the  descent  of  the  en- 
closed box.  Bellows  of  very  great  power  are  gene- 
rally called  Ihmng^fnanhiitfti.  One  of  the  largest  is 
tha^k  recently  erec£^  in  £ngjaftd»  at  the  smitl^ry  ia 
the  king's  dock-yard,  at  Wocdwich.  It  is  adequate 
to  the  supfrfy  of  air  for  forty  fecge  fijes»  amongst 
whidk  are  several  for  the  forging  of  anchors,,  iron 
knees*  and  many  other  heavy  pieces  of  smithery. 
The  common  Chinese  bellows  consist  of  a  bo&  of 
wood  aboiiit  two  feet  long,  and  cma  foot  sqiure»  in 
which  a  thick.  s(|uare  piece  of  boaid,  which  exactly 
fits  the  internal  cavity  of  the  bax«.  is-  pushed  back* 
wards  and  forwards*  in  the  bottom  of  the  bax»  at 
eaeh  end,  there  is  a  small  conical  or  plug  valve  to- 
admit  the  air,  and  valves  sWfc  to  discharge  it. 

Bbllows,  Ifydr^siatie^  is  a  maffhine  constructed 
expressly  for  the  purpose  of  shewing  in  the  most 
striking  manner  that  the  pressure  of  fluids  is  aa  their 
perpendicular  heights^,  and  that  a  quantity,  however 
small,  may  be  made  to  auppovt  a  weight,  or  another 
quantity,  however  large. 

This  machine  is  reprea^led  aH 
the  accompanying  figure;  it  con- 
sists of  two  circular  boards,  about  I 
twenty  inchea  in  diameter;  these 
boards  are  connected  by  means  of  { 
strong  lea1iier»  which  entirely  sur- 
round them,  and  permits  them  to 
open  and  close  likis  a  pair  of  com* 
mon  bellows,  with  thU  difference, 
that  they  open  equally  all  round, 
and  therefore  the  bcmrds  always 
remain  parallel  to  one  another. 
The  leather,  at  its  junctures^bwell 
secured,  and  the  whole  machine  is 
water-tight.  In  the  under  board  is 
(  fixed  a  pipe  communicating  with 
the  interior,  and  reaching  to  a  con* 
siderable  he^ht  above.  Through 
this  pipe  Let  some  water  be  poured 
into  the  bellows^  and  the  i^per  board  will  be  oU" 
served  to  rise  a  little ;  place  a  weight  of  loa  pooada 
upon  it,  pour  in  more  water,  and  it  will  be  found  no 
obstruction  to  its  rising  further ;  increase  tbe  w^^ 
to  300  pounds,  and  the  pressure  of  the  water  in  te 
tube  will  overbalance  the  whole ;  add  water,  tall  te 
leathers  are  at  their  utmost  extension ;  the  water  wiU 
then  fill  in  the  tube,  and  the  upper  board  cannot  be 
depressed,  nor  the  water  forced  out  of  the  taKtu}i 
tube,  until  the  pressure  upon  it  is  more  than  that  of 
a  column  of  water,  whose  diameter  is  equal  to^  thift 
of  the  interior  of  the  b^bws,  and  its  height  equal  to 
that  in  the  tube ;  by  increasing  therefore  the  length 
of  the  tube,  a  most  enormous  weight  might  be  raised 
by  the  pressure  of  a  few  ounces  of  water. 

The  principle  of  the  hydrostatic  bellows  has  been 
applied  in  the  mventicm  of  a  very  valuable  muschine 
called  the  Hydvoitatic  Pre^s^  wluch  see. 

BsNoDEXTan.  in  Heraldry ;  is  one  of  the  nine  or- 
dinaries* and  occupies  one-third  of  the  eaefktcheon 
when  charged,  aad  one-filth  when  plain ;.  it  com^ 
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of  two  equal  lines,  drawn  diagonally  from  the  dexter 
duef  to  tiie  sinister  base  of  tbe  shidd.  This  ordina- 
ry lias  more  snbdtfisions  or  diminutives  than  any  of 
the  others,  Tiz.  beadlet^  gortier,  and  ribbon,  none  of 
which  diminutives  can  properly  be  charged. 

Bknzoio  Acid  b  obtained  by  the  application  of  a 
moderate  heat  to  the  balsam  of  Pern :  it  rises  in 
yapour,  and  condenses  in  slender  prisms,  which  are 
white  and  brilliant.  It  has  a  peculiar  aromatic 
odour.  ¥rhen  heated  on  burning  fuel,  it  inflames 
and  bums  with  a  clear  yellow  light.  It  unites  with 
alkalies  and  earths,  forming  salts  called  beiuoatM, 
which  are  unimportant,  exc^  the  benzoate  of  iron, 
whicli,  from  its  insolubility,  affords  a  convenient 
means  of  separating  iron  from  its  solutions,  so  as  to 
ascertain  its  quanti^  and  also  of  obtaining  it  free 
from  manganese,  whidi  forms  with  the  acid  a  so- 
hiUesalt. 

Bbkzoin  is  a  solid,  fragile,  vegetable  substance, 
of  a  reddish-brown  colour.  In  commerce,  two  va- 
rieties are  distinguished,  viz.  the  common  and  the 
amygdaloidal ;  the  latter  containing  whitish  tears,  of 
an  aJinoDd  shape,  diffused  through  its  substance.  It 
is  imported  from  Sumatra,  Siam,  and  Java,  and  is 
found  also  in  Sooth  America.  Benzoin  is  obtained 
from  tke  tree  called  stfrax  bemsoin,  and  perhaps  from 
some  others.  On  making  incisions  into  the  bark,  it 
flowa  out  in  die  form  a  balsamic  juice,  having  a  pun- 
gent taste,  and  an  agreeable  odour,  llie  pure  balsam 
consists  <rf  two  principal  substances,  viz.  a  resin,  and 
a  peculiar  add  termed  benxirie,  which'  is  procured 
from  tiie  mass  by  sublimation.  It  is  soluble  in 
water.  This  add  is  fbund,  also,  as  a  constituent 
priBctple  in  storax  and  the  balsams  of  Tolu  and  Pern : 
It  exists  in  the  urine  of  cows,  camels,  and  even  of 
*To«Dg  children.  It  is  sometimes  found  in  a  crystal- 
tone  form  on  the  pods  ot  the  vanilla.  Benzoin  is  not 
soluble  in  water,  but  is  readily  dissolved  in  alcohol, 
fay  the  aid  of  a  gentle  heat.  "Hie  tincture  thus  made 
is  used  in  pharmacy.  A  small  quantity  of  this  tinc- 
ture, dropped  intq  water,  forms  a  white,  milky  fluid, 
which  is  used  in  France  as  a  cosmetic,  under  the 
eiUU  frirgtMMl,  The  gum  is  a  prindpal  iogre- 
of  the  common  court  plaster.  The  add,  as 
watt  "as  tbe  gum,  b  employed  in  medicine :  they  are 
Brtmnbting,  and  act  more  particularly  upon  the  pul- 
Bonaiy  system ;  whence  they  are  used  in  asthma  and 


BBB«AjioTTa ;  a  certain  firagrant  and  cordial  es- 
sence, extracted  from  a  kind  of  lemon  in  Italy ;  the 
fr«iC  of  a  lemon  tree  ingrafted  on  a  Bergamot  pear 
tree.  The  liquor  b  an  ethenal  oil,  very  subtile,  and 
at  an  agreeable  smdl.  Medidnally  it  operates  on 
tke  keart,  tbe  stomach,  and  the  head. 

Bbbgost,  in  Commerce;  a  weight  of  173  pounds, 
by  wbi^  hemp  and  other  goods  are  sold  in  Russia. 

Bbbyx  ;  a  beautiful  sea-green  colour,  for  the  use 
of  artists,  b  prepared  under  this  name.  We  referred 
to  it  under  the  name  of  Aqua  Ma  am  a,  from  which 
it  b  enoneooslv  supposed  to  be  made.  It  is  very 
co^ly,  and  rarely  found  of  a  durable  quality. 

BnaaicH ;  a  tin  coin  at  Orinus,  in  value  much  less 
tbm  a  tething. 

BavBL,  or  Bnvn.,  in  ArehUeetMre;  mtf  angle  that 
b  not  a  r^it  angle  or  square,  or  b  more  or  less  than 
90  degMse;  fa«t  if  it  has  an  angle  of  45  degrees,  it  b 
called  a  mitre.  Also  an  instrmnent  resembling  a 
scpiare  and  the  mitre,  but  having  its  blade  moveable 
fyr  tbe  proper  adjusting  of  angles  for  the  workmen. 


It  difl'ers  from  the  square  and  the  mitre,  tbe  blades  of 
which  are  fixed  at  their  relative  degrees  of  aperture. 

Bbzamt  ;  round,  flat  pieces  of  pure  gold,  without ' 
any  impression,  supposed  to  have  been  the  current 
coin  of  Byzantium.  Thb  coin  was  probably  intro- 
duced into  coat-armour  by  the  Crusaders.  Doctor 
Henry,  in  his  History  of  England,  estimates  its  value 
at  9«.  4  id.  sterling.  The  gold  oflfered  by  the  king  of 
England  on  the  altar,  at  Uie  feast  of  the  Epiphany 
and  the  Purification,  b  called  bezant. 

BxzxL,  or  Bbzil,  in  JrcMteeture ;  the  upper  part 
of  the  collet  of  a  ring,  which  encompasses  and  fas- 
tens the  stone  in  it. 

Bbzoab  ;  a  medicinal  stone  brought  from  the  East 
and  West  Indies,  which  was  formerly  reckoned  a 
sovereign  antidote  against  poisons.  It  is  found  to 
be  a  morbid  concretion  in  the  stomachs  of  some  ani- 
mals, which  consbts  partly  of  bile  and  partly  of  resin. 
The  bezoars  are  dbtingnished  into  Oriental  bezoar ; 
found  in  the  stomach  of  an  animal  of  the  goat  kind 
in  Persia,  called  pazan.  Ocddental  bezoar,  found  in 
quadrupeds  of  the  deer  kind. ^Bezoar  hystricus, 
found  in  the  gall-bladder  of  the  Indian  porcupine. 
Monkey  bezoar,  found  in  certain  monkeys  of  Brazil. 
German  bezoar,  found  in  the  stomach  of  the  chamois. 

BiCB,  in  Painting;  a  pale  blue  colour,  which  is 
prepared  from  the  lapb  armenius  (smalt),  and  is  in- 
clined to  be  sandy.  Bice  requires  good  and  careful 
grinding,  and  after  ultramarine  (which  is  too  expensive 
for  common  use) ,  it  is  one  of  the  best  of  blues.  A  green 
colour  formed  by  mixing  the  blue  with  orpiment,  bears 
the  same  name ;  as  do  also  certain  compositions  of 
indigo  and  verditer  with  chalk. 

Biceps  (bicapital,  or  double-headed) ;  an  epithet 
for  several  muscles  having  two  heads,  as,  biceps 
cubiti,  a  muscle  of  the  elbow,  the  outermost  head  of 
which  rises  from  the  acetabulum  scapube  Biceps 
femoris,  which  rises  from  the  protuberance  of  the  is- 
chium, on  the  back  part.  Its  office  is  to  bend  the 
tibb.  Biceps  humeri,  or  biceps  flexor,  rising  by  one 
head  from  ^e  glenoid  cavity,  by  the  other  from  the 
caracoid  process.  It  acts  boUi  as  a  flexor  and  a  ro* 
tator. 

BiooT,  in  CemmeroB;  a  Venetian  liquid  measure, 
containing  the  fourth  part  of  the  amphora,  or  hah 
the  boot. 

Bile;  a  yellowbh-green  liquid  substance,  of  a 
bitter  taste.  Man  and  many  annuals  have,  on  the  in- 
ferior surface  of  the  liver,  a  peculiar  bladder,  in  which 
the  bile,  formed  by  the  liver  from  the  blood,  b  pre- 
served. It  consists  of  water  and  several  other  sub- 
stances. The  water  constitutes  the  greatest  part, 
and  keeps  the  other  parts  in  a  state  of  solution.  Tbe 
remaining  ingredients  are  a  yellow,  very  bitter,  fusi- 
ble resin,  which  contributes  most  to  the  taste  of  the 
bile ;  a  small  portion  of  natron ;  some  mineral  alka- 
line salts ;  some  oxide  of  iron ;  a  small  quantity  of  a 
yellowbh  substance,  which  is  only  partly  dbsolved 
in  the  natron ;  and  a  considerable  portion  of  albu- 
men. Thenard  and  Berzelius  have  done  much  to 
determine  the  ingredients  of  the  bile.  Its  principal 
use  seems  to  be,  to  separate  the  excrement  from  the 
chyle,  after  both  have  been  formed,  and  to  produce 
evacuations  from  the  body.  It  b  probable  that  these 
substances  vrould  remain  mbed  together,  and  they 
would,  perhaps,  even  be  partly  absorbed  together, 
were  it  not  for  tbe  bile,  which  seems  to  combine  with 
tbe  excrement,  and,  by  thb  combinatioB,  to  facilitate 
its  separation  from  the  chyle,  and  thus  to  prsvtnt  its 
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absorption.  Fourcroy  supposes  that  the  bile,  as  soon 
as  it  is  mixed  with  the  contents  of  the  intestinal 
canal,  suffers  a  decomposition;  that  its  alkali  and 
saline  ingredients  combine  with  the  chyle,  and  render 
it  more  liquid,  while  its  albumen  and  resin  combine 
with  the  excrementitious  matters,  and  gradually  ren- 
der them  less  fluid.  From  the  late  experiments  of 
Berzelius,  it  cannot  be  doubted  that  the  constituents 
of  the  bile  are  to  be  found  in  the  excrementitious 
matter ;  so  that  the  ingenious  theory  of  Fourcroy  is 
so  far  probable.  The  bile  also  stimulates  the  intes- 
tinal canal,  and  causes  it  to  evacuate  its  contents 
sooner  than  it  otherwise  would  do ;  for  when  there 
is  a  deficiency  of  bile,  the  body  is  constantly  costive. 
Biliary  calculi,  or  gall-stones,  are  sometimes  found 
in  the  gall-bladders  of  men  and  animals.  They  are 
more  rarely  met  with  in  the  substance  and  body  of 
the  liver.  Those  that  are  found  in  the  human  sub- 
ject consist,  principally,  of  that  peculiar  substance, 
called,  by  Fourcroy,  adipocire.  They  are  of  a  white, 
grayish-brown,  or  black  colour.  The  calculi  found 
in  the  gall-bladders  of  quadrupeds  have  been  thought 
to  consist  almost  entirely  of  inspissated  bile ;  but, 
,  though  much  less  complicated  than  the  conesponding 
concretions  in  the  human  subject,  they  must  contain 
something  more  than  the  inspissated  fluid,  since  they 
are  insoluble,  both  in  alcohol  and  water.  (See  Jaun- 
dice, and  Fever,  Bilious.) 

BiLiARis  Calculus,  in  Medicine;  the  professional 
term  tor  the  gall-stone. 

Bill,  in  Agriculture  ;  an  edged  tool  of  the  axe  kind, 
with  a  hooked  point,  fitted  to  a  handle,  and  used  to 
lop  boughs  off  trees,  &c.  When  short,  it  is  called  a 
"  hand-bill ;"  when  long,  a  "  hedge-bill." 

Billiards  ;  a  very  interesting  game,  contributing 
also  to  health  by  affording  the  body  moderate  exer- 
cise. It  was  originally  invented  in  France,  whence 
it  was  introduced  into  the  different  nations  of  Europe. 
It  is  generally  practised  in  almost  all  civilized  coun- 
tries, and  affords  a  very  agreeable  recreation  and 
amusement.  The  rules  for  the  different  games  of 
billiards  are  too  numerous  to  be  given  here.  They 
are  also  generally  found  in  billiard  rooms.  We  there- 
fore omit  them,  although  we  usually  give  the  rules  of 
games,  in  order  to  furnish  a  means  of  reference  in 
doubtful  cases.   T)*ey  may  be  found  in  HoyWs  Games, 

Binnacle,  or  Bittacle;  a  case  or  box  which 
contains  the  compass  for  steering  a  ship,  and  lights 
to  show  the  compass  at  night.  In  ships  steered  by 
a  wheel,  it  is  common  to  have  two  binnacles,  or  a 
double  binnacle,  for  the  convenience  of  the  steersman, 
on  either  side  of  the  wheel ;  but,  in  this  case,  the 
compasses  affect  each  other's  direction,  and  thus  ren- 
der the  ship's  course  uncertain. 

Binomial  ;  an  algebraic  expression  consisting  of 
two  terras  ;  thus,  x-\-a,  x — a  are  binomials. 

Binomial  Theorem,  the  general  algebraical  for- 
mula for  the  developement  of  any  power  of  a  bino- 
mial, or  its  expression,  in  a  series  consisting  of  single 
terms. 

A  pincer  of  a  number  is  the  phrase  employed  in 
mathematical  language  to  denote  the  result  of  the 
multiplication  of  that  number  by  itself  as  many  times 
as  are  indicated  by  the  degree  of  that  power ;  the 
obvious  mode,  therefore,  of  raising  a  number  to  any 
power,  is  to  multiply  it  successively  by  itself  the 
requisite  number  of  times.  If  we  proceed  ia  ids 
'  manner,  we  may  obtain  the  following  powers  ft"  the 
binomial  x  +  a. 


(ar-ra)'  =  ac'-|-2  ax  =  o,\ 

(x+a)^  =  3ci'\-3ax'-\-3a^x-\-<fi, 

(.r-\-ay  =  x^+Axsfi+da  V-h4  a  ax+o^, 

lx-\-a)^  =  3o^i-5ax*-\-lOa^-^lOaij^-^5a<xj-x6. 

This  table  might  be  continued  to  an  indefinite  ex- 
tent ;  the  examples  we  have  given  are,  however,  suf- 
ficient for  our  purpose.  We  see  that  the  multiplica- 
tion of  X'\'a  by  itself  once,  produces  sfi-\-2ax-]-r-; 
and  as  x  and  a  represent  no  particular  numbers,  tbis 
product,  which  is  the  square  of  their  sum,  is  a  general 
expression  for  the  square  of  the  sum  of  any  two 
numbers.  For  the  same  reason,  the  multiplication  of 
this  binomial  by  itself  two,  three,  and  four  times  re- 
spectively, or  tiie  performance  of  the  operations  in- 
dicated by  (x-\-a)*,  (x-|-a)<  and  (Jf+a)*,  famishes  us 
with  general  expressions  for  the  third,  fourth,  and 
fifth  powers  of  the  sum  of  any  two  numbers.  But 
each  of  these  expressions  is,  we  perceive,  different ; 
the  law  of  composition,  as  it  is  termed,  of  one  power, 
is  peculiar  to  that  power,  and  applies  to  no  other. 
The  square  of  the  sum  of  two  numbers  is  not  com- 
posed of  the  ctAe  of  the  frsi,  plus  three  times  the  pro- 
duct of  the  second  by  the  square  qf  the  first,  plus  three 
times  the  product  of  the  first  by  the  square  of  the  second, 
plus  the  cube  of  the  second ;  nor  is  their  cube  made  up 
of  the  square  of  the  first,  plus  twice  the  product  of  the 
first  and  second,  plus  the  square  qfthe  second.  Unless, 
therefore,  we  can  discover  some  general  principle 
which  regulates  the  formation  of  all  powers  of  a 
binomial,  we  must  necessarily  have  a  separate  ex- 
pression for  each  power;  and  as  the  number  of 
powers  is  of  course  indefinite,  so  must  also  be  that  of 
the  expressions.  A  formula  has,  however,  been  in- 
vented, which  is  universally  applicable  to  all  powers 
of  a  binomial,  and  which  embraces  the  law  of  com- 
position of  every  one  of  them  ;  this  formula  is  termed 
the  BiTtomial  TTieorem,  and  its  demonstration  is  the 
subject  of  the  present  article. 

It  will,  indeed,  at  once  be  seen  that  in  each  of  the 
expressions  which  we  have  already  obtained,  the 
exponents  of  the  letters  of  the  different  terms  obey 
the  same  simple  law ;  but  it  is  not  so  easy  to  per- 
ceive that  one  common  principle  regulates  their  nu- 
merical coefficients.  This  was,  however,  ascertained 
by  Newton,  who  dbcovered  the  existence  of  a  certain 
relation  between  the  coefficient  of  any  term,  and  the 
coefficient  and  exponent  of  the  one  preceding,  which 
enabled  him  at  once  to  raise  a  binomial  to  a  power 
of  any  given  degree,  without  being  compelled  to 
ascend  to  it  gradually  through  all  tibie  inferior  de- 
grees, or  even  to  have  recourse  to  the  general  for- 
mula. On  the  subject  of  the  reasonings  by  which  he 
was  led  to  the  discovery  of  this  law,  Newton,  has 
left  us  no  information;  he  appears,  indeed,  from  his 
own  account,*  to  have  sought  it  empirically,  and  to 
have  formed  it  from  an  investigation  of  particular 
cases  ;  but  it  has  since  been  rigidly  established^  as  a 
universal  law,  in  a  variety  of  ways.  Of  the  different 
demonstrations  which  exist,  the  most  elementary  is 
that  founded  on  the  theory  of  combinations ;  there- 
fore>  in  the  following  investigation,  we  necessarily 
presume  the  reader  to  be  acquainted  vrith  that  theory, 
for  an  explanation  of  which  we  refer  to  the  article 
Permutations  and  Combinations. 

It  may  be  advisable  to  recapitulate  some  of  the 
results  which  are  there  obtained.    The  number  of 

•  In  a  letter  dated  October  24.  1676,  which  he  addressed  to 
Oldenburg,  one  of  the  secretaries  of  the  Royal  Society,  to  be 
transmitted  by  him  to  Lcibuitx.  It  Is  that  numbcnM  LV.  in 
CoHMt  Comm&rcium  Bputolicvm. 
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combinations  of  which  m  letters  are  susceptible, 

m.(m — 1) 
taken  two  at  a  time,  is  expcessed  by  — r — - — ;  taken 

w.(m — 1).  (w— 2)    ^ 
three  at    a   time,    by i''2~'i '  four  at  a 

time^by r"2~T~4 '  generally, 

when  taken  »  at  a  time,  by 

w.  ■!— 1.  »»— a 


-Kl 


p 

Or,  if  -p:  represent  the  number  of  combinations 

of  a  letters  taken  n — 1  at  a  time. 

P  (m-— «-f  1) 

Q» 
will  express  those  of  the  same  number  of  letters 
taken  n  at  a  time.  These  formulae  should  be  well 
understood  and  remembered,  as  they  are  of  essential 
importance  in  the  investigation  to  which  we  now 
proceed. 

We  remarked,  that  it  was  not  easy  to  recognise 
any  common  principle  which  regulated  the  formation 
of  the  numerical  coefficients  of  the  terms  of  all  the 
differoit  powers  of  the  binomial  x-f  a*  If  we  reflect 
for  a  moment  on  the  nature  of  the  process  of  multi- 
plication, we  shall  perceive  that  these  coefficients 
arise  horn  the  reduction  that  takes  place  between  the 
like  terms  which  must  necessarily  occur  in  a  product 
resulting  from  the  multiplication  of  factors  which 
are  all  equal.  This  will  at  once  be  rendered  apparent 
by  performing,  at  full  length,  some  one  of  the  opera- 
tions by  which  we  have  obtained  those  powers, — 
that  of  die  square  or  second  power,  for  instance  : 


x^-j-ax  -f  oJp-f  a*  =  jr«-f  2  liar  -^a*. 

Here,  in  oon8ec{uence  of  the  similarity  of  the  two 
Actors  {x-\-a),  (^-j-a),  the  term  ax  occurs  twice  in 
their  product,  once  as  the  result  of  the  multiplication 
of  a  in  the  multiplicand  by  a:  in  the  multiplier,  and 
again,  as  the  result  of  multiplication  of  x  in  the  mul- 
tiplicand by  a  in  the  multiplier.  The  simplification 
of  the  product  produces  the  numerical  co^lcient  2. 
But  let  us  alter  the  second  term  of  one  of  the  factors, 
and  for  a  substitute  b ;  there  will  then  be  no  two 
terms  in  both  which  are  similar,  therefore  we  shall 
have  DO  like  terms,  and  cotosequently  no  numerical 
coefflciwit  in  their  product.    We  have 

(x-|-a)  (jp-|-6)  =  x*-|-aar-|-&it-fiiA, 
or,  collecting  aU  tiie  terms  containing  the  same  power 
of  X  into  the  same  column,  the  product  becomes. 


a?»-|-a 


x-^-ab 


This  dissimilarity  of  the  factors  renders  the  law  of 
iposition  of  the  product  of  two  binomials  more 
apparent  than  in  the  disguised  form  in  which  that 
product  is  obtained,  when  those  factors  are  alike ; 
ACBce,  our  investigation  of  this  law  will  be  greatly 
ISicilitated  by  observing  its  character  when  it  occurs 
in  that  more  undisguised  state.  To  each  of  the  bino- 
mial factors  then,  which  we  employ,  let  us  give  a 
dilTerent  second  term;  that  is  to  say,  for  (x^a) 
(x-f  a)  or  (x-^ay,  let  us  substitute  it^d)  (j^H-6)  ; 
far    (x+o)»,    ix^a)    (jr+6)    (t+c)  ;    for   Cr-fa)4, 


(ar-f  a)  (x-j-b)  (*+c)  (^-{-d),  and  so  on.  We  shall 
thus  obtain  the  following  results,  according  to  the 
ordinary  rules  of  algebraical  multiplication : 

a?-|-o 

x-\-b 


(1.)  ..  or* -fa 
a?-i-c 


x-^ab 


(2.)  .. 


x-\-a 

+c 
x-\-d 


afi-^ab 

-f-flC 

-hbe 


X'\-abc 


(3.) 


+  a 

x*+ab 

x*-{-abc 

+  6 

-\-ae 

-habd 

+  c 

+ad 

-^aed 

+rf 

+  be 

-^bcd 

-hM 

-^cd 

x-^abcd 


The  expressions  (1),  (2),  (3),  are  the  products 
respectively  of  two,  three,  and  four  binomials ;  for 
convenience,  we  have  arranged  all  the  terms  of  each, 
which  contain  the  same  power  of  x  in  the  same 
column,  writing  that  power  itself  only  once.  This 
method  is  much  more  convenient  than  that  of  dis- 
posing those  terms  in  the  same  horizontal  line,  for 
instance,  than  the  arrangement  of  abx'^acx'\-bcx, 
in  the  form  of  (a6-|-ac-|-6c)  x.  In  either  case,  the 
expression  is  considered  as  a  single  term,  in  this  par. 
ticular  example,  made  up  of  the  factors  (job-j-ac-i-bc) 
and  X;  and  ab-j-ac-^-bc  is  called  the  coefficient  of  x- 
in  that  term.  If  we  now  examine  these  products, 
we  shall  observe  the  following  law  to  regulate  the 
formation  of  each : 

1°.  Tlie  exponent  of  ^  in  the  first  term  is  equal  to 
the  number  of  binomials  multiplied ;  in  the  second, 
it  is  one  less  than  that  number,  and  each  succeeding 
term  it  decreases  by  unity,  until  in  the  last  it  becomes 
equal  to  zero.  It  follows  from  this  observation,  that 
the  number  of  terms  (in  the  extended  sense  of  the 
word)  in  each  product  is  greater  by  one  tiian  the 
number  of  bmomials,  whose  multiplication  gives  that 
product. 

2°.  The  coefficient  of  a:  in  the  first  term,  or  that 
containing  the  highest  power  of  that  letter,  is  unity ; 
in  the  second,  whose  exponent  is  one  less  than  that 
of  the  first,  it  is  equal  to  the  sum  of  the  second  terms- 
of  all  the  binomial  factors ;  in  the  third,  whose  expo- 
nent is  two  less  than  that  of  the  first,  to  the  sum  of 
the  different  products  obtained  by  the  multiplication 
of  every  two  of  those  second  terms ;  in  the  fourth, 
whose  exponent  is  three  less  than  of  the  first,  to  the  sum 
of  all  the  products  of  every  three  of  them,  and  so  on. 

3^.  The  last  term  is  equal  to  the  product  of  all 
the  second  terms  of  the  binomials. 

We  have  thus  found  a  certain  law  to  regulate  the 
formation  of  the  respective  products  of  two,  three, 
and  four  biuomials.  Were  we  to  examine  those 
resulting  from  the  multiplication  of  five,  six,  seven, 
or  eight,  and  the  binomials,  we  should  find  them  alV 
to  obey  a  law  precisely  similar.  Hence,  wc  might 
from  analogy  conclude,  that  the  same  would  be  the 
case  with  any  number  of  binomials,  and  that  the  law 
m  question  was  general.  But  analogy  is  not  enough; 
we  must  have  rigid  proof  before  wc  can  be  Warranted 
in  drawing  such  a  conclusion.  This  we  may  obtain 
I  in  the  following  manner : 
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Suppose  it  to  be  the  case,  that  this  law  does  hold 
good  for  the  product  of  a  certain  number  which  we 
will  call  m,  of  binomials ;  let  us  see  whether  it  be 
also  true>  when  the  number  is  one  greater,  or,  m  -|- 1; 
in  other  words,  when  an  additional  factor  is  intro- 
duced. The  successive  powers  of  «  will  be  ex- 
pressed by 

a«».  arm— 1    Mi— 2    2«r— 3    &c 

and  the  coefficients  of  these,  beginning  with  x^—^, 
let  us  represent  respectively  by 

A,  B,  C,  &c.» 
A  being  by  supposition  equal  to  the  sum  of  the  se- 
cond terms  of  the  tn  binomials ;  B,  to  the  sum  of  the 
different  products  of  every  two  of  those  terms ;  C,  to 
the  sum  of  the  products  of  every  three  of  them,  and 
so  on.  Then  Ax"— i  vrill  be  the  seccond  term  of  the 
product,  or  that  which  has  one  term  before  it; 
Bx"-2^  tlie  third,  or  that  having  two  terms  before 
it ;  Car«— 3,  the  fourth,  which  has  three  terms  before 
it,  and  so  on.    As  m  is  undetermined,  sp  must  be 


the  number  of  tiie  terms  in  the  product;  we  may, 
however,  give  a  general  expression  for  every  one  of 
those  terms,  by  calling  it  the  ii^  term.  liia  term 
will,  if  our  rule  be,  as  we  suppose,  true,  have  ti — 1 
other  terms  before  it.  The  exponent  of  x  which  is 
supposed  gradually  to  decrease  from  m  in  the  first 
term,  to  zero  in  the  last,  will  be  m — (» — 1),  or,  more 
simply,  m — n  -f- 1 ;  and  the  coefficient  of  that  letter 
will  be  the  sum  of  the  products  resulting  frotn  the 
multiplication  of  every  (n*~l)  of  the  second  terms  of 
the  m  binomials.  Let  us  call  thk  coefficient  M ; 
then  the  «»*  term  will  be  represented  by  Ma"-»+i. 
Similarly,  the  next,  or  (a  -f  i)*^  term,  being  that 
which  has  n  terms  before  it>  will  be  represented  by 
N«"-",  N  being  supposed  to  stand  for  the  sum  of 
the  products  of  every  %  of  the  second  terms  of  the  m 
binomials.  Finally,  if  we  designate  the  last  term,  or 
diat  consisting  of  the  product  of  all  those  second 
terms  by  U,  we  have  the  following  expression  for  the 
product  of  m  binomial  Actors. 


a«  H- Air»-i  +  B««»^« -h  0»^» Mx»-»+i  +  N«w-« -f-U.       (I.) 


This  product  we  suppose  to  obey  the  laws  which  we 
have  observed  to  obtain  in  the  particular  cases  we  ex- 
amined :  and  our  sole  object  now  is,  to  see  whether, 
such  bemg  the  case,  those  same  laws  will  hold  good 


+  I 


j»«  -i-  B  I  ««-i  -f  C 
-hlA  I  -f /B 


j^— S 


In  the  first  place,  the  law  of  the  exponents  holds 
good.  This  is  also  the  case  with  that  of  the  coeffi- 
cients. To  ascertain  this  point,  however,  we  must 
examine  them  each  separately. 

1^.  The  coefficient  of  the  first  term  is  umiy. 

2^.  By  the  supposition,  A  represents  the  sum  of 
the  second  terms  of  the  m  binomials,  and  /  is  itself 
the  second  terra  of  the  new  binomial  introduced; 
th^efore,  A  -^  lis  the  mm  qf  the  sewnd  ienns  of  the 
»  + 1  binomials.  Hence,  Uie  coefficient  of  «  in  the 
second  term  obeys  the  law  laid  down. 

3^.  By  the  hypothesis,  B  is  equal  to  the  sum  of 
all  the  products  of  every  two  of  the  second  terms  of 
the  m  binomials ;  and  as  A  represents  the  sum  of 
those  terms,  lA.  is  the  sum  of  the  products  of  each  of 
them  by  the  new  factor  /;  therefore,  B -4- Z A  expresses 
tfie  $um  of  the  prodMctB  of  every  two  of  the  second  terms 
of  the  m  +  1  binomials.  Or  the  law  is  true  for  the 
coefficient  of  x  in  the  third  term. 

4^.  C  is  the  sum  of  the  products  of  every  three  of 
the  second  terms  of  the  n  binomials ;  B  is  the  sum 
of  the  products  of  every  two  of  those  terms,  whence 
IB  expresses  the  sum  of  the  products  (each  consisting 
of  three  second  terms)  resulting  from  the  multiplica* 
tion  of  every  one  of  the  products  (each  of  two  second 
terms)  composing  B  by  the  new  second  term  /; 
therefore,  C  -}-  2B  must  represent  the  turn  qf  the  pro^ 
ducts  qf  every  three  qf  the  second  terwu  of  the  » -f- 1 
binomials.  Hence,  the  law  holds  good  for  the  co- 
efficient of  i;  in  the  fourth  term. 

The  same  would  be  found  to  be  the  case  with  the 
coefficients  of  all  the  other  tenns,  as  we  can  easily 
see  by  referring  to  that  which  is  a  general  repre- 
sentative for  every  term,  namely,  the  (fi-f- 1)***  term,  in 
which  the  exponent  of  x  is  denoted  by  (si  +  I)  — *>, 
or  IB — n  -f  1,  and  ito  coefficient  by  N  -|-  IM»  By 
the  hypothesis,  N  is  the  sum  of  all  the  products  of 
every  it  of  the  second  terms  of  the  m  binomials ;  and 
M  represents  the  sum  of  all  the  products  of  every 


when  the  number  of  factors  is  increased  by  one,  or 
made  to  become  la -f- 1.  Let  x-f  2  be  the  new  factor 
introduced ;  multiplying  the  product  of  is  binomiala 
by  it,  we  have  for  that  of  m  4- 1  binomials 


-h  N 


^— n+l 


+  nj. 


(a— I)  of  those  terms;  whence  iM  represents  the 
sum  of  the  products  obtained  by  the  multipUcatioii 
of  each  of  the  products  composing  M  by  i ;  therefore, 
N-}-  2M  expresses  the  msm  ofsMthe  proditets  qf  mnry 
n  of  the  second  terms  of  th«  m  -f  1  binomials,  for  the 
multiplication  of  each  of  the  producte  of  a — 1  second 
terms  by  the  additional  second  term  i,  renders  that 
product  a  product  of  n  second  terms. 

Finally,  U  being  by  supposition  equal  to  the  pro- 
duct of  all  the  second  terms  of  the  m  binomials, 
Ux  f,  or  IIJ,  is  the  product  of  all  the  second  terms  of 
the  m  -f- 1  binomiab<  hence,  the  last  term  ateo  fol- 
lows the  law  laid  down. 

We  have  tiius  proved  that  if  the  law  of  compo- 
sition which  we  deduced  be  true  for  the  product  of 
m  binomials,  it  is  equally  so  for  that  of  «  +  1  bino- 
mials ;  in  odier  words,  that  if  it  holds  good  for  the 
product  of  any  numbtf  of  binomiaJs,  it  holds  good 
for  that  of  a  number  one  greater.  But  we  Iniow 
that  it  is  true  for  the  product  of  four  binomials ;  it 
is  therefore  true  for  tnat  of  4  -f  1,  or  5 ;  and  heace, 
for  that  of  5H-I  or  6,  6  +  1  or  7»  and  to  on,  oounttsi^ 
upwards  for  that  of  any  n«mber  of  binomials  what- 
soever.   It  is  throefore  general. 

This  method  of  demonstration,  which  sS  a  ipeciea 
of  indttcttoB,  may  perhaps  not  at  first  appear  q«ite 
so  rigid  as  others  whi(£  are  employed  in  algebra; 
a  little  reflection  will,  however,  render  it  perfectly 
satisfactory.  It  is  one  of  die  hig^hest  importance 
and  of  frequent  application :  we  may  mention  as* 
other  instance  of  its  occurrence,  which  wiU  be  fooMl 
in  the  article  Ditisiom,  where  it  b  resorted  to  lor 
the  purpose  of  proving  the  divisibiltty  of  e» — ^  bf 
a— 6. 

Since,  then,  we  have  established  generaUy  tte  taw 
of  composition  of  the  product  of  any  number  of  bi- 
nomials, the  expression  (I),  which  is  formed  accord- 
ing to  that  law,  will  correctly  r^reeent  the  prodact 
of  m  binomials,  j:  +  a,  a?  -|-  6,  ar  +  c,  x  -|-  d,  &c.,  the 
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mLoes  of  A»  fii,  C ;  M,  N ;  U  rwHMning  as  before. 
Let  us  suppose  now  that  sdl  the  second  tenns,  a,  h, 
Cf  4,  ^bc  of  tile  m  bhiomials  are  made  equal  to  one 
anetthier,  tbat  oxs&sc:=s]j;  lihe  product  (m  +  a), 
(ff  4>  b}y  <«  4-  ^,  (ir  -I-  «^,  &C.  becomes  in  that  case 
die  ftu^or  «  -f  a  repeated  m  times,  or  <d?  +  «)"•  The 
chaaiges  in  the  devdopement  of  this  product,  or  in 
the  eippesaioii  (I)  itself  are  more  ext^isive.  1^.  The 
coeffioieoC  of  the  aeoond  term,  ora  +  ^  +  ^^-fc^/ 
&c.,  becomes  o  4-  a  -^  a  -f  a,  &c.,  or  a  repeated  as 
many  times  as  ^ere  are  letters  «,  6,  c,  &c,  and  is 
therefore  equal  to  ma ;  Him  tenaa  itself  thus  becomes 
laaar^i.  8^.  The  coefficient  of  the  third  term,  or 
06  +  o^  +  <N^  ^-^  becomes  tfi  -^  tfi  ^  a^,  &c.,  or  a^ 
repeated  as  many  times  as  there  are  products  ab,  ac, 
ad,  &c. ;  but  the  numb^  of  tiiese  products  is  equal 
to  the  number  of  times  that  a  difii^'ettt  two  of  the  m 
letters  a,  b,  c,  4,  flee  can  be  taken ;  in  other  words, 
to  the  mtmber  of  combinatiotis  of  m  things  taken  two 
at  a.  time;  this,  as  we  previously  obsenred,  is  ex- 

«— 1 


by 


therefore  the  oo^efficient  of  this 


«— 1  tn  —  1 

term  is  m.         a^,  and  the  term  itself  m.    ■    ■  oV*^. 

3^.  The  co-efficient  of  the  fourth  term  becomes  in  a 
similar  manner,  a^  repeated  as  often  a^  there  are 
combinations  of  m  things  taken  thoree  at  a  tone,  or 

j»— 1    m — ^  .         ,       wi— 1   m— 2 
seats  the  term  itselL 


The  coefficient  of  the  <n  +  l)tl»  term  N*-^-,  ^ 
that  having  n  terms  preceding  it,  may  be  ascertained 
in  the  same  manner.  For  N  represents  the  sum  of 
all  the  products  of  every  n  of  the  second  terms  of  the 
99  binomials ;  but  as  we  now  suppose  all  these  se* 
cond  terms  to  become  equal  to  one  another,  the  earn 
of  the  products  of  every  n  of  them  becomes  the  px^ 
duct  of  a  single  n  of  them,  repeated  as  many  times  as 
a  different  n  of  them  can  be  taken ;  in  other  words, 
as  there  are  combinations  of  m  things  taken  n  at 
a  time.  Therefore,  N,  or  the  coefficient  of  the 
(«  +  !)»*  term,  becomes 


m—l   m—2 


m- 


«  — n-f-l 
— — • — a». 


3  n 

This  expression,  as  we  have  already  observed  in  a 
preceding  part  of  thb  article,  may  be  put  under  the 
form  of 

P(i»— n-hl) 

qS ^ 

P 
-Q  representing  the  number  of  combinations  of  m 

things  taken  n — 1  at  a  time ;  therefore,  the  (n  -|-  1)^ 
term  will  be  expressed  by 

P(m— »+  1) 


Qn 


-a"ar*"*". 


Finally,  the  last  term  of  the  expression  (I),  or  abed, 
&c.,  becomes  the  product  of  m  equal  factors,  and  is 
represented  therefore  by  a*.  Collecting  together  all 
those  terms,  we  obtain  for  the  product  of  x  +  a  mul- 
tiplied m  times,  or  («  +  a)^,  the  following  formula: 


>-+-inoaf'"— 1 


-(.w^^ZLttaacw-^+ia 


a«aw-3 j^ 


P(TO--^-i-l) 
Q» 


anjrin— n  . 


.  a*». 


This foraiula,  then»  is  t^  Binomial  Theorem;  tt  is 
liie  deifehpeuuni  or  eoBpamifm  of  («  +  «)«»,  and  is  a 
general  expression  in  single  terms  for  any  power  of 
a  binomial.  It  enaMes  us  to  form  that  power  witii- 
out  being  obliged  to  have  recourse  to  the  ordinary 
method  of  successive  multiplication.  For  instance, 
suppose  that  we  wished  to  ascertain  die  sixth  power 
of  2jr  +  3<7^ ;  instead  of  multiplying  that  binoaual 
by  itself  five  times,  we  need  only  substitute  in  the 
above  formula  2  y  for  x,  wherever  that  letter  occurs, 
Zz^  for  a,  and  the  number  6  for  m;  filling  up  the 
blanks,  if  any  (which  we  were  obliged  to  leave  so 
^oog  as  m  was  undetermined),  according  to  the  ge- 
Beral  law  oi  composition,  and  simplifying  by  the 
performance^  as  far  as  possible,  of  tiie  operations  in- 
dicated, the  result  will  be  the  power  requimi.  We 
omit  the  process  here ;  it  vnll  form  an  usefol  exer- 
ciae  to  the  student,  who  may  easily  verify  his  result, 
by  comparing  it  with  that  obtained  according  to  the 
oidixiary  rules  of  multiplication. 

If  we  now  stightiy  examine  this  formula,  we  shall 
percetre  that  the  law  which  it  obeys,  is  m  every 
respect  of  such  a  simple  character,  as  to  be  easily 
remembered ;  so,  that  by  applying  it  directly  m  the 
fbrmation  of  a  power  or  a  binomial,  we  may  dis- 
pense  with  the  intervention  of  the  formula  itself. 
We  obaerve,  then, 

first,  thtft  the  nranber  of  terms  wfnch  it  contains. 
Is  Ml  + 1'  or  peater  by  unity  t^an  that  of  ibs  bino- 
auals  nraUiphed. 

Secondly,  that  wifli  regard  to  the  exponents  of 
fbe  letters  x  and  a. 

The  exponent  of  x  otmtiimally  decreases  from  m 
in  tSie  first  tem^  to  zeto  in  the  huft. 


The  exponent  of  a  continually  increases  from  zero 
in  the  first  term,  to  m  in  the  last.* 

Thirdly,  that  with  respect  to  the  coefficients. 

The  coefficient  of  tiie  letters  ax  in  the  first  term  is 
unity ;  and  the  coefficient  of  the  same  letters  in  every 
other  term,  is  successively  formed  by  multiplying  the 
coefficient  of  those  letters  in  the  preceding  term  by  the 
exponent  of  « in  that  term,  and  dividing  by  the  number 
of  terms  which  precede  the  one  we  arc  conslderiBg. 

The  first  two  observations  have  been  already  esta- 
blished ;  the  third,  which  was  first  remarked  by 
Newton,  is  of  very  great  practical  utility,  as  it  enables 
us  to  form  at  once  \he  expansion  of  any  power,  with-s 
out  recurring  to  the  genera!  formula. 

The  coefficients  to  which  it  refers,  are  evidentiy 
entirely  numerical,  supposing  of  course,  m  to  have  a 
particular  value  assigned  to  it,  or  to  become  deter- 
mined. Of  its  truth  we  may  easily  satisfy  ourselves. 
The  coefficient  of  r"  (or  a*  x^)  in  the  first  term  is 
1,  and  the  exponent  of  x  in  that  term»  m ;  therefore 

1  Xm 

or  «i,  b  the  coefficient  of  a  ar«-^  in  the  Second 


I 


m^l 


is  the  coefficient  of  a^ 


term*    Similarly,  m     ^ 

in — 1.  m — ^ 
«*-•  in  the  third  term  j  and  m  — j-   -^  tiMH  of 

flS  jr«-«  in  the  fourth.    The  composition  of  the  co- 

P(m— a-l-l) 
efficient  of  the  (n-f  1)»>»  term  — ^ a"  ar*-» 


,   ,1  -  -  ^- ■ — * * — * — * — — ,^^___^^^_^^_ 

*  This  would  elve  a*  ^  for  flie  literal  portion  ot  the  first 
t«rm,  and  «*  a"  for  that  of  the  last,  or  as  «*"»!  and  sc^  U  («ee 
Art  AL«B8aA,  tmdar  fhe  taMd  of  DMtkm)  kc^  or  Jia  for  tk« 
first,  and  la**  or  a"  for  the  last 
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also  obeys  this  law ;  for  the  literal  portion  of  the 
tenn  preceding  this,  or  of  the  n^  term,  must  be 
a»— I  X  "•—•+»,  the  exponent  of  a  being  one  less,  and 
that  of  X  one  greater  than  in  the  (ii+ 1)"* ;  and  the 
coefficient  of  these  powers  in  the  n^  term  mast, 
itccording  to  the  law  of  composition  we  have  esta- 
blished, be  the  number  of  combinations  of  m  things 

p 
taken  n— I  at  a  time ;  but  this  is  precisely  what  -^ 

represents,  and  what  we  substituted  it  for ;  multiply- 

p 
ing  then  the  coefficient  of  the  n*^  term,  or  -pr-  by  the 

exponent  of  a?  in  that  term,  or  m — n  -f  1,  and  divid- 
ing the  product  by  n,  the  number  of  terms  preceding 
tiie  (»-f  !)»*,  or  the  term  we  are  oonsidcring,  the 

P(m— n-l-1) 
result  — Q— should  be  the  coefficient  of  that 

(n-Hl)'^  term;  and  such  as  we  see  is  the  case. 
This  («  -f  1)«   term  • 


Qii 


is  called 


the  general  term  of  the  devoiopement,  because  by 
successively  giving  n  every  value  between  0  and  m, 
it  represents  each  particular  term,  and  whatever  we 
can  prove  to  be  true  for  it  must  of  necessity  be  true 
for  every  term  in  the  developement. 

Let  us  now  take  as  an  example  the  devoiopement 
of  (x -!-<»)». 

The  first  term  being    lo«  x»  or  la*, 
Tlie  second  becomes    — —  o'«<  or  5ax*, 


The  third 


The  fourth 


The  fifth 
The  sixth 


I 
5X4 

2 
10X3 

3 
10X2 


d*x9  or  lOa***, 
a'^a  or  lOa^x^, 


'a*xi  or  5a*x, 

5x1    ,  .        . 
— - — crx*  or  a*. 
5 


Here  we  must  stop ;  we  have  come  to  the  term  in 
which  the  exponent  of  x'ls  zero,  and  that  of  a  is  m, 
and  this  according  to  the  law  must  be  the  last  term. 
Besides,  the  expression  here  ceases  for  another  rea- 
son ;  to  continue,  it  would  be  necessary  to  multiply 
by  the  exponent  of  x,  but  this  exponent  is  zero. 

It  is  evident,  that  when  the  exponent  of  the  power 

to  which  a  binomial  is  to  be  raised  is  an  odd  number, 

the  developement  of  that  power  will  contain  an  even 

number  of  terms ;  and  vice  versa.     For  the  number 

of  terms  being  always  i»-|-  1,  if  m  be  odd,  j»-|-1 

must  be  even,  and  if  even,  m-f  1  must  be  odd.    Thus 

in  the  above  example,  the  exponent  of  the  power  is  5 

in  an  odd  number,  and  the  number  of  terms  is  6, 

or  an  even  one.    We  also  observe,  if  we  examine 

the  developement  of  that  power,  that  two  terms 

which  are  equal  distances  from  its  two  extremities 

have  always  the  same  coefficient;  this  is  the  case 

with  the  second  and  fifth,  and  with  the  third  and 

fourth.    The  reason  is  this .  the  coefficient  of  the 

third  term  is  equal  to  the  number  of  combinations  of 

6  X4 
«  or  5  things,  taken  two  at  a  time,  or  is  — ^'  and 

the  co-efficient  of  the  fourth  term  to  that  of  the 

same  number  of  things  taken  three  at  a  time,  or  to 

5X4X3. 

— 2^(3 — '  »^>l^ing  out  the  common  factor  3,  the 


latter  becomes 


5X4 


,  or  the  same  as  the  former. 


This  may  be  proved  generally  thus  :  the  coefficient 
of  a*  x«— «,  is  according  to  the. general  law  of  com- 
position, equal  to  the  number  of  combinations  of  m 
things  taken  w  at  a  time,  and  the  coefficient  of 
X",  to  that  of  the  same  number  of  things  taken 
at  a  time ;  but  it  is  proved  in  the  investigation 
of  the  theory  of  combinations,  that  these  two  num- 
bers of  combinations  are  equal,  therefore  the  co- 
efficients of  OF  ii»  ■  and  c*— ■  *•  are  equal.  Now 
the  term  of  the  developement  in  which  a*  ac*-»  oc- 
curs has  n  terms  preceding  it ;  this  we  can  tell  from 
either  the  exponent  of  a  or  x,  and  the  term  of  a"-~* 
X"  has  for  a  similar  reason  n  terms  following  it,  or 
the  former  is  at  the  same  distance  from  the  begin- 
ning that  the  latter  is  from  the  end  of  the  develope- 
ment; in  other  words,  they  are  equi-d£stant  from 
the  two  extremities.  Hence,  in  the  developement 
of  any  power  of  a  binomial,  coefficients  of  terms 
equi-distant  from  the  two  extremities,  are  equal. 

Suppose  now  that  we  require  the  developement  of 
(a? — a)*,  or  the  fifth  power  of  a  binomisd  whose 
terms  are  connected  by  the  negative  sign.  Proceed- 
ing according  to  the  general  law  laid  down, 

(-r — o)»  =a*  —  Sax*  -f  10  o*x8 — lOcfix*  •^5a*x — a» 

Comparing  this  with  the  developement  of  {x-\-a)i 
given  above,  we  find  that  it  diflfers  from  that  only  in 
having  every  alternate  term,  commencing  with  the 
second,  negative.  The  reason  is  evident ;  every 
odd  power  of  a  negative  quantity  must  be  negative, 
and  every  even  one  positive.  Thus,  — a  X  — o  is  ac- 
cording to  the  rule  of  multiplication  for  negative 
quantities  (see  Art.  Nboativb  Sign),  a^,  or  the 
second  power  of — a  is  positive ;  a^  X— «  »«  — «* 


18  — a»,  or 
the  third  power  of  — a  is  negative ;  and  proceeding  in 
this  way,  we  find  the  different  powers  of — a  in  suc- 
cession to  be  alternately  negative  and  positive,  the 
odd  ]$owers  being  the  former,  and  the  even  powers 
the  latter.  In  the  developement  then  of  (a — o*)^  the 
second  term  must  necessarily  be  negative,  for  it  is 
composed  of 

5  X  (—a)  xx<  or  —  Sax*, 

The  third  term  contains  an  even  or  positive  power 
of  a,  and  is  therefore  positive ;  but  the  fourth  con- 
tains an  odd  power,  and  is  therefore  negative,  and 
so  on.  We  can  therefore  easily  see  the  reason  why 
the  developement  of  (x — a)"»  should  by  the  sub- 
stitution of  — a  for  a  in  the  general  formula,  be- 
come 

m — 1  m — 1.  m — 2 

x» —  fiuw*— I  -f- «.  — -r—  a* 


2 —      2  3 

flS  jE<M— 3.  In  other  words,  why  the  terms  of  the  de- 
velopement of  any  power  of  a  binomial  whose  second 
term  is  negative,  should  be  alternately  positive  and 
negative. 

In  the  preceding  investigation  {x-^a)"^  stands  for 
(x-f-o)  (x-^-a)  {x-\-a)  (x-{-a)  ....  &c.,  or  the  factor 
(ar-j-a)  repeated  m  times ;  consequentlv  m  must  be  a 
whole  positive  number,  and  the  formula  therefore  which 
we  have  obtained  for  the  developement  of  (x-|-o)", 
is  therefore  only  applicable  when  m  is  a  whole  positive 
number.  It  has,  however,  been  extended  by  mathe- 
maticians to  ail  cases,  whether  m  be  whole  or  frac- 
tional, positive  or  negative ;  and  the  demonstration 
of  this  property  will  be  given  under  the  respective 
heads  of  Fractional  and  Neoativs  Exponents. 
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JhVLBTtmtn,  in  JyiihmeHc,  is  a  number  that  di- 
vides another  into  two  equal  parts  without  a  re- 
mainder.   Thus  2  is  a  bipartient  to  A,  &c. 

BiQUADRATB,  in  Algebra  ;  an  obsolete  term  for  the 
square  of  the  square ;  in  other  words,  for  the  fourth 
power  of  any  given  quantity ;  thus^  16  would  be  the 
biquadrate  of  2,  for  2  X  2  X  2  X  2  =  16. 

BiQUADRATB  RooT ;  the  root  of  a  biquadratic 
power ;  thus,  2  is  the  biquadrate  root  of  16. 

Biquadratic  Equation;  an  equation  of  the  fourth 
degree,  or  which  contains  the  fourtii  power  of  the 
unknown  quantity,  as^  -f  ax^  -|-6«*-|-c«  +  d=0. 

Bird- Bolt,  in  Heraldry;  a  small  arrow  with  a 
Uunt  head>  and  often  represented  in  armory,  with 
two,  and  sometimes  three  heads  rounded;  but  in 
that  case  the  number  of  heads  must  be  noticed. 

Birbmis  ;  an  ancient  ship,  with  two  rows  of  seats 
for  the  rowers.     A  galley. 

Bis,  in  Music,  in  a  composition,  signifies  that  the 
bars  included  within  the  same  curve  are  to  be  sung 
or  played  twice  successively. 

Bisxia  ;  an  epithet  for  piano-forte  pieces,  in  which 
both  hands  are  alternately  employed  upon  the  same 
melody. 

Bismuth  is  a  metal  called,  by  artists,  iw  glass,  a 
name  obviously  derived  from  the  French  ^tain  de  glace. 
It  is  found  both  pure  and  mineralized  by  sulphur, 
oxygen,  and  arsenic.  Native  bismuth  occurs  in  the 
veins  of  primitive  mountains,  and  is  accompanied 
by  ores  of  lead,  silver,  and  sometimes  of  cobalt  and 
nickel.  It  exists  in  reticulated,  lamellar,  or  amor- 
phous masses ;  is  soft,  and  of  a  white  colour,  occa- 
sionaliy  tinged  with  red.  Specific  gravity,  9«  It  is 
found  m  many  countries, — in  France,  England,  Swe- 
den, Bohemia,  and  the  United  States ;  but  its  chief 
locality  is  at  Schneeberg,  in  Saxony,  from  whence 
the  supply  of  bismuth,  in  commerce,  is  principally 
derived.  To  procure  the  metal,  the  ore  requires 
merely  to  be  reduced  to  convenient  fragments,  and 
heated  in  furnaces,  when  the  bismuth  separates  from 
the  earthy  matter  in  vrhich  it  is  engaged,  and  flows 
oat  into  cast-iron  moulds  prepared  for  its  reception. 
Bismuth,  when  pure,  has  a  reddish-white  colour,  is 
harder  than  lead,  and  is  easily  broken  under  the 
hammer,  by  which  it  may  even  be  reduced  to  powder. 
It  mehs  at  470P  or  480^,  and  crystallizes,  on  cool- 
ing, with  great  regularity,  in  uie  form  of  cubes. 
When  kept  in  a  state  of  fusion,  at  a  moderate  heat, 
it  is  covered  with  an  oxide  of  a  greenish-gray  or 
brown  colour;  at  a  higher  temperature,  it  enters 
into  a  feeble  combustion,  forming  a  yellow  powder, 
called /oMwrt  of  bismmih.  It  combines,  by  fusion, 
with  a  great  number  of  metals,  communicating  to 
them  brittlcness  and  fusibility.  The  mixture  dis- 
covered by  Newton,  and  produced  by  melting  to- 
gether 8  oz.  bismuth,  5  oz.  lead,  and  3  oz.  tin,  fuses 
at  202^.  From  it  are  made  toy  spoons,  which  melt 
on  being  employed  to  stir  very  hot  tea.  A  still  more 
fusible  compound  was  invented  by  Mr.  Dalton,  com- 
posed of  3  parts  tin,  5  lead,  and  lOi  bismuth,  which 
melts  at  197^.  The  addition  of  a  little  mercury 
renders  it  even  more  fusible,  and  fits  it  to  be  used  as 
a  coating  to  the  inside  of  glass  globes.  An  alloy  of 
equal  parts  of  tin  and  bismuth  melts  at  280^ ;  a  less 
proportion  of  bismuth  adds  to  the  hardness  of  tin, 
and  hence  its  use  in  the  formation  of  pewter.  Equal 
parts  of  tin,  bismuth,  and  mercury,  R>rm  Uie  mosaic 
$M,  used  for  various  ornamental  purposes.     One 


Dart  of  bismuth,  with  5  of  lead,  and  3  of  tin,  forms  |  of  the  Caspian  sea,  where  it  rises  through  a  mariy 


plumbers*  solder,  a  compound  of  great  importance  m 
the  arts.  Bismuth  is  also  used  by  letter-founders  in 
their  best  type-metal,  to  obtain  a  sharp  and  clear 
face  for  their  letters.  Bismuth  combines  with  sul- 
phur, and  forms  a  bluish-gray  sulphuret,  having  a 
metallic  lustre.  The  same  compound  is  found  na- 
tive in  small  quantity,  and  is  called,  in  mineralogy. 
bismuth  glance.  Nitric  acid  dissolves  bbmuth  with 
great  readiness.  The  solution  b  decomposed  on  the 
addition  of  water,  and  a  white  substance,  called  ma- 
gestens  of  bismuth,  is  precipitated,  which  consists  of 
a  hydrated  oxide,  united  to  a  small  proportion  of 
nitric  acid.  This  precipitation,  by  the  addition  of 
water,  being  a  peculiarity  of  bismuth,  serves  as  a 
very  excellent  test  of  this  metal.  The  magestens  of 
bismuth,  fix>m  its  whiteness,  is  sometimes  emplpyed 
to  improve  the  complexion,  as  well  as  the  pearl 
powder,  a  similar  preparation,  differing  only  by  the 
mixture  of  a  little  muriatic  acid  with  Uie  Qitric  acid 
in  effecting  the  solution  of  the  bismuth.  The  liberal 
use  of  ei&er,  however,  is  highly  prejudicial  to  the 
skin.  They  are,  besides,  liable  to  be  turned  black  by 
the  vapours  evolved  from  nearly  all  putrefying  sub- 
stances. The  chloride  of  bismuth,  formerly  termed 
butter  of  bismuth,  is  formed  by  pouring  bismuth,  in 
fine  powder,  into  chlorine  gas,  or  by  depriving  the 
muriate  of  bismuth  of  its  water  of  crystallization  by 
heat. 

BiSTi ;  a  species  of  Persian  money,  valued  at  six- 
teen or  eighteen  French  deniers. 

BisTOURT,  in  Surgery;  a  small  knife  of  various 
forms,  according  to  Uie  purpose  for  which  it  i?  to  be 
used. 

,  Bistre,  or  Bistbr,  in  Painting ;  a  colour  made  from 
the  soot  of  dry  wood,  of  which  beech  is  the  best, 
boiled  half  an  hour  in  water,  of  the  proportion  of  a 
gallon  to  two  pounds  of  soot ;  after  it  has  settled,  the 
water  is  poured  from  it,  and  when  evaporated  to  dry- 
ness, and  made  into  cakes  with  gum-water,  it  is^ood 
bistre.  Bistre  is  much  used  by  architects  and  painters 
in  washing  their  drawings  and  sketches.  The  King  of 
England  has  a  considerable  number  of  fii^e  drawings 
in  bistre  by  the  old  masters ;  and  there  are  also  a 
great  quantity  of  them  in  the  salle  d'ApoUon,  in  the 
Louvre,  at  Paris. 

Bit  ;  a  boring  instrument,  so  constructed  as  to  be 
taken  out  of  the  handle,  which  is  called  the  stock, 
by  means  of  a  spring.  Bits  are  of  different  kinds,  as 
shell-bits,  for  boring  wood ;  centre-  bits,  which  form 
a  cylindrical  excavation,  by  turning  on  an  axis  or 
centre ;  countersink-bits,  for  widening  the  upper  part 
of  a  hole,  &c. 

Bitumen  ;  the  name  of  a  species  in  Mineralogy, 
the  individufds  composing  which  have  acquired  se- 
veral distinct  names,  from  their  diversity  in  appear- 
ance. This  depends  chiefly  upon  their  state  of  ag- 
gregation, which  forms  an  uninterrupted  series  from 
the  perfectly  fluid  to  the  solid  condition.  Naphtha, 
the  most  fluid  variety,  is  nearly  colourless,  or  of  a 
yellowish  tinge,  transparent,  and  emits  a  peculiar 
odour.  It  swims  on  water,  its  specific  gravity  being 
from  0.71  to  0.84.  It  burns  with  a  bluLsh-white 
flame  and  thick  smoke,  and  leaves  no  residue.  It 
consists  of  carbon,  82.20,  and  hydrogen,  14.80 ;  and 
being  the  only  fluid  destitute  of  oxygen,  it  is  used  to 
preserve  those  new  metals  in,  which  were  discovered 
by  Sir  Humphry  D&vy.  It  is  found  in  Persia,  in 
the  peninsula  of  Apcheron,  upon  the  western  shore 


SU  BIVENTEB 

nil  is  tke  tea  vt  npow.  md  imn^  Hade  to  iow 
Aran^  cwtiKTB  tuba,  is  inflamed  for  the  parpon 
of  ««sijtiiig  in  the  ytepaaXtan  ctf  food,  it  is  col- 
keted  by  ukiiis  pits  aeveral  yards  in  depA,  into 
which  the  impbH'*  Oom.  It  is  burned  im  laiip%  by 
Ae  Peiue.Bi,  iiutesid  of  oU.  Near  the  villi^e  of 
Aniuio,  in  the  state  of  Pknn^  there  exists  a  spriag 
which  yields  this  eabitaocc  in  uifficieat  quantity  to 
illammate  the  city  of  Genoa,  for  whicb  purpose  it'  is 
enployed.  With  certain  Tegetable  oils,  naj^tba  ia 
said  to  form  a  good  Tunid.  The  variety  pttraltum 
M  moch  ttikkcr  than  naphtha,  resembling  in  cansist- 
ence  common  tar.  It  has  a  strong,  di«a(freeaUe  odoor, 
and  a  bladtisfa  or  reddidi-farown  cofour.  During 
eombastka,  it  emits  a  tUck,  black  smoke,  end  leaves 
a  little  TGsidne  in  the  form  ctf  a  Uack  coaL  It  is 
■tore  abundant  dian  the  fint-mentioned  vuiety, 
from  whidi  it  doe*  not  appear  to  diSer,  eicqit  in 
b«ng  more  insiissated.  It  occnn,  oozing  ottt  of 
rocks,  in  tbe  vicuiity  of  beds  of  coal,  or  floating  upon 
the  sarfece  of  spring  In  the  Bimuui  empire,  near 
Baioanghong,  is  a  hill  txnlaining  coal,  into  whidi 
630  [»ts  hare  beea  sank  fur  the  coUectioB  of  petro- 
'  n ;  and  the  annnwl  product  of  this  mine  is  400,000 
It  is  used  by  the  iohabiianta  of  Aat 
a  lamp-oil.  and  when  mingled  with  earth 
or  BBnee,  a*  foel.  In  the  United  States,  it  ia  found 
abundantly  in  Keatacky,  Ohio,  and  New  York,  where 
it  is  known  soder  the  name  of  fiouea  or  Gown  oil. 
It  is  used  as  a  aobatitntc  for  tar,  and  as  an  eitenuJ 
anpIicatioD  for  the  remedy  of  rheumatism  and  dil- 
Mains.  AfoMa  is  a  bitnaen,  still  teas  fluid  dian 
petroleam,  from  which  it  differs  in  no  other  respect. 
Its  principal  locality  is  at  Puy  de  la  P4ge,  in  Franco, 
where  it  renders  ths  aoil  so  vjacous,  that  it  adheres 
strongly  to  the  foot  oF  the  txavdler.  It  ia  alto  found 
ta  Penia,  and  in  the  Hartz.  It  is  employed,  like 
tar  and  pitch,  on  oablea,  and  in  caulk  mg  vessels ;  it 
is  uaed,  as  well  aa  the  peOoleum,  to  protect  iron 
from  nwtinf ,  and  sometimes  forou  an  ingrediei^  in 
Uack  sealing-wax.  EUtHe  Mftnoi  yielda  easily  ts 
pressure,  ia  flnible  and  elastic  It  emita  a  strong, 
bitaminouB  odour,  and  is  about  the  weight  of  water. 
On  exposure  to  Ae  air,  it  becomes  hard,  and  losa 
its  elasticity.  It  takes  up  the  traces  of  crayons  in 
Qie  same  manner  as  the  caoutchouc,  or  Indian  rub- 
ber, whence  it  has  obtained  Ae  name  of  the  mtaeral 
ewmfdtotie.  It  has  hitherto  been  fonnd  only  in  the 
lead  mines  of  Derbyahiie.  Compact  bitamoL,  or  bs- 
pkdhoh,  is  of  a  shining  black  colcnir,  solid  and  brittle, 
widi  a  condtoidal  fractBre.  Its  spactfic  gtavit)'  is 
from  1  to  1.6.  Like  the  'former  varietieB,  it  bursa 
fredy,  and  leaves  bot  little  pseidue.  It  is  found  in 
Jndea,  in  the  Matinate,  in  FVaoec,  in  Switxerlaad, 
and  in  large  deposits  in  aandstoae  in  Albania ;  bat 
DO  irtien;  so  luxely  as  in  Ae  island  of  Trinidad, 
where  it  forms  a  Take  three  miles  in  circumframce, 
and  of  a  thidmess  unluHrwn.  A  gentle  heat  midoa 
it  ductile,  and  when  mixed  with  grease  or  coamon 
pitch,  it  is  used  for  painting  the  bottoms  of  ships,  and 
IB  Huppoted  to  protect  them  from  the  teredo  of  the 
West  Indiaa  seas,  llie  ancients  employed  bitumen 
In  the  conatruetioB  of  their  boildinga.  The  brick*  of 
which  the -walls  of  Babylon  were  built  were,  accord- 
ing to  historians,  cemented  with  hot  bitumen,  which 
imparted  to  them  great  solidity. 

Btvbktkii  ;  an  epithet  for  a  muscle  that  hi 
beQiea,  aa  the  biventer  cerrids,  a  muscle  of  tb«  lowtr 
}nr,fce. 


LAST-FURNACE. 

BiTMiACK  <frbm  the  OeiiaaB  btwunUfi  the  Mme 
gi¥en  to  Uie  modem  aystam,  by  which  the  soldiers 
!  lie  in  the  open  air,  wiUiout  tents,  in  oppo- 
the  old  system  of  camps  and  cantoaments. 
llwy  remain  dresead,  ia  order  to  be  ready,  at  a  mo- 
metit's  warning,  to  take  their  places  in  order  of 
battle.  Tent*  being  laid  aside,  on  the  contineBt  of 
Earope,  fat  the  sake  of  diminishing  the  ba^age  tif 
an  army,  large  masses  (£  troop*  are  always  obliged 
to  bivouacif.  even  if  they  are  not  near  the  enemy. 
The  soldier,  however,  is  permitted  to  bnild  himself  a 
hvt  of  straw  or  branches,  if  drcumstanoee  allow  it. 
Frequent  bivouacking  ia  vwy  injurious  to  the  heahh, 
and  is  also  a  great  diiadvantage  to  the  oountries  in 
which  it  takes  place. 

Black,  in  PaMMg:  the  -darkest  of  sll  colooia. 
Hii*  coloDr  absoihing  all  the  rays  of  light  and  reflect- 
occasions  its  darkness.  There  are  several 
'  bladu  uaed  in  painting,  of  irtdch  the  fol- 
lowing are  the  principal  i — Frmkfort  black,  of  which 
there  arc  two  sorts,  one  a  natural  earth  inclining  to 
blue;  and  the  otha- made  lioiat^  lees  of  wine  burnt, 
wBihed,  and  ground  with  ivory,  booes,  or  peadi-atanea. 
This  black  is  much  U3«d  by  the  copperplate  printer^ 
for  their  fina  ink  to  work  thtur  raigravings.  Ivory 
black  ia  burnt  ivory,  or  bones  reduced  to  powder,  tai. 
ground  in  alt  or  water  as  required.  Spanish  blBidi  ia 
burnt  coik  reduced  in  aaimilar  maoner.  Harts  black 
is  that  which  remains  in  the  retort  after  the  spirits, 
volatile  aatc,  and  oil,  have  been  extracted  from  harts- 
horn- Lamp  black  is  geaeralJy  prepared  i>  England 
at  the  turpentine  WMmiifsftwiea,  by  burning  the  dftgs 
after  the  refining  of  pitdi  or  4rther  reainooa  Mattel^ 
in  fomacca  conatmcted  for  the  purpose- 

B1.ADDUI,  in  Jaatottf ;  a  mentbtanoua  bag,  serrii^ 
as  a  rewrvoir  for  soBte  secreted  fluid. 

Bi.AnKaT,  in  ODaniMrce;  a  warm  woollen  sort  of 
tto^  tight  and  loose  woven ;  chiefly  used  in  bedding. 
Tha  best  blankets  are  from  Witney  in  OifonUiir% 
where  tlu  msnnfactnre  of  them  has  attained  great 

BLAar-FvnKACn ;  a  Urge  conical  or  quadraagalar 
building,  used  at  iron  wodc*  for  smelling  ir 


Whea  employed  foe  cbemtcal  pBrpasci^  a  mlfcTent 
intus  is  nqnind.  The  iqiparatns  hart 
I  labecatory  is  Ttfresented  atmre. 
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To  «ictle  a  fwldcB  heat,  md  to  raise  it  rapidly  to 
Um  fwtert  iBteBMty,  noting  can  be  better  calcala- 
Ud  wan  thiB  ttiaple  faroaee.  By  the  in^niotis  con- 
trivaoce  of  dtvidiag  a  strpag  bk«t  of  air,  lasaing  from 
a  double  bellowi,  and  dnving  it  forcibly,  first  into  a 
auiU  duanber  and  from  thence  perpendicularly 
hOo  a  number  of  converging  jett,  through  the  centre 
of  the  fire*place,  a  moet  utense  heat  ia  produced,  anf* 
fidciit  to  melt  down  caat-iron,  if  the  fire  be  proper* 
iy  manfigftdj  and  the  bellows  worked  with  vigour. 
Uofce  or  dndtrs,  free  from  clinkers  and  dust,  taken 
from  the  common  grate,  when  the  coal  just  ceases 
to  blase,  broken  into  fragments  of  the  size  of  a  wal- 
Bttt,  and  mixed  with  alittle  charcoal,  form  an  excellent 
fiiel  for  this  iiimace ;  the  fire  being  first  kindled  by 
a  few  lighted  cinders  and  a  small  quantity  of  charcoal 
orchipeof  wood.  This  frumace  is  composed  of  three 
parts,  all  made  of  black  lead.  The  lower  part  con- 
tains the  bh»t  duunber ;  to  this  is  fitted  the  body 
of  the  frunaoe  whidi  is  perforated  with  blast  holai 
at  ^  bottom ;  the  upper  part,  or  dome  bverted, 
soiree  to  concentrate  the  heat  with  more  efficacy, 
and  to  maae  it  reverberate  on  the  bodies  exposed  to 
it ;  it  also  protects  the  eye  from  the  intolerable  glare 
of  the  fire  when  the  furnace  is  in  frill  heat ;  a  pair  of 
dooble  bellows  is  fixed  on  the  stool ;  the  handle,  is 
lengthened  to  make  them  work  easier.  If  a  very 
strong  bfaist  be  wanted,  a  heawy  weight  may  be  se- 
emed to  the  upper  board  of  the  bellows, 

BhAvriMQi  the  technkal  term  for  splitting  any 
ok^ect  by  means  of  gunpowder. 

BiJLsavufa,  or  BukaoKaT,  in  HmrdUtry;  the  deci- 
phering of  coats  of  arms,  from  the  German  ^/oxw,  to 
Uow,  because  the  herald  blew  a  trumpet,  and  called 
oat  the  arms  of  a  knight;  when  he  entered  the  lists 
at  a  tournament. 

Blkachino  ;  a  very  important  chemical  process. 
Acoofding  to  the  old  system,  it  was  a  tedious  and 
unpleasant  process,  comprising  a  number  of  opera- 
tions, conducted  in  the  following  manner :  1,  steep- 
ing and  milling ;  3,  bucking  and  boiling ;  3,  alternate 
watering  and  drying ;  4,  scouring ;  5,  rubbing  with 
soap  and  warm  water ;  6,  starching  and  bluing. 

In  the  first  of  these  operations,  the  cloth  intended 
to  be  bleached,  disposed  in  folds,  is  put  into  warm 
water,  where  it  is  allowed  to  remain  until  the  air 
babbles,  which,  after  eighteen  hours'  steeping;,  begin 
to  arise  on  the  surfince,  havv  disappeared ;  this  gene- 
rally happens,  according  to  the  warmth  of  the  wea- 
ker, in  fivm  fifty  to  seventy  hours ;  if  allowed  to 
remain  longer,  a  scum  which  forms  on  the  surface  of 
the  water  would  precipitate,  and  the  steeping  must 
be  discontinued  before  this  occurs.  After  the  steep- 
ing, the  doth  is  taken  to  the  null,  in  which  by  con- 
tinued agitation  with  a  large  quantity  of  water,  all 
the  loose  foulness  is  carried  off. 

In  the  bucking  and  boiling,  alkaline  leys  are  em- 
ployed to  remove  that  particular  substance  which 
occasions  the  brown  colour  of  the  cloth.  Potash  is 
the  alkali  mostly  employed.  The  ley  is  at  first  put 
OB  the  doth  only  blood  warm,  it  is  then  drawn  off, 
and  poored  on  at  a  greater  heat.  The  doth  is  next 
taken  into  the  fidd  and  spread  ou^  where  it  is 
watered  at  intervals  sufficiently  short  to  keep  it  con- 
stantly wet ;  for  if  allowed  to  dry,  while  strongly 
impregnated  ¥rith  alkaline  salto,  dye  texture  of  the 
ckith  would  be  figured.  After  this  has  been  attended 
to,  about  half  a  day,  dry  spote  are  allowed  to  i^ipear 
biibfe  the  watering  is  repeated.   Bythis  prooeiSythe 


doth  acquires  a  greater  degree  of  wbitsBess  Umn  be» 
fore  it  was  taken  out,  and  where  the  evaporation  has 
been  stnmgest,  as  on  the  upper  side  of  the  doth,  the 
colour  is  whitest  After  the  doth  has  received  in 
the  field  a  tolerably  good  and  uniform  colour,  as  is 
fit  for  souring,  in  which  operation  it  is  steeped  in 
sour  milk,  or  in  water  soured  with  bran  or  rye-meal, 
and  used  new-milk  warm ;  or  what  is  still  better,  in 
water  acidulatpd  with  sulphuric  acid.  Afler  bdng 
suffidently  soured,  which  is  accompli^ied  in  a  few 
hours,  the  add  is  entirely  removed  by  washing  in  the 
fulling*mill,  and  the  cloth  is  then  washed  by  the 
hand  vdth  soft  soap  and  warm  water.  Coarse  cloths 
are  washed  more  slightly ;  being  rubbed  over  with 
soap,  they  are  worked  between  boards,  called  rub- 
bing-boards, which  effect  the  purpose  by  the  grooves 
they  contain.  The  finishing  operations  of  starching 
and  bluing,  are  conducted  in  a  similar  manner  to  the 
starching  and  bluing  of  the  laundry. 

The  various  steepings,  boilings,  and  exposures  to 
the  air,  to  be  performed  in  the  process  of  bleaching 
above  described,  consumed  much  time,  and  the  ma- 
nufacturer was  besides  very  dependant  on  the  state  of 
the  vireather;  but  while  the  nature  of  the  change 
produced  on  tlft  linen  was  not  understood,  there 
appeared  but  little  hope  of  materially  shortening  the 
period  employed  in  completing.  The  progress  of 
discovery,  however,  in  chemistry,  at  length  threw  a 
ray  of  lig^t  upon  the  subject,  anid  in  a  short  time  the 
theory  of  bleaching  became  better  known,  and  the 
practice  entirely  changed.  We  are  indebted  to 
Mr.  Hall,  of  Nottingham,  for  the  first  useful  eo^ 
p^oyment  of  the  art  of  chemistry  in  bleadiing. 
Prior  to  his  time  it  was  a  mechanical  trade,  but 
that  ingenious  chemist  converted  it  into  a  scientific 
process,  which  we  may  now  proceed  to  describe. 
When  a  coloured  piece  of  doUi  is  exposed  to  the 
action  of  oxymuriatic  acid,  the  colour  entirely  die- 
M>pears  in  a  longer  or  shorter  period,  and  the  acid, 
if  the  quantity  of  doth  upon  whidi  it  has  been 
exerted,  is  sufficient  to  exhaust  it,  is  reduced  to  the 
state  of  common  muriatic  add.  It  is  evident,  then, 
that  the  colouring  matter  has  lost  ito  property  <^ 
exhibiting  colour  by  combining  vrith  oxygen;  and 
when  the  cloth  thus  bleached  has  been  for  some  time 
exposed  to  the  air,  it  becomes  yellowish,  because 
part  of  the  oxygen  winch  had  combined  with  the 
colouring  matter  flies  off.  An  additional  prooeaa 
therefore  is  necessary,  and  as  it  waa  found  tnat  tiie 
action  of  the  oxymuriatic  acid  rendered  the  substance 
of  the  colouring  matter  soluble  ilb  alkaline  lixivia,  by 
the  employment  of  each  lixivia,  a  permanent  white 
is  obtained.  In  this  new  mode  of  bleaching,  the  oxy* 
muriatk  acid  effecto,  almost  immediatdy,  a  change, 
which  exposure  to  the  atmosphere  requires  many 
weeks  to  acoomplbh,  and  therefore  the  whole  prooesa 
is  prodigiously  accelerated.  Much  complaint  was  at 
one  time  heard,  with  respect  to  the  ii^jury  sustained 
by  the  c^ths  in  the  new  mode  of  bleaching,  and 
often  with  justice,  as  in  the  infancy  of  the  discovery 
the  want  of  experience  was  necessarily  attended  by 
the  liability  to  error;  and  the  want  of  skill,  among 
many  who  were  anxious  to  adopt  it,  with  a  view  to 
commerdal  advantage,  this  was  often  verv  consider- 
able. Bu^  when  properly  oonducted,  tt  is  fqpdtf 
to  be  leas  iij^urious  to  doth  than  the  old  noi^de^  at 
the  same  time  that  it  produces  a  much  superior 
white. 

The  oxymuriatic  acid  for  the  we  of  the  diemist,  ia 
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usually  obtained  by  distilling  muriatic  acid  off  the 
the*  black  oxide  of  manganese ;  but  Berthollet  sug- 
gested, for  the  use  of  the  bleacher,  the  more  econo- 
mical method  of  obtaining  it  by  the  decomposition  of 
muriate  of  soda,  which  is  effected  by  diluted  sul- 
phuric acid,  and  the  oxide  of  manganese  being  added 
to  the  mixture,  the  muriatic  acid  is  produced,  and 
oxygenized  at  the  same  time.  7*he  following  propor- 
tions of  the  ingredients  are  considered  by  most  to 
be  as  the  best : 

Parts 
Manganese         ....      3 
Common  salt      ....       8 
Sulphuric  acid    ....      6 
Water 12 


The  proportion  of  manganese  must  be  varied  ac- 
cording to  its  quality.     The  different  ingredients 
should  be  intimately  mixed,  and  distilled  in  leaden, 
earthen,  or  glass  retorts.    The  distillation  should  be 
carried  on  very  slowly,  and  heat  need  not  be  applied 
till  the  first  disengagement  of  gas  has  ceased,  after 
which  a  sand-bath  may  be  employed,  or  if  the  retort 
be  of  lead,  it  may  be  placed  m  a  vessel  of  boiling 
water.    The  retort  must  be  connected  with  a  re- 
ceiver, which  is  designed  to  collect  the  muriatic  acid 
that  may  come  over  in  the  first  instance,  and  from 
this  receiver  proceeds  a  tube,  the  other  extremity  of 
which  enters  a  cask  of  water  nearly  at  the  bottom. 
By  this  means  the  gas  has  to  rise  Uirough  a  consi- 
derable body  of  water,  which  is  necessary,  as  it  does 
not  combine  very  readily  with  that  fluid ;  its  absorp- 
tion is  at  the  same  time  promoted  by  the  motion  of 
a  circular  frame  placed  in  the  middle  of  the  cask, 
and  whirled  by  a  handle  placed  at  the  top.    The  in- 
termediate vessel  for  the  retention  of  the  muriatic 
acid  may  be  dispensed  with,  by  using  a  long-necked 
retort  which  will  condense  this  acid,  and  it  may  be 
caused  to  run  back  by  giving  a  suitable  inclination  to 
the  neck  of  the  retort.    By  this  means  the  solution 
of  the  acid  can  be  made  as  strong  as  may  be  required. 
It  requires  to  be  stronger  for  coarse  than  for  fine 
cloth,  and  for  linen  than  for  cotton.    The  average 
produce  is  stated  by  Berthollet,  at  100  quarts  for 
every  pound  of  muriate  of  soda  that  has  been  used. 
The  strength  of  the  bleaching  liquor  may  be  tried  by 
dropping  a  given  measure  of  it  into  a  tincture  of  co- 
chineal, or  a  solution  of  indigo  in  sulphuric  acid,  of 
a  certain  strength,  and  by  observing  the  discolour- 
ation produced,  its  strength  is  known.     The  cloth  is 
prepared  for  bleaching  by  keeping  it  for  some  hours 
in  a  bath  of  warm  water,  and '  aiterwards  boiling  it 
in  an  alkaline  ley,  containing  20  parts  of  water  and 
1  part  of  potash,  rendered  caustic  by  one-third  of 
lime.     After  this  preparation,  which  opens  its  pores, 
removes  the  soluble  part  of  the  colouring  matter, 
and  thus  prevents  an  unnecessary  waste  of  oxymu- 
riatic  acid,  it  must  be  disposed  in  the  bleaching  liquor 
in  such  a  manner  that  every  part  may  be  equally 
exposed  to  its  action.     It  is  then,  alternately,  ex- 
posed to  the  action  of  the  bleaching  liquor  and  the 
alkaline  ley,  till   it  is  observed  to  be  sufficiently 
bleached ;  from  four  to  eight  immersions  will  be  re- 
cniired,  according  to  the  texture  and  kind  of  the 
cidth,  and  the  colours  to  be  destroyed.     Cotton  is  so 
much  hiore  easily  bleached  than  linen,  that  when  the 
liquor  has  little  effect  on  the  latter,  it  will  answer 
perfectly^well  for  the  former.     From  the  great  vola- 
tility of  the  acid,  it  becomes  desirable  to  employ 


close  vessels,  and  one  which  is  extremely  simple,  and 
answers  the  purpose  perfectly  well,  was  contrived 
by  Mr.  T.  L.  Kupp,  and  described  by  himself  in  the 
Memoirs  of  the  Literary  and  Philosophical  Society  of 
Manchester,     It  consists  of  an  oblong  deal  cistern, 
made  water-tight,  and  the  dimensions  of  which  are 
adapted  to  the  quantity  and  size  of  the  cloth  intended 
to  be  bleached  at  once.    This  cistern  is  covered  by  a 
lid#  which  has  a  rim  that  goes  within  the  cistern, 
and  fits  it  with  tolerable   accuracy,  but  may,  if 
thought  necessary,  be  farther  secured  with  pitch. 
Opposite  each  other,  in  a  line  running  lengthwise  in 
the  middle  of  the  cistern,  and  at  a  distance  equal  to 
one-fourth  of  the  length  of  the  cistern,  are  placed 
two  upright  axles  of  beech- wood  or  ash,  one  of 
whose  extremities  turns  in  a  wooden  step  or  socket, 
fixed  in  the  lid,  above  which  they  project  with  a 
s(|uare  termination  for  a  handle  or  a  pulley  to  be 
slipped  upon  them.     Upon  each  axle  is  tightly  fas- 
tened, by  sewing  to  itself,  a  piece  of  strong  canvass, 
one  end  of  which,  from  the  top  to  the  bottom,  b  left 
projecting  a  little.    To  these  pieces  of  canvass,  the 
ends  of  the  web  of  calico,  &c.,  to  be  bleached,  may 
be  fastened  by  wooden  skewers,  and  either  axle,  on 
being  turned  by  the  handle  or  winch  slipped  on  the 
square  end  at  the  top,  will  then  have  the  calico 
wound  upon  it,  and  by  putting  the  winch  upon  the 
other  axle,  the  web  vfiW  be  transferred  to  that  axle. 
The  axles  are  taken  out  of  the  cistern  to  fasten  the 
cloth  upon  them ;  when  they  are  replaced,  the  cis- 
tern is  filled  with  bleaching  liquor :  and  as  by  turn- 
ing the  winch,  every  part  of  the  web  is  stretched  in 
succession  between  the  two  axles,  the  whole  will  be 
equally  bleached,  which  is  an  aidvantage  that  cannot 
be  obtained  by  simple  immersion.    While  the  cloth 
is  winding  upon  one  of  the  axles,  the  ready  motion 
of  the  other  might  cause  it  to  become  slack,  and 
wind  unequally ;  to  prevent  this,  the  axle  from  which 
it  is  drawn,  has  a  small  pulley  slipped  upon  its 
square  extremity,  and  a  cord  with  a  moKderate  weight 
attached,  causes  sufficient  friction  to  make  the  wind 
ing  regular.  When  the  bleaching  liquor  is  exhausted, 
it  is  let  off  by  a  spigot  and  faucet  even  with  the 
bottom  of  the  cistern.   On  each  axle  near  the  bottom 
of  the  cistern  is  a  plain  cylinder  of  thin  wood,  the 
diameter  of  which  is  at  least  equal  to  the  diameter  of 
the  cloth,  when  entirely  rolled  upon  either  axle ;  its 
use  is  to  present  a  shoulder  upon  which  the  cloth 
may  rest,  and  be  prevented  from  slipping  down. 

Experience  must  be  the  workman's  guide,  in  deter- 
mining how  long  the  cloth  must  be  worked,  and 
teach  him  to  know  the  effect  which  a  given  quantity 
of  bleaching  liquor  will  produce  on  a  certain  number 
of  pieces ;  but  this  knowledge,  with  the  use  of  the 
test  liquor,  is  acquired  without  difficulty. 

This  apparatus  may  easily  be  adapted  to'  the 
bleaching  of  yam ;  for  example,  if  the  cylinder  we 
have  described  as  being  situated  near  the  bottom  of 
each  axle,  to  prevent  &e  cloth  from  slipping  down, 
be  removed  to  a  situation  just  under  the  lid,  and  be 
perforated  with  holes  in  all  directions,  and  tapes  or 
strings,  to  support  the  skeins,  be  passed  through 
these  holes,  the  skeins  hanging  down  towards  the 
bottom  of  the  cistern,  may  be  revolved  as  if  a  web 
was  on  the  axles,  and  as  the  motion  communicated 
to  each  skein  will  be  equal,  no  cnjanglement  will 
occur.  Several  axles,  fitted  up  in  this  manner,  might 
Be  connected  by  pulleys  and  bands,  and  turned  by  a 
single  winch.    Tb  fill  the  cistern,  a  short  pipe  is  fas- 
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toned  m  the  centre,  or  any  other  convenient  part  of 
the  lid;  and.  a  pipe  from  the  cask  in  which  the 
bleachiDg  liquor  is  made,  passes  through  this  pipe  to 
the  bottom  of  the  cistern;  and  by  adapting  stop- 
cocks to  the  tubes,  the  transfer  may  be  made  without 
allowing  any  gas  to  escape. 

The  apparatus  invented  by  Kupp,  and  which  we 
have  described  above,  was  designed  to  fulfil  several 
important  conditions,  all  of  which  it  secures.  It  was 
designed  to  be  simple  and  economical  in  its  construc- 
tion ;  it  was  required  to  confine  completely  the  va- 
pours of  the  oxymoriatic  acid,  not  only  to  prevent 
the  loss  of  allowing  it  to  escape,  but  to  prevent  the 
injorions  effects  wMch  the  breathing  of  these  vapours 
would  inevitably  have  on  the  health  of  the  worlanen. 
It  most  also  be  observed,  that  as  potash  when  mixed 
with  the  bleaching  liquor  had  been  found  to  prevent 
the  escape  of  noxious  vapours,  that  alkali  had  been 
employed  as  an  essential  ingredient  in  the  modes 
of  bleaching  previously  used,  fiut  as  the  quantity  of 
alkali  employed,  and  which  was  entirely  lost,  was 
equal  to  about  one-fourth  of  the  weight  of  the  salt, 
it  made  an  addition  of  40  per  cent,  to  the  expense ; 
and  instead  of  increasing  the  bleaching  power  of  the 
liquor,  by  neutralizing  a  part  of  the  acid,  it  actually 
diminished  this  power;  the  advantage  therefore 
gained  by  a  mode  of  using  the  pure  liquor  appears  of 
die  first  importance. 

But  experience  evinced  that  something  was  yet  re- 
quired; Uie  oxymuriatic  acid  aloue  had  the  effect  of 
injuring  in  some  degree  the  fibres  of  the  cloth,,  and 
an  ingredient  was  therefore  required  which  should 
be  cheaper  than  potash,  and  less  injurious  to  the 
power  of  the  liquor :  the  three  earths,  lime,  barytes, 
and  magnesia,  were  all  found  to  be  capable  of  being 
used  as  substitutes,  and  lime  soon  obtained  a  pre- 
fenskce  on  account  of  its  being  the  cheapest.  The 
first  difiBcolty  that  presented  itself  in  the  use  of  this 
earth,  arose  out  of  the  slight  degree  in  which  it  b 
soluble  in  water ;  but  it  was  found  that  all  that  was 
wanting  could  be  accomplished  by  the  mechanical 
suspension  of  the  lime  in  water,  by  means  of  agita- 
tion, as  when  the  oxymuriatic  gas  entered  a  close 
vessel  where  this  was  done,  the  oxymuriate  of  lime, 
which  is  soluble  in  water,  was  completely  formed, 
and  the  clear  part  of  the  water  which  contained  it  in 
solution,  being  drawn  off  from  the  undissolved  or  un- 
saturated part  of  the  lime,  was  ready  for  use  as  a 
Weadiing  liquor.  Subsequently,  a  farther  improve- 
ment was  made,  which  consists  in  combining  the 
Qjcymuriatic  acid  with  dry  lime,  and  dissolving  a 
suitable  proportion  of  this  compound  to  form  a 
bleaching  liquor.  For  this  invention  a  patent  was 
taken  out,  but  the  exclusive  right  was  contested  in 
the  Court  of  King's  Bench,  and  decided  agunst  the 
patentee.  It  is,  therefore,  open  to  the  public,  and 
the  use  of  the  oxymuriate  of  lime,  thus  obtained,  has 
kmg  been  in  general  use.  It  is  prepared  by  intro- 
dociog  the  oxymuriatic  acid,  through  leaden  tubes, 
into  slaked  lime  made  from  chalk.  The  advantages 
of  using  this  salt,  are,  that  it  is  easily  preserved  or 
conveyeid  to  a  distance;  it  can  be  purchased  by  the 
bleacher  ready  prepared,  and  by  the  solution  of  more 
or  less  of  it,  he  can  at  all  times  immediately  obtain 
his  liquor  of  the  strength  he  requires.  The  strength 
of  the  liquor  may  be  known  by  Uie  hydrometer,  or  by 
trying  its  effect  on  diluted  sulphate  of  indigo,  in  the 
same  manner  as  the  solution  of  the  pure  oxymuriatic 
acid  is  proved ;  and  the  apparatus  for  exposing  the 


cloth  to  its  action  may  be  the  same.  Objections 
have  been  made  to  the  use  of  the  oxymuriate  of  lime, 
on  the  ground  of  its  injuring  the  cotton  for  the  recep- 
tion of  some  colours,  and  the  ox3nnuriate  of  magnesia 
has  been  recommended  as  preferable;  but  as  the 
latter  would  be  six  times  the  price  of  the  former,  the 
difference  of  expense  amounts  to  its  prohibition,  un- 
less greater  advantages  could  be  derived  from  the  use 
of  it  than  have  yet  appeared.  When  the  cloth  has 
been  completely  bleached,  it  is  rubbed  hard  with  soft 
soap  and  warm  water,  and  washed ;  it  is  afterwards 
steeped  in  warm  water,  containing  from  one-sixteenth 
to  one-hundredth  part  of  sulphuric  acid.  By  this 
means  its  whiteness  is  farther  heightened,  the  odour 
of  the  oxymuriatic  acid  which  it  retains  is  dimi- 
nished, and  any  small  quantity  of  iron  or  calcareous 
earth  contained  in  the  cloth  is  carried  off. 

In  the  last  stage  of  the  process,  the  cloth  is  ex- 
posed for  a  few  days  to  the  open  air  in  the  field,  and 
frequently  watered,  to  remove  every  trace  of  the  acids 
which  have  been  employed.  The  colours  of  dyed 
silk  or  wool  may  be  removed  by  the  bleaching  liquor, 
and  the  yellowness  which  it  communicates  to  them 
may  afterwards  be  removed  by  exposing  them  to  the 
fumes  of  sulphur ;  but  the  practice  is  too  hazardous 
for  commercial  use. 

The  use  of  the  alkaline  ley,  in  bleaching,  is  to 
carry  off  the  colouring  matter  which  the  action  of 
the  oxymuriatic  acid  has  rendered  soluble,  and  hence 
the  necessity  for  the  alternate  use  of  the  two  agents ; 
but  as  it  appeared  probable  that  a  cheaper  ley,  in 
which  colouring,  matter  was  soluble,  might  be  found 
than  that  of  potash,  which  is  usually  employed,  and 
proves  very  expensive;  Dr.  Higgens,  after  various 
conjectures  and  experiments  on  the  part  of  himself 
and  others,  found  tiie  sulphuret  of  lime  well  adapted 
to  the  purpose.  Sulphur  and  lime  are  both  cheap 
articles ;  they  are  easily  combined,  and  they  do  not 
injure  the  linen.  The  sulphuret  of  lime  may  be  pre- 
pared in  the  following  manner  for  the  purpose  of 
bleaching :  sulphur,  or  brimstone,  in  fine  powder, 
four  pounds;  lime,  well  slaked  and  sifted,  twenty 
pounds ;  water,  sixteen  gallons ;  these  are  \o  be  well 
^mixed,  and  boiled  for  about  half  an  hour  in  an  iron 
vessel,  stirring  them  briskly  from  time  to  time. 
When  the  agitation  of  boiling  is  over,  the  solution  of 
the  sulphuret  of  lime  clears,  and  may  be  drawn  off 
free  from  the  insoluble  matter,  the  quantity  of  which 
is  considerable.  The  liquor  in  this  state  has  nearly 
the  colour  of  small  beer,  but  is  not  quite  so  transpa- 
rent. Sixteen  gallons  of  fresh  are  afterwards  to  be 
poured  upon  the  insoluble  dregs  in  the  boiler,  in 
order  to  separate  the  whole  of  the  sulphuret*  from 
them.  The  water  last  added,  is  boiled,  and  the  dregs 
well  agitated  in  it,  and  when  it  has  become  clear,  it 
is  drawn  off  and  added  to  the  first  liquor :  thirty- 
three  gallons  more  of  water  are  then  added,  and  the 
liquor  is  afterwards  deduced  to  the  proper  state  for 
use.  When  the  cloth  has  been  perfectly  cleansed 
from  the  weaver's  dressing,  it  is  steeped  in  this  liquor 
from  twelve  to  eighteen  hours ;  it  is  then  taken  out, 
and  well  washed.  When  dry,  it  is  to  be  steeped  in 
the  solution  of  oxymuriate  of  lime  eight  or  twelve 
hours,  and  tlien  washed  and  dried.  These  processes 
are  repeated,  till  the  cloth  has  been  six  times  in  each 
liquor,  and  it  is  then  usually  found  to  be  completely 
bleached.  The  saving  by  the  use  of  the  sulphuret  of 
lime  is  considerable. 

The  oxymuriatic  acid  has  been  extensively  em- 
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pkyfed  by  paper  manofactiifers.  It  ftppatrs  6t  fine 
ukrw,  to  be  well  adapted  to  this  bnmcli  of  trade^  as  it 
may  be  soptxMed  that,  whether  the  rags,  or  the  pulp 
to  which  tney  were  reduced,  ie  bleached,  the  large 
qmntity  of  water  employed  would  effectually  remofe 
every  trace  ai  the  acid ;  but  the  fiiet  is  otiierwise : 
large  quantities  of  paper,  apparently  made  according 
to  the  best  process  for  bleaching,  have  been  tendered 
«nfit  for  use ;  and  in  all  bleached  paper,  the  odour 
of  the  oxynniriatic  acid  is  more  or  less  perceptible  to 
the  smell,  when  a  parcel  of  it  is  iVesh  opened.  IMf- 
forent  mannfactorers  are  more  or  less  snceessftil  in 
their  use  of  bleaching ;  but  in  tiKwe  cases  where  the 
process  is  so  wdl  conducted  that  the  use  of  the  acid 
can  scarcely  be  suspected,  the  care  bestowed  in 
wai^ngthe  pulp  causes  an  additional  expense  al* 
most  equal  to  that  of  using  a  more  valuable  rag 
without  bleaching.  The  faults  commonly  attributed 
to  bleached  paper,  and  which  in  some  ciegree  obvi- 
ously exist,  are,  that  it  is  not  so  proper  for  writing 
upoo,  because  the  she  is  injured ;  that  in  course  of 
time  it  vreakens  the  colour  of  writing  ink,  and  its 
own  whiteness  diminishes ;  that  it  b  apt  to  break  in 
the  folds,  and  from  its  little  a^ieience,  is  easily  worn 
away  by  friction.  It  is  said  even  to  impair  the  co- 
lour of  printing  ink,  but  this  has  not  been  full^  as- 
certained. If  those  who  are  not  very  well  acquainted 
with  the  subject,  wish  to  ascertain  whether  a  parcel 
of  paper  b  bleached  or  not,  they  may  hold  a  piece 
of  it  to  the  fire,  till  it  b  thoroughly  dried,  but  not 
browned ;  then,  while  it  b  yet  hot,  they  may  sud- 
denly crumple  it  up  in  their  hands.  If  the  paper 
retain  any  mjnrious  portion  of  acid,  it  win  by  thb 
treatment  fall  in  pieces ;  but  if  it  break  in  none  of 
the  creases,  it  may  be  deemed  fit  for  any  purpose. 

The  oxymuriatic  acid  has  been  applied  to  the 
bleaching  of  printed  books,  and  impressions  d  en- 
gravings \  but  if  it  have  the  injurioas  effects  upon 
paper  alluded  to  above,  notwithstanding  the  superior 
chance  of  baring  the  acid  extracted  in  the  manufiic- 
ture,  it  must  be  obvious  that  it  can  only  be  applied  to 
those  which  are  of  little  or  no  value  until  restored 
by  its  uae.  Hie  paper  of  an  engraving;  however 
soiled,  by  smoke,  ink,  he,,  may  speedO^  be  restored 
to  a  brilliant  white,  by  simply  immeremg  it  in  tiie 
oxymuriatic  add,  allowing  it  to  remain  a  longer  or 
shorter  time,  according  to  tiie  strength  of  the  acid 
solution,  or  the  degree  in  which  it  b  stained.  When 
a  volume  b  intended  to  be  bleached,  the  binding 
must  be  destroyed  to  separate  it  into  leaves.  The 
leaves  are  then  placed  fiat  in  a  leaden  cistern,  and 
separated  from  each  other  by  thin  slips  of  glass  or 
wood :  or  the  leaves  may  be  suspended  vertically  over 
narrow  sfips  of  wood  placed  very  near  each  odier. 
In  either  case  the  acid  most  be  poured  in  gentiy  by 
Hie  sides  of  the  vess^,  to  prevent  disarranging  the 
leaves ;  and  when  the  fhll  effect  has  been  produced 
OR  the  paper,  it  should  be  dnivrn  off  at  the  bottom, 
and  its  place  supplied  h^  pore  vrater,  which  should 
be  changed  several  times,  or  until  the  nnell  and  taste 
of  the  acid  appears  to  be  whoffy  removed  from  the 
paper.  Chaptol  observes,  that  when  he  had  to  bleach 
prints  so  torn  that  they  exhibited  onl^  scraps  pasted 
upon  other  paper,  he  was  afraid  of  losntgfbese  scraps 
in  tile  liquid,  because  the  paste  became  dissolved.  In 
sudi  cases,  he  enclosed  the  prints  in  a  cyHndrical 
gbss  vessel,  which  he  mvertcd  in  the  water  on  which 
he  had  put  the  mixture  proper  for  extricating  the 
oxymuriatic  acid  gas.    Tiib  vapour,  by  filKne  the 


whole  inside  of  the.  jar,  acted  upoft  the  prmt;  a- 
tracted  the  grease  and  ink*spots,  and  the  fragments 
remained  pMted  to  the  paper. 

When  ton  sudi  purposes  as  bleaching  prints,  a 
small  quantity  of  the  oxygenated  add  b  required, 
without  the  trouble  which  vrould  attend  obtaining  it 
by  dbtillation,  it  will  suffice  to  add  the  black  oxide 
of  manganese,  or  the  red  oxide  of  lead,  to  common 
muriatic  acid  diluted  with  water.  The  bottle  in 
which  the  mixture  b  made  shoukl  be  strong,  or  its 
stopper  not  made  very  fast,  as  the  elastic  vapour 
whidk  b  extricated  might  otherwise  cause  an  ex- 
plosion. At  the  end  of  two  or  three  hours  the  aeid 
will  lutve  become  colourless,  and  may  be  used  after 
a  little  farther  dilotioii.  It  has  an  acid  taste,  because 
not  perfectly  saturated  with  oxygen. 

To  bleach  old  printed  paper,  for  the  purpose  of 
being  worked  up  again,  Pajot  des  Charmes  directs 
the  paper  to  be  boiled  for  an  instant  in  a  solution  of 
caustic  soda«  That  from  kelp  may  be  used.  Hien 
steep  it  in  soap-suds,  and  wash  it ;  after  which  it 
may  be  reduced  to  a  pulp.  Tlie  soap  nny  be  omit^ 
ted,  if  it  be  thought  proper. 

For  old  written  paper  to  bs  worked  up  agam: 
steep  it  in  water  acidulated  with  sulphuric  add,  and 
then  wash  it  well  before  it  b  taken  to  the  miU.  If 
^  water  be  heated,  it  vrill  be  more  effectuaL 

To  bleach  printed  paper,  without  destroymg  its 
texture:  steep  the  leaves  in  a  caustic  sohttion  of 
soda,  either  hot  or  cdd,  and  then  in  a  solution  of 
soap.  Arrange  them  alternately  between  cloths,  sa 
papnr-makers  do  their  sheets  isi  paper  when  delivered 
from  the  form,  and  subject  them  to  the  press.  If 
one  operation  does  not  render  them  sufficiently  white, 
it  may  be  repeated  as  often  as  necessary.  * 

To  bleach  old  written  paper,  without  destro^g  te 
texture ;  steep  the  paper  in  water  acidulated  with  tai- 
[^ric  acid,  either  hc^  or  cold,  and  then  in  a  sdntion 
<A  0X3^uriatic  add ;  after  whidi  immerse  it  in  water, 
diot  none  of  the  acid  may  remain  behind.  Tbb  pa- 
per, -whtxk  pressed  and  dried,  will  be  fit  for  use  as 
before. 

BLBBonre,  in  Smrgerf,  b  the  artificial  cxtractkm 
of  blood  from  an  artery  or  vein,  for  medicinal  par- 
poses.  The  operation  of  cutting  an  artery  is  tensed 
arteriotomy;  &at  of  opening  avfia,  b  exiled  vene- 
section, or  phlebotomy. 

The  instrument  used  in  this  oountry  for  Uaeding 
the  human  subject,  b  denominated  a  lancet  j  tiKMgit 
a  phbme,  or  fieam,  was  formerly  employed,  and  b 
still  very  commcmly  used  by  farriers  in  Engtend,  aod 
even  by  the  best  surgeons  in  Germany.  The  iaacet, 
on  these  occasions,  b  used  single  j  hot  w^ere  the 
intention  b  to  puncture  mnnerous  small  blood-ves- 
sels at  the  same  instant,  rather  than  any  one  con- 
siderable vein  or  branch  of  ai\  artery,  surgeons  have 
recourse  to  an  instrument  containing  many  lancets^ 
which  b  known  by  the  name  of  scarificator. 

like  art  of  bleeding  may  be  traced  back  to  the  re- 
motest antiquity,  and  seems  to  have  been  conmom 
among  the  Egyptians,  Assyrians,  Scythians,  ftc,  at 
a  time  when  anatomy  had  never  been  cuHrvoted. 
The  Greeks  boast  that  Fodalirius,  tile  son  of  Esm- 
lamus,  was  the  first  who  practised  bleeding,  soon 
after  the  siege  of  Troy;  but  the  foct  Itself  b  related 
by  only  one  author,  who  lived  too  long  afterwarda  to 
be  credited  implicitly.  It  is>  therefore,  moA  more 
likely,  that  bleeding  had  been  performedpreviously 
to  the  time  alluded  to.    PKny,  indeed^  mtfljpo^eB  thai 
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p^ysiciana  first  learned  this  operation  from  Immg 
obserred  file  Iiippopotainns  draw  blood  by  ptisMng 
sharp  reeds  mto  its  body ;  but  ^ts  is  a  Tery  impro- 
bable thing,  as  there  is  verj  fittie  analogy  between 
tiie  artificial  opening  of  a  vem  witii  a  lancet,  and  the 
random  wounding  of  an  animal  by  fHction  i^inst  a 
broken  reed. 

When  we  resolve  to  perform  venesection,  we  must, 
besides  the  instruments  required  for  that  operation, 
have  in  readiness  one  or  two  well-rolled  blood-letting 
bandages,  or  tapes,  from  foor  to  eight  feet  in  length, 
and  of  two  fingers*  breadth*  widx  pins,  or  else  needles 
and  thread.  Those  bandages  are,  by  foretgners, 
reckoned  the  best,  which  have  narrow  straps  at 
their  ends. 

Ik  general,  venesection  is  pract&ed  at  fire  bend  of 
the  elbow,  or  upon  the  foot;  this  being  pievfonsty 
drawn  moderately  tight,  a  bow  is  tied  wim  a  single 
knot,  at  the  posterior  part  of  the  arm.  Whedler  ^ts 
bandage  has  been  properly  applied,  we  know  by  tfke 
circumstance,  that  the  veins  become  elevated  and 
tumid,  whilat  the  pulsation  of  the  artery  at  tile  wrist 
is  distinctly  perceptible. 

We  then  choose  a  vein  in  the  bend  of  the  elbow, 
whioh  must  be  done  with  caution.  The  upper  is 
the  cephalic  vein,  and  this  a  begixmer  ought,  if  pos- 
aible*  always  to  choose,  as  little  or  no  danger  is  to 
be  apprehended  from  opening  it,  but  it  is  very  sddom 
to  be  seen  or  felt,  and  commonly  is  too  small.  The 
median  vein  is  most  easily  seen  and  felt;  but  gene- 
rally the  tendon  of  the  biceps  muscle  is  situated 
under,  qp  at  the  side  of  it,  whKih  we  must  take  great 
care  not  to  puncture. 

Blight,  in  Aaricidture;  a  general  name  fbr  va- 
rifHis  distempers  mcident  to  com  and  fruit-trees. 

It  affects  them  variously,  the  whole  plant  some- 
times perishing  by  it,  and  sometimes  only  the  leaves 
and  blossoms,  which  will  be  scorched  and  shrivelled 
up,  the  rest  remaining  green  and  flourishing.  Some 
have  supposed  that  bli^ts  are  produced  by  easterly 
winds,  which  bring  vast  quantities  of  insects'  eggs 
along  with  them  from  distant  places.  These  being 
lodged  on  the  surface  of  the  leaves  and  flowers  of 
fruit-trees,  cause  ^em  to  shrivel  up  and  perish. 

Mr.  Knight,  however,  observes,  tiiat  blights  are 
produced  by  a  variety  of  causes ;  by  insects,  by  an 
exeeaa  of  heat  or  cold,  of  drought  or  moisture ;  fbr 
these  necessarily  derange  and  destroy  the  delicate 
ofganiiation  of  the  blossoms ;  but  he  believes  the 
common  opinion,  that  they  arise  from  some  latent 
noxious  quality  in  the  air,  or  from  li^tning,  to  be 
totally  unfounded.  The  term  blight  is  very  frequently 
used  by  the  gardener  and  farmer,  he  remarks,  with- 
out any  definite  idea  being  annexed  to  it.  If  the 
leaves  of  their  trees  be  eaten  by  the  caterpillar,  or 
contracted  by  the  aphis ;  if  the  blossoms  mil  from 
the  ravages  of  insects,  or  without  any  apparent  cause, 
the  trees  are  equally  blighted ;  and  if  an  east  wind 
happ«i  to  have  blown,  the  jnsects,  or  at  least  their 
eggs*  whatever  be  4heir  size,  are  supposed  to  have 
been  1»'oqght  by  it. 

Buuf  o,  tiie ;  such  as  are  deprived  of  their  sight. 
The  loss  of  the  noblest  sense,  by  means  of  which 
man  receives  an  idea  of  ^e  world  that  surrounds 
him,  clothed  in  light  and  colour,  is  an  event  as  me- 
lancholy as  it  is  frequent.  Blindness  is  diffbient, 
I.  in  its  degrees ;  some  persons  being  partially  blind, 
retaining  a  slight  perception  of  light,  with  the  power 
of  distinguishmg  very  brilliant  colours,  and  ^  ge- 


neral O90Sme9  of  bodiea;  othcfs  bebig  entirely  da- 
primped  o#  the  fhcnlty of  seeing;  9.  in  itacaases:  some 
men  are  blind  from  tinir  Inrdi ;  othcra  have  become 
blind  by  local  diseases  of  tba  eyes ;  lor  instanoa^  by 
iwftommatkm,  suppuration,  cancer  of  the  eye-ball, 
spots,  fifans^  tomonrs  on  the  Goroea  (by  whidi  its 
tvaneparency  is  destroyed),  also  by  closure  of  tibe 
pupil,  by  a  turbid  state  of  the  hmnovrs,  by  a  debi- 
lity of  tJke  optic  nerve,  or  by  geneial  ^in^^n  of  the 
body,  violent  fevers^  nervous  fevers^  plethora,  aad 
tendcBcy  of  the  blood  to  Uka  head,  erysipelaa  in  tiie 
ftuee,  snall-poK,^  scarlet  fever,  kc,  or  by  excessive 
eroition  of  tiic  eyes,  by  which  iUte  optic  nerve  is  en- 
feebled; $19  wh^  reason,  aoHM  classes  of  mechsiMCs 
and  artists,  a»  blacksmi^,  labourers  i&  glass  and 
smeltiog-hotises,  wntdir-maken^lKc.,notnnfrequfntfy 
lose  their  sight;  and  ianortfiern  coosta-ieB,  winch asc 
cvrefed  with  snow  for  a  long  ti»e,  and  whidi  daole 
the  eyes  by  the  reflection  of  the  sunbeams,  aa  wdtt 
a»  in  the  sandy  deserts  of  Africa,  blindnesB  is  a  fre- 
quent complaint.  Old  age  is  sometimes  aocompa*- 
nied  with  blindness,  occn^ioaed  by  the  drying  up  of 
the  hfUDoiira  of  the  eye,  or  by  the  opacity  of  t^M 
cornea,  the  crystattine  leas,  te.  There  aie  sevcfal 
caases  which  prodnce  bUndness  from  tiie  bixth- 
Sometimes^  tiie  eyelids  adhere  to  each  other  or  to  the 
eye-ball  itself,  or  a  membrane  covers  the  eyes ;  some- 
times the  pepil  94  the  eye  is  closed,  or  adhesca  to 
the  cornea,  or  is  not  situated  is  the  right  pbne,  so 
tiMt  the  rays  of  light  do  not  fall  in  the  middle  of 
the  eye;  besides  other  defects.  Hose  who  are  bom 
blind  have  no  idee  of  visioB,  and  are  entirely  deati- 
tefee  of  all  the  ideas  derived  from  the  sense  of  sight, 
They  cannot,  therefore,  be  sensible  ci  their  misiar- 
tune  m  Ur  same  degree  aa  those  who  have  losttheir 
sight  at  a  later  period.  Experience  has  shown,  thel 
those  who  acquire  tiia  power  of  seeing  after  being 
bom  l^ind,  or  having  lost  ^eir  swht  in  their  child-> 
hood,  form  very  different  ideas  of  visible  objects  froaa 
other  persoBSw 

A  yom>g^  man,  ifhem  Cheienden  coeched  fbr  a 
cataract,  at  the  moment  he  received  sig^t,  imagined 
that  all  the  oljects  which  he  saw  were  in  contact 
wMi  his  eyee :  he  could  not  disttngmish  objects^  al- 
thoQgh  of  very  dSfFerent  forms,  Tboae  widi  whidi 
he  was  already  familiar  by  the  tonch,  he  examined 
with  great  attention,  in  order  to  recognise  them  an- 
other time ;  bat,  having  too  many  dnngs  to  notice  at 
once,  he  soon  fbrgot  all  that  he  had  observed.  He 
wondered  that  those  persons  whom  he  loved  most 
were  not  haedsomer  than  others.  Before  be  re- 
ceived his  sight,  he  had  expressed  a  great  desire  to 
obtain  this  sense.  The  other  senses  of  persons,  who 
have  been  blind  fbr  a  long  time,  become  more  exqni- 
site,  perhaps,  because  they  are  not  subfect  to  the 
distraction  produced  by  tiiie  sight  of  so  many  objects. 
The  blind,  therefore,  are  often  distinguished  for  a 
remarkiMe  menttf  activity,  and  a  woedcrfiri  deve- 
lopement  of  the  intellectual  powers.  Their  tooeh 
and  hearmgy  particmlariy,  become  very  acute.  Thus 
it  is  related  of  a  Mind  man,  who  lived  at  Puisanx,  in 
France,  and  was  a  chesoist  and  mesician,  that  he 
could  accurately  estimate  tiie  proportions  of  objects, 
could  judge  ef  the  distance  of  fire  by  ^e  degree  of 
heat,  determine  tike  quantity  ef  flnid  in  vessels  by 
the  sound  it  prodeced  while  running  from  one  vessel 
into  another,  and  the  proximity  of  objects  by  the 
effect  of  the  air  upon  his  lace.  He  detcsmaied 
aecnrat^y  the  weighs  of  bodies  and  ^a 
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of  vessels.  The  celebrated  Sannderson,  professor  of 
mathematics  at  Cambridge,  lost  his  sight  in  his  early 
youth.  He  invented  several  processes  to  facilitate 
his  studies  in  arithmetic  and  geometry.  His  sense 
of  touch  was  so  acute,  that  he  distinguished  spurious 
coins  merely  by  letting  them  pass  through  his  fingers, 
though  they  were  so  well  executed,  that  even  skilful 
judges  were  deceived  by  them. 

Blind,  Institutions  fob  the.  In  the  case  of 
persons  destitute  of  sight,  it  is  necessary  to  have 
recourse  to  the  other  senses  to  supply  the  want  of 
the  eye.  If,  for  instance,  we  wish  to  teach  them 
the  arts  of  reading  and  writing,  letters  must  be  pre- 

Eared,  which  will  be  palpable  to  the  touch,  and  the 
and  guided  until  they  are  able  to  copy  tiiem.     If 
we  wish  to  communicate  to  them  a  knowledge  of  the 
surface  of  the  earth,  globes  and  maps  must  be  pre- 
pared with  the  divisions,  &c.,  in  relief.    Knowledge 
obtained  in  this  way  must,  of  course,  be  acquired 
much  more  slowly  than  that  received  by  the  sight. 
The  senses  of  touch  and  of  sight  differ  in  ihia  respect, 
that  the  of  former  ascends  by  degrees  from  the  per- 
ception of  parts  to  the  perception  of  the  whole, 
whilst  the  latter  views  the  whole  at  a  single  glance. 
It  is,  therefore,  evident,  that  the  blind  cannot  be  in- 
structed in  the  common  schools  destined  for  those 
who  see :  in  the  first  place,  because  the  means  of 
instruction  by  the  touch  are  wanting ;  and  secondly, 
because  the  progress  of  the  other  children  would  be 
retarded  by  the  slow  apprehension  of  the  blind  pu- 
pils.    For  these  reasons,  and  as  the  blind  form  no 
small  part  of  the  population  of  every  country,  parti- 
cular mstitutions  have,  in  many  places,  been  esta- 
blished for  their  instruction.   In  Pnissia*  they  amount 
to  more  than  13,000  souls.    Zeune,  in  his  Belisar, 
has  laid  down,  as  a  general  law,  deduced  from  ob- 
servation, that  the  proportion  of  blind  persons  de- 
creases from  the  equator  towards  the  poles.    In 
Egypt,  he  says,  it  b  as  1  to  100,  while  in  Norway 
the  proportion  is  1  to  1000. — ^The  instruction  given 
in  the  schools  for  the  blind  aims,  first,  at  a  general 
Cultivation  of  their  intellectual  faculties.    They  are 
afterwards  taught  some  art  which  mayenable  them 
to  provide  for  Uieir  own  subsistence.    These  arts  are 
of  two  kinds — ^mechanical  employments  and  music. 
The  instruction  of  the  blind,  therefore,  embraces 
three  branches — 1.  mechanical  labours;    2.  the  fine 
arts ;   3.  science  ;  because  it  is  impossible  to  deter- 
mine, without  trial,  the  peculiar  genius  of  the  pupils, 
whether,  for  instance,  they  should  be  instructed  as 
mechanics,  musicians,  or  mathematicians.  The  Grer- 
man  institutions  for  the  blind,  as  well  as  those  in 
Paris,  have  this  comprehensive  character,  whilst  the 
English  aim,  more  exclusively,  to  impart  instruction 
in  mechanical  trades.    The  first  idea  of  such  an  in- 
stitution for  blind  persons  was  conceived  by  Valen- 
tin Haiiy,  brother  of  the  celebrated  mineralogist :  it 
was  suggested  to  him  by  his  acquaintance  with  a 
blind  German  lady,  the  Baroness  von  Paradis,  of 
Vienna,  who  visited  Paris  in  1780,  and  performed 
on  the  organ  with  general  applause.    Haiiy  repeat- 
edly visited  this  ingenious  lady,  and  was  much  sur- 
prised to  find  in  her  apartments  several  contrivances 
for  the  instruction  of  the  blind ;  for  instance,  em- 
broidered maps  and  a  pocket  printing  apparatus,  by 
means  of  which  she  corresponded  with  von  Kem- 
pelen,  in  Vienna  (the  inventor  of  the  chess-plaver 
imd  speaking  automaton),  and  with  a  learned  bhnd 
gentleman,  named  Weissenburg,  at  Manhcim.  Haiiy 


compared  the  high  cultivation  of  these  two  Germana 
with  the  degraded  state  of  the  blind  in  France, 
where,  at  the  annual  fair  of  St.  Ovide,  an  innkeeper 
had  collected  10  poor  blind  persons,  attired  in  a  ridi- 
culous manner,  and  decorated  with  asses'  ears,  pea- 
cocks' tails,  and  spectacles  vrithout  glasses,  to  per- 
form a  burlesque  concert.     Nor  did  the  great  insti- 
tution for  the  blind,  or  the  hospital  of  the  300  (com- 
monly called  les  qmnze-vingt,  founded,  in  1260,  by 
St.  Louis,  after  his  crusade  to  Egypt,  during  which 
so  many  soldiers  became  blind  by  Uie  ophthalmia, 
prevailing  in  that  country),  present  to  the  philan- 
thropic Haiiy  a  pleasing  picture  of  intellectuai  culti- 
vation ;  rather  a  scene  of  dulness  and  moral  corrup- 
tion.    He,  therefore,  resolved  to  do  for  the  blind  in 
France  what  the  Abb^  de  I'Ep^  had  done  for  the 
deaf  and  dumb.     In  1784,  he  opened  an  institution, 
in  which  they  were  instructed,  not  only  in  appro- 
priate mechanical  employments,  as  spinning,  knit- 
ting, making  ropes  or  fringes,  and  working  in  paste- 
board, but  also  m  music,  in  reading,  writing,  cipher- 
ing, geography,  and  the  sciences.    For  this  purpose, 
he  invented  particular  means  of  instruction,  resem- 
bling those  with  which  he  had  become  acquainted 
by  his  intercourse  with  the  two  blind  Germans,  Pa- 
radis and  Weissenburg.     For  instruction  in  reading 
he  procured  raised  letters  of  metal,  from  which,  also, 
impressions  may  be  taken  on  paper :  for  writing,  he 
used  particular  writing-cases,  in  which  a  frame,  with 
wires  to  separate  the  lines,  could  be  fastened  upon 
the  paper :  for  ciphering,  there  were  moveable  figures 
of  metal,  and  ciphering-boards,  in  which  the  figures 
could  be  fixed  :  for  teaching  geography,  maps  were 
prepared,  upon  which  moimtains,  rivers,  cities,  and 
the  borders  of  countries,  were  embroidered  in  various 
ways,  &c.     In  the  beginning,  the  Philanthropic  So- 
ciety paid  the  expenses  of  12  blind  persons ;  after- 
wards, in  1791,  Uie  institution  was  taken  under  the 
protection  of  the  state,  and  united  to  that  for  the 
deaf  and  dumb ;  but,  as  this  was  found  inconvenient, 
it  was,  in  1795,  separated  from  the  latter,  and,  in 
1801,  united  to  the  hospital  of  the  quinze-vingt.    The 
mingling  of  young  blind  persons  here  with  old  sol- 
diers being  found  very  prejudicial  to  the  former, 
Haiiy,  full  of  indignation,  went  Ub  Petersburg,   in 
1806,  in  order  to  establish  a  similar  institution  there. 
After  the  restoration,  in  1815,  the  establishment  was 
put  upon  its  original  footing,  and  the  physician  Dr. 
Guillie  appointed  its  director. — Next  to  France,  the 
first  institutions  for  the  blind  were  established  in 
Great  Britain,  where,  however,  they  are  supported 
only  by  the  contributions  of  private  individuals.     In 
1790,  an  institution  of  this  sort  was  established  at 
Liverpool,  in  which  both  males  and  females  are  in- 
structed in  manual  labours,  in  singing  hymns^  and 
playing  on  the  organ.    In  1791>  a  second  one  was 
established  in  Edinburgh,  in  which  the  making  of 
baskets  and  ropes  is  Uie  principal  occupation.     Si- 
milar institutions  have  since  arisen  in  other  places ; 
one  at  Londop,  in  1800^  also  at  Dublin,  Bristol,  and 
Norwich. — In  Germany,  the  first  public  institution 
for  the  blind  was  established  by  the  king  of  Prussia 
at  Berlin,  in  1806,  when  Haiiy  passed  through  this 
city.    Zeune  was  appointed  director  of  it.     He  in- 
vented many  instruments  more  simple  than  those 
which  had  formerly  been  used,  and  which  answered 
the  purpose  very  well.     Among  other  things,  he 
brought  to  great  perfection  maps  and  globes,  des- 
tined for  the  use  cf  the  blind ;  which^  in  many  part% 


'  BLINDS— 
•f  Swope.  BK  OMd  for  Oa  iMtnetion  of  others  also, 
■faice  ttwy  pi«sent,  by  mttat  of  eleratione  (ud  6t- 
pntatODB  of  the  sarface,  proportionaJ  elevatioue  aad 
pctuTEB,  wbkta  strike  tike  faiod  forcibly.  Id  srith- 
nrtte,  he  diiected  kiB  attestJoD  almost  exclosivel;  to 
wnatnl  odculaticHia.  The  fint  matitntioas  for  the 
Ui^  in  Gennuiy,  after  Att  w  Berlin,  were  esta- 
blished in  Vienna  and  Pragoe,  both  in  1808,  and,  in 
the  same  year,  that  in  Atagtcnlaiii,  founded  by  FreC' 
SMtHis.  In  1809,  Ok  institution  in  Dresden  sprang 
^^— a  bmidi  of  that  in  Berlin.  Id  IBIO,  the  insti- 
tation  in  ZiHich  was  fonndcd  by  th«  anxiliary  so- 
ciety, la  1811,  aHBiilar  establishment  was  initi- 
toted  in  Ct^nbageo,  aAer  the  plan  of  ProfessOT 
BnrwD,  by  the  Secitlf  nf  the  Chain,  as  it  is  called, 
{Ftnm  At  K«lle.)  After  the  p'eat  war  tor  liberty, 
from  1S13  to  15,  when  the  Egyptiaa  ophthalmia 
ngtd  90  dreadfolly  among  the  Europetm  anaiee,  m- 
Tnl  uistitutioaa  for  blind  toldiere  were  established, 
•n  Z«aae's  plan,  in  Pnusia.  Their  object  was  to 
inrtruct  soldierB  who  bad  become  blind,  and  QOable 
to  exetciBe  their  (biaer  bosincM,  in  oeeful  laboars. 
Tberc  schools  were,  at  first,  intended  to  continue 
«ol]r  till  all  the  soldiers  received  si  them  had  tho- 
foo^y  learned  some  trade :  two  of  them,  however, 
thaaie  at  Brcslaa   and   Konigiber^   have  been  pat 

Q  Petenboiiib  whibh 
d  by  Hauy,  but  waa  nercr  in  a  very 
lie,  seen^  to  have  declined  greatly, 
r'  itft  fbunder's  Mtwa  to  Fnnec,  in  1816.    The 
Mwr  of  its  prewat  dinctor  is  Haitia  I^azki. 

An  inditntioa  waa  projected  at  Barcelona  in  1830, 

tat  the   plan  waa  afterwards  abandoned.      In  the 

tfvtitg  of  the  pt«*ent  year  (1834)  an  attempt  was 

■ade  to  fMm  a  similar  establiahmrat  in  Madrid,  bnt 

'  tlia  late  political  dissenaioiu  have  retarded  its  pro- 

Inotitnhou  for  the  blind  are  confined  almoat  en- 
tirely to  Europe,  and  they  ^pear  to  be  pecoliar  to 
GtimtMf,  Switzerland,  Holland,  Denmaiic,  France, 
SB^and,  and  Rassia.  Father  Charlevoix,  indeed, 
•an  that  in  Japan  the  records  irftiie  empire  an  com- 
mitted to  the  meeiory  of  the  blind ;  and  Golownin 
estimates  their  number,  in  the  gigantic  city  of  Jeddo 
alone,  at  3C.000 ;  but  neither  of  them  DMnttoos  any 
iaatitution  established  for  them.  The  director  of  the 
ikstiration  in  Vienna,  F.  W.  Klein,  has  pablished  a 
gpod  elementary  work  for  the  instmcttoD  of  th«  blind. 

The  firat  and  as  yet  the  only  institution  for  the 
bli&d  in  America  was  commencixi  in  Boston 
year  1829.  In  the  beginning  of  that  year,  an 
iacorporUion  was  granted  by  the  legislature  of  Mas~ 
aachnaetts  to  ie*eral  gentlemen,  aHtboriziog  them 
to  establish  the  New  England  Aajrlum  for  the  Blind, 
for  the  purpose  of  educating  blind  penont.  Wt 
BOderstaod  that  this  iaatitntiDii  is  now  going  on  prot- 

BuKDB,  in  operations  against  fortresses ;  the  name 
of  all  preparations  which  tend  to  intercept  the  view 
of  the  enemy.     There  are  several  ^ecies 


»  previ 


t  the 


a  observing  what  psaaes 
— 3.  Blinds  before  port^boles,  ue  shutters  made  of 
■tiMig  planks,  which  are  placed  before  the  port- 
holes, as  soon  as  the  guns  are  discharged,  to  obstruct 
dte  enemy's  view.^ — -3.  Single  and  double  blinds. 
Hie  former  consist  of  three  strong  perpendicular 
paste,  5  feet  in  height,  between  wHiot  are  planks 
Aar*  fc  SciKNcas. — Vol.  I. 
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covered  with  iron  ptatn  ctn  the  outside,  and  thui 
made  shot-pnwf.  This  screen  ia  furnished  with 
rollers,  to  enable  the  labourers  in  the  trenches  to 
posh  it  before  them.  The  latter  consist  of  large 
wooden  chests,  on  four  block-wheds,  which  are  filled 
vrith  earth,  or  bags  of  sand,  and  serve  likewise  in 
the  trenches,  See,  to  cover  the  soldiers  from  the  fire 
of  the  enemy. — (.  Another  kind  of  Winds  naed  ta 
protect  the  wOTkmen  in  the  trenches,  are  the  chan- 
deliers. Two  square  beams  of  timber  are  placed 
parallel,  and  at  a  tUstance  of  six  feet,  on  the  ground, 
and  fastened  by  two  cross  beams.  Upon  the  ends, 
perpendiEnlar  posts  are  erected,  and  ihe  interval  is 
filled  up  vrith  fascines,  at  least  to  a  height  of  live 
ftet — 5.  Blind  is  also  the  name  given  to  coverings 
placed  over  the  most  exposed  parts  in  the  approaches 
or  the  fortress.  These  are  made  of  beams,  over  whiiJi. 
hurdles  or  fascines  are  spread,  that  finally  receive  a 
sufficiently  thick  layer  of  earth  as  a  cover. 

BusTsa,  in  PAansacy.  Blisters  are  raisedon  the 
surface  of  the  body  for  medicinal  purposes,  by  t:f- 
ptying  for  a  number  of  hours  some  of  the  most  active 
of  the  animal  or  vegetable  stimnlanta.  Of  these,  by 
far  the  most  convenient,  and  that  vrfaieh  is  most  uni- 
versally employed,  is  the  cantharidet,  or  Spanish  fly. 
These  insects  ore  found  in  Spain,  Italy,  and  the  soDth 
of  Europe ;  they  have  a  longish  body,  beautifolly  bril- 
liant with  great  and  gold.  They  are  gaUiered  by 
shaking  the  trees  which  they  frequent,  and  are  killed 
by  the  iKpaat  of  spirit  of  wine  burnt  beneath  them, 

by  the  fumes  of  vinegar,  after  which  they  are  dried 

a  stove.  In  this  state  they  are  brought  over  with- 
out farther  prepaiBtioQ.  For  blistering  the  skin,  the 
cantharides  are  first  finely  powdered,  and  then  in- 
corpoiBlad  with  a  mixture  of  vrai  and  resin  melted 
briber.  The  plaster  thus  made,  is  spread  uniformly 
upon  leather  with  an  inm  spatula. 

Blocis  axe  pieces  of  wood  in  which  sheaves  or 
palloys  are  placed,  for  the  [nirposf^  of  forming  tackle, 
purchases,  Ac.,  in  various  operations  in  nav^  tactics 
and  architnKitrat   conatmctiona.     This   mechanical 
power  is  described  in  the  article  Puixar,     Blocka 
are  single,  iooUe,  treble,  and  fourfold,  according  as 
the  number  of  sheaves  is  ooe,  two,  diree  or  four. 
The  sheaves  arc  groovod  to  leceive  tlie  rope,  and 
have  in  their  centre  a  brass  bush,  or  triangntar  piece 
of  bmaft  ta  rMcave  tkf  pai  as,  which  they  revolve. 
The  sides  of  the  block  are  called  dteelu.     A  nmmu 
block  is  attached  to  dw  object  to  be  moved ;  a  timid- 
tN$  Uock  b  tod  to  some  ptnnancnt  sn^iort.     Ad 
example  of  a  block  with  two  pulleys 
is  furni^ted  in  the  accoiapanying 
figure.    Blocks  also  receive  diS^cnt 
denominations    from    their    shape, 
purpose,  and  moda  of  application. 
No  less  than  300  different  sorts  and 
sizes  are  made   at  Portsmouth  for 
the  royal  navy,  besides  which  there 
are  various  sorts  used  only  in  the 
merchant- shipt.    The  macimiery  for 
supplying  the  royal  navy  with  block* 
is  the  invention  of  Mr.  Bruuel.     It 
enables  fouj  men,  in  a  given  time,  to 
complete  the  shells  of  aa  many  blocks 
as  50  men  could  do  by  the  old  me- 
thod.    Indeed,  the  blook  machinery 
at  Portunouth  is  justly  considered  aa  one  of  the 
wonders  of  the  world. 

Bt^csAM.  ia  the  interception  by  one  betligavat 
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of  all  communication  with  a  place  occupied  by  an- 
other. National  sovereignty  confers  the  right  of  de- 
claring war,  and  the  right  which  nations  at  war  have  of 
destroying  or  capturing  each  other's  subjects  or  goods, 
imposes  on  neutral  nations  the  obligation  not  to  in- 
terfere with  the  exercise  of  this  right  within  the  rules 
and  limits  prescribed  by  the  law  of  nations.  In 
order  to  render  the  communication  with  a  place  un- 
lawful to  a  neutral,  a  blockading  or  besieging  force 
must  be  actually  present,  investing  it,  and  sufficiently 
powerful  to  render  a  communication  wiUi  it  dan- 
gerous to  a  neutral,  and  expose  him  to  seizure  by  the 
blockading  or  besieging  force.  A  declaration  of 
siege  or  blockade  is  an  act  of  sovereignty,  but  does 
not  require  in  all  cases,  a  direct  declaration  by  the 
sovereign  authority  of  the  besieging  belligerent ;  for 
Its  officers  may  be  invested,  either  expressly,  or  by 
implication,  with  authority  to  institute  such  siege  or 
blockade.  It  must,  however,  in  order  to  be  lav^ul 
and  obligatory  on  neutrals,  be  declared,  or  sanction- 
ed, either  expressly,  or  by  implication,  by  the  sove- 
reign power.  It  must  also  be  declared  or  made 
public,  so  that  neutrals  may  have  notice  of  it.  If  a 
blockade  is  instituted  by  a  sufficient  authority,  and 
maintained  by  a  sufficient  force,  a  neutral  is  so  far 
affected  by  it,  that,  if  he  attempts  to  trade  with  the 
place  invested,  either  by  carrying  goods  to  it  or 
bringing  them  away,  the  property  so  attempted  to 
be  carried  to,  or  from  the  place,  is  liable  to  be  seized 
by  the  investing  party,  and,  in  case  of  being  seized, 
is  forfeited. 

Blockhouse,  in  Foriification;  a  house  made  of 
beams,  joined  together  crosswise,  and  often  doubled, 
with  a  covering  and  loop-holes,  large  enoush  for 
25  or  more  men.  In  addition  to  this,  it  is  commonly 
covered  with  earth,  to  render  it  entirely  bomb  and 
and.  fire-proof.  It  is  usually  sunk  several  feet  into 
the  ground.  Some  forts  of  this  kind  contain  two 
stories;  and  they  are  often  fitted  up  to  receive 
cannon.  Blockhouses  are  generally  built  in  the  form 
of  a  square  or  ja  cross.  Their  use  b  to  afford  a  feeble 
garrison  of  an  important  place,  which  is  very  much 
exposed,  an  opportunity  of  holding  out  against  the 
cannonade  and  assault  of  the  enemy  till  they  are 
relieved.  They  also  serve  for  bomb-proof  guard- 
houses, and  places  of  last  resort,  in  tl^  interior  of 
intrenchments,  and  in  the  .coveted  passa^  of  for- 
tresses, where  the  cannon  are  stationed. 

Bi4>CKiNa  Course,  in  Architectwei  the  course  of 
stones  or  bricks  erected  oa  the  upper  part  of  a  cor- 
nice to  form  a  termination. 

Blomaet,  or  Bloom ARY,  tiie  first  forge  in  an 
iron- work,  through  which  the  metal  passes  after  it 
is  melted  out  of  the  ore.  See  Iron. 

Blood  b  the  red  fluid  contained  in  the  blood- 
vessels of  animal  bodies.  It  is  found  in  the  mam- 
malia, in  birds,  in  reptiles,  and  in  fislies.  In  the  last 
two  classes  of  animab,  the  temperature  of  the  blood 
b  much  lower  than  in  the  former,  for  which  reason 
they  are  dbtingubhed  by  the  name  cold-blooded, 
while  the  others  are  termed  warm-blooded  animals. 
Insects  and  worms,  instead  of  red  blood,  have  a  fluid 
of  a  whitbh  colour,  which  b  called  white  blood.  In 
the  blood,  two  different  substances  are  contained, 
which  are  separated  by  coagulation— the  serum,  a 
fluid  like  the  white  of  an  egg,  and  a  thick  matter,  to 
which  the  red  colour  properly  belongs,  which  is  much 
heavier  than  the  former,  and  b  called  the  coagukun. 
rhe  last  may  be  divided  again  into  two  different  parte 


— into  the  cruor,  or  that  part  of  the  blood  which  b 
intrinsically  red,  and  ooagulable,  and  lymph  or  ^' 
brine,  to  which  the  coagulation  of  the  blood  must  be 
ascribed.  The  fibrine,  in  young  animals,  is  much 
whiter  than  in  older  and  stronger  ones.  The  blood 
of  the  latter  contains  much  more  azote  than  that  of 
the  former.  If  the  nourishment  of  animals  b  changed* 
we  also  find  an  alteration  in  the  constituent  parts  of 
their  blood.  It  is  also  changed  by  diseases.  In  ani- 
mab  that  are  hunted  to  deaUi,  or  killed  by  lightning, 
the  blood  does  not  coagulate.  The  blood  of  birdtf  b 
more  highlv  coloured,  and  warmer,  than  that  of  vivi- 
parious  anunals,  and  coagulates  more  easily  in  the 
air.  That  of  reptiles. and  fishes  coagulates  with 
difficulty.  Aided  by  magnifying  glasses  of  a  strong 
power,  one  may  observe,  in  examining  the  blood  of 
the  living  animal,  or  in  blood  which  b  newly  drawn, 
that  it  consists,  especially  the  cruor,  of  little  globular 
bubbles,  the  globules  of  t^e  blood,  as  they  are  called, 
the  diameter  of  which  amounts  to  about  the  three 
hundredth  part  of  a  line.  In  blood  that  has  been 
drawn  some  time,  although  thb  time  may  be  very 
short,  they  are  not  so  strongly  apparent.  They  are  the 
effect  of  the  life  that  pervades  the  blood.  The  more 
robust  and  healthy  an  animal  b,  the  more  globules 
are  perceived.  They  show,  as  it  were,  the  transition 
from  the  formless  liquid  to  the  original  form  of  the 
first  organized  matter.  The  blood  b  of  the  greatest 
importcmce  to  the  life  of  an  animal,  and  may  be  con- 
sidered as  a  source  of  life.  As  long  as  the  body  b 
living,  the  blood  b  in  perpetual  motion.  When  it  is 
taken  out  of  the  body,  a  remarkable  change  soon 
follows :  it  begins  to  coagulate,  and  then  undergoes, 
first  an  acetous,  and,  after  a  few  days,  a  putrid  fer- 
mentation. All  the  blood  takes  its  origin  ftom  the 
chyle,  and  deposits,  by  degrees,  the  nourishing  par- 
ticles requbite  to  the  preservation  and  growth  of  the 
body,  by  a  multitude  of  vesseb  adapted  thereto. 
This  b  done  while  it  is  driven  ftom  the  heart  into  the 
remotest  parts  of  the  body,  and  from  thence  back. 
The  circulation  of  the  blood  is,  as  it  were,  tiie  prin- 
ciple and  first  condition  of  life.  With  it,  except  in 
cases  of  fainting,  siitfocation,  &c.,  life  ceases.  The 
heart,  the  centre  of  the  circulation  of  the  blood,  has 
a  twofold  motion,  of  contraction  and  dilatation, 
which  constantly  alternate.  With  the  heart  two 
kinds  of  vesseb  are  connected — the  arteries  and  the 
veins.  The  circulation  of  the  blood  proceeds  with  an 
astonishing  rapidity :  did  it  flow  at  an  equal  rate  in  a 
straight  line,  it  would  run,  in  the  space  of  one  minute, 
through  about  150  feet.  Thb  swiftness,  however, 
exbts  only  in  the  larger  vesseb  near  the  heart ;  the 
farther  the  blood  recedes  from  the  heart,  the  slower 
its  motion  becomes.  In  a  grown-up  person,  in  good 
health,  we  may  reckon  the  mass  of  blood  at  from 
24  to  32  pounds. 

Blqod-Vbs«el8  are  the  tubes  or  vesseb  in  which 
the  blood  circulates.  They  are  divided  into  two 
classes — ^arteries  and  veins — which  have  two  points 
of  union  or  connection ;  the  first  in  the  heart,  from 
which  they  both  originate,  and  the  other  in  the  mi- 
nute vesseb  or  net- work,  in  which  they  terminate. 
The  arteries  arise  from  the  heart,  and  convey  the 
blood  to  all  parts  of  the  body  ;  the  veins  return  it  to 
the  heart.  The  arteries  distribute  throughout  the 
body  a  pure  red  blood,  for  the  purposes  of  nourish- 
ment ;  while  the  v§ins  return  to  the  heart  a  dark- 
coloured  blood,  more  or  less  loaded  with  impurities, 
and  deprived  of  some  of  its  valuable  propertiea.    Bui 
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tiib  it  not  retunied  again  to  the  body  in  the  same 
state :  for  the  heart  is  wisely  divided  into  two  por- 
tions or  sides,  a  right  and  Ietfc«  one  of  which  receives 
tiie  impnre  blood  (rom  the  veins,  and  sends  it  to  the 
hings  to  be  defecated  and  freshly  supplied  with  oxy- 
gen or  vital  air,  while  the  other  receives  the  pore  red 
blood  from  the  Imigs,  and  circniates  it  anew  through 
the  arteries.  The  arteries  arise  from  the  left  ventri- 
cle of  the  heart  by  one  large  trunk,  nearly  an  inch  in 
diameter,  which  is  gradually  subdivided  into  smaller 
ones,  as  it  proceeds  towards  the  limbs,  till  they  ter- 
minate, at  last,  in  vesseb  so  small  as  to  be  almost 
invisible,  and  in  a  fine  net-work  of  cells,  extending 
tiirougfa  the  whole  body,  in  which  the  blood  is  poured 
oat,  and  nutrition  or  the  increase  of  the  body  takes 
place,  and  from  which  the  residue  is  taken  up  by  the 
snmli  veins,  to  be  returned  to  the  heart.  The  arteries 
and  veins  are  widely  different  in  their  structure,  as 
vrell  as  their  vses.  The  former  are  composed  of 
very  strong,  firm,  elastic  coats  or  membranes,  which 
are  four  in  number.  The  external  covering  and  the 
internal  lining  of  the  arteries,  although  belonging  to 
different  classes  of  membranes,  are  both  very  thin  and 
soft.  Tile  second  coat  is  very  thick,  tough,  and  elas- 
tic, being  that  which  chiefly  gives  their  peculiar 
appearance  to  the  arteries.  The  third  is  formed  of 
fibres,  apparently  muscular,  ammged  in  circular  rings 
loond  the  tube  of  the  vessels.  It  is  well  known  that 
^be  poise  of  the  heart  is  felt  in  the  arteries  alone, 
altfioai^,  in  the  bleeding  of  a  vein,  we  sometimes  see 
the  Mood  start  as  if  in  unison  with  the  beating  of  the 
heart.  Tlie  pulse  b  produced  by  t^ewave  or  stream 
of  blood,  which  is  driven  hy  the  heart  through  the 
arteries,  distending  and  slightly  elevating  them,  after 
whtdi  tliey  instantly  contract  from  their  elasticity, 
and  thus  force  the  blood  into  the  smaller  vessels. 
The  pnlse  varies  in  its  character  with  the  general 
state  of  the  health.  (See  Pulsb.)  When  arteries 
are  cut  or  wosnded,  tbe  fimmess  of  their  coats  pre- 
vents their  closing,  and  hence  arises  the  fatal  nature 
of  wounds  of  large  vessels,  which  will  remain  open 
till  they  are  tied  up,  or  till  death  is  produced.  The 
veins  commence  in  small  capillary  tubes  in  every 
past  of  the  body,  and,  by  their  gradual  union,  form 
mrgie  trwBks,  tiU  they  at  last  terminate  in  two  (one 
ascending  from  the  lower  parts  of  the  body,  the  other 
descending  from  the  head  and  arms),  which  pour 
thev  contents  into  the  heart.  Their  structure  is 
mndi  less  irm  than  that  of  the  arteries.  They  are 
^ery  thm  and  soft,  consisting  of  only  two  thin  coats 
or  laembranes.  The  inner,  or  lining  membrane,  is 
freqiKBtly  doubled  into  folds,  forming  valves,  which 
■cany  dose  the  passage  in  the  veins,  and  thus  give 
irery  material  support  to  the  blood  as  it  is  moving  up 
IB  tiiem  towards  the  heart.  These  valves  are  not 
Ibmid  in  the  veins  of  tiie  bowels,  the  lungs,  or  the 
liead.  Hie  number  of  the  veins  is  much  greater  than 
liiat  of  the  arteries,  an  artery  being  often  accompanied 
by  two  veins.  They  differ  also  in  this,  that,  while 
the  arteries  are  deeply  seated  in  the  flekh,  to  guard 
tiicm  from  injury,  the  veins  are  very  frequently  su- 
pcdkia],  and  covered  only  by  the  dkin.  The  veins, 
it  is  weU  knovm,  are  the  vessels  commonly  opened 
m  Mood-letting,  aldiongh,  in  cases  which  render  it 
tccaiary,  a  small  artery  is  sometimes  divided. 
There  are  two  portions  of  the  venous  system,  which 
4o  not  eorresp(md  exactly  with  our  general  descrin* 
;  tiieae  are  the  veins  of  the  bowels  and  of  the 
Tba  fbrmer  drcnlate  their  blood  throagh  tlie 


liver  before  it  returns  to  the  heart,  and  the  latter,  the 
pulmonary  veins,  convey  red  blood  from  the  lungs  to 
the  heart.  (For  an  account  of  the  circulation  of  the 
blood,  see  Anatomy  and  Heart.)  It  should  also  be 
mentioned,  that  the  large  vein,  which  brings  back  the 
blood  from  the  lower  part  of  the  body,  receives  from 
the  lymphatic  and  lacteal  vessels  the  chyle  from  the 
bowels,  which  supplies  the  waste  of  the  blood,  and 
nourishes  the  body,  and  the  serous  and  other  watery 
fluids  which  are  taken  up  by  the  absorbents  in  all 
parts  of  the  body. 

Blottino  Papbe  ;  a  species  of  paper  made  with- 
out size  or  stifiening,  serving  to  imbibe  the  wet  ink 
in  account  books,  &c. 

Blowing,  in  Medieme;  a  method  of  administering 
medicines  by  inflation,  or  blowing  them  into  the  part 
affected  through  a  tube ;  powders  are  thus  conveyed 
into  the  eye,  and  sometimes  up  the  nose,  for  the  cure 
of  a  polypus. 

Blowing-Machines;  the  larger  instruments  or 
contrivances  for  producing  a  strong  and  continued^ 
current  of  air,  such  as  is  necessary  in  smelting- 
houses,  in  large  smitheries,  &c. 

Blow- Pipe  is  the  name  applied  to  an  instrument, 
by  means  of  which  the  flame  of  a  candle  or  lamp  is 
made  to  produce  an  intense  heat,  capable  of  being 
applied  to  a  variety  of  useful  purposes.  Its  most 
simple  form  b  that  of  a  tapering  tube,  about  eight 
inches  in  length,  and  curved  nearly  at  right  angles, 
within  two  inches  of  its  smaller  extremity.  At  its 
larger  end,  it  is  nearly  a  quarter  of  an  inch  in  dia- 
meter, and  at  the  smaller,  only  large  enough  to  admit 
a  common-sized  pin.  It  is  made  of  brass  or  light 
iron.  In  using  it,  the  flame  of  a  lamp  or  candle  is 
turned  aside  from  its  vertical  to  a  horizontal  direc- 
tion by  a  stream  of  air  impelled  upon  it,  either  from 
the  lungs,  or  from  a  double  bellows.  The  flame,  in 
its  new  direction,  assumes  a  conical  shape,  and  con- 
sists of  two  parts,  visible  by  their  dlffevent  colours ; 
the  outer  being  reddish-brown,  and  the  inner  blue. 
The  heat  at  the  apex  of  the  inner  cone  is  the  most 
intense,  and  is  equal  to  that  produced  in  the  best 
furnaces.  It  is  employed  by  the  jeweller  and  gold-' 
smith  in  the  operation  of  soldering,  and  by  other 
artists  who  fabricate  small  objects  in  metal ;  by  th« 
glass-blower  in  making  thermometers,  barometers 
and  other  ^ass  instruments ;  by  the  enameller,  and 
indeed  wherever  it  is  required  to  subject  a  small 
body  to  a  strong  heat.  Tlie  common  blow-pipe  has 
undergone  a  vanety  of  improvements  in  the  hands  of 
tjie  chemist,  to  whose  researches  it  has  proved  an- 
excellent  auxiliary.  These  consist*  principally,  in 
providing  its  stem  vrit^  a  bowl,  or  enlargement, 
where  the  moistnre  of  the  breath  may  be  condensed 
and  detained ;  in  fitting  the  smaller  end  so  as  to  re- 
ceive a  variety  of  little  caps,  or  hollow  cones,  with 
orifices  of  different  diameters,  so  as  to  be  changed 
according  as  a  flame  is  required  more  or  less  strong; 
and  in  rendering  the  instrument  more  portable^  by 
constructing  it  of  several  pieces,  capable  of  being 
taken  apart  and  packed  up  in  the  space  of  a  pencil-. 
case.  With  a  part,  or  with  the  whole  of  these  im- 
provements, it  is  used  by  the  chemist  to  make  an  exa- 
mination of  any  doubtful  mineral  substance,  artifi- 
cial alloy,  or  pharmaceutical  preparation.  This  he 
is  capable  of  conductins  (with  ^e  aid  of  a  charcoal 
support,  and  occasionally  a  little  borax)  in  a  mo<r 
menfs  time,  and  with  the  loss  of  1^  amplest  ima- 
ginable quantity  of  the  subatanct.    To  the  analytU 
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BLUBBEBn — 9  OIL. 


€«l  oMwBl  ii\vm  i»  u^d^peD^aJMe  for  «Dabli9g- him 
to  disjcoyer  the  piwcip^  iogredients  m  a  substance, 
previous  ta  bis  subsequent  operations  for  ascertaia- 
ing  their  rela^iye  ptropprtiQH^  (For  ao  accoiint  of 
the  blov-pipe  in  whiic\)k  o^gygen  and  hydr^i^fen  gas^ 
are  employed,  see  Oxy-»yi^«^oan  BLO'w-PArE. 

Blubbxa,  in  Pkymlogy ;  Uie  fat  yi^icb,  invests  the 
bodies  of  aU  large  cetaceous  fish,  serviuft  to  furnish 
an  oiL  The  blubber  is  properly  the  adeps,  of  the 
animal :  it  lies  immediately  under  the  skiot»  and  over 
the  muscular  flesh.  In  the  porpoise  it  is  firm  and 
fiill  of  fibres,  and  invests  the  body  about  an  inch 
thick.  In  the  whale  its  tiuckqesa  is  ordinarily  six 
inches ;  but  about  the  under  lip  it  is  fouud  two  or 
three  feet  thick.  The  whole  quantity  yielded  by  one 
of  these  animals  ordinarily  amounts  to  forty  or  fifty, 
and  sometimes  to  eighty  or  mcnre  huudi?ed  weight 

The  use  of  th£  blubber  to  the  animal  seems  to  be 
partly  to  poise  the  body,  and  render  it  equiponderant 
to  the  water ;  partly  to  keep  off  th&  water  at  some 
distance  from  the  bloodj  the  imn»ediate  contact 
whereof  would  he  apt  to  chill  it ;  and,  partly  also  for 
the  same  use  that  clothes  serve  ua«  to  keep  animals 
varm«  by  retaining  the  natui»l  heat  of  the  body.  *  Its 
use  in  trade  and  manufactures  ia  to  furnish  tcam-oil, 
"Vhich  it  does  by  boiluag  down.  FocMMly  this  was 
performed  entirely  ashore  in  the  countries  where  the 
whales  were  caught ;  but  of  late  ^  fisl^rs  do  not 
always  pursue  this  course,  they  bring  the  blubber 
home,  stowed  iu  casks,  and  then  boil  it  down. 

Blue,  ia.  Painting;  one  of  the  primary  colours. 
This  cofour,  for  the  use  of  painten,  ia  variously  pre- 
pared; the  beal  is  ultramarine,  which,  is  pre- 
pared from  lapis  lazuli,  finely  pulv^i^  by  ignition, 
quenched  in  a  strong  acid,  and  subsequently  levi- 
gated. 

Blub,  Prussian  ;  a  colouring  matter,  of  a  pure 
dark-blae  colour,  a  dull  fracture,  inodovona  and  in-t 
aipid,  insoluble  in  vrater,  spirits  of  wine  or  etiier ;  it 
ia  soluble  only  by  the  action  of  oorEoatve  alkalies. 
The  discovery  of  this  colour  was  aocidenlly  made,  in 
1704,  by  Diesbach,  a  manufacturer- of  colours,  who, 
with  the  intentiou  (^  precipitating,  colouring  matter 
from  cochineal,  with  which  alnm  and  sulphate  of  inm 
were  dissolved,  procured  some  alkali  from  the  labora^ 
tory  of  Dippel.  This  aUuli,  which  Dippel  had  been 
heating  with  some  animal  matter,  pooduced  a  beauti- 
ful blue  precipitate.  Dippel  discovering  that  the  al- 
kali had  acquired  this  povBer  of 'forming  a  bhie  preci- 
pitate of  iron  on  account  of  ita  mixture  with  animal 


oil,  soon  learned  to  prepare  it  in  a  more  simple  viray, 
since  all  animal  ^ubstances^  and  evea  all  vegetables, 
which  contain  mudi  azote,  will  give  Uie  same  result. 
It  is,  however,  necessary  that  all  the  materials  should 
be  perfectly  pure,  as  the  subsequent  purification  would 
be  expensive.  The  addition  of  alum  gives  to  this  blue 
more  body  and  a  brighter  colour.  This  blue  sub- 
stance is  a  prussiate  of  iron  (6d  parte  red  oxide  df 
iron,  and  48  of  prussic  acid).  The  alumine  added 
amounts  to  from  20  to  80  per  cent. ;  but  the  greater 
the  quantity,  the  poorer  is  the  quality  of  the  blue. 

Blunderbuss,  in  the  MiUtary  Art;  a  short  spe- 
eies  of  fire-arm,  with  a  long  bore  cbntaived  to  carry 
a  number  of  musket  or  pistol  bullets  at  once.  The 
blunderbuss  is  proper  to  do  execution  in  a  crowd,  or 
to  make  good  a  narrow  passage,  or  door  of  a  house, 
staircase,  or  the  like. 

Board  ;  a  piece  of  timber  sawed  thin,  foi  the  pur- 
poiBes  of  building. 


BoardItNo.  in  Npwil  Tuetiek;  the  art  o£  approiicl^ 
ing  the  ship  of  an  enemy  so  near  a&  to  admit  o^  this 
gri^ppUngs,  which  are  i|xed  on  tlie  lower  yard-arms, 
at  the  foreci^tl^,  gangways,  &c.^  being  thrown  into  it, 
for  the  purpose  of  securing  the  vessels  togeth^,  and  pf 
entering  her  (^ks  with  a,  detachment  of  an^ed-  men. 

Boat;  pro|^i;ly*  a  vesst^L  propelled  by  osfs*.  In 
a  more  ^tene^ve  sense,  the  word  is  applied  to  othyar 
small  vessels,  ^hich  differ  in  construction  and  nam^ 
accordii%  to  tl>?  services  in  which  they  are  e^iployed* 
Thus  they  are  UglM:  or  strong,  sharp  or  fiat  botStomedi, 
open  or  deckedn  &c,  according  a^  they  are  u^t^ed 
for  swiftness  or  burden,  deep  o)^  shaUow  wmter,  ^(c 
The  barge  att^Krl^d  to  a  ship  i^  a  Loug,  lifl^^  i^urrow 
boat>  employ;^,  ia  harbours,  Th^  long-boat  b.  the 
largest  boat  bekoqgiBg  to  a  shi^  generally  furnished 
wiUi  sails,  and  is  employed  for  cruising  short  dis- 
tances, bringing  heavy  articles  or  board,  &c.  The 
launch  is  more  flat-bottomed  thaipi  the  longp-boat, 
which  it  has  generally  supecqedied.  The  pin^iace 
resembles  a  barge».  but  is  smailei^,  Th^  cutters  of  a 
ship  are  broader  apd  deeper  than  the  baiige  or  pin- 
nace, and  are  emiployed  in  canying  light  articles, 
passengers,  &c.,  on  board.  Yawls  are  used,  for  simi- 
lar purposes,  and  are  smaller  tha>i  cutters.  ^  gig  is 
a  long,  narrow  boat,  used  for  expedition,  and  i;owed 
with  six  or  eight  oars.  Tbe  jolly-boat  is  smaller  than 
a  yawl,  aud  is  used  for  going  on  shore ;  a  merch^^^ 
ship  seldom  has  more  than  two  boatp,  a  long-boat  and 
a  yawl.  A  wherry  is  a  lighj^  sharp  boa^  used  in  a 
river  or  harbaur,  for  transporting  pivisange9i».  A 
punt  is  a  flat-bottomed  boat,  chie^y  xjs^fqt  one  per- 
son to  go  on  shore  from  smaU  ves/se^^  A  sk^  is  a 
small  Wt,  like  a  yawt  uaed  fpr  paifHBg  ny^s^  A 
moses  is  a  flat-bottomied  boal^  Hsed  lu  thg  W^  Indies 
for  carryiug  hogsheads  from  the  shor%  ta  shjps  in  the 
roads.  A  felucca  Ia  a  large  paAs^US^-.bpatk  usi^d  ir^  the 
Mediterraaeaa  wi&  from  K)  tq  1.^  banks  pf  oars. 
Scow  is  an  Americaa  word,  sigQiJ^ing  a  large,  flajb- 
bottomed,  heavy>  boat^  about  30  ^t  loi^  and  12 
wide.  In  some  parta  of  tjke  Vaite^  Sta/^es.  i|  is  cal^ 
led  a  gondola. 

Body,  in  P%«tot;  a,  solids  exteivledto  pftlpnble  sub- 
stance ;  of  itself  merely  passive,  and  indjfmnt  either 
to  motion  or  rest ;  but  enable  of  any  sont^oj^  motioii> 
and  of  all  figures  and  fojnms. 

Boil  ;  to  heat  a  fluid  until  it  Mbbtea  aiyi  beoomea 
changed  into  vapour.  If  the  requislfee  heajt  is  apfitUod 
a  sufilcient  time,  bubbles  oantiiHaUy  arisen  unUl  the 
fluid  is  entirely  consumed.  A  singular  cjtcmaatampe 
is  to  be  remarked,  that  the  fiukL  iiv  opeft  v^mcW 
when  it  has  once  begun  to  boil>  necaiieflL  mx  isfinttW 
of  heat,  even  from  the  hottest  fiiu ;  the.  reaacMx  i^.  thi% 
that  the  addittonal  caloric  goes  to  form  sleaai,  a»d 
ascends  with  it  into  the  ais.  'Hxe  steaia  itself  'vh«i 
formed,  may  be  raised  to  a  muob  higher  degxaQ  of 
temperature.  During  the  period  of  boitiBg,  the  anir 
face  of  the  fluid  exl^ihila  avioknt  undahUang  rtkn^itw^ 
and  the  stratum  of  air  immediately  over  it  ia  fiUed 
with  vapour,  l^e  noise  which  accompanies  boilings 
arises,  without  doubk^  from  the  displacing  of  the 
steam-bubbles,  and  varies  very  much  with  the  nature 
and  situation  of  the  vessel.  The  vaporizatiook  o/ 
fluids  is,  very  probably;  nothing  more  than  a  miSf 
chanical  union  of  calonc  vrith  the  fluid.  ThB  degrae 
of  heat  at  which  difierent  fluids  boil  is  very  diffiBeemt. 
Spirits  boil  at  the  lowest  temperatuiie  *,  pure  water 
next ;  at  a  still  higher  tenfiperature,  the  fiaed;  oila. 
The  degree  of  heat  at  which  a  fluid  boils  ia  caUe^ita 
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b^Qmg  poini.  This  is  used  as  one  of  the  fixed  points 
in  the  graduation  of  thermometers.  This  point  b 
uniform  only  in  case  of  complete  boiling,  and  under 
a  uniform  pi:essure  of  the  atmosphere.  The  influence 
of  this  pressure  appears  from  experiments*.  In -an 
pxhansttli  receiver,  the  heat  of  the  human  hand  is 
sufficient  to  make  water  boil ;  while,  on  the  contrary, 
in  Papia's  digester,  where  the  confinement  prevents 
evapdratioi^  it  ihay  be  heated  to  300  or  400  deglrees 
wfiJiont  bofhtu.  under  the  ioTnSion  pressure  of  the 
aimospbere,  me  b<^tig  poiaft  tf  Mnik:- water  is  212^ 
FiA.$  that  of  alcohol,  1^4^;  thik  offh^rcury,  660^; 
that  of  ether,  98^,  From  tiie  ekpethneft^  of  Professor 
Robinson,  it  appears,  that,  in  a  vacuufm,  all  liquids 
boit  about  145^  lower  thkn  ki  the  of^  tir,  nnder  a 
pressure  of  30^  inches  of  mercury ;  water,  therefore, 
would  boil  in  a  vacuum  at  67^.  £ther  may  be  made  to 
boil  «t  the  common  temperature,  by  merely  exhaust- 
ing the  air  freift  the  Vessel  in  ^vhich  it  is  contained.  ^ 

BoU.B0,  Or  Bf^YLteo  Si  Lies ;  those  whi<^  have  bMi 
pM  wbfte  in  the  %alk>  into  hot  walier,  to  make  them 
wind  the  better. 

BokSBA^i  tk  €^E)i«riil^*ee ;  a  measure  of  two  btrsfaels 
and  half  of  &  f^,  «t  Bordeaux  in  France. 

BoLfc  i  *  fossil  W  a  yellow,  brown,  or  red  colour, ' 
often  marked  iv^th  black  dendrites ;  found  in  different 
parts  of  Bohemia,  Silesia,  and  Styr ia,  also  in  Lem- 
ii06>  and  «t  Sienba  in  Italy.  It  is  made  into  pipes ' 
for  ^Tiiolan^,  and  >ressels  for  cooling  water  in  hot' 
weather.    The  i&m  ei^illata  is  nothing  but  bole.       ' 

BoLiAtos ;  !arge  posts  set  hi  ^e  ground  tm  e^&ch; 
side  YPf  a,  dock.    On  docking  61:  nndocking  shi|^S, 
large  blocks  ai^  ladled  to  them>  and  through  &ese; 
bkcks  ure  reeved  the  transporting  hawsers  to  be; 
brought  to  the  capstans. 

Bosra  %  a  iMge,  holbw,  iroh  ball  or  shell,  forineirly 
often  tnade  tf  x:ahilon-metsd,  and  somdtimes  of 
an  OT«d  fonn,  Hi^  a  hole  in  which  k  wooden  fuse  is 
cemeiite^>  and  with  two  little  bandies.  Bombs  are 
thrown  Ttom  toxn^kti.  They  ttt  filled  With  powder^ 
and  combustible  matter  Cwhich  consists  of  eonal  parts ' 
of  BuTK^Inn'  and  bitre,  liiixed  with  some  mealed  pow-  \ 
deO,  tend  are  uaiftd  for  setting  fire  to  houses,  blowing 
op  ma^azihes,  8ec .  The  chai^  in  bombs  of  74  pounds 
contain  from  5  to  8  potm^s  df  {Sowder,  and  1  pouhd 
of 'die  other  toihpositidh  aboVe  mentioned .  t  n  bombs 
of  10  potiD^,  it  &motih'ts  to  1  pound  of  powder  and 
from  i  to  5  ounces  oT  the  mixtuh;.  The  fuse,  which 
is  hollow,  alnd  Afled  With  powder  and  dther  inflam- 
mable ingredients,  sets  fire  to  th^  thargl^.  llie  length 
and  lli6  fcomposTtion  df  the  fuse  must  be  calctilated 
in  sndi  a  way  that  th^  bomb  shaU  burst  the  moment 
it  artives  at  the  destined  phc^.  B6mb^shells  tre  cast 
sotoewhat  thicker  'at  t!le  bottoih  than  bbove,  that  they 
may  itot  faH  upon  th«  fuse  and  lektinguish  the  fire ; 
yet  they  are,  at  pr^stot,  often  cast  of  an  equal  thick- 
ness ih  %^ety  )pntt,  because  it  has  been  found  that  the 
fuse  rehiains  at  the  top,  notwithstiEmding.  As  early 
a^  the  bev^entfa  tentur^,  balU  filled  widi  Wning  tnat- 
tet.  Were  tkh)Wn  frotti  vessels  of  clay,  then  from  ma- 
chines called  btydes  or  manges,  or  with  hand-slings 
nOoie  t>f  ft  sonid)  h(^  of  iii6h  Wire.  Ih  1^38,  James  I. 
kiti^iDf  AJhn^ti  ns^.  at  the  setge  of  Valencia,  a  kind 
oflatgd  hitkets,  taade  of  four  parchitlent  skins,  which 
bttttt  induing.  Att^rW^ds,  I^ge  iron  balls,  heated 
TisA  hot,  cahte  in  use.  Ih  the  middle  of  the  fif- 
teenth century,  prints  Ramini  Siglismufld  Pahdulf 
italAti^tlL  ihv)>nted  molrta^  and  botnbs.  They  cch- 
•i^t^,  at  ii^t,  of  two  hollow  hemispheres  of  mclal. 
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filled  with  powd€fr,  and  held  together  by  chains.'  By 
degrees  they  received  their  present  shape.  An  Eng- 
lish engineer^  Malthus,  whom  Louis  XIII.  totok  into 
his  siervice,  introduced  them  into  Fttmce,  and  used 
them  first  (1634)  at  the  sige  of  Lamotte,  in  Lorraine. 
The  grenades,  which  are  thrown  from  howitzers,  are 
easily  distinguished  from  the  bombs,  which  are  cast 
from  mortars.  The  first  are  used  only  in  the  field, 
the  latter  in  sieges.  Hie  Prussian  general  von  Tem- 
pelhoff  has  attempted  to  bring  10-pound  mortars  into 
the  field.  Ih  oider  to  make  a  wall  bomb-proof,  it 
^ould  be  three  feet  and  a  half  thick. 

Bomb-Kbtch  ;  a  vessel  built  for  tire  use  of  mor- 
tars at  sea,  and  furnished  with  aH  the  apparatus 
necessary  for  a  vigorous  bombardment.  Bomb- 
ketches  are  built  remarkably  strong,  to  sustain  the' 
violent  shock  produced  by  the  discharge  of  the  mor- 
tars. The  modern  bomb-vessels  generally  carry  two 
10-inch  mortars,  four  66-pounders,  and  six  18-pound 
carronades ;  and  the  "mortars  inay  be  fired  at  as  low 
an  angle  as  20  degrees;  their  principal  purpose,  at 
these  loW  angles,  being  to  tbvet  die  landing  of  troops, 
and  protect  the  coast  tmd  harbours.  A  bomb-ketch 
is  generally  from  60  to  TO  feet  long,  from  stem  to 
stem,  and  draws  8  or  9  feet  of  water,  carr)'ing  two 
masts,  and  is  usuklly  of  100  to  150  tons  burden.  The 
tender  is  genSrafly  a  brig,  on  board  of  which  the 
party  of  artillery  rtmJiin  tin  their  services  are  required 
on  board  the  b6mb- vessels. 

BoffB.  The  bones  ate  the  hardest  and  taost  solid 
patts  of  animals ;  they  tonstitute  the  frame.  Serve  as 
^lornts  Of  attachih^t  to  the  muscles,  and  afford  sup 
port  to  the  6oftei-  solids.  They  arc  the  instrument^ 
as  tnusde^  are  the  organs,  of  motion.  In  the  mam- 
malia, birds,  fish,  and  reptiles,  the  Whole  system  o! 
bon^  united  bv  the  vertebral  tohitan  is  called  the 
skeleton.  Ih  tne  foetus,  they  ate  first  a  Vascular  ge- 
latmouS  snb^tatice,  in  different  points  of  which  earthy . 
matter  is  gradually  deposited.  This  process  is  per- 
ceptible toWttrdS  the  end  of  the  second  nionth,  and  at 
the  time  of  tt^turlty,  the  bone  iS  completely  formed. 
AJfter  birth,  the  bones  become  gradually  more  solid, 
and  in  the  temperate  zones,  re^ch  their  perfection  in 
hicn  between  the  ages  fifteen  and  twenty.  From  this 
age  till  fiity,  they  change  but  slightly ;  after  that  pe- 
riod they  grow  thinner,  lighter,  and  more  brittle. 
Those  of  the  two  first  classes  of  animals  are  harder 
on  their  exterior  than  they  are  internally.  Their 
materia),  except  in  the  teeth,  is  nearly  the  same 
throughout.  Their  structure  is  vascular,  and  they 
are  traversed  by  the  blood-vessels  and  the  absorb- 
ents. They  are  hardest  at  the  surface,  which  is 
formed  by  %  ^SniA  membrahe,  called  the  periosteum ; 
the  internal  part6  are  cellular,  containing  a  substance 
called  marrow.  The  u^  of  tJie  marrow  is  to  prevent 
the  too  great  dryness  and  brittleness  of  the  bones. 
Chemistry  decomposes  bone  into  gelatin,  fat,  carti- 
lage, and  earthv  salts.  '  A  fresh  bone  boiled  in  water, 
or  exposed  to  tfie  action  of  an  acid,  gives  out  its  ge- 
latih ;  if  boiled  in  witer,  on  doolihg  the  decOctlon,  a 
jelly  is  formed  which  msdc^s  a  good  portable  soup.  A 
pound  of  bone  yields  twice  as  much  as  the  sanie 
quantity  of  ftesK..  The  6arth  df  boileS  is  obtained  by 
calcination ;  thfet  %  by  exposing  ttlem  to  a  iled  hei*, 
by  whieh  thby  are  dejprived  of  th^  feolt  bubstjUaces. 
Iliat  part  of  anatomy  which  treats  of  the  bonfes  fe 
tailed  osceology.  See  Anatomy. 
I  Bonnet,  in  iFortiftfXiiidn  J  ikn  elevation  of  the  para- 
I  pet  in  the  salient  angles  of  a  field  itltrebchittelkt,  ot  of 
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B  fortificatioii,  d«*igi>ed  to  prevent  the  infilading  of 
Uie  front  ufthe  work,  at  th«  end  of  which  it  i«  Bito- 
ated.  The  boonet  accompliihes,  however,  only  part 
of  this  object,  and  is  subject,  at  least  in  field  intrencb- 
mentB,  to  the  disadvantage,  that  the  men  destined 
for  its  defence  are  too  much  exposed  to  be  taken  ir 
flank  by  the  fire  of  the  enemy,  on  account  of  the  ne- 
cessary  elevation  of  the  banquette,  a  fault  which  can- 
not occur  in  the  works  of  a  fortrras  which  are  welJ 
laid  out. 

BooK-BiNDiNO ;  the  ait  of  sewing  together  the 
sheets  of  a  book,  and  securing  them  with  a  back  and 
strong  pasteboard  sides,  covered  with  leather,  &c. 
Binding  is  diEtinguished  from  itiltiMg,  a>  in  the 
latter  Uie  leaves  are  only  sewed,  without  bands  or 
backs. 

The  first  operation  is,  to  fold  the  sheets  according 
to  the  size  of  the  book,  that  is,  two  leaves  for  folios, 
four  for  quartos,  eight  for  octavos,  be,  which  the 
workwomen  do  with  a  slip  of  ivory  or  box,  called  a 
folding-stick ;  in  this  they  are  directed  by  the  catch- 
words and  signatnrta,  which  are  the  letters  with  the 
numbers  annexed  to  them,  at  the  bottom  of  the 
pages.  The  leaves  thus  folded,  and  laid  over  each 
other  ID  the  order  of  the  signatures,  ore  beaten  on  a 
Stone  with  a  heavy  hammer  to  make  them  solid  and 
smooth,  and  then  pressed.  Being  thus  prepared,  they 
are  sewed  in  a  Slewing- press,  upon  packthreads  or 
cords,  which  are  called  bonds,  at  a  proper  distance 
from  each  other,  and  in  a  convenient  number ;  which 
is  done  by  drawing  a  thread  through  the  middle  of 
each  sheet,  and  giving  it  a  turn  round  each  band, 
beginning  with  the  first,  and  proceeding  to  the  last. 
The  common  number  of  hands  is,  sii  in  folios,  and 
Ave  in  quartos,  octavos,  &c.  Sometimes  they  use  a 
saw  to  make  places  for  the  bands,  which  are  sunk  into 
the  paper,  so  that  the  back  of  the  book,  when  bound, 
may  be  smooth,  without  any  appearance  of  bands. 
After  this  the  backs  are  glued,  the  ends  of  the  backs 
being  opened,  and  scraped  wiUi  a  knife,  for  the  more 
conveoient  filing  of  the  pasteboards;  then  the  back 
is  turned  with  a  hammer,  the  book  being  fixed  in  a 
press  between  boards,  called  backing  boards,  in  order 
to  make  a  zroove  for  admitting  the  pasteboards. 
The  boards  being  then  applied,  holes  are  mode  for 
drawing  the  bands  through,  the  superfluous  ends 
being  cut  off,  and  the  parts  hammered  smooth.  Then 
the  book  is  pressed  m  order  for  cutting ;  which  is 
performed  by  a  particular  machine  called  a  plough, 

to  which  is  fixed  a  knife,  a.    After  this  the  book  is 

Ct  into  a  press  called  the  cutting- press,  betwixt  two 
irdi,  the  one  lying  even  wi£  the  press,  for  the 
knife  to  run  upon ;  the  other  above  it  for  the  knife  to 

Now,  very  much  of  the  success  of  this  operation 
depend*  on  the  form  of  the  knife  a,  and  the  quality 
of  the  steel.  If  it  be  very  obtuse,  then  it  cuts 
irregularly,  and  the  steel  should  be  of  the  best  kind 
of  a  straw  coloured  temper.  To  diminish  the  danger 
of  brcakkg,  it  may  be  advisable  to  make  the  back 
eTthehladeof  iron. 
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cuiiug  fnunc  it  shown  in  the  figure  beneath. 


The  book  beii^  cut,  the  pasteboards  are  aqnarad 
with  a  proper  pair  of  iron  shears  i  and  it  is  then 
ready  for  sprinkling,  gilding,  blacking,  or  marbling 
the  leaves.  The  colonrs  with  which  it  is  sprinkled 
are  usually  vennillion,  or  sap-green )  which  is  done 
with  a  brush  made  with  hogs'  bristles,  holding  the 
bnuh  in  one  hand,  and  striking  the  hair  with  the 

A  patent  was  obtained  b  leoo  by  Mr.  Palmer,  tor 
an  improvement  in  the  mode  of  binding  books,  par- 
ticularly account  books  for  merchants.  His  consists 
in  the  addition  of  a  certain  metallic  chain  which  is 
made  or  applied  in  the  fallowing  manner :  First  pro- 
vide several  small  bars  of  metal,  about  the  thickness 
of  a  shilling,  or  more,  according  to  the  size  and 
thickness  of  the  book ;  the  length  of  each  bar  being 
from  half  an  inch  to  several  inches  long,  in  propor- 
tion to  the  strength  required  in  the  back  of  the  book- 
At  each  end  of  every  bar  is  made  a  pivot  of  different 
len^hs.  in  proportion  to  the  thickness  of  two  links, 
which  they  are  to  receive.  Each  link  is  made  in  an 
oval  form,  and  contains  two  holes,  proportioned  to 
the  sizes  of  the  pivots ;  and  these  links  are  of  the 
same  metal  as  the  hinge,  each  of  them  being  nearly 
equal  in  length  to  the  width  of  two  bars.  Tlu:  links 
are  then  rivetted  on  the  pivots,  each  pivot  receiving 
two  of  them,  and  thus  holding  the  hinge  ti^ther,  on 
the  principle  of  a  link-chain  or  hinge.  There  are 
farther,  two  holes  or  more  of  different  sizes,  as  re- 
quired in  each  bar  of  the  hinge  or  chain,  by  means 
of  which  each  section  of  the  book  is  strongly  fas- 
tened to  it ;  and  the  hinge  so  fastened,  opentea 
with  the  back  of  the  book,  when  bound,  so  as  to 
occasion  the  several  sections  to  open  freely  and  ad- 
mit the  ruled  lines  being  written  into,  without  any 
inconvenience,  close  to  the  back. 

We  may  now  suppose  the  book  prepared  (or  gild- 
ing; and.  being  put  tight  into  the  press  between  two 
boards,  it  is  scraped  with  a  knife  called  a  scraper  i 
and  after  that,  with  another,  called  a  smoother,  in 
order  to  take  oat  all  scratches.  Being  thus  mads 
smooth,  it  is  prepared  with  a  Lttie  adhesive  mixture : 
the  gold  is  then  laid  upon  it,  and  afterward*  dried 
before  the  fire.  When  dried,  it  is  burnished  off. 
Blacking  the  leaves  is  done  with  fine  antimony  rub- 
bed upon  them  until  quite  dry,  when  it  is  bDmisbed 
like  the  gold. 

The  head-band  is  now  added,  whidt  is  •&  orna- 
ment of  thread  or  silk,  of  two  or  three  colonrs,  placed 
at  each  extreme  of  the  book,  across  the  leaves,  and 
woven  or  twisted,  sometimes  abont  a  single,  and 
sometimta  a  double  piece  of  rolled  paper,  or,  what  ■* 
—ore  lasting,  of  ^lued  paper  thread. 

When  leather  is  employed,  it  is  first  moistened  im 

ater,  then  cut  to  the  sue  of  the  book,  and  the  thick- 
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BtMoT  the  edge*  pared  off  on  >  marble  atone  kept  for 
that  patpoae.  The  cover  b  neat  coated  with  paste, 
■ade  of  wheat  Sour ;  then  stretirbed  over  the  paste- 
board on  the  ODtaide,  ami  doubled  over  the  edgea 
withinaide- 

Tbe  next  step  a,  h>  place  the  book  Qrmly  between 
two  boaida,  to  make  the  cover  adhere  the  atrongei  to 
the  pasteboards  and  the  back ;  on  the  exact  perl'oim- 
ance  of  which  depends  a  great  part  of  the  neataeat  of 
the  work.  Hie  back  is  then  warmed  at  the  fire  to 
•often  the  glue,  and  the  leather  of  the  back  is  rubbed 
oa  with  a  folding-atick,  to  &x  it  elose  to  the  back  of 
the  book-  It  u  now  placed  to  dry,  and  finished. 
Two  blank  leaves,  on  each  side,  are  tlien  to  be  pasted 
down  to  the  cover  ;  and,  when  dry,  the  leaves  are 
boraished  in  the  praaa,  and  the  cover  ornamented 
Ae  sidea  and  back. 

Ihepreas  com- 
monly used  for 
the  porpoae  is 
shown  in  the 
annexed  flgure- 
Bnt  when  a  very 
U^  teltef  is  re- 
quied,  or  great 
power  in  the  ap- 
'  us,  then  the 


hrdraaii 
of    Bra 


now  glaied  twice 

with  the  white  of 

ut  egg  litis  that 

lUetted,  plain,  or 

inth  goU;  and 

at  last  poliahed 

with  a  p«riithing 

■Rm,  paaaed  hot 

over  the  glazed  cover.     If  the  book  be  required  to  be 

lettered,  they  sometimea  paste  pieces  of  leather  for 

the  porpose  on  the  back. 

BooK-KaaFiNe  is  a  mercantile  term  nsed  to  de- 
note the  method  of  kee[»ag  commercial  accounts,  of 
all  kinda,  in  snch  a  manner,  that  a  man  may  thereby 
know,  at  any  time,  the  trae  state  of  his  affairsF  with 
dcamesa  aod  expedition.  Book-keeping  is  divided 
into  itayJe,  and  doable,  or  Italian  book-keeping.  In 
the  first,  the  posts  of  debtor  and  creditor  are  sepa- 
rated from  each  other,  and  entered  in  such  a  way, 
that  each  one  appears  singly ;  while,  in  the  latter, 
creditor  and  debtor  are  in  continual  mntual  coimec- 
tioo.  to  which  end  all  the  poets  are  entered  donbty, 
.^HHice  on  the  debtor,  and  once  on  the  creditor  side, 
by  which  every  error  or  mistake  is  prevented.  His 
■iode  of  double  book  keeping  origieated  in  Italy,  in 
the  1 5th  century ;  yet  it  had  been  practised  ia  Spain 
in  the  14th  century.  The  principle  of  this  system  is, 
that  all  money  and  articles  received  become  debtors 
to  bin  from  whom  they  are  received,  and,  on  the 
other  hand,  lU  those  who  receive  money  or  goods  in 
letom  become  debtors  to  cash  or  to  the  goods.  Tite 
books  which  the  merchant  wants  are  principally,  a 
saMle-ioal',  in  which  all  his.dealbgs  are  reconled 
without  parttcolar  order ;  a  jonntat,  in  which  the 
CDBtents  of  the  waste-book  are  separated  every  month, 
■Md  catered  on  the  debtor  and  creditor  sides ;  and  a 
Wyrr,  in  which  the  posts  entered  in  the  joomal  aie 


placed  onder  parttenlar  acconnts,  and  from  which, 
every  year,  the  balance  is  drawn. 

Boohs  are  long  pole*  employed  m  extending  tho 
sails  of  a  ship.  Of  these  there  are  several  kmds, 
according  to  the  purposes  for  which  they  are  intend- 
ed. Booms,  simply  so  called,  are  those  employed  in 
extending  the  lower  sails  when  the  ship  is  going 
targe ;  which  is  done  by  putting  onp  end  of  the  boom 
into  the  clue  of  the  sail,  and  (he  other  end  to  a  butt 
against  the  side  of  the  ship.  These  booms  are  re- 
tained in  their  proper  positions  by  means  of  ropes 
sailed  guys. 

Boons ;  a  northern  constellation,  called,  also,  by 
the  Greeks,  Arctap/u/Iet,  and,  by  the  English,  Charlat 
JVain.  Arctums  was  placed,  by  the  ancients,  on 
his  breast ;  by  the  modems,  on  the  skirt  of  his  coat. 
Fable  relates  that  Philomelus,  son  of  Ceres  and 
Jason,  having  been  robbed  by  his  brother  Plutns, 
invented  the  plough,  yoked  two  bulls  to  it,  and  thus 
supported  himself  by  cultivating  the  ground.  Ceres, 
to  reward  his  ingenuity,  transferred  him,  with  his 
cattle,  under  the  name  of  Bootei,  to  the  heavens. 

Booty,  in  Mililmy  affairs ;  the  moveables  taken 
from  an  enemy  in  war. 

BoDACio  Acid,  nncombined,  exists  in  several  small 
lakes  in  Tuscany,  at  Volcano,  one  of  the  Lipari  is< 
lands,  and  in  the  hot  springs  near  Sasso,  in  uie  Flo- 
rentine territory,  from  whose  waters  it  is  deposited 
by  natural  evaporation.  It  is  easily  obtained  also 
from  borax,  a  native  salt,  composed  of  this  acid  and 
soda,  by  dissolving  it  in  boiling  water,  and  gradually 
adding  sulphark:  acid  to  disengage  the  soda :  the  bo- 
racic  acid  is  in  this  manner  set  at  liberty,  and  is  de- 
posited in  crystals  on  the  cooling  of  the  liquid  :  these, 
when  washed  with  cold  water  and  dried,  are  perfectly 
pure.  In  this  state,  it  presents  the  form  of  btilliaDt, 
white,  hexagonal  scales,  soft  and  greasy  to  the  touch, 
and  having  a  specific  gravity  of  1.479.  Its  taste, 
when  first  taken  iato  the  mouth,  is  sourish;  alter, 
wards  it  becomes  bitter,  and  finally  leaves  a  sweetish 
impression  upon  the  tongue.  It  is  slightly  soluble 
in  water,  and  much  more  so  in  alcohol,  to  which, 
when  burning,  it  commnnicates  a  ^reen  colour.  It 
contains  43  per  cent,  of  water,  which  it  parts  with, 
on  being  heated  to  redness,  when  it  mdts  into  a 
transparent  glass,  and  is  called  cakmed  boracic  acid. 
fioracic  acid  was  discovered  by  Sir  Humphry  Davy 
to  be  a  compound  of  a  peculiar  base,  which  he  called 
ftoron,  and  oxygen,  in  the  proportion  of  8  parts  of 
the  former  to  16  of  the  latter.  Its  principles  are 
separable  both  by  means  of  galvanism  and  by  the 
action  of  potassium.  Boron  is  a  tasteless  and  ino- 
dorous substance,  in  the  form  of  a  greenish -brown 
powder.  It  is  insoluble  in  water,  ether,  alcohol,  and 
oils ;  nor  does  it  fhseifhen  subjected  to  the  strongest 
heats.  By  exposure  to  common  air,  it  gradually  be- 
comes oxygenated,  and,  when  heated  in  oxygen  gas, 
bums  vividly,  and  is  converted  into  boracic  and. — 
Boracic  acid  is  sometimes  employed  in  the  analysis 
of  minerals;  and,  since  its  discovery  in  such  abund. 
ance  in  the  Italian  springs  and  lakes,  it  has  also  been 
used  in  the  maoufacCnre  of  borax,  being  aaited  with 
soda. — The  most  important  combination  formed  by 
boracic  acid  ia  that  with  soda,  commonly  called  bo- 
rax.  It  is  brought  into  Europe,  in  an  impure  state, 
from  the  East  Indies,  under  tW  name  of  Imeat,  and  is 
understood  to  occur  princ^}a)ly  in  certain  lakee,  from 
whence  it  is  obtained  by  evaporation.  It  is  also  re- 
ported to  be  dug  from  the  earth  in  Thibet,  and  tw 
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eiist  in  t^  nunei  of  Riqiiintipa  and  Eeeapa,  m 
South  America.  A  knowledge  of  its  manufacture 
was,  for  a  long  time,  oonfiaed  to  Uie  Venetian^  and 
Hollanders.  'Ais  is  now  known  to  consist  in  boiling 
carbonate  of  soda  with  the  calcined  tincal,  in  order  to 
satorate  its  excess  of  acid:  12  pounds  of  carbonate 
of  soda  are  requisite  for  every  100  pounds  of  wartied 
tincal,  in  the  water :  the  ley  is  left  to  cool  gradually 
and  crystallize.  The  French  notian  maQU&otnre 
their  borax  (of  which  they  oonsume  about  26  tons 
annually)  from  the  boracic  fu^d  found  in  the  Italian 
lakes ;  in  consequence  of  which  the  price  of  this 
article  has  fallen  in  France  fircmi  five  shillings  and 
ten  pence  the  pound,  to  two  shillings  and  two  pence. 
The  process  which  they  adopt  is  to  diaeolve  1200 
pounds  of  carbonate  of  soda  in  1000  pounds  of  water, 
to  which  is  added,  by  20  pounds  at  a  time,  600 
pounds  of  Tuscan  boracic  acid.  This  is  done  in  a 
leaden  boiler,  of  double  the  capacity  requisite  to  con^ 
tein  the  materials,  in  order  to  provide  for  the  effer- 
vescence  which  takes  place.  The  heat  is  kept  up  for 
30  hours,  when  tiie  clean  liquid  is  drawn  off  into 
leaden  coolers,  a  foot  in  depth,  where  the  first  crop 
of  crystals  deposits  itself  in  three  days.  100  pounds 
of  the  best  Tnscan  boracic  add  produce  about  150  of 
borax. — Borax  appears  in  crystalline  masses  of  a 
moderate  size,  or  in  dbtmet  h^utgonal  prisms,  termi- 
nated by  three  or  six-sided  pyramids ;  is  of  a  white 
colour,  and  transparent.  It  requires  20  parts  of  cold 
and  6  of  boiling  water  for  its  solution.  Exposed  to 
heat,  it  swells  up,  boils,  loses  its  water  of  crystalli- 
zation,  and  becomes  converted  into  a  porous,  white, 
opaque  mass,  commonly  called  calcmed  borax,  A 
stronger  heat  brings  it  to  the  form  of  a  vitreous 
transparent  substance,  in  which  state  it  is  known 
under  the  name  of  gUim  t^f  borax.  Borax  forms  one 
of  the  best  fluxes  known.  It  is  used  in  the  analysis 
of  minerals  by  the  blow-pipe,  in  melting  the  precious 
metals,  in  forming  artificial  genuMand  in  soldering. — 
Another  native  combination  of  boracic  acid  is  that 
with  magnesia,  known  in  mineralogy  under  the 
name  of  boraciie.  It  is  found  in  small  crystals,  im- 
bedded in  gypsum,  near  Lunenburg,  in  Lower 
Saxony,  and  at  Segebore,  in  Holstein.  Their  form 
is  that  of  a  cube,  with  t]>e  edges  and  four  of  the  solid 
angles  truncated.  They  are  remarkable  for  their 
electric  properties,  becoming,  when  heated,  nega- 
tively electrified  at  their  perfect  angles,  and  positively 
so  at  their  truncated  angles. 

Borax,  see  Boracic  Acid. 

BoRDURBi  or  BoRj>BR,  in  Heraldry,  is  a  partition 
line  running  all  round  the  inside  of  the  field,  of  an 
equal  width,  taking  up  one-fifth  from  the  outer  edge 
of  the  field,  and  without  any  shadow. 

Bobeal;  northern. 

Boring  is  a  species  of  circular  cutting,  in  which 
a  cylindrical  portion  of  a  substance  is  gradually  re- 
moved. When  tubes  of  metal  are  to  be  formed,  a 
cast  is,  in  some  cases,  made  in  solid  metal,  and  tiie 
whole  of  the  bore  is  produced  by  the  boring  machine : 
in  others,  the  cast  is  made  hollow  at  first,  and  the 
borer  is  only  used  to  give  uniformity  and  finish  to 
the  inside  of  the  tube.  In  boring  cannon,  the  tool  is 
at  rest  while  the  cannon  revolves.  By  this  arrange- 
ment the  bore  is  formed  with  mcu'e  accuracy  than  by 
the  old  method  of  putting  the  borer  in  motion.  The 
tool  is  kept  pressed  against  tiie  cannon  by  a  regular 
force.  Cylinders  of  steam-engines  are  cast  hollow, 
and  afterwards  bored ;  but,  in  this  case,  the  borer 


revolves,  and  tiie  cylinder  remaiBS  at  rest.  In  eilbff 
case,  the  axis  of  the  borer  and  that  of  the  cytindrical 
material  should  coincide ;  for  otherwise,  if  the  borer 
revolve,  it  will  perforate  obliquely ;  if  the  material 
revolve,  the  perforation  vrill  be  conical.  Hie  instxu^ 
ments  used  are  gimblets,  augers,  centrebits,  Mils, 
&c.  Drills  are  made  to  turn  rapidly,  either  in  one 
direction  by  means  of  a  lathe-wheel  and  pulley,  «r 
alternately  in  opposite  directions  by  a  spiral  cord, 
whidi  coils  and  uncoils  itself  successively  upon  the 
drill,  and  is  aided  by  a  wei^t  or  fly. — Boring  far 
water  has  been,  of  late,  successfully  employed  in  ob- 
taining a  supply  without  sinking  a  well.  In  the 
progress  of  tiie  boring,  frequent  veins  of  water  are 
passed  through,  but  the  operation  shonld  be  cootie 
nued  until  a  main  spring  is  %\iwkp  which,  if  from  a 
sufficiently  elevated  source,  will  flow  up  to  ^e  tms^ 
face  9  otherwise  a  well  imMt  he  sunk  to  the  level  of 
the  source,  and  the  water  ramit  be  raised  by  a  pump. 
To  exclude  mineral  waters,  land-springs,  &c.,  the 
hole  b  generally  cased  with  a  metallic  pipe.  8ee 
Watbb. 

BossAcm,  mArthiiechare  :  a  projecting  stone  which 
is  intended  to  be  sculptured.  Also  rustic  work  whidi 
projects  from  the  plain  face  of  the  masonry. 

Boudoir;  a  small  room,  simply  and  graoefufly 
fitted  up,  destined  for  retirement. 

BouTANT,  in  Architecture.  An  are  boutant  is  an 
arch  or  buttress,  serving  to  sustain  a  vault;  asd 
which  b  itself  sustained  by  soxi^e  strong  wall,  or 
massive  pile. 

Bow ;  the  name  of  one  of  the  most  ancient  and 
universal  weapons  of  offence.  It  b  made  of  steel, 
wood,  horn,  or  other  elastic  substance,  which,  after 
being  bent  by  means  of  a  string  fastened  to  ita  two 
ends,  in  returning  to  its  natural  state,  throws  out  an 
arrow  with  great  force.  The  figure  of  the  bow  b 
nearly  the  same  in  all  countries,  having  generally 
two  mflexions,  between  which,  in  the  pbce  where 
the  arrow  b  fixed,  b  a  right  line.  'I%e  Grecian  how 
was  neariy  in  the  form  of  the  letter  S :  in  drawing 
it,  the  hand  was  brought  bade  to  the  right  breast, 
and  not  to  the  ear.  The  Scythian  bow  was  dbtin* 
gubhed  for  its  remaricaUe  curvature,  which  was 
nearly  semi-circular ;  that  of  the  modem  Tartars  b 
similar  to  it.  The  materials  of  bows  have  be«n  dif- 
ferent in  different  countries.  The  Persians  and  In- 
dians made  them  of  reeds.  The  Lycian  bows  were 
made  of  the  comd-tree ;  those  of  die  Ethiopians,  of 
the  palm-tree.  That  of  Pandarus  (IL  iv.  104)  was 
made  from  the  horn  of  a  mountain  goat,  16  palms  in 
length :  the  string  was  an  ox-hide  thong,  l^e  bora 
of  the  antdope  is  still  used  for  the  same  purpose  m 
the  East.  The  long»how  was  the  ftivourite  national 
weapon  in  England.  The  battles  of  Cressy  (1346)» 
Poictiers  (1356),  and  Agincouit  (1415),  were  won  by 
this  weapon.  It  waa  made  of  yew,  ash.  Ice,  of  the 
heig^  of  the  archer.  The  arrow  bdng  usually  half 
the  length  of  the  bow,  the  cUUh-yard  was  only  em- 
ployed by  a  man  six  feet  high.  The  arbalist,  or 
cross-bow,  was  a  fiopular  weapon  witii  the  Italians, 
and  was  introduced  into  England  in  tiie  13th  cen- 
tury. The  arrows  shot  from  it  were  called  fnorrdf. 
The  boU  was  tised  with  both  kinds  of  bows.  Of  the 
power  of  the  bow,  and  the  distance  to  which  it  will 
carry,  some  remarkable  anecdotes  are  related.  Xeno- 
phon  mentions  an  Arcadian  whose  head  was  shot 
through  by  a  Cardnchian  archer.  Stuart  mentioiM  a 
random  shot  of  aTurk,  whkh  he  found  to^  be  jiB4* 


BOW- 

3^wds ;  luid  life.  9Cnitti0V7tfao  Twlnrii  wnlMiiidor 
AsxA  480  ymrdi  in  the  old  aichefy  j^iouai  in  Loii-> 
don.  An  oU  «Mthor  speaks  of  a  l^iriurii  bow  frhkb 
was  known  to  pieroe  a  tteel  target^  or  a  picoe  of 
biMMj,  two  inchea  thick.  In  the  joimai  of  king 
Uwaid  VI.  it  it  nantioaed,  that  100  aidRn  of  the 
king's  guard  fhot  at  ao  tach  hoards  and  that  aome  of 
the  amnes  "iiaBsed  thmigfa  this  and  iato  anatiier 
boaid  b^Mit^al 


RAIN« 
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ahhoagh  the  wood 
saBd  sad  firau  It  has  been  the  costom  of  aaaay 
sawag*  BatioM  to  poisoa  their  arrows.  This  fwaotiDe 
is  wMiitMMi  hy  Homer  aad  the  aneicat  histarians ; 
and  we  have  mtaxf  siaiitar  aooonats  of  modem  tra*- 
vdlmn  aad  navigatoili  ftaat  alaioet  every  part  of  %he 
worid.  Some  of  these  stories  are  of  doobiftd  aatha- 
rit^y  hat  others  are  well  suthentioated.  fioiae  poison, 
obtained  by  Condamine  fnm.  Sooth  Amarioan  sa- 
Wigea,  prodnced  instantaneous  death  in  animals  iao- 
enkted  with  it.  The  poisoned  arrows  nsed  in  Oniana 
are  not  shot  from  a  bow,  bvt  Mown  tiuroagh  a  tabs. 
Aey  are  made  of  die  hard  substaact  of  the  ookarito> 
tne,  and  are  abont  a  Ibot  kmg,  and  of  the  size  of  a 
knilitfng-kneedle.  One  end  Is  shafply  pointed*  and 
dipped  ia  the  poison  of  woorai :  the  dther  is  ai^jasted 
to  the  €«?ity  <^  the  rsed,  from  which  it  is  to  be 
Mown,  by  a  roll  of  cotton.  Hke  reed  is  sevend  feet 
in  lengCb.  A  singfe  efoit  of  the  breath  tanrias  the 
arrow  90  or  40  yards. 

Bow,  in  Mmde,  is  the  name  of  that  well  known 
■qdcoKnt  by  the  means  of  which  the  tone  is  pro^ 
doced  tnmk  wAb,  violins,  and  other  inihniiwnlii  of 
Ihatkhid.  It  is  made  of  a  ^in  staff  of  ebstic  wood, 
tapering  slightly  till  it  reaches  the  lower  end,  to 
whidk  the  hairs  (aboat  90  or  100  hofsa^hahrs)  ata 
ftstened,  and  with  which  the  bow  is  strange  At  the 
npper  end  is  an  ornamented  piece  of  wood  or  ivory, 
osHed  the  aaf,  aad  fbsteaed  with  a  scrtw,  which 
serves  to  regukto  the  tensioa  of  the  hairs.  It  is  evi- 
dent that  ^  siae  and  construction  of  the  bow  mnaft 
correspond  with  tiie  sise  of  tiM  species  of  viol  instro-^ 
Bcnts  from  whi^  the  tone  is  to  be  prodnced. 

Bow,  in  ArekitKiW9  ;  a  citvnlar  end  to  a  charch» 
a  room,  or  bailding. 

Bow  IifSTBUnaNTs  are  all  the  instromants  strong 
with  cat-gut  or  goat-gat,  frtxn  whi^  the  tones  aia 
predneed  by  means  of  the  bow.  Hie  most  nsaal 
ate  tike  doable  bass  OfhloM  or  ooairoftaiso^ ;  the 
small  bass,  or  vmUmoeOo  ;  the  tenor  (vhhdi  knictio)! 
aad  the  violin  proper  C^Mimo,  from  vMea^.  In  re* 
ivence  to  ^eir  constraction,  the  eeveral  parts  ata 
alike :  the  difference  is  in  the  size.    See  Viouir  and 


Bowspair ;  a  large  boom  or  sprit  projecting  from 
the  bow  of  a  sfaro,  over  the  stem,  and  hence  its  name* 

BaACKO,  in  HerMnf,  is  used  in  speaking  of  chev- 
roaela  whidi  are  intermingled. 

BaAcniUM,  the  arm,  in  Anaiotmf,  is  that  part  of 
the  npper  extremity  which  intervenes  between  the 
joints  of  the  shoidder  aad  elbow. 

Bbackst,  in  ArchUedure  ;  a  small  support  against 
a  wall  fbr  a  figure,  lamp,  dock,  &c.,  which  are  sns- 
ceptiMe  of  considerable  elegance  of  design  and  de- 
coration. 

BaACTBATSs;  thin  coins  of  gold  or  silver,  widi 
inegnlar  figures  on  them,  stamped  opon  mie  snifaoe 
only,  to  that  the  impression  appears  raised  on  one 
side,  vrhOe  the  other  appears  hollow.  It  seems  most 
probable  that  these  corns,  being  circolated  in  great 
4pnatftie8  under.OthoI.,  emperor  of  Grermany,  when 


te  wtttking  af  tim  liher  mhMk  of  tiM  Harts  aflEsrded 
the  most  convenient  modinln  of  exdumge,  were  first 
coined  at  that  places  and  spread  into  <^er  coun- 
tries»  where  the  Roman  money  was  not  known  or 

The  original  form  of  these  coins  was 


m 

borrawed  from  that  of  the  Byxantian  gold  ones» 
which«  shottt  that  time;,  lost  in  thickness  what  they 
had  gained  in  edteaaion.  Allowance  was  made»  how- 
ever, for  the  greater  softness  of  the  silver.  Gold  and 
copper  ^raotealct  belong  only  to  a  later  peiiod.  The 
name  bncttttt*  itself  points  to  Byzaatiiim  (aocordiof 
to  Isidore,  it  is  derived  from /^fMKXMv*  to  ring).  jBradsa 
signifiss  leaf  of  gold,  or  other  metaL  The  seal  natne^ 
atlhe  time  when  they  were  in  circnlation,  was  dena*' 
rm9f  mmmia,  oi»bm,  ptmrnrnpu.  They  are  of  import* 
anoe  as  illnstrsting  history.  A  very  good  repreeen«> 
tathm  of  a  rich  cottection  of  htacteaiti  can  be  seen  in 
W.  Q.  Becker's  7hx>  itedhMf  12are  CoMS  (tf /Ae  iltdiilr 
j^Sfct  (Dresden,  1813»  4to.)  In  later  times,  there 
have  been  many  bad  iaiitations  of  ^se  coins,  and 
the  stody  of  them  is  therefore  much  more  difficult. 
Bradmitd  coim,  or  irwet&aii  wnwmi^  a  term  used  to 
signify  coins  or  sMdals  covered  over  with  a  thia 
piata  of  some  ridier  metal.  They  are  nsoally  made 
of  iron,  oopper>  or  brass>  plated  over  and  edged  wi& 
goid  or  silver  leaf.  Some  of  them  are  to  be  found 
even  among  the  traly  aaoient  coins.  The  Frsndi 
call  them  >b«mAs. 

BaAiLS ;  certaoi  ropes  passfalg  throng  pollcya  on 
As  miscen-mast,  and  afterwards  fastaned,  in  differ- 
ent places,  on  the  hinder  edge  of  the  sail,  in  Onkr 
to  draw  it  np  to  the  iaast»  as  occasion  reqnirea. 
Brmh  is  likewise  a  name  givwa  to  all  the  ropes  emt- 
ployed  to  haul  np  the  bottoms,  lower  comers^  and 
skirts  of  the  great  sails  in  gensraL  The  opention 
of<hnwingthemtpgathcr  is  called  ifoKia^  them  up^ 
or  hauling  them  up  to  the  braik, 

BaAiit.  Hie  biain  is  a  soft  sabstanc^  P^^iy 
laddkh'-gvBQr*  and  partly  whitish,  situated  in  the 
skull,  peastrated  by  numenms  veins,  and  invested 
by  sevoal  membranes.  Democritus  and  Anaxagorss 
dissected  this  organ  almost  3000  years  ago.  Haller, 
Vioq  d'Azir,  and  other  anatomists  ia  modem  times» 
have  also  dissected  and  mvistigatsd  it  without  ex«. 
haustiiig  the  subject.  Between  the  skull  aad  the 
substance  of  the  bram  tht^  membranes  are  fbumL 
The  outer  one  is  called  the  dmm  maler.  lliis  ia 
strong*  dense,  and  elastic.  It  invcats  and  supports 
tiie  brain.  Ihe  next  which  oceuia  is  the  AanosaradU 
aotdss.  This  is  of  a  pale  white  ookmr,  yet  in  soma 
degree  transparent,  vaty  thin,  and,  in  a  hoUthy  states 
exhibits  no  appaarsnee  of  vessels*  The  membraoe 
bekiw  this  is  called  the  f(a  nutter.  It  coven  ths 
whole  surfbce  of  ^e  brain.  It  is  very  vascular,  and 
a  great  portion  of  tiie  blood  which  Uie  brain  receives 
As  spread  oat  upon  Its  sutfikce  in  minoto  vessels* 
The  brahi  consists  of  two  principal  parts,  connected 
by  delieattt  veins  and  fibres.  The  krger  portion,  the 
etfslmia,  occupies,  m  men,  the  upper  part  of  the 
head,  aad  is  seven  of  eight  times  larger  than  the 
other,  the  egret otfsiw,  lying  behind  and  below  it*  It 
rests  on  the  bones  which  form  the  cavities  of  the 
eyes,  the  bottom  of  the  skull  and  the  aensofhm,  and 
projecte  behind  over  the  osreMfasi.  On  the  whole 
exterior  of  Uie  ccreftnus  tiMre  are  convolutioBS,  re* 
sembKng  the  windings  of  the  small  intestines.  The 
external  reddish  substance  of  the  brain  is  soft  and 
vascular,  and  is  called  the  wurticgi  substance;  the 
iatemid  is  white,  and  is  called  the  meduUary  sub« 
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flttnce  6f  the  bfain.  This  MiMfai  eomitti  of  fibiM« 
which  are  very  different  in  different  parts.  The  ee- 
r^Uvm  lies  below  the  cer^ntm,  in  a  peculiar  cavity 
of  the  skull.  By  examining  the  surface,  it  is  seen  to 
be  divided  into  a  right  and  left  lobe,  by  the  spinal 
marrow  lying  between,  but  connected  at  the  top  and 
bottom.  Like  the  cerebrum,  it  is  surrounded  by  a 
vascular  membrane,  reddish-gray  on  the  outside,  and 
composed  of  a  medullary  substance  within.  In  pro« 
portion  to  its  size,  also,  it  has  a  more  extensive  sur- 
face, and  more  of  the  vascular  membrane,  than  the 
cere6noR.  In  a  horizontal  section  of  it,  we  find  pa- 
ndlel  curved  portions  of  the  cortical  and  the  medul- 
lary substances  alternating  with  each  other.  Be- 
tween the  cortical  and  the  medullary  substance,  there 
is  always  found,  in  the  cerebettum,  a  third  intermediate 
yellow  substance.  All  the  medulla  of  the  cerebelbm 
IS  also  united  in  the  middle  by  a  thick  cord.  Expe- 
rience teaches  diat,  in  the  structure  of  the  brain, 
irregularities  are  far  more  uncommon  than  in  other 
parts  of  the  human  l>ody.  It  b  worthy  of  observa- 
tion, that  every  part  of  the  brain  is  exactly  symme- 
trical with  the  part  opposite.  Even  those  which  lie 
in  the  middle,  and  are  apparent^  single  (the  spinal 
marrow,  for  instance)  consist,  in  fact,  of  two  symme- 
trical portions.  The  total  weight  of  the  human 
brain  is  estimated  at  two  or  three  pounds.  It  is 
larger  and  heavier  in  proportion  to  the  youth  of  the 
subject;  and  in  old  age  it  becomes  specifically 
lighter.  In  delirious  affections,  it  is  sometimes 
harder  and  sometimes  less  solid  and  softer.  The 
brain  is  the  organ  of  sensation,  and  consequently  the 
material  representative  of  the  soul,  and  the  noblest 
omn  of  the  body.  See  Phrbnoloot. 
.  Branch,  in  Anaiomy ;  a  division  of  a  vein,  artefy, 
jor  nerve.  All  the  veins  of  the  body  are  only  branches 
of  the  vena  cava. 

Brav DT.  This  valuable  spirit  is  produced  by  the 
distillation  of  vrines  of  all  kinds,  and,  properly  speak- 
ing, by  no  other  fermented  liquor  whatever.  It  is 
prepared  in  many  of  the  wine  countries  of  Europe, 
and  with  particular  excellence  in  many  parts  of  the 
centre  and  south  of  France.  The  necessary  process 
is  extremely  simple,  being  nothing  more  than  a  well- 
reflated  distillation  of  wine  without  addition,  from 
suitable  vessels  p  but  to  alter  or  improve  the  colour 
and  flavour,  various  substances  are  added  to  the 
spirit  after  distillation.  Though  every  wine  will 
give  a  certain  portion  of  brandy  by  distillation,  some 
are  much  preferable  to  others.  In  general,  the  strong 
heavy  wines  yield  the  most  spirit*  whilst  some  of 
the  light  thin  wines  furnish  no  more  than  about  a 
fifteenth.  If  the  quantity  is  less  than  a  sixth,  it 
will  hardly  repay  the  exp^ise  of  distillation. 

The  distilling  apparatus  is  composed  of  three 
parts,  the  alembic  or  boiler,  the  eapUal  which  fits  on 
the  top  of  the  boiler  to  receive  the  spirituous  vapour, 
and  the  eerpentime  or  warm,  a  convoluted  pipe  fitting 
to  the  beak  of  the  alembic,  and  immersed  in  a  large 
tub  of  water  to  cool  the  vapour  of  the  spirit,  and 
condense  it  into  a  liquor*  which  flows  out  at  the 
bottom.     See  Distili<4Tion  and  Alcohol. 

Brass.  This  very  important  alloy  is  a  mixture  of 
copper  and  zinc  in  various  proportions,  so  intimately 
united  as  to  form  a  homogeneous  malleable  yellow 
metd,.  applicable  to  a  vast  variety  of  purposes,  and 
capable  of  being  wrought  with  the  greatest  facility. 

It  is  not  easy  ta  obtain  a  perfect  union  of  zinc  and 
copper  by  mere  fusion  in  open  vessels ;  for  at  a  heat 


lets  tlian  k  raqvired  to  tutlt  ^le  copper*  Uie  zinc 
readily  takes  fire,  and  mndi  of  it  bums  off  bef<ne  it 
has  time  to  mix  vrith  the  other  metal,  so  that  te 
proportion  of.  zinc  is  constantly  lessening  by  vola- 
tilization. Even  after  both  metals  are  fused,  the 
zinc  cjutinues  to  bum  off  in  uncovered  vesseb,  and 
at  itst  scarcely  any  thing  but  copper  would  be  left. 
In  order,  therefore,  to  combine  copper  most  inti- 
mately vnth  zinc,  and  yet  to  preserve  its  malleabi- 
lity, the  ingenious  process  of  cementati(m  has  been 
resorted  to  in  the  manufacture  of  brass,  which  is 
perf([mned  by  heating  in  a  covered  pot  alternate  layers 
of  copper  in  small  pieces,  with  zinc  and  charcoal, 
and  continuing  the  £n  till  the  copper  is  thoroughly 
impregnated  vrith  the  zinc. 

Zinc  being  a.  volatile  metal,  can  only  be  procured 
from  its  ores  by  sublimation;  the  process  for  ob- 
taining it  being  to  heat  a  niixtore  of  its  ore  wi^ 
charcoal  in  a  vessel  closed  on  all  sides,  except  where 
it  admits  a  tube,  the  lower  end  of  which  dips  in 
water :  as  soon  as  the  charcoal  reduces  the  oxide,  the 
metal  rises  in  vapour  through  the  tube,  and  con- 
denses in  the  water  below.  A  similar  rednctioa 
takes  place  in  brass-making,  only  the  vapour  of  the 
zinc,  instead  of  being  conveyed  out  of  the  crucible 
in  which  «it  is  formed,  unites  with  the  coppo'  en- 
closed in  the  same  vessel,  and  the  whole  mdts  down 
into  brass.  A  less  heat  is  required  in  brass-making 
than  that  which  fuses  copper,  the  zinc  being  able  to 
penetrate  the  copper  when  tiioroughly  red  hot,  and 
melting  it  dovim  as  soon  as  it  becomes  brass. 

Bravura  Air;  an  air  so  composed  as  to  enable 
the  singer  to  show  his  skill  in  execution  by  the  ad- 
dition <^  embellishments,  striking  cadences,  &c.  It 
LB  sometimes  used  for  the  style  of  execution. 

Brbach  ;  the  aperture  or  passage  made  in  the 
wall  of  any  fortified  place,  by  the  ordnance  of  die 
besiegers,  for  the  purpose  of  entering  the  fortress. 
They  should  be  made  where  there  is  the  least  defence* 
that  is,  in  the  front  or  fiice  of  the  bastions.  In  order 
to  divide  the  resistance  of  the  besieged,  breaches  are 
commonly  made  at  once  in  the  faces  of  the  attadied 
bastions,  and  in  the  ravelin.  This  is  effected  by 
battering,  and,  at  such  places  as  the  cannon  do  not 
reach,  by  the  aid  of  mines.  The  breach  is  called 
practicable,  if  it  is  large  enough  to  afford  a  reasonable 
hope  of  success  in  case  of  an  assault.  This  is  gene- 
rally considered  to  be  the  case  if  it  allows  a  passage 
to  14  men  abreast.  Frequently,  however,  a  breach 
of  much  less  extent,  even  of  half  that  width,  may  be 
entered. 

Brbad.  In  the  earliest  antiquity,  we  find  the 
flour  or  meal  of  grain  used  as  food.  The  inconve- 
nience attending  Sie  use  of  the  grain  in  its  natural 
state,  and,  perhaps,  the  accidental  observation,  that, 
when  bruised,  and  softened  in  water,  it  formed  a 
paste,  and,  when  dried  again,  a  more  compact, 
mealy  substance,  led,  by  degrees,  to  the  artificial 
preparation  of  bread.  Easy  as  it  seems  to  us,  it 
must  have  been  a  long  time  before  it  was  completely 
successful.  The  grain  was  first  bruised  between 
stones,  and,  from  the  meal  mixed  with  milk  and 
water,  a  dry,  tough,  and  indigestible  paste  was  mads 
into  balls.  This  is  yet  the  chief  food  of  the  caravans 
in  the  deserto  of  Northern  Africa.  The  Carthagi- 
nians, also,  ate  no  bread,  and  hence  were  called,  in 
derision,  by  the  Romans,  puliiphagi  (pottage-eaters). 
After  many  attempts,  or,  perhaps,  accidentally,  it 
was  obseived  that,  by  bringing  the  paste  into  a  stata^ 
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of  ienwntatioii,  ttt  tenacity  wm  almoit  entinty  de- 
fltftijcdU  and  the  mass  becuae  bread*  porous,  agree- 
able to  the  taste,  digestible,  aikU  consequently, 
healthy.  Id  the  Dew  patent  process  for  makiDg 
bread,  machinery  is  employed  for  the  porpose  of 
kneading  the  dough,  after  it  has  partially  acquired 
Its  spongy  character  frdfai  yeast;  and  it  is  fovnd  that 
by  this  process  it  becomes  lighter,  and  as  such 
easier  of  digestion,  from  the  force  which  is  thus  pot 
la  operation.  The  whole  thufr  becomes  spongy ;  a 
quantity  of  air  or  gas  is  developed,  which,  being  pre- 
vented from  escaping  by  the  tenacity  of  the  doogh, 
heaves  and  swells  it,  and  gives  it  a  porous  consis- 
tency. Thb  is  called  the  working  of  the  dough.  In 
this  state,  the  dough  is  put  into  the  heated. oven, 
where  the  air  contained  in  it,  and  the  spirituous  sub- 
stance, are  still  more  expanded  by  heat,  and  increase 
the  porosity  of  the  bread,  making  it  materially  differ- 
ent from  the  unbaked  dough.  In  som^  parts  of 
Sweden,  die  bread  is  composed,  in  part,  of  the  bark 
ot  trees,  during  the  winter.  In  Westphalia,  a  kind 
of  very  coarse,  black  bread  is  made,  of  which  the 
peasants  bake  one  large  loaf  for  the  whole  week. 
This  b  divided  for  use  with  small  saws.  It  is  called 
ymmpenudkel,  and  is  sometimes  exported.  In  many 
parts  of  Germany,  bread  is  made  of  grain  nearly 
entire,  or  but  just  bruised,  which  is  very  coarse,  and 
frequently  forms  part  of  the  food  of  the  horses.  Bread 
is  foond  wherever  dvilizatiou  has  extended.  The 
want  of  bread  has  often  occasioned  pubUc  con^no- 
tions,  particularly  in  Paris  and  ancient  Rome. 

Hie  superior  nutritious  (qualities  of  bread .  have 
been  doubted ;  but  the  question  has  been  set  at  rest 
in  France,  by  some  chemical  researches  into  the  pro- 
portional nutriment  of  various  edible  substances. 

MM.  Percy  and  Vauquelin  were  appointed  to  make 
the  experiments  on  which  the  sohition  of  these  ques- 
tions rested,  and  they  have  published  the  results  in 
an  interesting  report  on  domestic  economy.  They 
have  ascertained  that  bread  ccmtains  80  nutritive 
parts  in  100 ;  meal  34  in  100 ;  French  beans,  less ; 
common  beans,  peas,  and  lentils,  still  less ;  cabbages 
and  turnips,  the  most  aqueous- of  all  the  vegetables 
compared,  produce  only  eight  pounds  of  solid  matter 
in  100  pounds;  carrots  and  spinach  produce  14  in 
the  same  quantity  ;  whilst  100  pounds  of  potatoes 
contain  25  pounds  of  dry  substance.  It  must  be  re- 
collected, that  the  solid  parts, when  separated  from 
the  aqueous  or  humid  parts,  may  contain  a  small 
quantity  of  extractive  or  ligneous  matter  probably 
unfit  for  food ;  and  next,  that  the  same  substances 
do  not  act  uniformly  on  all  stomachs,  and  are  re- 
latively more  or  less  nutritious.  But  as  a  general 
fesolt,  the  learned  reporters  estimate  that  one  pound 
of  good  bread  is  equal  to  two  pounds  and  a  ludf  or 
three  pounds  of  potatoes;  that  75  pounds  of  bread 
and  30  of  meat,  may  be  substituted  for  300  pounds 
of  potatoes.  The  other  substances  bear  the  follow- 
ing proportions:  four  parts  of  cabbage  to  one  of  po- 
tatoes ;  three  parts  of  turnips  to  one  of  potatoes ; 
two  parts  of  carrots  and  spinach  to  one  of  potatoes ; 
and  about  three  parts  and  a  half  of  potatoes  to  one 
of  rice,  lentils,  beans,  French  beans,  and  dry  peas. 

Where  a  family  grow  their  own  com,  they  may 
be  certain  of  its  purity.  Its  goodness,  as  a  mere 
article  of  trade,  is  measured  by  the  comparative 
smalhiess  of  the  quantity  of  bran  which  it  produces. 
This,  indeed,  in  family  economy,  is  not  of  high  im- 
;  but  if  it  is  wished  to  make  a  distinction. 


then,  select  such  whaai  as  is  round  and  plump,  re. 
jecting  that  which  is  shrivelled  as  yielding  most  bran. 
Where  plump  and  shrivelled  grains  are  found  together 
in  the  same  binn,  they  may  be  separated  by  simple 
immersion  in  water.  If  the  grain  be  all  sound  and 
of  equal  quality,  the  smallest  grains  will  still  be 
proportionably  ihe  lightest,  and  will  swim  whilst  the 
others  fall  to  the  bottom;  and  should  a  very  strict 
separation  be  wished  for,  that  may  be  produced  by 
a  judicious  application  of  weak  brine,  which  being 
gradually  poured  in,  so  as  to  increase  the  specific 
gravity  of  the  water,  the  lighter  grams  will  propor- 
tionably rise:  this,  however,  must  be  stopped  in 
time,  otherwise  the  water  will  be  so  impregnated 
with  salt  that  the  whole  of  the  grain  will  rise  to  the 
surface. 

If  the  grain  is  dried  immediately  afterwards,  it 
will  not  receive  any  damage  from  the  experiment. 
Should  the  whole  of  the  harvesting  appear  at  first 
sight  to  be  damaged,  it  is  not  on  that  account  to  be 
absolutely  rejected.  A  gentleman  of  considerable 
science  and  experience  has  communicated  to  the 
Royal  Society  a  process  for  sweetening  musty  coni, 
by  simply  imin**fTng  it  in  boiling  water,  and  letting 
it  remain  till  cold.  The  quantity  of  water  should  be 
double  that  of  the  com  to  be  purified.  He  has  found 
that  the  musty  quality  rarely  penetrates  through  the 
husk  of  the  wheat,  and  that  in  the  very  worst  cades 
it  does  not  extend  beyond  the  amylaceous  matter  im- 
mediately under  the  skin.  In  the  hot  water  all  the 
decayed  or  rotten  grain  swims  on  the  surface,  so  that 
the  remaining  wheat  is  effectually  cleaned  from  all 
impurities,  and  without  any  material  loss.  The 
wheat  must  afterwards  be  dried  and  occasionally 
stirred  on  die  kiln,  when  it  will  be  found  improved 
to  a  degree  scarcely  credible  without  actual  expe- 
rience. 

The  first  adulteration  may  he  suspected  to  take 
place  at  the  mill ;  but  even  this,  with  a  little  care, 
may  be  guarded  against  by  an  expense,  at  first,  of 
about  ^ve  guineas  for  a  portable  mill,  which  will 
grind  any  kind  of  grain  vrith  little  comparative 
trouble. 

This  species  of  portable  mill  was  origiiially  con- 
stracted  for  the  purpose  of  supplying  the  French 
armies  with  flour,  during  their  march  to  Moscow; 
in  the  course  of  which  service  its  merits  were  fully 
proved.  It  was  brought  from  Paris  by  Sir  John 
Sinclair,  and  presented  by  him  to  the  Society  of  Arts» 
by  whom  it  is  considered  one  of  the  most  usefdl 
machines  ever  submitted  to  the  notice  of  that  scien- 
tific body.  With  the  power  of  one  man  it  will  grind 
about  a  bushel  of  wheat  in  two  hours,  and  as  the 
Labour  is  not  severe,  he  may  grind  from  four  #o  five 
bushels  per  day.  It  will  last  for  many  years,  and  is 
not  liable  to  go  wrong :  the  only  precautions  required 
in  tiie  use  of  it  are,  not  to  tum  it  above  twenty 
revolutions  a  minute,  as  even  in  that  case  it  would 
heat  (sixteen  or  seventeen  revolutions  are  as  many 
as  is  necessary);  not  to  allow  the  handle  to  be 
turned  when  the  mill  is  empty ;  and  to  prevent  pieces 
of  iron  or  hard  stone  from  getting  into  it.  The  com 
should  be  dry,  or  otherwise  it  would  clog  the  plates, 
which  would  make  it  necessary  to  take  the  xiull  to 
pieces  to  clear  them.  It  can  easily  be  attached  to 
any  power,  either  of  horses,  steam,  or  water. 

People  in  the  flour  trade  generally  knead  a  small 
quantity  by  way  of  experiment ;  if  good,  it  imme- 
diately forms  an  adhesive,  elastic  paste,  which  will 
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reftAit3r  nstme  any  mnn  that  Witf  %^  |if^  to  ^ 
^thout  dftH^r  lof  breaking :  i>uf e  ^4  njMkdttltant^ 
flbur  mUy  lil^wi^fe  be  eaflfly  distitti^tA^ei  by  otiier 
methods.  H^izie  a  haiidftil  briskly,  and  squeefee  it 
half  a  tatiinute ;  it  preserves  -die  fottn  of  the  cttfity 
of  the  hand  in  one  piece,  although  it  may  be  ro^hly 
placed  on  the  table.  No  so  that  which  conteinft 
fbreign  substances :  it  breaks  in  pieces  more  or  less — 
that  mited  >pritii  whiting  being  the  most  adhesive,  but 
still  dividing  ahd  fklli&g  down  in  a  little  time.  Flour 
miied  with  ground  stones,  bones,  or  plaster  of  Paris, 
loftes  its  form  at  once,  and  ^e  more  brkn  there  may 
b^  in  it,  the  sooner  will  it  drop  to  pieces.  It  may 
also  be  observed,  that  genuine  flour  v?ill  longer  keep 
tbe  impfedslon  even  <of  the  cuticle  6f  th6  8kiii>  than 
that  which  is  adulterated,  the  latter  very  soon  thtiow- 
ihgli)>  tbe  fine  marks. 

The  adtoiitute  of  fitte  pulverised  clay  in  the  prime 
decessftry  dt  life,  ift  likewree  a  practice  in  maAy  paits 
of  the  kihgdom ;  a&d  that  in  one  dr  twio  insttocoB, 
to  ^  very  great  extent ':  A*  itidustrioud  Adulterators 
thihkine,  perhaps,  th^t  the  white  ofc-  CortilraH  clay 
might  be  &qu«a  m  itb  nutrftiotis  qtoalitte^  td  the 
Oefin&h  cl&y,  which  W&ft  thtis  deseribM  som^  years 
ago  \h  &  €rerman  ICphemerii  : 
.  ♦♦  tn  Ae  IdMshlp  bf  MiosttivV,  \A  tht  Vfpet  LtHtL- 
^&,  ti  Sort  6r  Whit^  eai^  is  fotind,  tyf  >vhiui  the  poor, 
tfrgM  thereto  tl6  dbubt  by  )^c  calamities  of  t^  ivar 
in  those  partd,  actiiidly  made  btead.  It  ifi  takeft  out 
of  a  hill  where  tJi6y  tt)hti6rly 'wotktd  siiltpetrift :  When 
the  sun  has  somewhat  warmed  this  eardl,  !t  tta^k^, 
and  small  whit6  glbbules  proceed  hom  it  ai  ftietid ) 
it  does  not  fetment  &lobc,  but  only  When  ihiied  tip 
with  meal.  M.  Sarlit^,  i&  Saxoh  g^tleman,  wii6 
j^tcased  to  inform  us,  that  h^  has  s^eta  persons  Who, 
in  a  great  meastif  e,  lived  Upon  it  forr  ^bme  time.  He 
assures  us,  that  he  procured  bread  to  be  madd  of 
this  earth  alone,  and  o^  (Hlffetent  mi)cttlres  of  \&htth 
and  meal,  and  that  h6  even  kept  some  of  this  bi^ttd 
by  him  upwards  of  sik  years :  he  fafbhi^r  says>  ^ 
Spaniard  told  him  thttt  ttiis  eatth  h  tAto  fbund  h^kt 
tiironne  in  CatalohiA.'* 

As  the  eccmomical  housewife  vrill  assiduously  nvoid 
ike  use  of  alum  in  hef  br^aid,  stt  mndt  ^t  shnn  all 
other  chemical  adulterations,  ^teepk  in  cases  Where  the 
flour  to  be  used  ih  unavoidably  mtistv,  bf  Whe^e  it 
is  new  flour  after  a  Wet  seAfion,  when  ttie  btead  often 
comes  out  of  the  oven  With  an  unpleasant  heaviness 
about  it,  which  may  indnfce  fkmilied  to  fciVfe  up  theii* 
own  wholesome  home-baked,  fbf  die  prbducfe  bf  sbme 
sctenijfie  baker.  The  eVil  dpoken  of  has  been  obvi- 
ated by  the  carbonate  of  magne&i&*  but  the  best 
remedy  is  thb  carbonate  6f  ammonia.  It  thfe  flour 
be  not  very  unsound,  ^t  141b&.  of  it,  nse  bne  ounce 
of  carbonate  of  ammonk,  t&king  paitienlar  £are  tb 
purchtiBe  where  you  can  ffelV  upon  having  it  put^, 
as  much  depends  on  this.  Thid  bunce  of  dlrbonate 
of  ammonia  should  be  disdolv^  in  a  little  wafm 
water»  and  then  put  into  such  fkrther  qnantity  bf 
wa.ter  as  may  be  requisite  fof  kneading  the  dotigh 
quite  stiff.  As  this  carbonate  is  vblatile,  thete  i%  no 
great  impropriety  in  increasing  the  Quantity,    tt  Is 

generally  uded  by  bakers  and  confectioners.  In  case 
lie  flour  be  very  bad,  it  might  be  well  to  m&ke  the 
experiment  with  Tibs,  of  it.  as  a  taueh  larger  quantity 
of  the  ammonia  would  be  heedful ;  but  tne  very 
worst  of  flour  may  be  rendered  useable  if  fltifflcifent 
0^  the  carbonate  of  kmmonia  be  inti^duced.  When 
purchased,  the  ammonia  should  be  tightly  corked  up 


in  ft  pftial,  itt  tit^dei^  to  pfev^iit  tlse  cbca^  of  Mnto-  ■ 
toiacal  ^as^  to  whMi  it  is  liable^    Aa  oqIic^  of  carbon> 
ate  of  aamonia  ctoats  leas  than  the  eaaie  ^tnntity  of 
carbonated  soda. 

A  considerable  ixUi«liae  ill  home-made  bread,  even 
equal  to  one>^fifthv  mfty  be  produced  by  vsii^  bran 
water  for  kneiriing  the  ilou^  Hie  proportion  is 
three  poands  of  bfiih  for  eirery  twebty-eagfat  pounds 
of  floitr>  to  b^  boHed  kft  an  hoiir>  aad  then  Mrakied 
through  «  hadr  aiev^.  Tlie  bitai  tieed  not  tiMB  be 
lott,  b«t  mixed  up  witk  <ky  food  for  Ihe  poikry 
yaM. 

In  baking  bread  at  home  there  ak^  many  -experi- 
ments tiiat  mny  be  tried  for  arirabemoiit  a&  weU  as 
utility.  One  mode  was  formeriy  actually  practised 
genera^  in  the  county  of  Essex,  even  so  Late  as  the 
li6th  century^  aad-witt  lis  foHows  :«-Take  peeled  tur- 
nips ;  boil  ^em  until  they  are  soft ;  pi^ess  out  the  juice 
aaad  mix  them,  beaten  very  Gmd  and  smiill,  in  their 
own  vveight  of  wheat  br  flour ;  add  salt  ditoolved  in 
wairm  water  t  knead  die  whole  like  other  doug^,  And 
bak!e  it. 

EtCelleBt  paite  for  mitat  or  fruit  pies  may  be  made 
witlitWo-tJiirdB  of  wlieat  flour,  one-^hi  of  the  floor 
of  boiled  potatoes,  and  some  bvtter  or  drip]>iiig ;  tiie 
whole  beiAg  brought  to  a  proper  coneistence  vrith 
wiuta  Waiter,  ami  a  small  quantity  bf  yeest  added 
where  lightnetb  is  particiilaiiy  wished  for. 

This  Will  also  miake  Ye«*y  pleasant  eakes  for  break- 
itists  luid  iBiay  be  made  wtih  or  Witiiodt  spices, 
fruit.  &e. 

Mr.  VThaftely,  vf  Oorfc,  f«oelv«d  a  fold  medal  in 
tlie  yeiu- 1813>  fl^om  lAie  Seviety  for  the  £noo^rage- 
meni  viC  Aite  and  defetMesi  M  a  machine  for  the 
expedi^dAA  tftti^tig  of  iMtatDeK  hnd  for  his  experi- 
ments in  fJMttteg  brasd  with  the  forina  tif  them. 
The  b^  h)Btrve&*  In  181d  hhVing  tamed  his  attention 
td  theot«tlcal  improvementBv  hb  ihds  expresses  himself 
on  the  Subjeet  :«-^"  ifvvihg  by  me  a  cossideraUe 
qnantity  of  the  fonwer,  Whkh  I  had  prepared  in  the 
yenf-  18i3,  t  began  to  tite  it  in  bread,  and  fitad  that  it 
hfts  not  &nly  very  much  improred  ftom  age>  by  lonng 
the  strong  flavour  of  the  raw  potatoe,  which  it  retains 
When  recently  mdde,  bnt  that  it  torea  to  render  the 
flour  made  fihom  the  Wheat  of  last  season  more 
palatable.  The  pitjpbttion  thut  I  mnke  use  of  is  one- 
fourth  ;  which  has  the  efl^  of  making  the  bread 
lighter,  driet,  and  beyond  cotoparison  bett^  than  the 
bread  mafle  from  the  wheaten  flour  alone  of  the  lacl 
ctidp ',  and  I  can  shf^y  and  strongly  f«coani«»l  its 
adoption  to  All  thbte  Who  find  bread  frcnn  ilew  flour 
hedvy,  ghlttnbns,  Ahd  di^llnilt  in  the  preparation.  It 
should  be  remained,  that  the  farina  I  am  oaing  wt» 
made  kt  a  late  period  <^  the  spring  and  early  in  the 
summer  bf  t813,  idtef  a  6ini«lder&ble  YegetntioQ  had 
commented  in  the  potatbes;  eohsebnentiy,  it  is  nei- 
ther so  ^od  nor  so  profitiible  as  if  It  had  been  laaAB 
before  the  vegetative  process  begim.  The  b«st  time 
for  making  it  is  during  the  fi/tit  Ihn^  or  fbur  monUiB 
after  the  potatoes  have  been  dng  frOln  tile  ground  j 
and  ^thbugh  they  yield  fkrinn  tb  n  very  Ute  period 
of  the  yekr,  it  is  neither  eb  nnt^ive  in  ^wUity,  nor 
so  ^at  in  qnantity,  as  when  it  id  made  lEit  im  ienflie# 
period.  ^Tht  ckj^meht  prcftte  hoW  i^tfemely  nd- 
vantagebilS  it  Wonld  be  for  the  publid^  in  yieU«  When 
the  trop  bf  potatoes  is  t^  Itbdndanti  to  tonvert  t 
portion  bf  it  into  fhriti^ ;  Whieh,  exp^eh^e  pMWbs 
when  ]!>roperly  dried.  Will  keep  good  for  ahhott*  im 
indefinite  length  of  time.   In  snch  seasons,  the  fhVfnii 
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wkidi »  aboot  oiie-sevendL  pAit  ef  tiiQ  potato^  woHkl 


■tibat  iJb*  mteiv  ater  acfeiiii^  cm  ttie  flteli  ^  ite  im- 


be  piodooed  at  about  lwa»peiiQe  halfpenny  oi  tbroen  fiiiilBe>  ia  detained  in  the*  eomse,  and  aotB  by  ite 


-pcBC&per  pound. 

"  it  might  pemain  stoied  «p  in.  eaaka  antil  tii^ 
acaaoB  caUed  l^r  ite  use,  and  becomei  a  veey  greati 
and  ppofitable  reeour^  in  times  oi  seanpity.    Indeed, 


iweight.  In  amaUi  miUa.  tb«y  are  ofben  oonetnieted 
:with  buoketa,  and  wkh.  a  past  of  ti^  curoumfeienoe 
(fitted  t)o  the  milLeoume. 

BjUBAflVnWOAK,  in  the  Aftltteny  Atl;  W9wj*  eleva- 


ftom  the  peculiar  qnaHty  that  it  posseseea^  o^  oon-  ition  made  fpt  protection,  againat  te  shot  of  the 


tinning  fos  yearn,  to  afford  ita  nnteitWa  propecties, 
not  mierely  uninjured^  bat  reaUy  improved  by  age^  I 


know  of  BO  ar^e  of  food  which  can,  with  sneh  ad-  :be6t  am  made  cf  eacth}  in  some  oiionmaftaneea,  of 


vanti^  be  ftunished  from  the.  bounties  of  Providence 
in  one  seaeon,  ta  administer  to  ^e  wanta  of  another. 
It  ofien  snoh  strong  indncevKnt  bl  tiiis  respect  to, 
apecalative  men*  that  I  shall  hap^  hereafter,  in  an 
vapffodaotive  y^Vj>  to  see  vepy  gr9Bt  rehef  aSoided 
tern  it. 

'^l^  manalheturev  has  only  to  poepare  it  after- 
the  manner  oS  staveh  at  those  tbttee  when  the  price. 
Indieates  a  very  plentiful  supply  oi  potatoes,  and  to, 
presecive  it  in  his  warehouse  until  a,  sufficiently  temp^ 
ing  price  calls  it  forth,  gi«at]y  to  his  own  advanljage,. 
and  to  that  of  die  public.  fWhapa  it  is,  not  uniea- 
Bonable  to  caloa)ale^  that  ewevy  seventh  year  wouM; 
•ffVB  him  the  opportunity  of  doubling  or  trebling 
capital  thus  emplo]^ ;  and  i  consider  it  would  be 
wiali  worth  the  attention  of  any  speculati?e  indivj;-. 
dual,  leetdine  in  a  country  where  potafeoea  are  oheapi 
and  distent  RtMU  market^  tapnt'ti^s  expenment  in, 
piafltica  upon  a  large  scal^.**  An  aoooant  of  thist 
pvoeese>  which  ia  very  simple^  and  an  engraving; 
q(  the  maohine>  may  be  leen  i»  the  vdume  of  th/b 
TkunmcHom  t^  the  Sitdety  of-AsrsU  for  that  year« 

T*B»  ft  waiter  billows  which  bveak  vmlBntly  ovot 
•iooka  lying  under  the  surface  of'  Ae  sea.  They  aqe) 
readily  dyatinguished  by  th^  foam  "vdiiBh  they  pro-. 
dace,  and  by  a  peeohar  hoama  roaring,  veiy  different^ 


enemy.    Wood  and  stone  am  not  suitable  for  breast- 
works, on  account  of  their  Uabitity  to  sfilinteK*    Ihe 


fosciaes,  dung^  gabions,,  bags  of  saad^  and  of  wool. 
The  thickness  of  the  wash  must  he  ia  paoportion  to 
the  aitillevy  of  the  eneaiiy*  In  genesal,  it  anght  not 
ta  be  lesa  tlian  IQ>  nov  mere,  than  18,  os,  at~  most, 
S4foettibtc4.  The mia of Cngaot ie^ thattbe breast- 
vorii  ahoidd  he  so  high^  that  nothing  but  tha  sky 
and  the  tops  of  ts^es  can  be  seea  within  cannon  shot 
fpem  the  inteiior  of  the  jutrenriiments.  If  this  i^ 
cannot  be  fnUowed^  on  aacoont  of  the  height  of 
neighbouring  moontaiaa,  tii»  interior  of  tha  foitl. 
fic^on  ouglit  to  be  seouied  by  tnnneraes. 

BasATH ;  the.  air  which  issaas  firom  the  lunga,* 
during  lespisatioi^  through  the  nose  and  month. 
This  operation  ia  parfocmed  without  effort,  but  still 
it  causea  a  motion  in  the  extemal  air,  before  tlm 
nose  and  mouth.  The  air  expimd)  ia  the  vehicle  af 
sound  and  speech.  A  smaUer  poition  of  oiygra, 
and  a  fayrger  poction  of  carboniC'  ackl>  is  contained  in 
tthe-  air  which  ia  eiduled;  thim.  in  that  which  is  in- 
(haiad.  There  ai-e  also,  aipiapus  paiticlea  ip.  the 
(breath,  which  are  pmcipilaied,  by  tike  coldnesa  of 
rthe  exteoml  air,  in  the  momi  of  visifaie  vapour ;  like- 
vrise  other  substances  whii^  owe  their  arigua  to  ae- 
Fcretions  in  tha  mouth,  nos^  iKkidpi|>e,  and  kings. 
These  cause  the  changes  in  the  breaiti^  which  ma^ 
iba  known  by  the  smell,  like  the  other  qaalitits  of 


from  that-  o#  wavas  in  d^p- waten    Whea  a  ship-  ia  tthaair.    Ia  youth  the  breath  is  inaipid,  and-coutaias 


thmn  among  broakevs,  it  is  h&i^^  possible  to  save 
ha,  aa  every  billow  that  heaves  her  upwaid  servea  tOi 
dnsh  hav  down  vrith'  additional  fiproa. 

BnBAK'ii9»  BVLH ;  th^aet  of  beginning' ta  unlade 
-•  ahip>  or  of  dischaigmg  the  first  part  of  &e  caigo. 

Bnni^KWA'nNu  9eaCBHiBouno  and  Fltmquvh,, 
m-ooT' second  division. 

BanAsv.    See  Obbsv^ 

BnmAST-FkATa ;  a  piece  of  def«isive  armoniv  co-, 
varing  the  breast,  originally  made  of  thongs,  cords, 
Icathcf,  ho,  (hence  brieo^  mtma$$},  but  afteiwafda  of| 
hfasa»  kpon,  or  othe^  metals.  It  may  be  consideredi 
mB  an  improvement  of  tha^  shield  or  buokler,  which; 
wtaa  borne  oa  the  left  arm,  and  moved  so.  as  to.pro^ 
tae^  suoeesrivety>  all  parta  of'  the  bod]^.  It  being 
yaiccifcd  that  ttie-ft<^  use  of  botl^  hajoda  in  tha  em- 
ployment of  offensive-  weapons  waa  important^  the 
ddensive  armour  was  attacnied  to  the.  body,  and  re- 
ceived Afferent  namea  frojaa  ita  position,  iise»  he, ; 
aa»  fer-instance,  breast-plate,  cui|sca,  greaves.  Ttiese 
difcieni  speclea  of  defensive  armour  are  of  Httle-  use 
against  fire-aima,  and  have,  therefoie,  genesalty  fldlen 
into  disuse  in  modem  war.  Brea^'-jdaU,  in  Jewish 
antiquity,  waa  a,  folded  piece  of  ridi,  embroidered 
ataC  worn  by-  the  hi^-priesty  It  was.  set  with 
twelve  preciooa  stones,  bearing  the  nsmosj  of  the 
tribes.  It  waa  also  called  the  breati-piait  of  jmig^ 
metii,  because  it  contnined  tiie  Urim  and  Thummim. 

BanAffv-WHBBL ;  i^  water-wheel  which  receives 
the  water  at  about  half  its  height,  or*  at  the  level  of 
its  axis.  In  England  fioat-boards,  are  employed^ 
wbiri^  are  ^ted  accurately  to  tha  mUl-couTBei  so 


acid  i  it  loses  these  qualitiea  after  tiw  ag!B>o£  pnheity, 
•4iid  becomes  more  agreeable*  With  advancing  i^, 
it  beoomea  again  unpleasant.  A  had  breatiL  is,  oftan 
eansed  by  local  aflfisotioaa  in  the  nosej^  ^e  mondi,  or 
the  windpipe :  viz*  by  ukera  in  1^  nose,  f^^f^f^im^ 
-pehfpi,  by  diacharges  ftnm  the  mputh,  by  sonca  en, 
.the  hmgs,  or  pecuhar  secretions  in  them,  h,  ia  atoo 
caused  by  carious  teeth,  by  impurities,  in  the  moutii, 
and  by  many  kinds  of  food  ^z.  hpcBe-radish,  onions, 
:and  also  by  flesh,  tf  used  to  the  exclusion  of  other 
food),  and  by  fevers.  In  the  last  caae>  it  often  varies 
with  tiU'ChaMieter  of  Ae  disease,  llie  renkcdy  for 
dkia  complaint  must  depend  on  the  causea  "which 
pooduce  iti  Snbetances  of  an  aromatic  kind,  which 
fhava  a  strongs  rich  smeU,  should  he  chewed  to  dr- 
minbh  ita  offensisenesa.  Parsley  haa  been  found  of 
peculiar  use;  but  it  is  often  impoesible  to  remove 
thia  unpleasant  disorderw  According'  to  die  Prussian 
code,  a  bad:  breath  fiimishes.  ground  fora  divorce. 

BssATHiifQ.  The  mechanism  of  t^e  resfMratory 
organs  will  be  discussed  under  tibe  head  of  Prsaior 
xoaar;  but  tiiere  ia  a  speciea  of  breathmg  of  a  very 
marvellous  character^  of  which  some  account  has 
been  ^ven  by  Dr.  Brewster,  in  his  NtUmral  Magia, 
which  shanld  be  noticed  here :  One  of  the  most  ancient 
feats,  of  magic  was  the  art  of  breatiiing  flattie,  an  sat 
which  even  naw  excttea  the  astonishment  of  the  vul^ 
gai\.  During  the  insurrection  of  the  slaves  in  Sicilw 
in  the  second  century  before  Christ,  a  Syrian  named 
Eanus  acquired  by  hb  knowledge  tha  rank  of  their 
leader^  In  order  to  establish  hia  usfluence  over,  their 
minds,  he  pretended  to  po88<)8S  naraeulbna  power. 
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When  he  wished  to  iMi»ffe  hit  IbUowwt  with  con- 
rage,  he  breathed  flame»  or  sparks  among  tiiem  from 
his  month,  at  the  same  time  that  he  was  ronsing 
them  by  his  eloqnence.  St.  Jerome  informs  ns,  that 
the  Rabbi  Barchochebas',  who  headed  the  Jews  in 
their  last  revolt  against  Hadrian,  made  them  believe 
that  he  was  tiie  Messiah,  by  vomiting  flames  from 
his  month ;  and  at  a  later  period,  the  Emperor  Con- 
stantius  was  thrown  into  a  state  of  alarm  when 
Valentian  informed  him,  that  he  had  seen  one  of  the 
body-gnards  breathing  ont  fire  and  flames.  We  are 
not  acquainted  with  the  exact  methods  by  which 
these  effects  were  produced ;  but  Eloms  informs  us, 
that  Eunus  filled  a  perforated  nnt-sheii  with  sulphur 
and  fire,  and  having  concealed  it  in  his  month,  he 
breathed  gently  through  it  while  he  was  speaking. 
This  art  is  performed  more  simply  by  the  modem 
juggler.  Having  rolled  together  some  flax  or  hemp, 
so  as  to  form  a  ball  the  size  of  a  walnut,  he  sets  it  on 
fire,  and  allows  it  to  bum  till  it  is  nearly  consumed : 
he  then  rolls  round  it  while  burning  some  additional 
flax,  and  by  these  means  the  fire  may  be  retained  in 
it  for  a  considerable  time.  At  the  commencement  of 
hb  exhibiticm  he  introduces  the  ball  into  hb  mouth, 
and  while  he  breathes  throogh  it  die  fire  is  revived, 
and  a  number  of  burning  sparks  are  projected  from 
hb  mouth.  These  sparks  are  too  feeble  to  do  any 
harm,  provided  he  inhales  the  air  through  hb  nostrib. 

Brkbchino  ;  a  rope  used  to  secure  the  cannon  of 
a  ship  of  war,  and  prevent  them  from  recoiling  too^ 
much  in  the  time  of  battle.  It  is  of  sufficient  length 
to  allow  the  muzzle  of  the  cannon  to  come  vrilhin 
the  ship's  side  to  be  charged. 

Brbszbs,  Seot  Land,  and  Motmtam.  See  Winds 
and  Atmosphbrb. 

Brbvb  ;  a  note  of  the  third  degree  of  length,  and 
formerly  of  a  square  figure,  as  HI!  ;  but  now  made  of 
an  oval  shape,  with  a  hue  perpendicular  to  the  stave 
on  each  of  its  sides :  lo|«  The  breve,  in  its  simple 
state,  that  b,  without  a  dot  after  it,  b  equal  in  du- 
ration to  one  quarter  of  a  large,  or  to  two  semibreves, 
and  is  then  called  vmptffeet ;  but,  when  dotted,  it  is 
equal  to  three-eighths  of  a  large,  or  to  three  semi- 
breves, which  being  the  greatest  length  it  can  assume, 
it  b  then  called  perfect, 

Brbvis  Cubiti,  in  Anatomy;  one  of  the  extensor 
muscles  of  the  cubitus,  arising  from  the  external 
spine  of  the  humerus. 

Brbwing,  b  the  art  of  preparing  a  vinous  liquor 
from  farinaceous  seeds,  particularly  malt.  The  juices 
of  fruits  contain  sugar,  which  is  essential  to  the 
vinous  fermentation.  But  thb  does  not  exbt,  in 
any  important  quantit)',  in  seeds.  Instead  of  it, 
however,  we  have  starch,  and  thb  may  combine 
with  water,  so  as  to  form  sugar.  This  combination 
b  performed  very  perfectly  by  a  vital  process ;  that 
b  to  say,  it  takes  place  only  in  a  living  seed,  and  not 
in  one  which  b  frozen,  burned,  or  otherwise  killed. 
It  is  known  by  the  name  of  gtrmmUum  or  growiwf, 
and  b  of  familiar  occurrence,  being  virhat  takes  place 
in  every  seed  that  b  successfally  planted.  The  seeds 
of  wheat,  rye,  barley,  &c.,  consbt  principally  of 
starch.  M  a'  grain  of  these  b  examined,  we  find  near 
one  end  of  it  a  small  body,  which  is  the  rudiment  of 
the  future  plant,  and  the  microscope  shows  us  that 
this  consists  of  two  parts — ^the  plitmula,  which  is 
destined  to  ascend  through  the  earth  to  form  the 
stalk,  and  the  radide,  which  b  to  be  spread  abroad 
below,  and  form  the  root.    Whenever  a  grain  of 


barley,  oats,  or  certain  other  of  the  gnamaeontBeedi, 
b  exposed  to  water,  it  begins  to  sv^ell  and  absorb 
the  mobture ;  and,  at  the  same  time,  if  the  tem- 
perature of  the  air  is  not  too  cold,  the  radicle  Ihrasti 
itself  ont  at  the  lower  end;  the  plumula,  on  the 
other  hand,  pushes  itself  along  beneath  the  husk  of 
the  grain  to  the  other  end,  before  it  thrasts  itself  out 
There  are  several  curious  considerations  in  regard  to 
this  process.    The  one  which  concerns  us  at  present 
b  thb,  that,  as  the  plumula  b  passing  along  through 
the  husk,  the  part  of  the  seed  along  which  it  passes 
becomes  changed  into  the  substance  known  in  che> 
mbtry  by  the  name  of  stareh  $u§ar;  that  is,  when 
the  plumula  has  passed  along  one-third  of  the  length 
of  the  grain,  that  third  b  starch  sugar,  while  the  re*> 
maining  two-thirds  are  still  starch ;  and  so  vnth  the 
rest.    The  stmrdi  sugar  seems  to  be  some  combina- 
tion of  starch  and  water.    The  final  cause  of  the 
change  b  undoubtedly  the  support  of  the  growing 
plant,  sugar  bein^  evidently  necessary  to  the  grow^ 
of  plants,  as  it  is  always  found  in  their  sap,  and 
sometimes,  as  in  the  sugar  maple,  in  great  quanti- 
ties.   The  moment,  however,  the  plumula  begins  to 
protrode  beyond  the  end  of  the  grain,  the  sugar  di- 
minishes, as  it  b  consumed  by  the  young  stalk ;  and 
the  substance  of  the  seed  is  adso  consumed,  though 
by  no  means  to  the  same  extent,  by  the  growth  of 
the  root.    To  produce  this  change  in  seeds,  and 
thereby  to  fit  them  for  yielding  a  sweet  fluid,  when 
mixed  with  water,  is  the  business  of  the  maltster ; 
and  it  b  an  operation  of  great  delicacy,  upon  the 
successful  performance  of  which  the  success  of  a 
manufactory  of  ale  or  beer  in  a  great  measure  de- 
pends.   The  first  step  in  brewing  is  called  ma»km^* 
It  consists  in  stirring  up  the  malt  with  a  quantity  of 
hot  water,  which  dissolves  the  stardi  sngar  of  the 
malt,  and  forms  a  sweet  liquor  called  loor^,  similar  to 
the  must,  or  sweet  juice  of  the  grape,  from  which 
wine  b  made.    The  manufacture  differs,  however, 
in  some  essential  particulars,  at  thb  stage  of  the 
process,  from  that  of  wine ;  for,  if  the  wort  were 
allowed,  as  the  must  b,  to  ferment  without  obstrac- 
tion,  it  contains  so  much  of  the  mucilage  and  starch 
of  the  grain,  that  it  would  run  into  the  acetone,  and 
from  thence  into  the  putrefactive  fermentation,  and 
would  he  foxed,  as  it  b  technically  termed ;  that  b, 
it  would  become  ill-smelling  vinegar  instead  of  beer. 
To  prevent  this,  it  is  first  boiled.    This  process 
renders  it  stronger,  by  evaporating  a  portion  of  the 
water ;  and,  farwer,  it  coagulates  or  curdles  the  mu- 
cilage, whidi  subsides  afterwards,  and  b  not  again 
dissolved,  thus  separating  an  injurious  ingredient. 
While  boiling,  a  porticm  of  hops  is  added.     One  ob- 
ject of  thb  b  to  give  an  aromatic,  bitter  taste  to  the 
liquor,  which  habit  has  rendered  >igreeable.    Hie 
principal  object  of  adding  the  hops,  however,  b  to 
check  the  tendency  to  the  acetous  fermentation^ 
which  is  always  far  greater,  in  liquor  so  compound 
in  its  character  as  beer,  than  in  the  simpler  liquors^ 
as  vrine  and  cider.    It  is  also  a  common  opinion, 
that  hops  adds  to  the  intoxicating  qualities  of  the 
aHicle ;  and  thb  opinion  b  probably  well  founded. 
One  important  improvement  has  been  acted  on  with 
great  success,  and  which  offers  a  complete  safeguard 
against  an  accident  that  often  spoils  a  whole  mash. 

It  is  thus  described : — ^the  patentee  had  observed 
that,  in  the  common  way  of  boiling  the  wort,  the 
extract  is  often,  if  not  always,  more  or  less  burned ; 
to  prevent  which,  hcT  never  sufiers  &re  or  flame  ti» 
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eome  in  eontact  with  the  teasel  in  which  the  wort  is 
boiled,  but  performs  that  process  by  means  of  steam, 
applied  on  the  ontside  of  that  vessel.  For  this  pur- 
poae  he  incloses  the  hrewing-vessel  in  another  ^t^ssel 
called  the  case  or  jacket,  made  either  of  metal  or 
wood,  with  a  sufficient  space  left  between  them  for 
die  admission  of  steam  from  a  boiler,  by  means  of 
tabes,  or  other  convenient  communication.  In  ar- 
ranging this  simple  apparatus,  attention  should  be 
paid  to  the  following  particulars :  the  brewing- vessel 
must  be  so  well  secured  in  its  case,  that  there  may 
be  no  way  for  the  steam  to  escape,  but  through  a 
valve  or  cock.  The  brewing-vessel  should  rise  some^ 
what  higher  than  the  case,  as  it  is  not  advisable  to 
apply  the  steam  to  that  vessel  higher  than  the  worts 
within  it  rise  to,  as  some  |K>rtions  of  the  hop^  are  apt 
to  adhere  to  the  sides  of  the  vessel,  and  these,  if  ex- 
posed to  a  greater  heat  than  the  worts,  might  injure 
the  flavour  of  the  beer.  The  boiler  which  supplies 
tile  steam  should  be  furnished  with  a  steam- valve, 
and  placed  somewhat  lower  than  the  brewing- vessel ; 
so  that  the  water  produced  by  the  condensation  of 
the  steam  in  the  case  may  be  returned  to  the  boiler 
by  a  tube.  The  tube  which  connects  the  boiler  and 
the  case  should  be  furnished  with  cocks,  that  the 
ste«n  may  be  excluded  or  admitted  at  pleasure.  By 
emplo3nng  a  close  brewing-vessel  with  a  safety-valve, 
the  temperature  of  the  wort  may  be  raised  above  the 
commcm  boiling  temperature  of  212^,  and  a  larger 
portion  of  extract  may  thus  be  obtained  from  the 
hop.  The  flavour  of  the  beer  thus  brewed  is  repre- 
sented as  superior  to  that  boiled  in  the  common 
way,  and  as  being,  when  properly  fermented,  more 
TiBoas,  spirituous,  and  palatable.  After  the  worts 
are  sufficiently  boiled,  they  are  poured  out  into  large 
shallow  cisterns  or  coolers,  till  they  become  cool, 
aad  deposit  modi  of  the  curdled  mucikge.  They 
are  then  aUowed  to  run  into  a  deep  tub  or  vat  to 
ferment.  If  left  to  themselves,  however,  the  process 
woald  take  place  very  imperfectly,  and  it  is  therefore 
assisted  by  addition  of  yeast.  The  true  nature  of 
tilts  substance,  notwithstanding  much  attention  and 
mnme  laborious  analyses,  is  not  yet  understood.  It 
CBcttes  fermentation,  however,  which  continues  for  a 
period  of  time  longer  or  shorter,  according  to  the 
mncy  of  the  brewer,  and  is  then  checked  by  drawing 
off  tiie  liquor  into  barrels  or  hogsheads.  In  these 
the  fermentation  still  goes  on,  but  it  is  now  called 
by  brewers  eleatmitg.  With  a  view  to  take  advan- 
tage of  this  process,  the  casks  are  placed  with  their 
bong-lu^es  open,  and  inclined  a  little  to  one  side. 
Hie  scorn,  as  it  rises,  works  out  at  the  bung,  and 
mns  over  the  side,  and  thus  the  beer  is  cleansed 
from  a  quantity  of  mucilage,  stardi,  and  other  un- 
fcnaentad  matters.  What  does  not  run  out  at  the 
bung  subsides  to  the  bottom,  and  constitutes  the  lees. 
After  this  deaasing  is  completed,  the  dear  beer  is 
racked  off  into  barrels,  and  preserved  for  use.  The 
•con  and  lees  are  collected,  and  the  former  consti- 
tutes the  yeast  for  the  next  brewing. — 8tich  is  the 
general  history  of  brewing,  whether  the  product  is  to 
be  beer,  ale,  porter,  or  wash,  except  that  in  the 
latter  the  cleansing  is  not  necessary. — Even  this 
tacking,  however,  does  not  remove  all  the  unfer- 
mentod  matter-  Some  starch  and  gluten  still  re- 
mam  ;  of  course,  tiie  liquor  soon  b^ns  to  ferment 
again  in  the  barrels ;  but,  as  these  are  dosely  stop- 
ped, the  carbonic  acid  gas,  or  fixed  air,  cannot 
•Bo^pe,  but  becomes  mingled  with  the  beer.    Every 


successive  fermentation  causes  some  lees,  from  which 
the  beer  may  be  racked  off,  and,  by  repeated  racking, 
the  fermentative  matter  may  be  completely  removed, 
and  such  beers  become  clear,  transparent,  and  some- 
what like  the  German  wines,  as,  for  instance,  that 
commonly  called  hock.    But,  the  disposition  to  fer- 
ment being  thus  entirely  destroyed,  they  are,  like 
these  wines,  perfectly  still,  and  acquire  no  disposi- 
tion to  froth  b^  being  bottled.     Hence  old  sound 
beers  may  remam  in  bottles  for  years  without  coming 
tip,  as  it  is  technically  called.    The  object  of  the 
brewer  is  to  produce  an  agreeable  beverage,  distin- 
guished not  so  much  for  absolute  strength,  or  quan- 
tity of  alcohol,  as  for  colour,  flavour,  transparency, 
liveliness,  and  power  of  keeping  well.     Some  of  these 
qualities  are  not  compatible  with  the  developement- 
of  the  greatest  quantity  of  alcohol  or  ardent  spirit, 
which  is  the  main  object  of  the  whiskev-distiller. 
To  effect  this  purpose,  he  makes  a  kind  of  beer, 
which  is  called  wash.    This  differs  from  brewers'' 
beer  in  some  important  particulars.     In  the  first 
place,  the  grain  is  not  aU  malted :  in  England,  only  a 
part  of  it  is  so ;  in  the  United  States,  generally,  none 
at  all.    In  the  next  place,  it  is  ground  a  grcAt  deal 
finer  tiian  in  brewing.    If  the  brewer  were  to  grind 
his  grist  as  fine  as  the  distiUer,  he  would  run  great 
risk  of  setting  his  tnash,  as  the  phrase  b ;  that  is,  he* 
would  make  paste  of  his  grain,  and  entangle  the  so- 
lution of  sugar  so  effectually,  that  he  could  not  get 
it  out  again.    The  distiller  does  not  run  the  same 
risk,  because  he  does  not  use  such  hot  water  as  the 
brewer,  and  he  can  mash  and  stir  his  wash  a  great' 
deal  longer  without  injury,  and  even  with  benefit  to 
his  liquor.    Again,  he  does  not  need  to  boil  or  add 
hops  to  his  worts,  for  he  does  not  care  about  pred- 
pitating  the  mucilage,  or  making  his  beer  keep.     In 
the  next  place,  he  adds  a  great  deal  of  yeast,  and 
ferments  violently  and  rapidly,  so  as  to  decompose 
the  sugar  as  quickly  as  possible,  and  is  quite  in- 
different whether  the  worts  even  become  somewhat 
sourish  in  the  process,  as,  when  sufficiently  fer-. 
mented,  the  alcohol  is  removed  at  once  by  distilla- 
tion.   If  raw  grain  be  ground,  mixed  with  water  at- 
a  certain  heat,  and  aUowod  to  stand,  the  change  of 
the  starch  into  starch  sugar,  or  the  combination  of- 
starch  and  water,  takes  place  in  the  same  way  as 
in  malting.      It  takes  some  time,  however,    and 
hence  the  distillers'  mashes  stand  longer  than  the 
brewers*'.    It  would  seem,  therefore,  frcnn  this,  that 
the  malting  of  grain  is  not  necessary  for  the  making 
of  beer ;  and,  accordingly,  this  method  of  proceeding 
has  be^  recommended  by  an  eminent  chemist,  one 
who  has  paid  much  attention  txt  this  subject,  and 
there  can  be  no  doubt  that  a  certain  description  of 
small  beer  may  be  so  made.    But  the  process  is  not 
applicable  to  the  finer  and  more  valuable  kinds  of 
malt  liquors,  for  reasons  which  it  would  require  too 
many  details  to  explain  perfectly.    Besides  the  kinds 
of  beer  and  wash  already  mentioned^  there  are  othera 
in  very  common  use  in  America.    These  are  made* 
by  mixing  honey,  molasses  or  sugar  with  water,  and 
fermenting  with  yeast,  or  some  other  leaven.     Beers 
made  in  this  way  are  commonly-  mingled  with  some 
vegetable  substance,  as  ginger,  spruce,  sarsaparilla* 
&C.,  to  give  them  a  particular  flavour,  and  are  fami-' 
liar  to  all  by  the  names  of  ginger  beer,  spruce  beer, 
sarsapariOa,  &c.  &c.    The  wash  of  this  kind  is  made 
from  molasses  and  water,  fermented  in  large  vats 
under  ground,  by  means,  not  of  yeast,  but  the  re* 
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Bsiw  i»  «  aoff^  ^  MTtMUitl  «li9iyii  iMd«  pdacif  ally 
of  wgiUftoeqwA  «4Ftb«  fonpaed  mte  mtvildt,^  4m(l  ia 
1feeB\v»k«i41|a]HMlby bwming.  T1miii«» of unbvni^ 
brvokft  W  of  gr^t  «Ati<|iiitqr.  The^r  «m  found  U  th* 
ito«9A  a94  GreoMu^  vionmttfifcis^  wMb  even  in  Um 
iniBd  of  Egypt  Md  Babylon.  Tbey^ivorQ  dried  Ia  th« 
nxHx  iA8t<3%d  of  boiii^  VujnW  and  muud  wUk;  chopfwd 
«trftw»  to  gire  tiMn  tnuicity.  0«  aKOQiiAfc  ol  iba 
^rtreme  bea*  «m)  dijMiHt  of  tt^r  cUiiate,  they  «c* 
quivod  gveat  hmdwmB  9mi  bnYe  Itelod  to  omnd 
thfwmand  yw»»  bit  th«(^'  arc»  lUMititalblft  for  «MMr« 
QQvti^wm  l^itnd«»«.  T%ei  nuwt  c^rnmoa  hridui*  waoog 
Hhft  iUnoftns  wevr  17  iodnos  long^  aiidt  u  bfoad; 
Mid*  in  bilBr  p«rtod8«.^«y  were  Immed. 

BKKW.'MikM.tHa  htB,  (k  late  yean^  limiBiied  a  t^ 
coaaideffahie.  bcaack  of  tradie  arowad  thft  motropoUa, 
QOt  only  vmey  pcodaotbie  ta  the  ]and-Q«iiei»»  but  it 
baa  pi!odliQcii  an  extenaivo  belp  to  tiia  lemnac  of  tibe 
CBnatcyp  j^  vnA  i£  Itie  bradc  ao^  ia  aae  wlU 
bardly  weas  oul:  a  twenty^ooe  yeavs*  kaac.  That 
tiMce  moat  ba  apiatthiag  MdicaHy  -wrong  in  tha  pte- 
aaal  syafttm  of  mannfactmriog  the  briok  ear^,  ia  very 
eaidtatw  aa  we  baae>  the  aame  maaflMb  otf  procodag 
bntk  earth.  aqoaHip  ^  for  the  pnrpoae  aa  fomeriy^ 
Witb  thia  impreanoa,,  we  tiuafc  it  may  be  beiu^cial 
to  liuraish  our  seadcra  with  the  tiieory^  and  practice 
of  bnok-analdng,  aa  dxawa  np  aoma  time  ainoa  by 
Bir.  Jamea  Maleofan^ 

Ha  obaarvea^  thob  tha  manufaetnsa)  of  than  U  of 
tike  iitatoBl]  importaace  to  the  oemmuaity^  kiaamaeh 
aa  the  vahie  and  coaifiact  of  oar  dvelltnga  mnal  de- 
pend in  a  great  meaaaie  mi  tiie  quality  of  the  natxh 
riala  with  whicb  they  are  conatructed;  and  bricJca 
form  no  jncsoaaiderabie  part  of  them.  I  baj,  it  ia 
material  to  ua^  becauae,  if  the  bricks  with  which  onr 
hooaaa  are  now  almost;  uniformly  built,  are  in  qaaiity 
defectiTe«  and  if  the  timber  be  of  a  similac  descrip- 
tion, we  ought  not  to  place  much  dependence  on  the 
aolidity  of  ti^e  edifice* 

The  soil  oa  the  Survey  aide  of  London  ia  only  cal- 
culated fbt  certain  aorta  of  brtcka,  aad  theae,  it  mast 
be  conlbsaed,  are  infenoir%>  tinse  made  in  Middle- 
aex.  We  have  neither  depth  nor  thai  pure  ar^lia.^ 
oeeu3^  8ubatance>  which,  b  so  essential  to  form  the 
perfoct  brick ;  we  have  eitiier  tea  much  silex,.  or,  to. 
apeak  the  common  langaagey  too  much  flinty  sand; 
and  the  stoaea aie  too  abundant,  large>  and  toonear 
t^  s«rfaoe>  which  causes  the  baeka  to  vitrify,  aad 
thereby  their  colour  aad  quality  is.  injured ;  or  we 
have  a  portion  of  calcaraoua  matter,  which  causes  tiie 
brieka,  after  being  taken  ftom  the  clamps,  inaensibly 
to  moulder  away  by  exposure  to  tite  air  or  moisture ; 
and  were  it  as  argillaceous  as  in  (Damberwell  and 
Dnlwich  parishee,  it  is  to  that  extreme,  aa  to  be 
impossible  to  be  moulded  widiout  the  assistance  of 
some  adventitious  combinations.  What  ti»ese  coau. 
binettons  were,  which  form  the  several  varieties  of 
l^rieks  manufoctured  in-  tiie  county,  together  witii 
Bome  cursory  remarks,  will  fonn  the  subject  of  this 
essay. 

At  Kennittgton,  at  Walworth,  at  C^amberwell,  and 
in  Battersea  parishes,  we  have  manutetories  of  bridra 
to  a  much  greater  extent  probably,  than  all  the  rest 
of  the  county  united.  In  analyzing  the  earth  which 
has  been  generally  used,  I  followea  the  pkn  of  the 
leajmed  Bishop  of  Landaff.  Eight  ounces  of  earth 
tidten  out  of  the  pit  aa  they  were  digg'mg  (Mr.  Fen- 


timaa's)  and  meuidhif  it  iirto  an  ^bloag  a^piaie^  I 
placed  on  the  hob  of  a  Bal^  atove  in  my  study, 
where  acoaatant  fire  waa  ke|^  for  seven  days.  I  then 
weif^ed  it,  and  found  it  had  k>at  one  ouaoe  and  three 
quartera.  I  did  the  aame  by  that  at  Walworth, 
aad  djanag  the  aame  time  it  leat  nearly  two  ounces; 
that  at  CamberwelL  loat  ia  the  aame  taae  three 
ounces  faor  peanyweighta ;  that  at  Battersea.  two 
oameea  six  penayweighto^  la  the  solution  of  these 
earUia,  after  having  expeaed  them  to  the  muriatic 
aad  the  acotaua  acid*  it  waa  evident  that,  beaidea  a 
large  poa^oa  of  pure  acgU  which  the  earth  at  Cam- 
berwall  contained,,  there  were  not  kas  than  eighteeea 
partaiii  oaa  hundred  of  iron,  a  amaU  portion  of  8«lea» 
and  about  aia  parte  in  one  hundred  of  calcareous 
earth  i  mA  it  wdil  be  aeen»  that  the  quantity  of  water 
which  the  clay  and  the  calcareous  earth  held,  was 
conaMerahle ;.  from  thia  I  infor,  that,  althoagji  the 
colour  of  tite  biiokai  aad  the  difilculty  and  oonee- 
qumit  expeaaa  ia  mouMin^  the  latter  vraa  greatly 
agaiaat  tha  aaaaftwture,  yet;  aa  to  the  materials* 
&y  wan  fiur  superior  to  diie  othera  ia  an  eaaeatial 
propcrtyv  I  meaa  durability*  Thoee  at  Kenningtea 
and  Walwoflth.  were  nearly  aimiiar  hi  their  pra>* 
dueta,  ^e  lattei!  posaeaaiag^^  the  moat  argil;  and 
those  at  Batteiaea  alttU  moae  i  the  eavth  thmfiare 
imbibing  maoe  moistuKe^  coaaeqaentlf  loaes  mofee  ia 
bumiaf^ 

The  moulds  uaed  in  making  evecy  sort  of  brick  foe 
building  pufpoaea  asse  ten  inchea  ia  leagtlv  adod  five 
in  breadth;  and  the  brieka  whea  Inumed  usuaHy 
measure  nine  inchea  in  length,  and  four  and  one^half 
in.  breadths  ao  that  the  cUuap  ahrinka  about  otte  inc^ 
in  tan.  But  the  degree  of  contraction  taa  we  hasre 
before  seen)  whieh  day  uadergoes  in  bekig  bumed^ 
does  xwt  ahaolatdly  depend  upon  the  purity  of  tiie 
day ;  for  aa  aome  chqr  imbibes  more  moiatnre  thas 
QtheiB^  i£  that  wfaidi  imbtfaea  t^e  most  ia  not  eqxiaBd 
amuch  longei  time  to  the  froat  to  divide  and  aAp^<i#w 
its  partidea,  and  to  the  heat  of  the  ana  to  eThaIr  ika 
moisture^,  than  that  which  imbifaea  less  and  ia  a 
shorter  tiaie  es^aaed*.  it  foUowa,  that  a^iile  the  aoa 
will  be  reduced  one  iadi,  tha  other  may  leee  two  aa 
mooB.  Again,  the  heat  of  the  kiln  or  daaap;  amA  tha 
sitoatiolt  of  bricks  aa  to  heat  wili  vary  ttie  dinuna- 
tiaii  of  the  subject  to  be  burnt.  lb  ia  of  consequenoor 
therefore,  in  the  makings  of  aoaad  hard  brieka,.  that 
the  day  should  be  dug  two  or  three  yeara  befoce  it  ia 
used,  in  otdec  tfaa/b  it  mayr  be  pulverised ;.  and  the 
oftener  it  is  tamed  and  incorporated,  tiu  better  wilt 
be  the  brioks.  The  earth  should  have  sufficient  time 
to  mellow,  formeat  or  digest,  vfhich  will  render  it 
more  apt  and  ftt  to  tonper;.  and  this  opemtioaof 
treading  and  tempeiiag  ought  to  be  perlcmned  mare 
than  double  the  wsaaA  time,  because  the  goodneae  at 
the  bricke  wholly  depend  upon  the  vrell  peeformanca 
of  itaflrst  preparation,,  aiace  the  earth  in  itself^  beiare 
it  is  wrought,  is  generally  brit^,  foil  of  ei 
matter,  whaoh  requires  to  be  resmved;  and  aa  it 
without  tfoity  and  stabilfty;,  but  by  adding 
quantities  of  water  by  degrees  to  it,  and  working  and 
incorporating  it  together^  liie  seveial  paitsr  o^  it  are 
opened,  and  by  being  thus  exposed  to  the  atmespbe^ 
a  tough  and  gluey  substance  is  formed,  which,,  witl^ 
out  such  tempering,  treading,  aad  beating,  coukt  not 
have  been  produced.  I  can  only  compare  this  pre- 
paration of  the  soil  to  that  of  making  bread.  Wken 
there  is  a  due  quantity  of  water  put  tothe  ^our,  and 
irelt  wrought  up  together,  sudi  bread  comba  not  onfy 
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iOMOtb  tad  firm,  withoat  having  eytii  or  being  sub- 
ject to  crumbling,  but  it  eats  swpeter  and  mellower, 
and  becomes  easier  of  digestion,  affording  fu  better 
nourishment  than  such  as  is  over-watered,  heavy, 
and  not  sufficiently  tempered;  pK>vided  the  other 
operations,  which  belong  to  the  making  of  good 
bread,  such  as  baking,  &c.  be  properly  pe^ormed. 

Bricks  thus  tempered  become  solid,  smooth,  hard, 
and  durable ;  and  one  brick  thus  made  takes  up 
nearly  as  much  earth  as  a  brick  and  a  half  made  in 
the  common  way ;  but  these  are  light,  full  of  cracks, 
and  spongy,  owing  to  the  want  of  due  working  and 
management ;  and  the  mixing  of  ashes,  which  is  now 
tlie  uniforAi  practice  about  London,  and  light  sandy 
earth  which  is  usually  practise  in  the  country,  to 
make  them  work  easy  and  with  greater  dispatch, 
•erves  also  to  save  coals  or  wood  in  the  burmng  of 
them.     See  Malcolm's  Swrvef^. 

The  excellency  of  bricks  consists  duefly  in  the 
ftrst  and  last  operation ;  for  bricks  made  of  good 
earth  and  well  tempered,  become  solid  and  ponder- 
9ns»  and  therefore  will  take  up  a  longer  time  in 
drying  and  burning  than  our  common  bricks  seem  to 
require.  It  is  also  to  be  observed,  that  the  well 
drying;  of  bricks  before  they  are  burned,  prevents 
cradung  and  crumbling  in  Uieir  burning ;  for  when 
the  bricks  are  too  wet,  the  parts  are  prevented  from 
adhering  together.  The  best  way  of  ordering  the 
fire  is  to  make  it  gentle  at  first,  and  increase  it  by 
degrees  as  the  bricks  grow  harder.  If  those  several 
operations  were  properly  and  duly  attended  to,  we 
^ould  not  see  such  immense  waste,  and  so  great  a 
profusion  of  unbumt  and  half-burnt  bricks,  called 
plaoe  bricks,  as  we  constantly  find  on  the  outsides  of 
our  modem  damps.  For  want  of  due  precaution  the 
ire  never  reaches  them  in  an  equable  degree,  and 
therefore  they  ought  to  be  totally  disregarded  and 
laid  aside ;  but  modem  ingenuity,  and  the  tricks  of 
the  builders,  have  found  out  a  mode  of  using  them, 
less  objectionable  to  be  sure  than  if  they  were  con- 
ngned  to  the  outside  walls,  though  properly  they  are 
not  fit  to  be  used  any  where.  It  is  necessary  that 
Che  public  should  be  informed,  that  these  place  bricks 
aie  now  made  use  of  in  the  inside  walls  of  houses  of 
every  denomination,  from  the  hut  to  the  palace ;  and 
that  they  are  soft,  subject  to  very  quick  decay,  and 
wherever  wet  can  at  all  get  to  them,  they  moulder 
away  with  great  rapidity ;  nor  is  this  the  only  objec- 
tion to  them ;  thev  are  subject  to  be  acted  upon  by 
every  diange  of  the  weather,  so  that  the  walls  be- 
come damp,  and  the  plastering  discoloured,  causing 
the  bond  timbers  and  plates  to  rot ;  and  for  want 
of  equal  solidity  vrith  the  extemal  bricks,  the  walls 
oradi,  and  the  timbers  swag,  because  tixe  bearing 
on  them  cannot  be  then  any  where  equally  poised. 

The  dampness  which  so  often  affects  the  inside 
walJSr  is  attempted  to  be  palliated  or  removed  by  the 
introduction  of  what  is  called  battening,  whereby  an 
mpenta^  or  cavity  is  left  between  the  brick-work  or 
plastenng ;  but  whoever  has  attentively  observed  the 
lesalt  of  this  invention,  which  in  very  many  instanpes 
has  fallen  to  my  lot  to  notice,  will  see  that  the  damp 
arising  from  these  bricks  engenders  mould,  and  is 
visible  on  the  frame  of  the  wood  used  in  the  batten- 
ing; this  mould  is,  no  doubt,  the  secondary  cause  of 
Ae  dry-rot,  since  the  origin  mui^  be  in  the  bricks 


Thait  this  it  tiie  casc^  m^y  be  deduced  from  this 
fiMi;  that  wherevar  a  fiMo#ty  of  those  bricks  is 
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heaped  up  togetho'  fbr  any  length  of  time,  they  wiU 
upon  separation  be  found  to  have  their  bases  covered 
vrith  a  fine  white  net- work,  especially  those  which 
are  nearest  the  bottom.  Hard  burnt,  sound  bricks 
never  have  this  net- work  grow  upon  them,  let  them 
lay  as  long  as  they  may  in  any  situation.  This  net- 
work then  is  the  plantuls  of  mould.  The  origin  and 
increase  of  mould  is  nearly  in  proportion  to  ti^e  heat 
of  the  atmosphere ;  its  appearance  and  vegetation  are 
never  more  sudden  than  during  the  summer,  and  the 
reason  seems  to  be,  that  the  heat  of  the  weather  ne- 
cessarily draws  out  the  redundant  moisture  from  the 
bricks  for  want  of  a  due  circulation  of  air.  This 
moisture  attaches  itself  to  the  outside  of  the  bricks, 
and  there  remains,  the  heat  not  being  sufficient  to 
dry  it  up,  but  enough  perhaps  to  produce  a  degree  of 
warmth ;  it  enters  into  a  slow  but  certain  process  of 
fermentation ;  and,  passing  through  a  state  of  acidity 
to  putrefaction,  is  of  itself  sufficient  to  engender 
mould.  Sometimes  it  is -very  long  before  mould  is 
produced  on  particular  substances,  either  from  the 
absence  of  the  seed,  or  the  substance  not  being  well 
adapted  for  its  vegetation ;  while  in  others,  the  seed 
has  been  known  to  vegetate  in  three  hours.  The 
mould,  from  being  first  white,  turns  yellowish,  and  at 
last  blackens.  As  it  approaches  a  state  of  maturity, 
a  kind  of  black  dust  falls  from  it,  which  is  the  seed  of 
the  plantulae ;  a  quantity  of  this  dust  constitutes  the 
powder,  which  blackens  the  hand  when  touched.  As 
this  dust  and  seed  is  so  fine  and  infinite,  it  spreads 
with  a  rapidity  equal  to  the  state  and  condition  of 
the  substances  which  may  be  fit  to  receive  it,  and 
hence  may  attack  a  whole  building,  and  becomes  the 
means  of  endangering  and  eventually  destroying  the 
most  superb  edifice. 

Another  fact  will  confirm  this  reasoning.  In  pull- 
ing down  the  most  ancient  houses  not  an  atom  of 
dry-rot  has  been  visible,  but  merely  a  decay  in  tha 
timbers,  occasioned  by  age,  because  the  bricks  inside 
and  out  were  alike  hard  and  sound ;  but  where  mo- 
dem ones  have  been  erected  on  the  old  sites,  a  very 
few  years  have  been  sufficient  to  prove  that  symp-  ' 
toms  of  dry-rot  have  manifested  tnemselves  in  the 
basement,  from  the  great  degree  of  humidity  which 
prevails  there. 

If  such  bricks,  therefore,  are  not  timely  removed, 
all  the  art  of  man  cannot  prevent  the  effects  of  the 
dry-rot.  It  is  the  same  with  certain  sorts  of  stone« 
which  are  always  damp,  be  the  weather  what  it  may* 
and  there  the  dry-rot  makes  the  greatest  havoc. 

Bridgb.  It  is  needless  to  investigate  ancient  au- 
thors for  .a  description  of  the  primitive  bridge,  as  its 
origin  and  elements  are  to  be  found  in  uncultivated 
nations  of  modem  times.  Stepping-stones,  in  shal- 
low rivers,  covered  with  planks  from  stone  to  stone» 
exhibit  the  incipient  principles  of  piers  and  arches, 
which  science  has  brought  to  their  present  perfection. 
In  deeper  rivers,  an  accumulation  of  stones  forms  a 
loftier  pier ;  and,  where  the  openings  were  sufficiently 
narrow,  and  the  slabs  of  stone  sufficiently  long,  or 
the  art  and  strength  of  the  untaught  architect  suffi  • 
cient  to  the  task,  a  roadway  was  formed  from  pier  to 
pier,  like  the  Vitruvian  architrave  of  the  primitive 
Tuscan  temple.  With  the  Greeks,  who  were  a  mora 
maritime  people,  and  more  accustomed  to  navigation 
than  the  Romans,  there  is  no  doubt  that  ships  and 
l>oats  preceded,  if  they  did  not  supersede,  the  use  of 
bridges.  In  their  brightest  days,  when  their  fine 
style  of  architecture  was  complete^  when  their  pom* 
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coes  were  crowded  with  paintings^  and  their  streets 
with  statues,  the  people  of  Athens  waded  or  terrted 
over  the  Cephisoe  for  want  of  a  bridge.  The  Greeks 
do  not  seem  to  have  valued  the  construction  of  the 
afcb  sufficiently  to  excel  in  bridge-building.  No 
people  of  the  ancient  world  carried  the  power  of 
rearing  the  stupendous  arch  and  the  magnificent 
dome  to  such  an  extent  as  the  Romans.  Aiter  the 
construction  of  their  great  sewers^  the  aqueducts,  and 
the  cupola  over  the  Pantheon  of  M.  Agrippa,  a  bridge 
over  the  Tiber  was  of  easy  execution ;  aikd  the  inven- 
tion of  the  architecture  of  stone  bridges,  as  practised 
in  its  best  and  most  effectual  manner,  must  be  con- 
ceded to  this  gieat  and  indefatigable  people.  The 
most  celebrated  brk^es  of  ancient  Rome  were  not 
distinguished  by  the  extraordinary  size  of  their  arches, 
nor  the  peculiar  lightness  of  their  piers,  but,  like  the 
rest  of  the  magnificent  works  of  this  city,  as  far  as 
construction  is  concerned,  they  are  wortiiy  of  study 
from  their  excellence  and  durability.  The  span  or 
chord  of  their  arches  seldom  exceeded  70  or  80  feet, 
and  the  versed  sine  or  height  was  nearly  half  of  the 
chord,  so  that  they  were  mostly  semi-circular,  or  con- 
stituted a  segment  nearly  of  that  form. 

Among  the  most  celebrated  bridges  in  modem 
times,  or  those  built  subsequently  to  the  destruction 
of  the  Roman  empire,  are  those  of  the  Moors  in 
Spain,  who  imitated  and  rivalled  the  best  construc- 
tions of  the  Ronans.  The  bridge  of  Cordova,  over 
the  Guadalquivir,  is  an  eminent  example  of  their  suc- 
cess. The  bridge  over  the  Rhone,  at  Avignon,  is  one 
of  the  most  ancient  bridges  of  modem  Europe.  It 
was  built  by  a  religious  society  called  the  Brethren  t^ 
the  Bridge,  whidi  was  established  upon  the  decline  of 
the  second,  and  the  commencement  of  the  third  race 
of  French  kings,  when  a  state  of  anarchy  existed, 
and  there  was  little  security  for  travellers,  particu- 
larly in  passing  rivers,  on  which  they  were  subject 
to '  the  rapacity  of  banditti.  The  object  of  this 
society  was  to  put  a  stop  to  these  outrages,  by 
forming  fraternities  for  the  purpose  of  building  bridges 
and  establishing  fenies  and  caravansaries  on  their 
banksi  The  bridge  of  Avignon  was  commenced  in 
1176,  and  completed  in  1179.  It  was  composed  of 
18  arches.  The  length  of  the  chord  of  the  largest 
was  no  feet  9  inches,  and  its  height  45  feet  10 
inches.  France  can  boast  of  many  fine  bridges,  built 
during  the  last  two  centuries. 

In  Great  Britain,  the  art  of  building  bridges  ap- 
pears to  have  been  diligently  studied  from  early 
times.  The  most  ancient  bridge  in  England  is  the 
Gothic  triangular  bridge  at  Croyland  in  Lincoln- 
shire, said  to  have  been  built  in  860.  The  asoent  is 
so  steep  that  none  but  foot-passengers  can  go  over 
it.  The  old  bridge  which  connected  London  and 
Southwark  was  a  very  singular  edifice,  and  a  view  of 
ks  peculiar  architecture  will  serve  to  give  onr  readers 
a  notion  of  the  state  of  knowledge  in  this  important 
branch  of  hydraulic  engineering  at  an  early  period. 

This  bridge  appears  to  have  been  completed  in  the 
twelfth  century,  and  a  slight  view  of  its  nurrow 
arches  and  massive  abutments  will  serve  to  show 
how  little  science  was  displayed  in  its  erection. 

The  bridge  was  crowded  with  buildings,  and  we 
select  one  of  the  most  remarkable,  called  Nonesuch- 
House.  Our  view  is  taken  from  the  Chronieles  ^ 
ijondon  Bridge,  one  of  the  most  elegant  specimens 
of  antiquarian  learning  in  our  language.  Like  most 
of  the  other  buildings,  this  <celebrated  eiMce  also 


overhung  the  east  and  west  sides  of  the  bridge  ^  and 
there  presented  to  the  Thames  two  fronts*  of  scarcdy 
less  magnificence  tban  it  exhibited  to  Soothwark  an  i 
the  city ;  the  columns,  windows,  and  carrmg,  bein^; 
similarly  sptendM;  and  thus  equally  curinus  ana 
interesting  was  the  Nonesuch- House  on  l^^mdoa 
Bridge,  seen  from  the  water.  Its  southern  froai 
only,  how- 
ever, stood 
perfectly  un- 
connected 
with  other  e- 
rections,  that 
beingentirely 
free  for  about 
fifty  feet  be- 
fore it,  and 
presenting 
the  appear-* 
anceofalarge 
building  pro- 
jecting be- 
yond the 
bridge  on 
either  side ; 
having  a 
square  tower 
at  each  ex- 
tremity, 
crowned    by 

short  domes,  o«  KiemUn  spires,  whilst  an  antiquely- 
carved  gable  arose  in  each  centse.  The  whole  of 
the  front,  too,  was  ornamented  with  a  profusion 
of  transom  casement  windows,  with  carved  wooden 
galleries  before  them  ;  and  richly  sculptured  wooden 
panels  and  gilded  cohimns  were  to  be  found  in 
every  part  of  it.  In  the  centre  was  an  arch  of  the 
width  of  the  drawbridge,  leading  over  the  bridge ; 
and  above  it,  on  the  south  side  were  carved  the 
arms  of  St.  George,  of  the  city  of  London,  and  these 
of  Elizabeth,  France  and  Engfamd  quasterky,,  sap- 
ported  by  the.  lion  and  dragon ;  from  which  circunt- 
stance  only  can  we  estimate  the  tiaae  when  the 
NcHMsiuch-House  was  erected. 

The  new  bri(%e  is  extremely  striking  from  its  con- 
trast with  the  Gothic  edifice,  whose  pbce  it  supplieil. 
It  consists  but  of  five  elliptical  arches,  whidi  eofr- 
brace  the  whole  span  of  the  river,  with  the  exc^ttoa 
of  a  double  pier  on  either  side,  and  between  each 
arch  a  single  pier  of  corresponding  design :  the  whole 
is  more  remarkable  for  its  simplicity  thAn  its  nngni- 
ficence.  The  following  is  a  statement  of  the  dimen- 
sions of  the  new  ))ridge : — 

Centre  ar^ — span,  150 feet;  rise,  31  feel;  piers, 
24  feet. 

Arches  next  the  centre  areb— spi»>  140  feet;  rise, 
30  feet ;  piers,  32  feet. 

Abutment  arches^--span,  130  feet;  rise,  35  feet; 
abutment,  74  feet. 

Total  vridth,  from  waterside  to  waterside,  690  feet. 

XiCngtii  of  the  bridge,  including  the  abutnents, 
930  feet ;  without  the  abutments,  782  feet. 

Width  of  the  bridge,  from  outside  to  outside  of  iIm 
parapets,  55  feet ;  carriage-way,  33  feet  4  inches. 

JBiacJ^friars  bridge  is  handsome  in  design,  and  its 

elliptical  arches  are  well  soited  to  its  situation,  tet 

its  material  is  bad  and  perishable.    This  bridge  w«s 

designed  amd  erected  by  Robert  Milne,  an  able  Scotch 

I  architect.    It  was  commenced  In   1760,  and  ctan- 


BRl 
plet«d  in  1771-  It  is  99i  feet  lung,  4iid  43  feet  6 
■ncbei  biDKd  between  the  p&rapctd.  The  centre  «rch 
w  100  feet  in  spaa,  and  41  feet  G  inches  in  height. 
Wairrloo  bridgt  is  one  of  the  gicatest  architectural 
works  of  our  time&.  It  is  tlie  only  bridge  q\ 
Hiaiaes  which  hss  a  flat  surface  in  its  whole  ( 
Its  length  is  1350  feet.  It  consists  of  g  elliptical 
arches,  each  of  ISO  feet  span,  and  32  feet  in  height, 
WotmiDsler  biidge  was  commenced  in  1740,  anil 
completed  in  1750.  It  is  1220  feet  long,  and  44  feet 
between  the  parapets,  haa  13  large  and  2  small 
>rdwa,  an  semi-drcuUu-.    "nse  middle  arch  is  76  feet 

(hie  of  the  most  cnrloos   proiincial   bridges 
Great  Britain  w  that  at  Taff,  in  Glamorganshire, 
is  of  one  arch,  and  its  span   is  radier  more  than  140 
feet. 


He  architect  of  this  bridge  was  a  poor,  uneducated 
man,  and  the  perserering  courage  with  which  be 
pnnned  his  object  till  the  completion  of  the  edifice, 
u  worthy  of  recoril.  His  first  attempts  failed  in  con- 
■eqneDce  of  the  enormons  pressure  of  the  haunchee 
or  sides  of  the  bridge,  which  forced  up  the  key-itone, 
and  to  obviate  this,  he  pierced  the  stone-work  with 
cylindrical  apertures,  which  remedied  the  defect. 
IVior  to  the  erection  of  this  bridge,  that  of  the  Ri- 
alto  h*d  the  largest  span  of  any  in  existence. 

Metal  bridges  are  the  invention  of  British  artists. 
The  true  elements  of  their  construction  are  as  yet 
btrt  inipnfectiy  understood.  Tie  first  bridge  of  cast- 
boo  CTBT  erected  b  ttial  over  the  Severn,  abont  two 
mile*  below  Colebrook-dale,  in  Shropshire. 
an  arch  onnposed  of  Ere  ribs,  forming  the  segment 
of  a  circle.  Its  chord  is  100  feet  looic,  and  its  height 
45  feet.  It  was  erected  inaI777.  the  second  cait- 
itmi  bridge  was  designed  by  Thomas  Psine,  the  cele- 
brated pditical  writer,  and  was  intended  to  have  been 
t^en  to  America ;  but,  the  specolator  failing  in  his 
pajvients,  the  materials  were  afterwards  used  in 
CMMtmctiBg  the  beatttihl  bridge  over  the  river  Wear, 
at  Bishop's  Wearmouth,  in  Uie  county  of  Darham. 
The  chord  of  the  arch  is  240  feet  long ;  the  height, 
30  fteL  The  Sonthwark  bridge  over  the  Thames  is. 
It  present.  Hie  finest  iron  bridge  in  the  world.  It 
coiaista  of  three  arches.  The  chord  of  Ae  middle 
Bn:h  is  340  feet  long,  and  its  height  24  feet.  There 
•re  several  other  fine  bridges  of  this  kind  in  England. 
Mr.  Telford  proposed  an  iron  arch  of  much  larger 
dimensions  than  any  now  existing,  to  take  the  place 
of  London  bridge.  The  length  of  the  chord  was  to 
be  600  feet,  and  its  height  69.  The  plan  was  not 
boweiar  constdcTed  practicable. 

—     ■       ■   .'  . 1.  .»,rt,,.  and  perhaps' the  most 
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ancient  material  used  for  the  construction  of  bridge)). 
The  earliest  timber  bridge  on  record  is  ihat  fbrowa 
by  Julius  Csesar  over  the  Rhine,  and  described  in  bis 
Conanenfartej.  Germany  is  the  school  for  vooden 
bridgti,  as  England  is  for  those  of  iron,  llie  most 
celebrated  wooden  bridge  was  that  over  the  Rhine  at 
Schaffhausen.  This  was  3G4  feet  in  length,  and  IS 
feet  broad.  The  plan  of  the  architect  was.  that  the 
bridge  should  consist  of  a  single  arch.  The  magis- 
trates of  the  place,  however,  required  that  he  should 
make  it  of  two,  and  use.  the  middle  pier  of  a  stone 
bridge,  which  had  previously  stood  there.  He  did 
BO,  but  contrived  to  leave  it  doubtful  whether  the 
bridge  was  at  all  supported  by  the  middle  pier.  It 
was  destroyed  by  the  French,  in  April,  1799.  Tile 
same  architect  and  his  brother  have  also  erected 
several  other  fine  arched  wooden  bridges.  Several 
others  have  been  erected  in  Grmiftny,  by  Wiebeidng, 
perhaps  the  most  ingenious  carpeijter  of  our  times. — 
In  the  United  States,  the  Trenton  bridge  over  the 
Delaware,  erected  by  Burr  in  1804,  is  the  segment  of 
a  circle  345  feet  in  diameter.  Its  chord  measures 
200  feet;  its  height,  or  versed  sine,  is  32  feet,  and 
the  height  of  the  timber  traming  of  the  arch,  at  its 
vertex,  is  no  more  than  3  feet  8  inches.  Hie  timber 
bridge  over  the  Schuylkill,  at  Philadelphia,  is  of  the 
extraordinary  span  of  340  feet.  The  versed  sine  is 
only  30  feet,  and  the  height  of  the  wooden  framing 
at  the  vertex,  7  feet.  Its  architect  was  Wemwag, 
who  built  It  in  1813.  The  bridge  built  by  Palmer, 
over  the  Hscataqua,  near  Portsmouth,  New  Hamp- 
shire, in  1794,  is  the  segment  of  a  circle  GOO  feet  in 
diameter.  Its  chord  line  measures  350  feet,  its  versed 
sloe  27  feet  4  inches,  and  the  height  of  the  timber 
frame-work  of  the  arch  18  feet  3  inches.  It  is  put 
together  with  wooden  keys.  The  same  ingenious 
mechanic  erected  two  other  wooden  bridges,  one  over 
the  Merrimack,  at  Deer  Island,  near  Newburyport, 
of  IGO  feet  diameter,  finished  in  1792,  and  the  other 
over  the  Schuylkill  at  Philadelphia,  of  IfH  feet  chord, 
and  12  feet  versed  sine,  being  the  s^ment  of  a  circle 
796  feet  in  diameter.     This  was  finished  in  1803. 

There  were  suspension  bridges  both  in  America 
end  India  long  prior  to  their  general  use  in  this 
country. 

The  little  river  of  Chambow,  which  flows  from  the 
lake  ofColey,  separates  the  b«uitifnl  village  of  Gua- 
nando  from  tiiat  of  Penipe.  It  mus  through  a  ra- 
vine, the  bottom  of  which  is  elevated  2400  metres 
above  the  level  of  the  sea;  and  which  has  long  been 
famous  for  the  production  of  cochineal,  in  the  prepa- 
ration of  which,  the  inhabitants  have  been  employed 
from  the  remotest  antiquity.  The  river  (says  M. 
de  Humboldt)  is  crossed  by  one  of  those  bridges  of 
cords  which  the  Spaniards  cat'  puenlt  de  maroma,  and 
the  Peruvian  Indians,  cimppacha,  from  ehqipa,  ropes, 
and  ekaea,  a  bridge.  The  ropes,  which  are  three  or 
four  inches  in  diameter,  are  made  from  the  fibroas 
roots  of  the  American  agavcy.  They  are  attached  to 
a  wooden  scalTolding  composed  of  the  trunks  of  several 
trees,  erected  on  the  abore,  on  each  side  of  the  river, 
and  upon  Ihem  are  laid  small  round  pieces  of  bam- 
boo, placed  transversely. 

As  the  weight  of  the  bridge  causes  the  trees  to 
bend  towards  the  middle  of  the  river,  and  as  It  would 
be  imprudent  to  strain  them  with  too  much  force,  it 
becomes  necessary  (although  the  shores  of  the  river 
are  not  very  high)  to  construct  steps  or  ladders  at 
tha  two  extremities  of  'be  bridge,  litis  bridge  it 
"St 
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1 20  feet  long,  and  7  or  8  feet  wide ;  but  there  are 
others  of  this  construction,  whose  dimensions  are 
considerably  larger. 

These  structures,  which  the  South  Americans 
made  use  of  long  prior  to  the  arrival  of  the  Euro- 
peans, greatly  resemble  the  bridges  of  chains  that 
are  met  with  in  China,  and  in  the  interior  of  Africa. 
Mr.  Turner,  in  his  interesting  Voyage  to  Thibet,  has 
given  the  plan  of  the  bridge  of  Ichinchieu,  near  the 
fort  of  Chuka  (lat.  27°  14'),  which  is  140  feet  long, 
and  which  may  be  passed  over  on  horseback.  This 
bridge  is  supported  by  five  chains  covered  with  pieces 
of  bamboo. 

All  travellers  have  spoken  of  the  great  danger 
which  attends  the  passage  of  these  rope  bridges, 
which  are  suspended  like  ribands  across  a  deep  ravine 
or  impetuous  torrent.  The  danger,  however,  is  not 
very  great  (says  Baron  Humboldt),  when  a  single 
person  passes  over  by  himself,  especially  if  he  run  as 
quickly  as  possible,  throwing  the  body  forward. 
But  the  oscillations  of  the  ropes  become  very  violent 
when  the  traveller  is  conducted  by  an  Indian,  who 
walks  much  quicker  than  he,  or  if  affrighted  by  the 
appearance  of  the  water,  seen  between  the  interstices 
of  the  bamboos,  he  is  imprudent  enough  to  stop  in 
the  middle,  and  lay  hold  of  the  ropes  which  serve  for 
balustrades. 

A  rope  bridge  seldom  remains  in  good  condition 
longer  than  twenty  or  twenty-five  years ;  and  even 
then  it  becomes  necessary  to  replace  some  of  the 
ropes  every  eight  or  ten  years.  But  the  internal 
regulations  of  this  country  are  so  lax,  that  it  is  not 
uncommon  to  see  bridges,  in  which  the  flooring  of 
bamboo  is  broken  into  large  pieces ;  and  it  is  then 
necessary  to  walk  with  much  circumspection  over 
those  ancient  structures,  in  order  to  avoid  the  holes, 
which  are  sometimes  large  enough  to  precipitate  the 
nnwary  traveller  into  the  water,  or  the  ravine  beneath. 
A  few  years  before  my  arrival  at  Penipe  (says  M. 
Humboldt),  in  consequence  of  long  continued  rains, 
which  were  succeeded  by  a  very  dry  wind,  the  sus- 
pension bridge  of  the  Rio  Chambo  fell  to  pieces. 
Four  Indians  were  drowned  in  the  river,  which  b 
very  deep,  and  its  current  extraordinarily  rapid. 

The  ancient  Peruvians  constructed  bridges  of  wood, 
which  rested  upon  piles  of  stone;  but  they  most 
commonly  contented  themselves  with  bridges  of  ropes, 
which  are  extremely  useful  in  a  mountainous  coun- 
Iry,  where  the  depth  of  the  ravines,  or  the  impetu- 
osity of  the  torrents,  prevent  the  constructing  of 
piles.  The  violence  of  their  swinging  may  be  di- 
minished by  lateral  ropes  attached  to  the  middle  of 
the  bridge,  and  stretching  diagonally  towards  the 
shore. 

It  is  by  means  of  a  bridge  of  ropes  of  extraordinary 
length,  which  may  be  traversed  by  loaded  mules, 
that  the  South  Americans  have  succeeded  (within 
these  few  years)  in  establishing  a  permanent  com- 
munication between  the  towns  of  Quito  and  Lima, 
after  having  uselessly  expended  a  million  of  francs 
in  constructing  near  Santa,  a  stone  bridge  over  a 
torrent  which  descends  from  the  Cordilleras  of  the 
Andes. 

The  simplicity  of  construction  observable  in  these 
fragile  works  of  art,  and  the  small  expenditure  of 
\ime  and  labour  which  they  require,  were  advantages 
particularly  suited  to  the  narrow  genius  and  slender 
mechanical  knowledge  of  this  simple  people.  No 
doubt,  if  these  bridges  were  exposed  for  a  short  time 


to  the  vicissitudes  of  an  European,  or  at  least  of  ta 
English  climate,  catastrophes  similar  to  that  re- 
corded by  Baron  Humboldt,  would  occur  so  fre* 
quently,  as  to  oblige  the  South  Americans  to  con- 
struct their  bridges  of  more  durable  and  solid  mate- 
rials. And  as  we  find  that  the  progress  of  mankinds 
in  the  path  of  science,  has  been  r^id  in  proportion 
to  the  necessities  of  their  situation,  and  as  the  calk 
upon  their  energies  and  understanding  have  been 
more  or  less  imperative,  so,  no  doubt,  the  science  of 
bridge-building  with  the  South  Americans,  will  ul- 
timately approach  to  the  perfection  of  the  European 
art. 

The  suspension  principle  for  bridges  has  likewise 
been  adopted  in  India.  In  the  Calcutta  government 
gazette,  is  a  description  of  a  suspension-bridge, 
which  has  lately  been  erected  at  Aligpore,  of  mate- 
rials quite  novel  in  the  history  of  bridge-building, 
and  in  a  manner  alike  surprising  and  ingenious. 
This  bridge,  which  was  constructed  by  Mr.  Qohen 
Shakespeare,  consists  entirely  of  cane  with  iron 
fastenings,  and  is  130  feet  in  length,-  and  5  in  widtli. 
The  canes,  which  are  from  100  to  225  feet  in  length, 
and  from  1  to  nearly  2  inches  in  diameter,  wer^ 
procured  from  the  north-eastern  frontier  (where  thejr 
may  be  had  for  the  trouble  of  collecting  diem),  and 
sent  to  Calcutta  coiled  up  like  ropes.  Eighteen  canet 
form  the  bearings ;  these  are  lashed  together  at  each 
end  of  the  bridge,  and  upon  them  are  laid  cross* 
slips  of  bamboo,  as  in  the  construction  of  ropa 
bridges.  Not  only  the  roadway,  bat  also  all  tne 
contrivances  for  steadying  the  bridge,  and  prerenU 
ing  oscillation,  are  of  iron,  and  are  well  arranged. 
These  materials,  of  course,  prevent  the  danger  and 
difficulty  which  would  attend  the  passage ;  the  bridges 
described  by  M.  Humboldt  in  these  parts  were  en- 
tirely of  cane.  The  appearance  of  the  arch  is  describoi 
as  singularly  light,  even  more  so  than  rope ;  and  it 
is  in  reality  lighter  as  a  whole,  because  the  cross 
bamboo  slips,  forming  the  roadway,  are  lashed  at 
once  to  the  canes ;  and  thus  It  becomes  firmer  than 
in  the  rope  bridge,  in  which  the  trcadway  is  distinct, 
and  lies  over  the  strands.  The  strength  and  dura- 
bility of  the  cane  are  ,by  some  considered  equal  to 
that  of  rope ;  this  is  a  question  that  time  will  solve. 
Should  the  cane,  however,  last  only  a  season  or  two 
of  the  rains,  and  it  is  strongest  when  kept  moist,  the 
advantages  gained  to  the  country  will  be  incalculable, 
as  it  abounds  with  that  cheap  and  useful  commodity. 

Suspension  bridges  were  in  use  in  Europe  in  the 
time  of  Scamozzi,  as  may  be  seen  in  his  Del  Idea 
Archi,  1615;  yet  the  principles  requisite  to  deter- 
mine the  structure  of  thb  kind  of  bridges  had  not 
been  made  public  before  the  time  of  Bemouilli.    Hie 
use  of  these  bridges  is  of  great  antiquity  in  moun- 
tainous countries.    The  most  remarkable  bridge  of 
suspension  in  existence  is  that  lately  constructed  by 
Mr.  Telford  over  the  Menai  strait,  between  the  isle 
of  Anglesea  and  Caernarvonshire  in  Wales.    It  wms 
finishiMi  in  1825.    The  roadway  is  100  feet  above  the 
surface  of  the  water  at  high  tide.    The  opening  be- 
tween the  points  of  suspension  is  560  feet.    Tlie 
platform  is  about  30  feet  in  breadth.    Hie  whole  is 
suspended  from  4  lines  of  strong  iron  cables  by  per- 
pendicular iron  rods,  5  feet  apart.    The  cables  pass 
over  rollers  on  the  tops  of  pillars,  and  are  fixed  to 
iron'^'ames  under  ground,  which  are  kept  down  by 
masonry.    The  weight  of  the  whole  bridge,  between 
the  points  of  suspension,  is  489  tons.    3ome  notum 
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of  the  vut  qHtce  an^gig»nUc  propoitioos  of  tbi> 
bridge  mky  be  collected  from  the  fact  exhibited  in 
the  occompaQving  engraviDg,  of  &  large  two-masted  ^iles  and  plajiks,  having   their  interval   filled  nith 


t  once  beneath  its  aerial 


There  is  bat  ooe  circumBtance  vhich  appears 
■11  to  affect  the  stability  of  its  equilibrium,  and  that 
u  the  be*vy  and  nieaaured  trea!d  of  a  long  line  of 
military.  The  iibole  weight  of  a  number  of  men, 
whose  feet  drop  at  the  same  instant  of  time,  would 
affect  any  suspension  bridge. 

The  foUotring  remarks  on  the  wnitruclion  of  bridges 
are  from  Bigelow's  TtcAitofojy  ;  "  The  construction 
of  small  bridges  is  a  simple  process,  while  that  of 
la^E  ones  is,  under  certain  circumstances,  extremely 
difficult,  owing  to  the  fact,  Ihat  the  strength  of  ma- 
terials does  not  increase  io  proportion  to  their  weight, 
and  that  there  are  limits,  beyorut  which  no  struc- 
tore  of  the  kind  could  be  carried,  and  withstand  its 
own  gravity.  Bridges  differ  in  their  coustructlon, 
and  in  the  materials  of  which  they  are  composed. 
The  principal  varieties  are  the  following : — 

"  }Vaixkii  bridgei.  These,  when  built  over  shallow 
and  aluggish  streams,  are  usually  supported  upon 
piles  driven  into  the  mud  at  short  distances,  or  upoo 
frames  of  timber.  But,  in  deep  and  powerful  cur- 
rents, it  is  necessary  to  support  tbem  on  strong  stone 
piers  and  abutments,  built  at  as  great  a  distance  as 
practicable  from  each  other.  The  bridge  beCweeu 
tliese  piers  consists  of  a  stiff  frame  of  carpentry,  so 
constructed  with  reference  to  its  material,  that  it 
may  act  as  one  piece,  and  may  not  bend  or  break 
with  its  own  weight,  and  any  additional  load  to 
which  it  may  be  exposed.  'When  this  frame  is 
•trai^t,  the  upper  part  is  compressed  by  the  weight 
of  the  whole,  while  the  lower  part  is  extended,  like 
the  tie-beam  of  a  roof.  But  the  strongest  wooden 
bridges  are  made  with  carved  ribs,  which  rise  above 
the  abntmeots  in  the  manner  of  an  arch,  and  are  not 
snbjectedtoalongitudinalstr^n  by  extension.  These 
ribs  are  commonly  connected  and  strengthened  with 
diagonal  braces,  keys,  bolts,  and  straps  of  iron. 

"  S/otk  bridgn.  These,  for  the  most  part,  consist  of 
regular  arches,  built  upon  stone  piers  constructed  in 
the  water,  or  upon  abutments  at  the  banks.  Above 
the  arches  is  made  a  level  or  sloping  road.  From 
the  nature  of  the  materill,  these  are  the  most  durable 
kind  of  bridges,  and  many  are  now  standing  which 
were  built  by  the  ancient  Romans.  The  stone  piers. 
on  which  bridges  are  supported,  require  to  be  of 
peat  solidity,  especially  when  exposed  to  rapid  cnr- 
'icnta,  or  floating  ice.  Piers  are  usually  built  with 
'ttcir  greatest  length  in  the  direction  of  the  stream, 
and  with  their  extremities  pointed  or  curved,  so  as  to 
divide  the  water,  and  allow  it  to  glide  easily  past 
th>m.     In  building  piers,  it  b  ortrii  neci'ssary  to  ex- 


clay.  The  interior  space  is  made  dry  by  pumping, 
and  kept  so  till  the  structure  is  finished. 

"  Cail-iran  bridge).  These  have  been  constructed, 
in  England,  out  of  blocks  or  frames  of  cast-iron,  so 
shaped  as  to  fit  into  each  other,  aod,  collectively,  to 
form  ribs  and  arches.  These  bridges  possess  great 
strength,  but  are  liable  to  be  disturbed  by  the  ex- 
pansion and  contraction  of  the  metal  with  heat  and 
cold. 

"  Sutpmitm  bridges.  In  these  the  flooring  or  main 
body  of  the  bridge  is  supported  on  strong  iron  chains 
or  rods,  hEmging  in  the  form  of  an  inverted  arch, 
from  one  point  of  support  to  another.  The  points 
of  support  are  the  tops  of  strong  pillars  or  smalt 
towers,  erected  for  the  purpose.  Over  these  pillars 
the  chain  passes,  and  is  attached  at  each  extremity 
of  the  bridge  to  rocks,  or  massive  frames  of  iron, 
firmly  secured  under  ground.  Tlie  great  advantage 
of  suspension  bridges  consists  -in  their  stability  of 
equilibrium,  in  consequence  of  which  a  smaller 
amount  of  materials  is  necessary  for  their  construc- 
tion than  for  that  of  any  other  bridge.  If  a  suspen- 
sion  bridge  be  shaken,  or  thrown  out  of  equilibrium, 
it  returns  by  its  weight  to  its  proper  place,  whereas 
the  reverse  happens  in  bridges  which  are  built  above 
the  level  of  their  supporters. 

"  Floating  bridgfi.  Upon  deep  and  sluggish  water, 
stationary  rafts  of  timber  are  sometimes  employed, 
extending  from  one  shore  to  another,  emd  covered 
with  ptaaks,  so  as  to  form  a  passable, bridge.  In 
militBi7  operations,  temporary  bridges  are  often 
fomed  by  planks  laid  upon  boats,  pontons,  and 
other  buoyant  supporters."     See  Cbntbbimo. 

Bbio,  or  Bbioantine  ;  a  square-rigged  vessel, 
with  two  masts.  The  term  is  applied  to  different 
kinds  of  vessels,  by  mariners  of  different  countries. 
The  term  brigaatine  is  also  applied  to  a  light,  flat, 
open  vessel,  with  10  or  15  oars  on  a  side,  furnished 
also  with  sails,  and  able  to  carry  upwards  of  ipB 
men.  The  rowers,  being  also  soldiers,  have  their 
muskets  lying  ready  under  the  benches.  Brigantines 
are  frequently  made  use  of,  especially  in  the  Medi- 
terranean, for  the  purpose  of  piracy,  from  which 
they  derive  their  name.     They  are  very  fast  sailers. 

"  in  general,  an  indeterminate  number  of 

regiments  or  squadrons.     In  the  English  army,  a 
brigade  of  infantry  is  generally  composed  of  3  regi- 
es ;  a  brigade  of  horse,  of  from  8  to  1 2  squad- 
;  and  one  of  artillery,  of  S  guns  and  a  howitzer. 
In  the  United  States'  army,  the  brigade  is  commonly 
iposed  of  two,  but  sometimes  more  regiments,    A 
iber  of  brigades  form  a  division,  and  several  divi- 
sions an  army-corps.     A  brigade-major  is  the  chief 
of  the   brigade   staff.      A   brigadier- general    is   the 
officer  who  commands  a  brigade.     In  the  British  ser- 
vice, this  rank  is  now  abolished.     In  the   United 
States'  service,  he  is  next  in  rank  to  the  major-gene- 
ral, who  is  the  highest  ofBcer  under  the  president, 
as   commander-in-chief.      BrigaditT'general   is  also 
the  title  of  the  chief  of  the  staff  of  an  army-corps. 
In  the  French  military  language,  brigadt,  \a  the  ca- 
vatn',  signifies  a  corporal's  guard.     Heace  brigadier 
signifies  a  corporal. 

Bbioandink  i  a  kind  of  defensive  armour,  consisU 
ing  of  thin  jointed  scales  of  plate,  pliant  acd  easy  to 
Ihc  body. 
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Brimstonb.  Sulphur  as  first  obtained,  is  mixed  I 
with  foreign  bodies,  and,  for  the  purpose  of  purifica-4 
tion,  is  melted  in  a  close  vessel^  by  which  the  impuri- 
ties are  allowed  to  subside.  It  is  then  poured,  in 
the  liquid  state  into  cylindrical  moulds,  in  which  it 
becomes  hard,  and  is  known  in  commerce  by  the 
name  of  roll  brimetone.  The  inspired  historian  (Gen. 
xix.  24)  relates  that  Sodom  and  Gomorrah  were  de- 
stroyed by  fire  from  heaven.  Showers  of  fire  have 
been  observed  by  Bergmann  (occasioned  by  electri- 
city), and  showers  of  brimstone  may  be  produced 
from  the  sulphuric  acid  which  exists  in  the  atmos- 
phere. 

Brittlbness,  in  Natural  Phihaophy ;  that  qua- 
lity of  bodies  by  which  they  are  soon  and  easily 
broken  by  pressure  or  percussion. 

Broach  ;  any  thing  which  wiU  pierce  through ;  a 
pin ;  that  part  of  certain  ornaments  by  which  they 
are  stuck  on  ;  the  ornament  itself.  Among  the  High- 
landers of  Scotland,  there  are  preserved,  in  several 
&miltes,  ancient  broHaches  of  ridi  workmanship,  and 
highly  ornamented.  Some  of  diem  are  inscribed 
with  characters  to  which  particular  virtues  were  at- 
tributed, and  seem  to  have  been  used  as  a  sort  of 
amulet  or  talisman. 

Broad  Pibcb;  a  denomination  that  has  been 
given  to  some  English  gold  pieces  broader  than  a 
guinea,  particularly  Caroluses  and  Jacobuses. 

Broadside,  in  a  naval  engagement;  the  whole 
discharge  of  the  artillery  on  one  side  of  a  ship  of  war, 
above  and  below.  A  squall  of  wind  is  said  to  throw 
a  ship  on  her  broadside,  when  it  presses  her  down 
in  the  watef,  so  as  nearly  to  overset  her. 

Broad-Sword  ;  a  sword  with  a  broad  blade,  de- 
signed chiefly  for  cutting,  used  by  some  regiments  of 
cavalry  and  Highland  infantry  in  the  British  service. 
It  has,  in  general,  given  place  to  the  sabre  among  the 
cavalry.  The  claymore  or  broad- sword  was  formerly 
the  national  weapon  of  the  Highlanders. 

Brocade  ;  a  stuff  of  gold,  silver,  or  silk,  raised 
and  enriched  with  flowers,  foliage  and  other  orna- 
ments. Formerly,  it  signified  only  a  stuff  wove  all 
of  gold  or  silver,  or  in  which  silk  was  mixed ;  at 
present,  all  stuffs,  grograms,  satins,  taffetas  and  lus- 
trings are  so  called,  if  they  are  worked  with  flowers 
or  other  figures. 

Bromb  ;  a  peculiar  substance  discovered  in  1826. 
It  is  obtained  from  the  bittern  of  sea- water,  or  the 
washings  of  the  ashes  of  sea- weed.  It  is  a  dark-red 
liquid,  of  a  specific  gravity  of  2.965,  highly  volatile, 
and  emits  copious  red  fumes  at  the  ordinary  tem- 
perature of  the  air.  It  boils  at  116°.  The  vapour 
does  not  sustain  the  combustion  of  a  candle,  though 
several  of  the  metals  bum  in  it.  It  possesses  the 
bleaching  powers  of  chlorine,  and,  like  that  substance, 
is  eminently  hostile  to  life ;  a  single  drop  of  it  placed 
upon  the  bill  of  a  bird  being  sufiicient  to  kill  it. 
With  oxygen  and  hydrogen  it  forms  acids.  Its  pro- 
perties have  led  to  the  opinion,  that  it  might  be  a 
compound  of  chlorine  and  iodine;  but  as  neither 
of  these  substances  have  been  detected  in  it,  we  are, 
for  tiie  present  at  least,  obliged  to  r^ard  it  as  a 
simple  element. 

Baoif CHANT,  in  Heraldry ;  a  term  used  by  the 
French  heralds  to  denote  the  situation  of  any  beast, 
when  placed  on  a  field  strewed  with  fleurs-de-lis. 

Bronchia,  in  Anatomy;  the  two  primary tKvisions 
of  the  trachea  or  windpipe,  which  convey  the  air  to 
the  iungs. 


Broi^chial  Arteries  arile  from  flie  descending 
aorta,  and  accompany  the  bronchis  into  the  lungs. 

Bronchial  Glands  ;  absorbent  glands  sitiuited 
at  the  root  of  the  lungs.  » 

Bronchial  Veins  are  those  which  accompany 
the  bronchial  arteries. 

Bronchotomy,  in  Svryery;  the  operation  of  cut 
ting  into  the  trachea  or  windpipe. 

Bronchus,  in  Anatomy,  properly  denotes  die  lower 
part  of  the  aspera  arteria*  dividing  into  bronchise,  or 
branches. 

Bronzes  ;  works  of  art  cast  in  bronze.    The  aii- 
cients  used  bronze  for  a  great  variety  of  purposes ; 
arms  and  other  instruments,  medals  and  statues,  of 
this  metal,  are  to  be  found  in  all  cabinets  of  anti- 
quities.   Egyptian  idols  of  bronze  are  contained  in 
die  British  Musemn.    Tlie  mott  celebrsfeed  antique 
bronze  statues  are,  the  sleeping  satjrr ;  the  two  youth- 
ful athletes ;  the  colossal  equestrian  statue  of  Mar- 
cus Aurelius,  at  Rome ;  the  Hercules  of  the  capitol ; 
the  colossal  head  of  Commodus ;  the  statue  of  Sep- 
timius  Severus  in  the  Barberini  palace.    The  horses 
of  St.  Mark,  at  Venice,  are  of  pure  copper.     On 
tables  of  bronze  were  inscribed  laws,  (Mlicts,  and 
treaties.    3000  of  these  were  destroyed  by  fire  in  the 
time  of  Vespasian.     Bass-reliefs,  vaults,  and  doors 
of  public  edifices,  were  ornamented  with  decorations 
of  the  same  metal.    Urban  VIII.  took  from  the  Pan- 
theon alone  450,000  pounds  of  bronze,  which  he 
used  for  the  ornaments  of  St.  Peter's,  and  for  the 
cannon  of  the  castle  of  St.  Angelo.    One  of  these 
was  composed  wholly  of  bronze  nails,  taken  from  the 
portico,  and  bore  the  inscription.  Ex  doow  trabaU- 
busporticHs  Agrippa,    The  ancients  considered  this 
metal  as  naturally  pure ;  all  thehr  instruments  of  sa- 
crifice, and  sacred  vessels,  were  therefore  of  bronze. 
They  also  believed  it  endowed  with  die  pofwer  of 
driving  away  spectres  and  malignant  spirits.     Tbe 
words  moneia  sacra  are  found  only  on  bronze  me* 
dais.    It  was  sacred  to  the  gods ;  and  die  Roman 
emperors,  who  struck  gold  aud  silver  coins,  could 
not  strike  them  of  bronze  without  the  permission  of 
the  senate ;  hence  the  inscription  S.  C.  {Senaha  com- 
8ulto,)    The  modems  have  also  made  much  use  of 
bronze,  particularly  for  statues  exposed  to  accidents, 
or  the  influence  of  the  atmosphere,  and  for  casts  of 
celebrated  antiques.    The  moulds  are  made  on  the 
pattern,  of  plaster  and  brick-dust.    Hie  parts  are 
then  covered  on  the  inside  with  a  coating  of  day  as 
thick  as  the  bronze  is  intended  to  be.    Ine  mould  is 
now  closed,  and  filled  on  its  inside  with  a  nuclevts  or 
core  of  plaster  and  brick-dust,  mixed  with  inrater. 
When  this  is  done,  the  mould  is  opened,  and  the 
clay  carefully  removed.    The  mould,  with  its  core, 
are  then  thoroughly  dried,  and  the  core  secured  in  its 
position  by  bars  of  bronze,  which  pass  into  it  throng 
the  external  part  of  the  mould.    The  whole  is  then 
bound  vridi  iron  hoops,  and  the  melted  bronze   is 
poured  in  dirough  an  aperture  left  for  that  purpose-^ 
of  course,  the  bronze  fills  the  same  cavity  which,  was 
occupied  by  the  clay,  and  forms  a  metallic  covering 
to  the  core.    It  is  afterwards  made  smooth  by  me- 
chanical means. 

Bronzing.  Bronze  of  a  good  quality  accinire^y 
by  oxidation,  a  fine  green  tint,  called  patina  Ofiftotta* 
or,  by  the  Romans,  arugo,  Corinthian  brass  receives 
in  this  way  a  beautiful  green  colour.  This  appear- 
ance is  imitated  by  an  artificial  process,  called  ftroiur- 
tn^.    A  solution  of  sal  ammoniac  and  salt  of  Boitel 
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in  yinegU'  ia  used  for  bronzing  metals.  Any  nmn- 
ber  of  layers  may  be  applied^  and  the  shade  becomes 
dealer  in  proportion  to  the  number  applied.  For 
bronzing  scolptores  of  wood,  plaster  figures,  &c.,  a 
composition  of  yellow  ochre^  Prussian  blue,  and 
lampblack,  dissolved  in  glue-water,  is  employed. 

BaowN  r  a  dusky  kind  of  pigment,  inclining  some- 
what to  redness. 

Bauissa,  in  3fecAamc9;  the  name  of  a  concave 
tool  used  for  grinding  and  polishing  the  specula  of 
telescopes.  It  is  made  of  brass,  aboat  a  quarter  of 
an  inch  thick,  and  hammered  as  near  to  the  gauge  as 
)x>s8ible'.  It  is  tinned  on  the  convex  side,  and  made 
equally  broad  at  bottom  and  top.  This  serves  to  re- 
duce the  figure  of  the  grinding  stones,  when  they  are 
too  convex,  and  to  rub  down  any  gritty  matter  that 
happens  to  be  mixed  with  the  put^,  before  the  specu- 
lum is  applied  to  the  polisher. 

BmuisiNo,  in  Phanmdof;  the  operation  of  breaking 
or  pounding  a  thing  coarsely,  or  by  halves ;  fre- 
quently practised  on  roots,  woods,  and  other  hard 
bo&8,  to  make  Ihem  yield  their  juice  more  freely 
ftan  they  would  do  in  their  natural  state. 

BucciNAToa  MuscuLus,  in  Anatomy,  arises  from 
the  alveolus,  containing  the  last  grinder  of  the  lower 
jaw ;  firom  the  coronoid  process,  and  from  the  tuber- 
cle behind  the  socket  of  the  last  grinder  of  the  upper 
jaw;  its  fibres  proceed  over  the  membrane  of  the 
mouth,  wh^re  it  lines  the  cheek,  and  terminates  in 
both  the  lips  and  in  tiie  angle  of  the  mouth.  It 
draws  the  lips  backwards  towards  its  posterior  at- 
tachments, and  when  the  lips  are  made  fixed  parts 
by  the  action  of  the  obicularis  oris,  it  will  thrust  any 
matter  intervening  between  the  cheek  and  the  cavity 
of  the  mouth,  into  that  cavity,  fbr  the  purposes  of 
mastication  and  deglutition. 

BuccuLA,  in  Anatomy;  the  fleshy  part  under  the 
chin. 

BucKiNO.     See  Bleaching. 

Buffet;  anciently,  a  little  apartment,  separated 
from  the  rest  of  the  room,  for  the  disposing  of  china, 
glass,  Ace.  It  is  now  a  piece  of  furniture  in  the 
dining-room,  called  also  a  aide-board,  for  the  recep- 
tion of  the  plate,  glass,  &c.  In  France,  the  principal 
bouses  have  a  deteched  room,  called  buffet,  decorated 
with  pitchers,  vases,  fountains,  (kc. 

BuFFOifE  (Itcdian);  buffoon;  a  comic  singer  in 
the  opera  buffa,  or  the  Italian  intermezzo.  Tlie 
ItaGans,  however,  distinguished  the  buffo  cantante, 
whidi  requires  good  singing,  from  the  buffo  eomico, 
in  which  there  is  more  acting.  Buffoonery  is  the 
name  given  to  the  jokes  which  the  buffoon  intro- 
&oces.  The  word  is,  no  doubt,  borrowed  from  the 
Low  Latin,  in  which  tiie  name  biffo  (cheeked),  was 
given  to  those  who  appeared  on  the  theatre  with 
their  cheeks  puffed  up,  to  receive  blows  on  them,  and 
to  excite  the  laughter  of  the  spectators.  Hence  bi^ffa, 
cheeks ;  b^ffare,  to  puff  up  the  cheeks.  Afterwards, 
the  name  came  to  signify  a  mimic,  a  jeettr  in  gene- 
iml. 
Bt76Ls-HoRN.  See  Horn. 
Building  Matsbials.  Our  article  on  Bricks 
contains  a  general  view  of  the  best  modes  of  pre- 
paring argillaceous  earths  for  the  purposes  of  build- 
Bg.  There  are  however  other  materials,  which  must 
be  noticed  here.  We  may  commence  with  stone, 
^HoxAl  is  a  dense,  coherent  body  of  considerable  hard- 
DCK  and  durability,  but  generally  brittle.  It  pos- 
•esises  these  qualities,  in  various  degrees,  according 


to  the  nature  of  its  chemical  elements,  or  the  state  of 
aggregation  of  Its  parts. 

The  structure  of  stone  is  either  laminated,  or  gra- 
nulated, or  o^  mixed  kind. 

The  chemical  constituents  of  building  stones,  are 
silica,  alumina,  lime,  magnesia,  andmetsds,  combined 
with  acids,  water,  and  sometimes  with  alkalies: 
some  other  chemical  elements  are  found  in  building 
stones,  but  not  often  in  sufficient  quantity  to  affect 
the  nature  of  the  stones. 

Laminated  stones  consist  of  thin  plates,  or  layers, 
cohering  more  or  less  strongly  together;  when  the 
layers  are  of  considerable  size,  and  cohere  so  slightly 
that  they  may  be  easily  separated,  the  stones  are  said 
to  be  slaty.  The  layers  are  always  nearly  parallel 
to  the  quarry-bfds  of  the  stones,  and  they  should 
always  be  horizoftta!,  or  as  nearly  so  as  possible  in 
a  buUding ;  otherwise  the  action  of  the  weather  wilt 
cause  them  to  separate,  and  fall  off  in  flakes.  In 
sand  stones,  the  direction  of  the  layers  may  often  be 
discovered  by  their  different  shades  of  colour;  in 
others  by  the  positions  of  minute  scales  of  mica, 
which  always  lie  parallel  to  the  layers.  In  most 
stones  the  direction  of  the  layers  may  be  ascertained 
by  the  facility  with  which  the  stone  yields  to  the  tool 
in  that  direction ;  but  a  considerable  degree  of  prac- 
tice is  necessary  to  acquire  so  nice  a  discrimination 
of  resistance,  and  good  workmen  only  attain  it. 
Among  laminated  stones,  those  are  the  most  durable 
in  which  the  laminse  are  least  distinct,  and  the  tex- 
ture uniform.  When  the  laminae  do  not  perfectly 
cohere,  they  are  soon  injured  by  frost,  and  they  are 
wholly  unfit  fbr  places  alternately  wet  and  dry. 

Granular  stones  consist  of  distinct  concretions 
resembling  grains,  either  of  the  same,  or  of  different 
simple  minerals  cohering  together.  When  the  struc- 
ture is  uniform,  and  the  grains  or  concretions  are 
small,  stones  of  this  kind  are  always  strong  and 
durable,  if  the  concretions  themselves  be  so.  Granu- 
lar stones  are  sometimes  open  and  porous,  but  when 
they  are  uniformly  so,  they  seldom  suffer  materially 
by  frost;  because  their  uniform  porosity  allows  the 
expansive  force  of  congealing  water  to  be  distributed 
in  every  direction. 

Stones  of  a  compound  structure,  partly  laminated 
and  partly  granular,  have  more  or  less  of  the  cha- 
racters of  the  two  classes  before  described ;  for  it  may 
be  observed  in  coarse-grained  granite  that  the  laminat- 
ed structure  of  some  of  its  parts  renders  it  very  sus^ 
ceptible  of  disintegration.  All  kinds  of  stone  ob- 
tained from  quarries  are  found  divided  by  vertical  or 
inclined  seams,  which  are  sometimes  so  close  that 
they  cannot  be  distinguished  till  the  stones  are 
wrought;  but  they  often  separate  under  the  tool  at 
such  seams ;  and  it  is  not  safe  to  employ  stone  to 
resist  any  considerable  transverse  strain,  on  account 
of  the  difficulty  of  knowing  where  those  seams  are. 

In  the  present  state  of  our  knowledge  of  this  im- 
portant subject,  we  may  attribute  the  failure  of 
building  stones  to  two  causes ;  the  one  chemical^ 
and  the  other  mechanical,  which  we  shall  here  dis- 
tinguish by  the  terms  deeompontion  and  dishUegration, 
Decomposition  consists  in  the  chemical  elements 
of  a  stone  entering  into  new  combinations  with 
water,  oxygen,  or  carbonic  acid  gas.  Stones  con^ 
taining  such  elements  as  are  readily  acted  upon  by 
these  external  causes  will  be  found  most  subject  to 
decompose ;  and  the  process  will  be,  in  many  Lnd» 
much  hastened  by  a  loose  textuie*  > 
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Stones  coutaining  saline  matter,  as  the  felspar  of 
some  granites,  are  acted  upon  by  ^^ater ;  particu- 
larly wl^ere  the  soluble  salt  is  in  considerable  pro- 
portion ;  and  in  some  stones  the  application  of  salt 
water  soon  destro}*s  them.  Dolonieu  says,  the 
houses  at  Malta  are  built  with  a  fine-grained  lime- 
stone, of  a  loose  and  porous  texture,  which  speedily 
moulders  away  when  it  has  been  wetted  wiUi  sea- 
water. 

Stones  containing  iron,  which  is  not  in  a  maximum 
state  of  oxidation,  are  often  destroyed  by  the  absorp- 
tion of  oxygen  and  carbonic  acid ;  the  presence  of 
moisture  accelerates  their  decomposition,  and  it  is 
always  still  farther  hastened  by  an  increase  of  tem- 
perature. According  to  the  observations  of  Kirwan, 
stones  containing  iron  in  a  low  state  of  oxidation 
are  of  a  black,  a  brown,  or  a  bluish  colour ;  and  in 
some  instances,  when  united  with  alumina  and  mag- 
nesia, they  are  of  a  gray;  the  former,  as  they  become 
more  oxygenized,  change  to  purple,  red,  orange,  and 
finally  pale  yellow;  the  latter  become  at  first  blue, 
then  purple,  red,  &c.  (Kirwan's  Geological  Ewxyt, 
p.  145,  6.)  But  stones  containing  iron,  combined 
with  its  maximum  of  oxygen,  do  not  readily  de- 
compose, such  as  red  porphyry,  jaspers,  &c.  When 
stones  contain  magnese,  lime,  alumina,  carbon,  or 
bitumen,  in  particular  states,  they  are  subject  to  de- 
composition, from  the  affinities  of  one  or  other  of 
these  bodies ;  but  nothing  very  decisive  is,  or  per- 
haps ran  be,  known  respecting  such  changes,  till 
some  improvement  be  made  in  analytical  chemistr)', 
by  which  the  state  of  combination  of  the  constituents 
of  minerals  can  be  determined  with  more  certainty. 

Dismtegration  is  the  separation  of  the  parts  of 
stones  by  mechanical  action.  The  chief  cause  is  the 
congelation  of  water  in  the  minute  pores  and  fissures 
of  stones,  which  burst  them  open,  or  separate  small 
parts  according  as  the  structure  is  slaty  or  irregu- 
larly granulated.  The  south  sides  of  buildings,  in 
northern  climates,  are  most  subject  to  fail ;  because 
the  surface  is  often  thawed  and  filled  with  wet  in 
the  sunny  part  of  the  day,  and  frozen  again  at  night. 
This  repeated  operation'  of  freezing  is  also  very  in- 
jurious to  sea  walls,  the  piers  of  bridges,  and  other 
works  exposed  alternately  to  water  and  frost.  An 
illustration  of  this  fact  will  be  found  in  the  bridges 
crossing  the  Thames  at  Westminster  and  Blackfriars, 
as  the  materials  of  which  they  are  composed  may 
readily  be  detached  in  the  winter  season  by  the 
alightest  external  force. 

Proportional  strength  of  vanous  subtances  in  bear- 
ing pressure, — Fme  freestone,  1 ;  alder,  ash,  birch, 
white  fir,  willow,  6 ;  lead  fij ;  beech,  cherry,  hazel, 
6i ;  red  fir,  holly,  elder,  plane,  apple,  7 ;  walnut, 
thorn,  74  ;  elm,  ash,  8^ ;  box,  yew,  plumb-tree,  oak, 
11 ;  bone,  %2  ;  brass,  50;  iron  107.  These  results, 
however,  differ  materially  from  some  others. 

A  yard  of  oak,  an  inch  square,  will  bear  in  the 
middle,  for  a  very  short  time,  330  pounds ;  but,  ac- 
cording to  Emerson,  a  third  or  fourth  of  this  is  as 
much  as  can  be  applied  in  practice.  Mech,  p.  114. 
It  is  in  fact  much  more ;  for,  in  general,  the  weight 
supported  ought  not  to  produce  a  sensible  bending ; 
and  this  practical  limit  requires  more  attention  than 
it  has  hitherto  received.  Allowance  must  also  be 
made  for  the  occasional  depredations  of  insects. 

Wood  is  from  7  to  20  times  weaker  transversely 
than  longitudinally.  It  becomes  stronger  both  ways 
when  dry. 
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A  cylinder,  an  inch  in  diameter,  will  bear,  when 
loaded  to  i  of  its  whole  strength,  if  of  fir,  S.8  cwt ; 
if  of  rope,  22  cvrt. ;  if  of  iron,  6.75  tons,  or  135  cwt 

Count  Rumford  found  the  cohesive  strength  of  a 
cylinder  of  iron,  an  inch  in  diameter,  63,466  or  63,173 
pounds,  the  mean  63,320.  PkU,  !ZVotu.  1797.  This 
is  only  l-20th  more  than  Emerson. 

In  Buffon's  experiments,  &,  d,  and  /  being  the 
breadth,  depth,  and  length  of  a  beam  of  oak  in  inches, 
the  weight  which  broke  it,  in  pounds,  was  h  d* 

( — '. lo). — RMam. 


I 

A  piece  of  sound  oak,  an  incn  square,  bean  8000 
pounds  directly,  and  is  broken  transversely  by  200* 
at  the  distance  of  12  inches  from  the  fulcrum.  Iron 
is  not  cheaper  than  wood  of  equal  strength.  The 
immediate  transverse  strength  of  lateral  adhesion  of 
most  substances  exceeds  their  direct  cohesive  strength, 
but  the  difference  is  less  in  fibrous  substances  than  m 
others. — Rohimm,  Coulomb  found  them  nearly  equal. 

Six  of  the  pieces  of  oak  employed  in  Girard's  expe- 
riments broke  under  the  pressure  of  2710  pounds  on 
a  square  inch  at  a  mean,  but  fifteen  oUiers  supported 
a  much  greater  load. 

A  rib  of  cast  iron,  with  abutments  of  29i  feet  span* 
1 1  inches  high  in  the  centre,  supported  1 1,130  pounds* 
but  sunk  3{  inches,  and  rose  again  three-quarters  of 
an  inch ;  without  abutments  it  broke  with  6174 
pounds.  Bars  of  iron,  one  inch  square  and  three- 
feet  long,  weighing  nine  pounds,  sunk  about  an  mch, 
and  broke  wiUi  960  pounds. 

If  a  piece  be  spliced  on  a  divided  beam,  equal  in 
depth  to  half  the  depth  of  the  beam,  the  strength  is 
greater  than  that  of  the  entire  beam,  in  the  ratio  of  1 
to  0.54,  very  nearly. 

Coulomb  found  the  lateral  cohesion  of  brick  and 
stone  only  /|  more  than  the  direct  cohesion^  which, 
for  stone,  was  215  pounds  for  a  square  inch;  for 
good  brick,  from  280  to  300.  Supposing  this  lateral 
cohesion  constant,  a  pillar  will  support  twice  as 
much  as  it  will  suspend,  and  its  angle  of  rupture  will 
be  45  degrees.  From  the  same  supposition  it  may 
inferred,  uiat  the  strongest  form  of  a  body  of  given 
thickness  for  supporting  a  weight,  is  that  of  a  circle, 
since  the  power  of  the  weight  in  die  direction  of 
every  section  varies  as  the  le]^;th  of  that  section,  and 
the  strength  is  therefore  equal  throughout  the  sub- 
stance. But  if  the  cohesion  be  increased,  like  fric- 
tion, hj  pressure,  and  supposing,  with  Amontons, 
that  this  increase,  for  brick,  is  three-fourths  of  the 
weight,  the  plane  of  rupture  of  a  prismatic  pillar  wiU 
form,  according  to  Coulomb,  an  angle  of  63^  26' with 
the  horizon,  and  the  strength  will  be  doubled.  On 
both  suppositions  the  strength  is  simply  as  the  sec- 
tion. It  is  of  the  less  consequence  to  investigate  the 
lateral  pressure  of  soft  materials,  as  they  are  gene- 
rally liable  to  be  penetrated  by  water,  which  acts  ac- 
cording to  the  laws  of  hydrostatics. 

Supposing  the  pressure  of  the  materials  to  be  ver- 
tical only,  a  quadrant  of  a  circle  will  support  a  hori- 
zontal road  in  equilibrio,  if  the  depth  of  the  bridge  in 
the  middle  be  to  the  radius  as  1  to  6ik,  that  is,  about 
one-ninth  of  the  span.  Emen,  Mech,  But  this  ap- 
pears to  be  only  an  approximation. 

A  catenaria  will  support  a  honzontal  road  100  feet 
above  it,  if  the  height  and  half  the  span  be  each  150. 
A  logarithmic  curve  will  form  a  half  arch  of  equili- 
brium, if  the  road  be  horizontal.  EmtrBma,  But  a!l 
these  proportions  would  make  the  bridge  too  heavy. 
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',  PemiMi.  Uunki  that  a  bridge  of  500  feet  f  pan 
Bight  stand ;  the  bridge  of  Nantes  having,  sunk  to  a 
ndins  of  500  feet. 

In  the  construction  of  bridges^  Professor  Robison 
obserres,  that  something  is  to  be  allowed  for  the 
lateral  pressure  of  the  materials ;  and  that  the  cohe- 
«Te  strength  of  the  arch*  and  its  resbtance  to  any 
force  in  the  manner  of  a  lever,  oyght  to  be  taken  into 
fhe  calculation.  These  remarks  are  extremely  just, 
but  tiiey  do  not  appear  to  have  been  practically  con- 
sidered, except  so  far  as  theory  has  been  modified  by 
experience. . 

If  there  be  an  arch  composed  of  stones  of  a  given 
misnitode  considered  as  perfectly  solid,  the  effect  of 
a  i&ight  bearing  on  the  key-stone  will  be  a  displace- 
ment of  the  pressure  on  the  abutment ;  the  centre  of 
pressure  on  the  abutment  will  be  removed  to  a  dis- 
tance, which  is  to  the  hidght  of  the  arch  nearly  as 
^  tangent  of  the  immedi&e  change  of  the  direction 
of  die  new  compound  thrust  of  the  key-stone  to  the 
radius.  It  seems  to  be  desirable  that  this  displace- 
ment should  never  exceed  the  limits  of  the  abutments 
themsehrea. 

Supposing  the  pressure  of  the  materials  vertical 
only,  the  curve  may  be  constructed  mechanically, 
without  difficulty,  by  making  the  centre  of  each  por- 
tion of  it  at  a  distance  below  the  arc  which  is  in- 
versely as  the  distance  of  the  arc  from  the  road.  In 
^  case  of  a  horizontal  road,  the  greatest  curvature 
will  be  where  this  distance  is  a  mean  proportional 
between  the  radius  of  curvature  at  the  vertex  and  the 
dq)th  of  the  materials  at  the  same  point.  The  fol- 
lowing is  a  table  of  the  cohesive  force  of  building 
materiails: 


Kainet  of  Subttaaeea. 


Brick      .... 
Marble,  white  .    .     . 
Mortar,  16  years  old 
Plaster  of  Paris     . 
Slate,  Welsh    .    . 
Stone,  Givry,  hard    , 
,  soft 


Cohesive  force 
of  a  square 
inch  in  lbs. 
AToirdupoii. 


-,  Portland      -    •    •. 

-,  homogeneous,   white,  of  a   fine 


grain 


0.300 
9.000 
0.050 
0.072 
12.800 
2.166 
0.385 
0.784 


0.207 


■*»  ■ 


BuuviA.  The  persons  attacked  by  thb  disorder 
are  tormented  with  an  insatiable  hunger.  When 
their  stomach  is  surfeited,  they  are  seen  to  faint,  and 
throw  off  the  food  which  they  have  taken,  half  di- 
gested, and  with  violent  pain.  It  usually  appears 
aa  a  concomitant  of  other  diseases.  It  occurs  during 
certain  intermittent  fevers,  in  certain  diseases  of  the 
stomach  and  bowels,  particularly  in  such  as  are  pro- 
duced by  the  tape- worm ;  and  is  also  common  after 
ferefs,  by  which  the  strength  of  the  patient  is  ex- 
Imnsted.  In  this  last  case,  it  arises  from  the  effort 
of  an  parts  of  the  body  to  supply  the  lost  fiesh  and 
strength.  In  certain  cases,  however,  the  extraordi- 
Moy  desire  for  food  seems  to  be  caused  by  a  particu- 
lar eondition  of  the  stomach,  which  digests  with  too 
neat  rapidity.  This  is  observed  s<mietimes  in  women 
Soring  their  pregnancy,  in  young  people  who  exer- 
ciaa  tao  riokntly,  and  in  persons  who  take  much 


high-seasoned  and  heating  food.  In  this  case,  tha 
deeir^  is  not  to  be  considered  as  a  disease,  but  only 
as  an  excessive  appetite.  As  a  disease,  its  conse^ 
quences  are  dreadful — leanness,  pulmonary  fevers* 
consumption,  constipation,  dropsy. 

Bulk-Heads  ;  certain  partitions  or  walls  built  up 
in  several  places  of  a  ship  between  two  decks,  either 
lengthwise  or  across,  to  form  and  separate  the  various 
apartments. 
Bull,  in  Aiironomf  ;  the  constellation  Taurus. 
BuLLBT,  an  iron  or  leaden  ball,  or  shot,  wher^ 
with  fire-arms  are  loaded. 

Bullion  is  uncoined  gold  or  silver,  in  bars,  plat^ 
or  other  masses.  The  word  bullion  was  of  frequent 
use  in  the  proceedings  respecting  the  Bank  of  Eng- 
land (see  Bank),  from  1797*  when  the  order  of 
council  was  issued,  that  the  Bank  should  discontinue 
the  redemption  of  its  notes  by  the  payment  of  specie, 
to  1823,  when  specie  payments  were  resumed ;  for, 
by  a  previous  law,  the  Bank  v^as  authorized  to  pay 
its  notes  in  uncoined  silver  or  gold,  according  to  its 
weight  and  fineness.  The  investigations  of  the  buU 
lion  committees*  and  the  various  speculations  on  the 
subject  of  bullion,  related  to  the  supply  of  gold  and 
silver,  whether  coined  or  not,  as  the  basis  of  tha 
circulating  medium. 
BuLWAaa.  See  Bastion. 
BuM-BoAT ;  a  small  boat  used  to  sell  vegetables^ 
&C.,  to  ships  lying  at  a  distance  from  shore. 

Bungalow;  an  East  Indian  term  for  a  house  with 
a  thatched  roof. 

Bunt  ;  the  middle  part  or  cavity  of  the  principal 
square-sails,  as  the  main-sail,  fore-sail,  &c.  If  one 
of  them  be  supposed  to  be  divided  into  four  equal 
parts,  from  one  side  to  the  other,  the  two  middle  di- 
visions, which  comprehend  half  of  the  sail,  form  the 
limits  of  the  bunt. 

Bunting;  a  thin  woollen  stuff,  of  which  the 
colours  and  signals  of  a  ship  are  usually  formed. 

Buoy  ;  any  floating  body  employed  to  point  out 
the  particular  situation  of  any  thing  under  water,  as 
of  a  ship's  anchor,  a  shoal,  &c. — ^llie  can  buoy  is  of 
a  conical  form,  and  painted  with  some  conspicuous 
colour;  it  b  used  for  pointing  out  shoals,  sand- 
buiks,  &c. — The  ca$k  buoy  is  in  the  form  of  a  cask ; 
the  larger  are  employed  for  mooring,  and  are  called 
moorina  buoys ;  the  smaller  for  cables,  and  are  known 
as  cable  buoys.  The  buoy-rope  fastens  the  buoy  to 
the  anchor,  and  should  be  about  as  long  as  the  deptii 
of  the  water  where  the  anchor  lies;  it  should  also  be 
strong  enough  to  draw  up  the  anchor  in  case  the 
cable  should  break. 

BuoT,  Life.  The  life  or  sofe/y  buoy  is  mtended  to 
keep  a  person  afloat  till  he  can  be  taken  from  the 
water.  It  should  be  suspended  from  the  stem  of  the 
ship,  and  let  go  as  soon  as  any  person  falls  overboard. 
A  light  may  be  attached  to  it,  both  to  indicate  its  po- 
sition to  the  individual  in  danger,  and  to  direct  the 
course  of  the  boat  sent  to  relieve  him,  if  the  accident 
happens  by  night.  Captain  Basil  Hall  thus  describes 
the  apparatus  employed  in  the  British  service:-^ 
"  Tlie  life-buoy,  now  commonly  used  in  the  navy,  is 
the  invention  of  Lieutenant  Coots,  of  the  Royal 
Navy. .  It  consists  of  two  hollow  copper  vessels  con- 
nected together,  each  about  as  large  as  an  ordinary 
sized  pillow,  and  of  buoyancy  and  capacity  sufficient 
to  support  one  man  standing  upon  them.  Should 
there  be  more  than  one  person  requiring  support, 
they  can  lay  hold  of  rope  beckets,  fitted  to  the  hMOf, 


Ml.  BUEB48 6UR 

Mid  to  tiflUk  tlieiiMelv«8.  Dotwctfa  tiie  two  topper 
TOMielB  thtre  atends  up  a  boHow  pole,  or  mmt,  ^t» 
wydi  is  inserted,  ftom  below,  an  iron  rod,  whoee 
jowij^  extvemity  is  loaded  wi^  lead,  in  such  a  nan- 
ner,  that  when  the  bnoy  is  let  go,  1^  iron  slipB  down 
to  a  certMa  extent,  lengthens  the  lever  and  enables 
the  lead  at  the  end  to  act  as  batlaBt.  Bf  this  means 
tin  mast  is  Ipept  npright,  and  thfi  buoy  prevented 
from  upsetting.  The  weight  at  the  end  of  tiie  rod  is 
arranged  so  as  to  afford  secure  footing  for  two  per- 
svoB,  ahoald  that  number  reach  it ;  ^md  there  are 
also,  as  I  said  before,  lartte  rope  beckeis  Hn-oOgh 
wiBch  ethecBcan  timist  thrar  head  and  shoulders,  till 
asiiBtswceis  rendered. 

''Attha^ofthemast  i»  itaed  a  port-fire,  calcu- 
latedto  bara  about  twenty  n^utes,  or  half  an  hour; 
this  »  ignited  most  ingeniouslv  hf^ine  eame  process 
whkh  lets  the  buoy  fall  into  the  water.  So  that  a 
man  fUhng  overboard  atnigbt  is  directed  to  the  buoy 
iiy  the  bla£e  on  the  top  of  its  poLe«r  mast,  and  the 
'boat  sent  to  rescue  him  abo  knows  in  what  direotioB 
to  pull,  fives  supposing,  however,  the  amn  not  to 
•Imve  gained  tfie  life-buoy,  it  is  clear  that,  if  above  the 
aurfaoe  at  dl,  he  must  be  aomewhere  in  that  iieigh- 
hoorhood ;  and  if  he  thallliave  gone  down,  ft  i»  still 
some  satisfaction,  by  recovering  the  buoy,  to  ascer- 
tain that  the  poor  wretdi  is  not  kit  to  perish  by 
mches. 

''  The  method  by  which  this  eioellent  invention  is 
atodied  tothe  ship,  and  dropped  into  the  water  in 
a  single  instant,  is  perhaps  not  the  least  ingenious 
pait  of  the  contrivance.  The  buoy  is  generally  fixed 
amid  ships,  over  the  sbsm,  where  it  is  held  securely 
in  its  place  by  being  strung,  or-Areaded,  as  it  were, 
4m  two  strong  perpendicular  rods  fixed  to  the  taff- 
Tail,  and  inserted  in  holes  piercing  the  frame*work  of 
the  buoy.  The  apparatus  is  kept  in  its  place  by 
what  is  called  a  slip-stopper,  a  sort  of  catch-bolt  or 
detent,  which  can  be  unlocked  at  pleasure  by  merely 
^raiting  a  trigger;  upon  withdrawing  the  stopper  the 
whole  machine  slipB  akmg  the  rods,  and  fidls  at  once 
into  the  -ship's  wake.  Tbtt  trigger,  which  unlocks 
die  slip-stopper,  is  furnished  with  a  lanyard,  passing 
Ihrou^  a  hole  in  tiie  stem,  and  having  at  its  inner 
end  a  large  knob,  mariped  '  Lm-Buor;'  this  alone 
is  used  m  tiie  day-time.  Close  at  hand  is  another 
wooden  knd>,  marked  *  Lock,'  fastened  to  the  end 
of  a  line,  fixed  to  the  trigger  of  a  gun-lock  primed 
with  powder,  and  ao  arranged  that,  when  the  line  is 
pulled*  the  port-fire  is  instantly  ignited,  while,  at  the 
same  moment,  the  life-buoy  descends,  and  ^oats, 
merrily  away,  blazing  like  a  light-house.  ' 

"The  gunner,  who  has  charge  of  the  life-buoy 
lock,  sees  it  fireshly  and  carsfhily  primed  every  even- 
ing  at  quarters,  of  iHiich  he  makes  a  report  to  the 
CBftain.  In  the  morning  ^e  priming  is  taken  out, 
and  the  lock  uncodced.  During  the  night  a  man  is 
always  stationed  at  this  part  of  the  ship,  and  every 
imif^faour,  when  the  bell  strikes,  he  calls  out  '  Lipb- 
£oot!  '  to  show  that  he  is  awake  and  at  his  post." 

fiunnAs,  in  Ccmmerce ;  a  small  coin  still  circulated 
at  Algiers,  with  the  arms  of  the  Dey  Struck  on  both 
aides,  worth  half  an  asper. 

Bmtmur,  or  Buuthbiv  ;  I .  the  contents  of  a  ship ; 
the  qnantitv  or  number  of  tons  which  a  vessel  will 
carry ;  S.  tiR  part  of  a  song  which  is  repeated  at 
•very  verse  or  stanza,  is  'called  the  fttcrdsa  qf  the 
from  the  FVench  b^urdm,  drone  or  base,  be- 
by  an  unchange- 


jBuni  tfaevare  both 


GUNDV    WINES. 

aMe  tone,  and  bear  upon  tlM  ear  widi  «  aiorilar 
mono^Miy. 

BuaEAU ;  a  writing-table ;  afterwoids  used  to  sig-> 
niiy  the  chamber  of  an  officer  of  gomnment,  and 
the  body  of  aubordinate  offiociu  who  labour  under 
tiie  direction  of  a  chief.  Hareoa  jyvfeia,  or  ^arsoa- 
aracy,  is  aterm  often  applied  to  ^ose  governments 
in  which  the  business  of  administration  is  carried  on 
in  departments,  «ach  under  Ae  controul  of  a  chief; 
and  IS  opposed  to  those  in  which  tiie  officers  of  go- 
vernment have  a  oo-onfinote  authority.  Sometimes 
a  mixture  of  the  two  systems  is  found.  Hius  the 
business  of  the  executive  branch  of  government  may 
be  carried  on  by  bureaus,  while  the  administration 
of  justice  is  m  the  hands  o^  co-ordinate  judges.  The 
imream  det  Urtk^UfideB,  m  France,  corresponding  to 
the  English  ifo&rd  of  longitude^  is  charged  witii  the 
publication  of  astronomical  and  meteorological  ob- 
servations, the  correction  of  the  astronomical  tables 
and  the  publication  of  the  Caanatwuace  499  TWpt^ 
an  astronomical  and  nautical  almanac.  <See  Al- 
manac in  our  Sectmd  Dioi9Um,)  According  to  the 
parliamentary  usage  of  France,  at  the  openmg  of  eadi 
session,  Uie  chamber  of  deputies  is  divided  into  nine 
Intr9€m9,  composed  of  an  equal  number  of  deputies, 
designated  by  lot.  Each  bureau  appoints  its  own 
president,  and  discusses  all  matters  rdferred  to  it  by 
the  chamber  separately.  A  reporter  is  appointed  by 
each  bureau,  and,  after  the  discussion  by  bureaus* 
the  nine  r^>orters  meet,  discuss  the  subject,  and  ap- 
point one  of  their  number  to  report  to  the  whole 
chamber,  where  tiie  final  discussion  and  decision  of 
the  subject  takes  place.  See  lUfflement  pcmr  ia 
Chambre  de9  D^A,  Paris,  1827. 

BuaouNDY  Wines  are  produced  in  the  former 
provinces  of  Upper  and  Lower  Burgundy,  in  a  soil 
of  a  light-black  or  red  loam,  mixed  with  the  tUbrU 
of  the  calcareous  rock  on  which  it  reposes.  In  rich- 
ness of  fiavour  and  perftime,  and  all  the  more  deli- 
cate qualities  of  the  juice  of  the  grape,  they  are  infe- 
rior to  none  in  the  world.  It  is  to  the  great  skill 
with  which  the.  cultivation  of  the  vine  and  the  fer< 
mentation  of  the  liquor  are  managed,  that  they  owe 
those  generous  qualities,  which  gave  to  the  dukes  of 
Burgundy  the  title  of  prtacet  d98  ban  vina,  and  which, 
as  Petrarch  more  than  hints,  contributed  not  a  little 
to  prolong  the  stay  of  their  hoiinesses  at  Avignon. 
They  are  remarkable  for  their  spirituosity  and  power- 
ful aroma,  and  are  therefore  inore  heating  than  some 
other  wines  which  contain  more  alcohol.  The  ex- 
hilaration they  produce  is,  however,  more  innocent 
than  that  resulting  from  heavier  wines.  The  finer 
vrines  of  Burgundy  do  not  bear  removal  except  in 
bottles ;  and  as  they  are  not  produced  in  great  abund- 
ance, they  are  rarely,  if  ever,  met  with  in  foreign 
countries.  It  is  the  inferior  growths  which  are  sold 
under  that  name.  The  Burgundy  wines  are  generally 
exported  between  January  and  May,  chiefiy  in  double 
casks,  lliey  keep  only  four  or  five  years,  and  are 
very  apt  to  acquire  a  bitter  taste,  which  Chaptal  at^ 
tributes  to  the  developement  of  the  acerb  principle, 
and  Henderson  to  that  of  citric  edier.  It  may  some- 
times be  partially  removed  by  new  sulphuring  and 
fining.  Ine  most  numerous  are  the  red  wines  of 
Burgundy.  The  finest  growths  of  these  are  the 
Roman^-Conty,  the  Chambertin  (the  favourite  c^ 
Louis  XIV.  and  J^apoleon),  the  Closbougeot,  die 
Rhidiebouiig,  the  Roman^  de  St.  Vivant,  <ic.  They 
are  distinguished  for  their  beautiful  colour  and  ex- 
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qiiilit8*iaifO«r  and  affoina,  coMbiniiig  mere  tfasn  may 
•ther  wioes,  iiglrtness  and  defioacy,  wi£h  ndmew 
sad  fVifaiees  of  body.  Of  tbt  «ecmid  daM  are  tlie 
frim  de  frvmmr,  of  which  die  Volaay  and  Pomard  are 
tlM  he«t ;  those  of  Seaaae,  dk^ngnkhed  above  idl 
bytlKir'pinre  flavour,  and  formerly  considered  tiie 
moot  dioice  of  the  Bwi^oBdy  wines;  die  Maeon 
wines,  Rmaricable  for  their  tfireaglli  aiid  dtoabBitv ; 
tbese  of  Tonnerre  and  Avxenre,  6cc.  The  white 
wfaKs  bf  Burgundy  are  less  numerous,  but  mot  in- 
ftrior  in  aroma  and  flavour.  The  ftunouii  Montra- 
chct  16  equri  to  the  finer  red  wines,  and  is  dtstin- 
gnahed  for  its  agreeable  nutty  lavour.  Of  the  se- 
cond class  are  tbe  6mMe  ^*tr,  so  called  from  the 
s^endouT  of  its  tint ;  La  Perri^,  &c.  See  JulHen^s 
Obffjffealwa  de»  Vhs,  and  Henderson's  Aiteient  and 

Buanf,  or  GaAvaa;  an  instrument  of  tempered 
sted,  used  for  en^ving  on  copper.  It  is  of  a  pris- 
auitic  form,  having  one  end  attached  to  a  short 
wooden  handle,  and  the  other  ground  off  obliquely, 
so  as  to  produce  a  sharp  point.  In  working,  ^e 
harin  is  held  in  the  palm  of  the  hand,  and  pushed 
Ibrward  so  as  to  cut  a  portion  of  the  copper.  The 
expressioDs  bnOioMt  bvmn,  stft  burin,  are  used  to 
chuactertze  the  manner  of  a  master. 

BiraNiifo*6LA88 ;  a  lens  which  unites  the  rays 
of  ii^t  that  fall  upon  it  in  so  narrow  a  space  as  to 
MTOse  them  to  kindle  any  combnstibte  matter  coming 
in  their  way  like  fire.  The  same  name  has  been 
soBDetimes  given,  though  improperly,  to  tiie  burning- 
mirror.  The  lenses  commonhr  used  as  burning- 
basses  are  convex  on  both  sides;  these  bring  the 
rays  upon  a  point  with  the  greatest  force,  because  of 
the  shortness  of  their  focal  distance.  The  effects  of 
a  burning-glass  are  more  powerful  in  ^oportion  as 
its  surface  is  greater,  and  its  focus  smaller.  That 
such  a  glass  may  produce  its  greatest  effect,  it  b 
necessary  that  the  rays  of  the  sun  should  fall  upon 
it  in  a  perpendicular  direction,  which  is  the  case 
when  ^e  image  of  tiie  sun,  that  appears  at  the  mo- 
ment of  burning,  is  circular.  If  a  second  lens,  of  a 
smaller  focal  dbtance,  is  placed  between  the  first  and 
its  focus,  so  as  to  intercept  the  rays  which  pass 
throu^  the  first,  they  are  still  more  condensed^  and 
united  in  a  still  narrower  compass,  so  that  the  effect 
is  greatly  augmented.  The  Greeks  and  Romans 
seem  to  have  been  acquainted  with  burning-glasses, 
or  at  least  with  a  kind  of  transparent  stones  similar 
to  them.  They  became  more  known  in  the  13th 
eentury.  At  the  close  of  tiie  17th*  von  Tschimhau- 
sen  caused  the  largest  burning-glasses,  consisting  of 
one  piece,  tiiat  are  known,  to  be  polished  with  in- 
credible pains.  Two  of  them,  still  in  Paris,  are  33 
inches  in  diameter,  and  the  weight  of  one  amounts 
to  160  pounds,  fioth  glasses  produce  an  effect  equal 
to  that  of  the  most  intense  fire.  They  kindle  wood, 
which  is  both  hard  and  wet  in  a  moment,  and  make 
cold  water,  in  small  vessels,  boil  in  an  instant ;  metals 
placed  upon  a  plate  of  china,  are  melted  and  vitrified 
by  them ;  tiles,  slates,  and  suniiar  objects,  become 
instantly  red-hot  and  vitrified.  As  Tschimhausen's 
glasses,  however,  are  not  perfectly  clear,  and  the 
effect  b  thus  considerably  lessened,  Brisson  and  La- 
voisier undertook,  in  1774,  to  put  together  two 
lenses,  resembling  those  used  for  watdi-glasses,  fill- 
ing up  the  space  between  them  with  a  transparent 
fluid.  In  this  manner,  veins  and  impurities  mav  be 
avoided  at  less  eipense.    They  succeeded  in  makmg 


a  hunmig-gUns  of  4  iM  in  diameter,  the  greatest 
thicknesB  of  which,  in  thecentre,  amounted  to  8  in^es^ 
and  whidi  of  itself  had  a  much  greater  power  than 
ttie  glasses  of  Tschimhausen,  in  oonnertion  with  a 
smaller  lens,  or  collective  gbss,  but  produced  an 
extraordinary  effect  if  join^  to  a  collective  glass. 
The  experiments  made  by  means  of  large  burning- 
glasses  are  important  in  chemistry  imd  physics. 
The  power  of  a  burning-glass,  however,  is  almost 
four  times  less  thm  that  of  a  burning-mirror  or  re- 
flector, of  equal  extent  and  equal  curvature.  This 
reflects  more  fi^t  than  the  glass  allows  to  pass 
through  it ;  has  a  smaller  focal  distance,  and  b  free 
from  the  cUssipation  of  the  rays  whidi  takes  j^ce 
in  the  burning-glass,  since  it  reflects  them  all  neariy 
to  one  point,  viHhile  the  burning-glass  lefracts  them 
to  different  points.  On  tiie  other  hand,  the  burning- 
glass  b  much  more  convenient,  on  account  of  the 
place  of  its  focus,  whidi  b  behind  the  glass.  The 
burning  point  (fbcus)  b  an  image  of  the  sun ;  its 
diameter  b  equal  to  the  108th  part  of  the  focal  db- 
tance, and  its  centre  b  the  foau,  properly  so  called. 
In  the  higher  branches  of  geometry  and  conic  sec- 
tions, the  ybct  are  points  in  the  parabola,  ellipsb, 
and  hyperbola,  where  the  rays  leflected  from  all 
parts  of  these  curves  meet.  Several  accidents  in 
modem  times  have  shown  that  conflagrations  may 
be  caused  by  convex  window-glasses  or  water- 
bottles,  %9c,,  which  have  the  form  of  burning-glasses, 
if  the  rays  of  the  sun  are  concentrated  by  them  upon 
comhustible  substances  lying  within  their  reach. 
Since  the  casting  and  pohshing  of  large  lenses  are 
attended  with  great  difficulties.  Sir  David  Brewster's 
plan  of  casting  tiiem  in  pieces,  or  zones,  and  after- 
wards putting  them  together,  has  lately  been  prac- 
tised. Lenses  of  thb  last  kind  have  been  mgeniously 
applied,  by  Becquey,  for  augmenting  the  light  on 
light-houses,  according  to  the  suggestion  of  FresneL 
(See  Phabos.)  For  the  hbtory  of  burning  instru- 
ments, see  the  article  BuaNiNO-Minaoas. 

BuRNiNO^MrRROBs,  or  Rbflsctors  ;  mirrors,  the 
smoothly  polbhed  surfece  of  which  reflects  the  rays 
of  the  sun  that  fall  upon  it  in  such  a  direction,  ^at 
they  unite  at  some  distance  from  the  mirror,  in  a 
more  limited  space,  and  act  upon  substances  within 
this  space  like  the  most  powerful  fire.  Concave 
mirrors  cause  the  rays  that  fhll  upon  them  in  a  di- 
rection parallel  to  their  axes  to  converge.  Spherical 
mirrors  of  thb  kind  are  the  most  common ;  but  pa- 
rabolic ones  are  also  used ;  and  even  plane  mirrors 
may  be  employed  like  concaVe  ones,  if  eeveral  <si 
them  are  combined  in  a  proper  maimer.  In  order 
that  a  burning-mirror  should  produce  its  whole  ef- 
fect, its  axb  must  be  directed  exactly  towards  the 
centre  of  the  sun's  disc.  Thb  is  the  case  if  the  light, 
intercepted  by  a  plane,  perpendicolar  to  the  axis  of 
the  mirror,  at  its  focal  distance,  forms  a  circle.  The 
fbcus  then  lies  in  a  straight  line  l^^tween  the  sun  and 
the  mirror.  The  ancients  were  acquainted  widi  such 
mirrors,  as  b  manifest  firom  several  of  their  vnritings 
flftiU  extant.  It  b  impossible,  from  the  nature  of 
things,  that  Archimedes,  during  the  siege  of  Syra- 
cuse by  Marcellus,  should  have  set  on  fire  the  fleet 
of  the  latter  by  means  of  concave  mirrors :  it  would 
he  more  crediole,  that  it  had  been  effected  by  a  com- 
hination  of  plane  mirrors.  Various  experiments  have 
shown  that  great  effects  may  be  produced,  at  a  con- 
siderable distance,  hy  the  latter  instrument.  Kircher 
I  placed  five  plane  mirrors,  of  an  equal  size,  in  such  a 
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potiitoQ  M  to  reflect  the  nyi  upon  a  spot  one  hun- 
dred feet  dietant>  and  thereby  produced  a  great  heat. 
Buffon,  in  1747#  effected  a  combination  of  168  plane 
mirrors,  each  of  which  was  6  inches  broad,  and 
8  long.  With  forty  of  these  mirrors,  he  set  on  fire 
fdmost  instantaneously  a  board  of  beech  wood,  co- 
vered with  tar,  at  a  distance  of  66  feet ;  and  with 
128  mirrors,  a  board  of  pine  wood,  likewise  covered 
with  tar,  at  a  distance  of  150  feet.  With  45  mir- 
rors, he  melted  a  tin  bottle  at  a  distance  of  20  feet, 
and  with  117  mirrors,  small  pieces  of  money.  He 
afterwards  burned  wood  with  this  machine,  at  the 
(distance  of  200  feet,  melted  tin  at  the  distance  of 
150,  lead  at  the  distance  of  130,  and  silver  at 
the  distance  of  60  feet.  During  the  last  century, 
several  large  mirrors  were  made  in  Italy,  two  of 
which  are  still  in  Paris  and  Cassel.  Von  Tschim- 
hausen  also  manufactured  one  in  1687,  3  Leipsic 
ells  (about  5  J  English  feet)  in  diameter,  and  the  focal 
distance  of  which  was  2  ells  (3{|  English  feet.)  It 
consists  of  a  thin  plate  of  copper,  highly  polished, 
and  is  now  in  the  mathematiod  hall  in  Dresden. 
This  mirror  sets  wood  on  fire,  makes  water  boil, 
melts  tin  three  inches  thick,  as  well  as  lead,  vitrifies 
bricks,  bones,  &c  Besides  metals,  wood,  paste- 
board, glass,  and  other  materials,  serve  for  burning- 
mirrors,  if  their  surface  be  polished.  Burning  mir- 
rors have  of  late  been  used  as  reflectors  to  throw 
light  at  a  great  distance,  and  may  be  very  usefully 
employed  in  light-houses.  If,  for  instance,  a  lamp 
is  placed  in  the  focus  of  a  parabolic  mirror,  the  rays 
of  light  which  fall  on  it  are  all  reflected  in  a  direc- 
tion parallel  to  the  axis ;  thus  the  reflectors  of  Le- 
noir appear  like  stars  of  the  first  magnitude  at  the 
distance  of  80,000  feet.  (For  farther  information 
on  burning-glasses  and  burning-mirrors,  see  Priest- 
ley's History  and  Pmeni  State  of  Optica;  and  the 
6th  vol.  of  the  new  edition  of  (jehler's  Phynkalischea 
Lexicon,  Leips   1825.) 

BuRNisHBB  is  a  blant,  smooth  tool,  used  for 
smoothing  and  polishing  a  rough  surface  by  pres- 
sure', and  not  by  removing  any  part  of  the  body. 
Other  processes  of  polishing  detach  the  little  asperi- 
ties. Agates,  tempered  steel,  and  dogs'  teeth,  are 
used  for  burnishing.  It  is  one  of  the  most  expedi- 
tious methods  of  polishing,  and  one  which  gives  the 
highest  lustre.  The  burnishers  used  by  engravers 
iure  formed  to  burnish  with  one  end,  and  to  erase 
blemishes  with  the  other. 

Bursa  Mucosa,  in  Anatomy,  is  an  apparatus  for 
facilitating  the  motion  of  the  muscles  and  tendons 
upon  these  parts. 

BusHBL;  an  English  dry  measuft,  containmg 
8  gallons  or  4  pecks*  It  is  idso  used  in  the  North 
American  United  States.  The  standard  English 
bushel  (12  HenrvVII.)  contained  8  gallons  of  wheat, 
^ach  of  8  pounds  troy,  each  of  12  ounces,  each  of 
20  pennyweights,  eadi  of  32  corns  of  wheat  that 
grew  in  the  middle  of  the  ear.  In  1696,  a  duty 
being  laid  upon  malt,  it  became  necessary  to  ascer- 
tain the  exact  contents  of  the  fVincheeter  buehel,  as 
that  of  Henry  VII.  was  called.  It  was  found  Uiat 
the  capacity  was  2151.7  cubic  inches  of  pure  water, 
equivsient  to  1131  oz.,  13  dwts.  troy.  (See  J.  Q. 
Adams's  Report  upon  IVeighte  and  Meaeuree,  Wash- 
ington, 1821.)  The  capacit)'  of  the  Imperial  buihel, 
prescribed  by  the  act  of  uniformity  (5  GreD.  IV.  c.  74), 
which  took  effect,  January  1,  1826,  is  for  coal,  po- 
tatoes, fruits,  and  other  goods  sold  by  heaped  mea- 


fnff,  2815  cubic  inches,  the  goods  to  be  heaped  up  in 
the  form  of  a  cone,  to  a  height  above  the  nm  of  the 
measure  of  at  least  three-fourths  of  its  depth.  Thit 
imperial  bushel  for  all  liquids,  and  for  com  and 
other  dry  goods  not  heaped,  contains  2218.20  cubic 
inches,  and  holds  80  lbs.  avoirdupois  of  pure  water. 
Bust  (Italian,  il  hneto,  from  the  Latin  buetmn),  in 
Sculpture ;  the  representatipn  of  that  portion  of  the 
human  figure  which  comprises  the  head  and  tlw 
upper  part  of  the  body.  Busts  are  of  diffei«nt  ex- 
tent: 1.  such  as  consist  of  the  head,  the  upper  part 
of  the  neck,  and  the  upper  part  of  the  shoulders ; 

2.  heads  with  the  upper  part  of  the  chest,  to  the  end 
of  the  breast-bone  {buMte  properly  so  c^led);  and 

3.  heads  with  the  whole  chest  to  the  middle  of  the 
body,  often  to  the  hips.  Between  the  bust  and  its 
pedestal  is  sometimes  a  column,  or  a  square  prop ; 
such  a  bust  is  called  flerme.  The  figure  is  some- 
times in  relief.  The  origin  of  the  bust  may  be  de- 
rived from  the  Herme,  and  from  the  custom  of  the 
Greeks  and  Romans  to  decorate  their  shields  with 
portraits,  and  their  vestibules  with  the  images  of 
their  ancestors.  Busts  were  afterwards  used  for  the 
images  of  their  gods,  as  being  less  expensive.  The 
greater  part  have  been  found  in  Rome  and  Italy. 
Some  remarkable  ones  have  been  obtained  from  Her- 
culaneum  in  bronze.  The  chief  difficulty  in  the  exe- 
cution of  busts  arises  from  this  circumstance,  that 
we  are  accustomed  to  estimate  the  size  of  the  head 
by  comparing  .it  with  the  whole  body.  In  a  bust, 
therefore,  the  head  appears  disproportionately  large, 
and  the  artist  is  obliged  to  jrield,  in  some  measure,  to 
this  ocular  deception,  by  lessening  its  natural  oro- 
portion. 

Butter  ;  an  oily  substance, 
produced  from  the  milk  oi 
kine.  Cream  is  composed  of 
an  oily  substance,  a  caseous 
matter,  and  serum  or  whey. 
If  it  be  agitated  for  a  given 
period  in  a  chum  a  separa* 
tion  of  these  parts  takes 
place,  and  a  solid,  called 
butter,  and  a  liquid,  called 
butter -milk,  consisting  of 
the  whey,  are  the  products. 
The  common  butter  chum 
is  represented  in  the  annexed 
engraving,  consisting  of  a 
plunger  or  flat  piston,  put 
m  motion  in  a  perpendicu- 
lar direction,  which  by  agi- 
tating the  cream,  separates 
the  butter  from  the  thin 
fluid. 

Turning  from 
this  primeval 
instrament,  we 
come  to  a  box 
machine  with  a 
series  of  plungers 
revolving  in  the 
opposite  direc- 
tion, which  will 
usually  separate 
the  chemical  con- 
stituents of  the 
milk,  and  produce  butter  in  less  than  ha«f  the  tuna 
required  by  the  former  instrament. 
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The  (^ropoitioiis  of  the«6  products  mbutter,  in  100 
parts  of  creani,  are» 

Butter       4.5 

Cheese 3.5 

Whey        92.0 

100.0 

•  4 

Chemical  analysis  gives  stearine,  elaine,  and  a  small 
quantity  of  aad  and  colouring  matter,  as  the  com- 
ponent parts  of  butter.  Beckmann  {History  of  In- 
vemiiomg,  372)  comes  to  the  conclusion  that  butter  is 
not  of  Grecian  nor  of  Roman  invention ;  but  that  the 
Greeks  received  it  from  the  Scythians,  Thracians, 
and  Phrygians,  and  that  the  Romans  derived  it  from 
the  people  of  Germany,  and  used  it  as  a  medicine, 
rather  than  as  a  culinary  luxury.  In  warm  coun- 
tries, the  place  of  butter  is  still,  for  the  most  part, 
supplied  by  oil.  In  Italy,  Spain,  Portugal,  and  the 
south  of  France,  it  is  to  be  purchased  in  the  apothe- 
caries' shops.  The  difficulty  of  keepingit  any  length 
of  time  is,  indeed,  an  effectual  barrier  to  its  general 
use.  The  ancients  appear  .to  have  been  wholly  de- 
ficient in  the  art  of  giving  it  consistency.  The 
European  countries  in  which  oil  or  butter  is  used, 
says  Malte-Brun  {G4og.  Ihr.  xcv.),  may  be  separated 
by  a  line  extending  along  the  Pyrenees,  the  Ccvennes, 
the  Alps,  and  Mount  Hsemus.  To  the  north  the 
pasturage  is  better;  cattle  abound,  and  the  food  is 
chiefly  derived  from  them.  The  butter,  beer,  and 
animal  food  of  the  north  of  Europe,  give  way  to  oil, 
wine,  and  bread,  in  the  warmer  regions.  The  word 
cftgwfoA,  translated  InMer,  in  the  English  version  of 
the  Bible,  means  some  liquid  preparation  of  milk  or 
cream.  It  was  in  general  use  among  the  Celts : — 
Spmma  id  e»i  laeHi,  eonareiiorque  quam  mod  serum  vo- 
«a/Kr,  barharanm  ^ea/tacsi  kuUisnmMS  etons,  {PUmf,  ix. 
41,  and  xxviii,  9).  The  Hindoos  make  use  of  gkm, 
which  means  butter  clarified  by  boiling.  They  boil 
the  milk  two  or  tiiree  hours,  which,  when  cool,  is 
fiermented  with  curdled  milk,  left  to  sour,  churned, 
and  when  it  is  sufficiently  rancid,  is  boiled  and  mixed 
with  salt,  or  betel-leaf  and  ruddle,  to  improve  its 
taste  and  cobur. 

Buttons  are  of  almost  all  forms  and  materials — 
wood,  horn,  bone,  ivcnry,  steel,  copper,  silver,  simi- 
lor.  Ice.  The  tailor  covers  them  with  stuff's,  and  the 
female  artisan  envelopes  them  with  a  texture  of 
thread,  silk,  cotton  and  gold  or  stiver  thread.  The 
non-metallic  buttons,  called  also  MoaUf ,  are  made  of 
the  substances  first  mentioned,  by  sawing  them  into 
little  8I41S  of  the  Uiickness  of  the  button  to  be  mikle. 


Hie  most  carious  part  of  button-making  consists 
in  the  simple  machine  or  lathe  by  which  the  mate- 
rial IS  cot  into  a  round  form.  It  is  represented  above, 
and  eonsists  of  two  thin  knives  on  a  pointed  axb,  the 
wbQk  of  which  revolves,  and  thus  cuts  the  circular 
£00.    Tha  boles  are  afterwtrds  drilled  in  a  similar 


US 

lathe,  provided  with  four  axes  turning  from  a  wheel, 
which  is  put  in  motion  by  the  foot  of  the  workman. 

Metallic  buttons  are  cast  in  moulds,  or  cut  by  a 
fly-press.  Any  figure  or  inscription  may  be  im- 
pressed on  them  at  the  same  time  that  they  are  cut. 
The  little  wire  ring  by  which  they  are  attadied  to  ^ 
garment,  is  called  the  ^AaaAr,  and  is  soldered  separate- 
ly on  each  button.  The  details  of  smoothing,  polish-* 
ing,  boiling,  &c.,  would  occupy  too  much  room. 
The  face  of  the  button  is  generally  plated  or  gilt.' 
Dr.  Church,  an  American,  obtained  a  patent  in  Eng- 
land (1829),  for  an  improved  manufacture  of  buttons 
widi  a  metallic  shank,  the  face  being  either  of  po- 
lished metal,  or  covered  with  any  fabric.  The  va- 
rious operations  of  shaping  the  discs,  forming  the 
shanks,  cutting  the  doUi,  and  covering  the  faces  of 
the  buttons,  are  all  effected  by  one  revolving  shaft. 

BuTTRBSSBS,  in  Gothic  Architectmre,  are  lateral 
projections  on  the  outside  of  the  walls  of  an  edifice, 
extending  firom  the  top  to  the  bottom,  at  the  comers, 
and  between  the  windows.  They  are  necessary  to 
support  the  walls,  and  prevent  them  from  spreading 
under  the  weight  of  the  roof. 

Byzantinb  School  of  Art.  After  Constantino 
the  Great  had  made  the  ancient  Byzantium  the  ca- 
pital of  the  Roman  empire,  and  ornamented  that  city, 
which  was  called  after  him,  with  all  the  treasures  of 
Grecian  skill,  a  new  period  commenced  in  the  history 
of  art.  From  this  time  it  became  subservient  to 
Christianily,  as  the  religion  of  the  state.  All  the 
productions  of  heathen  artists  which  formed  suitable 
ornaments  for  Christian  cities  and  temples,  were  now 
employed  in  the  service  of  the  invisible  God,  and  art 
began  by  slow  degrees  to  rise  from  its  degeneracy; 
under  the  influences  of  Christianity.  At  the  time 
when  Constantine  converted  Byzantium  into  an  im- 
perial residence,  splendour  and  ornament  had  already 
supplanted  the  simplicity  of  ancient  taste.  Asiatic 
luxury  had  become  predominant,  and  this  laid  mora 
stress  on  richness  of  material  and  decoration  than  on 
purity  of  conception.  Architecture  which  adorned 
the/ortnii  AugHtteum;  in  Byzanthinv,  with  a  fourfold 
colonnade,  and  created  splendid  cttrue,  imperial  pa- 
laces, baths,  theatres,  and  porticoes,  preserved  for  a 
long  time  the  grand  forms  of  classic  times,  and  de- 
viated from  them  slowly  and  gradually,  at  first  in  the 
Christian  churches,  as  a  model  for  which  Justinian 
built  the  church  of  St.  Sophia,  and  decorated  it  with 
Oriental  magnificence,  in  537.  But  even  in  ar- 
chitecture, ti^e  costliness  and  colour  of  the  marbla 
was  soon  considered  as  of  more  importance  than  the 
proportion  of  the  parts  and  the  distribution  of  the 
columns.  There  are,  however,  as  late  as  the  ninA 
cratury,  admirable  works  of  Greek  architecture,  par- 
ticularly those  of  Theodosius  the  Great  and  Justi- 
nian. •  This  period  was  still  less  favourable  to  the 
simplicity  of  sculpture.  The  mythology  of  ancient 
Greece  afforded  sacred  subjects  to  the  statuary.  Gods 
appeared  in  the  human  form,  and  the  human  figure, 
in  the  Grecian  model,  was  raised  to  the  classical 
ideal.  On  the  introduction  of  the  Christian  religion, 
sculpture  was  confined  to  the  imitation  of  nature; 
afterwards  to  portraits,  and  to  mere  purposes  of  oma^ 
ment ;  for  Christianity  is  averse  to  sensible  represen* 
tations  of  the  Divimty.  Statues  of  emperors,  of 
great  statesmen  and  generals,  became  the  subjects  of 
the  sculptor,  and  seem  eventually  to  have  given  *rise 
to  the  introduction  of  the  worship  of  images  in  tiw 
Christian  churches,  since  the  custom  of  eroetiag  ma^ 
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BiuneBt»  ftiid  atatnflB  to  tht  emperors  ttnd  db- 
trnguiflhed  btshope,  was  eitended  ta  martyrs  and 
•aints,  and  was  afterwards  followed  by  tlie  super- 
stitioiis  and  impioiis  worship  of  tliam.  Thou^ 
unagea  of  this  kind  became  more  frequent  in  £e 
tiiird  aad  fourth  centiiries,  there  were  yet  many 
Christian  teachers*,  who,  like  TertoUian,  at  an 
early  period*  dedarad  the  fine  arts  iayentions  of  the 
devil,  and  tiie.  pagan,  statnes  possessed  by  demoim. 
This  snperstitkm  often  caused  the  dasiTUiOtifm  of  the 
noblest  statues  of  the  Grecian  gods  by  populav  vioi- 
lenoe.  It  was  not  uttfcil  after  man^  dificukies,  that» 
in  the  ninth  century,  the  wocahtp  of  tmagw .  was 
established  in  the  Oieek  empire,  and  after  tikaft  tilne 
appeared  the  first  known  traces  of  Christian'  senlp- 
tnre  and  painting  m  the  £aat»  But  enn  those  ste- 
tues  to  which  sculpture  was  now  cwtfiawd,  no  longer 
displayed  the  ficeeddm  and  dignity  of  aneiept  art. 
The  pride  of  the  emperors  dgmanded  statues  of  gold 
and  sibeff,  as  kmg  as  thear  tieasory,  iUed  by  en- 
hanstiny  thair  subjects,  could  supply  than*  isoages 
of  bronze  and  martds  wwe  despiaedJ  And  how  sci- 
dom  could  the  artist  be  inspired  by  his  aobjeet,  when 
fiatteiy  erected  Bonnments  and  busts  to  the  most 
worthless  of  men!'  It  was  natural,  tiiat,  with  the 
loss  of  elerated  subf  ects»  the  dignity  of  art  should  be 
lost  in  petty  techujcal  details.  Ueyne^  in  his  trea- 
tise on  the  later  works  of  ait,  under  the  ByaBButine 
emperors  (Commmiat  8oc,  Oottiag,,  tq>.  xi.),  ob- 
serves, that  the  represei^atiQns  of  the  emperors,  of 
iKstinguished  men,  or  of  saints,  were  uniformt  in 
figure  and  dsutacter.  The  vestiges^  of  geniasi  wem 
juav^ttxe  seen  in  fi^ee  creations  and  kisal  forms»  in  t^ 
desvrs  of  truth  and  espresston.  Ffbus  tiis  time  ef 
Justinian  downwards,  tne  true  msasuie  and  poopov- 
tion  ef  the  parts,  and  the  correctness  of  the  oud^nes 
were  so  mudt  neglected,  that  tuis.  vepreseutabons:  be^ 
eame  constantly  more  like  maski^  spectres,  and  mma- 
stera.  Ihe  old  Romrn  foces  wuie  saidsm  rapiu«- 
scnted ;  the  forms  appeased  to  behmg  to  quite  an- 
other race— to  some  new  natimsf  and  it  was  often 
necessary  to  write  the  names  undm  timnk.  In  the 
pei8psctii«  of  the  figures  no  mkia  wen  obsessed.  It 
hecane  at  tiiis  time  tiie  great  object  to  iasta^  the 
costly  robes  of  ^t  empesois,  bi^ps,  and  other 
noble  persons^  who  gratified  their  vanity  not  only 
wsQi  purple  garmeatflw  but  by  the  extroragant  uae  of 
pearls  and  precious  stones,  which  were  worn  in  long 
pendents  from  the  ear,  in  bracelets^  and  in  necklaces. 
The  whole  mantle  was  often  gamiriied  with  prtcions 
atones,  and  round  the  edge  ran  a  double  row  of 
pearis.  Such  garments  the  emperor  used  to  change 
several  times  a  day.  As  such  exterior  omamesds  ace; 
foreign  kom  scnlptore,  which  pref ess  tike  naked  figuse, 
4)r  a  simple  drapery,  it  is  easy  to  see  why  tho  pso-. 
duction  of  statues  ceased  aa  soen.  In  1^  lists  of 
Byzantine  wmrks  of  sculpture  givem  fayanthors  of  the 
fint  ceutmries,  there  are  no  knagea  of  Christ;  nm  ata- 
.tues  of  iqfNMties  and  saats.  uuiesd  e£  then^.  we 
find  only  crueifizes,  painted  m  onmsaented  with 
jUQsaic  wQik.  II  there  wefoanysueh  images  in  ear^ 
liar  timesy  timy  must  haive  been  destroyed  in  the 
tune  of  ^  iconoclasts,  as  was  the  case  with  the 
breoam  states  of  Chrirt,  near  that  of  Conatantine, 
which  was.  demolished  by  Leo,  the  general  destroyer 
of  images,  and  tim  rcpfeseatatinns  ef  the  Giod 
Skffktvd,  ptaised  bf  £usebius>  and  that  of  Daaiel 
amomf  th^  Liotu,  wsdi  which  Constaatine  adorned 
the  public  fofuntains.    An  image  of  tim  Saviour,  sur- 


rounded by  angels,  and  worked  in  mosaic,  is  de- 
scribed by  Photius.  We  also  find  mention  of  the 
images  of  two  angels  upon  the  forum  of  Constantine, 
the  representation  of  Adam  and  Eve,  the  bronze  sta- 
tue of  Moses,  with  which  Justinian  is  said  to  have 
ornamented  Uie  cmtub^  and  that  of  Solomon  of  an 
earlier  date,  ^ccprding  to  Eusebius,  the  roof  of  the 
palace  in  Constantinople  was  also  decorated  with  rich 
mosaics  of  gold  and  costly  stones,  representing  scenes 
firom  the  psssbn  of  Christ ;  and  another,  which  Jus- 
tinian erected,,  in  Chakis,  contained  representations 
of  events  in  the  war  against  Ae  Vandals.  The  most 
ecUmted  of  all  the  mosaics  in  the  interior  of  St. 
Sophia'b  chuodi  in  Constantinople  has  been.  pi«- 
Weed  in  ftagnwiits  to  Brndem  times.  The  taste  of 
thoss  timss  inclined^  in  genenl,  more  to  mosaifc 
works  timn  to  sculptare;  because  the  former  wem 
mndersd  attmdive  by  the  ooetliness  and  colours  of 
the  stance.  Sculpture  was  employed  particularly  in 
ornamenting  altars^  tabmnades,  holy  vessels^  and 
urns,  which  weie  made  of  tha  most  pmdous  Hsaebls. 
The  art  of  engraving  on  stones  was  also  long  pre- 
aeived.  In  the  art  of  painting;  which  was  imitated 
hi  mosaic,  tiie  taafce  sf  this  age  was  the  same  as  in 
sculpture--*-plea8ed  wi^  gold  and  lively  colours,  but 
careless  about  tiuth  of  representation,  and  beauty 
and  grandeur  of  conception.  The  first  germ  of  a 
Chri^ian  style  of  art  was,  however,  developed  in  the 
Byzantine  pictuoea.  The  ideal  representations  of  hu- 
man figures^  wMch  the  ancient  Gsedan  artists  had 
exhibitnt  in  their  master^wotks,  were  aeoessarily 
given  up  by  ChiistiBn  aitists  r  another  ideal  was  to 
be  fosmed»  iddch.  dmuld  not  recall  the  odioun  foa> 
tares  of  paganisnu  But  the  ideal  of  the  Saviour,  of 
tht  moth^  of  Christ,  and  of  hi&apostlaB^  could  he 
formed  only  by  degieos.  The  artirts^  who  hftd  no- 
thing real  and  matmd  befon  tiiem,.  but  were  diligod 
tafind^  in  their  own  imaginations^  conceptiena  of  the 
external  appearanoe  of  sacred  penDas^  could  gptre  but 
foeUe  aketdies.  of  their  ideas  bymeansi  of.tibmc  iaa- 
perfect  ast.  Intheirrmaesentationsof  Jesnsandhas 
apostles,  they  finally:  aimptsd  tike  national  foatnres  of 
the  Jews.  In  the  ^;ure,  and  sometimes  even,  ift  the 
eedntenaace;  tiiey  imiltted  the  etstenial  af^mnranoe 
of  soma  revered  bishops  The  hands  were  often 
lifted,  as  in  blessing,  or  one  hand  waa  laid  upon  ibe 
breast,  or  holding  a  book.  Thus  tha  figusea  of  the 
founders  etf  tiia  Chiistiaa  church  were,  first  sepn- 
seated  in  paintings..  They  were  also  erhibitsd  in 
mosaie,  bat  not  in  marble.  Christian  sabjecti^  ka- 
dee^  ace  geaacally  mote  anitsd  to  paiatiag,  which 
gives  the  outward  expression  of  the  mind,  by  means 
of  light  and  shade,  mid  colours,  than  to  sculpture, 
which,  on  the  contrary,  elevates  the  external  form  to 
a  kind  of  spiritual  dignity.  As  the  artists  cared  but 
little  for  a  fatthfol  imitation  of  nature,  but  were  sa- 
tisfied witii  repeating  what  was  once  acknowledged 
as  successfol,  it  is  not  strange  that  certain  forms, 
introduced  by  the  authority  of  some  celebrated  artists, 
and  approved  by  the  taste  of  the  time,  shoirid  be 
made  by  convention,  and  without  regard  to  truth  and 
beauty,  general  models  of  the  human  figure,  and  be 
transmiUed  as  such  to  succeeding  times.  In  his 
tseatise  on  the  continuation  of  the  arts  In  Conslmiti- 
aople  iCommni,  Soe.  Goitingn  vol.  xiiL),  He^pie  os* 
BUtfks»  that  act  continued  to  be  cosfc^Md  hem^  UAlar 
as  it  consists  in  mechanical  skill,  in  the  uae  of  uastn^ 
ments  in  particular  rules  and  genemJi  piecepta ;  hot 
taste,  and  a  nmtfi  foe  tnith  and  simple  beivtyit.htd 
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iMielniL  Ddkwy,  ^kaguoiae,  and  graeeAiUieBs  in 
det^pi»  proportion  of  parts,  luurmony  of  the  figures^ 
and  beauty  of  fonn  were  lost.  The  artists  did  not 
even  aim  at  an  accorats  pq^resentatkm^  but  were 
oontented  with  rode  and  general  ontUnes,  as  nay  be 
seen  in  the  coins  of  the  time.  These  ddbnned  and 
meagre  figoies  were  slavishly  copied*  and  labour  was 
fam^ed  on  costly,  and  often  tastelewi  ornaments*  A 
<H It  ai  11  propensity  to  the  grotesque  prevailed,  even  in 
aidiitectare.  The  inflnenfle  .of  ancient  works  of  art 
eentinimQy  decreased  as  their  number  was  dimi- 
niriied  by  tiie  violences  of  war,  by  superstition*  by 
avarice^  andby  Aehandof  time.  Most  of  the  then 
eaistiag  wwrka  of  antiquity  perished  in  the  capture  of 
Caastintinople,  daring  ujb  crusades  of.  1304  and 
1361 1  and  thus  the  city  had  kmg  bees  deprived  of  its 
most  hssatifiil  ornaments,  when  it  was  teken  by  the 
TmkBr  in  1463.«-This  was  in  ^neral  the  stake  of  art 
in  file  Byantine  empire.  Its  mfluenoe  haa  been  felt 
ever  since;  in  earlier  times;^  by  the  connection  of  the 
impcriiA  roidenoe  in  the  East  with  the  Western  £m- 
pn,  and  afterwards  by  commeicial  inteiconrse  and 
tiie  ovsades. — ^Let  us  first  consider  thb  connection  of 
the  lower  Greek  art  with  the  west  of  Europe,  and  in 
particoiar  vriti^  Italy.  ^According  to  Stieg^tz  (ew 
OvMBn  Arekit9otmrty,  the  character  of  die  lower 
^seek  architecture  was  tranquillity  and  simplicity, 
eriginatiiig  from,  poverty  of  ideas  and  materials^  and 
tenainating  in  heaviness.  But  this  architectuve, 
whidi  prmikd  till  the  earlier  part  of  the  middle 
age^  preserved  the  seed,  firom  wluch  in  later  time»a 
new  and  better  style  sprung  up.  ODnstantino{»le  be- 
aaqe  a  sdiool  of  architecture*  from  which  artirts  is- 
sued to  all  parts  of  t^  Roman  empire^  aa  fhr  as  Bri- 
tain, to  erect  churches  after  ^e  nmdel  of  8t«  Sophia. 
Iliey  also  penetrated  into  the  cauntries  of  the  East, 
introducing  their  art  among  the  Arabians,  who  ap- 
plied it  to  die  erection  of  thmr  mos<|ueflw  and  among 
file  Moors  im  Spain,  who  formed  their  own.  style  ftxam 
it  The  lov^er  Greek  or  Byzantine  style,  kept  itself 
pure  and  aiieornipted  in  Italy,  under  file  Lcinbards, 
as  well  as  under  the  Goths,  whose  artist^  came  fh>m 
fitt  East  i  and  thence  it  spread  during  the  reign  of 
Oiarkmagne^  to  Germany,  Ganl,  and  Engknd.  The 
style  of  ardutectnre  introduced  by  Charlemagne  into 
Germany,  was  a  cunuption  of  fiiat  prevailing  in  the 
lower  Giedii  emfMre,  from  which,  together  with  the 
AnUan  and  Gennan  style,  ^rang  tke  true  German 
or  Gofiiic  ardutectnre,  which  iourished  from  the 
tetem  th  to  the  sixteenth  century.  The  ftefto-rdteiwt 
ivhidi  are  ftmnd  on  the  oldest  dMirches  in  Germany, 
and  soBM  jnctmes  fai  than,  stiU  show  the  traces  of 
^  lower  Grecian  art  There  are  also  to.  be  found 
in  Gori  (see  DipM^  vol.  3,  p.  aa  and  270,  tab.  iv. 
and  xziiL)  and  Ciampini  (Ft^.  MmmaU.,  part  iL 
^  104,  tab.  xxix.),  xcprcsirnUticmR  of  Italian  and 
Gallic  scnlptnre,  whidi,  in  their  drapery,  oma- 
ments  and  ardntectunl  fbims,  betray  a  Byzantine 
oriein. 

m  regard  to  painting,  we  are  indebted  to  the  By- 
mntines  fiir  the  preservation  of  some  portion  of  its 
aadent  ,eaeellence.  As,in  the  early  period  of  Chris- 
tianily,  Gtednn  and  Roman  art,  in  general,  differed 
but  IMe,  since  both  sprung  from  the  ruins  oi  andent 
art,  so,  in  painting,  no  striking  difference  is  to  be 
sbssi-md  between  them.  They  became,  however, 
constantly  more  and  more  distinct,  in  later  times,  as 
43vesce  and  Italy  became  more  and  more  separated, 
ihort,  thick  bodies.  Stiff  and  forced  attitudes,  exag- 
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geration  of  the  characteristic  parts,  in  partieulas  ol 
the  eyes,  laces  contracted  above  ajid  broad  below» 
and  marked  with  overcharged  tints,  short  thick  hair, 
highly-arched  eyebrows,  awkward  drapery,  loaded 
with  unnatural  folds,  distinguish  the  Greek  pictures 
as  fiur  back  as  the  fifth  century.    The  better  paintr 
ings,  which  are  found  particularly  in  manuscripts^ 
show  a  neat,  accurate,  and  diligent  execution.  When 
art  declined  in  Italy,  particularly  in  the  ninth  cen* 
tury,  painting  was  soil  cultivated  by  the  Greeks,  who, 
driven  from  hqme  by  the  disputes  concerning  imagee, 
carried  it  into  Jtaly  and  other  countries,  and  adorned 
theehmrehes  there.  Thus  the  lower  Grec^or  Byzan* 
tine  school  was  the  mother  of  the  old  Italian  school, 
and  of  the  lower  Rhenish,  which  preceded  the  €rer- 
mnu    The  relation  of  both  is  seen  in  the  similarity 
of  the  Italian  pid^nres  to  those  of  the  lov^es:  lib^iy*^ 
school*   Aeooffding  to  the  common  gtatetrient,  sevaml 
Grecian  artists  paMcd  over  into  Italy,  in  the  bc^in^ 
ning  of  the  12th  oeatnry,  and  adorned  the  diurehw 
of  Flor^ice  and  Venice  with  their  wQihsN.  These  were 
joined  by  the  Italian  artists,  who  founded,  in  the 
thirteenth  cmtury,  a  school  of  art  and  painting  (see 
iTALiikN  Art),  T^hich  in  its  developement  acquired 
a  peculiar  chmcter,  disdnguisbed  by  beauty  both  of 
conception  and  execution.  The  lower  Rhoiish  school, 
however,  which  is  also  called  the  «€&oqZ  ^f  €olo^n»% 
as  it  flourished  chiefly,  from  the  bepnningcrfihe  fear* 
te^Ath  to  the  beginning  of  the  fifteeiMib  centariee>  in 
the  city  of  Cologne,  appeare*  te  have  ceitaiaed  still  mcwe 
dosely  the  Byaantiiie  character  thmi  the  Italian  didi 
since  there  are  traces  of  it  even  in  the  hUer  German 
school,  exhibited  in  the  aynmetrical  and  p^Nramulal 
grouping  of  the  objects,  in  the  dose  drapery,  and  in 
the  love  of  ornament  and  splendour,  shown  partic«« 
larly  in  the  golden  b«ek-gr(Minds.    The.  edlectm  of 
the  brothers  Boissei^  containe  the  most  excellent 
woriu  of  this  school.    John  Van  l^ck  first  set  the 
exam]^  of  a  more  individual  representation  of  aa^* 
tural  ob(jects,  in  opposition  to  the  general  represen.. 
tations  of  the  lower  Greek,  and  the  ideal  style  of  the 
old  Romanadiool.  More  exact  aceounts  are  wanting 
of  the  historical  connection  of  the  loiter  Rhenish  ftud 
of  the  old  Italian  achod  with  the  Byzantine  style  of 
art.   (Fc»  an  history  of  the  earlier  times  of  the  Bjh 
zantine  sdiool  of  art,  see  Uiatoin  de  I'j^i  par  Iff 
ifomneens  dqMMt  sa  D^Badcaee  en  14m«  Sieckgjmff^'^ 
mm  RmmtmUmeni  mu  Ifieie  •  Paris,  1^10,  foliot.) 

Cabih  ;  an  a^irtment  in  a  ship  for  officers  and 
passes^gers^  In  large  ships  there  are  several  cabins 
the  principal  of  whidi  is  occupied  by  tiiecommander. 
In  small  vessels,  there  is  only  one  cabin,  whidi  is  in 
the  stem.  The  bed-places  m  ships  are  also  eaUed 
cMm,  or,  more  commonly,  berth*.  Berth  is  used, 
likewise,  for  the  room  where  a  number  of  moi  meal 
and  reside. 

CABiimT ;  1.  a  amali  apartment  adjoiniag  a  largev 
one ;  3.  the  most  retired  part  of  a  private  dwelling* 
designed  for  work,  for  amusement,  or  for  coUectieoa 
of  valuable  articles.  3.  In  the  abode  of  a  prinee,  the 
cabinet  is  a  ro<Hn  set  apart  for  the  ruler's  particular 
use ;  also,  the  apartment  where  he  transacts  govern- 
ment business,  advises  with  hie  privy  coonsdlors,  and 
issues  his  decrees.  Hence,  in  pditical  language,  the 
cabinet  is  put  for  the  government ;  as  the  cabmet  of 
London,  of  Vienna,  of  the  Tuilerie^  <cc.  4k  Finally^ 
a  cabinet  is  any  part  of  a  buikhng,  or  one  or  mors 
wheU  buildings,  where  are  pveeerved  valuable  eal^ 
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Wctiont  from  the  kingdoms  of  natore  or  art;  at 
paintmga,  planta,  animals,  coins,  minerab,  and  cari- 
osities of  every  description ;  and,  by  metonymy,  the 
name  is  applied  to  the  collections  themsehres.  A 
work  of  art,  and  sometimes  of  nature,  of  uncommon 
beauty,  and  fitted  from  its  size  to  be  placed  in  a 
cabinet,  is  called  KcMuet-pieee.  A  etAinet-pamter 
is  one  who  executes  small  highly-finished  pictures,  [ 
suitable  for  cabinets. 

Cable;  1.  in  architecture,  wreathed  circular 
mouldings,  resembling  a  robe ;  also,  the  staff  which 
is  left  in  Uie  lower  part  of  the  flutings  of  some  ex- 
amples of  the  Corinthian  and  Composite  orders. — 
3.  In  naval  affairs,  it  is  a  long,  thick  rope,  formed  of 
3  strands  of  hemp,  which  is  employed  for  confining 
a  vessel  to  its  place  by  means  of  an  andior  or  other 
fixed  body.  The  long  and  heavy  chains  which  have 
been  recently  introduced  for  tlus  purpose,  are  also 
called  eable».  Large  vessels  have  resiidy  for  service 
3  cables— the  sheet  cable,  the  best  bower  cable,  and 
the  small  bower  cable.  They  should  be  at  least  100  or 
130  fathoms  in  length.  A  best  bower  cable,  of  25 
inches  in  circumference,  is  formed  of  3240  threads. 
The  invention  of  iron  cables  is  of  recent  date,  and 
they  have  supplanted  those  of  hemp  in  ships  of  war. 
They  are  stronger,  less  liable  to  be  destroyed  on 
rocks,  &c.  It  b  sometimes  desirable  to  cut  the  cable 
when  of  hemp :  this  contingency  is  provided  for  in 
iron  cables  by  a  bolt  and  shackle  at  snort  distances, 
■o  that,  by  striking  out  the  bolt,  the  cable  b  easily 
detached. — Cablets  lenatk  is  used  to  signify  the  mea- 
sure of  120  fathoms,  the  usual  length  of  a  cable. 

Caboosb;  the  cook-room  or  kitchen  of  a  ship. 
In  smaller  vessels,  it  b  an  enclosed  fireplace,  heiuth, 
«Mr  stove,  for  cooking,  on  the  main  deck.  In  a  ship 
of  war,  the  cook-room  is  called  a  gaUey. — Caboose 
also  signifies  the  box  thatcovers  the  diimney  in  a  ship. 

Cacao.  Chocolate  b  a  kind  of  cake,  or  hard  paste, 
the  basis  of  which  is  the  pulp  of  the  cacao,  or  cho- 
coUte-nut,  a  production  of  the  West  Indies  and 
Sooth  America.  The  cacao-tree  (theobromo  cacao), 
both  in  sue  and  shape,  somewhat  resembles  a  young 
cherry-tree,  but  separates,  near  the  ground,  into  four 
or  ^vt  stems.  The  leaves  are  about  four  inches  in 
length,  smooth,  but  not  glossy,  and  of  a  dull  green 
colour.  The  flowers  are  saffron-coloured,  and  very 
beautiful.  The  fruit  of  the  cacao-tree  somewhat  re- 
sembles a  cucumber  in  shape,  but  is  farrowed  deeper 
on  the  sides.  Its  colour,  while  growing,  is  green ; 
but,  as  it  ripens,  thb  changes  to  a  fine  bluish-red, 
almost  purple,  with  pink  veins ;  or,  in  some  of  the 
varieties,  to  a  delicate  yellow  or  lemon  colour.  Each 
of  the  pods  contains  from  20  to  30  nuts  or  kernels, 
which,  in  shape,  are  not  much  unlike  almonds,  and 
consbt  of  a  white  and  sweet  pulpy  substance,  enve- 
loped in  a  parchment-like  shell.  These  are  the  «4u:ao 
or  chocolate-nuts. — Plantations  of  cacao  are  numer- 
ous on  the  banks  of  the  river  Magdalena,  in  South 
America.  They  are  usually  formed  in  morassy  situ- 
ations, and  are  sheltered  from  the  intense  heat  of  the 
sun  by  larger  trees,  which  are  planted  in  them. 
There  are  two  prmcipal  crops  of  cacao  in  the  year ; 
the  first  in  June,  and  the  second  in  December.  As 
soon  as  the  fruit  b  ripe,'  it  b  gathered,  and  cut  into 
slices ;  and  the  nuts  which  are  at  thb  time,  in  a 
pulpy  state,  are  taken  out,  and  laid  in  skins,  or  on 
leaves  to  be  dried.  'Iliey  have  now  a  sweetbh  acid 
taste,  and  may  be  eaten  like  any  other  fruit.  When 
pei4««tly  dry,  they  are  put  into  bags,  ea«h  eontaining 


about  a  hundred  weight,  and,  thus  padied,  are  tK* 
ported  to  foreign  countries.  Previously  to  being 
formed  into  chocolate,  these  nuts  are  generally  toasted 
or  parched  over  the  fire  in  an  iron  vessel,  after  whidi 
process  their  thin  external  covering  b  easily  sepa- 
rated. The  kernel  b  then  pounded  ina mortar,  and 
subsequently  ground  on  a  smooth,  warm  stone. 
Sometimes  a  little  amatto  b  added ;  and,  with  the 
aid  of  water,  the  whole  b  formed  into  a  paste* 
This  b  put,  whilst  hot,  into  tin  moulds,  where  in  a 
short  time  it  congeals;  and  in  thb  state  it  b  tha 
chocolate  of  the  shops.  In  South  America  and  Spain* 
other  modes  are  adopted :  the  chocolate  b  mixed 
with  sugar,  long  pepper,  vanilla,  cinnamon,  dovesb 
almonds,  and  other  ingredients,  according  to  the  tasta 
of  the  respective  inhabitants.  Mr.  Edwards  was  of 
opinion,  that  the  cakes  of  chocolate  consumed  in 
England  were  made  of  about  one  half  cacao,  and  the 
remainder  of  flour  or  castile  soap.  That  from  Ca> 
raccas  b  consid^^  the  best. — By  the  natives  of 
South  America,  the  chocolate  nuts  are  used  fbr  food. 
A  white,  oily  matter,  about  the  consbtence  of  soet» 
b  also  obtained  by  bruising  them,  and  boiling  the 
pulp.  The  oil  is  by  thb  means  liquified,  and  rises  to 
the  surface,  where  it  is  left  to  cool  and  conj;eal,  that 
it  may  the  more  easily  be  separated.  This,  which 
is  called  butter  of  cacao,  is  wi&out  smell,  and  when 
fresh,  has  a  very  mild  taste.  Its  principal  use  b  as 
an  ingredient  in  pomatums.  From  the  nuts»  wheo 
slightly  roasted,  an  oil  is  sometimes  obtained  by 
pressure,  which  is  occasionally  used  m  medicine. 

Cadbncb,  or  Rbpbisb  ;  a  pause  or  suspension  at 
the  end  of  an  air,  to  afford  the  performer  an  oppor* 
tunity  of  introducing  a  graceful  extempore  cloae. 
The  word  cadence  is  abo  frequently  applied  to  tha 
embellishment  itself. 

CiBSARlAN   OpBRATION.      ScC  MiDWIFBBT. 

Caroes  Winb  is  that  wine  which  b  used  to  \m* 
prove  the  Pontac  and  other  red  French  wines.  It  is 
consumed  in  Bourdeaux  and  other  places,  where  the 
lighter  and  cheaper  French  wines  find  a  ready  market. 

Caisson  ;  1.  a  chest  filled  with  combustibles,  and 
buried  under  ground,  in  order  to  explode  at  a  parti- 
cular time.  It  b  also  a  covered  waggon  for  the  pro* 
vbions  and  ammunition  of  an  army. — 2.  In  archi* 
tecture,  a  kind  of  chest,  case,  or  fiat-bottomed  boat* 
used  in  the  construction  of  bridg^  lar^  enough  ta 
contain  an  entire  pier,  which  b  built  in  it ;  the  caia* 
son  is  then  sunk  to  the  bed  of  the  river,  and  the  sidea 
removed  from  the  bottom,  which  b  left  as  a  founda- 
tion  for  the  pbr. — Floating  vesseb,  under  the  sama 
name,  are  used  to  close  the  entrances  of  docks  and 
basins.  A  groove  b  worked  in  the  masonry  of  tha 
entrance,  ai^  a  vessel  of  the  shape  of  the  opening 
with  a  projection  corresponding  to  the  groove,  ji 
hanging  scuttle  on  each  side,  and  fumbhed  with 
pumps,  is  floated  into  it  at  high  tide.  The  scuttlea 
being  opened,  the  caisson  sinks,  and  filb  up  tha 
groove.  Hie  scuttles  are  then  shut,  and  the  water  k 
prevented  from  eiitering  the  dock,  or  from  discharging 
itself  from  the  basin.  If  the  dock  is  to  be  filled,  the 
scuttles  are  opened,  till  the  water  b  nearly  on  a  level 
on  each  side,  when  the  scuttles  are  again  shut*  the 
caisson  emptied  by  the  pumps,  and  then  floated  off. 

Cajbput  Oil  ;  the  volatile  oil  obtained  from  tlia 
leaves  of  the  cajeput-tree — the  oq^epato  qfficmarmm 
(the  laekHeaea  Uucadendron  of  Linnaeus).  The  trea 
which  furnishes  the  c^eput  oil  b  common  on  ihm 
mountains  of  Amboyna*  and  the  other  Molocoa  i»» 
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tends.  It  is  obtained  by  distillation  from  the  dried 
kares  of  tbe  smalier  of  two  varieties.  It  is  pre- 
pared in  great  quantities  in  the  island  of  Banda,  and 
sent  to  Holland  in  copper  flasks.  As  it  comes  to  us. 
It  is  of  a  green  colour,  very  limpid,  lighter  than  water, 
of  a  strong  smell  resembling  camphor,  and  of  a 
strong,  pungent  taste.  It  bums  entirely  away,  with- 
out leaving  any  residuum.  It  is  often  adulterated 
with  other  essential  oils,  coloured  with  the  resin  of 
milfoil.  In  the  genuine  oil,  the  green  colour  depends 
on  the  presence  of  copper ;  for  when  rectified  it  is 
colourless. 

Calamanco;  a  woollen  stuff,  pnncipally  manu- 
^ctured  in  the  Netherlands.  The  English  manufac- 
tures of  it  have  declined  of  late  years.  The  warp  is 
sometimes  mixed  with  silk  or  goats'  hair.  This  stuff 
b  of  a  very  durable  character,  and  is  made  plain* 
cdoored,  striped,  or  watered. 

Calaminb.     See  Zinc 

Calcakious  Spa  ;  a  combination  of  lime  and 
carbonic  acid.     See  Lime. 

Calcination.  Calcination,  as  commonly  under- 
•toodf  consists  in  heating  bodies  in  a  steady  fire,  at  a 
greater  or  less  temperature.  The  product  is  a  powder 
which  is  called  calx.  In  a  narrow  sense,  we  under- 
hand by  this  process  a  change  of  metals  into  a  me- 
tallic calx,  or  metallic  earth.  Metals  are  calcined  in 
two  ways — by  the  dry  method,  which  consists  in 
bnniing  them  in  the  open  air,  or  by  the  wet  method, 
which  consists  in  dissolving  the  metal  and  precipi- 
tating its  calx.  Take,  for  instance,  a  quantity  of 
lead,  and  melt  it  in  the  open  air  in  a  flat  vessel ;  it 
loon  assumes  a  grayish  nue,  the  earthy  substance 
foiming  a  coat  on  the  surface.  Upon  the  removal  of 
tbM,  tiie  metal  appears  having  a  brilliant  lustre, 
and  after  some  time,  the  same  gray  coat  reappears. 
It  may  be  removed  as  long  as  any  lead  remains. 
Tliis  substance  is  the  caJx.  Calcined  lead  b  speci- 
fically lighter  than  the  metal,  but  its  absolute  weight 
is  considered  greater,  so  that  10  pounds  of  metal 
makes  1 1  pounds  of  calx.  Platina,  gold,  and*  silver 
are  not  affected  in  this  way  in  so  great  a  degree,  on 
which  account  they  are  called  the  perfect  metaU. 
Chemists  are  now  convinced,  that  in  this  process 
the  atmospheric  air  is  decomposed,  and  a  portion 
absorbed  by  the  metal,  which  accounts  for  its  in- 
crease of  weight.  Calcination  is,  therefore,  nothing 
but  oxydation ;  and,  as  the  body  is  not  saturated 
widi  ofxygen,  no  acid  is  formed,  but  the  result  is  a 
metallic  oxide. 

Calcographt.    See  ENORAyiNo. 

Calculus,  in  Mathematics;  the  lower  or  common 
analysis.  It  contains  the  rules  necessary  to  calcu- 
late quantities  of  any  definite  magnitude  whatever. 
But  quantities  are  sometimes  considered  as  varying 
in  magnitude,  or  as  having  arrived  at  a  given  state  of 
magnitude  by  successive  variations.  ThxB  gives  rise 
to  tbe  hi^er  analysis,  which  is  of  the  greatest  use  in 
tbe  physico-mathematical  sciences.  Two  objects  are 
here  proposed :  First,  to  descend  ft'om  quantities  to 
dieir  dements.  The  method  of  effecting  this  is  called 
€b£  ^ermUUd  caleuhu.  Second,  to  ascend  from  the 
alcmentB  of  quantities  to  the  quantities  themselves. 
This  method  is  called  the  integral  calcuhte.  Both  of 
tliese  methods  are  included  under  the  general  name 
jffhfft'suniy  ana^fiis.  Those  quantities  which  retain 
t&e  flame  value  are  called  amstaxt ;  those  whose  values 
are  varying  are  called  variable.  When  variable  quan- 
tities are  so  connected  that  the  yalue  of  one  of  them 
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is  determined  by  the  values  ascribed  to  the  others, 
that  variable  quantity  is  said  to  be  tk  function  of  the 
others.  A  quantity  is  it^tely  great  or  ii^pniteUf 
enuM,  with  regard  to  another,  when  it  is  not  possible 
to  assign  any  quantity  sufficiently  large  or  suffi- 
ciently small  to  express  the  ratio  of  the  two.  When 
we  consider  a  variable  quantity  as  increasing  by  in- 
finitely small  degrees,  if  we  wish  to  know  the  value 
of  those  increments,  the  most  natural  mode  is  to  de- 
termine the  value  of  this  quantity  for  any  one  in- 
stant, and  the  value  of  the  same  for  the  instant  * 
immediately  following.  This  difference  is  called  the 
differenHal  of  the  quantity.  The  integral  calculus,  as 
has  been  already  stated,  is  the  reverse  of  the  differen- 
tial cdteulus.  There  is  no  variable  quantity  expressed 
algebraically,  of  which  we  cannot  find  the  differen- 
tial ;  but  there  are  differential  quantities,  which  we 
cannot  integrate :  some,  because  they  could  not  have 
resulted  from  differentiation ;  oliiers,  because  means 
have  not  yet  been  discovered  of  integrating  them. 

We  have  made  these  elementary  observations  fojr 
the  purpose  of  introducing  the  history  of  the  disco- 
very of  this  mighty  instrument.  For  a  full  examina- 
tion of  the  subject,  we  refer  to  Lacroix's  works, 
Camot's  MHapkgnque  dn  Cakul  Iffinitenmal^  La- 
grange's Ctdcnl  dee  Fonctiona,  Newton  was  the  first 
discoverer,  having  pointed  out  the  principles  in  a 
treatise  written  before  1669,  but  not  publii^ed  till 
many  ^ears  after.  Leibnitz,  meanwhile,  made  the 
same  discovery,  and  published  it  to  the  world  before 
Newton,  and  independentiy  of  Newton's  prior  dis- 
coveries, with  a  much  better  notation,  which  is  now 
universally  adopted.  The  methods  analogous  to  the 
infinitesimal  analysis  previously  employed  were  that 
of  exhantiiona,  known  to  the  ancients,  that  of  indivi^ 
siblee  of  Cavalieri,  and  Descartes'  method  of  indeter" 
ndnates,  Leibnitz  considered  the  differences  of  the, 
variable  quantities  as  infinitely  small,  and  conceived 
that  he  might  reject  the  higher  powers  of  those  dif« 
ferences  without  sensible  error ;  so  that  none  of  those 
powers  but  the  first  remained  in  the  differential  equa- 
tion finally  obtained.  Instead  of  the  actual  lucre* 
ments  of  the  flowing  or  variable  quantities,  Newton 
introduced  the  fluxions  of  those  quantities ;  meaning, 
by  fluxions,  quantities  which  had  to  one  another  the 
same  ratio  which  the  increments  had  in  their  ulti- 
mate or  evanescent  state.  The  fluxions  of  Newton 
corresponded  with  the  differentials  of  Leibnitz ;  and 
the  fluents  of  the  former  with  the  integrals  of  the 
latter.  The  fluxionary  and  the  differential  calculus 
are  therefore  two  modifications  of  one  general  method. 

The  problems  which  relate  to  the  maxima  and  mt- 
ntfiia,  or  the  greatest  and  least  values  of  variable 
quantities,  are  among  the  most  interesting  in  mathe- 
matics. When  any  ftmction  becomes  either  the 
greatest  or  the  least,  it  does  so  by  the  velocity  of  its 
increase  or  decrease  becoming  equal  to  nothing :  in 
this  case,  the  fluxion  which  is  proportional  to  that 
velocity  must  become  nothing.  By  taking  the  fluxion 
of  the  given  function,  and  supposing  it  equal  to  no- 
thing, aa  equation  may  be  obtained  in  fiinite  terms, 
expressing  the  relation  of  the  quantities  when  the 
ftmction  assigned  is  the  greatest  or  least  possible. 
The  new  analysb  is  peculiarly  adapted  to  physical 
researches.  The  momentary  increments  represent 
precisely  the  forces  by  which  the  changes  in  nature 
are  produced:  so  that  this  doctrine  seemed  created 
to  penetrate  into  the  interior  of  things,  and  take  cog- 
nizance of  those  powers  which  elude  the  ordinary 
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f  methods  of  geometrical  mveitigatioii.  It  alone  af- 
fords the  means  of  measuring  forces,  when  each  acts 
separately  and  instantaneously,  under  conditions  that 
can  be  accurately  ascertained.  In  comparing  the 
effects  of  continued  action,  the  variety  of  time  and 
circumstance,  and  the  continuance  of  effects  after 
their  causes  have  ceased,  introduce  uncertainty,  and 
render  the  conclusions  vague  and  unsatisfactory.  The 
analysis  of  infinites  here  goes  to  the  point ;  it  mea- 
■ures  the  intensity  or  instantaneous  effort  of  tiie  force, 
and  removes  all  those  causes  of  uncertainty.  It  is  by 
effects,  taken  in  their  nascent  or  evanescent  state,  that 
the  true  proportion  of  causes  must  be  ascertained. 

Calcii  lus.  Little  stones,  anciently  used  for  com- 
putation, voting,  &c.,  were  called  caiadi.  The  Thra- 
cians  used  to  mark  lucky  days  by  white,  and  unlucky 
by  black  pebbles ;  and  the  Roman  judges,  at  an  early 
period,  voted  for  the  acquittal  of  the  accused  by  a 
white,  and  for  condemnation  by  a  black  calculus : 
hence,  fdger  or  alfm$  eakmUu,  a  favourable  or  unfieu 
vourable  vote.  Sometimes  the  ballots  were  marked 
with  characters,  and  then  were  made  of  wood.  Col- 
cuK  lusorii  or  latrones  were  counters  used  in  a  game, 
something  like  backgammon.  Calcuhu  Minerom  was 
an  expression  employed  to  signify  that  the  accused 
escaped  by  an  equal  division  of  the  votes  of  the 
judges.  He  was  said  to  be  acquitted  calad9  Mu 
nerva  (by  the  vote  of  Minerva) «  because  Orestes  was 
acquitted  by  the  vote  of  that  goddess  when  the  judges 
were  equally  divided. 

Calculus,  or  Stonb,  is  the  name  given  to  all  hard 
concretions,  not  bony,  formed  in  the  bodies  of  ani- 
mals. Calculi  may  be  divided  into  two  classes,  ac- 
cording as  they  are  found  in  the  gall-bladder  or  in 
the  urinary  bladder.  The  first  are  called  hiUanf  caU 
cnit,  the  second  icrtfMiry  icaleuU. 

Biliary  calculi  are  of  a  lameliated  structure,  and 
are  composed  of  a  substance  which  is  considered  by 
M.  Chevrenl  as  a  peculiar  principle,  which  he  has 
i^amed  cholesterine.  It  is  described  as  a  white  crys- 
talline substance,  with  much  histre,  insipid  and  ino- 
dorous, much  resembling  spermaceti,  but  differing  in 
being  less  fusible,  and  in  not  forming  a  soap  with  al- 
kalies. It  is  also  converted,  by  the  action  of  nitric 
acid,  into  a  peculiar  acid,  called  cholesieric  acid.  This 
is  slightly  soluble  in  water,  and  forms  soluble  salts 
with  the  alkalies.  Cholesterine  consists  of  carbon 
85.095,  oxygen  3.025,  and  hydrogen  11.88.  It  has 
lately  been  detected  in  the  bile  itself,  both  in  that  of 
animals  and  of  man.  Besides  cholesterine,  biliary 
concretions  contain  a  portion  of  inspissated  bile,  and 
the  yellow  colouring  matter  of  the  bile  in  a  concen- 
trated state,  which  from  the  beauty  and  permanence 
of  its  hue,  is  much  valued  as  a  pigment* 

Urinary  calculi  are  of  very  variable  characters  and 
composition.  The  following  substances  enter  princi- 
pally into  their  composition :  uric  acid,.urate  of  am- 
monia, phosphate  of  lime,  phosphate  of  ammonia 
and  magnesia,  oxalate  of  lime,  siiex,  sometimes  oxide 
of  iron  and  animal  matter— -^ese  being  more  or  less 
pure  or  mixed,  and  being  often  diversified  by  me- 
chanical structure,  so  as  to  render  it  difilcult  to  con- 
stitute well-defined  species.  The  six  following  spe- 
cies embrace  the  principal  varieties  of  urinary  calculi : 
1.  that  composed  chiefly  of  uric  acid;  2.  that  con- 
sisting chiefly  of  the  triple  phosphate  of  ammonia 
and  magnesia;  3.  the  bone-earth  calculus,  formed 
almost  entirely  of  phosphate  of  lime ;  4.  the  fusible 
cakuhis,  composed  of  the  two  preceding  intermixed ; 
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5.  the  mulberry  calculus,  consisting  of  oxalate  of  lime ; 
and^  6.  a  rare  species,  the  cystic  oxide  calculus. 
Two  others,  still  more  rare,  are  the  xanthic  oxide 
and  fibrinous  calculus,  discovered  by  Doctor  Marcet ; 
and,  lastly,  calculi  have  been  met  with  formed  of 
carbonate  of  lime.  In  all  these  calculi,  besides  the 
saline  matter,  there  is  present  a  portion  of  animal 
matter,  which  is  conceived  to  be  the  mucus  of  the 
bladder.  This  seems  to  give  them  colour  and  indu- 
ration. It  is  found  even  in  those  which  are  white  and 
crystalline.  In  the  mulberry  calculus  it  is  present  in 
a  larger  proportion  than  in  the  others.  The  ingre- 
dients of  calculi  are  often,  also,  diversified  by  inter- 
mixture in  layers.  These  must,  of  course,  be  various, 
and  as  their  production  is  in  some  measure  acci- 
dental, irregularly  arranged.  Those  which  have  been 
the  most  frequently  observed  are  alternations  of  uric 
acid  with  phosphate  of  magnesia  and  ammonia,  or 
phosphate  of  lime ;  or  of  oxalate  of  lime  with  uric 
acid>  or  with  either  or  both  of  these  phosphates. 

Calendar;    the    division    of  time    into  years, 
months,  weeks,  and  days ;  also  a  register  of  these 
divisions.    Among  the  old  Romans,  for  want  of  such^ 
a  register,  it  was  the  custom  for  the  poni\fex  nuui- 
mu8,  on  the  first  day  of  the  month,  to  proclaim  {ca^ 
lare)  the  month  with  the  festivals  occurring  in  it, 
and  the  time  of  new  moon.     Hence  calends  and 
calendar.    The  periodical  occurrence  of  certain  na- 
tural phenomena  gave  rise  to  the  first  division  pf  time. 
The  apparent  daily  revolution  of  the  starry  heavens 
and  the  sun  about  the  earth  occasioned  the  division 
into  days.    But,  as  the  number  of  days  became  too 
great  for  convenience,  some  larger  measure  of  time 
was  found  necessary.    The  changes  of  the  moon, 
which  were  observed  to  recur  every  29  or  30  days, 
suggested  the  division  of  time  into  months.     After  a 
considerable  period  these  also  were  found  to  multi- 
ply too  much,  and  a  still  larger  measure  of  time  was 
wanted.    Such  a  one  was  found  in  the  apparent  yearly 
revolution  of  the  sun  round  the  earth  in  the  ecliptic. 
The  time  of  this  revolution,  after  several  erroneous 
calculations  hereafter  to  be  mentioned,  was  finally 
determined  to  be  a  little  more  than  365  days.     This 
was  called  a  solar  year,  or  simply  a  year,  which  was. 
divided  according  to  ihe  former  measures  of  time, 
into  months  and  days.    Now,  on  account  of  the 
great  influence  of  the  sun's  course  in  the  ecliptic* 
and  its  consequent  variations  of  distance  from  us 
upon  the  earth,  and  the  affairs  of  its  inhabitants  in 
all  countries,  the  attention  of  men  would  naturally 
be  drawn  to  this  phenomenon.  '  Hence  it  has  hap- 
pened that  all  nations,  in  any  degree  civilized,  have 
adopted  the  year  as  the  largest  measure  of  time.     It  is 
probable  that  the  Phoenicians  first,  then  the  Egyptians, 
and  afterwards  the  Greeks,  made  use  of  this  mode  of 
reckoning,  from  whom  it  was  communicated  to  other 
nations.    The  division  of  the  year,  however,  into 
months  and  days,  could  not  have  been  very  accurate 
at  first,  because  it  can  be  settled  only  by  long  and 
attentive  observation.    The  calendfu*  of  the  oldest 
nations  was  quite  imperfect.    They  were   satisfied 
with  one  which  enabled  them  to  manage  the  com- 
mon business  of  husbandry. 

The  Greeks  were  the  first  who  attempted  to  adjust 
the  courses  of  the  sun  and  the  moon  to  each  other. 
For  this  purpose,  they  reckoned  12i  revolutions  of 
the  moon  round  Uie  earth  for  one  solar  year ;  and« 
to  avoid  the  fractions  of  a  month,  they  made  the 
year  consist  of  ]  3  and  1 2  months  alternately,     So1od» 
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pcfOfeiTing  the  defdeta  of  thia  arraogement,  fixed  the 
nnmber  of  daya  in.  a  month  at  29i»  and  made  the 
month  consist  of  29  and  30  days  alternately.  Still 
the  length  of  the  month  and  that  of  the  year  were 
not  brought  into  exact  ^jnstment»  and  new  dis- 
orderB  soon  followed.  Various  plans  for  the  re- 
fonnation  of  the  ^calendar  were  proposed  from  time 
to  time ;  but  all  proved  insufficient,  till  Meton  and 
Enctemon  finally  succeeded  in  bringing  it  to  a  much 
greater  def;ree  of  accuracy,,  by  ^xing  on  the  period  of 
19  ycaiB,  m  which  time  the  new  moons  return  upon 
the  same  days  of  the  year  as  before  (as  19  solar 
years  are  very  nearly  equal  to  235  lunations).  This 
mode  of  computation,  first  adopted  by  the  Greeks 
(433  B.  C),  was  so  much  approved  oi,  that  it  was 
engraven  with  golden  letters  on  a  tablet  at  Athens. 
Hence  the  number  showing  what  year  of  the  moon's 
2<^  9^Y  given  year  is,  is  called  the  golden  number. 
Tbis  period  of  19  years  was  found*  however,  to  be 
about  ms.  hours  too  long.  This  defect,  Calippus, 
about  102  years  later,  endeavoured  to  remedy,  but 
itill  failed  to  make  the  beginning  of  the  seasons  re- 
turn on  the  same  fixed  day  of  the  year.  Among  the 
Romans,  their  first  king,  Aomiilus,  introduced  a  year 
of  10  divisions  or  months,  of  .which  four  (Msjrch, 
May,  July,  and  October)  contained  31  days ;  the  rest 
(A|nil,  June,  August^  September*  November,  and 
December),  only  30.  When  he  discovered  that  this 
mode  of  reckoning  was .  imp^Hect,.  he  inserted  as 
many  days  as  were  necessary  to  cxanplete  the  year, 
and  bring  it  up  to  the  beginning  of  the  following 
one.  His  successor,  Numa  Pompilius,  abolished 
this  method,  added  50  days  more,  took  one.  day  from 
each  of  the  six  months,  containing  30  days,  because 
even  numbers  were  considered  unlucky,  and  out  of 
tile  whole  26  days  formed  two  new  months  of  28  days 
each,  which  he  called  January  and  FArwxnf.  Thus 
tiie  year  consisted  of  12  months,  and  350  days ;  and 
to  make  it  agree  with  the  course  of  the  sun,  interca- 
lations were  made  use  of,  after  the  manner  of  the 
Greeks.  These  intercalations,  however,  were  left  to 
the  discretion  of  the  priests ;  and,  as  they  made  them 
very  arbitrarily,  according  to  the  exigencies  of  the 
state,  or  their  own  private  views,  complaints  and  ir- 
regularities soon  arose.  Notwithstanding  this  de- 
lect; the  arrangement  continued  to.  the  end  of  the 
republican  constitution. 

Hie  calendar  of  the  Romans  had  a  very  peculiar  ar- 
rangement. They  gave  particular  names  to  three  days 
of  tibe  month.  The  first  day  was  oalled  the  calends. 
In  the  ffmt  months  of  March,  May,  July,  and  October, 
the  7th,  in  the  others,  the  5th  day,  was  called  the 
iMHMt;  and,^  in  the  four  former,  the  1 5th,  in  the  rest,  the 
13th  day,  was  called  the  idee. ,  The  other  days  they 
distinguished  in  the  following  manner :  they  counted 
fiom  the  above-mentioned  days  backwards,  observing 
to  reckon  also  the  one  from  which  they  began.  Thus 
the  3d  of  March,  according  to  the  Roman  rec^koning, 
would  be  the  5Ui  day  before  the  nonee,  which  in  that 
month  fall  upon  the  7th.  The  6th  of  January,  in 
iHiidi- month  the  nonee  happen  on  the  5  th,  and  the 
idee  on  the  13th,  was  called  the  6th  before  the  idee 
of  January.  .  FiniyUy ,  to  express  any  of  the  days  after 
the  idee,  uiey  reckoned' in  a  similar  manner  from  the 
calends  of  ^  IbUoving  month.  From  the  inaccu- 
racy of  the  Rcnywn  method  of  reckoning,  it  appears 
thai;  in  Cicero'/i  time,. the  calendar  brought  the  ver- 
■al  equinox  almost  two  mandMi  lat^  ttuan  it  ought 
t»be^   Aorgrding.to.tha  lasi  letter  of  the  lOth  book 


of  Cicero'e  Letiere  ta  AUicus,  this  equinox  was  not 
yet  past,  although  it  was  near  the  end  of  May,  by  their 
calendar.  To  check  this  irregularity,  Julius  Csesar, 
on  being  appointed  dictator  and  pontiJQf  (A.  U.  C.  707h 
invited  the  Greek  astronomer  Sosigenes  to  Rome, 
who,  with  the  assistance  of  Marcus  Fabius,  invented 
that  mode  of  reckoning,  which  after  him  who  intro- 
duced it  into  use,  has  been  called  the  Julian  calendar. 
The  chief  improvement  consisted  in  restoring  the 
equinox  to  its  proper  place  in  March.  For  this  pur- 
pose, two  months  were  inserted  between  November 
and  December,  so  that  the  year  707,  called,  from 
this  circumstance,  the  year  of  confusion,  contained 
14  months.  In  the  number  of  days,  the  Greek  com- 
putation was  adopted,  which  made  it  365i. 

The  number  and  names  of  the  months  were  kept 
unaltered,  with  the  exception  of  Quintilis,  which  was 
henceforth  called,  in  honour  of  the  author  of  the  im- 
provement, JnUue.  To  dispose  of  the  quarter  of  a 
day,  it  was  determined  to  intercalate  a  day  every 
fourth  year,  between  the  23d  and  24th  of  February. 
Thia  was  called  an  intercalary  day,  and  the  year  in 
which  it  took  place  was  called  an  ta/ercoZary  year,  or 
as  we  term  it,  a  leap  year.  This  calendar  continued 
in  use  among  the  Romans  until  the  fiedl  of  the  empire, 
and  throughout  CHiristendom  till  1582.  The  festivals 
of  the  Christian  church  were  determined  by  it.^  With 
regard  to  Easter,  however,  it  was  necessary  to  have 
reference  to  the  course  of  the  moon.  The  Jews  cele- 
brated Easter  (the  Passover)  on  the  14th  of  the  month 
Nisan  (or  March) ;  the  (Christians  in  the  same  month, 
but  always  on  a  Sunday.  Now,  as  the  Easter  of  the 
Christians,  sometimes  coincided  with  the  Passover 
of  the  Jews,  and  it  was  thought  unchristian  to  cele- 
brate so  important  a  festival  at  the  same  time  as  the 
Jews  did,  it  was  resolved  at  the  Council  of  Nice,  325 
A.D.,  that  from  that  time  Easter  should  be  so- 
lemnized on  the  Sunday  following  the  first  fiiU-moon 
after  the  vernal  equinox,  which  was  then  supposed 
to  take  place  on  the  21st  of  March.  As  the  course 
of  the  moon  was  thus  made  the  foundation  for  de- 
termining the  time  of  Easter,  the  lunar  cycle  of 
Meton  was  taken  for  this  purpose;  according  to 
which  the  year  contains  365i  days,  and  the  new 
moons,  after  a  period  of  19  years,  return  on  the  same 
days  as  before.  The  inaccuracy  of  the  Julian  year, 
thus  combined  with  the  lunar  cyde,  must  have  soon 
discovered  itself,  on  a  comparison  with  the  true  time 
of  the  commencement  of  the  equinoxes,  since  the  re- 
ceived length  of  365  i  days  exceeds  the  true  by  about 
11  minutes ;  so  that  for  every  such  Julian  year,  the 
equinox  receded  1 1  minutes,  or  a  day  in  about  130 
years.  In  consequence  of  this,  in  the  l6th  century, 
the  vernal  equinox  had  changed  its  place  in  the  ca- 
lendar from  the  21st  to  the  10th;  that  is,  it  really 
took  place  on  the  10th  instead  of  the  21st,  on  which 
it  was  placed  in  the  calendar. 

Aloysius  Lilius,  a  physician  of  Verona,  projected 
a  plan  for  amending  the  calendar,  which,  after  his 
death,  was  presented  by  his  brother  to  PopeGregory 
XIII. .  To  carry  it  into  execution,  the  pope  asaembled 
a  number  of  prelates  and  learned  men.  In  1577»  the 
proposed  change  was  adopted  by  all  the  Catholic 
princes;  and  in  1582,  Gregory  issued  a  brief  abo- 
lishing the  Julian  calendar  in  all  Catholic  countries, 
and  introducing  in  its  stead  the  one  now  in  use,  under 
the  name  of  the  Gregorian  or  r^ormed  calendar,  or 
the  n^w  style,  as  the  other  was  now  called  the  oU 
style.    The  amendment  consisted  in  thia : — 10  daya 
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were  dropped  after  the  4tli  of  October,  1582,  and  the 
15th  was  reckoned  immediately  after  the  4th.  Every 
100th  year,  which,  by  the  old  style  was  to  have  been 
a  leap  year,  was  now  to  be  a  common  year,  the  4th 
excepted;  i.e.,  1600  was  to  remain  a  leap  year,  but 
1700,  1800,  1900,  to  be  of  the  common  length,  and 
2000  a  leap  year  again.  In  this  calendar  the  length 
of  the  solar  year  was  taken  to  be  365  days,  5  hours, 
49  minutes,  and  12  seconds.  Later  observations  of 
Zach,  Lalande,  and  Delambre,  fix  the  average  length 
of  the  tropical  year  at  about  27  seconds  less ;  but  it 
is  unnecessary  to  direct  the  attention  of  the  reader 
to  the  error  arising  from  this  difference,  as  it  will 
amount  to  a  day  oiUy  in  the  space  of  3000  years. 

Notwithstanding  the  above  improvement,  the  Pro- 
testants retained  the  Julian  calendar  till  1700,  when 
they  also  adopted  the  new  style,  with  this  difference, 
that  they  assigned  the  feast  of  Easter  to  the  day  of  the 
first  full  moon  after  the  astronomical  equinox.  But 
this  arrangement  produced  new  variations.  In  1724 
and  1 744,  the  f^aster  of  the  Catholics  wbb  eight  days 
later  than  that  of  the  Protestants.  On  this  account, 
the  Qregorian  calendar  was  finally  adopted,  1777»  in 
Germany,  under  the  name  of  the  general  calendar  of 
the  empire,  or  as  it  is  now  called,  the  rearmed  calen- 
dar, in  order  that  the  Catholics  and  Protestants  might 
celebrate  Easter,  and,  consequently,  all  the  moveable 
feasts  at  the  same  time.  England  introduced  the 
new  style  in  1752,  and  Sweden  in  1753.  Russia 
only  retains  the  old  style,  which  now  differs  12  days 
from  the  new. 

In  France,  during  the  revolution,  a  new  calendar 
was  introduced,  by  a  decree  of  the  National  Conven- 
tion, Nov.  24,  1793.    The  time  from  which  the  new 
reckoning  was  to  commence  was  the  autumnal  equi- 
nox of  1792,  which  fell  upon  the  22d  of  Sept.,  at 
18  minutes  and  30  seconds  after  9  a.  m.,  Paris  time. 
This  day  was  selected  as  that  on  which  the  first  de- 
cree of  the  new  republic  had  been  promulgated.  The 
year  was  made  to  consist  of  12  months  of  30  days 
each,  and,  to  complete  the  full  number  of  days,  5 
jours  complementaires  were  added  to  the  end  of  it,  in 
common  years,  and  6  in  leap  years.     Each  period  of 
4  years,  terminating  with  a  leap  year,  was  called  a 
frandade.   Instead  of  weeks,  each  month  was  divided 
into  3  parts,  called  decades,  consisting  of  10  days 
each ;  the  other  divisions  being  also  accommodated 
to  the  decimal  system.    The  names  of  the  months 
were  so  chosen  as  to  indicate  by  their  etymology,  the 
time  of  year  to  which  they  belonged.    They  were  as 
follows : — Autumn,  from  the  22d  Sept.  to  the  22d 
Dec. ;  Vendemiare,  vintage  month  (Oct.)  ;  Brumaire, 
foggy  month  (Nov.) ;  Frimaire,  sleet  month  (Dec.) : 
— Winter,  from  22d  Dec.  to  22d  March;  Nivdse, 
snowy  month  (Jan.)  ;  Ventose,  windy  month  (Feb.) 
Pbtmftse,  rainy  month  (March) : — Spring  from  22d 
March  to  22d  June ;  Germinal,  bud  month  (April) ; 
Fkrial,   flower  month   (May) ;    Prairial,  meadow 
month  (June) : — Summer,  from  22d  June  to  22d 
Sept.;  Messidor,  harvest  month  (July) ;  TTiermidor,  hot 
month  (Aug.) ;  Fmctidor,  fruit  month  (Sept.).    TTie 
10  days  of  each  decade  were  called,  1.  Primidi,  2. 
Dttodi,  3.  TWrft,  4.  Quartidi,  5.  QuinHdi,  6.  Sewtidi, 
7.  Septidi,  8.  Octidi,  9.  Nonidi,  10.  Decadi  (the  Sab- 
bath).   Besides  this,  each  day  in  the  year  had  its 
particular  name,  appropriate  to  the  time  when  it 
occurred ;  as,  the  7th  of  Vintage  month,  Veffd6niare, 
was  named  carottes  (carrots).    This  calendar  was 


of  the  senate,  9th  Sept.,  1805,  and  the  common 
Christian  or  Gregorian  calendar  introduced  through- 
out the  French  empire. 

Calender.  Different  fabrics,  before  they  leave 
the  hands  of  the  manufacturer,  are  subjected  to  cer- 
tain processes,  the  object  of  which  is  to  make  them 
smooth  and  glossy,  to  glaze  them,  to  water  them,  or 
give  them  a  wavy  appearance.  This  is  done,  in 
general,  by  pressing  the  fabric  between  wooden  or 
metallic  cylinders,  whence  the  machine  is  called  a 
calender,  and  the  workman  a  calender  or  calenderer. 

Calends,  with  the  Romans,  the  first  days  of  the 
month ;  so  called  because  the  pontifex  maximus  then 
proclaimed  {calavif)  whether  the  nones  would  be  on 
the  5th  or  the  7th.  This  vims  the  custom  until  the 
year  450  U.C.,  when  the/(ufi  calendares,  or  calendar 
were  affixed  to  the  wall  of  public  places.  The  Greeks 
did  not  make  use  of  calends ;  whence  the  proverbial 
expression  ad  Grtecas  calendas  (on  the  Greek  calends), 
meaning  never.  The  calends  of  January  were  more 
solemn  than  the  others,  and  were  consecrated  to 
Janus  and  Juno.  On  this  day  the  magistrates  en- 
tered on  their  offices,  and  friends  interchanged  pre- 
sents. On  the  calends,  debtors  were  obliged  to  pay 
the  interest  of  their  debts ;  hence  tristes  calenda.  Hie 
book  of  accounts  was  called  Calendarium, 

Calenture  ;  a  violent  fever,  incident  to  persons 
in  hot  climates,  especially  to  such  as  are  natives  of 
cooler  climates.  It  is  attended  with  delirium ;  and 
the  patient  imagines  the  sea  to  be  a  green  field,  in 
which  he  is  tempted  to  walk  by  the  coolness  and 
freshness  of  its  appearance.  This  is,  at  least,  the 
poetical  explanation  of  the  matter.  The  fact  seems 
to  be,  that  the  intense  inflammation  of  the  fever 
prompts  the  patient  to  plunge  into  cold  water  to 
relieve  his  sufferings. 

Caliber  ;  the  interior  diameter  of  the  bore  of 
any  piece  of  ordnance,  or  the  diameter  of  a  shot  or 
shell. 

Caliber  or  caliper  compasses  are  a  sort  of  compasses 
with  arched  legs,  used  in  the  artillery  practice,  to 
take  the  diameter  of  any  round  body,  particularly  of 
shot  or  shells,  the  bore  of  ordnance,  &c.  The  instru- 
ment consists  of  two  thin  pieces  of  brass,  joined  by 
a  rivet,  so  as  to  move  quite  round  each  other.  It 
contains  a  number  of  tables,  rules,  &c.,  connected 
with  the  artillery  practice. 

Calico  ;  a  cotton  cloth,  which  derives  its  name 
from  Calicut,  a  city  of  India,  from  which  it  was  first 
brought.  In  England,  white  or  unprinted  cotton 
cloth  is  called  calico.  Calico  printing  is  a  combina- 
tion of  the  arts  of  engraving  and  dyeing,  and  is  used 
to  produce  upon  woven  fabrics,  chiefly  of  cotton,  a 
variety  of  ornamental  combmations,  both  of  figure 
and  colour.  In  this  process,  the  whole  fabric  is  im- 
mersed in  the  dyeing  liquid ;  but  it  is  previously  pre- 
pared in  such  a  manner,  that  the  dye  adheres  only 
to  the  parts  intended  for  the  figure,  while  it  leaves 
the  remaining  parts  unaltered.  In  calico-printing 
adjective  colours  are  most  frequently  employed.  Tbe 
cloth  is  prepared  by  bleaching,  and  other  processes, 
which  dispose  it  to  receive  the  colour.  It  is  then 
printed  with  the  mordant,  in  a  manner  similar  to 
that  of  copperplate-printing,  except  that  the  figure  is 
engraved  upon  a  cylinder  instead  of  a  plate.  Hie 
cylinder,  in  one  part  of  its  revolution,  becomes  charge 
ed  with  the  mordant  mixed  to  a  proper  consistence 
with  starch.    The  superfluous  part  of  the  mordant 


abolished,  at  the  command  of  Napoleon,  by  a  decree  i  is  then  scraped  off  by  a  straight  steel  edge,  in  cob* 
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with  which  the  cytu&der  revolves,  leaving  only 
that  part  which  remains  in  the  lines  of  the  figure. 
The  cloth  then  passes  in  forcible  contact  with  the 
otiier  side  of  the  cylinder,  and  receives  from  it  a 
complete  impression  of  the  figure  in  the  pale  colour 
of  the  mordant.  The  cloth  is  then  passed  through 
the  coioMTBg  ba^  ia  which  tiie  parts  previously 
prnibed  become  dyed  with  the  intended  colour.  When 
It  is  afterwards  exposed  and  washed,  the  colour  dis- 
appears from  those  parts  which  are  not  impregnated 
with  the  mordant,  but  remains  permanently  fixed  to 
tiie  rest.  When  additional  colours  are  required, 
they  are  printed  over  the  rest,  with  different  mor- 
dants, suited  to  the  colour  intended  to  be  produced. 
This  secondary  printing  is  generally  performed  with 
blocks,  engraved  in  the  manner  of  wood-cuts,  and 
applied  by  hand  to  the  successive  parts  of  the  piece. 
See  Wbaving. 

Calk  ;  to  drive  a  quantity  of  oakum  into  the 
seams  of  planks,  to  prevent  the  entrance  of  the  water. 
After  the  oakum  is  driven  in,  it  is  covered  with 
melted  pitch  or  resin,  to  preserve  it  from  the  action 
of  the  virater. 

*  Callus  is  a  preternatural  hardness,  whether  car- 
neous  or  osseous.  The  new  growth  of  bony  sub- 
stance between  the  extremities  of  fractured  bones,  by 
which  they  are  united,  is  an  instance  of  the  latter. 
External  friction  or  pressure  produces  the  former,  as 
in  the  hands  of  labourers,  and  the  feet  of  persons 
who  wear  tight  shoes. 

Calms,  Heoion  op.  In  the  Atlantic  Ocean,  be- 
tween the  tropic  of  Cancer  and  lat.  29^  N.,  and  on 
the  confines  of  the  trade-winds,  between  4^  and  10^ 
N.  lat.,  calms  of  long  duration  prevail ;  and  hence 
these  tracts  are  called  the  calm  latitudes,  or  the  re- 
gioms  aficalmt.  In  the  latter  tract  particularly,  these 
perpetual  calms  are  accompanied  by  a  suffocating 
heat,  by  thunder-storms,  and  floods  of  rain,  so  that 
it  is  sometimes  called  the  rainy  tea.  The  only  winds 
that  occur  arc  sudden  squalls  of  short  duration  and 
little  extent.  In  these  calms  the  provisions  are  cor- 
npted,  the  seams  open,  and  the  stagnant  air  breeds 
disease.  When  a  ship  is  in  this  positon,  if  the  cur- 
rents set  in  towards  rocks,  and  the  sea  is  too  deep  to 
cast  anchor,  her  destruction  is  almost  inevitable.  In 
the  Mediterranean,  where  there  are  no  tides,  dead 
eabms  are  more  common  than  in  the  open  ocean; 
bat  they  are  often  the  presages  of  approaching 
storms. 

Calomsl,  or  mild  muriate  of  mercury,  is  a  very 
important  article  in  the  pharmacopcna.  The  pre- 
paration may  be  thus  described :  If  four  parts  of 
corrosive  muriate  of  mercury  be  well  mingled  by 
trituration  with  three  of  mercury,  they  assume  the 
form  of  a  gray  powder.  If  this  powder  be  sublimed 
in  a  sand  heat,  either  from  an  ordinary  phial,  or 
from  a  bolthead,  a  white  crystalline  subUmate  is 
obtahied.  This  product  is  a  combination  of  oxide 
of  mercury  with  muriatic  acid.  It  is  much  used  in 
medicine,  especially  for  biliary  diseases. 

Calobic  is  the  name  given  in  chemistry  to  that 
agent  which  produces  the  phenomena  of  heat  and 
combustion.  It  is  hypothetically  regarded  as  a  sub- 
tile fiuid,  the  particles  of  which  repel  one  another, 
and  are  attracted  by  ail  other  substances.  It  is 
imponderable,  and,  by  its  distribution  in  various 
proportions  among  the  particles  of  matter,  gives  rise 
to  Uie  three  general  forms  of  gas,  liquids,  and  solids. 
'The  particles  of  vrater,  by  losing  caloric,  have  their 


cohesion  so  much  increased,  that  they  assume  the 
solid  form  of  ice ;  by  adding  caloric,  tney  again  be- 
come fluid ;  and  by  a  still  farther  addition,  they  are 
converted  into  vapour. 

Caloric  exists  in  two  different  states— ;/ree  or  tea- 
combined,  and  in  a  state  of  combination.  In  the  for- 
mer condition,  it  creates  the  sensation  of  heat,  and 
produces  expansion  in  other  bodies.  The  power 
which  any  body  has  of  exciting  the  sensation  of  heat, 
and  occasioning  expansion,  is  understood  by  the 
expression  of  its  temperature.  This  is  supposed  to 
vary  with  the  quantity  of  free  caloric  in  a  given 
quantity  of  matter;  a  high  temperature  being  as* 
cribed  to  the  presence  of  a  large  quantity  of  free 
caloric,  and  a  low  temperature  to  that  of  a  small 
quantity.  We  are  ignorant,  however,  of  the  extremes 
of  temperature,  and  may  compare  it  to  a  chain,  of 
which  a  few  of  the  middle  links  only,  are  exposed  to 
our  observation,  while  its  extremities  are  concealed 
from  our  view. 

The  expansion  qf  bodies  is  one  of  the  most  universal 
effects  of  an  increase  of  temperature.  This  increase 
in  bulk,  however,  is  not  the  same  in  all  bodies.  Tlie 
same  increase  of  temperature  causes  liquids  to  ex- 
pand more  than  solids,  and  aeriform  bodies  much 
more  than  either.  On  this  principle  are  construct- 
the  various  instruments  for  measuring  the  tempera- 
ture ;  since  the  degree  of  expansion  produced  by 
caloric  bears  a  suflicient  proportion  to  its  quantity  to 
afford  us  the  means  of  ascertaining  it  with  tolerable 
accuracy.  Our  senses,  it  is  obvious,  are  quite  inade- 
quate to  afford  us  this  information ;  for  we  compare 
our  sensations  of  heat,  not  with  any  fixed  or  uniform 
standard,  but  with  those  sensations  which  we  have 
had  immediately  previous.  Hence,  the  same  portion 
of  water  will  feel  warm  to  a  hand  removed  from 
contact  with  snow,  and  cold  to  another  hand  which 
has  been  heated  before  the  fire.  To  convey  precise 
notions  of  temperature,  therefore,  we  are  obliged  to 
describe  the  degree  of  expansion  produced  in  some 
one  body  which  has  been  previously  agreed  upon  aa 
a  standard  of  comparison.  The  standard  roost  gene- 
rally adopted  is  quicksilver,  which  is  contained  in  a 
glass  ball,  terminating  in  a  long  narrow  tube,  lliia 
instrument  is  called  a  thermometer. 

If  quicksilver,  or,  indeed,  any  other  substance 
except  the  gases,  suffered  equal  exapansion  by  equal 
increments  of  the  calorific  power,  then  this  instru- 
ment would  be  perfect;  but  the  same  increase  of 
bulk  is  not  effected  in  the  same  Kquid  or  solid,  at  b\\ 
temperatures,  by  adding  similar  quantities  of  heat ; 
for  bodies  expand,  by  equal  increments  of  caloric, 
more  in  high  than  in  low  temperatures,  because  the 
force  opposing  expansion  is  diminished  by  the  inter- 
position of  caloric  between  the  particles  of  bodies ; 
and,  therefore,  when  equal  quantities  of  caloric  are 
added  in  succession,  the  last  portions  meet  with  less 
resistance  to  their  expansive  force  than  the  first.  In 
gases,  on  the  contrary,  which  are  destitute  of  cohe- 
sion, equal  increments  of  heat  appear  to  be  attended 
with  equal  augmentations  of  bulk.  The  tendency  to. 
an  equilibrium  is  a  characteristic  of  free  caloric. 

Any  number  of  different  bodies,  unequally  heated, 
when  exposed  in  an  apartment  to  the  same  tempera- 
ture, gradually  arrive  at  an  equality  of  temperature. 
It  is  in  obedience  to  this  law,  that  we  experience  the 
sensations  of  heat  and  cold  when  we  touch  bodies 
which  are  warmer  or  colder  than  ourselves.  There 
exists  much  diversity  in  the  rapidity  with  which 
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different  substances  attract  caloric  when  in  contact 
with  a  body  in  which  it  is  accumulated.  Common 
air  and  gases  abstract  it  but  tardily,  while  wood, 
stones,  and  metals  acquire  it  more  rapidly.  Accord- 
mg  to  their  power  of  conducting  it  off  under  these 
circumstances,  bodies  are  divided  into  conductors  and 
non-conductors  of  caloric  ;  and,  in  general,  the  power 
of  conduction  varies  with  the  densities  of  bodies. 
But  this  tendency  of  caloric  to  an  equilibrium  is  not 
established  solely  by  the  agency  of  intermediate  bo- 
dies or  communication.  A  part  of  it  moves  through 
the  atmosphere,  like  light,  in  right  lines,  and  with 
immeasurable  velocity,  and  has  therefore  been  called 
radiant  caloric.  The  comparative  quantites  lost  by 
radiation  and  by  conduction  may  be  approximated 
by  observing  what  time  it  takes  to  cool  any  body 
through  the  same  number  of  degrees  in  air  and  in 
mcuo.  Thus  Doctor  Franklin  imagined  he  had  ascer- 
tained that  a  bodv  which  requires  five  minutes  to 
cool  in  vacuo,  will  cool  in  air,  through  the  same 
number  of  degrees,  in  two  minutes.  Count  Rum- 
ford's  experiments,  with  a  Torricellian  vacuum,  give 
the  proportions  of  five  to  three. 

Radiant  caloric  passes  only  through  transparent 
media,  or  free  space.  When,  in  its  passage,  its  rays 
impinge  upon  the  surface  of  a  solid  or  a  liquid  sub- 
stance, they  are  either  reflected  from  it,  and  thus 
receive  a  new  direction,  or  they  lose  their  radiant 
form  altogether,  and  are  absorbed.  In  the  latter 
case,  the  temperature  of  the  receiving  substance  is 
increased ;  in  the  former  it  is  unchanged.  The  na- 
ture of  the  surface  of  a  body  has  been  found  to  influ- 
ence powerfully  both  the  radiation  and  absorption  of 
caloric.  The  energy  of  calorific  emanation  from  a 
cubical  tin  vessel,  coated  with  different  substances, 
and  containing  warm  water  (as  determined  by  the 
differential  thermometer  of  Leslie),  gave,  with  a 
covering  of 

Lampblack, 100 

Isinglass, 75 

Tarnished  lead, 45 

Polished  iron, 15 

Tin-plate,  gold,  silver,  or  copper,  12 

Similar  results  were  obtained  simply  by  noting  the 
rates  of  cooling  in  vessels  of  similar  shapes  and 
capacities  -^ith  various  surfaces.  Useful  lessons 
have  been  derived  from  these  discoveries.  Tea  and 
coffee-pots,  which  are  intended  to  retain  their  beat, 
are  made  of  bright  and  polished  metals ;  and  steam- 
pipes,  intended  to  convey  heat  to  distant  apartments^ 
are  kept  bright  in  their  course,  but  darkened  when 
they  reach  their  destination.  The  power  of  different 
surfaces  to  absorb  caloric  was  found,  by  coating  one 
of  the  bulbs  of  the  differential  thermometer  succes- 
sively with  different  substances,  and  presenting  it  to 
an  uniformly  heated  substance,  to  follow  the  same 
order  as  the  radiating  or  projecting  quality. 

With  regard  to  combined  caloric,  it  has  been  shown 
that  solids,  during  liquefaction,  imbibe  a  quantity  of 
caloric,  which  ceases  to  be  obvious,  both  to  our 
senses  and  to  the  thermometer.  The  same  is  also 
true  of  solids  and  liquids  in  their  conversion  into 
vapours  or  gases  ;  a  portion  of  caloric,  which  is 
essential  to  the  elasticity  of  the  new  product,  ceases 
to  become  apparent.  Whenever  this  effect  takes 
place,  cold  is  said  to  be  produced ;  by  which  we  are 
only  to  understand  the  passage  of  caloric  from  a  free 
to  a  latent  form.    The  reverse  of  these  phenomena 


has  also  been  satisfa/ctorily  evtablished ;  viz.  wiMa 
the  density  of  bodies  is  increased,  eidier  by  chemical 
or  mechanical  means,  caloric  is  evolved.  For  exam- 
ple, a  high  temperature  is  produced  by  mingling 
cold  sulphuric  acid  and  water ;  metals  become  in- 
tensely heated  by  the  augmentation  of  their  density 
through  hammering;  liquids,  by  becoming  solids, 
or  gases  by  conversion  into  liquids  also  evolve  ca- 
loric. A  pound  of  water,  condensed  from  steam, 
will  render  100  pounds  of  water  at  50^  wanner  by 
11^;  whereas,  a  pound  of  boiling  water  will  produce 
the  same  rise  of  temperature  in  no  more  than  about 
13.12  pounds;  and  since  steam  and  boiling  water 
affect  the  thermometer  in  the  same  manner,  this 
effect  can  be  produced  only  from  the  existence  of  a 
much  greater  quantity  of  caloric  in  the  former  than 
in  the  latter. 

The  sources  of  caloric  are  six ;  viz.  the  sun's  rays, 
combustion,  percussion,  friction,  the  mixture  of  dif- 
ferent substances,  electricity,  and  magnetism. 

Calobimbtsr  ;  an  instrument  to  measure  the  ca- 
pacity of  a  body  for  caloric,  or  its  specific  caloric. 
The  thermometer  measures  merely  the  variations  of 
temperature,  or  sensible  heat.  The  body  in  the  ca- 
lorimeter is  placed  in  the  innermost  of  three  concen- 
tric vessels,  the  two  outer  ones  containing  ice ;  the 
quantity  of  water  produced  by  the  cooling  of  tht 
body  a  given  number  of  degrees,  determines  its  spe- 
cific caloric.  This  instrument  was  invented  by  La- 
voisier and  Laplace.  In  the  calorimeter  invented  by 
Rumford,  water  is  used ;  the  capacity  of  the  body  is 
determined  by  the  number  of  degrees  which  the  tem- 
perature of  the  water  is  raised,  in  cooling  the  body  a 
given  number  of  degrees. 

CALOBiMOToa.    See  Galvanic  Battery. 

Calx  ;  properly  lime  or  chalk ;  but  the  terqa  is  mor» 
generally  applied  to  the  residuum  of  a  metal  or  mine 
ral  which  has  been  subjected  to  violent  heat,  burning 
or  calcination,  solution  by  acids,  or  detonation  by 
nitre,  and  which  is  or  may  be  reduced  to  a  fine  pow- 
der. Metallic  calces  are  now  called  oxides.  They 
weigh  more  than  the  metal  from  which  they  ar« 
produced,  on  account  of  the  oxygen  which  they  have 
obsorbed. 

Camaibu.  This  term  is  used  for  a  painting 
wherein  there  is  only  one  colour,  and  where  the  lights 
and  shades  are  of  gold,  wrought  on  a  golden  or  azure 
ground.  When  the  ground  is  yellow,  the  French 
call  it  drage,  when  gray,  grissaile.  This  kind  oif 
work  is  chiefly  used  to  represent  basso-relievos.  See 
Cameo. 

Camblet,  in  Commerce  ;  a  stuff  sometimes  of  wool, 
sometimes  of  silk,  and  sometimes  hair,  especially 
that  of  goats,  with  wool  or  silk ;  in  some,  the  warp 
is  silk  and  wool  twisted  together,  and  the  woof  hair. 

The  true,  or  Oriental  camblet,  is  made  of  the  pure 
hair  of  a  sort  of  goat  frequent  about  Angora,  and 
which  makes  the  riches  of  that  city,  all  the  inhabi- 
tants being  employed  in  the  manufacture  and  com- 
merce of  camblets. 

Cambric,  in  Commerce  ;  a  species  of  linen  made  of 
flax,  very  fine  and  white;  the  name  of  which  was 
originally  derived  from  the  city  of  Cambray,  where 
they  were  first  manufactured. 

Camel,  in  Mechanics;  a  machine  used  in  Holland 
and  St  Petersburg  for  lifting  ships  over  shallow  bars. 
De  Witt  invented  these  machines,  and  Peter  the 
Great  introduced  them  into  Russia.  A  camel  is 
composed  of  two  separate  parts,  the  insides  of  whk^ 


C  A  M  E  L  O  P  A  R  D  A  L  U  S- 
are  ahftped  to  u  to  emfance  the  iinll  of  a.  ship  an 
boA  lides.  Each  wt  has  a.  cabin,  with,  many 
pnnnpa  and  pings.  Thef  are  fastened  to  tlie  veawt 
nndemeath,  and  entirely  enclose  its  lidfa  and  bottom. 
They  ar«  then  towed  to  the  bar,  and  are  sank  with 
the  Teesel,  by  takiog  out  the  ptogs.  The  water  being 
now  pumped  oat,  the  camel  lifts  the  Teasel,  and  the 
whole  is  towed  over  the  bar. 

CAKEi.op&R»Ai.irs,  in  Aatronmitii ;  a  new  constel- 
lation of  the  northern  heniBphere,  described  by  He- 
Tetins,  consisting  of  33  stars,  tint  obserred  by  him, 
sitnate  between  Cepheoos,  Caasiopea,  Perseas,  the 
two  Bears,  and  Draco,  and  containing  SS  stars  in  the 
British  Catalogue. 

Cameo,  or  Cauaieu  ;  in  the  proper  sense,  a  gem 
engraTcd  in  rrlievo.  The  ancients  generally  used  the 
onyi  for  this  purpose.  At  first,  such  onyxes,  and 
afterwards  all  gems  carved  in  relief,  were  called  ca- 
■MM.  They  were  carved  according  to  the  layers  of 
the  stone,  so  that  the  ground  should  be  of  a  diSitreut 
cdIoot  from  the  figure  in  relief.  One  of  the  most 
hmons  cameos  is  the  onyx  at  present  in  Paris,  called 
Utt  ApQlheoaa  of  jtngiuUit,  I  foot  high  and  10  inches 

CAmBA  LcciDA.  This  optical  iastniment,  in  the 
hands  of  an  experienced  draftsman,  is  admirably 
fitted  to  save  time,  and  supply  the  place  of  a  know- 
ledge of  perspective.  Generally  speaking,  however, 
the  camera  IkckJo  is  laid  aside  as  soon  as  it  is  taken 
in  hand,  as  much  practice  is  essential  to  its  useful 
application. 

If  a  piece  of  plain  glass  be  fixed  at  an  angle  of 
4S  d^rees  with  the  horizon,  and  ir,  at  some  distance 
beneath  there  be  a  sheet  of  paper  laid  horizontally 
on  a  table,  a  person  looking  downwards  tfaroagh  the 
^ass,  wilt  see  an  image  of  the  objects  situated  be- 
fore  him  ;  and  as  the  glass  which  reflects  the  image 
is  also  transparent  the  paper  and  pendl  will  be  seen 
at  the  same  time  with  ^le  image,  so  that  the  outline 
or  the  image  may  be  traced  on  the  paper.  The 
image  is  an  iitver/ed  one.  This  is  the  simplest  form 
of  the  instrument,  and  may  be  constructed  extempo- 
raneously by  fixing  on  a  stand  a  plain  transparent 
S'  tis,  with  its  sorfaces  ground  parallel,  or  a  piece  of 
UBCovy  glass,  at  an  angle  of  45  degrees  with  the 
horizon ;  a  card,  with  a  small  hole  in  it,  will  serve 
as  a  si^tfor  keeping  the  eye  steady  in  one  situation, 
whilst  the  pencil  is  tracing  the  image. 

If  there  be  a  plain  object  at  an  angle  of  23^  de- 
grees with  the  horizon,  and  a  piece  of  plmn  transpa- 
tent  glass  beplacednear  it,  atanangIeor33ldegreea 
with  the  vertical,  the  rays  from  the  object  will  be 
tvrice  reflected  before  they  reach  the  eye,  and  con- 
sequently on  looking  down  through  the  transparent 
sUas,  an  ertti  image  is  seen,  and  the  pencil  may  be 
drawn  over  the  outlines  of  ihit  image  so  as  to  leave 
a  perspective  representation  on  the  paper. 

As  the  image  and  pencil  are  at  dilrerent  distances, 
they  cannot  be  both  seen  in  the  same  state  of  the 
eye.  To  remedy  this  ioconveaieoce,  a  convex  glass 
is  need,  of  such  focus  as  to  require  no  more  effort 
than  is  necessary  for  seeing  the  distant  objects  dis- 
tinctly. By  means  of  this  lens,  the  image  will  ap- 
pear as  if  it  were  placed  on  the  surface  of  the  paper. 

Hose  whose  eyes  are  adapted  to  seeing  near  ob- 
jects alone,  will  not  derive  advantage  from  the  use  of 
a  convex  glass,  bat  will  require  a  concave  glass  to  ~ 
]Aiictd  in  the  course  of  the  rays  from  the  object 
Ihe  reflecting  surface. 
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In   the   Bccom- 
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glass  placed  between  the  papei 


ponying  figure  d  f 

t  glasses  placed 

the  above-TBen- 
tioned  situation  ; 
titcf  are  so  dis- 
posed as  to  be 
turned  at  pleasure 
their  proper 
place  at  the  Joint 
h.  Persons  whose 
sight  is  nearly  per- 
fect, may  use  ei- 
ther the  concave 
glass  placed  be- 
fore the  reflecting 
surface,  or  the  convei 
and  the  eye. 

In  the  actual  construction  of  the 
prism  is  used  instead  of  a  mirror  and  a  plain  glass. 
The  rnys  from  the  object  fall  upon  the  surface  of 
the  prism.  This  surface  is  inclined  23}  degrees  to 
the  horizon.  The  refractive  power  of  the  glass  al' 
Iowa  none  of  the  rays  in  this  position  to  pass  out.; 
they  are  all  reflected.  The  eye  cannot  see  the  pen- 
cil through  the  prism  as  it  does  through  a  plain 
glass;  therefore,  in  order  that  the  pencil  may  be 
seen,  the  eye  must  be  so  placed  that  only  a  part  of 
the  pupil  may  be  above  the  edge  of  the  prism,  and 
then  the  reflected  im^e  will  be  seen  at  the  same 
time  with  the  paper  and  pencil.  There  is  a  small 
piece  of  brass  perforat«l  with  a  hole,  and  moving 
on  the  centre  at  a ;  this  serves  to  keep  the  eye  in  one 
position,  that  the  image  may  be  steady,  and  also  to 
regulate  the  relative  quantities  of  light  to  be  received 
frvm  the  object  and  from  the  paper. 

The  annexed  fi- 
gure  shows  the  in- 
strument on  its 
stand,  and  clamp- 
book.  The 
joint  by  which  the 
prism  is  attached 
the  stand  is 
double.  The  whole 

This      instrument 

ing  objects  of  all 
forms,  and  conse- 
queotly  also  for 
copying  lines  al- 
ready drawn  on  a 
plain  surface.  If  it 
IS  required  that  the 
copy  shall  be  of  the 
same  size  as  the 
drawing,  the  dis- 
tance of  the  draw- 
ing from  the  prism 
should  be  the  same 
as  the  distance  of 
the  paper  from  the 
eye-hole.  No  lensi 
will  benecessaryin 
this  case,  because 
the  image  and  the 
paper  being  both  at  the  same  distoncej  coincide. 
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Id  m^CT  to  bave  a  reduced  copy  of  a  drawing,  the 
drawing  is  to  be  placed  at  a  distance  from  the  prism 
rreaterthan  the  distance  of  the  paper  from  the. eye- 
hole. If  the  distance  is  twice  as  great,  a  copy  will 
be  obtained,  in  which  the  lines  will  be  of  one-half 
the  size  of  the  lines  in  the  original,  and  so  in  pro- 
portion to  other  distances.  A  lens  b  necessary,  that 
the  eye  may  be  enabled  to  see  at  two  different  dis- 
tances;  and,  in  order  that  one  lens  may  serve,  the 
distance  between  the  eye-hole  and  the  paper  should 
be  variable ;  on  that  account  the  stand  is  susceptible 
being  lengthened  or  shortened. 

Camera  Obscura  (dark  chamber),  is  either  a 
closed  room,  in  which  the  li^ht  can  fall  only  through 
a  small  aperture^  or  an  optical  box,  in  which  exte- 
rior objects  are  represented  on  a  smaller  scale.  It 
is  used  for  amusement,  or  for  drawing  landscapes 
and  scenery,  though  what  is  gained  in  rapidity  and 
ease  of  execution  is  lost  in  the  dimness  of  the  co- 
louring. (For  the  theory  of  this  instrument,  see 
Optics.) 

Cames  are  slender  rods  of  cast  lead,  of  which 
glaziers  make  their  turned  or  milled  lead,  for  joining 
the  panes  or  quarrels  of  glass. 

Camp  means,  generally,  the  place  and  order  of 
tents  or  huts  for  soldiers  in  the  field.  In  modem 
times,  a  difference  is  made  between  camp  and  bivouac, 
the  former  signifying  the  residence  of  an  army  rest- 
ing in  tents ;  the  latter,  the  situation  of  one  which 
dispenses  with  them,  and  remains  either  entirely  in 
the  open  air,  or,  where  time  allows  it,  in  huts  built 
of  branches,  &c.  On  the  continent  of  Europe,  tents 
are  aboibhed,  and  the  name  of  camp,  therefore,  is  sel- 
dom used  there  at  present. 

Camps,  of  course,  are  of  very  ancient  origin,  since 
almost  all  nations,  in  their  infancy,  lived  as  nomades, 
dwelling  in  ents ;  as  is  the  case  with  many  tribes  in 
Asia  and  Africa  at  the  present  day,  e.  g.,  the  Arabs. 
The  Romans,  probably,  first  carried  the  art  of  en- 
campment to  a  high  degree  of  perfection,  on  account 
of  their  many  wars  in  distant  and  thinly  settled  re- 
gions, where  their  large  armies  found  no  cities  to 
quarter  in.  Csesar  and  several  other  Roman  authors 
give  us  much  information  on  their  way  of  construct- 
ing a  camp,  which  they  improved  in  strength  and 
convenience,  according  to  the  time  they  were  stationed 
in  it,  and  which  at  the  same  time,  the  want  of  for- 
tresses obliged  them  to  make,  in  some  cases,  the 
points  of  their  military  operatbns.  From  such 
camps,  it  is  well  known,  many  cities  orginated,  as 
Cologne  on  the  Rhine,  Treves,  Cambridge,  Bristol, 
and  many  others.  It  is  a  fact  of  much  interest,  that 
the  military  art,  after  so  many  changes  in  tactics, 
and  in  the  principles  of  strategy,  again  resorts  to 
something  similar  to  these  fortified  camps  of  the  an- 
cients, as  in  very  recent  times,  it  has  been  thought 
advisable,  besides  providing  fortresses,  properly  so 
called,  to  strengthen  certain  large  cities  on  the  chief 
roads,  partly  in  order  to  defend  them  against  the 
first  attack  of  the  enemy,  and  to  prevent  his  possess- 
ing himself  easily  of  the  important  resources  which 
they  afford,  but  chiefly  to  give  to  retreating  armies 
rallying  points,  able  to  furnish  support  to  numerous 
soldiers.  They  are  also  points  of  assembly  for  the 
militia.  Thus  the  Prussians  fortified  the  large  city 
of  Cologne.  Of  all  the  European  armies,  the  English 
are  the  only  ones,  we  believe,  who  make  use  of  tents, 
and  therefore  have  camps,  in  the  narrower  sense  of 
the  word.    It  is  to  be  observed,  that  camps  have  be- 


come slighter  and  sioipler  with  the  progress  of  tlit 
military  art.  The  camps  of  the  Turks,  or  other 
Asiatic  nations,  are  extremely  cumbersome,  in  com- 
parison with  the  light  bivouac  of  the  Europeans, 
from  which,  at  any  moment,  the  whole  army  can  ris^ 
in  arms  prepared  for  battle. 

Campaign  generally  denotes  the  season  during 
which  armies  keep  the  field.  It  also  means  an  ex- 
tensive level  country.  Formerly,  when  war  was  not 
carried  on  with  so  much  impetuosity  as  at  present, 
campaigns  lasted  only  during  the  warmer  months ; 
and  towards  winter,  the  troops  went  into  winter- 
quarters,  when  the  officers  of  the  opposing  armies 
often  met  very  amicably  at  balls  and  other  entertain- 
ments; but  of  late,  armies  have  kept  the  field  through 
the  winter,  till  a  decisive  victory  has  been  gained. 
Thus,  the  allies,  in  the  winter  of  1813 — 14,  followed 
the  French  over  the  Rhine  ;  some  battles  were  fought 
in  January  and  February,  and  the  armies  remained 
for  several  months  without  roof  or  tent,  in  the 
open  air  of  a  cold  winter. 

Campanile  ;  a  detached  tower,  in  some  parts  of 
Italy,  erected  for  the  purpose  of  containing  bells. 
Several  of  them  have  deviated  considerably  from  the 
perpendicular,  in  consequence  of  their  great  height 
and  narrowness  of  base.  The  campanile  of  Pisa, 
called  Tbrre  Pendente,  or  Hanging  Tower,  is  the 
most  remarkable  of  these.  Its  height  is  150  feet, 
and  it  inclines  nearly  13  feet  from  the  perpendicular. 
The  tower  consists  of  eight  stories,  each  of  which  is 
surrounded  by  columns. 

Camphor  is  a  white,  resinous  production,  of  pe- 
culiar and  powerful  smell,  not  unlike  that  of  rosemary, 
and  is  extracted  from  two  or  three  kinds  of  trees  of 
the  bay  tribe,  that  grow  in  the  islands  of  the  East 
Indies  and  China.  Of  these,  the  principal  is  the 
UutruB  camphora  of  Linnseus.  It  is  of  considerable 
height,  much  branched,  and  has  spear-shaped  leaves, 
wiCh  nerves,  of  a  pale  yellowish-green  colour  on  the 
upper  side,  and  bluish-green  beneath.  The  flowers 
are  small,  white,  and  stand  on  stalks  which  issue 
from  the  junction  of  the  leaves  and- branches.  Cam- 
phor is  found  in  every  part  of  the  trees ;  in  the  inter- 
stices of  the  perpendicular  fibres,  and  in  the  veins  of 
the  wood,  in  the  crevices  and  knots,  in  the  pith,  and 
in  the  roots,  which  afford  by  far  the  greatest  abun- 
dance. The  method  of  extracting  it  consists  in  dis- 
tilling with  water  in  large  iron  pots,  which  serve  as 
the  body  of  the  still,  with  earthen  heads  fitted  to 
them,  stuffed  with  straw,  and  provided  with  re- 
ceivers. Most  of  the  camphor  becomes  condensed 
in  the  solid  form  among  the  straw,  and  part  comes 
over  with  the  water.  Its  sublimation  is  performed 
in  low  flat-bottomed  glass  vessels,  placed  in  sand, 
and  the  camphor  becomes  concrete,  in  a  pure  state, 
against  the  upper  part,  whence  it  is  afterwards  sepa- 
rated with  a  knife,  after  breaking  the  glass.  Numer- 
ous other  vegetables  are  found  to  yield  camphor  by 
distillation.  Among  them  are  thyme,  rosemary, 
sage,  elecampane,  anemone,  and  pusatilla.  A  smell 
of  camphor  is  disengaged  when  the  volatile  oil  of 
fennel  is  treated  with  acids ;  and  a  small  quantity  of 
camphor  may  be  obtained  from  oil  of  turpentine  by 
simple  distillation,  at  a  very  gentle  heat.  Camphor 
has  a  bitterish,  aromatic  taste,  is  unctuous  to  the 
touch,  and  possesses  a  degree  of  toughness  which 
prevents  it  from  being  pulverised  with  facility,  unless 
a  few  drops  of  alcohol  be  added,  when  it  is  easily  re- 
duced to  a  powder.    It  floats  on  water,  and  is  exceed « 
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iaglyYoktik,  being  gndoftUy  dissipated  inTapoar  if 
k^  in  open  Teasels.    At  888^  Fah.  it  enters  into 
liision*  and  boils  at  4000  Fah.    It  is  insoluble  in 
water,  but  is  dissolved  freely  by  alcobol,  from  which 
it  b  immediately  precipitati^  in  milky  clouds,  on  the 
addition  of  water.    It  is  likewise  soluble  in  the  fixed 
and  volatile  oils,  and  in  strong  acetic  acid.    Sulphu- 
ric add  decomposes  camphor,  converting  it  into  a 
substance  like  artificial  tannin.    With  nitric  acid,  it 
yields  <  peculiar  acid,  called  ecmipAoric  acid.    This 
acid  combines  with  alkalies,  and  finrms  peculiar  salts, 
called  tamfhrnrateB,    They  have  not  hitherto  been 
applied  to  any  useful  purpose.    As  an  internal  medi- 
cine, camphor  has  been  frequently  employed  in  doses 
of  from  5  to  20  grains,  with  much  aovantage,  to 
procure  sleep  in  mania,  and  to  counteract  gangrene. 
In  large  doses,  it  acts  as  a  poison.    Dissolved  in 
acetic  acid,  with  some  essential  oils,  it  forms  the  aro- 
matic vinegar.    It  promotes  the  solution  of  copal ; 
and  from  &e  circumstance  that  its  efiiuvia  are  very 
noxious  to  insects,  it  is  much  used  to  defend  subjects 
of  natural  history  from  their  ravages.    In  a  crude 
s|ate,  camphor  is  formed  into  irregular  lumps,  of  a 
y&lowish-gray  colour,  somewhat  resembling  nitre  or 
bay-salt.     It  is  imported  into  Europe  in  canisters, 
and  the  refining  of  it  was  long  kept  a  secret  by  the 
Venetians.    The  Dutch  have  since  performed  this 
woii;   and  large   quantities  of  camphor  are  now 
refined  by  some  of  the  English  and  American  che- 
mists.    For  carpenters'  work,  the  wood  of  the  cam- 
phor-tree is  much  used.    It  is  light  and  durable, 
and,  in  consequence  of  long  retaining  its  aromatic 
SBftell,  is  not  liable  to  be  injured  by  insects.     Plants 
of  the  camphor  and  cinnamon  trees  were  captured  by 
Admiral  Rodney,  in  1782,  and  afterwards  carried  to 
iamaicay  and  propagated  there.    The  camphor-tree 
which  grows  very  abundantly  in  the  western  parts  of 
Japan,  is  a  different  species  from  that  found  in  the 
iabinds  of  Sumatra  and  Borneo,  with  which  we  are 
principally  acquainted.    Camphor  was  formerly  in 
great  repute  as  a  medicine,  but  at  present  its  virtues 
are  less  highly  rated.    It  is  a  corral  and  stimulant 
of  a  decidedly  heating  character,  and  is  therefore  im- 
proper in  all  fevers,  unless  the  system  b  very  low  and 
weak.    In  such  cases,  if  combined  with  nitre  and 
other  cooling  articles,  it  is  sometimes  an  excellent 
diaphoretic :  but  in  fevere  in  general,  it  b  an  article 
lather  to  be  avoided.    It  was  once,  however,  and  b 
atfll*  in  some  parts  of  Europe,  thought  to  be  one  of 
the  best  medicmes  in  fever  of  almost  all  sorts ;  but  it 
k  an  article  that  could  well  be  dispensed  with  in  com- 
Bum  practice.    As  a  domestic  cordial  and  medicine, 
it  b  perhaps  more  used  than  any  other,  being  still, 
in  families,  a  panacea  for  all  ailments  of  the  smaller 
sort. 

Caftax.  a  canal,  in  navigation,  b  an  artificial 
diannel  ror  transportation  by  water.  The  first  in- 
quiry in  the  project  of  such  a  work,  accordingly,  re- 
lates to  the  amount  of  transportation  that  will  be 
accommodated  by  the  route  proposed,  at  some  given 
rate  of  toUs  (for  the  quantity  will  be  in  some  degree 
influenced  by  that  rate).  If  the  project  be  a  mere 
speculation,  or  investment  of  capital  by  individuals 
for  the  sake  of  income,  its  ei^pediency  will  be  deter- 
mined by  the  net  amount  of  annual  toils  it  will  proba- 
htf  yield ;  which  ought,  in  thb  view  of  the  matter,  to 
be  equal  to  the  ordinary  rate  of  interest.  But  the  ge- 
neral utility  or  public  expediency  of  a  project  of  this 
•ort  b  not  determined  wholly  by  thb  mode  of  calcu- 


lation ;  for,  in  thb  view,  we  must  look  at  tlie  indirect 
advantages,  such  as  the  increased  value  of  lands  oh 
the  borders  of  the  canal,  the  increased  prodBts  of  othei 
works  connected  with  or  affected  by  the  one  pro- 
posed; as  in  the  case  of  the  smaller  branches  of  in- 
ternal navigation  in  England,  many  of  which,  as  wiU 
be  seen  by  referring  to  the  subjoined  Ibt,  are  not 
very  productive  investments,  but  doubtless  contribute 
to  Uie  large  income  of  the  great  lines  of  transporta- 
tion between  the  principal  towns,  as  London  and 
Liverpool,  by  increasing  the  amount  of  goods  that 
pass  along  those  lines.  To  determine  the  general 
public  utility  of  one  of  these  smaller  branches,  there* 
fore,  we  must  estimate  not  only  the  increased  value 
which  it  gives  to  coal  mines,  stone  quarries,  forests, 
&c.  on  the  bordere,  but  also  its  effe<^  in  enhancing 
the  value  of  other  canals.  But  a  work  of  this  sort 
may  be,  on  the  whole,  of  public  utility,  although  an 
absolute  income,  in  consequence  of  the  investment, 
can  nowhere  be  traced,  but  only  a  reduction  of  the 
cost  of  some  article  of  general  use,  by  means  of  a  di- 
minution of  the  labour,  the  number  of  days'  or  hours' 
work,  necessary  to  fumbh  the  article,  at  any  place* 
Thus  the  proprietors  of  the  Duke  of  Bridgewater's 
Canal  are  under  obligation  to  supply  the  inhabitants 
of  Manchester  with  coab  at  the  rate  of  four-pence  for 
140  pounds,  which  b  a  great  benefit  to  the  inhabit- 
ants of  that  town.  This  b  one  of  the  advantages  <^ 
thb  work,  which  should  be  taken  into  the  account  in 
estimating  its  public  utility.  Another  beneficial  con- 
sequence of  any  great  improvement  of  this  descrip- 
tion, as  well  as  those  of  other  kinds,  often  is  to  pro- 
mote some  species  of  arts :  for  instance,  a  canal  may 
promote  agriculture,  horticulture,  &c.,  by  irrigation 
or  opening  a  market.  In  determining  on  any  canal 
project,  then,  as  well  as  in  estimating  its  utility,  these 
various  circumstances  are  to  be  taken  into  considera- 
tion. The  motives,  whether  of  public  utility  or  pri- 
vate emolument,  or  a  union  of  them  both,  being 
sufficient  to  induce  to  the  undertaking,  the  next  things 
to  be  considered  are,  the  obtaining  of  an  adequate 
supplv  of  water,  the  particular  route  to  be  XakisL, 
and  ue  mode  of  construction.  On  these  subjects, 
the  reader  is  referred  to  the  treatises  more  particu- 
larly relating  to  them.  The  remainder  of  the  present 
article  will  be  devoted  to  a  general  account  of  some 
of  the  most,  considerable  works  of  thb  sort  in  various 
parts  of  the  world. 

Canals  op  Eotpt.  Egypt  has  been  celebrated  for 
its  canab  from  the  earliest  periods  of  history.  The 
principal  are  the  Canal  ofAlexmdHa,  between  that 
city  and  Rosetta  and  the  Nile ;  that  of  Jetti/,  on  the 
western  bank  of  the  Nile,  and  parallel  to  it ;  and  that 
of  the  Red  Sea  and  Nile,  across  the  bthmus  of  Suez. 
The  existence  of  thb  last,  though  a  subject  heretofore 
of  some  discussion,  b  now  estid>lbhed  beyond  doubt 
It  was  begun  by  Necho,  son  of  Psammeticus,  about 
616  B.  C,  and  the  woric  was  continued  by  Darius 
Hystaspes,  but  was  afterwards  abandoned,  from  feai 
of  inundating  a  great  part  of  Egypt,  which  b  sup- 
posed to  be  lower  than  the  surface  of  Hhe  Red  Sea. 
The  work  was,  however,  resumed,  and  completed 
nearly  a  century  afterwards,  about  631  years  before 
the  Christian  era,  by  Ptolemy  II.;  but  a  current 
from  the  Red  Sea  upon  Egypt  was  prevented,  it 
seems,  by  a  barrier  or  bank  across  the  canal ;  or  li 
part  of  the  route  may  have  been  left  unexcavated. 
Thb  dam,  if  narrow,  might  have  been  passed  by 
boata  on  inclined  planes,  after  the  Chinese  method 
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woUMrnfiBtJi  Inl  it  acems  ta  fas  moce  ^pcobabki  that 
btatft  did  inot  pftss  between  the  canal  and  the.  Red 
fiea^  but.  that  the  cargoes  were  cacried  by  land  across 
theintewening^  barrier^  or  portion  of  ground  not  ex- 
caarated,  and  reshipped.  Herodotus  says  this  canal 
iiras  of  four  days'  navigation,  and  wide  enough  to 
mdmk  o£  four  ivessels  to  pass  abreast.  Strabo  says  it 
.was  100  oidnts  wide,  and  of  sufficient  depth  for  large 
VMsels^  The  breadth  would  probably  vary  very  much, 
aa  does  thai  (rfthe  canal  of  Alexandria ;  for  if  it  was 
made,  for  any  considerable  part  of  the  distance,  by 
embanking,  instead  of  excavating,  additional  breadth 
night  be  given  without  increasing  the  expense  of 
constraotion  i  and  if  navigated  by  eailing-^vessds, 
like  the  .eanai4)fAlexanKlria»1iie  additional  breadth 
would  be  convenient,  thou^not  maintained  through 
the  whole  route. 

Tka Oatud  qf  7iiMi(f  ileavesthe  Rosetta. outlet  of  the 
Nile,  near^Rhamendi,  passes  a  little  south  of.De- 
miemhour  (the  ancient  iTeriMpoiM  Poms),  and  thence 
by  the  nortfa*ea^  shore  .of  the  lake  Maieatia  to  Alex- 
imdria.  Two  branches  pass  off  in  a  north-west  di* 
rectaon,  and  one  in  a  southwardly,  whidi  communi- 
cates with  the  lake  Mareotis.  This  canal-  is  navi- 
gsted'by  sailbg-vessels^  being  in  most^  parts  of  a 
convenient  breadth  for  this  purpose,  though  at  its 
entimice  firom  the  Nile  by  its  new  channel,  it  is  only 
I9i  leet  wide.  The  old  entrance,  a  little  north  of 
tiie  new,  is  not  used,,  on  account  of  the  height  of  the 
baaks^  which  intescept  the  wind.  Aiterwaids, -at  the 
liUage  of  Lemedis,  it  spreads  to  the  breadth  of  about 
6§  yards,  and  keeps  this  breadth' for.  2^  leagues, 
idiere  the  banks  are  13  feet  above  tiie  bottom  of  the 
omal,  and  10  above  the  surCsce of  the  ground.  -Pssflr 
i^g  over  3  leagues  more,  towards  Aleaandria  to  GfU}el, 
the  breadth  is  eontracted  to  22^  yards.*  It-contUiines 
of.  about  this  breadth  foe  4  lea^^Ks,  and  is  very  i^ 
gidar.  Beyond  Leloha,  it  widens,  imrying  in  .the 
£nt  half  league  frouL  lOdito  273  yards'  in  breadth. 
Near'Beda,it  is  &&  yards  wide,  lamlthe  banks  23  feet 
high.  Psssing  on^  .towards  Alexandria,- the  country 
sii^  by  degrees,  untii  the  iiottom  of 'the  canal  is  on 
A  level  with  the  adjacent  territory^  and  theui  nses 
above  it,  the.  oanal  being  here  formed  by  embanks 
iBtants;  but,  for  a  league  before  arrivixig  at  Alexan- 
"dria,  the  ground  rises  againi  so  that  the  canal  is  here 
^:>nned  by  4m  excavation  in  the  ground.  It  passes 
very  near  the  lake  Aboukir,  on  the  left^  in  the  course 
we  have  been,  following,  and  is  separated  from  it, 
near  the  western  extremity  of  the  lake,  only  by  a 
wall  about  20  feet  in  < thickness.*  The  water  must. 
Tise  13  feet  above > the  lowest  state  of  the  -Nile. to 
AUterihe  AUSMndria  Canal;  and  at  high  water  in 
the  Nile,  the  water  in  the  canaL  is  about  2  feet  deep- 
onaa  average.  -  The  distance,  in  a  stri^ht  line,,  from 
Jthameneh  to  Alexandria,  is  about  1&  leagues,  bat 
.by  the  course,  of  the  canal,  20.  -  The  navigation  of 
^s  canal  O0ntinuesx>nly  about  20  or  25  days  in  the 
year,  during:  the  highest  water  of  the  Nile.  The. 
French,  wl^  in  Egypty  were  enabled  to  navigate 
this  canal  for  six  weeks  by  clearing  away  about  18 
inches  o^  mud  near  Rhameneh,  at  tifie  eastern  extre- 
mity. This  canal,  which  now  passes  through  ruins 
and  deserts,  and  is  navigable  for  only  a  few  days  of 
the  year,  was,' as  late  as  the  fourteenth  century, • 
i>oideieii.by  m.wealthy>  and  populous  territory^  and,, 
in  the  time  of  the  Roman  and  Ghreek  empires,  was 
the  channel  of  an  extensive  transportation. 
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more  extfAslve.  itdfod  canal  navigation  than  any 
other  natioQ^  if  Apt  .greater  than  that  of  all  other 
nations.  The  gpnejral  course  of  the  rivers  is  from 
west  to  east,  the  principal  of  which  are  the  Yang-tae, 
^r  Kiang-keo,  to  the  south^.the  course  of  which  is 
said  to  be  2000  miles,  and  its  breath  2^  miles  at  a 
distance  of  IQO  miles,  from  its  mouth ;  and  the  Yellow 
River,  to  the  northrWArd,  which  is  represented  to  be 
still  longer.  These  .twp  rivers  pass  into  tiie  sea* 
within.  100  miles  of  ^ac^  othei:,  though  they  are  more 
than  lOOQ  miles  apart  in  the  Jnt^por  of  the  country. 
The  artificial  channels  of  navigation  pass  in  a  north- 
erly and  southerly  direction  across  the  territorv  lying 
between  the  natural  streams,  thus  ma^ng  hoes  of 
communication  between  these  principal  rivers  and 
their  various  braachesy  which  form  the  natural  chan* 
neb  of  transportation  in  the  easterly  and  westerly 
directions.  As  th^se  canals  pass,  oven  the  summits  of 
the  intermediate  territories  between  the.great  streams, 
the  different  parts  of  the  canals  must  be  upon  dif<* 
ferent  levels,  and  there  must,  accordingly,  be  some 
means  for  boats  to  pass  from  one  level  to  another, 
which  they  do  mostly  by  means  of  inclined  planes 
and  rollers,  over  which  they  are  drawn  by  m<^ 
The  ascent  and  descent,  at  some  of  these  planes,  is 
16  feet.  The  banks  of  the  canals  are,  in  many  in- 
stances,.lined  witii  freestone,  and  contain  sluices  tc 
let  the  water  off  for  irrigating  the  country  and  sup- 
plying the  towns ;  and  in  many  parts,  also,  they  are 
beautifully  omanftented  with  trees.  The  barque  in 
which  Le  Compte  passed  from  Nimpo  on  a  canal, 
was  70  feet  long  and  16.  feet  broad.  The  manage- 
ment,^  repairs,  and  extension  of  the  canals  is  a  very 
important  branch  of  the  .internal  economy  of  the  em-> 
pire,  and  the  description  and  history  of  these  works 
IS  said  to.  occupy  40  volumes ;  which  does  not,  how- 
ever, give  JOs  a  very  definite  idea  of  the  extent  of  these 
records^  aa  we  are  not  told  the  size  of  these  volumes. 
Some,  of  the  most  extensive  of  their  canals  have 
been  in  operation  about  2000  years,  having  been  com- 
(deted  80  years  before  the  Christian  era ;  and,  about 
A.  D^  606,  it  is  said  there  were  completed  in  Uie  em- 
pire 1600  leagues  of  canal. 

The  Imperial  CamU^  and  the  continuation  of  the 
line  of  transportation  between  Pekin  and  Canton,  of 
which  that. forms  a  part,  is. moat  frequentiy  spoken 
oC  though  the  .distance  of  the  whole  route  is  vari- 
ously stated.  Malte^Brun,  in  his  Geography,  states 
it  at  1660  miles,  but  it  is  stated  by  others  at  920. 
The  ufivigation  over  this  route  occupies  about  three 
months..  Hie  part  of  this  line  called  the  Imperial 
Caml  is  said  to  be  about  600  miles  in  length  froia 
the  vicinity  of  Pekin.  to  the  .Yellow  River,  which  it 
meets. about  25  leagues  from  the  sea*  where  the  nver 
is  about  a  mile  wide  and  9  or  10  feet  deep.  This 
canal  ia  called  the  Inperial,  fropt^  its  being  navigated 
only  by  the  emperor's  boats,  which  Le  Compte  esti- 
mates at  1000  of  100  tofts  burthen  each.  Between 
the  Yellow  River  and  Canton,  the  navigation  is  inter- 
rupted, for  about  30  miles,  by  .a  mountainous  dis- 
tricts-causing a  portage  of  that  distance. 

Canaxs  of  Itai.t.  In  ancient  Italy,  besides  the 
Camal  of  the  PotUine  Marshes,  intended  as  a  drain,  and 
used  also  for  navigation,  the  region  about  the  mouths 
of  the  Po  was  intersected  by  the  Foesa  AugutH,  Fheea 
PbiUetiua,  and  numerous  other  canals.  It  was  in 
-Italy  that  the  great  improvement,  in  modern  cans^, 
over.  the.  ancient  and  those  of  China,  was  fijrst  intro- 
4uced,  in  148  U  by  the  oonstruttioo  of  locks  and 


CANALS    OP    RUS8IA^-^-CANALS    OF    O^RMA^T. 

ahriees  to  ptts  fcotts  fnm  baelevd  t»  another.  It 
WIS  the!  iuTentioiii  d  two  engineers  of  Vlterbo,  hvo^ 
iStten,  whose  names  have  not  been  handed  down. 
Tins  improvement  was  soon  after  adopted  in  the  Mi- 
lanese territory,  under  the  direction  of  Leonardo  da 
Vinci,  ^e  fiunoos  painter.  Who  was  also  celebrated 
as  an  engineer.  Inland  navigation  became  so  im- 
portant, ttiat  the  Italian  governments  paid  great  at- 
tention to  it,  and  enacted  many  regulations  on  the 
rabject,  and  nomerous  treatises  were  published  on 
the  construction  of  locks  and  the  art  of  making  and 
managing  canals.  The  following  are  some  of  the 
principal  canals  of  modem  Italy: — ^The  Naviglio 
Grande,  between  Milan  and  the  river  Tesino,  15 
miles  in  length,  130  -Frtoch  feet  broad  at  ^e  suifkce, 
and  46  at  the  bottom.  It  was  extended  to  Milan  in 
1257>  and  enlarged,  in  l%69,  wHh  u  branch  oi  about 
11  miles  in  lei^;th,  from  Abiato  southward.  The 
Jtfor/eseiia  Cmmi  branches  off  from  the  right  bank  of 
the  Adda,  near  Concessa  (ancient  THbzo)  ;  is  94 
miles  in  length  and  33  feet  in  breadth,  and  is  raised, 
m  some  places,  by  waUs  and  embankments  llO  feet 
above  the  level  of  the  river.  In  1497>  five  locks  were 
intniduced  into  this  canal.  The  great  canal  qf  Tmm» 
tetminates  at  Milan.  The  Mvzta  Canal  is  drawn 
also  finom  the  river  Adda,  near  Oassaao,  and  re-enters 
die  river  at  Casti^^one,  40  miles  distant. 

In  PUdmtmt  are  the  NavigUo  drln^a,  38  miles  in 
length,  uniting  the  Bora  Ealtea  and  the  Sessia,  with 
a  iaanch  of  13  miles;  to  the  Gardenii  River ;  and  a 
canal  of  37  miles  ttom  Dora  Badtea,  a  little  above  the 
iaiis  of  the  Po,  which,  passing  Trino,  unites  vrith  the 
Fo  four  mUes  below  Casal.  Hiese  two  canals  are 
parallel  to  the  Po,  and  substitutes  for  it.  There  are 
three  oth^r  sh<M  canals  in  this  territory .-^In  the 
IhceAy  tf  MaiUua  is  the  jPhna  Puzxola,  15 'miles  in 
lei^im,  from  the  Mincio  to  the  Tartaro,  and  the  CamU 
tf  St.  Oeorge,  7  miles  long,  brandling  to  the  Lake  of 
Mantua ;  also  the  Monianaro,  8  miles  from  the  same 
lake  to  the  Po,  at  Borgo  Fute;  the/ossa  Maeiira,  5 
miles  finom  Ozoma  to  &e  Canal  Monianaro ;  and  Uie 
Fntero,  from  the  Mincio,  7  miles.-^In  the  Dwikif  of 
Modema  is  a  canal  16  miles  in  length,  from  Secchia 
by  Modena  to  Buiaro,  which  has  several  branches> 
one'  5  miles  long.^— In  the  papal  territory  is  the  fossa 
Bnffone,  parallel  td  the  Panaro,  from  which  a  branch 
passes  off  by  Conte  to  Po  Mort  or  Po  di  Jerana^  and 
the  Csfial  2>i  Gunxmiu  ^^%flla/ef,  22  nules  long.  From 
Bologna  to  Ferrara  is  the  CandllH  NamgUo^  24  miles 
long,  and  terminating  in  the  great  marshes.  There 
are,  besides,  many  short  branches  of  the  canals  al- 
ready mentioned,  as  well  as  locks  and  channels  for 
passing  rapids  in  the  navigable  rivers. 

Canals  of  Russia.  The  canals  of  Russia  began 
with  Peter  the  Great,  who  had  observed  their  useiful 
effects  in  Holland.  He  commenced  three.  The  Coaoi 
of  Ladoga;  begun  by  him  A.  D.  1718,  and  finished  by 
the  Empress  Anne,  is  67i  miles  long,  from  theVolk 
to  the  Neva,  70  feet  broad,  and  the  virater  7  feet  deep 
in  summer,  and  10  in  winter. — The  Canal  of  Viskntu 
VoloekM,  completed  under  Peter  the  Great,  but 
much  improved  afterwards  by  Catharine,  forms  a 
communication  by  water  between  Astracan  and  Pe- 
tersbnig,  or  between  the  Caspian  and  the  Baltic, 
which  is  effected,  as  will  be  seen  by  referring  to  the 
map,  by  passing  from  the  Caspian  up  the  Wolga, 
then  tarnmg  i|ito  the  river  Ivertza ;  leaving  which, 
the  canal  passes  over  to  the  river  Bchlina,  which 
iows  towiurds  the  Baltic  into  the  Lake  Martina, 
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Iram  wludi  ^flowa  theriver  Miata,  wdudv  after  a 
course  of  234  miles,  dischasges  itself  into  Lake  IlmeOi 
firom  whkh  issues  the  Volk,  that  runs  130  miles,  and 
empties  -into  the  lake  Ladoga^  which  again  gives  rise 
to  the  Nova,  that  discharges  itself  ^  into  the  Baltic  at 
Petersbuig ;  so  tiiat  these  threa  rivers  are,  in  fact* 
the  same  stream,  passing  through  three  lakes  in  its 
course.  It  is-  said  that  3485  barques  have  passed 
through  this  canal  in  one  y«ar,  .  There  are  many 
other  canals  in  Russia,  whidi  wehave  not  space  to 
describe.  The  canals  and  rivers  supply  the  pb^«nels 
of  a  very  extensive  inland  narigation  in  Russia ;  so 
that  goods  may  be  transported,  by  rivers  and  canals, 
from  the  firontiera  of  China  to  Petersburg,  a  distance 
of  4472  miles  j  and  the^  line  of  navigation  from  As- 
tracan to  that  capital  is  1434  miles. 

Canals  of  Swkdkn,  ^  Canals  were  early  opened 
iu  Sweden,  and  the  improvement  of  the  inland  navi- 
gation ^has  always  beeu  a  subject  of  great  interest  to 
the  governments-  Among  the  modem  canab  of  this 
country  is  that  of-  Stromskolm,  60  miles  long,  the 
descent  336  feet,  the  number  of  locks  25,  breaddi  18 
feet,  and  -depth  4  feet  4  inches.^f-The  KMac  Canal 
and  the  <?sMa  Canal,  intended  to  open  a.  communi- 
cation between  the  lake  Wenner  and  the  Baltic, 
have -been  commenced  under  the  superintendence  of 
the  English  engineer  Mr.  Telford.— The  Canal  qf 
Tro^atia  mdces  a  navigable  channel  round  the  ra- 
pids of  Trolhatta,  in  the  river  Gotha,  consisting  of 
successive  cascades,  one  of  60feet  in  hmght,  and,  in 
aU^  1 14  feet,  and  situated  N.  £.  of  Gothenburg,  about 
45  miles*  The  project  of  constructing  works,  by 
which  to  pass  these  rapids,  was  long  trontemplated, 
and  finatty  accomplished  in  1800.  These  rapids  in- 
terrupted the  navigation  of  the  Gotha  for  about  two 
miles;  and  the  ^lifBcuky-  of  making  a  canal  past 
them  was  owing  to  the  banks  being  Xold  and  rocky, 
as  is  usual  at  falls  of  such  extent.  They  are  novw 
passed  bv<nine  locks,  mostly  excavated  out  of  solid 
rock,  luia  i»  considered  a  gigantic  work,  and  was 
executed  by  a  private  company,  for  their  own  emolu- 
ment, as  well  as  the  pul^ic  benefit. 

•Canals  op  Dbnmabk.  The  principal  canal  in 
this  country  is  that  of  KeU,  which  commences  about 
three  miles  north  of  Keil,  and  passes  20i  miles 
across  the  Duchy  of  Holstein  to  the  river  Eydar, 
which  running  by  Rendsburg,  fidls  into  the  German 
Ocean  at  Jonningen.  The  Keil  Canal  thus  opens  a 
eommunication  between  the  two  seas.  It  was  begun 
m  1777/  and  completed  in  1785 ;  is  100  feet  broad  at 
the  top,  57  at  the  bottom,  and  the  least  depth  of  wa- 
ter is  10  feet.  The  descent  from  the  summit  towards 
the  Baltic 'is  25  i  feet,  and  towards  the  German  Ocean 
23  feet.    It  has  6  locks. 

Canals  of  Holland.  This  country,  it  is  well 
knovm^  is  intersected  in  all  directions,  by  canals, 
which  serve  for  navigation  in  summer,  and  roads  of 
ice  in  vrinter.  The  surface  of  the  water  in  many  of 
these  canals,  is  above  that  of  the  surrounding  coun- 
try; the  lands  of  which  are  drained  by  pumping  the 
water  up  into  the  canals ;  for  which  purpose  numer- 
ous vrindmills  are  scattered  about  the  country  and 
kept  in  operation. 

Canals  of  Gbkmany.  The  improvemt  of  inland 
navi^ion  in  Germany  has  been  obstructed  by  the 
division  of  the  territory  into  numerous  small  jurisdic- 
tions, which  are  in  many  respects  independent  of 
each  other.— The  canal  between  Vienna  and  ^etc- 
stadl  is  404niles  in  length ;  and  that  of  Fnmm,  co  Ji- 
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|>leted  in  1802,  between  the  Dlmnbe  and  Jeysse,  is  of 
the  same  length,  and  has  three  locks. — In  Prussia  are 
the  canaU  of  SteeknUx,  Planer,  Potsdam,  Flnow, 
Muhirose,  Fktderie  WiiUam,  and  the  Bromberg,  This 
last  was  constmcted  under  Frederic  the  Great,  by 
the  engineer  Breekenhaaff.  It  is  16  miles  in  length, 
has  a  descent  of  67  feet,  and  nine  locks. 

Cmmjllb  op  Spain.  Spain  has  done  almost  no- 
thing towards  improving  its  internal  navigation. 
Some  canals  have  been  projected,  but  only  a  part  of 
the  Arragon  Canal  has  been  completed,  consisting  of 
two  pieces  of  canal,  both  commencing  at  Navarre. 
Though  tiiis  partial  execution  of  the  projected  navi- 
gation has  had  a  sensible  effect  in  promoting  the  po- 
pulousness,  fertility,  and  wealth  of  the  neighbour- 
ing territory,  the  work  stands  still ;  and  there  seems 
to  be  little  prospect  of  the  completion  of  the  project. 

Canals  of  Francb.  The  canals  of  France,  next 
to  those  of  Great  Britain,  are  the  most  important  in 
Europe,  in  respect  to  their  extent  and  the  difficulties 
overcome  in  their  construction.  The  whole  length  of 
canal  navigation  in  France  is  about  900  miles,  or 
about  one-thirdpart  of  that  of  Great  Britain. — Ca- 
nal of  Briare.  Tlie  first  important  work  of  this  kind, 
constructed  in  France,  was  the  canal  of  Briare, 
called  also,  that  of  the  jLoire  and  Seine,  because  its 
object  was  to  connect  those  two  rivers.  It  was  37 
years  in  execution,  being  begun  in  1605,  during  the 
reign  of  Henry  IV.,  and  completed  in  1642.  It  is  34 i 
miles  in  lengtn.  From  the  Loire,  about  a  mile  from 
Briare,  it  ascends  along  the  river  Frezee,  by  Ouzonne 
and  Rogny,  where  are  7  locks ;  then  by  Chatillon 
and  Montargis,  and  near  Cepay  meeto  the  river 
Loing,  which  falls  into  the  Seine.  The  locks  of  this 
canal,  40  or  42  in  number,  were  the  first  executed  in 
France.  They  vary  from  124  to  164  i  feet  in  length, 
and  from  5  feet  4  inches  to  more  than  13  feet  in 
lift,  and  are  according  to  some  authorities,  14  feet 
6  inches,  or,  according  to  others,  15^^  feet  in 
breadtib.  The  bottom  of  the  canal  is  25t^  wide.  It 
is  supplied  with  water  principally  by  lakes ;  one  of 
the  feeders,  that  of  Priv6,  is  12  miles  m  length.  The 
^st  of  this  canaJ  is  estimated  at  20,000,000  francs, 
or  about  3,700,000  dollars,  which,  considering  the 
difference  in  the  value  of  money,  is  nearly  equal  to  that 
of  the  Erie  Cuial  of  New  York.  It  is  important  for 
the  supply  of  provisions  to  Paris. — ^The  Canal  du 
Midi,  or  Langttedoc  Canal,  makes  a  communication 
between  the  Mediterranean  at  the  city  of  Cette,  and 
the  Atlantic  Ocean  at  the  mouth  of  the  Garonne,  pass- 
ing through  the  province  of  Languedoc,  and  is  sup- 
|)lied  by  the  rivers  Garonne  and  Gironde,  and  their 
tributaries.  It  was  undertaken  in  1664,  22  years  af- 
ter that  of  Briare  was  completed,  and  finished  in 
1680 ;  being  148  English  miles  in  length,  from  the 
coast  of  the  Mediterranean  to  Toulouse,  where  it 
meets  the  Garonne ;  64  feet  wide  at  the  surface  of  the 
water,  and  34  or  35  feet  at  the  bottom ;  rising,  at  the 
summit,  200  metres,  or  about  640  feet  above  tide- 
water, and  having  1 14  locks,  varying  in  lift  from  4 
to  12  feet,  and  navigated  by  boats  85  feet  long,  and 
from  17  to  19  broad,  drawing  5  feet  4  inches  of  wa- 
ter, anid  of  100  tons  burthen.  The  reservoir  of  St. 
Ferrol  is  situated  at  the  summit-level,  where  a  body 
of  water  more  than  five  French  leagues  in  length  is 
accumulated,  for  the  supply  of  the  canal,  from  the 
streams  falling  from  the  neighbouring  mountains. 
This  reservoir  and  the  basins  at  Castelnaudary  cover 
595  acres.    The  canal  passes  under  a  mountain  at 


Beziers,  by  a  taimel  of  780  feet  in  length,  lined 
throughout  with  freestone — a  kind  of  oonstmctioa 
novel  at  the  time  when  the  canal  was  made,  though 
now  common.  The  canal  is  crossed  by  92  road- 
bridges,  and  has  55  aqueduct  bridges.  It  was  com- 
plete under  Louis  XIV.,  under  the  direction  of 
Francois  Andreossi,  as  engineer.  It  is  estimated  to 
have  cost  33,000,000  francs,  or  about  6,160,000 
dollars ;  in  comparing  which  with  the  cost  of  similar 
works  in  Great  Britain  and  the  United  States,  allow- 
ance  must,  as  above  suggested,  be  made  for  the  dif  • 
ference  in  the  value  of  money,  the  same  nominal 
cost,  in  France,  being  a  much  greater  actual  cost  in 
this  comparison. 

The  Canal  of  Orleans  was  the  next  in  order  of  time, 
having  been  begun  in  1675,  and  completed  in  1692, 
12  years  after  that  of  Languedoc.  It  branches  from 
the  Loire,  near  to  Orleans,  36  miles  below  the  place 
where  the  canal  of  Briare  meets  that  river,  and  joins 
the  canal  of  Briare  at  Montargis,  being  45  miles 
long.  One  object  of  its  construction  was  to  save 
the  difficult  navigation  on  the  Loire,  between  Orleans 
and  the  junction  of  the  canal  of  Briare  with  that 
river,  and  to  open  a  shorter  route  of  communication 
between  the  Lower  Loire  and  Paris.  It  has  28  locks 
varying  from  136i  to  177i  feet  in  length,  and  of  lifts 
from  5  feet  4  inches  to  12  feet  7  inches.  From  the 
Loire  to  the  summit,  the  ascent  is  98  feet  2  inches. 
The  breadth  is  from  25  feet  7  inches  to  32  feet,  at 
the  surface  of  the  water,  and  the  depth  from  4^  feet 
when  frdl,  to  2  feet  when  lowest.  The  boats  are  from 
96  to  102  feet  long,  and  13  feet  10  inches  broad.  The 
expense  of  its  construction  is  stated  at  8,000,000 
francs,  or  about  1,500,000  dollars. 

The  Canal  of  Loing  is  a  continuation  of  the  navi- 
gation of  that  of  Orleans,  and  the  northern  part  of 
Uiat  of  Briare,  commencing  from  the  northern  ex- 
tremity of  that  of  Briare,  and  extending  to  the  river 
Seine,  terminating  in  the  neighbourhood  of  Fon- 
tainbleau.  It  was  completed  in  1723,  is  33  miles 
long,  44  feet  broad  at  the  surface,  34  at  the  bottom, 
and  from  4  to  5  feet  deep.  The  towing-path,  on 
each  side,  is  6  feet  5  inches  broad,  outside  of  which, 
on  each  side,  is  an  embankment,  like  the  letf^  on 
the  Mississippi,  or  the  dykes  of  Holland,  3  feet  high, 
19  feet  broad  at  the  base,  and  12  feet  9  inches  at  the 
top,  to  prevent  the  waters  from  overflowing  during 
floods.  The  whole  descent  is  136  feet  8  inches, 
divided  among  21  locks,  which  vary  in  lift  from  4  to 
7  feet,  and  in  breadth  from  15i  to  16.  The  cost  is 
stated  at  2,500,000  francs,  or  about  466,000  dollars. 
It  was  constructed  about  Uie  same  time  with  the  ca* 
nal  of  Orleans. 

The  Canal  of  the  Centre,  called  also  that  of  Ckaro* 
loi$,  and  likewise  a  branch  of  the  "  Grand  Naviga- 
tion," completed  in  1791,  leaves  the  Loire  at  Dijon, 
follows  the  banks  of  the  Arran,  then  the  left  bank  of 
the  Bourbonne,  and  passes  by  Parce,  Genelard,  Aire 
and  Blauzey,  to  the  lakes  of  Monschamin  and  Long- 
pendu,  which  form  the  summit- level,  the  rise  being 
240  feet,  by  30  locks,  in  6300  metres.  The  summit- 
level  is  a  distance  of  3940  metres,  whence  the  canal 
descends  by  the  river  Dheune,  to  St.  Julian,  where 
it  crosses  that  river,  and  passes  along  the  right  bank 
by  St.  Benain,  St.  Leger,  and  St.  Gilles,  to  Chagny, 
leaves  the  valley  of  the  Dheune,  and  crosses  towards 
the  river  Halia,  which  it  follows  to  its  junction  with 
the  Soane  at  Chalons,  the  descent  from  the  summit 
being  400  feet  by  50  locks,  in  a  distance  of-  47/XM> 
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;  liie  whole  length  of  the  canal  being  aboat  71 
miles,  the  breadth,  at  the  surface  of  the  water,  48 
feet,  at  the  bottom  30  feet,  the  depth  of  the  water  Si 
feet,  the  length  of  each  lock  100  feet,  and  its  breadth 
16.  The  cost  of  this  canal  is  stated  at  11,000,000 
francs,  or  about  2,060,000  dollars. 

The  Canal  </  St.  Qianton  unites  the  Scheldt  with 
the  canal  of  Flanders.  It  was  projected,  in  1727,  by 
the  military  engineer  Devicq,  but  not  constructed 
until  1810.  The  original  plan,  which  has  been  very 
nearly  followed,  was  to  proceed  from  Maquincourt, 
near  the  Scheldt,  to  Mount  St.  Martin,  there  pass 
through  a  tunnel  3440  toises,  or  a  little  more  than 
3}  n^es  long ;  then  follow  the  valley  of  Bellinglise 
and  Haut  Court  to  the  heights  of  Tronquoy ;  £ere 
pass  through  a  tunnel  700  toises,  a  little  more  than 
j  of  a  mile  in  length,  coming  out  at  Ledin ;  making 
the  distance  of  tiie  summit-level  7090  toises,  or  a 
little  over  8  miles,  of  which  2950  are  open,  and  4140, 
or  more  than  4i  miles,  subterraneous.  The  length 
of  this  canal  is  28  miles ;  in  the  rise  from  St  Quin- 
tin  to  the  summit-level,  there  are  5  locks,  and  in  the 
descent  to.  Cambray,  17.  The  cost  is  stated  at 
12,000,000  francs,  or  about  2,260,000  dollars. 

Can AX8  OP  Gksat  Britain.  The  English  were 
a  century  after  the  French  in  commencing  the  con- 
struction of  canals  upon  a  large  scale.  The  first 
considerable  woiic  of  this  description  was  the  Sankey 
Canal,  for  which  an  act  of  parliament  was  passed  in 
1755 ;  the  object  of  the  act  being  the  improvement 
of  the  navigation  of  Sankey  Brook ;  which  plan  was 
afterwards  changed  to  that  of  a  separate  canal  of  12 
miles  in  length.  While  the  work  on  this  canal  was 
in  progress,  in  1758,  the  Duke  of  Bridgewater  ob- 
tained an  act  of  parliament  for  making  Worsley 
Brook  navigable  from  Worsley  Mill  to  the  river 
Irwell,  for  the  purpose  of  facilitating  the  transporta- 
tion of  coals  from  his  estate  to  Manchester ;  but  see- 
ing the  advantages  of  still- water  navigation  over  that 
of  a  river,  he  conceived  the  project  of  a  canal  over 
dry  land,  passing  the  river  Irwell  by  an  aqueduct, 
aiid  thus  making  a  communication  between  his  coal 
mines  and  the  town  of  Manchester  on  one  level. 
The  plan  was  subsequently  extended,  and  the  duke, 
who  lived  14  years  after  the  commencement  of  the 
execnrion  of  his  project  (he  died  in  1772,  at  the  age 
of  56),  devoted  his  time  and  his  fortune  to  the  exe- 
cution of  this  great  work,  with  the  assistance  of  an 
engineer  distinguished  for  hia  genius.  He  diverted 
all  bis  resources  into  this  channel,  and  to  enlarge  his 
memoB  for  the  undertaking,  he  limited  his  personal 
eipenaes  to  4002.  a  year,  and  is  even  supposed  to 
have  shortened  his  life  in  consequence  of  the  toils 
and  anxiety  attendant  upon  so  arduous  an  enterprise. 
It  was  a  grand  project,  worthy  of  the  sacrifices  he 
made  to  it.  And  it  is  a  stupendous  monument, 
whereby  his  memory  is  associated  with  the  wealth 
and  prosperity  of  our  country.  The  works  were  pro- 
jected by  the  celebrated  engineer  John  Brindley,  and 
executed  under  his  direction,  and  constitute  a  lasting 
memorial  of  his  genius  and  skill.  The  difficulties  he 
had  to  encounter  are  of  so  interesting  a  nature,  that 
we  had  better  give  a  description  of  his  labours  some- 
what more  in  detail.  The  principle  laid  down  at 
the  commencement  of  this  business  reflects  much 
hoBoor  on  ifbe  noble  undertaker,  as  well  as  upon  his 
cagineer.    It  was  resolved  that  the  canal  should  be 


perfect  in  its  kind,  and  that,  in  order  to  preserve  the 
level  of  the  water,  it  should  be  free  from  the  usual 
obstructions  of  locks.  But,  in  Accomplishing  this 
end,  many  difficulties  occurred,  which  were  deemed* 
insurmountable.  It  was  necessafy  that  the  canal 
should  be  carried  over  rivers,  and  many  large  and 
deep  valleys,  where  it  was  evident  that  such  stu- 
pendous mounds  of  earth  must  be  raised,  as  could ' 
scarcely,  it  was  thought,  be  completed  by  the  labour 
of  ages  :  and,  above  all,  it  was  not  known  from  what 
source  so  large  a  supply  of  water  could  be  drawn, 
as,  even  upon  this  improved  plan,  would  be  requisite 
for  the  navigation.  But  Mr.  Brindley,  with  a 
strength  of  mind  peculiar  to  himself,  and  being  pos- 
sessed of  the  confidence  of  his  great  patron,  who 
spared  no  expense  to  accomplish  h&  favourite  design, 
conquered  all  the  emfbarrassments  thrown  in  his 
way,  not  only  from  the  nature  of  the  undertaking 
itself,  but  by  the  passions  and  prejudices  of  inter- 
ested individuals:  and  the  admirable  machines  he 
contrived,  and  the  methods  he  took,  to  facilitate  the 
progress  of  the  work,  brought  on  such  a  rapid  exe- 
cution of  it,  that  the  world  began  to  wonder  how  it 
could  have  been  esteemed  so  difficult.  Thus  ready 
are  men  to  find  out  pretences  for  lessening  the  merit 
of  others,  and  for  hiding,  if  possible,  ^m  them- 
selves, the  unpleasant  idea  of  their  own  inferiority. 

When  the  canal  was  completed  as  far  as  Barton* 
where  the  Irwell  is  navigable  for  large  vessels,  Mr. 
Brindley  proposed  to  carry  it  over  that  river,  by  an 
aqueduct  of  39  feet  above  the  surface  of  the  water. 
This,  however,  being  generally  considered  as  a  wild 
and  extravagant  project,  he  desired,  in  order  to  jus- 
tify his  conduct  towards  his  noble  employer,  that 
the  opinion  of  another  engineer  might  be  taken ;  be- 
lieving that  he  could  easily  convince  an  intelligent 
person  of  the  practicability  of  his  design.  A  gentle- 
man of  eminence  was  accordingly  called  in;  who,- 
being  conducted  to  the  place  where  it  was  intended 
that  the  aqueduct  should  be  made,  ridiculed  the  at- 
tempt; and  when  the  height  and  dimensions  were 
communicated  to  him,  he  exclaimed,  "  I  have  often 
heard  of  castles  in  the  air,  but  never  before  was 
shown  where  any  of  them  were  to  be  erected."  This 
unfavourable  verdict  did  not  deter  the  Duke  of  Bridge- 
water  from  following  the  opinion  of  his  own  en- 
gineer. The  aqueduct  was  immediately  begun ;  and 
it  was  carried  on  with  such  rapidity  and  success,  as 
astonbhed  all  those  who  but  a  little  before  con- 
demned it  as  a  chimerical  scheme.  This  work  com- 
menced in  September,  1760,  and  the  first  boat  sailed 
over  it  on  the  17th  of  July,  1761.  From  that  time, 
it  was  not  uncommon  to  see  a  boat  loaded  with  forty 
tons  drawn  over  the  aqueduct,  with  great  ease,  by 
one  or  two  mules ;  while  below,  against  the  stream 
of  the  Irwell,  persons  had  the  pain  of  beholding  ten 
or  twelve  men  tugging  at  an  equal  draught ;  a  strik- 
ing instance  of  the  superiority  of  a  canal  navigation 
over  that  of  a  river  not  in  the  tideway.  The  works 
were  then  extended  to  Manchester,  at  which  place 
the  curious  machine  for  landing  coals  upon  the  top 
of  the  hill,  gives  a  pleasing  idea  of  Mr.  Brindley'a 
address  in  diminishing  labour  by  mechanical  con- 
trivances. 

The  following  are  the  prudcipal  canals  in  Great 
Britain:— 
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.) 


Name* 


Aberdare,  •  • 


Ab^vdeenfiltiie/ 


Ashby-de-larl 
ZoQch.       J 


Ashton-undeT'' 
line>  or  Man- 
chester   and  y 
Oldham,  and  f 
branches,      J 

Bamesley  and  \ 
branches,       / 

Basingstoke,    . 


Butningham,   • 


1793 

1805 
1>90, 


1805  40i 


Birmingham  1 
and  Fazeley,  J 

Brecknock      "l 
and  > 

Abergavenny,  J 

D.  of  Bridge-  ) 
water  5 


1797 


1799 


1790 


1773 


1790 


1776 


1758 


7* 

19 
23^ 


18 

18 
37 


•cent,  in  feet 
and  decimal 
parti. 


T«taL 


40 


170 

177 


iH. 


33i 


l6i 


S3 


40 


158 

120 
195 


Pr.alU. 


5.5 


8.8 


7.8 


iW. 


30 


I 

Q 


304 


248 


68 


83 


8.4 
6.3 


33  15 


3i 


9.07 


13 


40 


30 


53 


4i 


4i 


From  Grlamorganshire  to  Abemant.  Length  of  die  boats, 
12  feet;  breadth,  5.  Number  of  shares,  321 ;  originally, 
lOOi. 

From  Aberdeen  Harbear  to  Don  RiYer>at  Inverary  Bridge; 
17  locks. 

From  Sonthan^ten  Water  to  AndoiFer ;  has  been  par- 
tially abandoned.  Number  of  shares,  350;  originally, 
100^. 

From  the  Coventry  Canal,  at  Marston  Bridge,  to  an  iroB 
railway,  3i  miles  long,  at  Ticknall^  The  first  30  milea 
are  level,  forming,  with  the  Coventry  and  Oxford  Canal,  $ 
level  of  73  miles,  without  tndnding  the  branches.  It  hu 
tunnels  at  Ashby-de-la-Zeuoh  and  Snareton  (the  length  of 
fhe  two  is  700  yards),  and  an  iron  railway,  6  miles  m 
leng1^,'4o  the  CloudriiiU  mines*  -  It  has  2  aqueduct  bridges. 
At  Boothofpa,  a  steam-engine  is  erected,  to  convey  the 
water  to  a  feederlbr  the  summit-level.  Number  of  shares 
1488 ;  cost,  113 J.  t  prtiM  in- 1833^  742. 

From  Rochdale  Canal,  ^  Manchester,  to  Hudderefield, 
at  Duckenfieldt  luis  3  aqueduct  bridges  ^  boats  of  85  tons 
burthen.  Number  of  shar«s>  1760|  average  cost,  97'.  18#.; 
price  in  1833,  IM* 

From  river  Calder,-  below  Wakefield,  to  Baraby  Bridge ; 
has  1  aqueduct  bridge  and-  20  looks.  Number  of  shares, 
730;  cost,  l60l. ;  price  in  1833>  847/« 

From  Wye  to  Basingstoke ;  has  73  bridges  and  39  locks. 
Number  of  shares,  1650 ;  cost,  lOOJ. ;  price  in  183^,  51. 
The  Tingis  branch  is  5  i -miles  inlength,^  The  boats  are  of 
45  tons  burthen/'  It  has  a  tunnel  of  i  mile. 

Commences  inthe  Birmingham  and  Staffordshire  Canals 
and  terminates  in  the  Birmingham  and  Fazeley  CenaL  The 
boats  are  70  feet  long  and  7  vride,  and  of  32  -tons  burthen* 
Number  of  shares,  4000 1  originally^  I7^10*.t  price  in  1B83, 
339'.    The  tonnage  is  not  to  ezeeed  l|d  per  mile« 

From  the  Coventry  Canal,  at  Whktington  Brook,  to  Bir- 
mingham-Canal, at  Farmer's- Bridge f.liAs  44 locks {  boats 
32  tons  burthen* 

From  the  Monmouthshire  Canal  ta  Breoon.  There  is,  at 
Abergavenny,  an  iron  railway  a  mile  in  length ;  at  Waki 
Dew  another  4 1  miles,  and  at  Llaagroiney  another  1^  mile. 
It  has  a  tunnel  of  220  yards,  and  3  aqueduct  bridges.  Num- 
ber of  shares,  958  ;  originally,  ISOl* ;  price  inl833>  SOL 

From  the  tide*way  of  the  Meney>  at  RnacomGap;  and 
at  Longford  Bridge  divides  into  2  branches,  one  termmatiBg 
at  Manchester^  l^e  other  at  Pennington,  near  the  town  m 
Leigh.  The  whole  lockage  is  the  83^  feet  at  the  Mersey, 
in  rising  irom  tide-water,  by  10  locks.  Thi»  canal,  with 
a  part  of  the  Trent  and  Mersey  Canal  connected  with  it, 
makes  a  level  of  70  miles,  30  of  which  are  on  this  canal. 
Mr.  Cary  states  that  there  are  about  16  miles  of  canal  under 
ground  within  the  mountains  at  Worsley.  It  has  3  prin- 
cipal aqueduct  bridges,  and  several  smaller  ones.  Arched 
branchea  pass  off  from  it  at  considerable  (distances,  under 
the  town  of  Manchester,  from  one  of  which  coals  are  hoisted 
up  to  supply  the  inhabitants^  and  the  proprietors,  suc- 
cessors to  the  Duke  of  Bridgewater,  are  bound  to  furnish  them 
at  4iL  for  140  lbs. ;  an  advantage  to  which  much  x>f  tha 
pro^;>erity  of  that  town  has  «been  attributed.  The  embank- 
ment over  Stratford  Meadows  is -900  yards  long,  17-ffet 
high,  and  112  feet  wide  at  the  base ;  that  at  Barton  Bridgs 
is  300  yards  long  and  40  feet  high.    The  tonnage  is  2s.  6dL 
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Name. 


Bristol  and  > 
Taunton,    S 

Borrowstonnees, 

Caistor,  .... 

CaJdon  and  9 
Uttoxeter«  5 

Caledonian,  .  . 


5^6 


Ascent  &  De- 
scent, in  feet 
and  decimal 
parts. 


TotaL  Pr.  «ik. 


1793 


41 

7 
9 


1822 


28 
21} 


136 
1905 


4.8 
8.6 


1 


40  bo 


From  Taunton  Bridge  to  the  mouth  of- the  Avon,  below 
Bristol,  price  in  1833;  701. 


From  Anchole  to  Caistor. 

A  branch  of  the  Gtand  Tmnk  Canal,  terminating  at  Ut- 
toxeter. 
201  This  stapendoos  canal  passes  through  a  chain  of  lakes; 
|or  loch$,  and  narrow  arms  of  the  sea;,  and  by  making  21{ 
miles  of  canal,  and  deef^^nia^  the  beds  of  tbe  rivers  Locht  and  Oicb,  and  dredging  to  deepen  a  part  of 
Loch  Ness  (in  the  whole  a  distance  of  4j  miles,  making  the  total  length  of  excavation  25  miles,  with  a 
k)ckage,  np  and  down;  of  'I90feet),  ail  (interior^  navigation  of  250  miles  b  opened  across  the  central  part 
of  Scotland;  Arom  l^e  Mmrftf  Firth,  on  the*  eastern  coast,  to  Cantyre,  on  the  western,  and  about  opposite 
to  tile  northern  coast  of  Irdand ;  being  One^half  of  the  distance  of  the  navigation  between  the  same  extreme 
points,  round  the  northern  coast  by  the  Orkneys.  It  has  27  locks,  including  the  tide-locks,  one  of  them 
170,  but  most,  if  not  all,  the  others:  1801^  long,  and  all  40  feet  wide;  thus  opening  a  ship^navigation 
tluoo|^  the  midst  of  the  covuMry,  rising,  at  the  sunhnit-level,  94  feet  above  the  tide  water  of  the  eastern 
coast,  and  96^  feet  above  that  of  the  western;  showiDj^  the  ocean  to  be  2i  feet  higher  on  the  eastern.  At 
Fort  Aogastus,  where  it  leaves  Loeh  Ness  in  »  north- westerly  direction,  this  canal  is  cut  through  the 
glacis  of  the  fortification,  thus  adding  to  the  mlHtary  defences  as  well  as  to  the  appearance  of  the  fort, 
which,  with  the  five  locks  of  masonry  risings  behind,  presents  a  grand  combination  of  civil  and  military 
engineering:  amid  romantic  mountain  stemery.  '  Frcmi  Loch  Ness,  passing  in  the  wcstwardiy  direction  of 
the  canal  to  Loch  Oich,  li  mile,  tiie  land  is  20  feet  above  the  water  line,  whith,  with  the  depth  of  water 
in  the  canal,  makes  an  excavation,  in  this  distance,  of  40  feet  in  depth,  with  a  bottom  of  40  feet  in  breadtli. 
To  save  rock-cutting,  in  descending,  in  the  westwardly  direction,  as  before,  fi*om  Loch  Oich  to  Loch  Lochy» 
the  natural  difference  of  the  surfaces  of  the  two  lakes  being  22  feet,  the  whole  area  of  Loch  Lochy,  which 
is  10  miles  in  length  and  1  in  breadth,  is  raised  12  feet.  In  the  last  2  miles,  before  the  canal  in  ifs 
westerly  direction  enters  Loch  Eil,  there  is  a  descent  of  64  feet,  which  is  passed  by  8  connected  locks» 
€acfa  180  feet  long  by  40  in  breadth;  These  locks  are  fotmded  on  inverted  arches,  exhibiting  a  solid  and 
continuous  mass  of  masonry  500  yards  in  length  and  20  yards  wide,  in  which  no  fiaw  has  yet  been  db- 
covered.  llie  gates  are  of  cast-iron.  Thb  system  of  locks  has  received  the  fanciful  appellation  of  Nephme^$ 
SUtirease  ;  and  the  appearance  of  large  vessels,  with  theu*  masts  and  rigging,  descending  these  stupendous 
locks,  from  the  hill  towards  Loch  Eil,  b  most  majestic  and  imposing,  exhibiting  a  striking  instance  of  the 
triumph  of  art.  In  the  dbtanoe  of  8  iiiiies,  from  Loch  Lochy  to  tide-water  in  Loch  Eil,  the  canal,  in  passing 
along  the  north-westerly  bank  of  the  river  Lodiy,  crosses,  by  aqueduct  bridges,  3  large  streams  and  23 
smaller  ones.    Since  the  consCructionof  thb  canal,  upwards  of  a  million  of  forest  trees  have  been^  planted 

along  its  borders.    The  cost  of  thb  great  national  work  was,  for 

£.  £ 

Management  and  travelling  expenses,    .    29*000  Purchase  and  damage  of  land,    •    •    •  47,900 

Timber, 68,600  Horse  labour,      ........  3,000 

Machinery,  cast-iron  work,  &c.,      •*.  121,400  Road-making, 4,000 

Quarries  and  masonry, 195,800  Incidental  expenses, 2,000 

Shipping, 11,000  905,300 

Labour  and  workmanship,      ....  418,000  Add,  to  complete  the  dredging,   .    .    .  7,200 

Houses  and  bmklmgs, 4,600  £012  500 

Assoming  the  nunber  of  miles  operated  upon  to  be  25,  the  canal  cost  36,5001.  per  mile.    It  was  con- 
•tmcted  QDdcr  the  ^reotionof  Thomas  Telford,  Esq. 


Caidiff^orOla-  > 
morganshire,  S 


Chester,  .  .  1  . 
Chesterfield, .  . 


im 


1775 


1776*6 


Coventry,  ...  27 

1790 
Crinan,  .  •  .  .    1805  9 


25 


I7i 


600 


170 


380 


9^ 
117 


24 


9.7 
8.3 


3.6 
13 


From  a  sea-basin  on  the  Severn,  near  Cardiff,  to  Mer- 
thyr ;  is  connected  with  various  railways,  one  of  which  b 
26}  miles  long.  Number  of  shares,  600 ;  cost,  172/.  13s.  4d. ; 
price  in  1833,  2901. 

From  the  Dee,  at  Chester,  to  Nantwich,  where  it  commu- 
nicatee with  the  Whitchurch  branch  of  the  EUesmere  Canal. 

From  the  Trent,  at  Stockwith,  to  Chesterfield;  has  65 
locks  and  2  tunnels,  together  2850  yards  long,  and  9i  feet 
wide.  The  lower  part  of  the  canal  b  navigable  for  boats 
of  from  50  to  60  tons  burthen,  and  the  higher,  being  but 
26  or  28  feet  broad,  b  navigable  for  boats  of  only  20  or  22 
tons  burthen.  These  boats  are  70  ft.  long  and  7  ft.  broad. 
Number  of  shares,  1500;  cost,  100/. ;  price  in  1833, 176/.. 

A  part  of  the  line  of  canal  between  London  and  Liverpdol, 
price  in  1833,  680/. 

From  Lake  (Hip  to  Lake  Crinan.  Number  of  shares,  1961.;^ 
cost,  sol. ;  price  m  1S33»  2/.  lOf. 
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CAMERA    OBSCURA CAMPHOR. 


In  ord^  to  bave  a  redticed  copy  of  a  drawing,  the 
drawing  is  to  be  placed  at  a  distance  from  the  prism 
rreaterthan  the  distance  of  the  paper  from  the. eye- 
hole. If  the  distance  is  twice  as  great,  a  copy  will 
be  obtained,  in  which  the  lines  will  be  of  one*half 
the  size  of  the  lines  in  the  original,  and  so  in  pro- 
portion to  other  distances.  A  lens  is  necessary,  that 
the  eye  may  be  enabled  to  see  at  two  different  dis- 
tances;  and,  in  order  that  one  lens  may  serve,  the 
distance  between  the  eye-hole  and  the  paper  should 
be  variable ;  on  that  account  the  stand  is  susceptible 
being  lengthened  or  shortened. 

Cambba  Obscura  (dark  chamber),  is  either  a 
closed  room,  in  which  the  li^ht  can  fall  only  through 
a  small  aperture^  or  an  optical  box,  in  which  exte- 
rior objects  are  represented  on  a  smaller  scale.  It 
b  used  for  amusement,  or  for  drawing  landscapes 
and  scenery,  though  what  is  gained  in  rapidity  and 
ease  of  execution  is  lost  in  Uie  dimness  of  the  co- 
louring. (For  the  theory  of  this  instrument,  see 
Optics.) 

Cames  are  slender  rods  of  cast  lead,  of  which 
glaziers  make  their  turned  or  milled  lead,  for  joining 
the  panes  or  quarrels  of  glass. 

Camp  means,  generally,  the  place  and  order  of 
tents  or  huts  for  soldiers  in  the  field.  In  modern 
times,  a  difference  is  made  between  camp  and  bivouac, 
the  former  signifying  the  residence  of  an  army  rest- 
ing in  tents ;  the  latter,  the  situation  of  one  which 
dispenses  with  them,  and  remains  either  entirely  in 
the  open  air,  or,  where  time  allows  it,  in  huts  built 
of  branches,  &c.  On  the  continent  of  Europe,  tents 
are  abolished,  and  the  name  of  camp,  therefore,  is  sel- 
dom used  there  at  present. 

Camps,  of  course,  are  of  very  ancient  origin,  since 
almost  all  nations,  in  their  infancy,  lived  as  nomades, 
dwelling  in  ents ;  as  is  the  case  with  many  tribes  in 
Asia  and  Africa  at  the  present  da^r,  e.  g.,  the  Arabs. 
The  Romans,  probably,  first  carried  the  art  of  en- 
campment to  a  high  degree  of  perfection,  on  account 
of  their  many  wars  in  distant  and  thinly  settled  re- 
gions, where  their  large  armies  found  no  cities  to 
quarter  in.  Caesar  and  several  other  Roman  authors 
give  us  much  information  on  their  way  of  construct- 
ing a  camp,  which  they  improved  in  strength  and 
convenience,  according  to  the  time  they  were  stationed 
in  it,  and  which  at  the  same  time,  the  want  of  for- 
tresses obliged  them  to  make,  in  some  cases,  the 
points  of  their  military  operations.  From  such 
camps,  it  is  well  known,  many  cities  orginated,  as 
Cologne  on  the  Rhine,  Treves,  Cambridge,  Bristol, 
and  many  others.  It  is  a  fact  of  much  interest,  that 
the  military  art,  after  so  many  changes  in  tactics, 
and  in  the  principles  of  strategy,  again  resorts  to 
something  sunilar  to  these  fortified  camps  of  the  an- 
cients, as  in  very  recent  tunes,  it  has  been  thought 
advisable,  besides  providing  fortresses,  properly  so 
called,  to  strengthen  certam  large  cities  on  the  chief 
roads,  partly  in  order  to  defend  them  against  the 
first  attack  of  the  enemy,  and  to  prevent  his  possess- 
ing himself  easily  of  the  important  resources  which 
they  afford,  but  chiefly  to  give  to  retreating  armies 
rallying  points,  able  to  furnish  support  to  numerous 
soldiers.  They  are  also  points  of  assembly  for  the 
militia.  Thus  the  Prussians  fortified  the  large  city 
of  Cologne.  Of  al  1  the  European  armies,  the  English 
are  the  only  ones,  we  believe,  who  make  use  of  tents, 
and  therefore  have  camps,  in  the  narrower  sense  of 
the  word.    It  is  to  be  observed,  that  camps  have  be- 


come slighter  and  simpler  with  the  progress  of  th« 
military  art.  The  camps  of  the  Turks,  or  other 
Asiatic  nations,  are  extremely  cumbersonie,  in  com- 
parison with  Uie  light  bivouac  of  the  Europeans, 
from  which,  at  any  moment,  the  whole  army  can  rise 
in  arms  prepared  for  battle. 

Campaign  generally  denotes  the  season  during 
which  armies  keep  the  field.  It  abo  means  an  ex- 
tensive level  country.  Formerly,  when  war  was  not 
carried  on  with  so  much  impetuosity  as  at  present, 
campaigns  lasted  only  during  the  warmer  months; 
and  towards  winter,  the  troops  went  into  winter* 
quarters,  when  the  officers  of  the  opposing  armies 
often  met  very  amicably  at  balls  and  other  entertain- 
ments; but  of  late,  armies  have  kept  the  field  through 
the  winter,  till  a  decisive  victory  has  been  gained. 
Thus,  the  allies,  in  the  winter  of  1813 — 14,  followed 
the  French  over  the  Rhine ;  some  battles  were  fought 
in  January  and  February,  and  the  armies  remained 
for  several  months  wiUiout  roof  or  tent,  in  the 
open  air  of  a  cold  winter. 

Campanile  ;  a  detached  tower,  in  some  parts  of 
Italy,  erected  for  the  purpose  of  containing  bells. 
Several  of  them  have  deviated  considerably  from  the 
perpendicular,  in  consequence  of  their  great  height 
and  narrowness  of  base.  The  campanile  of  Pisa, 
called  Torre  Pendente,  or  Hanging  Tower,  is  the 
most  remarkable  of  these.  Its  height  is  150  feet, 
and  it  inclines  nearly  13  feet  from  the  perpendicular. 
The  tower  consists  of  eight  stories,  each  of  which  is 
surrounded  by  columns. 

Camphou  is  a  white,  resinous  production,  of  pe- 
culiar and  powerful  smell,  not  unlike  that  of  rosemary, 
and  is  extracted  from  two  or  three  kinds  of  trees  of 
the  bay  tribe,  that  grow  in  the  islands  of  the  East 
Indies  and  China.  Of  these,  the  principal  is  the 
laurus  camphora  of  Linnieus.  It  is  of  considerable 
height,  much  branched,  and  has  spear-shaped  leaves, 
with  nerves,  of  a  pale  yellowish-green  colour  on  the 
upper  side,  and  bluish-green  beneath.  The  flowers 
are  small,  white,  and  stand  on  stalks  which  issue 
from  the  junction  of  the  leaves  and  branches.  Cam- 
phor is  found  in  every  part  of  the  trees ;  in  the  inter- 
stices of  the  perpendicular  fibres,  and  in  the  veins  of 
the  wood,  in  the  crevices  and  knots,  in  the  pith,  and 
in  the  roots,  which  afford  by  far  the  greatest  abun- 
dance. The  method  of  extracting  it  consists  in  dis- 
tilling with  water  in  large  iron  pots,  which  serve  as 
the  body  of  the  still,  with  earthen  heads  fitted  to 
them,  stuffed  with  straw,  and  provided  with  re- 
ceivers. Most  of  the  camphor  becomes  condensed 
in  the  solid  form  among  the  straw,  and  part  comes 
over  with  the  water.  Its  sublimation  b  performed 
in  low  flat-bottomed  glass  vessels,  placed  in  sand, 
and  the  camphor  becomes  concrete,  in  a  pure  state, 
against  the  upper  part,  whence  it  is  afterwards  sepa- 
rated with  a  knife,  after  breaking  the  glass.  Numer- 
ous other  vegetables  are  found  to  yield  camphor  by 
dbtillation.  Among  them  are  thyme,  rosemary, 
sage,  elecampane,  anemone,  and  pusatilla.  A  smell 
of  camphor  is  disengaged  when  the  volatile  oil  of 
fennel  b  treated  with  acids ;  and  a  small  quantity  of 
camphor  may  be  obtained  from  oil  of  turpentine  by 
simple  distillation,  at  a  very  gentle  heat.  Camphor 
has  a  bitterish,  aromatic  taste,  is  unctuous  to  the 
touch,  and  possesses  a  degree  of  toughness  which 
prevents  it  from  being  pulverised  with  facility,  unless 
a  few  drops  of  alcohol  be  added,  when  it  is  easily  re- 
duced to  a  powder.    It  floats  on  water,  and  b  exceed  • 
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inglf  TobUlt,  being  gradually  dissipated  inTapoar  if 
lu^t  in  open  vessels.  At  888^  Fah.  it  enters  into 
Alston,  and  boils  at  4000  Fah.  It  is  insoluble  in 
water,  but  is  dissolved  freely  by  alcobol,  from  which 
it  is  immediately  precipitated  in  milky  douds,  on  the 
addition  of  water.  It  is  likewise  soluble  in  the  fixed 
and  volatile  oils,  and  in  strong  acetic  acid.  Sulphu- 
ric acid  decomposes  camphor,  converting  it  into  a 
substance  like  artificial  tannin.  With  nitric  acid,  it 
yields  a  peculiar  acid,  called  ecmipAoric  acid.  This 
acid  combines  with  alkalies,  and  finrms  peculiar  salts, 
called  tamfhrnrateB,  They  have  not  hitherto  been 
•l^lied  to  any  useful  purpose.  As  an  internal  medi- 
cine, camphor  has  been  f^requently  employed  in  doses 
of  from  5  to  20  grains,  with  much  advantage,  to 
procure  sleep  in  mania,  and  to  counteract  gangrene. 
in  large  doses,  it  acts  as  a  poison.  Dissolved  in 
acetic  acid,  with  some  essential  oils,  it  forms  the  aro- 
matic vinegar.  It  promotes  the  solution  of  copal ; 
and  from  &e  circumstance  that  its  efiiuvia  are  very 
noxious  to  insects,  it  is  much  used  to  defend  subjects 
of  natural  history  from  their  ravages.    In  a  crude 

Ss,  camphor  is  formed  into  irregular  lumps,  of  a 
owish-gray  colour,  somewhat  resembling  nitre  or 
bay-salt.  It  b  imported  into  Europe  in  canisters, 
and  the  refining  of  it  was  long  kept  a  secret  by  the 
Venetians.  The  Dutch  have  since  performed  this 
work ;  and  large  quantities  of  camphor  are  now 
refined  by  some  of  tne  English  and  American  che- 
mists. For  carpenters'  work,  the  wood  of  the  cam- 
phor-tree is  much  used.  It  is  light  and  durable, 
and,  in  consequence  of  long  retaining  its  aromatic 
sasell,  is  not  liable  to  be  injured  by  insects.  Plants 
of  the  camphor  and  cinnamon  trees  were  captured  by 
Admiral  Riodney,  in  1782,  and  afterwards  carried  to 
Jamaica,  and  propagated  there.  The  camphor-tree 
which  grows  very  abundantly  in  the  western  parts  of 
Japan,  is  a  different  species  from  that  found  in  the 
islands  of  Sumatra  and  Borneo,  with  which  we  are 
principally  acquainted.  Camphor  was  formerly  in 
great  repute  as  a  medicine,  but  at  present  its  virtues 
are  less  hi^y  rated.  It  is  a  conUal  and  stimulant 
of  a  decidedly  heeiting  character,  and  is  therefore  im- 
proper in  all  fevers,  unless  the  system  is  very  low  and 
weak.  In  such  cases,  if  combined  with  nitre  and 
other  cooling  articles,  it  is  sometimes  an  excellent 
diaphoretic :  but  in  fevers  in  general,  it  is  an  article 
ra^er  to  be  avoided.  It  was  once,  however,  and  is 
atfll,  in  some  parts  of  Europe,  thought  to  be  one  of 
the  best  medicmes  in  fever  of  almost  all  sorts ;  but  it 
is  an  article  that  could  well  be  dispensed  with  in  com- 
mon practice.  As  a  domestic  cordial  and  medicine, 
it  im  perhaps  more  used  than  any  other,  being  still, 
in  families,  a  panacea  for  all  ailments  of  the  smaller 


Can AL.  A  canal,  in  navigation,  is  an  artificial 
duuinel  for  transportation  by  water.  Hie  first  in- 
quiry in  the  project  of  such  a  work,  accordingly,  re- 
lates to  the  amount  of  transportation  that  will  be 
accommodated  by  the  route  proposed,  at  some  given 
rate  of  tolls  (for  the  quantity  will  be  in  some  degree 
influenced  by  that  rate).  If  the  project  be  a  mere 
speculation,  or  investment  of  capital  by  individuals 
lor  the  sake  of  income,  its  ei^pediency  will  be  deter- 
mined by  the  net  amount  of  annual  tolls  it  will  proba- 
bly yield ;  which  ought,  in  this  view  of  the  matter,  to 
be  equal  to  the  ordinary  rate  of  interest.  But  the  ge- 
neral utility  or  public  expediency  of  a  project  of  this 
wost  u  not  determined  wtioUy  by  this  mode  of  calcu- 


lation ;  for,  in  this  view,  we  most  look  at  tlie  indirect 
advantages,  such  as  the  increased  value  of  lands  on 
the  borders  of  the  canal,  the  increased  profits  of  othei 
worics  connected  with  or  affected  by  the  one  pro- 
posed; as  in  the  case  of  the  smaller  branches  of  in- 
ternal navigation  in  England,  many  of  which,  as  will 
be  seen  by  referring  to  the  subjoined  list,  are  not 
very  productive  investments,  but  doubtless  contribute 
to  Uie  large  income  of  the  great  lines  of  transporta- 
tion between  the  principal  towns,  as  London  and 
Liverpool,  bv  increasing  the  amount  of  goods  that 
pas5  along  those  lines.  To  determine  the  general 
public  utility  of  one  of  these  smaller  branches,  there* 
fore,  we  must  estimate  not  only  the  increased  value 
which  it  gives  to  coal  mines,  stone  quarries,  forests, 
&c.  on  the  borders,  but  also  its  effect  in  enhancing 
the  value  of  other  canals.  But  a  work  of  this  sort 
may  be,  on  the  whole,  of  public  utilitv,  although  an 
absolute  income,  in  consequence  of  the  investment, 
can  nowhere  be  traced,  but  only  a  reduction  of  the 
cost  of  some  article  of  general  use,  by  means  of  a  di- 
minution of  the  labour,  the  number  of  days'  or  hours' 
work,  necessary  to  furnish  the  article,  at  any  place* 
Thus  the  proprietors  of  the  Duke  of  Bridgewater's 
Canal  are  under  obligation  to  supply  the  inhabitants 
of  Manchester  with  coals  at  the  rate  of  four-pence  for 
140  pounds,  which  is  a  great  benefit  to  the  inhabit- 
ants of  that  town.  This  is  one  of  the  advantages  of 
this  work,  which  should  be  taken  into  the  account  in 
estimating  its  public  utility.  Another  beneficial  con- 
sequence of  any  great  improvement  of  this  descrip- 
tion, as  well  as  those  of  other  kinds,  often  is  to  pro- 
mote some  species  of  arts :  for  instance,  a  canal  may 
promote  agriculture,  horticulture,  &c.,  by  irrigation 
or  opening  a  market.  In  determining  on  any  canal 
project,  then,  as  well  as  in  estimating  its  utility,  these 
various  circumstances  are  to  be  taken  into  considera* 
tion.  The  motives,  whether  of  public  utility  or  pri- 
vate emolument,  or  a  union  of  Uiem  both,  being 
sufllcient  to  induce  to  the  undertaking,  the  next  things 
to  be  considered  are,  the  obtaining  of  an  adequate 
supply  of  water,  the  particular  route  to  be  taken, 
and  the  mode  of  construction.  On  these  subjects, 
the  reader  is  referred  to  the  treatises  more  particu- 
larly relating  to  them.  The  remainder  of  the  present 
article  will  be  devoted  to  a  general  account  of  some 
of  the  most,  considerable  works  of  this  sort  in  various 
parts  of  the  world. 

Canals  of  Eotpt.  Egypt  has  been  celebrated  for 
its  canals  from  the  earliest  periods  of  history.  The 
principal  are  the  ComoI  qf  Alexatidria,  between  that 
city  and  Rosettaand  the  Nile ;  that  of  J€§9^f,  on  the 
western  bank  of  the  Nile,  and  parallel  to  it ;  and  that 
of  the  Red  Sea  and  Nile,  across  the  isthmus  of  Suez. 
The  existence  of  this  last,  though  a  subject  heretofore 
of  some  discussion,  is  now  estflJ>lished  beyond  doubt 
It  was  begun  by  Necho,  son  of  Psammeticus,  about 
616  B.  C,  and  the  work  was  continued  by  Darius 
Hystaspes,  but  was  afterwards  abandoned,  from  feai 
of  inundating  a  great  part  of  Egypt,  which  is  sup- 
posed to  be  lower  than  the  surface  of  *the  Red  Sea. 
The  work  was,  however,  resumed,  and  completed 
nearly  a  century  afterwards,  about  531  years  before 
the  Christian  era,  by  Ptolemy  II.;  but  a  current 
from  the  Red  Sea  upon  Egypt  was  prevented,  it 
seems,  by  a  barrier  or  bank  across  the  canal ;  or  a 
part  of  the  route  may  have  been  left  unexcavated. 
This  dam,  if  narrow,  might  have  been  passed  by 
boata  on  inclined  planes,  after  the  Clunese  method 
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N«me. 


Leicester,  .  .  . 


Leicestenkire 
and  North- 
amptonshire 
Union, 

Longhboroaghy 


MarketWeigh-  > 
ton,  S 

Monkland,   .  . 
Monmouthshire* 


Montgomery- 
shire, 
Welihpool  br., 
Neath, 


! 


•    •    •    • 


North  Wats,  . 
Nottingham,  . 
Oakham,  .  .  . 
Oxford,  .... 


Feak  Forest,    . 


Porttmonth  &  ) 
Arundel,       ] 

Ramsden's,  .  . 

tbtgBOtp  •  •   .  • 
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12 
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•oent.  in  feet 
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T*tal.  Pr.  Mile 
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41 


35 

96 
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269 


56 


86 


10.7 


93 
4.3 


3.2 

8 
53.5 


8.3 


8.4 


2.9 


9.5 


1 1 


30-16 


From  the  Loughborough  basin  to  the  Soar,  which  has 
been  rendered  navigable  as  far  as  Leicester.  Number  of 
shares,  545 ;  cost,  140L  ;  price  in  1833,  190^ 

From  Leicester  to  Market  Harboroug^.  It  has  4  tun- 
nels, 1056,  990,  880,  and  286,  in  the  whole  3212  yards  in 
length.  Number  of  shares,  1895 ;  cost,  832.  lOt. ;  price  in 
1833,  882. 

From  the  Trent,  near  Sawley,  to  Loughborough.  Number 
of  shares,  70;  cost,  142^  17«.  Bd, ;  price  in  1833,  ISOOL 

This  canal  affords  a  striking  instance  of  the  mutability  of 
canal  property.  In  1824,  we  find  the  shares  at /our  thou- 
$and  pounds  each,  they  are  now  reduced  to  less  than  half  the 
money,  and  this  reduction  may  be  mainly  ascribed  to  the 
increased  facilities  in  coast  conveyance. 

A  continuation  of  the  Forth  and  Clyde  Cahal. 

This  canal  is  remarkable  for  the  extent  of  its  railways 
and  inclined  planes.  Number  of  shares,  2409 ;  cost,  100/. ; 
price  in  1833,  194l.  It  has,  besides,  a  loan  of  43,5261.  at 
an  interest  of  5  per  cent. 

From  a  branch  of  the  Ellesmere  Canal  to  Newtown. 
Number  of  shares,  700;  originally,  1002.;  price  in  1833,  852. 

From  the  river  Neath,  at  the  Giant's  Qrave,  to  the  Aber- 
dare  Canal,  at  Abemant.  It  serves  for  the  transportation 
of  copper  and  lead  ore  from  Cornwall  to  Glamorganshire. 
Number  of  shares,  247;  cost,  1072. 10«. ;  price  in  1833, 2852. 

From  the  Thames  and  Severn  Canal  to  the  Wilts  and 
Berks. 

From  the  Trent,  at  Nottingham,  to  the  Cromford  Canal, 
near  Langley  Bridge. 

From  Melton  Mowbray  to  Oakham.  Number  of  shares, 
522 ;  cost,  1302. 

From  the  Coventry  Canal  to  the  river  Isis  at  Oxford,  and 
a  part  of  the  grand  Ime  between  Liverpool  and  London.  It 
has  3  aqueducts  of  very  considerable  magnitude,  a  tunnel 
at  Newbold  125  yards  long,  and  12}  feet  wide,  and  one  at 
Fenny  Compton  1188  yards  long  and  9l  feet  wide.  It 
rises  from  the  level  of  the  Coventry  Canal,  in  45}  miles,  to 
the  summit  at  Marston  Tolls,  74  feet  1  inch,  by  12  locks ; 
and  descends  from  the  summit  at  Claydon,  in  35  miles,  to 
the  Isis,  195^  feet,  by  30  locks.  It  has  188  stone  and 
brick  bridges.  It  cost  178,6482.  stock,  besides  130,000/. 
loan,  above  half  of  which  has  been  paid  off.  Number  of 
shares,  1786;  originally,  1002. ;  price  in  1833,  5602. 

From  the  Manchester,  Ashton,  and  Oldham  Canal,  at 
Duckenfield,  to  the  Chapel  Milton  basin.  It  has  a  railway 
6  miles  long.  It  passes  the  Mersey,  by  a  bridge  100  fbet 
high,  of  3  arches,  each  of  60  feet  span.  Number  of  shares, 
2400;  cost,  771 ;  price  in  1833,  742. 

From  the  river  Arun,  near  Little  Hampton,  to  the  bay 
connected  with  Portsmouth  Harbour.  Number  of  shares, 
2520 ;  cost,  502. 

From  the  Calder  and  Hebble  Navigation  to  the  Hudders- 
field  Canal. 

The  last  link,  near  London,  of  the  chain  connecting  that 
city  and  Liverpool.  It  commences  at  Paddington,  from  the 
Grand  Junction  Canal,  and  meets  the  Thames  at  Lime- 
house,  descending,  by  12  locks,  to  a  basin  communicating 
with  a  ship  lock.  The  locks  have  double  chambers^  which 
are  estimated  to  make  a  saving  of  nearly  one-half  the  nsnal 
quantity  of  water.  It  has  two  tunnels,  one  at  Maida  Hill, 
370  yards  long,  the  other  under  Islington,  900  yards. 
Number  of  shares,  12,294;  cost,  402.  lOt. ;  price  in  1833, 
162.  108. 
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From  the  river  Ure,  at  Miiby,  to  Ripon. 

From  the  Bridgewater  Canal,  in  the  town  of  Manchester, 
to  the  Caider  and  Hebble  Navigation,  at  Sowerby  Bridge. 
It  has  49  locks,  8  aqueducts,  a  tunnel  of  70  yards  m  length, 
and  several  reservoirs.  Number  Of  slopes,  5631 ;  cost, 
B6l ;  price  in  1833,  88/. 

From  Dublin,  in  a  westward  direction,  to  the  Shannon* 
at  Tasmonbarry,  nearly  parallel  to  the  Dublin  Canal,  and 
about  10  miles  distant  from  it.  Its  greatest  elevation 
above  the  sea  is  307  feet,  to  which  it  ascends  from  Dublin 
by  26  locks,  and  descends  to  the  Shannon  by  15  locks. 

From  the  Mersey  and  Irwell  Navigation,  at  Fiddler's 
Ferry,  to  Sutton  Heath  Mines.  It  has  10  locks,  and  also 
a  tunnel,  near  St.  Helen's.  It  was  the  first  canal  con- 
structed in  England. 

From  the  sea»  at  Hythe,  to  the  mouth  of  the  river  Rother. 
It  is  a  level,  having  locks  to  keep  in  the  water  at  low  tide. 
It  is  large  enough  to  receive  vessels  of  200  tons  burthen. 
Each  of  its  extremities  is  defended  by  strong  batteries.  It 
was  constructed  on  account  of  Bonaparte's  projected  de* 
scent  on  England,  and  hence  its  name  of  Royal  MUitaty 
Canal. 

From  Shrewsbury  to  the  Shropshure  Canal.  One  half 
of  the  ascent  is  effected  by  locks,  the  other  half  by  inclined 
planes.  It  has  one  tunnel.  Number  of  shares,  500 ;  ori- 
ginally, 125/.;  price  in  1833,  2502. 

From  the  Severn,  at  Coalport,  to  the  Shrewsbury  Canal, 
at  Downington  Wood.  It  has  several  inclined  planes  and 
railways,  but  no  locks.     Price  in  1833,  1382. 

From  the  Kennet  and  Avon  Canal,  at  Monkton  Coombe, 
to  Paulton.  The  boats  are  72  feet  long  and  7  broad.  It 
has  22  locks.  Number  of  shares,  800 ;  original  cost,  502. ; 
price  in  1833,  1702. 

From  the  Itchin,  at  Ncnrtham,  to  the  Ayon,'al  Salisbury 

From  the  river  Severn,  at  Stourport,  to  the  Grand  Trunk 
Canal.  It  has  44  locks.  Its  boats  are  of  20  tons  burthen. 
It  has  3  tunnels.  Number  of  shares,  700 ;  cost,  1402. ; 
price  in  1833, 5502.    Tonnage  not  to  exceed  Hd.  per  mile. 

From  the  river  Trent,  at  Keadby,  to  the  Don,  at  Fish- 
lake. 

From  the  Stafford  and  Worcester  Canal,  at  Stourton,  to 
the  Dudley  Canal.  It  has  20  locks.  Number  of  shares, 
300 ;  originally,  2452. ;  price  in  1833,  1902. 

From  the  river  Teign,  at  Newtown^to  Bovey  Tracey. 

From  the  river  Severn,  at  Framiload,  to  the  Thames  and 
Severn  Canal,  at  Wallbridge.   Price  in  1833,  5102. 

From  Swansea  Harbour  to  Hen  Noyadd.     Like  the 
Neath  Canal,  it  serves  to  transport  copper  ore  from  Corn- 
wall to  Glamorganshire  founderies.    Number  of  shares, . 
533 ;  originally,  1002.;  price  in  1833,  1852. 

From  the  river  Tamar,  at  Calstock,  to  Tavistock.  It 
has  a  tunnel  at  Morwellham,  460  feet  below  the  surface. 
This  tunnel  led  to  the  discovery  of  a  copper  mine. .  Its 
boats  are  15^  feet  in  length,  and  5  in  breadth.  Number 
of  shares,  350;  originally,  1002. 

From  the  Thames,  at  Gravesend,  to  <the  river  Medway ; 
Number  of  shares,  2670 ;  cost,  422.  9s.  5<2. ;  price  in  1824, 
262.    This  canal  has  loans  to  a  large  amount. 

From  the  Stroudwater  Canal  to  the  Thames  and  Isis 
Navigation.    The  boats  are  cSf  70  tons  burthen,  being  80 
feet  long  and  5  broad.     It  has  a  tunnel  at  Sapperton,  259 
feet  below  the  top  of  the  hill  of  rock  under  which  it  passe 
The  bottom  of  this  tannel  is  im  inyerted  arch.  Price  29/^ . 
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but  the  navigation  is  obstructed  by  shoals  and  shift- 
ing sands  at  its  mouth.  To  avoid  these  obstructions, 
the  river  is  to  be  made  navigable  for  sea-borne  ves- 
sels firom  Norwich  to  a  place  20  miles  lower  down 
the  river,  called  Reedham  Ferry,  where  a  new  cut  of 
2i  miles  is  to  be  made  across  the  marshes,  to  join 
the  river  Waveney  at  St.  Olave's  Bridge,  whence  the 
water  communication  proceeds  by  a  small  stream 
(Oulton  Dyke),  and  two  lakes  (Oulton  Broad  and 
Lothing),  from  the  latter  connected  with  the  sea  by 
a  channel  700  yards  long  and  40  feet  wide,  with  a 
sea  lock  50  feet  wide  in  the  clear,  and  24  feet  deep, 
for  the  purpose  of  admitting  sea-borne  vessels.  Oul- 
ton Dyke,  and  Oulton  Broad,  are  to  be  deepened. 
The  lock  constructed  at  the  outlet  of  Lake  Lothing 
makes  an  artificial  harbour,  the  first  that  has  been 
formed  in  England.  This  lock  has  folding  gates 
pointing  both  landward  and  seaward,  so  as  to  admit 
of  vessels  passing  in  or  out  at  any  time  of  tide,  and 
whether  the  water  be  higher  on  the  outside  or  in- 
side. ^ 

The  great  importance  of  navigable  canals  to  a 
commercial  country  like  Great  Britain,  will  be  a 
sufficient  apology  for  the  length  of  this  article; 
which  has  been  materially  improved  by  corrections 
and  emendations,  obligingly  furnished  by  Mr.  Woulf, 
<tfae  celebrated  canal  agent,  but  our  space  will  only 
permit  a  brief  notice  of  American  canals, — ^what  more 
may  be  found  necessary  will  have  a  place  under  In- 
land Navigation. 

It  appears,  from  the  following  outline,  that  not  less 
ibm  2600  miles  of  canal  are  constructed,  or  in  the 
progress  of  execution  in  the  United  States,  and  will 
probaUy  soon  be  completed,  making  a  liberal  allow- 
ance for  a  suspension  of  some  of  the  works  projected 
and  commenced.  The  extent  of  canal  in  the  United 
States  will  soon  equal  that  in  Great  Britain.  The 
canals  constructed  and  now  in  progress  in  the  state 
of  Pennsylvania  have  been  estimated  xt  a  length  of 
900  miles ;  very  nearly  equal  to  thai  of  the  canals 
of  Firanee,  but  doubtless  inferior  in  tbr  style  and  du  • 


From  the  Warwick  and  Napton  Canal,  near  Warwick, 
to  the  Digbeth  branch  of  the  old  Birmingham  CanaL  It 
has  a  tunnel  at  Fazeley  300  yards  in  length.  It  has  32 
locks. 

From  the  Warwick  and  Birmingham  to  the  Oxford 
Canal.  Number  of  shares,  980 ;  originally,  100/. ;  in  1833, 
216/. 

From  the  river  Wey,  near  Godalming,  to  the  north  branch 
of  the  Arun  River  Navigation.  Number  of  shares,  905 ; 
cost,  110/. ;  price  in  1833,  22/.  lOff. 

From  the  Kennet  and  Avon  Canal,  at  Semington,  to  the 
Thames  and  Isis  Navigation.     Price  in  1823,  4/.  10«. 

From  the  Severn,  at  Diglis,  below  Worcester,  to  the  Bir- 
mingham and  Fazeley  Canal,  at  Farmer's  Bridge.  Price  85/. 

From  a  detached  part  of  the  Fazeley  Canal,  at  Huddles- 
ford,  to  the  Birmingham  Canal  at  Wolverhampton.  The 
boats  are  of  18  tons  burthen.  It  has  28  locks.  Price  in 
1833,  115/. 

The  works  near  Yarmouth  open  an  inland  navigation  in 
two  directions ;  one  30  miles,  by  the  Yare,  the  other  20 
miles,  by  the  Waveney,  without  a  lock.  The  river  Yare 
discharges  at  Yarmouth,  about  30  miles  below  Norwich* 


rabilit^  of  execution.  The  WeUand  Canal,  in  Ca- 
nada, IS  intended  for  opening  a  sloop  navigation  be- 
tween lakes  Erie  and  Ontario. 

The  Middle$ex  Canal  opens  a  boat  navigation  be- 
tween Boston  and  the  Merrimack  river,  and  runs 
28  or  29  miles,  in  a  north-westerly  direction,  from 
its  outlet  into  the  harbour  of  Boston,  in  the  town  of 
Charlestown.  The  Blaekstane  Canal  is  constructed 
along  Blackstone  River  from  Providence,  in  Rhode 
Island,  nordi-westerly  45  miles,  to  Worcester,  in 
Massachusetts.  The  Farmmgton  Canal  leaves  the 
coast  of  Long  Island  Sound  at  New  Haven,  in  Con- 
necticut, and  takes  a  north-easterly  course,  towards 
Northampton  in  Massachusetts,  65  miles  distant, 
where  it  is  to  communicate  with  Connecticut  River. 
A  grdat  part  of  it  is  finished  and  in  operation,  bat  a 
portion,  towards  the  north-eastern  termination,  re- 
mains to  be  constructed. 

The  Hudson  and  Erie  Canal  passes  from  Albany, 
in  the  state  of  New  York,  along  the  western  bank  of 
Hudson  River,  until  it  meets  the  Mohawk;  then 
runs,  in  a  north-westerly  direction,  up  the  aouth- 
westem  bank  of  that  river,  to  the  town  of  Rome, 
where  it  turns  more  westerly,  on  a  summit-level  of 
about  60  miles,  without  a  lock,  and  passing  in  a  line 
corresponding  in  some  measure  to  the  direction  of 
the  southern  shore  of  Lake  Ontario,  and  crossing  the 
Seneca  and  Genesee  rivers  in  its  course,  commnni- 
cates  with  Lake  Erie  at  Buffalo,  363  miles  from  Al- 
bany. This  canal  is  connected  with  Lake  Champlain 
by  the  Champlain  Canal,  63  miles  in  length ;  with 
Lake  Ontario  by  the  Oswego  Canal,  about  38  miles 
long ;  and  with  Seneca  Lake  by  the  Seneca  Camit, 
about  20  miles  long.  The  Hudson  and  Delawmf 
Canal  begins  at  the  •west  bank  of  Hudson  River, 
near  Kingston,  in  New  York,  about  85  or  90  miles 
north  of  the  city  of  New  York,  and  runs  in  a  south- 
westerly direction  65  miles,  to  the  Delaware  River, 
near  to  the  north-east  comer  of  Pennsylvania,  and 
the  north-west  of  New  Jersey.  It  then  takes  a  ga« 
neral  direction  a  little  to  the  north- wes^  and  keeps 
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tibe  imtlieiti  btnk  of  tbe  Delaware  River  for  25  or 
ao  miles,  to  the  entrance  of  Lackawaxen  Creek,  from 
tiie  <q>posite  side ;  crosses  the  Delaware  at  a  point 
about  110  miles  north  of  Philadelphia,  and  leaving 
that  river,  keeps  the  northern  bank  of  Lackawaxen 
Ciedt;  then  crosses  it,  in  a  westerly  direction,  to 
Riscis  Gap,  a  distance,  added  to  the  former,  of  be- 
tween 40  and  50  miles,  as  nearly  as  can  be  estimated 
from  fidr.  Tanner's  map  of  Pennsylvania,  of  1829. 
This  canal  opens  the  Lackav^axen  coal  district  to 
Hudson  River. 

The  Morrii  Canal,  now  in  progress,  conunences  at 
its  vrestem  extremity,  at  the  river  Delaware,  near 
Easton,  and  passes  across  the  state  of  New  Jersey 
in  a  north-easterly,  then  in  an  easterly,  then  in  a 
•ontherly  directifm,  86  miles,  to  Newark,  in  that  state. 
Its  western  extremity  is  at  the  eastern  termination 
of  the  Ldiigh  Navigation  in  Pennsylvania,  and  it  is 
mtended  for  the  transportation  of  Lehigh  coal  to 
New  York.  The  Ohio  Staie  Canal  commences  at  the 
month  of  Sdota  River,  where  it  discharges  into  the 
river  Ohio,  and  takes  a  northerly  coarse,  for  about 
d06  miles,  to  Lake  Erie,  at  the  mouth  of  the  Cuya- 
hoga river,  in  the  town  of  Cleveland.  This  work  is 
m  rapid  {Nrogress. 

The  Mwami  Canal  is  also  a  line  of  communication 
beiweeu  tile  river  Ohio,  which  it  leaves  at  Cincinnati, 
and  Lake  Erie.  Its  northerly  termination  is  in  the 
Blaomee,  which  discharges  into  the  westerly  part  of 
Lake  Erie.  The  proposed  lengtii  of  this  canal  is  265 
miles.  It  is  now  in  progress.  Illinois  and  Michigan 
CtnaL  An  act  was  pasMd  in  the  Legislature  of  Illi- 
Bois»  Jan.  22,  1829*  authorizing  commissioners,  "  as 
soon  thereafter  as  they  could  command  funds,  and 
ii&tgfat  deem  it  expedient  to  commence  the  work,  to 
effect  a  navigable  communication  between  Lake  Mi- 
diigan  and  the  Illinois  River."  This  is  the  fourth 
projected  work  for  making  a  communication  between 
die  great  northern  and  western  waters ;  one  of  the 
others  being  projected  by  Pennsylvania,  from  Pitts- 
burgh to  Erie,  of  which  a  very  small  part  is  executed ; 
the  other  two  are  undertaken  by  Omo,  and  both  in 
progress.  The  Lehigh  Canal  commences  at  the 
Manach  Chvnk  Coal  Mine,  on  the  river  Lehigh,  and 
runs  to  Easton,  on  the  Delaware ;  the  whole  dis- 
tance of  this  navigation  being  46)  miles ;  but  a  part 
of  it  is  river  navigation,  the  length  of  the  canal  being 
37  miles.  Its  eastern  termination  at  Easton  meets 
the  western  termination  of  the  Morris  Canal  in  New 
Jersey.  The  Delaware  Canal  commences,  at  its 
nofthem  extremity,  at  Easton,  about  55  miles  in  a 
rij^  line  nearly  north  frt>m  Philadelphia,  on  the 
Borth-westem  bank  of  Delaware  River,  the  general 
course  of  whidi,  for  about  50  miles  frt)m  this  place, 
is  aoodi-easteriy,  when  it  turns,  in  nearly  a  south- 
westeriy  direction,  about  dO  miles,  to  Philadel- 
phia. This  canal,  which  is  still  in  progress,  is  to 
follow  the  general  course  of  the  Delaware,  keeping 
its  westerly  bank  to  Morrisville,  where  it  bears  off 
from  the  river,  to  avoid  a  bend,  and  proceeds,  in  a 
metty  direct  course,  a  little  to  the  west  of  south,  to 
bristol,  <Hi  the  westerly  bank  of  the  Delaware,  19i 
miles  N.E.  from  Philadelphia.  The  SdmyUcill  Canal 
is  eotistructcd  on  the  banks  of  Schuylkill  River,  from 
I1dladelphia»  about  110  miles,  to  Mount  Carbon,  the 
legion  of  the  Anthracite,  in  Schuylkill  County,  the 
general  direction  being  nearly  north-west. 

The  Union  Canal  is  to  the  westward  of  the  town  of 
JUacfing,  in  Berks  County,  Pennsylvania,  about  60 


miles  from  Philadelphia,  the  Union  Canal  branches 
off  frt>m  the  Schuylkill  Canal  in  a  general  south- 
"westerly  direction,  first  passing  up  a  branch  of  the 
Schuylkill,  and  th^  dovm  the  valley  of  the  Swatara, 
somewhat  circuitously,  about  80  miles,  to  Middle- 
town,  a  little  above  the  junction  of  the  Swatara  with 
the  Susquehanna.  Pennsiflvania  Canal  commences 
at  Middletown,  at  the  termination  of  the  Union 
Canal,  whence  it  is  proposed  to  proceed  up  along  the 
Susquehanna,  in  a  westerly  direction,  to  the  Alle- 
ghanies,  which  are  to  be  passed  by  a  rail-road,  now  ' 
in  progress,  about  50  miles  in  length,  into  the  valley 
of  the  Ohio,  where  the  canal  again  commences,  and 
is  continued  to  Pittsburg,  a  distance  in  the  whole,  of 
320  miles  of  canal  and  rail-road ;  the  part  of  the 
canal  beyond  the  AUeghanies  being  already  com- 
pleted, and  the  part  on  the  eastern  side  being  in 
{>rogress.  The  LUile  Schuylkill  Canal  is  27  miles  in 
ength,  from  the  mouth  of  the  Little  Schuylkill  River 
to  the  coal  mines.  Coneaioga  Canal  passes  from 
Lancaster,  in  Pennsylvania,  about  62  miles  directly 
west  from  Philadelphia,  down  the  Conestoga  Creek, 
18  miles,  in  nearly  a  south-west  direction,  to  Sus- 
quehanna River.  The  Chesaipedke  and  Delaware  Canal, 
18  miles  in  length,  from  the  Delaware  River  to  Elk 
River,  which  discharges  into  Chesapeake  Bay,  is  of 
sufficient  dimensions  for  the  passage  of  coasting  ves- 
sels, in  the  route  between  Philadelphia  and  Balti- 
more. Dismal  Swamp  Canal  is  a  channel  of  sloop 
navigation,  between  6  feet  deep  and  70  wide,  along 
the  low  land  between  Chesapeake  Bay  and  Albe- 
marle Sound,  and  thence  to  Pimlico  Sound.  Several 
branches  have  been  constructed,  and  the  whole  is  in 
operation,  being  a  very  important  work,  and  some* 
what  similar  to  that  of  the  Chesapeake  and  Delaware 
Canal. 

The  Chesapeake  and  Ohio  Canal  is  a  gigantic  en- 
terprise, in  progress,  for  opening  a  navigation .  of 
360  miles,  from  Washington,  along  the  Potomac  and 
its  branches,  across  the  Alleghany  mountains,  and 
thence  down  the  valley  of  the  You^iogeny  and  Mo- 
nongahela  rivers,  to  Pittsburgh,  on  the  Ohio.  The 
execution  of  this  woiic  was  commenced  in  1828,  at 
the  eastern  extremity. 

The  Louisville  Comal,  though  only  3  or  4  miles  in 
length,  is  a  work  of  great  importance  as  well  as  great 
expense.  It  is  now  in  progress,  and  is  intended  to  form 
a  passage  along  the  side  of  the  rapids  of  the  Ohio,  near 
to  Louisville,  in  Kentucky.  The  canal  is  constructing 
of  sufficiently  large  dimensions  to  admit  of  the  pas- 
sage of  steam-boats ;  and  the  difficulty  and  expense,  as 
in  the  case  of  the  canal  at  Trolhatta  Falls,  in  Sweden, 
is  occasioned  by  the  necessitv  of  excavating  rock.  The 
James  and  Kanhawa  Canal  is  a  name  given  to  works 
intended  to  form  a  line  of  transportation,  partly  by 
water  and  partly  by  land,  from  the  Atlantic  coast  to 
the  Ohio ;  being  a  navigation  along  James  River  to 
the  Blue  Ridge,  partly  by  an  artificial  channel,  but 
mostly  by  the  river,  and  across  the  Ridge,  by  a  well- 
constructed  road,  graduated  to  an  inclination  not 
exceeding  3  degrees,  which  has  been  completed,  and 
descending,  by  river  or  canal  navigation,  along  the 
Kanhawa  River  to  the  Ohio.  A  canal  was  commenced 
along  the  bank  of  James  River,  to  pass  the  falls  at 
Riclunond,  before  the  revolution.  The  work  was 
resumed,  and  completed,  after  the  establishment  of 
the  present  government,  by  a  private  company;  but 
the  state  has  since  assumed  these  works,  and  greitly 
enlarged  them,  upon  an  improved  construction^  M 
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tiie  execution  of  (he  plan  of  the  extended  line  of 
transportation  abo/e  described.  In  Mr.  Boye's  map 
of  Virginia,  the  caaal  is  laid  down  along  the  north  * 
western  bank  of  XX,  2  James  River,  from  Richmond  to 
Venture  Falls ;  a  distance  of  about  20  miles,  and,  by 
the  course  of  the  canal,  probably  as  much  as  24  or 
25.  The  Appomattox  Canal  is  about  5  miles  of  canal, 
in  detached  portions,  being  a  part  of  a  system  of 
improvement  of  the  Appomattox  Navigation  in  Virgi- 
nia. The  Roanoke  Canal  is  a  similar  work  on  Roan- 
oke River.  The  Santee  Canal  is  a  proposed  and 
partly  executed  line  of  navigation  from  Charleston  to 
Columbia,  and  thence  to  Cambridge,  in  South  Caro- 
lina. The  whole  distance  is  160  miles.  A  canal  has 
been  cut,  and  for  many  years  in  operation,  22  miles 
in  length,  across  from  Cooper's  River,  which  dis- 
charges into  the  ocean  at  Charleston,  to  Santee  River. 
Thence  the  route  of  this  navigation  is  proposed  to 
pass  along  Santee,  Broad,  and  Saluda  rivers;  the 
project  being  an  improvement  of  the  river  navigation, 
by  removing  obstructions^  deepening  the  water  in 
shallow  places,  and  locking  round  falls.  The  work 
has  not  hitherto  been  prosecuted  with  great  success. 
The  PrideoMX  Canal,  which  is  a  work  of  great  magni- 
tude, and  nearly  completed,  will  be  described  under 
Inland  Navigation. 

In  the  preceding  account  of  canals  we  have  studi- 
ously avoided  every  thing  connected  with  the  prac- 
tice of  canal  digging,  and  the  erection  of  those  stu- 
pendous contrivances  for  facilitating  the  elevation 
and  depression  of  vessels  in  their  transit  over  irregular 
ground.  The  canal  locks,  or  water-tight  boxes,  used 
for  this  purpose,  hold  many  thousand  gallons  of 
water,  and  one  immense  series  on  the  Caledonian 
Canal  have  not  unappropriately  been  called  the 
"  Giant's  Steps." 

The  Chinese  drag  their  vessels  up  an  inclined  plane 
from  a  lowento  a  higher  level,  which  requires  power- 
ful machinery,  and  causes  considerable  injury  to  the 
vessel.  Now,  if  we  contrast  this  primeval  process 
with  the  arrangement  at  present  pursued,  the  advan- 
tage will  be  at  once  apparent.  One  man,  without 
the  aid  of  machinery  of  any  kind,  will  raise  a  barge 
of  fiftv  tons  burthen  in  a  few  minutes ;  and  there  are 
few  sights  better  worth  witnessing  in  the  neighbour- 
hood of  our  metropolis  than  the  gratuitous  one  which 
is  continually  presenting  itself  on  the  great  City 
Canal. 

To  render  the  theory  of  the  canal -lock  and  its  use 
intelligible  to  our  readers,  we  must  have  recourse  to 
a  graphic  illustration. 


lower  a  harge,  a  procctt  the  rewcM  of  ttie  pneedlig 
is  pursued.  We  may  suppote  Uie  lock  filled  wit£ 
water,  and  the  barge  in  the  chamber;  Uie  gates  m 
then  closed,  and  an  undeignmnd  passage  opcMd 
communicating  with  the  lower  level;  and  iSt  water  is 
then  let  out  and  the  baige  siidu ;  to  tiiat  on  opening 
the  lower  gates,  the  barge  can  be  passed  to  its  deati* 
nation. 


The  above  section  of  a  canal-lock  contains  the  pit, 
or  central  chamber,  and  the  gates.  The  upper  level 
of  the  canal  is  shown  to  the  Idit  of  the  figure,  and  the 
lower  at  the  opposite  end.  Now,  if  we  suppose  the 
two  gates  connected  with  the  lowest  end  to  be 
opened,  and  the  barge  floated  into  the  chamber,  the 
gates  are  then  closed,  and  a  small  channel  or  under- 
ground trap  communicating  with  the  higher  level 
opened.  The  water  will  immediately  enter  the 
chamber,  and  raise  the  vessel  till  it  is  on  the  same 
level  with  the  upper  canal;  the  gates  are  then  thrown 
open,  and  the  barge  floated  out.    If  the  object  be  to 


A  plan  of  the  canal-lock  may  render  this  still 
clearer:  a  represents  the  posterns  to  idiidi  the  lock 
gates,  c,  are  attached.  The  vralls,  d,  of  the  lock-pit,  6, 
are  usually  formed  of  a  strong  timber  or  iron  firame 
filled  with  brick-work.  The  higher  level  of  the  canal, 
f,  communicates  wiUi  the  lock-pit  by  the  tannels  e, 
and  if  there  were  no  gates,  the  stream  would  pass  in 
the  direction  of  the  arrows. 

We  must  now  point  out  an  improvement  on  tiie 
preceding  arrangement,  adopted  on  the  best  canala, 
but  which  is  attended  with  nearly  double  the  ex- 
pense. In  the  common  arrangement,  one  lock  of 
water  is  lost  each  time  a  vessel  is  passed,  but  in  the 
double-lock  this  is  reduced  one-half,  for  the  water  in. 
the  first  lock  passes  to  the  second,  so  diat  while  one 
barge  b  ascending,  another  may  be  lowered,  and  vioe 
vena.  To  effect  this,  it  is  only  necessary  to  open  a 
communication  between  tiiie  two  locks,  instead  of 
allowing  the  water  to  escape  from  the  higher  to  the 
lower  level  each  time  the  double  transfer  tekes  place. 

Canalis  AsTBttiosus,  in  Anatomjf;  the  vessel 
which  joins  the  trunks  of  the  pulmonary  artery  and 
the  aorta  in  the  foetus. 

Canalis  Mboius;  the  canal  of  communicaticm 
between  the  third  and  fourth  ventricles  of  the  brain. 
Canalis  nasalis,  the  tube  which  conveys  the  tears 
from  the  lacrymal  bag  into  the  nose. 

Cancbr  (the  Crab),vaA9tronomg;  one  of  the  twelve 
signs  of  the  zodiac,  and  one  of  the  48  old  constel- 
lations  ordinarily  represented  on  the  globe  in  form 
of  a  crab,  and  in  astronomical  books  denoted  by  a 
figure  much  resembluig  that  of  the  number  sixty- 
nine,  thus  ®.  The  reason  generally  assigned  for  its 
name,  as  well  as  figure,  is  a  supposed  resemblanoe 
which  the  sun's  motion  in  this  sign  bears  to  that  of 
the  crab-fish.  As  the  latter  walks  backwards,  so  the 
former  in  this  part  of  his  course  begins  to  go  back- 
wards, or  recede  from  us ;  though  the  disposition  01 
stars  in  tiiiis  sign  is  by  otiiers  supposed  to  have  given 
the  first  hint  to  the  representation  of  a  crab  The 
Greeks  pretend,  that  when  Hercolus  was  contending 
with  the  Lemsean  hydra,  a  crab  vrtiich  crawled  upon 
the  marsh  seized  his  foot.  The  hero,  however, 
crushed  the  reptile  to  pieces  under  his  heel ;  but  Juno, 
in  gratitude  for  the  offered  service,  though  incon- 
siderable, advanced  the  creature  to  tiie  heavens. 
Ptolemy  makes  13  stars  in  the  sign  Cancer;  Tycfao, 
15 ;  Bayen  and  Hevelius,  29.  Mr.  Flamstead  no  less 
than  83.  For  an  estimate  of  the  comparative  bright- 
ness of  several  stars  in  the  oonsteUation  Cancer  by 
Dr.  Herschel,  see  PhU,  Tnma.  vol.  Ixxxvii.  p.  311, 
&c.  Cancer,  tropic  qf,  a  lesser  circle  of  the  sphere 
parallel  to  the  equator ;  and  passing  through  the  be- 
ginning of  the  sign  Cancer.     See  Tropics. 

Cancbr.    In  medicine,  this  name  is  given  to  a 
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iwndiib,  oneqnal,  hsrd,  and  IWid  tumour,  genoidly 
seated  in  the  giaBdular  texture.  Thou^  this  is  liie 
texture  in  which  it  is  believed  always  to  originate*  it 
may  extend  to  others.  This  is  doubted  by  aome ; 
and  the  disease  which  b  often  met  with  in  the  imme- 
diate neighbourhood  of  advanced  cancer,  and  in  dif- 
ferent textures,  is  by  them  ascribed  to  mechanical 
preaeure  of  the  cancerous  tumours,  aided  by  the 
acrid  discharges  which  accompany  its  ulceration. 
'Hie  name  was  dented  from  a  suppoaed  resemblance 
of  the  tumour  to  a  crab,  and  furnishes  a  good  ex- 
ample of  the  nomenclature  from  resemblance,  which 
was  very  much  in  use  in  the  early  periods  of  the 
sdenees.  Two  forms  of  cancer  lure  recognised  by 
physicians.  They  may  rather  be  called  two  states  or 
two  stages  of  the  same  disease.  One  of  these,  and 
the  first,  is  carcinoma,  scirrhus,  or  concealed  cancer, 
of  some  writers.  The  second  is  the  open,  or  ulcerated 
cancer — ulcerated  carcinoma,  as  it  is  designated  by 
writers.  Under  proper  internal  treatment,  the  second 
sti^  may  be  kept  off  for  some  time ;  and,  in  favour^ 
abte  cases,  the  extirpation  of  the  tumour  by  the 
knife  may  effect  a  cure.  The  disease  is  kept  in 
check,  in  the  first  case,  but  is  not  removed,  and  is 
very  prone  to  pass  into  the  ulcerative  stage.  The 
hst  that  this  can  be  deferred,  by  proper  treatment, 
is  an  important  one.  The  sufferings  of  the  patient 
are  thus  made  less,  especially  during  the  first  stage ; 
and  even  in  the  last  their  severity  is  much  mitigated. 

One  very  early  symptom  of  carcinoma  is  pain. 
This  pain  differs  from  that  which  ordinarily  accom- 
panies local  diseases  of  a  different  kind.  It  is  de- 
scribed as  lancinaHny,  occurring  somewhat  in  pa- 
roxysms, and  resembling  the  suffering  which  the 
sofhlen  passage  of  a  sharp  and  point^  instrument 
would  produce  in  the  part.  Besides  this,  there  is 
always  more  or  less  dull  pain  present.  The  progress 
of  the  disease,  and  the  occurrence  of  the  second  stage, 
are  marked  by  increased  pain  of  both  kinds ;  by  m- 
cfease  in  the  size  of  the  tumour,  augmented  heat, 
greater  inequality  in  the  surface,  a  daricer  colour, 
and  increased  tenderness  on  pressure.  When  ulce- 
ration is  just  established,  and  even  a  little  before,  the 
patient  complains  of  general  irritation  of  the  skin ; 
fbe  stomach  is  disturbed ;  and  symptoms  of  constitu- 
tional irritation;  more  strongly  marked,  make  their 
appearance.  Ulceration  begins  on  the  surface  of  the 
timiour,  and  parts  are  destroyed,  in  succession,  from 
without,  until  the  whole  texture  presents  a  mass  of 
^sease.  Instead  of  this  destructive  ulceration,  we 
have,  in  many  cases,  fungous  masses  projecting  from 
the  dioeased  surface ;  and  these  at  times  attain  con- 
siderable size.  But  it  is  not  a  charact^  of  carci- 
noma to  grow,  and  become  as  large  as  other  diseases 
erf*  some  of  the  organs  in  which  it  appears.  This  is 
enedally  true  of  it  when  seated  in  the  womb.  An 
offensive,  sanious  discharge  proceeds  from  the  ulcer. 
Bleeding  often  takes  place  from  it,  especially  when 
fungous,  either  from  mechanical  irritation,  though 
slight,  or  from  accidentcd  excitement  of  the  arterial 
^rstem  only. 

Carcinoma  is  a  malignant  disease.  Its  tendency  is 
to  death.  The  constitution  has  not  power  to  overcome 
it;  and  hence,  when  left  to  itself,  it  is  certainly 
mortal.  Iiitemal  remedies  do  little  more  than  pal- 
liate symptoms,  or  prevent  the  rapid  progress  to  ul- 
ceration, which  belongs  to  the  disease.  The  only 
remedy  is  the  knife ;  and,  in  cases  in  which  the  con- 
ititotioti  and  neighl>during  parts  are  not  contaminated. 


extirpation  by  the  knife  has  removed  the  disease  en* 
tirely.  There  are  parts  of  the  body  wl^ch  are  liable 
to  carcinoma,  in  which  extirpation  cannot  be  prac- 
tised, and  some  in  which,  though  an  operation  has 
been  performed,  death  has  nevertheless  followed. 
In  cases  of  this  sort,  especially  those  of  the  first 
class,  palliatives  only  can  be  resorted  to. 

Candbros,  in  the  Materia  Medica,  the  name  of  an 
East  Indian  gum,  not  much  known  among  us,  though 
sometimes  imported.  It  has  much  the  appearance 
of  common  amber,  only  that  it  wants  its  yellow  co- 
lour, being  white  and  pellucid ;  we  sometimes  see  it 
turned  into  toys  of  various  kinds,  which  are  very 
light  and  of  a  good  polish.  Garcias  and  some  other 
authors  tell  us,  that  Borneo,  and  some  other  places 
where  camphor  is  produced,  have  the  art  of  adulte- 
rating the  crude  camphor,  which  they  send  over  to 
us,  with  large  quantities  of  this  gum. 

Candelabba.  The  ancients  classed  under  this 
name  a  large  family  of  domestic  utensils  intended 
for  the  purpose  of  holding  lights.  The  "everlasting 
lights,"  for  sepulchral  purposes,  as  well  as  those  for 
the  use  of  the  heathen  altars,  were  generally  of 
bronze  or  earthenware,  and  fed  at  stated  periods  by 
some  concealed  contrivance.  The  accompanying  fi- 
gure represents  a  Ro- 
man lamp  of  bronze, 
intended  to  contain  a 
single  wick,  and  we 
could  select  no  better 
mode  of  contrasting 
the  appliances  of  mo- 
dern comfort  com- 
pared with  the  so- 
much  boasted  refine- 
ments of  antiquity, 
than  by  selecting  a  simple  Argand  lamp  of  the  pre- 
sent day,  and  observing  the  relative  amount  of  l^^t 
furnished  by  it,  and  tibe  elegant  Roman  hand-lamp 
shown  in  our  figure.  The  first  would  produce  a 
clear  and  pure  flame,  whibt  the  other  would  only 
supply  a  murky  light,  poisonous  to  the  atmosphere, 
and  destructive  to  the  furniture  of  the  apartment. 

Torches  and  lamps  were  the  means  used  by  the 
ancients  for  obtaining  artificial  light.  The  latter  were 
either  suspended  from  the  ceilings  of  their  rooms, 
with  chains,  or  placed  upon  sm^l  moveable  tables. 
The  candelabra  were  originally  made  of  cane,  with 
one  plate  fixed  above  and  another  underneath,  or 
with  feet  for  supporters.  The  Gi^cian  artists  pro- 
duced, in  ornamenting  these  lamp- stands,  the  richest 
forms,  which  always,  however,  had  reference  to  the 
original  cane,  and  were  encircled  with  an  infinite 
variety  of  beautiful  ornaments.  Sometimes  they 
were  shafts  in  the  shapes  of  columns,  which  could  be 
shortened  or  drawn  out;  sometimes  the  luxuriant 
acanthus,  with  its  leaves  turned  over ;  sometimes 
they  represented  trunks  of  trees  entwined  with  ivy 
and  flowers,  and  terminated  by  vases  or  bell-flowers 
at  the  top,  for  the  reception  of  the  lamps.  Examples 
of  these  forms  may  be  found  in  the  British  Museum 
and  the  Louvre,  but  particularly  at  the  Vatican, 
where  a  gallery  is  filled  vrith  marble  candelabra. 
Candelabra  of  yet  more  delicate  forms,  of  bronze,  in- 
laid with  silver  and  other  metals,  have  been  found 
in  Herculaneum.  In  ancient  times,  Tarentum  and 
iEgina  were  famous  for  their  elegant  candelabra. 
The  graceful  and  expressive  form  of  this  utensil  waa 
made  use  of  for  colossal  woriis  of  art,,  particularly  {& 
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wxonnt  of  iti  recembluice  to  the  holy  torchM  c 
liloved  in  the  wonhip  or  ftcnlftpiui.  The  lugnt 
and  grandett  of  those  monumeDts  wm  the  PhBroa, 
at  the  harbour  of  Alexandria.  In  modeni  times,  this 
aucieiit  fbnn  bu  been  used  for  an  ingenious  Chris' 
tian  monument.  At  the  place  where  the  first  church 
in  Tburingia  wa«  founded  by  Boniface,  the  apostlt 
of  the  Germans,  only  a  few  relics  remaining  of  Ihe 
building,  which  had  terred  for  more  than  tCD  centU' 
lies  at  a  Christien  temple,  b  candelabrum,  30  feet 
ttigh,  formed  of  sand-stone,  was  erected  (Septembei 
1, 181 1),  ai  a  symbol  of  the  light  which  spread  from 

The  more  beau- 
tiful of  the  an- 
deiit  candelabra 
were  suspended 
by  chains,  and  of 
this  form  we  fur- 
nish an  example. 
He  Roman  can- 
delabra were  in- 
variably cast,  and 
aiEUch  they  were 
of  necessity  hea- 
vy and  cuoibrous, 
but  ID  the  pre- 
sent day  the  ume 
■ymmetrical  effect  u  produced  by  "  atnking-up"  of 
the  metal,  and  the  beautiful  bronie  of  antiquitf  ' 
parted  by  an  acid  in  a  few  hours. 

While  we  now  write,  it  is  stated  in  the  Xoiufm 
Journal  tif  Sdemx,  that  two  patents  have  been  taken 
out  in  America,  for  the  omamenticg  of  candelabra  by 
making  a  thin  ikeleton  of  wire,  and  immersing  it 
a  lolntipu  of  alum,  coloured  by  metallic  oxides.  This 
is,  DO  doubt,  a  very  cheap  and  beaatifal  process ;  the 
plan  has  for  some  time  been  adopted  in  the  manu- 
foctnre  of  ladies'  work  baskets. 

Candle  ;  a  combustion  of  cotton  and  rush  wicks, 
with  varions  inflammable  bodies  for  producing  arti- 
ficial light.  Candles  are  either  foimed  in  moulds 
or  dipped  in  fluid  tallow.  In  the  first  case,  a  series 
of  metal  tubes  are  placed  in  a  frame,  and  cotton 
wicks  fixed  in  the  centre  of  each  tube.  The  tallow 
then  descends  the  tubes,  and  the  "  moulds,"  as  they 
are  cdled,  withdrawn  ai  soon  as  cold. 

He  other  species  of  candles  are  called  "  dips,"  and 
the  process  of  dipping  candles,  by  which  a  determined 
weight  is  given  to  any  number,  is  of  comparatively 
modem  invention.     We  believe  that  the  present  Mr. 
Mandslay   laid   the  foundation   of  a  large  fortune 
by  first  introducing  a  weighing  machine  for  the  pur- 
It  is  represent' 
ed  in  the  figure, 
and  consists  of  a 
beam    with    two " 
quadrants,  round 
which  the  bands 
coil  at  eitber  ex- 
tremity.    One    of  ' 

the  bands  is  pro-  , 

d  with  a  scali 


cottons  to  be  covered  with  tttltow.  Now  if  wa  Mip* 
pbse  the  tallow  to  be  raised  to  the  required  tern* 
peratnre  liy  a  fire  at  the  bottom  of  the  oblong  cop- 
per cistern,  and  the  cottons  immersed,  the  piecisa 
amount  of  tallow  adhering  to  the  wick  is  shown  by 
the  increase  of  weight  neceaaary  to  balance  it  in  th* 
Bcale-pan.  When  Qie  tallow  is  cold,  the  dipping  maj 
be  repeated  till  fhc  candles  have  acquired  the  proper 

A  patent  for  an  improved  mode  of  manufacturing 
candle*  has  been  lately  taken  out  by  Dr.  Bnlkley,  . 
His  improvements  in  nuking  candles  consist  in  two 
particiuars : — first,  in  tn«fcmg  wax  candles  in  moulds 
instead  of  forming  them  by  rolling  the  wax,  which 
is  the  ordinary  way  of  produdng  wax  candles ;  and 
secondly,  in  making  a  case  of  wax  BhM>ed  like  a 
candle,  which  is  to  be  afterwards  filled  with  tal- 

)r  oil,  or  other  combustible  material  suitable  for  . 
making  candles. 

The  first  object  requires  but  little  futher  eipla-  . 

ition.  To  coat  wax  candle  in  moulds,  it  is  obvious, 
that  the  wax  must  must  be  poured  into  the  moulds 
hot  and  liquid  state,  and  when  perfecdy  cold. 
the  end  of  the  candle  ia  to  be  struck  with  a  small 


be  withdrawn. 

In  putting  the  second  featnreofthe  invention  into 
operation,  it  is  ]M«posed  to  poor  into  the  candle- 
monlds  the  melted  wax,  as  in  the  previously  de- 
scribed process  of  moulding ;  and  on  die  wax  haviiw 
cooled  and  become  partially  set  or  hardened,  which 
it  will  do  round  the  internal  surfaces  of  the  moulda 
before  the  wax  in  the  central  part  of  the  candle  has 
become  set,  then  pour  out  of  the  mould  the  liqukl 
portion  of  the  wax  which  filled  the  central  part  of 
the  candle,  and  allow  the  shell  of  wax  thus  formed 
on  the  surface  of  the  mould  to'become  hard.  This 
shell  may  then  be  made  the  mould  in  which  melted 
tallow  is  afterwards  poured.  There  a  a  third  prin- 
ciple spoken  of  by  the  patentee,  but  it  is  of  lesa 
importance  than  tlkose  already  enomerated. 

There  is  another  patent  improvement  which  shonU 
be  noticed.  The  main  feature  of  it  consists  in  the 
of  two  small  wicks  instead  of  one,  and  in  band- 
ing the  cotton  round  with  a  small  metallic  spiral  of 
wire.  The  smallness  of  the  cotton  ensures  a  more 
perfect  combustion  than  could  otherwise  be  obtained. 


the 


Other  end  of  the 
beam  is  attached 
a  frame  for  sup- 
porting the  candle 


while  the  band  of  wire  obviates  the  necessity  for 
snuffing.  We  can  hardly  conceive  any  thing  more 
simple  or  efficacious. 

Previous  to  the  year  IS31,  candles  had  been  snb- 
,  A  to  an  excise  duty,  their  consumption  therelbre 
could  be  pretty  accurately  ascertained.  During  the 
year  1839,  the  total  weight  of  wax,  spermaceti,  and 
tallow  candles  consumed,  amounted  to  11G,306,543 
pounds,  the  net  revenue  derived  from  which  amounted 
to  489,0691.  1«.  gd. 

To  ascertain  the  illuminating  power  of  different 
sorts  of  candles,  first  weigh  one  of  each  sort  to  he 
tried ;  light  them  all  at  the  same  instant ;  and  after 
the  lapse  of  any  given  time,  say  half  an  hour,  extin- 
guish and  again  weigh  them :  compare  bow  macb 
each  has  lost  in  weight ;  that  which  has  lost  mast,  is 

e  sort  which  aObrds  the  strongest  light. 

In  order  farther  to  know  the  comparative 
of  burning  candles  of  different  kinds,  and  of  v 
sizes,  the  reader  may  consult  the   following  tmbit, 
whidi  presents  the  average  result  of  a  series  of  «x- 
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CiirniL,  in  Co— »rw ;  u  Eut  ludiu  wti^it 
■qoal  to  540  ponnda  aTairdapoii. 

Cah XU.A  Au& ;  the  inncT  baric  of  the  e— iffa 
ofta,  ft  tree  growing  in  the  West  Indies.  It  ie 
bronght  to  this  country  packed  in  cmIu  ud  caaea,  in 
long  pieces,  aqme  rolled  in  quills  and  othen  flat ;  the 
qnilled  aort  ia  considerably  thicker  than  clnnsmmon, 
uid  the  flat  nearly  a  quaitei  of  an  inch  in  thickness. 
The  qnilled  piece*  are  yellow  on  botli  sides ;  the  flat 
pieces  are  yellow  on  the  outside,  and  pale  brown 
within.  The  odoor  of  both  kinds  when  fresh  bra- 
ken,  is  aromatic,  eomething  like  a  mixture  of  ciorea 

id   cinnamon,   and  the  taste   slightly  bitter,  and 

[tremely  warm  and  pungent. 


It  is  curions  to  mark  the  nnmber  of  hotin,  daring 
which  we  must  of  necessity  have  recoarse  to  aitifi- 
«iil  light ;  and  we  give  the  substance  of  some  obser- 
vations made  by  Mr.  Bevan,  which  accurately  defines 
die  limit!  of  day  and  night  for  the  most  interesting 
months  of  the  year,  when  the  spring  is  rising  beau- 
Ini  out  of  the  ihrk  grave  of  winter. 


7  31 
7  30 
7  30 
7  30 
7  30 


7   38 

7  as 

7  37 
7  36 
7  36 


eJX. 


Orion's  feet,  though  somewhat  to  the  westward  of 
him;  whose  stars  Ptolemy  makes  39;  Tycho  0BI7 
observed  13;  Hehrelios  51;  in  the  Britannic  Ca- 
talogue they  are  31. 

C4NIS  Minor  (the  lAttU  Dog)i  a  eoutellation  oC 
the  northern  hemisphere.  In  Ftolemy's  Catalogue 
there  are  3  stars  ;  m  Tycho 's  5  ;  in  Hevelius's  13i 
and  in  the  Britannic  Catalogue  14. 

Cxtitton ;  a  heavy  metallic  gun,  which  is  moved 

by  the  stroigth  of  men  and  horses.     It  i*  mounted 

on  a  carriage,  and  iron  (fonnerly  stone  (k  lead) 

lulls  are  projected  to  a  distance  &om  it  by  the  force 

of  gunpowder.    The  interior  of  the  cannon  it  called 

the  6ore.  Thesolidpieeeofmetalbehindisnamed  the 

bnteh,  and  terminates  in  the  buttan.     'Ae  AJpiUu 

(so  called  because  they  used  to  be  made  in  the  form 

of  this  animal)  are  the  handles  by  which  the  piece 

mounted  or  dismounted.     The  aperture  throu^ 

which  the  fire  is  iutroduced  into  the  bore,  to  ignite 

die  charge,  is  called  the  venf  or  (nwi-Aoie,  m  which 

a  smalt  tube,  used  to  contain  the  priming,  is  placed 

previous  to  firiog.    The  supports,  which  are  deno- 

'nated  ctariaga,  are  mounted  on  trucks,  as  in  the 

•e  of  ship-guns  or  garrison-guns,  or  ob  two  wheels, 

in  the  case  of  fidd-pieces,  of  which  an  exaupla 


When  a  fleld-^eee  ii  to  be  moved,  a  two-wheeled 
frame  is  filed  to  the  carriage,  which  is  calledalisiier, 
ss  is  called  to  Umitr  ap.  The  charge, 
I  a  bag  filled  with  powder,  carried  near 

Tlie  cannon  is  fired  by  means  of  the 

maiek,  which  is  a  lighted  bunch  of  tow,  wound 
round  a  small  stick ;  or  b^  a  tube,  filled  with  the 
priming-powder,  from  which  a  piece  is  broken  off 
every  time,  and  forced  into  a  stick,  to  light  flie  charge. 
On  board  most  of  the  English  ships  there  are  can- 
non fired  by  means  of  locks.  To  perform  the  labour 
required  in  managing  cannon,  is  called  to  serM  /A> 

Cannon  were  f<»merly  dignified  with  great  names. 
13  cast  by  Lonis  XII.  were  called  after  the  13  peer* 
of  France.  Charlea  V.  had  13,  which  he  called  the 
TKOKApMOa.  One  at BoialeDnc is  called  the  i)e- 
M;  afiO-ponnder,  at  Dover  Caitlc,  is  tuunad  <ts*as 
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SliMkeHl^i  P&ekit^piiM ;  an  60-poimder,  at  Berlin, 
is  called  the  Tfumderer ;  another  at  Malaga,  the  Tar- 
riUe;  two  60-poiiinder8  at  Bremen,  the  MeMmgen 
pf  Bad  New$.  In  the  beginning  of  the  15ih  century, 
names  of  ^s  sort  were  abolished,  and  the  foUowing 
came  into  general  nse  :— cannon  royal,  or  caithoon, 
carrying  48  pounds ;  bastard  cannon,  or  }  carthoun, 
36;  half-carthoun,M;  whole  culverins,  18;  demt-cul- 
▼erins,  9;  falcon,  6;  saJcer.  lowest  sort,  5;  ordinary,  6; 
largest  sort,  8;  basilisk,  48 ;  serpentine,  4;  aspick,  2; 
dragon,  6 ;  siren,  60 ;  falconet,  3y2  and  1 ;  moyens, 
which  earned  a  ball  of  10  or  12  ounces :  rabinets 
carried  one  of  16  ounces.  Cannons  are  at  present 
named  from  the  weight  of  the  balls  which  they  carry, 
6'p(ninder8,l%-jMntnder9,9cc,  The  length  of  the  cannon 
is  in  proportion  to  the  eeUbre. 

A  ship  cannon  of  the  best  kind  is  shown  in  the 
figure  buieath.  The  line  of  timber  on  ^e  right  of 
tiie  engraving  represents  the  bulwark  of  the  vessel. 
The  cannon  being  supported  by  the  carriage,/,  tra- 
verses on  the  plane  a  a,  and  when  it  has  by  its  recoil 
been  thrown  back  sufficiently  for  loading,  it  may 
afterwards  be  drawn  up  to  the  port-hole  by  a  single 
individual  applying  bis  power  at  the  wheel  and  axle, 
c.  The  rope,  d,  by  which  this  is  effected  passes  round 
the  puUey,  g. 


Brass  cannons,  or  cannons  made  of  mixed  metal, 
are  said  not  to  be  so  well  calculated  for  hard  ser- 
vice, or  quick  and  continued  firing,  as  those  made  of 
iron.  The  proportions  of  the  ingredients  used  in 
making  the  former,  do  not  differ  materially  in  differ- 
ent countries,  though  they  rarely  coincide.  To 
240  lbs.  of  metal  fit  for  casting,  we  commonly  put 
68  lbs.  of  copper,  52  of  brass,  ahd  12  of  tin.  To 
4,200  lbs.  of  metal  fit  for  casting,  the  Germans  put 
3,687  TT  l^B*  ^^  copper,  204  \\  lbs.  of  brass,  and 
307  n  l^B.  of  tin.  Others,  again,  use  100 lbs.  of  cop- 
per, 6  lbs.  of  brass,  and  9  lbs.  of  tin ;  and  others 
100  lbs.  of  copper,  lOlbs.  of  brass,  and  15lbs.  of  tin. 

It  seems  to  be  the  general  opinion  that  cannon 
were  first  made  use  of  in  1336  or  1338 ;  but  Don 
Antonio  de  Capmany  has  produced  some  statements, 
which  render  it  almost  certain  that  some  sort  of  ar- 
tillery was  used  by  the  Moors  in  Spain,  so  early  as 
1312.  Cannons  were  certainly  used  by  the  English 
in  1347,  at  the  siege  of  Calais,  and  by  the  Venetians 
at  Chiagg^  in  1366,  and  in  their  wars  with  the  Ge- 
noese in  1379  and  13S0.  The  Turks  employed  them 
at  the  sieges  of  Constantinople,  in  1394  and  1453. 
When  first  introduced,  they  were  for  the  most  part 
very  heavy  and  unwieldy,  and  threw  balls  of  an 
enormous  size :  they  were,  however,  owing  to  their 
frequently  bursting,  about  as  dangerous  to  those 
using  them  as  to  their  opponents. 

Cannon  took  their  name  from  the  FVench  word 
(a  reed).    Before  their  invention,  machines 


ANOE. 

were  used  for  projecting  missiles  by  mechahickl 
force.  These  were  imitated  from  the  Arabs,  and 
called  ingenia ;  whence  engineer.  The  first  cannon 
were  made  of  wood,  wrapt  in  numerous  folds  of 
linen,  and  well  secilred  by  iron  hoops.  Hiey  were 
of  a  conical  form,  widest  at  the  muzzle.  After- 
wards, they  received  a  cylindrical  shape.  At  length 
they  were  made  of  iron  bars,  firmly  bound  together, 
like  casks,  by  iron  hoops.  In  the  second  half  of  the 
14th  century,  they  were  formed  of  an  alloy  of  copper 
and  tin,  and  in  process  of  time  other  metals  were 
added.  Some  attribute  the  invention  of  cannon  to 
the  Chinese,  and  say  that  there  are  now  cannon  in 
China,  which  v^ere  made  in  the  80th  year  of  the 
Christian  era.  From  the  Chinese  the  Saracens  pro- 
bably learned  to  manufacture  them,  and  Callinicus, 
a  deserter  from  Heliopolis,  in  Phcenicia,  made  them 
known  in  670  (676),  to  the  Greek  emperor  Constan- 
tinus  Pogonatus. 

Bombards  were  brought  into  use  in  France  in 
1338,  and  according  to  another  and  more  doubtful 
authority,  Solomon,  king  of  Hungary,  used  them  in 
1073,  at  the  siege  of  Belgrade.  From  all  these  aC'^ 
counts,  it  appears  that  the  true  epoch  of  the  inven- 
tion of  cannon  cannot  be  exactly  determined :  it  is 
certain^  however,  tiiat  they  were  actually  in  use 
about  the  middle  of  the  14th  century.  In  1370,  the 
people  of  Augsburg  used  to  cast  cannon.  In  the 
beginning  of  the  15Ui  century,  nearly  all  the  coun- 
tries of  Europe,  except  Russia,  where  cannon  were 
first  cast  m  1475,  were  provided  with  them.  The 
lead  cannon  which  were  invented  and  employed  by 
the  Swedes,  between  1620  and  1632,  in  the  thirty 
years'  war,  were  lined  with  tubes  of  wood  or  copper, 
and  secured  on  the  outside  vnth  iron  rings.  The 
art  of  firing  red-hot  balls  from  cannon  was  invented 
by  Major-general  Weiler,  of  the  Electorate  of  Bran- 
denburg. In  the  commencement  of  the  16th  cen- 
tury, Maurice  of  Switzerland  discovered  a  method  of 
casting  cannon  whole,  and  boring  them,  so  as  to 
draw  out  the  interior  in  a  single  piece.  Arms  for 
expeditious  firing,  loaded  from  behind,  and  having 
the  charge  closed  in  with  a  wedge,  were  introduced  • 
by  Daniel  Spekle  (who  died  1589),  and  Uffanus.  In 
1740,  cannons  were  made  of  ice  at  St.  Petersburg, 
and  balls  of  many  pounds  weight  were  project^ 
without  injuring  the  pieces. 

Cannon-clock  is  a  contrivance  invented  by  Rous- 
seau, and  placed  in  the  garden  of  the  Palais  Rogtd, 
and  in  the  Luxembourg  at  Paris.  A  burning-glass 
is  fixed  over  the  vent  of  a  cannon,  so  that  the  sun's 
rays  at  the  moment  of  its  passing  the  meridian,  are 
concentrated  by  the  glass  on  the  priming,  and  the 
piece  is  fired.  The  burning-glass  is  regulated  for 
this  purpose  every  month.  (For  the  use  of  cannon 
in  naval  warfare,  see  Ship.) 

Canob,  also  Canoa  ;  the  term  generally  used  to 
designate  the  small  vessels  which  uncivilized  people, 
living  near  the  water  use.  In  the  East  Indies,  there 
is  a  kind  of  boat  which  goes  by  this  name,  sometimes 
from  forty  to  fifty  feet  long,  and  five  or  six  broad. 
The  North  American  Indians  generally  impel  their 
canoes  with  paddles,  which  have  a  very  large  blade, 
and  are  managed  perpendicularly.  The  canoes  of 
Canada  are  of  the  most  fragile  texture,  and  of  so 
little  weight,  that  in  passing  from  one  river  to  an- 
other, the  boatmen  carry  them  on  their  heads  across 
their  portages.  They  are  mostly  covered  with  bark, 
the  pieces  of  which  are  sewed  together  with  a  kino 


CANON CA 

rfgnM.  Tida  buk  u  ^eaerally  not  more  tlun  a 
qoartei  of  an  inch  in  Uuclcness ;  yet  in  these  frail 
*essel9  the  ladiaua  and  Canaditna  do  not  heut&te  to 
de*ceud  very  dangerous  lapidi.  The  Esquimaui  ait 
exceedingly  dexteinai  in  the  maiukgement  of  their 
canoea.  "niese  consiBt  of  a  light  woodea  frame,  co- 
nred  with  seal-skina,  sewed  together  with  linewB. 
The  aliina  an  not  ooly  extended  roned  the  bottom 
and  aides,  but  liliewise  orer  the  top,  forming  a  com- 
plete deck,  and  hating  onl^  one  opening  to  admit  the 
Indian  to  his  seat.  To  this  hole  a  flat  hoop,  rising 
aboot  foDT  inches,  is  fitted,  to  which  is  fastened  the 
nuTOunding  skin.  The  paddle  is  about  ten  feet  long, 
light,  and  flat  at  each  end.  A  canoe,  somewhat  si- 
milar to  this,  is  found  among  some  of  the  northern 
tribes,  but  which  is  so  carious,  at  to  deserve  a  parti- 
cular illnstratioD, 


Seal  or  hippopotamus  skms  are  sewed  together, 
and  in  some  cases  a  single  skin  answers  the  purpose 
of  fonnii^  a  large  and  buoyant  float.    When  the  air 


is  eipetted,  the  whole  canoe  may  be  placed 

'   '  '      ■  e  fishiuc 
BaTigatoi 


small  space,  and  carried  ii 


ig-bag  of  the 


In  the  Esquimaux  language,  the  canoe  is  called  K 
*-'-'  -TT  mm'i  boat,  to  distinguish  it  from  mnwit, 
ra'i  boat,  which  latter  is  a  large  boat  for 
_  ting  the  women,  with  their  families  and 
poswssions.  The  Greenlanders  and  Esquimaux  use 
the  same  ktud  of  canoes,  and  it  is  Eistonishing,  when 
we  consider  their  insignificant  constraction,  at  what 
a  distance  from  the  regions  they  commonly  inhabit, 
these  people,  especially  the  former,  are  found  in  them. 
in  the  idands  of  the  South  Sea,  the  natives  have  a 
double  canoe,  nnited  by  a  strong  platform,  serving  in 
this  way  as  one  vessel.  Sach  a  canoe  is  capable  of 
carrying  a  number  of  persons,  and  a  considerable 
lading.  The  single  canoe,  which  is  the  form  gene- 
rally adopted  in  the  islands  of  the  Southern  Ocean,  is 
shonm  b  the  engraving  beneath.    The  native  boot- 


N  T    T  1  H  B  E  a  S.  ^5 

Cajwk,  in  Mmic,  aignillsd  mth  tlM  ancient 
Greeks,  what  now  is  called  auHwduird.  At  preaaat, 
it  siguifies  a  composition  u  which  the  sersral  votoee 
begin  at  fixed  intervals,  one  after  the  other,  and  in 
which  each  succEssive  voice  sings  the  verse  or  tha 
strain  of  the  preceding  one.  In  Italian,  therefore,  it 
is  called  /iya  <U  emutqutiua;  in  Latin,  coaoa  ptnt~ 
tma,  or  continuous  fugue  j  in  German,  Kititftft 
(circulating  fugue).  Sometimes  each  voice  begiaa 
with  the  same,  sometimes  with  diflerent  notes.  Ca- 
nons may  be  finite  or  infinite.  The  former  end,  like 
any  other  compositions,  with  a  cadence,  while  the 
infinite  canon  is  so  contrived,  that  the  theme  is  b^nn 
again  before  the  parts  which  follow  are  condu^. 
By  this  meana,  the  performance  might  be  eonttnunl 
to  an  indefinite  length.  A  canon  may  consist  of 
two,  three,  four,  or  more  voices.  Generally  only 
una  is  written,  and  tt  sign  shone  dte 
place  where  the  other  voices  are  to  begin.  Formerly, 
at  the  beginning  of  canons,  it  was  the  custom  to 
place  the  directions  by  which  they  were  to  be  deci- 
phered and  anng.  liese  directitms  were  called  & 
rufe  or  eoaon,  and  thence  arises  the  title  which  sodi 
compositions  have  since  retained.  Canons  differ 
from  ordinary  fugues  ;  for,  in  the  tatter,  it  is  suf- 
ficient that  the  subject  be  occasionally  repeated  and 

itatv^  according  to  the  laws  of  counterpoint ;  bnt 
the  former,  it  is  essential  that  the  anbject  be 
strictly  repeated  by  all  the  succeeding  parts ;  which 
repetition  may  be  made  in  the  unison  or  octave, 
the  fourth,  or  the  fifth,  or  any  other  Interval  of  Uie 
icale.  There  are  several  other  canons,  as  amo»  pobf- 
morph*M,  etmoK  ftrlOHM,  tanon  per  dnniiuUiontm,  auA 
m^mm/aftoneM,  which  to  explain,  wonld 
exceed  our  limits.  Sometimes,  also,  a  musical  pas- 
sage of  a  composition,  in  which  one  voice  repeats, 
(br  a  short  time,  onoQier,  b  called  improperly,  a 

Canoft,  in  Arehileelmre  and  Smlpttcrs ;  a  magni- 
ficent kind  of  decoration,  serving  to  cover  and  crown 
I  altar,  throne,  tribunal,  pulpit,  chur,  kc 
Cantabili;  atsrm  applied  to  movements  intended 
be  performed  in  a  graceful,  elegant,  and  melodiona 


cqtiipoiBing 
ud,  which ' 


would  otherwise  overset  the  frail  baiqae. 


stile. 

Cantata  ;  an  elegant  and  passionate  species  of 
vocal  composition,  consisting  of  an  intermixture  of 
and  recitative.  It  was  invented  by  Barbara 
Strozzi,  a  Venetian  lady,  who  flourished  about  the 
middle  of  the  17th  century,  and  was  at  one  time 
extended  to  such  length  as  to  form  a  little  opera,  bot 
has  since  been  cultivated  in  Italy,  Germany,  and 
England,  only  as  chamber  music. 

Cantkbn  (from  the  French  coKtine,  Spanish  caoJisa) 
signifies  both  a  bottle-case  and  a  tavern  for  soldiers. 
In  military  languige  it  denotes  a  little  coffer  divided 
into  minute  portions  for  holding  an  officer's  eating 
utensils ;  likewise,  a  semi-cylindric  tin  case,  carried 
over  a  soldier's  knapsack,  to  hold  his  cooked  victuals 
in ;  also  a  vessel  to  hold  the  ration  of  spirits  or  wine 
served  out  to   the  English   troops  when  emploved 

Canttm,  also  signifies  a  public  house,  licensed  in 
English  barracks  or  loiXa,  to  sell  liquors  and  tobacco 
to  ibe  soldiers. 

Cant  Timbbbs,  in  ship>buildtngi  those  timbers 
which  are  situated  at  the  two  ends  of  a  ship.  They 
derive  their  name  from  being  conJed,  or  nused  ob- 
liquely from  the  keel,  in  contradistinction  from  thotf 
Uie  planes  of  wbtdi  are  peqMndicnlM'  to  it. 
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CANT&A.RIDX8,  OF  Spanish  fly,  in  Mtdkme;  the 
name  of  a  kind  of  fly,  the  eaaUharii  vesieatoria,  Geof- 
frsy ;  meloe  vesieatoria,  Lin. ;  kfUa  veneaioria.  Fab. ; 
belonging  to  the  family  of  the  iraehelide$,  Tliey  are 
very  common  in  Spain,  Italy,  and  France,  where  they 
are  found  in  large  families  on  the  ash,  lilac,  libor- 
num,  &c.  Their  body  b  from  6  to  10  lines  long ;  the 
feelers  are  black,  setaceous,  composed  of  12  articula- 
tions ;  the  elytra  long,  flexible,  of  a  shining,  golden 
green,  and  the  tarses  of  a  deep  brown.  Their  odour 
IS  strong,  |)enetrating,  peculiar,  and  unpleasant ;  their 
taste  extremely  acrid ;  their  powder  is  of  a  brownish 
gray,  intermixed  with  shining  particles  of  a  metallic 
green  colour.  According  to  Robiquet,  they  contain, 
with  seTeral  other  ingredients,  a  peculiar  substance 
called  eantharidin.  These  insects  are,  of  ail  the 
vesicating  substances,  those  which  are  most  com- 
monly urcd.  Their  action  is  principally  confined  to 
tiie  skin;  however,  their  active  pnnciples  may  be 
absorbed,  and  cause  serious  accidents.  The  applica- 
tion of  a  blister  is  often  followed  by  strangury,  haema- 
tnria,  priapism,  &c.  Taken  internally,  they  act  as 
the  most  energetic  acrid  poison ;  they  produce  irri- 
tation on  the  intestines,  and  especially  affect  the 
cenito-urinary  organs,  which  they  stimulate  violently, 
ui  certain  disorders,  they  are  administered  in  small 
doses  as  powerful  stimulants.  The  medicine  u  of  a 
very  dangerous  character,  and  its  use  requires  the 
greatest  caution  on  the  part  of  the  physician.  Seve- 
ral species  of  blistering  fly  are  found  in  the  United 
States,  some  of  which  are  more  powerful  than  tiie 
Spanish  fly.  * 

Cantharidin ,  the  vesicating  principle  of  the  am" 
iharidei,  or  Spanish  fly,  is  white,  in  small  crystalline 
scales,  insoluble  in  water  and  cold  alcohol,  from 
which  it  precipitates  by  cooling.  The  vesicating 
properties  could  be  extraicted  from  cantharides  by  oil 
of  turpentine,  and  probably  a  satisfactory  ointment 
be  prepared  by  merely  evaporating  the  oil  of  turpen- 
tine at  a  moderate  temperature.    See  Caittbaridbs. 

Canvass,  in  Commerce;  a  coarse  sort  of  linen  or 
hempen  cloth,  usually  wove  open  and  regularly  in 
little  squares ;  serving  for  a  variety  of  domestic  pur- 
poses. Canvass  also  is  the  cloth  on  which  painters 
usually  draw  their  pictures ;  the  canvass  being 
smoothed  over  with  a  flat  stone,  then  sized,  and 
afterwards  whited  over,  makes  what  the  planters  call 
their  primed  cloth,  on  which  they  draw  their  first 
sketches  with  a  coal  or  chalk,  and  afterwards  finish 
with  colours. 

Caoutchouc.  This  substance  which  has  been 
improperly  termed  elastic  gum,  and  vulgarly,  from  its 
common  application  to  rub  out  pencil  marks  on 
paper,  India  nhber,  is  obtained  from  the  milky  juice 
of  different  plants  in  hot  countries.  The  chief  of 
these  are  the  irtropha  elattica,  and  urceola  elastica. 
The  juice  is  applied,  in  successive  coatings,  on  a 
mould  of  clay,  and  dried  by  the  fire  or  in  the  sun ; 
and  when  of  a  sufficient  thickness,  the  mould  b 
crushed  and  the  pieces  shaken  out.  Acids  separate 
the  caoutchouc  from  the  thinner  part  of  the  juice  at 
once  by  coagulating  it.  The  juice  of  old  plants  yields 
nearly  two-thirds  of  its  weight ;  that  of  younger  plants 
less.  Its  colour  when  fresh  b  yellowbh-white,  but 
it  grows  darker  by  exposure  to  the  air.  The  elasti- 
city of  thb  substance  b  its  most  remarkable  property ; 
when  warmed,  as  by  immersion  in  hot  water,  slips 
of  it  may  be  drawn  out  to  seven  or  eight  times  their 
original  length,  and  will  return  to  their  former  dimen- 
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sions.  Cold  renders  it  stiff  and  rigid,  but  warmdi 
restores  its  original  elasticity.  Exposed  to  ^e  fire, 
it  softens,  swelb  up,  and  bums  with  a  bright  flame. 
In  Cayenne  it  b  used  to  give  light  as  a  candle. 

Caprrs  ;  the  pickled  buds  of  the  capperb  spinosa, 
a  low  shrub  generally  growing  out  of  the  joints  of 
old  waUs,  and  the  fissures  of  rocks,  in  most  of  the 
warm  parts  of  Europe.  Capers  are  imported  into 
Great  Britain  from  different  parts  of  the  Mediterra- 
nean ;  the  best  from  Toulon,  m  France.  Some  small 
salt  capers  come  from  Majorca,  and  a  few  flat  ones 
from  about  Lyons.  The  duty  of  6d,  per  lb.  on  capers 
produced  in  1829*  10961.  2«.  7d.  nett,  showing  that 
43,845lbs.  had  been  entered  for  home  consumption. 

Capillary  Turks,  in  PhyncB;  little  pipes,  the 
canab  of  which  are  extremely  narrow,  their  diameter 
being  only  a  half,  third,  or  fourth,  &c.  of  a  line.  If 
one  end  of  a  tube  of  thb  sort,  open  at  both  ends,  be 
immersed  in  a  fluid  which  adheres  to  glass,  as  water, 
the  liquor  within  the  tube  will  rise  to  a  sensible 
height  above  the  surface  of  that  without,  and  the 
height  to  which  it  will  rise  b  inversely  as  the  diame- 
ter of  the  tube,  at  least  unless  the  tubes  are  excessively 
fine.  Thb  phenomenon  b  explained  by  the  attraction 
which  exists  between  the  glass  and  the  fluid.  Such 
liquids  as  do  not  adhere  to  glass  do  not  rise  in  the 
tube :  on  the  contrary,  they  stand  lower  within  than 
without  it.  The  phenomenon  of  the  rise  of  liquids  in 
such  tubes  b  exhibited  in  numberiess  instances  in 
nature,  as  in  the  rising  of  the  sap  in  plants.  See 
Attraction. 

Capillary  Vrssrls  ;  the  minute  vesseb  in  which 
the  arteries  terminate,  and  from  which,  in  a  way  not 
well  understood,  the  veins  commence.  The  distinc- 
tion between  the  arteries  and  veins  b,  therefore,  lost 
in  these  vesseb.  The  support  of  the  soUd,  and  the 
formation  of  the  fluid  parts  of  the  system  take  place 
especially  in  these  vesscds. 

Capital,  in  Archiiechare,    See  Arcbitrcturx. 

Capoc  ;  a  sort  of  cotton,  so  short  and  fine,  that  it 
cannot  be  spun.  It  b  used  in  the  East  Indies  to  line 
palanquins,  to  make  beds,  mattresses,  &c. 

Caponirr,  or  Caponnierk,  in  fortresses;  a  place 
which  is  covered  against  the  fire  of  the  enemy,  on 
the  sides,  sometimes  also  above,  and  serves  for  the 
connection  of  two  works,  or  for  maintaining  an  im- 
portant point.  In  particular — I.  a  passage  secured 
by  two  parapetb  in  the  form  of  glacii,  which  leads 
tnrough  the  dry  ditch  from  one  work  to  another ;  fc^ 
instance,  from  the  chief  wall  to  the  ravelin.  If  dan- 
ger is  to  be  apprehended  only  from  one  side,  and 
consequently  only  one  parapet  is  made,  it  b  called  a 
demi-eaponmere:  if  it  is  covered  above  with  hurdles 
or  with  wood,  it  b  called  a  cq^er  .*  but  thb  word  b 
often  used  indifferently  for  capotmiere. — 2.  Small  block- 
houses in  the  covered  way  for  its  defence.  Coehom 
laid  out  similar,  but  less  useful  works  below  the  gla- 
cis, and  Schamhorst  proposes  them  under  the  name 
of  JieM-capoNJtteres,  for  the  saliant  angles  of  field- 
fortifications. 

Capriccio.  Caprice  is  the  name  iq>plied  to  a  sort 
of  musical  composition,  in  which  the  composer  fol- 
lows the  bent  of  hb  humour.  The  eapricdo  may  be 
used  with  propriety  in  pieces  for  exercise,  in  which 
the  strangest  and  most  difficult  figures  may  be  intro- 
duced, if  they  are  not  at  variance  vrith  the  nature  of 
the  instrument  or  of  the  voice. 

Capricorn  (the  Goaf),  in  Astronomy ;  a  southern 
constellation  and  the  tenth  sign  of  the  zodiac,  from 
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wbiA  ako  the  tenth  port  of  the  ecUptic  takes  the 
nine  denomination.  This  was  one  of  the  48  constel- 
lations received  from  the  Egyptians  by  the  Greeks. 
Hie  stars  in  the  constellation  of  Capricorn,  in  Ptole- 
my's and  Tycho's  catalogue,  are  28;  in  that  of 
Uereltus  29;  and  Mr.  Flamstead,  in  .the  Britannic 
Catalogue,  ennmerates  51. 

Capsicin.  Cayenne  pepper  contains  a  pecnliar 
snbetance,  discovered  by  Forchhammer,  and  called 
eapneJM  by  Dr.  C.  Conwell,  which,  according  to  the 
latter,  when  perfectly  pure,  is  tasteless,  inodorous, 
and  crystallizes  in  acicular  fragments.  It  is  neither 
acid  nor  alkaline. 

Capstan,,  in  shipbuilding,  is  a  mechanical  power 
emplo3red  to  ftcilitate  labour  in  elevating  the  anchor, 
and  for  other  purposes  in  which  great  force  is  re- 
quired. It  is  a  very  extraordinary  circumstance,  that 
while  improvements  have  been  made  in  every  other 
part  of  naval  machines,  but  little  has  been  effected  in 
this,  and  we  gladly  notice  a  patent  for  the  above 
purpose,  by  Mr.  Hindmarsh. 

"Die  object  of  thb  improvement  is  to  enable  a 
capstan  or  windlass  to  be  occasionally  worked  with 
increased  power,  which  is  proposed  to  be  efiiected  by 
placing  toothed  gear,  partly  in  the  drum-head  of  the 
capstan,  and  partly  in  the  upper  part  of  the  barrel. 

The  drum-head,  and  also  the  barrel,  turn  loosely 
upon  a  central  spindle,  independent  of  each  other, 
and  are  connected  together  eitiier  by  the  toothed  gear, 
or  by  bolts.  On  raising  or  withdrawing  the  con- 
necting pinion  from  the  toothed  wheels^  and  tiien 
locking  the  drum-head  and  barrel  together,  the  cap- 
stan works  with  a  power,  only,  equal  to  that  exerted 
by  the  men  at  the  capstan  bars,  as  an  ordinary  cap- 
stan ;  but  on  lowering  the  pinion  into  gear  with  the 
wheel  work,  and  withdrawing  the  bolts  which  locked 
the  dnun-head  to  the  barrel,  the  power  exerted  by 
die  men  becomes  increased,  in  proportion  to  the  di- 
ameters and  numbers  of  teeth  in  the  wheels  and 
pinions. 

The  barrel,  with  the  whelps, 
tarns  loosely  upon  a  vertical 
spindle,  fixed  into  the  deck  of 
tibe  vesseL  The  drum-head 
also  turns  loosely  upon  the 
same  spindle.  The  circular 
firame,  in  which  the  axis  of  the 
toothed  wheels  are  mounted, 
is  fixed  to  the  central  spindle. 
The  rim,  vridi  internal  teeth, 
is  made  fast  to  the  top  of  the 

barrel ;  and  the  pinion  which  J 

slides  9pon  the  spindle,  is  con-  - 

nected  to  the  drum-head. 

CAFUT-MoaTUUM  (dead  head)  i  a  technical  expres- 
sion in  chemistry  for  the  deposit  in  the  retort,  arising 
from  dry  distillation ;  because,  if  the  operation  is 
continned,  volatile  substances  cease  to  be  given  off*. 

CAnABiicm ;  a  term  for  a  kind  of  gun,  which  is 
now  out  of  use.  At  present,  short  guns,  used  by  the 
cavalry,  have  this  name.  Tacticians  entertain  very 
different  opinions  respecting  this  kind  of  arms.  Some 
think  that  they  are  of  no  use  whatever,  as  the  aim 
from  on  horseback  is  extremely  uncertain.  In  some 
armies,  every  third  man  of  certain  regiments  of  ca- 
valry is  armed  with  a  carabine.  The  word  carabine  is 
found  in  all  European  languages,  with  different  end- 
ittcs  only.  Many  derive  the  word  from  Calabria, 
TOch,  for  a  long  time,  was  famous  for  a  certain  light 
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cavalry.  The  tr«nsl^mnatioa  of  the  I  into  r  would 
not  be  extraordinary.  Du  Fresne  derives  the  word 
from  a  kind  of  arms  called  ehavarma,  of  which  men^ 
tion  is  made  in  the  14th  century. 

Cabbon.  Charcoal,  as  we  are  familiar  with  it  in 
common  life,  contains  hydrogen  and  saline  and  me- 
tallic substances.  Accordingly,  it  became  necessary 
to  introduce  a  pecnliar  term  for  its  pure  base,  and 
the  one  adopted  by  chemists  was  Goroofi.  This  ele- 
ment, besides  forming  the  inflammable  matter  of 
charcoal,  exists  largely  in  animal  substances,  and  is 
extensively  distributed  in  the  mineral  kingdom. 

The  only  body  in  which  carbon  has  been  found  to 
exist  in  a  state  of  absolute  purity,  is  the  diamond. 
This  precious  stone  has  always  been  esteemed  as  tiie 
most  valuable  of  the  gems — a  superiority  which  it 
owes  to  its  hardness,  lustre,  and  high  refractive 
power.  Diamonds  are  brought  from  India  and  from 
Brazil.  Those  of  India,  which  have  been  the  longest 
known,  are  principally  found  in  the  kingdoms  of 
Golconda  and  of  Visiapour.  Those  of  Brazil,  dis- 
covered at  the  commencement  of  the  17th  century,  be- 
long to  the  district  of  Serro  de  Frio.  The  situations 
in  which  they  occur  are  such  as  to  favour  the  idea  of 
their  recent  formation ;  since  they  exiiBt  disseminated 
through  a  loose,  ferruginous  sandstone,  or  quite  de- 
tached in  a  sandy  soil ;  and,  in  both  cases,  are  situ- 
ated at  no  great  depth  below  the  surface.  In  Brazil, 
the  conglomerate  in  which  they  exist  is  called  casealho; 
from  which  they  are  extracted  by  washing,  in  the 
same  manner  as  gold.  The  diamond  uniformly  oc- 
curs crystallized,  and  presents  a  great  variety  of 
forms ;  all  of  which  yield  readily  to  mechanical  divi- 
sion parallel  to  all  the  planes  of  the  regular  octohe- 
dron,  which,  .therefore,  is  the  form  of  the  primary 
crystal,  and  under  which  figure  it  is  sometimes  found 
in  nature.  The  faces  of  its  crystals  are  very  fre- 
quently curved,  so  as  to  communicate  to  them  a 
rounded  appearance.  They  are  commonly  limpid ; 
and  are  eidier  colourless,  or  of  a  yellowish,  bluish, 
yellowish-brovni,  black-brovni,  Prussian  blue,  or  rose- 
red  colour.  Specific  gravity,  3.5.  Its  hardness  is 
extreme ;  so  that  it  can  be  worn  down  only  by  rub- 
bing one  diamond  against  another,  and  is  polished 
only  by  the  finer  diamond  poipder. 

The  weight,  and,  consequently,  the  value  of  dia- 
monds, are  estimated  in  carats,  one  of  which  b 
equal  to  four  grains ;  and  the  price  of  one  diamond, 
compared  with  that  of  another  of  equal  colour, 
transparency  and  purity,  is  as  the  squares  of  tihe 
respective  weights.  The  average  price  of  rough 
diamonds,  that  are  worth  working,  is  about  2L  for 
the  first  carat.  Jhe  value  of  a  cut  diamond  is  equal 
to  that  of  a  rough  diamond  of  double  weight,  ex- 
clusive of  the  price  of  woikmanship ;  and  the  whole 
cost  of  a  wrought  diamond  of 

1  carat  mav  be  about  36  dollars,  or  £  8 

2  caraU      is  2*  X  £8  =  32 

3  do.         is  3*  X     8  =  72 

4  do.         is  4*  X     8  s:  128 
100    do.         is       100*  X     8  =     80,000 

This  rule,  however,  is  not  extended  to  diamonds  of 
more  than  20  carats.  The  larger  ones  are  disposed 
of  at  prices  much  beyond  their  value  by  that  compu- 
tation. The  snow-white  diamond  is  most  prized  by 
the  jeweller.  When  transparent,  and  free  from 
cracks,  it  is  said  to  be  of  the  fir$t  water. 

The  following  are  some  of  the  most  extraordinary 
diamonds  known:— one  in  th€  possession  of  th* 
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of  Mttttan,  in  die  ishmd  of  Bohmo,  wktre  it 
was  found  about  a  centniy  ago :  it  is  shaped  like  an 
egg,  and  is  of  the  finest  water :  its  weight  is  367  ca- 
rats, or  2  oz.  169  grs.  Troy.  Another  is  the  cele- 
brated Pitt  diamond*  now  among  the  crown  jewels 
of  France,  weighing  136  carats  ;  another  in  the 
sceptre  of  the  Emperor  of  Russia,  of  the  size  of  a 
pigeon's  egg ;  and  another  in  the  possession  of  the 
Great  Mogul,  which  is  said  to  weigh  280,  and  which, 
in  a  rough  state,  weighed  793  carato.  FVom  the  fact 
tiiat  transparent  inflammiMe  bodies  refract  light  in  a 
ratio  greater  than  their  densities.  Sir  Isaac  Newton 
conjectured  tiiat  the  diamond  might  consist  of  an 
nnctuons  matter  coagulated.  Hie  Florentine  acade- 
micians had  rendered  its  combustibility  probable,  by 
exposing  it  to  the  solar  rays  of  a  poweiful  buming- 
^ass,  and  observing  that  it  gradually  disappeared, 
or  was  consumed.  Subsequent  experiments  settled 
the  question,  by  proving  that  the  diamond  lost  none 
of  its  weight  when  calcined  out  of  contact  with  the 
air ;  but,  on  the  contrary,  that  it  was  dissipated  when 
heated  in  contact  wiUi  Uds  fluid.  It  still  remained, 
however,  to  be  discovered,  what  was  the  true  nature 
of  the  diamond.  This  was  accomplished  by  Lavoi- 
sier, who  enclosed  diamonds  in  jars  filled  with  at- 
mospheric air  or  oxygen  gas,  and,  after  having  caused 
them  to  disappear  bv  the  heat  of  a  burning-glass, 
examined  the  air  in  the  vessels.  He  found  it  to  ex- 
hibit precisely  the  same  properties  as  the  air  which 
results  from  the  combustion  of  charcoal.  This  expe- 
riment was  also  performed  by  Mr.  Pepys,  who  de« 
monstrated  the  nature  of  the  diamond  by  another 
arrangement.  A  diamond  was  enclosed  in  a  cavity 
made  in  a  piece  of  pure,  soft  iron ;  a  stopper  of  the 
same  metal  was  driven  into  it,  and  the  mass  was  put 
into  a  small  crucible,  which  was  covered,  and  this 
into  a  second ;  the  space  between  them  being  filled 
with  pure  silicious  sand.  The  whole  was  exposed, 
for  some  time,  to  an  intense  heat.  When  examined, 
the  diamond  had  disappeared,  and  the  iron,  with 
which  it  had  been  in  contact,  was  converted  into  steel. 
Now  steel  is  a  compound  of  iron  and  carbon ;  and, 
as  the  diamond  was  not  visible,  and  as  there  was  no 
source  from  which  the  carbon  could  have  been  ob- 
tained, the  conclusion  was  unavoidable,  that  the 
diamond  was  pure  carbon.  Yet  so  different  is  this 
mineral  from  charcoal,  that  it  was,  for  a  time,  ima- 
gined that  it  contained  some  other  element  than  car- 
bon ;  but  the  numerous  and  delicate  experimente  of 
Sir  H.  Davy,  and  several  other  chemists,  failed  of 
detecting  any  thing  else  in  ito  composition;  and, 
although  there  existo  so  great  a  difference  between 
the  diamond  and  charcoal,  in  their  external  proper- 
ties, we  are  forced  to  believe  that  they  are  identically 
of  the  same  nature.  The  diamond  is,  therefore,  pure 
carbon,  and  differs  from  charcoal  (leaving  out  of 
question  ito  trifling  impurities)  only  in  the  arrange- 
ment of  ito  molecules. 

The  substance  in  which  carbon  existo  next  in  purity 
is  charcoal.  For  common  purposes,  this  is  prepared 
by  piling  billeto  of  wood  in  a  pyramidical  form,  with 
vacuities  between  them  for  the  adn^ission  of  air, 
covering  them  with  earth,  and  inflaming  them.  In 
consequence  of  the  heat,  part  of  the  combustible 
substance  is  consumed,  part  is  volatilized,  together 
with  a  portion  of  water,  and  there  remains  behind 
tile  ligneous  fibre  only  of  the  wood,  in  the  form  of  a 
black,  britUe,  and  j)orous  body.  When  required 
pure,  and  in  small  quantities,  for  the  purposes  of 


the  chemist,  it  may  bt  obtained  by  immersing  Urn 
wood  in  sand  contained  in  a  crucible  exposed  to 
heat.  According  to  the  experimento  of  Messrs. 
Allen  and  Pepys,  the  weight,  of  charcoal  obtained 
from  100  parte  of  different  woods  was  as  follows :- * 
fir,  18.17  ;  lignum  vite,  17.25 ;  box,  20.25 ;  beech, 
15 ;  oak,  17.40 ;  mahogany,  15.75. 

Lampblack  is  diarcoal  in  a  state  of  minute  division, 
and  is  prepared  for  the  demands  of  trade  from  the 
dregs  wnich  remain  after  the  eliquation  of  piteh,  or 
else  from  small  pieces  of  fir-v^ood,  which  are  burned- 
in  fUhiaces  of  a  pecnliar  construction,  the  smoke  of 
which  is  made  to  pass  through  a  long  horizontal  flue, 
terminating  in  a  close,  boarded  chamber.  The  roof 
of  this  chamber  b  made  of  coarse  cloth,  through 
which  the  current  of  air  escapes,  while  the  soot,  or 
lampblack,  remains  behind.  Coke  is  a  peculiar  kind 
of  charcoal,  which  remains  in  the  retort,  after  the 
heating  of  coal  to  procure  die  coal  gas. 

Jfyory-blade,  or  animal  ekareoal,  is  obtained  from 
bones  made  red-hot  in  a  covered  crucible,  and  con- 
sisto  of  charcoal  mixed  witii  the  eaitiiy  matters  of 
the  bone. 

Wood  charcoal,  w^  prepared,  is  of  a  deep-black 
colour,  brittle  and  porous,  tasteless  and  inodorous. 
It  is  infusible  in  any  heat  a  furnace  can  raise ;  but» 
by  tiie  intense  heat  of  a  powerful  galvanic  apparatus, 
it  is  hardened,  and  at  length  is  volatilized,  presenting 
a  surface  with  a  distinct  appearance  of  having  under- 
gone fusion.  The  density  of  charcoal,  according  to* 
Mr.  Leslie,  is  little  short  of  that  of  the  diamond 
itself,  although  ito  specific  gravity  has  usually  been 
considered  as  low  as  2.00.  Charcoal  is  insoluble  in 
water,  and  is  not  affected  by  it  at  low  temperatures ; 
hence  wooden  stakes^  which  are  to  be  immersed  in 
water,  are  often  charred  to  preserve  them. 

Owing  to  ito  peculiarly  porous  texture,  charcoal ' 
possesses  the  property  of  absorbing  a  large  quantity 
of  air,  or  other  gases,  at  common  temperatures,  and 
of  yielding  the  greater  part  of  them  when  heated. 
It  appears  from  l£e  researches  of  Saussure,  that  dif- 
ferent gases  are  absorbed  by  it  in  different  propor- 
tions. He  found  that  charcoal  prepared  from  box- 
vTood  absorbs,  during  the  space  of  24  or  36  hours, 
of 

Ammoniacal  gas     .    90  times  ito  volume ; 
Muriatic  acid     .     .    85  do. 

Carbonic  acid    •    .    36  do. 

Oxygen  ....  9.25  do. 
Hydrogen  ...  1.75  do. 
Charcoal  likewise  absorbs  the  odoriferous  and  colour-, 
ing  principles  of  most  animal  and  vegetable  sub- 
stances. Thus,  all  saline  substances,  which,  fiiom 
the  adherence  of  vegetable  or  animal  extractive  mat* 
ter,  are  of  a  brown  colour, — as  crude  tartar,  crude 
nitre,  impure  carbonate  of  ammonia,  and  other  salto, 
—may,  after  bemg  digested  through  the  medium  of 
water  with  charcoal,  be  obtamed  white  by  a  second 
crystallization.  Resins,  gum-resins,  assafoelida, 
opium,  balsams,  essential  oils,  and  many  other  sub- 
stances, even  those  that  have  the  strongest  smell, 
are  rendered  nearly  inodorous  when  they  are  rubbed 
with  charcoal  and  water,  or  when  solutions  of  them 
in  alcohol  are  macerated  with  the  charcoal,  or  fil- 
trated repeatedly  through  it.  A  number  of  ^e  vege- 
table tinctures  and  infusions  also  lose  their  colour; 
smell,  and  much  of  their  taste,  by  the  same  process. 
Common  vinegar,  on  being  boiled  with  charcoal 
powder,  becomes  colourless.    Malt  spirit,  by  distil* 
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latum  with  diarcoel^  is  freed  from  its  dkagreeable 
flavour.  In  the  same  maimer  wines  also  become 
eolonriess,  and  distilled  waters  lose  their  odours. 
Water,  which,  frt)m  having  been  long  kept  in  wooden 
vessels,  as  daring  long  voyages,  has  acquired  an 
offensive  smell,  is  deprr^  of  it  by  filtration  through 
Charcot  powder,  or  even  by  agitation  vrith  it  for  a 
few  minutes,  especially  when  a  few  drops  of  sul- 

Cirie  acid  have  also  been  added.  Hence,  also,  it 
been  foond  that,  by  charring  the  inside  of  casks 
for  keeping  water,  it  mav  be  preserved  a  long  time 
wifliottt  spoiling.  Charcoal  can  even  remove  or  pre- 
vent the  putrescence  of  animal  matter.  If  a  piece  of 
flesh  has  become  tainted,  the  taste  and  smell  may,  m 
a  great  measure,  be  removed,  by  rubbing  it  with  char- 
coal powder ;  and  it  may  be  preserved  fresh  for  some 
time  by  burying  it  in  the  same  substance.  To  pro- 
duce these  effects,  however,  it  is  necessary  that  the 
charcoal  should  have  been  well  calcined  and  newly 
prepared. 

The  uses  of  charcoal  are  extensive.  It  is  used  as 
fuel  in  various  arts,  where  a  strong  heat  is  required 
without  smoke,  as  in  dyeing,  and  in  various  metaU 
iurgic  operations,  fiy  cementation  with  charcoal, 
iron  is  converted  into  steel.  It  is  used  in  the  ma- 
nufacture of  gunpowder,  in  its  finer  state  of  aggre- 
gation, under  the  form  of  ivory-black,  lamp-black, 
ftc.  It  \s  the  basis  of  black  pamt ;  and  mixed  with 
ht  oils  and  resinous  matter,  to  give  a  due  consist- 
ence, it  forms  the  composition  of  printing  ink.  It 
IS  used  to  destroy  colour  and  odour,  particularly  in 
sympa ;  to  purify  honey ;  to  resist  putrefiBUrtlon ;  to 
confine  heat,  and  for  a  number  of  other  important 
purposes. 

When  charcoal  is  heated  to  a  certain  degree  in 
the  open  air,  or  in  oxygen  gas,  it  takes  fire,  and 
boms  with  the  production  x>f  an  elastic  vapour,  which 
has  been  called  cturbimic  acid  gas.  It  is  usually  ob- 
tained, however,  by  other  processes.  It  exists,  com- 
bined with  lime,  in  the  different  varieties  of  lime- 
stone, marble,  and  chalk ;  and  if  any  of  these  sub- 
stances be  exposed  to  a  strong  heat,  the  affinity  of 
the  acid  to  the  lime  is  so  far  weakened,  that  it  as- 
sumes the  elastic  form,  and  may  be  collected.  An 
easier  mode  is  also  practised  for  effecting  its  disunion, 
through  the  affusion  of  one  of  the  more  powerful 
acids.  From  the  experiment  of  the  direct  formation 
of  this  acid,  by  the  combustion  of  charcoal  in  oxygen 
gas,  its  composition  has  been  determined  to  be  27  A 
carbon,  and  72.6  oxygen.  Tennant  illustrated  its 
nature  analytically,  by  passmg  the  rapour  of  phos- 
ph(»iis  over  chalk,  or  the  carbonate  of  lime,  heated 
to  redness  in  a  glass  tube.  The  phosphorus  took 
oxygen  from  the  carbonic  acid,  charcoal  in  the  form 
of  a  light  black  powder,  was  deposited,  and  the 
phosphoric  acid,  which  was  formed,  united  with  the 
iime.  Carbonic  acid  is  a  colouriess,  inodorous,  elastic 
fluid,  which  possesses  all  the  physical  prop^ies  of 
the  gases  in  an  eminent  degree,  and  requires  a  pres- 
sure of  36  atmospheres  to  condense  it  into  a  li<juid. 
Its  specific  gravity,  compared  with  common  air,  b 
1.5^7-  It  extinguishes  burning  substances  of  all 
kinds,  and  is  incapable  of  supporting  the  respiration 
ot  animals,  its  presence,  even  in  a  moderate  propor- 
tion, being  soon  fatal.  An  animal  cannot  live  in 
air  which  contains  sufficient  carbonic  acid  for  ex- 
tinguishing a  lighted  candle ;  and  hence  the  practical 
rule  of  letting  down  a  burning  taper  into  old  wells 
ar  pittf,  before  any  one  ventures  to  descends    When 
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an  atteaipt  is  made  to  inspire  pure  carbonic  bM,  a 
violent  spasm  of  the  glottis  takes  place,  which  pi^ 
vents  the  gas  fh)m  entering  the  lungs.  If  it  be  so 
much  diluted  with  air,  as  to  admit  of  its  passing  the 
glottis,  it  then  acts  as  a  narcotic  poison  on  the 
system.  It  is  this  gas  which  so  often  proves  de- 
structive to  persons  sleeping  in  a  confined  room  with 
a  pan  of  bumbg  charcosU.  Lime-water  becomes 
turbid  when  brought  into  contact  with  carbonic  acidi 
from  the  union  of  the  lime  with  the  eas,  and  the  in- 
soluble nature  of  the  compound  thus  formed.  Hence, 
lime-water  is  not  only  a  valuable  test  of  the  pre^ 
sence  of  carbonic  acid,  but  is  frequently  used  to 
withdraw  it  altogether  from  any  gaseous  mixture 
that  contains  it.  Carbonic  acid  is  absorbed  by 
water.  Recently-boiled  water  dissolves  its  own  vo- 
lume of  carbonic  acid,  at  the  common  temperature 
and  pressure ;  but  it  will  take  up  much  more  if  tibe 
pressure  be  mcreased.  Water  and  other  Uquids> 
which  have  been  charged  with  carbonic  acid  under 
great  pressure,  lose  the  greater  part  of  the  gas  when 
the  pressure  is  removed.  The  effervescence  which 
takes  place  on  opening  a  bottle  of  ginger  beer,  cyder, 
or  brisk  champaign,  is  owing  to  the  escape  of  car* 
bonic  acid  gas.  Water  which  is  fully  saturated  with 
carbonic  acid  gas  sparkles  when  it  is  poured  from 
one  vessel  to  another.  The  solution  has  an  agree- 
ably acidulous  taste^  and  gives  to  litmus  paper  a 
red  stain,  which  is  lost  on  exposure  to  the  air.  On 
the  addition  of  lime-water  to  it,  a  cloudiness  is  pro- 
duced, which  at  first  disappears,  because  the  car- 
bonate of  lime  is  soluble  m  an  excess  of  carbonic 
acid ;  but  a  permanent  precipitate  ensues,  when  the 
free  acid  is  neutralized  by  an  additional  quantity  of 
lime-water.  The  water  which  contains  caihonic  acid 
in  solution  u  wholly  deprived  of  the  gas  by  boiling. 
The  agreeable  pungency  of  beer,  porter,  and  ale,  is 
in  a  great  measure  owing  to  the  presence  of  carixmic 
acid ;  by^  the  loss  of  vdiich,  on  exposure  to  the  air, 
they  become  stale.  All  kinds  of  spring 'and  v^ell- 
water  contain  carbonic  acid,  which  Uiey  absorb  froir 
the  atmosphere,  and  to  which  they  are  partly  in- 
debted for  their  agreeable  flavour.  Boiled  veater 
has  an  insipid  taste,  from  the  absence  of  carbonic 
acid.  Carlx>nic  acid  is  always  present  in  the  at- 
mosphere, even  at  the  summit  of  the  highest  moun- 
tains. Its  origin  is  obvious.  Besides  being  formed 
abundantly  by  the  combustion  of  all  substances 
which  contain  carbon,  the  respiration  of  *wi»pftlii  u 
a  fruitful  source  of  it,  as  may  be  proved  by  breathing 
a  few  minutes  into  lime-water.  It  is  also  generated 
in  all  the  spontaneous  changes,  to  which  dead  animal 
and  vegetable  matters  are  subject.  The  carbomc 
acid  proceeding  from  such  sources  is  commonly  dif- 
fused equably  through  the  air;  but,  when  any  of 
these  processes  occur  in  low,  confined  situations,  as 
in  the  galleries  of  mines  or  in  welb,  the  gas  is  then 
apt  to  accumulate  there,  and  form  an  atmosphere 
called  choke  damp,  which  proves  fatal  to  any  animals 
that  are  placed  in  it.  These  accumulations  take 
place  only  where  there  is  some  local  origin  for  the 
carbonic  acid ;  for  example,  when  it  is  generated  by 
fermentative  processes  going  on  at  the  surface  of  the 
ground,  or  when  it  issues  directly  from  the  earth,  as 
happens  at  the  Grotto  del  Cane,  in  Italy,  and  at 
Pyrmont,  in  Westphalia. 

Though  carbonic  acid  is  the  product  of  many  na- 
tural operations,  no  increase  of  its  quantity  in  the 
atmosphere  b  discoverable.    Such  an  increase  ap* 
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pears  to  be  prevented  by  the  process  of  yegetstion. 
Growing  plants  purify  Uie  air  by  withdrawinjp;  car- 
bonic acid,  and  yielmng  an  equal  volume  of  pure 
oxygen  in  return ;  but  whether  a  full  compensation 
for  Uie  deterioration  of  the  air  by  respiration  is  pro- 
duced in  this  way»  has  not  as  yet  been  satisfactorily 
determined. 

Carbonic  acid  abounds  in  mineral  springs,  such 
as  diose  of  Tunbridge,  Carlsbad,  and  Saratoga. '  In 
combination  with  lime,  it  forms  extensive  masses  of 
rock,  which  occur  in  all  countries,  and  in  every  for- 
mation. It  unites  with  alkaline  substances,  and  the 
salts  so  produced  are  called  carbonatet.  Its  add 
properties  are  feeble,  so  that  it  is  unable  to  neutra- 
lize completely  the  alkaline  properties  of  potash,  soda, 
and  lithia.  For  the  same  reason  all  the  carbonates, 
without  exception,  are  decomposed  by  the  muriatic 
and  all  the  stronger  acids ;  the  carbonic  acid  is  dis- 
placed, and  escapes  in  the  form  of  gas. 

Another  gaseous  compound  of  carbon  with  oxygen, 
called  carbonic  oxide,  exists,  or  may  be  obtain^  by 
heating  powdered  chalk,  or  any  carbonate  which  can 
bear  a  red  heat  without  decomposition,  with  iron 
filii^  in  a  gun-barrel.  It  is  evolved  together  with 
carbonic  acid  gas,  from  which  it  may  be  freed  by 
agitating  the  mixed  gases  with  lime-water,  when  the 
carbonic  acid  is  absorbed,  and  the  gas  in  question  is 
left  in  a  state  of  purity.  It  is  colourless  and  insipid. 
Xame-water  does  not  absorb  it,  nor  is  its  transpa- 
rency affected  by  it.  When  a  lighted  taper  is  intro- 
duce into  a  jar  of  carbonic  oxide,  it  takes  fire,  and 
bums  calmly  at  its  surface  with  a  lambent,  blue 
flame.  It  is  incapable  of  supporting  respiration. 
A  mixture  of  100  measures  of  carbonic  oxide,  and 
rather  more  than  50  of  oxygen,  on  being  exploded 
in  Volta's  eudiometer  by  electricity,  disappear,  and 
100  measures  of  carbonio  acid  gas  occupy  their  place ; 
from  which  the  exact  composition  of  carbonic  pxide 
is  easily  deduced:  for  carbonic  acid  contains  its 
own  bulk  of  oxygen;  and,  since  100  measures  of 
carbonic  oxide,  with  50  of  oxygen,  form  100  mea- 
sures of  carbonic  acid,  it  follows  that  100  of  carbonic 
oxide  are  composed  of  50  of  oxygen,  united  with 
precisely  the  same  quantity  of  carbon  as  is  con- 
tained m  100  measures  of  carbonic  acid.  Conse- 
quently, the  composition  of  carbonic  acid  being. 
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Its  specific  gravity  is  0.9721 

The  process  forgenerating  carbonic  oxide  will  now 
be  intelligible.  Tke  principle  of  the  method  is  to 
bring  carbonic  acid,  at  a  red  heat,  in  contact  with 
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some  substance  which  has  a  strong  afiSnity  for  oxy- 
gen. This  condition  is  fulfilled  by  igniting  chalk,  or 
any  of  the  carbonates,  with  half  its  wei^t  of  iron 
filings,  or  of  charcoaL  The  carbonate  is  reduced  to 
its  caustic  state,  and  the  carbonic  acid  is  converted 
into  carbonic  oxide  by  yielding  oxygen  to  the  iron  or 
the  charcoal.  When  the  first  is  used,  an  oxide  of 
iron  is  the  product ;  when  charcoal  is  employed,  the 
charcoal  itself  is  converted  into  carbonic  oxide. 

Carbonic  Acid.    See  Carbon. 

Carbonic  Oxidb.    See  Carbon. 

Carbunclx,  in  Surgery;  a  roundish,  hard,  livid» 
and  painful  tumour,  quickly  tending  to  mortification, 
and  (when  it  is  malignant)  conned^  with  extreme 
debility  of  the  constitution.  When  this  complaint 
is  symptomatic  of  the  plague,  a  pestilential  bubo 
usually  attends  it  (See  pIagub.)  The  carbuncle 
is  seated  deeply,  in  parts  provided  with  cellular  mem- 
brane, and  therefore  does  not  soon  discover  its  whole 
dimensions,  nor  the  ill  digested  matter  it  contains. 

Carcass  (in  French,  carcas$e),  in  military  lan- 
gpoage;  an  iron  case  filled  virith  combustible  mate- 
rials, which  is  discharged  from  a  mortar,  like  a  bomb. 
There  were  formerly  two  kinds,  oblong  and  round 
ones,  but  they  are  now  out  of  use. 

In  architecture,  carcas$  signifies  the  timber-work 
of  a  house,  before  it  is  either  lathed  or  plastered. 

Carcinoma.    See  Cancbr. 

Cardiacus  Flbxus,  in  Amaiomy,  is  formed  by 
the  nerves  which  supply  the  heart,  and  which  are 
derived  from  the  superior  and  inferior  cervical,  and 
first  dorsal  ganglia  of  the  great  sympaUietic  nerve 
from  the  par  vagum  and  the  recurrent  nerve. 

Cardinal  Points  ;  the  four  intersections  of  the 
horizon  vnth  the  meridian  and  the  prime  vertical 
circle.  They  coincide  with  the  four  cardinal  regions 
of  the  heavens,  and  are,  of  course,  90^  distant  from 
each  other.  The  intermediate  points  are  called  coUs- 
tertd  points. 

Carding  ;  a  preparation  of  wool,  cotton,  hair,  or 
flax,  by  passing  it  between  the  iron  points,  or  teetl^ 
of  two  instruments,  called  card$,  to  comb,  disentan- 
gle, and  arrange  the  hairs  or  fibres  thereof  for  spin- 
ning, &c.  Before  the  wool  is  carded,  it  is  coated 
with  oil,  whereof  one-fourth  of  the  weight  of  the 
wool  is  required  for  wool  destined  for  the  woof  of 
stuffs,  and  one-eighth  for  that  of  the  warp. 

Cards,  Plating,  are  pieces  of  thin  pasteboard, 
of  an  oblong  figure,  and  with  us  commonly  about  3^ 
inches  long  and  2^  broad  ;  on  which  are  printed  a 
variety  of  points  and  figures ;  a  certain  number  or 
assemblage  of  which  serve  for  the  performance  of 
various  games,  as  ombre,  picquet,  whist,  &c.  A  full 
pack  consists  of  fifty-two  cards.  The  inventor  of 
cards  is  not  known,  nor  even  the  age  when  they  first 
appeared;  but  judging  from  the  material  tiiey  were 
originally  made  of,  viz.  leaves  of  paper,  they  appear 
to  be  prior  to  the  time  of  Charlemagne,  llie  Hon. 
Daines  Harrington,  Mr.  Bowles,  and  Mr.  Gough,  in 
their  three  essa3rs  on  the  "  Anti^MOy  of  Card-fiay' 
ing/'  seem  to  agree  that  the  Spaniards  have  the  best 
pret^sions  to  be  considered  as  the  original  inventors 
of  this  amusement.  Others  have  traced  their  inven- 
tion to  about  the  year  1390,  for  the  purpose  of 
diverting  (Charles  VI.,  then  king  of  France,  who  had 
fallen  into  a  deep  melancholy,  and  ascribe  it  to  Ja- 
quemin  Gringonneur,  a  painter  in  Paris.  Accordingly, 
in  the  accounts  of  tiie  treasurer  of  diat  prince,  toe 
following  article  occurs :  ''  Paid  fifty-six  shillings  of 
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is,  to  Jaqaetiin  Gringoimeur,  the  painter,  for  three 
packa  of  cards  gilded  with  gold,  and  painted  with 
divers  colours  and  divers  devices,  to  be  carried  to  the 
king  for  his  amusement."  From  this  item  of  account 
it  appears,  that  the  playing  cards  were  originally 
very  different  in  their  appearance  and  price  from  what 
they  are  at  present.  TTiey  were  gilt,  and  the  figures 
were  painted  or  illuminated,  which  required  no  little 
skill  and  genius,  as  well  as  labour.  This  last  circum- 
stance is  one  reason  that  playing  cards  were  little 
known  and  used  for  several  years  after  they  were 
invented.  By  the  four  suits  or  colours,  the  inventor 
might  design  to  represent  the  four  states  or  classes 
of  men  in  the  kingdom.  The  coeurs,  or  hearts,  denote 
the  gens  de  choeur,  choir-men  or  ecclesiastics.  The 
nobUity  or  principal  militar)'  part  of  the  kingdom  is 
represented  by  the  ends  or  points  of  lances  or  pikes, 
which,  through  ignorance  of  the  meaning  of  the 
figure,  we  have  called  spades.  By  diamonds  are 
designated  the  order  of  citizens,  merchants,  and 
tradesmen.  The  trefoil  leaf,  or  clover  grass,  incor- 
rectly called  clubs,  alludes  to  the  husbandmen  and 
peasants.  The  four  kings  are  David,  Alexander, 
Cesar,  and  Charles,  representing  the  four  celebrated 
monarchs  of  the  Jews,  Greeks,  ^mans,  and  Franks, 
mider  Charlemagne.  The  queens  represent  Argine  (for 
regina,  queen  by  descent),  Esther,  Judith,  and  Pallas ; 
which  are  typical  of  birth,  piety,  fortitude,  and  wis- 
dom. The  knaves  denote  the  servants  to  the  knights. 
The  first  certain  notice  of  their  having  been  known 
in  England  occurs  in  a  record  in  the  time  or  Edward 
IV.  On  an  application  of  the  card-makers  of  London 
to  Parliament,  A.  D.  1463,  an  act  was  made  against 
the  importation  of  playing  cards.  From  this  statute 
it  appears,  that  both  card-playing  and  card-making 
were  known  and  practised  in  England  before  this 
period,  or  about  50  years  after  the  era  of  their  sup- 
posed invention.  Mr.  Gough  observes,  that  the  use 
of  cards  among  the  Chinese  is  evident,  not  only  from 
a  Chinese  painting,  which  represents  their  ladies 
playing  at  a  game  with  something  much  thicker  in 
substance  than  cards,  yet  shaped  and  numbered  like 
them,  but  also  from  a  pack  of  Chinese  cards  in  his 
possession,  ma^e  of  the  same  materials  as  the  Eu- 
ropean. However,  the  devices  on  the  cards  are 
veiy  different  from  those  known  in  this  part  of  the 
world. 

Cabbening  (in  French,  /aire  hbattre,  carher); 
heaving  the  vessel  down  on  one  side,  by  applying  a 
strong  purchase  to  the  masts,  so  that  the  vessel  may 
be  cleansed  from  any  filth  which  adheres  to  it  by 
careening. 

A  half  careen  takes  place  when  it  is  not  possible  to 
come  at  the  bottom  of  the  ship  ;  so  that  only  half  of 
It  can  be  careened. 

Caribbbb  Bark.  Under  the  general  denomina- 
tion of  cinchona,  several,  barks  have  been  compre- 
hended which  are  not  the  products  of  the  real  cincho- 
luu  and  which,  in  fact,  neither  contain  cinchona  nor 
qainia,  and  cannot,  consequently,  be  substituted  as  a 
febrifu^  for  the  true  species  of  cinchona.  One  of 
the  principal  substitutes  of  this  kind  is  the  Caribbee 
or  St.  Lucia  bark,  which  is  procured  from  the  exos- 
iema  Caribaa  (Persoon),  a  tree  growing  in  the  West 
Indies.  This  baric  is  in  convex  fragments,  covered 
with  a  yellow  epidermis,  commonly  thin,  but  some- 
times hard  and  spongy,  with  deep  fissures,  of  a 
yellow,  red,  or  brown  tint  internally,  of  a  fibrous 
texture,  offering  here  and  tiiere  small  shining  and 
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crystalline  points  of  a  very  bitter  taste  and  very  faint 
smell. 

Carminativb,  in  Medicine ;  a  denomination  for- 
merly applied  to  those  articles  of  the  materia  medica 
which  possess  the  property  of  dispelling  wind  from 
the  stomach. 

Carmine,  the  most  splendid  of  all  the  red  colours, 
is  made  from  the  cochineal  insect,  or  coccus  cacti.  It 
fs  deposited  from  a  decoction  of  powdered  cochineal 
in  water,  to  which  alum,  carbonate  of  soda,  or  oxide 
of  tin,  is  added.  As  the  beauty  of  this  valuable  colour 
is  affected  not  only  by  the  mode  of  applying  it,  but 
also  by  the  quantity  of  the  ingredients  mixed  with  it, 
we  find  various  jrecipes  for  the  preparation  of  it.  The 
manufactories  which  prepare  Uie  best  carmine  care- 
fully conceal  the  method.  The  best  natural  cochineal 
is  found  in  Mexico. 

Carnation,  in  the  Fine  Arts ;  the  colouring  of  the 
flesh  of  the  human  body,  llie  use  of  carnation 
requires  very  attentive  study  and  great  skill  in  the 
artist.  It  varies  with  the  sex  of  the  individual,  with 
the  classes  and  countries  to  which  the  subjects  belong, 
with  the  passions,  the  state  of  the  health,  &c.  The 
cheeks  are,  in  a  healthy  subject,  of  a  lively  red ;  the 
breast,  neck,  and  upper  part  of  the  arms  of  a  soft 
white ;  the  belly  yellowish.  At  the  extremities  the 
colour  becomes  colder,  and  at  the  joints  assumes  a 
violet  tint,  on  account  of  the  transparent  appearance 
of  the  blood.  All  these  shades  require  to  be  softly 
blended.  Two  faults  in  carnation  arc  chiefly  to  be 
avoided — hardness,  the  fault  of  the  masters  of  the 
15th  century,  and  too  great  weakness.  Guido  Reni 
not  unfrequently  painted  his  flesh  so  that  it  appeared 
almost  bloodless.  The  French  school  has  gone  far- 
thest in  this  respect.  The  flesh  of  the  followers  of 
this  school  often  looks  like  porcelain  or  wax.  Titian 
is  still  unrivalled  in  carnation. 

Carotid,  in  Anatomy ;  a  name  given  to  the  large 
arteries  which  supply  the  head,  from  a  mistaken 
notion  that  tying  these  vessels  would  induce  sleep. — 
There  are  two  common  carotid  arteries,  a  right  and 
left ;  of  which  the  former  is  a  arch  of  the  arteria 
innominata,  ttie  latter  arises  from  the  branch  of  the 
aorta.  Each  of  these  vessels  are  again  divided  into 
an  external  and  internal  carotid  artery. 

Carpenter;  an  artificer  in  wood. 

Carpentry  ;  the  art  of  employing  timber  in  the 
construction  of  edifices.  See  Wood  and  Timber, 
manufactures  connected  with. 

Carpets  are  thick  textures,  composed  wholly  or 
partly  of  wool,  and  wrought  by  several  dissimilar 
methods,  llie  simplest  mode  is  that  used  in  weav- 
ing Venetian  carpets,  the  texture  of  which  is  plain, 
composed  of  a  striped  woollen  warp  on  a  thick  woof 
of  linen  thread. 

Kidderminster  carpeting  is  composed  of  two  wool- 
len webs,  which  intersect  each  other  in  such  a  man- 
ner as  to  produce  definite  figures. 

Brussels  carpeting  has  a  basis  composed  of  a  warp 
and  woof  of  strong  linen  thread.  But  to  every  two 
threads  of  linen  in  the  warp^  there  is  added  a  parcel 
of  about  ten  threads  of  woollen  of  different  colours. 
The  linen  thread  never  appears  on  the  upper  surface, 
but  parts  of  ^e  woollen  threads  are  from  time  to  time 
drawn  up  in  loops,  so  as  to  constitute  ornamental 
figures,  the  proper  colour  being  each  time  selected 
from  the  parcel  to  which  it  belongs.  A  suflicient 
number  of  these  loops  is  raised  to  produce  an  uniform 
surface.    To  render  them  equal,  each  row  passes 
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orer  a  wire,  whicb  is  eubsequently  withdrtwn.  In 
Bome  cases  the  loops  are  cut  through  with  the  end 
of  the  wire,  which  is  sharpened  for  the  purpose,  so 
as  to  cut  off  the  thread  as  it  puses  oat.  In  rorraiDg 
the  figure,  the  we&ver  is  ^ided  by  a  pattera  which 
is  drtwn  in  B<iuares  upon  paper. 

Turkey  carpets  appear  to  be  fabricated  upon  the 
same  general  principles  as  the  Brussels,  except  that 
the  texture  is  all  woollen,  and  the  loops  larger,  and 
always  cot.  The  English  and  Americans  are  the 
only  nations  among  whom  carpets  are  articles  of  ge- 

Cabriaqb.  The  employment  of  wheel  carriages 
may  be  traced  to  a  very  early  period,  and  their  use- 
folneas  principally  ariees  from  their  power  of  di 
minishing  friction.  This  important  desideratum  i_ 
effected  by  changing  the  nibbing  moUon  of  a  sledge 
into  the  rolling  motion  of  a  cylinder.  Thus  wheels 
were  probably  at  first  but  rollers.  Whether  their 
application  to  the  removal  of  timber  and  heavy  loadt 
was  accidental,  or  the  invention  of  some  early  me- 
<Jianic,  is  now  but  of  little  consequence  to  deter- 
To  improve  these  emlnyo  germs  of  mechanism,  and 
bring  them  into  the  form  of  wheels  supporting  a  load 
upon  an  axletree,  required  a  consideiible  degree  of 
ingenuity ;  they  must  at  first  have  been  solid,  the 
ailetree  must  have  been  originally  made  of  wood, 
and  was  probably  fixed  in  the  wheels,  and  moved 
round  under  the  shafts  or  body  of  the  carriage,  as  is 
common  at  present  in  the  Irish  car.  The  use  of  iron 
gudgeons,  or  iron  axletrees,  could  not  have  been 
common  in  the  first  stage*  of  civilization,  and  the 
separation  of  the  wheels  from  the  axletree  was  there- 
fore of  later  date.  Yet  in  the  earliest  authentic  his- 
tory which  exists,  chariots  are  mentioned  as  in  use 
for  pleasure,  for  war,  and  for  carrying  burthens. 

whilst  carriages  were  used,  where  no  regular 
roads  had  been  made,  the  mechanical  advantages  of 
high  and  low  wheels  were  not  of  consequence;  the 
safety  of  the  driver  was  tie  principal  object.  The 
height  of  the  wheels  was  determined  by  the  conve- 
nience of  the  warrior,  and  they  were  made  of  such 
a  height  as  to  permit  him,  encumbered  with  his 
armour,  to  ascend  and  descend  with  facility.  We 
accordingly  find  in  all  ancient  gems  and  monu- 
ments, that  from  the  earliest  antiquity  the  ancient 
war  chariot  had  low  wheels,  the  front  part  of  the 
chariot  high,  to  protect  the  warrior,  the  hinder  part 
low  and  open,  to  permit  him  to  mount  and  to  de- 
•cend  easily ;  the  pole  vms  attached  to  the  yoke  that 
lay  on  the  horse's  withers,  without  any  harness,  but 
a  cidlaT  round  his  neck,  and  two  straps  to  hold  it 
oa.  A  metal  chariot  of  a  sinular  construction  was 
dug  up  at  Rome  about  the  beginning  of  the  present 
century. 

As  warriors  generally  employed  more  horses  than 
were  required  for  their  weight  and  that  of  the  car 
which  bore  them,  there  was  no  necessity  for  inquiry 
into  the  best  form  and  size  of  wheels,  or  of  any 
nicety  in  the  means  by  wttich  the  horses  were  attached 
to  the  carriage.  We  read  of  no  carriage  drawn  by 
one  horse  only,  two  horses  were  usually  employed. 
In  Homer,  the  chariots  of  Achilles  and  of  other 
warriors  appear  to  be  drawn  by  two  horses  i  but  in 
•ome  ancient  gems  it  appears  that  chariots  were 
drawn  by  four,  six,  and  eight  horses ;  and  on  one 
beautiful  gem,  in  honour  of  a  victor  at  the  Olympic 
games,  the  chariot  isdrawn  by  twdve  linrscs  aliioaiit. 


An  cngnved  reprcMntatioB  of  an  ancient  earriig* 

with  horses  will  best  illustrate  their  general  form. 


In  coaches,  and  all  other  four-wheeled  carriages, 
the  fore-wheels  are  made  of  a  less  size  than  the  hind 
ones,  both  on  account  of  turning  short,  and  to  avoid 
cutting  the  braces  :  otherwise  the  carriage  would  go 
much  easier  if  the  Ibre-wheeLs  were  as  high  as  tne 
hind  ones;  and  the  higher  the  better,  because  they 
would  sink  to  less  depths  in  the  small  hollows  in  the 
roads,  and  be  the  more  easily  drawn  out  of  them. 
But  carriers  and  coachmen  give  another  reason  for 
making  the  fore-wheels  much  lower  than  the  hind- 
wheels  i  namely,  that  when  they  are  so,  the  hind- 
wheels  hdp  to  push  on  the  fore  ones:  which  is,  how- 
ever, too  unphilosophical  and  absurd  to  deserve  a 
refutation. 

In  the  preceding  observations,  we  have  supposed 
the  rims  of  the  wheels  to  be  cylindrical.  In  concave 
wheels,  however,  the  rims  are  uniformly  made  of  a 
conical  form,  which  not  only  increases  the  disadvan- 
that  we  have  ascribed  to  them,  but  adds  many 
to  the  number.  Mr.  Gumming,  in  a  valuable 
treatise  on  wheel  carriages,  solely  devoted  to  the 
consideration  of  this  single  point,  has  shown,  with 
great  ability,  the  disadvantages  of  conical  rims,  and 
the  propriety  of  making  them  cylindrical ;  but  we  are 
of  opinion  that  he  has  ascribed  to  conical  rims  several 
disadvantages  which  arise  chiefly  from  an  inclination 
of  the  spokes.  He  insists  much  upon  the  injury 
done  to  the  roads  by  the  use  of  conical  rims  ;  yet, 
though  we  areconvinced  that  they  are  more  mjurious 
to  pavements  and  highways  than  cylindrical  rims, 
re  are  equally  convinced  that  this  injury  is  occa- 
ioned  chiefly  by  the  oblique  pressure  of  the  indmed 
spokes.  The  defects  of  conical  rims  are  bo  numerous 
aod  palpable,  that  it  is  wonderful  how  they  should 
been  so  long  overlooked.  Every  cone  that  is 
n  motion  upon  a  plane  surface,  will  revolve 
round  ils  vertex,  and  if  force  is  employed  to  confine 
to  a  straight  line,  the  smaller  parts  of  the  cone 
ill  be  dragged  along  the  ground,  and  the  friction 
greatly  Increased.  Now  when  a  cart  moves  upon 
conical  wheels,  one  part  of  the  cone  rolls  while  the 
other  is  dragged  along,  and  though  confined  to  a 
rectilineal  direction  by  external  force,  their  natural 
tendency  to  revolve  round  their  vertex  occasions  a 
great  and  f  ontinued  friction  upon  the  linchpin,  the 
shoulder  of  the  axletree,  and  the  sidrt  of  deep  ruts. 

As  the  rims  of  wheels  wear  soonest  at  their  edges, 
they  should  be  made  thinner  in  the  middle,  and  ought 
to  be  fastened  to  the  fellies  with  nuts  of  such  a  kind, 
that  their  heads  may  not  rise  above  the  surface  of 
the  rim.  In  some  military  waggons,  we  have  seen 
the  heads  of  these  nails  rising  an  inch  above  the 
ims,  which  not  only  destroys  the  pavements  of  streets, 
but  opposes  a  continual  resistance  to  the  motion  of 
the  wheel.  If  these  wheels  were  eight  in  number, 
Iiccl  would  cspcricnce  the  s 


H  hid  to  fnnnonnt  eight  obstftcln,  a|>«  inch  higli, 
doling  every  rerolDtion.  The  fellies  on  which  the 
rimi  are  fixed,  should  in  carriages  be  three  inches 
and  a  quarter  deep,  and  in  woggoiu  four  inches. 
Hie  navea  should  be  thickest  at  the  place  where  the 
■pokes  are  inserted,  and  the  holes  in  which  the  spokes 
are  placed  should  not  be  bored  quit4  throngh,  as  the 
grease  npOD  the  axletreewonld  insinuate  itself  between 
the  spoke  and  the  nave,  and  preveat  that  close  adhe- 
•iOD  which  is  necessary  to  the  strength  of  the  wheel. 
A  coach  bu  been  defined,  "  a  conTenient  carriage 
suspended  on  springs,  and  moving  on  four  wheels," 
inteadedoriginally  for  the  conveyance  of  persons  in  the 
Bpper  circles  of  society,  hut  now  become  very  com- 
mon among  the  middling  classes  in  almost  all  civilized 
countriea.  Tlie  fashions,  with  regard  to  the  form  and 
ontameDt  of  coaches  and  other  carriagea  for  pleasure, 
are  perpetually  changing;  the  chief  binds  now  in 
aae  an,  the  close  coach  and  diariot,  the  landau, 
-wliich  can  lower  its  roof  and  part  of  its  sides,  like 
the  head  of  a  phcton ;  the  barouche,  or  open  summer 
carriage,  made  on  the  lightest  constmctioD ;  the 
duuiot,  which  is  intended  only  for  two  or  three  per- 
•ons ;  the  laudaulet,  or  chariot  whose  bead  unfolds 
back :  in  addition  to  which  there  is  the  britscha,  a 
carriage  nowvery  generally  employed.  These  all  ran 
npon  four  wheels.  Of  the  two-wheeled  vehicles, 
taeie  is  the  curricle,  drawn  by  two  horses,  each  bear- 
ing on  a  narrow  saddle  the  end  of  a  sliding-bar  or 
yMe  that  upholds  a  central  pole ;  the  gig,  chaise,  or 
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being  thereby  greatly  deptcssed.    Each  wheel,  axle. 


by  means  of  a  leathern  sling  passing  over  the  saddle- 
tree. When  a  gig,  &c.,  has  two  horses,  one  preced- 
ing the  other,  in  harnesq,  the  machine  and  its  horses 
are,  taken  together,  denominated  a  tandem.  In  ad- 
ditioa  to  these  we  have  a  tiltniry,  a  cabriolet,  and 
a  Stanhope. 

Mr.  Fuller  has  effected  a  couBideitlble  improve- 
ment on  lipht  four-wheel  carriages,  which  is  deserv- 
ing of  nobce.  It  consists  in  U)e  adaptation  of  an 
apparatus  to  the  front  part  of  the  vehicle,  which  ia 
designed  to  prevent  the  carriage  tiotn  overturning,  by 
preserving  the  body  at  all  times  in  a  horizontal  po- 
rition,  even  when   one  of  the   wheels   accidentally 

ries  over  a  large  atone  in  the  road,  or  up  a  bank 
the  road  ude,  or  anj  other  obstruction  which 
would  overthrow  a  carnage  boilt  upon  any  of  the 
ordinary  plans  at  present  in  nse. 

The  principle  of  this  invention  will  perhaps  be  best 
understood,  bv  first  pointing  out  the  difficulty^  with 
which  four-wheeled  carriages  are  drawn  over  impe- 
Aments,  or  uneven  roads.  Stage  coaches  are  par- 
ticiilarly  subject  to  this  disadvantage,  as  will  appear 
npon  a  slight  view  of  these  vehicles,  which  arc  usu- 
ally made  as  follows : — The  body  part  being  intended 
ta  bear  the  weight  of  fifteen  persons  with  Inggage, 
■in*t  be  very  secorely  framed  together,  and  conse- 
qoanUy  cannot  admit  of  the  least  flexibility.  Tlie 
carriage,  therefore,  in  accommodating  itself  to  the 
tmevenneBa  of  the  roads,  must  frequently  run  upon 
dirce  wheels,  and  thereby  be  subjected  to  very  con- 
■iderable  strain ;  for  it  ia  evident,  that  if  one  comer 
be  raised  by  a  wheel  passing  over  a  stone,  or  any 
other  sudden  ri*e  in  ue  road,  that  one  half  of  the 
carriage  will  be  raised  at  the  same  time,  and  the 
whole  weight  of  that  half  so  lifted  will  be  supported 
by  the  elevated  wheel,  and  its  aile  and  springs  at 
nc  coraer,  which  passes  over  the  obstacle ;  the  spring 


and  spring,  therefore  is  occasionally  required  to  sup- 
port double  the  weight  that  they  are  designed  to 
carry ;  and  this  being  tbruwu  upon  them  suddenly, 
renders  it  necessary  to  construct  those  parts  of  the 
carriage  of  double  the  strength  that  would  o^erwjse 
be  thought  desirable. 

Tlie  present  invention  is  intended  to  remove  this 
disadvantage,  which  will  be  better  understood  by  an 
engraving. 


A  circular  horizontal  locking-wheel,  formed  of 

)o,  is  attached  to  the  front  part  of  the  carriage. 
This  bears  upon  the  ailetree  bed  and  upon  seg- 
mmts  supported  by  iron  arms,  and  is  enabled  to 
turn  round  horizontally  upon  these  bearings  in  the 
act  of  tockbgi  the  ailetree  bed  Itself  being  attadied 
to,  and  supported  by  the  front  springs.  A  bar  crosses 
the  middle  of  the  locking-wheel,  and  is  attached  to 
it  by  ears  and  bolts,  the  centre  of  this  bar  having  a 
circular  hole,  through  which  a  fiin  passes  for  the 
purpose  of  forming  thepivot  or  axle  on  which  the 
locking-wheel  turns.  The  extremities  of  the  bar, 
which  extend  beyond  the  wheel,  are  made  truly 
cylbdrical,  and  to  these  are  attached  the  plummer- 
boxes,  or  gudgeons,  from  whence  the  bent  arms  ex- 
tend for  the  purpose  of  supporting  the  front  psrt  of 
the  body  of  the  carriage,  as  seen  in  the  figure. 

It  will  now  be  perceived,  that  in  the  event  of  one 
of  the  fore-wheels  running  over  a  large  stone,  or  any 
other  elevated  obitmction  in  the  road,  the  axletree 
will  be  thrown  out  of  its  horizontal  position  {  but 
the  body  of  the  carriage  in  front  being  supported 
solely  npon  the  pivots  at  the  ends  of  the  bar,  Ae 
pinmmer-boxes  will  turn  upon  the  pivots,  and  cause 
the  bent  arms  to  keep  the  body  of  Uie  carriage  in  its 
erect  position,  although  one  of  the  fore-whe  Is  is 
raised  up  so  considerably. 

A  very  ingenioDs  drai;  forvehicles  descending  hilla 
has  been  contrived  by  Mr.  Rapson,  which  is  well 
worthy  of  notice.  This  drag  is  to  be  applied  to  the 
naves  of  the  carriage  wheels,  with  a  chain  attached, 
fastened  to  the  breeching  of  the  horse,  and  a  small 
pin  on  each  side  of  the  shaft  is  to  go  into  the  bar  of 
the  drag.     If  one  of  these  pins  be  taken  out,  the 
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whwl  will  be  dragged,  but  the  atber  will  of  cour 
turn  treely  ;  and  by  leaving  out  both  pinii,  the  wheels 
aie  acted  upon  in  conjunction,  during  the  descent, 
liy  the  breech  beariug  against  the  horse. 


In  the  first  of  these  diagrams  we  have  a  repn 
tation  of  the  break  attached  to  the  cortiage,  bu 
operative;  as  it  will  be  seen  that  the  chain  c,  and 
bolt  b,  admit  the  jointed  circle  to  remaio  at  aomi 
tancc  from  the  nave  of  the  wheel. 

In  the  second  figure,  the  entire  frame,  a,  b,  c_ 
teen  in  direct  colliaioa  with  the  nave,  and  act  by 
their  friction  to  retard  the  wheel ;  this,  however,  does 
not  occur  till  the  breeching  of  the  harness  is  drawn 
tight  by  the  descent  of  the  carriage  on  an  inclined 

We  have  now  to  notice  a  form  of  vehicle  which 
under  most  circuEP stances  seems  likely  to  supersede 
those  now  in  use.  We  need  hardly  add,  that  we 
allude  to  the  carriage  propelled  by  steam ;  an  en- 
graving of  one  of  Aese  vehicles,  copied  from  Mr. 
Gordon's  valuable  treatise  on  locomotion,  may  be 
found  interesting. 


Dr.  Darwin,  in  the  spirit  of  prophecy,  more  than 
half  a  century  back,  predicted  eucfi  an  event.    His 


id  liapd  the  t^Jd  ctr ; 
The  Byiii;  ctiuLat  thnrngh  the  fleldi  of  ifi." 

Now  the  Bteam-bottt  and  steam -carriage  have  al- 
ready been  placed  in  practical  operation ;  and  Sir 
George  Cayley,  in  a  very  ingenious  paper  in  the 
PhUotofhietU  Magatme,  furnishes  data  which  show 
the  aerial  carriage  to  be  any  thing  but  wild  or  vi- 
sionary. 

Carriages  of  thta  description  vary  very  consider- 
ably in  their  weight,  from  four  or  five  tons,  down  to 
as  many  ounces.  The  Editor  of  this  work  has  one 
which  goes  at  the  rate  of  nine  miles  per  b«ur  on  a 
level  road,  and  yet  weighs  less  than  one  pound.  He 
possesses  another,  which  is  under  the  entire  con- 
troul  of  the  conductor,  carries  two  persons,  and 
wei^  lest  than  one  hundred  weight;  so  that  the 
V  generallj  employed  in 
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these  vehicles,  may  be  reduced  to  a  great  extent. 
It  may  be  proper  to  add,  that  a  vehicle  of  this  de- 
scription is  now  exhibiting  in  London,  weighing  Jim 
Ions!  The  possibility  of  their  general  employment 
on  common  roads  has  now  ceased  to  be  problematic; 
and  there  is  no  doubt  but  that  we  shall  be  enabled 
to  congratulate  enr  readers  on  their  complete  success, 
when  describing  their  mechanical  structure,  under 
the  article  Stbau  Cabbiagbs. 

CAaaoNASEB  (fiom  the  river  Carroti,  in  Scotland, 
where  they  were  first  made) ;  a  sort  of  artillery  re- 
sembling howitzers.  They  are  of  very  large  caliber, 
and  carry  balls,  sheila,  or  cartouches.  They  arc 
much  lighter  than  common  cannon,  and  have  a 
chamber  for  the  powder  like  mortars.  They  an 
mostly  used  on  board  of  ships  in  close  engagements 
from  the  poop  and  forecastle.  Sometimes  they  an 
employed  in  fortifications.  They  have  been  cas' 
from  13  to  68  pounders.  They  were  first  used  ii 
the  North  American  revolutionary  vrar. 

Cast.    See  CABniAOE. 

CAaiiLAGE  is  a  semi-pellucid  substance,  of  a 
milk-white  or  pearly  colour,  entering  into  the  com- 
position of  several  parts  of  the  body.  It  holds  a 
middle  rank,  in  point  of  firmness,  between  bones  or 
hard  parts,  and  the  softer  constituents  of  the  human 
frame.  It  appears,  on  a  superficial  examination,  to 
be  homogeneous  in  its  texture ;  for  when  cut,  the 
surface  is  uniform,  and  contains  no  visible  cells,  ca- 
pores,  but  resembles  the  section  of  a  piece 
of  glue.  It  possesses  a  very  high  degree  of  elasticity, 
which  property  distinguishes  it  from  all  other  parts 
of  the  body.  Hence  it  enters  into  the  composition 
of  parts  whose  functions  require  the  combination  of 
firmness  with  pliancy  and  flexibility,  the  preserva- 
tion of  a  certain  external  form,  with  the  power  of 
yielding  to  external  force  or  pressure.  Anatomist* 
divide  cartilages  into  two  kinds,  the  importary  and 
the  permanext.  The  former  ate  confined  to  the  ear- 
lier stages  of  existence;  the  latt£r  commonly  retain 
their  cartilaginous  structure  throughout  life.  The 
temporary  carHlaget  are  those  in  which  the  bones  are 
formed.  All  the  bones  except  the  teeth  are  formed 
in  a  nida*  of  cartihtge.  The  ptrnummt  cartilages  are 
of  various  kinds.  They  compose  the  external  ear 
and  exCcmal  aperture  of  the  nostrils  and  eyelids. 
The  larynx  is  formed  entirely  of  this  subaCaace,  and 
the  trachea  or  windpipe,  with  its  branches,  is  fur- 
nished with  cartilaginous  hoops,  by  which  these 
tubes  are  kept  permanently  open  for  the  ready  pas- 
sage of  air  to  and  from  the  tongs. 

The   bodies  of  the  vertebrz  are  joined  by  large 

asses  of  a  peculiar  substance,  partaking  of  the  pro- 
perties and  appearance  of  cartilage  and  ligament, 
which  allow  of  the  motions  of  these  parts  on  each 
other,  without  weakening  the  support  that  is  afforded 
to  the  upper  parts  of  the  body  in  general,  and  to  the 
head  in  particular,  by  the  vertebral  column.  These 
cartilages  impart  great  elasticity  to  the  spine,  by 
which  the  effects  of  concussion  from  jumping,  from 
falls,  &c.,  are  weakened  and  destroyed  before  they 
be  propagated  to  the  bead.  When  the  body  has 
I  long  in  an  erect  position,  the  compression  of 
these  cartilages,  by  the  superior  parts,  diminishes 
the  height  of  the  person.  They  recover  their  former 
length  when  freed  from  this  pressure.  Hence  a  per- 
son is  taller  when  he  rises  in  the  morning,  thnn  after 
sustaining  the  fatigues  of  the  day,  and  the  difference 
amounted  to  an  inch.    Cartilnges  are 
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•ometimes  interposed  between  the  articular  surfaces 
of  bones,  where  they  fill  up  irregularities  that  might 
otherwise  impede  the  motions  of  the  part,  and  in- 
crease the  security  of  the  joint  by  adapting  the  arti- 
cular surfaces  to  each  other.  These  surfaces  are  in 
every  instance  covered  by  a  thin  crust  of  cartilage, 
having  its  surface  most  exquisitely  polished,  by 
which  all  iriction  in  the  motions  of  the  joint  is 
svoided. 

Cartoon  has  many  significations.  In  painting, 
it  denotes  a  sketch  on  thick  paper,  pasteboard,  or 
other  material,  which  is  used  as  a  model  for  a  large 
picture,  especially  in  fresco,  oil,  tapestry,  and  for- 
merly in  glass  and  mosaic.  In  fresco  painting, 
cartoons  are  particularly  useful;  because  in  this  a 
quick  process  is  necessary,  and  a  fault  cannot  easily 
be  corrected.  In  applying  cartoons,  the  artist  com- 
monly traces  them  through,  covering  the  back  of  the 
design  with  black  lead  or  red  chalk ;  then  laying  the 
picture  on  the  wall  or  other  matter,  he  passes  lightly 
over  each  stroke  of  the  design  with  a  point,  which 
leaves  an  impression  of  the  colour  on  the  plate  or 
wall ;  or  the  outlines  of  the  figures  are  pricked  with 
a  needle,  and  then  the  cartoon  being  placed  against 
the  wall,  a  bag  of  coal-dust  b  drawn  over  the  holes, 
in  order  to  transfer  tiie  outlines  to  the  wall. 

In  fresco  painting,  the  figures  were  formerly  cut 
out,  and  fixed  firmly  on  Sie  moist  plaster.  The 
painter  then  traced  their  contour  with  a  pencil  of 
wood  or  iron ;  so  that  the  outlines  of  the  figures  ap  • 
peared  on  the  fresh  plaster,  with  a  slight  but  distinct 
mipression,  when  the  cartoon  was  taken  away.  In 
the  manuftcture  of  a  certain  kind  of  tapestry,  the 
figures  are  still  cut  out,  and  laid  behind  or  under 
the  woof,  by  which  the  artist  directs  his  operations. 
In  this  case  the  cartoons  must  be  coloured.  Of  this 
kind  are  the  cartoons  which  Raphael  executed  for 
Pbpe  Leo  X.,  from  which  the  famous  tapestries  of 
Raphael  in  the  Netherlands  were  woven.  There 
were  twelve  of  tiiem,  representing  histories  taken 
from  the  New  Testament.  Seven  of  diem  are  still 
extant,  and  may  be  seen  at  Hampton  Court  pa- 
lace. Rubens  bougnt  these  cartoons  for  Charles 
I.,  and  King  William  built  a  gallery  for  them  at 
Hampton  Court.  The  cartoon  of  Uie  School  of 
Athens>  carried  to  Paris  by  the  French,  and  a  frag- 
ment of  the  Battle  of  Maxentius  and  Constantine, 
are  presexired  in  the  Ambrosian  Gallery  at  Milui. 
There  are  likewise  cartoons  by  Giulio  Romano  in  the 
Sala  Borgia,  by  Domenichino  and  other  Italian  mas- 
ters, 'vdio  caused  their  pictures  to  be  executed,  in  a 
great  degree  by  their  scholars,  after  these  cartoons. 

Hie  VBhie  set  upon  cartoons  by  the  old  Italian 
masters  may  be  seen  by  Giov.  B.  Armenini's  Pre- 
ettti  deUa  PUtwra.  In  later  times,  large  paintings, 
particularly  in  fresco,  were  not  executed  so  fre- 
cpiently.  The  artists  also  laboured  with  less  care, 
and  formed  their  great  works  more  from  small 
•ketches.  In  modem  times,  some  Grerman  artists 
have  prepared  accurate  cartoons.  Among  them  b 
Cornelius,  whose  cartoons,  for  hb  fresco  paintings 
in  Munich,  have  acquired  much  celebrity.  He  pre- 
pared, too,  a  cartoon  for  the  fresco  picture  repre- 
senting Jo$eph  tnierpreHng  the  Dream,  Overbeck 
also  has  made  cartoons,  from  which  he  has  painted 
the  Seven  Yean  of  Famine,  and  the  Selling  of  Joseph, 
The  Seven  Tears  of  Plenty  he  executed,  with  the  as- 
sistance of  WBliam  Schadow  and  Philip  Veit.  The 
representations  of  Joseph's  history,  just  mentioned. 


the  late  Prussian  consul-general  Bertholdy  hab 
caused  to  be  executed  in  fresco,  at  his  residence  in 
Rome,  by  the  above-named  artists.  For  the  villa 
Massimi,  near  Rome,  Overbeck  has  prepared  car- 
toons representing  scenes  from  Tasso's  Jerusalem 
Delivered ;  Julius  Schnorr,  illustrations  of  Ariosto, 
and  Veit,  scenes  taken  from  Dante. 

CartoucIi,  in  Architecture,  Sculpture,  &c.,  denotes 
an  ornament  representing  a  scroll  of  paper,  being 
usually  in  the  form  of  a  table,  or  flat  member,  with 
wavings,  whereon  b  some  inscription  or  device. 

In  Heraldry;  a  name  given  to  a  sort  of  oval 
shields,  much  used  by  the  popes  and  secular  princes 
in  Italy,  and  others,  both  clergy  and  laity,  for  paint- 
ing or  engraving  their  arms  on. 

In  the  Military  Art ;  a  wooden  case,  about  three 
inches  thick  at  bottom,  and  girt  round  with  marline, 
holding  2,  3,  or  400  musket  balb,  with  8  or  10  iron 
balb,  weighing  one  poimd  each,  to  be  fired  from  a 
mortar,  gun,  or  howitzer,  for  the  defence  of  a  pass, 
retrenchment,  &c.  It  b  also  used  for  a  cartridge- 
box,  now  employed  mostly  by  the  mfantry.  The 
charge  of  a  cannon  b  abo  sometimes  called  by  this 
name. 

Cartouche  b  likewise  the  name  given  by  the  French 
literati  to  that  oval  ring. or  border  which  includes, 
in  the  Egyptian  hieroglyphics,  the  names  of  persons 
of  high  distinction,  as  M.  Champollion  has  proved. 
This  border  was  Uiought  at  first,  by  Zoega,  to  in- 
clude every  proper  name. 

Cartridgb  ;  a  case  of  paper,  parchment,  or  flan- 
nel, fitted  to  the  bore  of  fire-arms,  and  filled  with 
gunpowder,  to  expedite  the  dbcharge  of  the  piece. 
Cartridges  are  of  two  sorts,  viz.  6att-cartridges,  used 
in  firing  balb,  and  blank-csjtndg^s,  used  in  firing 
without  ball.  Riflemen  avoid  the  use  of  cartridges, 
because  the  cartridge  injures  the  shot  of  a  rifle.  In 
most  armies,  a  soldier  carries  60  cartridges  into 
battle. 

Carves  ;  a  cutter  of  figures  or  devices  in  wood. 

Caryatides.     See  Architecture. 

Case-bardbnino  is  a  process  by  which  iron  b 
superficially  concerted  into  steel,  in  such  articles  as 
require  the  toughness  of  the  former,  conjointly  with 
the  hardness  of  the  latter  substance.  The  articles 
intended  for  case-hardening  are  first  manufactured  in 
iron,  and  are  then  placed  in  an  iron  box,  with  vege- 
table or  animal  coals  in  powder,  to  undergo  cemeu^ 
tation.  Immersion  of  the  heated  pieces  into  water 
hardens  the  surface,  which  b  afterwards  polished. 
Coarse  files  and  gun-barrels  are  among  the  articles 
most  conunoniy  case-hardened. 

Casemates  (from  the  Spanish  casa,  a  house,  and 
matare,  to  kilO>  in  fortification  ;  vaults  which  are 
proof  against  bombs,  under  the  main  wall,  particu- 
larly in  bastions,  for  the  purpose  of  defending  the 
moat  of  a  fortification,  also  for  making  counter- 
mines. They  serve  at  the  same  time  as  a  place  for 
keeping  the  heavy  ordnance,  and  in  case  of  necessity, 
as  habitations  for  the  garrbon. 

Casb-Shot,  in  artillery,  b  formed  b^r  puttii^  a 
quantity  of  small  bon  balls  into  a  cylindrical  tin 
box,  called  a  canister,  that  just  fits  the  bore  of  the 
gun.  In  case  of  necessity,  the  canister  is  filled  with 
broken  pieces  of  iron,  nails,  stones,  &c.  The  case 
b  closed  at  both  ends  by  wood.  Shot  of  this  sort 
are  thrown  from  cannons  and  howitzers.  In  sieges, 
sometimes,  instead  of  cases,  bags  are  used,  lliis 
kind  of  shot  is  very  injurious  to  the  enemy,  becaut«e 
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the  balls  contained  in  the  canister  spread,  diverging 
in  proportion  to  the  distance.  The  amount  of  di- 
vergence is,  to  the  distance  which  the  shot  reaches, 
generally  in  the  proportion  of  1  to  10 ;  thus,  at  the 
distance  of  600  paces,  they  make  a  circle  of  60  paces 
diameter.  The  canisters  used  in  the  Prussian  army 
contain  balls  of  1,  1^,  3,  4,  6,  8,  and  12  ounces,  and 
of  1  pound.  The  distance  which  the  shtft  will  reach 
varies  according  to  the  weight  and  number  of  the 
balls.  A  six-pounder  shoots  canister  balls  of  1  ounce 
from  200  to  500  paces;  twelve  and  twenty-four- 
pounders  shoot  balls  of  1  pound  800  to  1000  paces. 
The  number  of  the  balls  varies  according  to  their 
weight. 

Casque  ;  a  defensive  armour  for  covering  the  head 
and  neck.  The  king  had  one  gilt  with  gold;  the 
dukes  and  counts  had  theirs  with  silver ;  gentltmen 
of  high  extraction  wore  theirs  of  polished  steel,  and 
the  rest  of  plain  iron.  The  Romans  had  their  casques 
of  brass  or  iron,  which  were  proof  against  the  strokes 
of  any  sword  or  sabrc,  and  were  ornamented  to  the 
height  of  two  feet  with  plumes  of  feathers,  or  tufts 
of  horse  hair,  of  different  colours.  The  chiefs  and 
principal  officers  wore  casques  gilt  and  enriched  with 
precious  stones>  with  the  tops  of  them  ornamented 
with  plumes  and  aigrettes  of  great  valae,  which 
served  to  distinguish  tiiem  from  others.  The  Scandi- 
navians, and  other  people  of  the  North,  used  to  wear 
them,  and  their  invention  is  ascribed  by  some  to  the 
Scythians  and  the  Celts.  * 

Cassino  ;  a  game  at  cards,  in  which  four  are  dealt 
to  each  pUyer,  four  being  also  placed  on  the  board. 
The  object  is  to  take  as  many  cards  as  possible,  by 
making  combinations.  Thus,  a  ten  in  the  player's 
band  will  take  a  ten  from  the  board,  or  any  number 
of  cards  which  can  be  made  to  combine  into  tens. 
The  greatest  number  of  cards  reckons  three  points, 
and  of  spades,  one ;  the  ten  of  diamonds,  two ;  the 
two  of  spades,  one ;  and  each  of  the  aces,  one. 

Cassiopeia,  in  Astronownif,  b  a  conspicuous  con- 
stellation in  the  northern  hemisphere,  situated  next 
to  Ccpheus.  In  1572,  a  new  and  brilliant  star  ap- 
peared in  it,  which,  however,  after  a  short  time 
gradually  diminished,  and  at  last  disappeared  en- 
tirely. It  was  thought  at  that  time,  by  many  per- 
sons, that  this  was  tiie  star  which  appeared  to  the 
wise  men  in  the  Elast.  The  constellation  Cassiopeia 
contains  52  stars  of  the  first  six  magnitudes. 

Castanets  ;  small  wooden  rattles,  made  in  the 
shape  of  two  bowls  or  cups,  fitted  together,  and  tied 
by  a  string,  and  then  fastened  to  the  thumbs.  The 
fingers  being  rapidly  struck  upon  them,  a  tremulous 
sound  is  produced,  which  marks  exactly  the  measure 
of  the  dance.  Something  similar  to  this  was  the 
crotaUm  of  the  ancients,  who  also  made  use  of  small 
cymbals  in  their  dances  and  festivals  in  honour  of 
Bacchus.  It  is  probable,  however,  that  they  had 
their  origin  in  the  East,  and  were  brought  by  the 
Moors  into  Spain.  Here,  too,  they  received  their 
name  castanuelas,  from  being  commonly  made  of  the 
wood  of  the  chestnut  {castano),  or  from  their  colour. 
They  are  still  in  use  in  Spain,  and  here  and  there  in 
the  south  of  France.  The  charm  of  variety  has  also 
procured  for  them  a  place  in  ballets  and  operas,  where 
they  have  now  become  general. 

Cast  Engravings  An  important  discovery  has 
lately  been  made,  which  consists  in  taking  moulds 
from  every  kind  of  engraving,  whether  line,  mezzo- 
tinto,  or  aquatinta^  and  in  pouring  on  this  mould  an 
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alloy  in  a  state  of  fusioo,  capable  of  taking,  as  it  is 
stated,  the  finest  impression.  No  sooner  b  one  cast 
worn  out,  than  another  may  immediately  be  procured 
from  the  original  plate,  so  that  every  impression  may 
be  a  proof.     (See  Sterbottpb.) 

Casting.  Iron,  as  well  as  brass,  and  other  metals 
which  melt  at  temperatures  above  ignition,  is  cast  in 
moulds  made  of  sand.  The  kind  of  sand  most  em- 
ployed is  loam,  which  possesses  a  sufficient  portion 
of  argillaceous  matter  to  render  it  moderately  cohe- 
sive when  damp.  The  mould  is  formed  by  burying 
in  the  sand  a  wooden  pattern,  having  exactly  t&e 
shape  of  the  article  to  be  cast.  The  sand  is  most 
commonly  enclosed  in  fiasks,  which  are  square 
wooden  frames,  resembling  boxes,  open  at  top  and 
bottom.  If  the  pattern  be  of  such  form  that  it  can  be 
lifted  out  of  the  sand  without  deranging  the  form  of 
the  mould,  it  b  only  necessary  to  make  an  impression 
of  the  pattern  in  one  flask ;  and  articles  of  thb  kind 
are  sometimes  cast  in  the  open  sand  upon  the  floor 
of  the  foundry.  But  when  the  shape  b  such  that 
the  pattern  could  not  be  extracted  without  breaking 
the  mould,  two  flasks  are  necessary,  having  iialf  the 
mould  formed  in  each.  The  first  flask  is  filled  with 
sand,  by  ramming  it  close,  and  b  smoothed  off  at  the 
top.  The  pattern  b  separated  into  halves,  one  half 
being  imbedded  in  thb  flask.  A  quantity  of  white 
sand,  or  burned  sand,  b  sprinkled  over  the  surface, 
to  prevent  the  two  flasks  from  cohering.  Hie  second 
flask  is  then  placed  upon  the  top  of  the  first,  having 
pins  to  guide  it ;  the  other  half  of  the  pattern  b  put 
in  its  place,  and  the  flask  is  filled  with  sand,  which 
of  course  receives  the  impression  of  the  remaining 
half  of  the  pattern  on  its  under  side.  After  one  or 
more  holes  are  made  in  the  to|5,  to  permit  the  metal 
to  be  poured  in  and  the  steam  and  air  to  escape,  the 
flasks  are  separated  and  the  pattern  withdrawn. 
When  the  flasks  are  again  united,  a  perfect  cavity 
or  mould  b  formed,  into  which  the  melted  metal  b 
poured.  The  arrangement  of  the  mould  is  of  course 
varied  for  different  articles. 

When  the  form  of  the  article  b  complex  and  diffi*^ 
cult,  as  in  some  hollow  vesseb,  crooked  pipes,  te., 
the  pattern  b  made  in  three  or  more  pieces,  which 
are  put  together  to  form  the  mould,  and  afterwards 
taken  apart  to  extract  them.  In  some  other  irre- 
gular articles,  one  part  b  cast  first,  and  afterwards 
inserted  in  the  flaisk  which  b  to  form  the  other 
part.  The  metal  for  small  articles  is  usually  dipped 
up  with  iron  ladles  coated  with  clay,  and  poured  into 
the  moulds.  In  large  articles,  such  as  cannon,  the 
mould  b  formed  in  a  pit  dug  in  the  earth  near  the 
furnace,  and  the  melted  metal  is  conveyed  to  it  in  a 
continued  stream,  through  a  cfaannd  communicating 
with  the  bottom  of  the  ^rnace. 

Cannon-balb  are  sometimes  cast  in  moulds  made 
of  iron,  and  to  prevent  the  melted  metal  from  adher 
ing,  the  inside  of  the  mould  b  covered  with  powder 
of  black  lead.  Rollers  for  flattening  iron  are  also 
cast  in  iron  cases.  This  method  is  called  ehiU  eatt^ 
ing,  and  has  for  its  object  the  hardening  of  the  surface 
of  the  metal  by  the  sudden  reduction  of  temperature, 
which  takes  place  in  consequence  of  the  superior 
conducting  power  of  the  iron  mould.  These  rollers 
are  afterwards  turned  smooth  in  a  powerful  lathe, 
which  has  a  slow  motion,  that  the  cutting  tool  may 
not  become  heated  by  the  friction. 
•  Coiting  in  Plaster.  Copies  are  if!(o8t  frequently 
taken,  both  from  new  modeb  and  from  old  statves^ 
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by  casting  fhem  in  piaster.  Fortius  parpose  a  mould 
in  plaster  is  first  made  from  die  surface  of  the  statue 
or  figure  itself;  and  this  mould  is  afterwards  used  to 
reproduce  the  figure  by  casting.  Plaster  is  prepared 
for  use  by  pulverizing  common  g3^p8um,  and  exposing 
it  to  the  heat  of  a  fire  until  its  moisture  is  wholly 
expelled.  While  in  this  dry  state,  if  it  be  mixed 
"with  water  to  the  consbience  of  cream  or  paste,  it 
has  the  property  of  hardening  in  a  few  minutes,  and 
takes  a  very  sharp  impression.  The  hardness  after- 
wards increases  by  keeping,  till  it  approaches  the 
character  of  stone.  Moulds  are  formed  in  the  follow- 
ing manner : — ^The  statue  or  figure  to  be  copied  is 
first  oiled,  to*prevent  it  from  cohering  with  the  gyp- 
sum. A  quantity  of  liquid  plaster  sufficient  for  the 
mould  is  then  poured  on  immediately  after  being 
mixed,  and  suffered  to  harden.  If  the  subject  be  a 
bass-relief,  or  any  figure  which  can  be  withdrawn 
without  injury,  the  mould  may  be  considered  as 
finished,  requiring  only  to  be  surrounded  with  an 
edging.  But  if  it  be  a  statue,  it  cannot  be  withdrawn 
wmiout  breaking  the  mould ;  and  on  this  account  it 
becomes  necessary  to  divide  the  mould  into  such  a 
number  of  pieces  as  will  separate  perfectly  from  the 
original.  These  are  taken  off  from  the  statue,  and 
when  afterwards  replaced,  or  put  together  without 
the  statue,  they  constitute  a  perfect  mould.  This 
mould,  its  parts  having  been  oiled  to  prevent  adhe- 
sion, is  made  to  receive  a  quantity  of  plaster,  by 
pouring  it  in  at  a  small  orifice.  The  mould  is  then 
turned  in  every  direction  in  order  that  the  plaster 
may  fill  every  part  of  the  surface ;  and  when  a  suffi- 
cioit  quantity  is  poured  in  to  produce  the  strength 
required  in  the  cast,  the  remainder  is  often  left 
bollow,  for  the  sake  of  lightness  and  economy  of  the 
material.  When  the  cast  is  dry,  it  is  extricated  by 
separating  the  pieces  of  the  mould,  and  finished  by 
removing  the  seams  and  blemishes  with  the  proper 
tools.  If  the  form  or  position  require  it,  the  limbs 
are  cast  separately,  and  afterwards  cemented  on. — 
Moulds  and  busts  are  obtained  in  a  similar  manner 
from  living  faces,  by  covering  them  with  new  plaster, 
and  removing  it  afterwards  as  soon  as  it  becomes  hard. 
It  is  necessary  that  the  skin  of  the  face  should  be 
oiled ;  and  during  the  operation  the  eyes  are  closed, 
and  the  person  breathes  through  tubes  inserted  in  the 
nostrils.  Elastic  moulds  have  been  formed  by  pour- 
ing upon  the  figure  to  be  copied  a  strong  solution  of 
glue.  This  hardens  upon  cooling,  and  takes  a  fine 
impression.  It  is  then  cut  into  suitable  pieces,  and 
removed.  The  advantage  of  the  elastic  mould  is, 
that  it  separates  more  easily  from  irregular  surfaces, 
or  those  with  unev^i  projections  and  under-cuttings, 
from  which  a  common  mould  could  not  be  removed 
without  violence.  For  small  and  delicate  impres- 
sions in  relief,  melted  sulphur  is  sometimes  used ; 
also  a  strong  solution  of  isinglass  in  proof  spirit. 

Bronze  Outing,  Statues  intended  to  occupy  situ- 
ations in  which  they  may  be  exposed  to  violence,  are 
commonly  made  of  bronze.  This  material  resists 
both  mechanical  injuries  and  decay  from  the  influ- 
eoce  of  the  atmosphere.  The  moulds  in  which 
bronze  statues  are  cast  are  made  on  the  pattern,  out 
of  plaster  and  brick-dust,  the  latter  material  being 
added  to  resist  the  heat  of  the  melted  metal.  The 
parts  of  this  mould  are  covered  on  their  inside  with 
a  coating  of  clay,  as  thick  as  the  bronze  is  intended 
to  be.  The  mould  is  then  closed  and  filled  on  its 
inside  with  a  nncleos  or  core  of  plaster  and  brick- 


dust,  mixed  with  water.  When  this  is  done,  the 
mould  is  opened  and  the  clay  carefully  removed. — 
The  mould,  with  its  core,  is  then  thoroughly  dried, 
and  the  core  secured  in  its  central  position  by  short 
bars  of  bronze,  which  pass  into  it  through  the  exter- 
nal part  of  the  mould.  The  whole  is  then  bound 
with  iron  hoops,  and  when  placed  in  a  proper  situa- 
tion for  casting,  the  melted  bronze  is  poured  in 
through  an  aperture  left  for  the  purpose :  of  course 
the  bronze  fills  the  same  cavity  which  was  previously 
occupied  by  the  clay,  and  forms  a  metallic  covering 
to  the  core.  This  is  afterwards  made  smooth  by 
mechanical  means. 

Castor,  the  produce  of  the  beaver.  In  the  body 
of  this  animal  are  found  four  bags,  a'  large  and 
a  small  one,  on  each  side ;  in  the  two  large  ones 
there  is  contained  a  softish,  gra3rish,  yellow,  or  light- 
brown  substance,  which,  on  exposure  to  the  air, 
becomes  dry  and  brittle,  and  of  a  brown  colour.  This 
is  castor.  It  has  a  heavy  but  somewhat  aromatic 
smell,  not  unlike  musk  ;  and  a  bitter,  nauseous,  and 
sub-acid  taste.  The  best  comes  from  Russia ;  but  of 
late  years  it  has  been  very  scarce,  and  all  that  has 
been  found  in  the  shops  is  the  produce  of  Canada. 
The  goodness  of  castor  is  determined  by  its  sensible 
qualities  ;  that  which  is  black  is  insipid,  inodorous, 
oily,  and  unfit  for  use.  Castpr  is  said  to  be  some- 
times counterfeited  by  a  mixture  of  some  gummy 
and  resinous  substances ;  but  the  fraud  is  easily 
detected  by  comparing  the  smell  and  taste  with  those 
of  real  castor. 

Castor;  a  friction-wheel  placed  beneath  tables  and 
other  weighty  articles  of  furniture  to  facilitate  their 
removal.  We  notice  the  castor  to  point  out  a  pa- 
tent improvement  of  considerable  importance  by  Mr. 
Greithner. 

The  improvement  proposed  is  designed  to  give  sta- 
bility to  ihe  stem  of  the  castor,  and  to  enable  it  to 
turn  upon  its  pin  with  less  friction  than  those  of  the 
ordinary  construction.  This  is  effected  by  making 
the  upper  part  of  tiie  vertical  pin  on  which  the  socket 
of  the  roller  carriage  turns  broad  and  partly  spherical, 
'Which  spherical  part  acts  in  a  corresponding  recess 
in  the  upper  part  of  the  socket  c^  the  roller  carriage. 

In  the  engraving  is  repre- 
sented a  section  of  the  com- 
plete castor ;  at  the  top  is 
the  socket,  into  which  the 
foot  of  the  piece  of  furniture 
is  inserted  as  usual ;  in  this 
is  placed  the  vertical  pin  ri- 
veted into  the  socket,  upon 
which  the  carriage  of  the 
roller  turns.  The  upper  part  of  this  pin,  it  will  be 
seen,  is  enlarged  and  made  in  a  convex  form,  which 
fits  into  the  concave  part  of  the  stem  of  the  roller 
carriage,  and  the  pin  and  roller  carriage  being  attach- 
ed and  secured  by  a  nut  or  rivet,  the  carriage  is  en- 
abled to  turn  round  upon  the  pin  with  a  very  firm 
bearing,  and  with  very  little  friction.  The  patentee 
does  not  confine  himself  precisely  to  this  construc- 
tion, but  sometimes  forms  the  convex  part  of  the  pin 
upwards,  and  causes  it  to  act  in  a  corresponding 
recess  in  the  under  part  of  the  socket,  which  answers 
the  purpose  equally  well. 

Castor-Oil.  The  castor-oil  plant  (rtctsttt  pakna 
C%m/t)  is  a  native  both  of  the  East  and  West  Indies, 
and  has  a  stem  from  5  to  15  or  16  feet  in  height,  and 
large,  bluish-green    leaves,    divided  into  7  lobes. 
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wrrated  utd  pointed,  the  foot-stalka  long,  an^ 
terted  into  the  disk.  The  flowen  are  produced 
terrainating  spike,  and  the  seed-veaaetii  are  covered 
with  spines,  and  contsin  three  flattish,  oblong  seeds. 
it  is  to  the  seeds  of  this  plant  that  we  are  indebted 
for  the  drug  called  ca*lor-oU.  It  is  now  often  pre. 
pared  bv  pressing  the  seeds  in  the  aame  way  as  is 
practised  with  oil  of  almonds.  The  oil  thus  obtained 
is  called  cold  expremd.  Bat  the  mode  chieSy 
adopted  in  the  West  Indies  is  fir^t  to  strip  the  seeds 
of  their  husks  or  pods,  and  then  to  bruise  them  in 
mortars.  Afterwards  they  are  tied  in  linen  bags  and 
boiled  in  water  until  the  oil  which  they  contain  rises 
to  the  surface.  This  is  carefully  skimmed  oS,  strain- 
ed, to  free  it  from  any  accidental  impurities,  and 
bottled  for  use.  The  oil  Which  is  obtained  by  boil- 
ing is  considered  more  mild  than  that  procured  by 
pressure,  but  it  sooner  becomes  rancid.  The  mildeat 
and  finest  Jamaica  caator-oil  is  very  limpid,  nearly 
colourless,  and  has  scarcely  more  smell  or  taste 
than  good  oiive-oil.  Many  people,  however,  have  so 
great  an  aversion  to  castor-oil,  even  in  its  purest 
state,  that  they  do  not  take  it  without  f^U  reluct- 
ance. The  uses  of  castor-oil  in  medicme  are  well 
known ;  and  it  is  exceedingly  valuable  as  a  mild  and 
safe  purgative.     It  is  principally  employed  for  chl). 

Castrahetatioh  ;  strictly,  the  art  of  tracing  out 
and  disposing  to  advantage  the  several  parts  of  s 
camp  on  the  ground.  It  is  sometimes  used  more 
eitensively  to  include  alt  the  ordinary  operations  ol 
a  caropaigD.  A  camp,  whether  composed  of  tents  oi 
barracks,  or  merely  of  places  assigned  for  bivouack- 
ing, must  be  divided  in  such  a  way  that  the  several 
divisions  shall  be  disposed  as  they  are  intended 
be  when  drawn  up  in  order  of  battle ;  so  that  on 
sudden  alarm  the  troops  may  rise  in  their  proper 
|i03ts.  At  the  same  time  the  places  for  cooking,  for 
the  baggage,  and  for  ammunition,  must  be  conveiu. 
eotly  arranged. 

CABTK4TION.      See  E1IA8CDI.&TION. 

Cat  ACOUSTICS,  called  also  eafapkonia ;  the  science 
of  reflected  sounds,  or  that  part  of  acoustics  which 
considers  the  properties  of  echoes. 

Catalbpsv.  This  is  a  spasmodic  disease,  and  by 
some  regarded  as  a  species  of  Ulantu.  It  affects  the 
whole  body  so  as  to  reader  it  immoveable,  aa  if 
dead.  Tktama  differs  from  eatidtpty  in  its  subjects 
and  cauees.  Females  are  most  liable  to  the  laat, 
while  the  fir^t  is  equally  produced  in  both  sexes  by 
appropriate  canscs.  Tetanus  is  most  frequently  pro- 
duced by  punctured  wounds  of  tendinous  textures, 
and  most  readily  in  hot  weather.  Sometimes,  how- 
ever, it  occurs  like  catalepsy,  independently  of 
wounds.  The  spasm  is  more  limited  in  tetanus  { 
sometimes  being  most  severe  in  the  muscles  of  the 
face,  producing  lock-jaw )  now  it  attacks  the  mus- 
cles of  the  trunk  on  tiie  fore  part,  producing  emprta- 
thoionoi,  and  then  the  muscles  of  the  back  part, 
producing  opitlholowM,  or  curvature  of  the  trunk 
backwards.  During  all  this  the  natural  temperature 
may  remain,  the  pulse  be  perfectly  natural,  and  the 
senses  unimpaired.  Under  the  most  active  and 
varied  treatment  tetanus  has  always'been  a  very  fatal 
malady. 

Catalepsy  is  an  universal  spasmedic  disease  of  the 
organs  of  locomotion.  The  body  remains  in  the 
position  in  which  it  may  have  been  when  attacked 
with  the  fit,  and  the  limbs  preserve  any  situation  in 
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which  they  may  be  placed.  The  senses  (re  oblita- 
rated,  and  the  mind  totally  inactive,  nothing  bang 
able  to  rouse  the  patient.  Tae  pulse  and  temperature 
remain  natural.  The  fit  is  of  uncertain  lengtli ; 
according  to  some  writers,  not  lasting  more  than  a 
quarter  of  an  hour,  though  known  by  otbera  to  be 
much  longer.  This  disease  is  an  obstinate  one,  end 
is  very  liable  to  recur,  even  when  the  patient  seems 
in  the  least  respect  liable  to  a  recurrence.  It  is,  for 
the  most  part,  a  consequence  of  some  other  disease. 
This  may  be  a  local  affection  ;  but  it  more  frequently  ' 
'  1  a  generally  enfeebled  constitution,  induced 
dangerous  malady,  or  one  which  has  been 
caused  by  the  gradual  operation  of  unobserved  mor- 

Catj>hbnia.    See  Mensbs. 

Catapblta  ;  an  instrument  of  panishmeat  in  nae 
among  the  ancients.  It  consisted  of  a  press,  com- 
posed of  planks,  between  which  the  crinunal  vras 
crushed  to  death. 

Cataplasms,  or  Poultices,  arc  soft  componnds, 
intended  to  be  applied  to  the  surface  of  the  body. — 
They  are  commonly  made  of  meal,  boiled  pulp, 
mixed  with  water,  milk,  or  some  other  liquid.  They 
are  called  nnapimu  when  mustard  forms  their  base. 

Catapults  ;  certain  machines  of  the  ancients, 
corresponding  to  our  heavy  cannon.  The  catapult* 
differed  from  the  ballUliE  by  throwing  more  horizon^ 
tally,  the  latter  more  in  a  curve.  The  whole  machine 
rested  on  a  frame,  and,  if  intended  for  the  field,  had 
wheels.  The  size  of  these  machines  varied  much. 
The  large  catapults  shot  arrows  of  3  cubits,  or  4^ 
Roman  feet,  in  length,  often  larger  ones,  and  some- 
times beams  13  feet  long.  Burning  arrows  were 
likewise  often  thrown  by  the  catapults.  The  large 
ones  threw  their  arrows  4  stadia,  but  not  more  than 
2  stadia  with  precision.  Pliny  ascribes  the  invention 
of  catapults  to  the  Syrians  ;  Plutarch  and  Diodorous, 
to  other  nations.  A  catapult  of  a  very  powerful 
kind  is  shown  in  the  figure.  From  its  atructure  it 
might  be  employed  either  for  arrows  or  round  stonei. 


At  the  siege  of  Jerusalem,  the  Romans  had  300 
itapults  and  40  ballists.  The  Romans  did  not 
carry  all  the  parts  of  these  machbes  with  lliem,  but 
only  the  ropes  and  fastenings,  with  the  necessary 
tools ;  and  the  soldiers  built  &e  catapults  when  they 
wanted  them.  The  terms  cofopulf  and  baUittx  were 
often  used  indiscriminately;  and  in  later  times,  the 
word  calapiUI  went  entirely  out  of  use.  Vegetina 
and  Ammianus  Maicellinus  never  introduce  it,  and 
employ  baUitta  to  signify  all  machines  throwing 
large  arrows  or  beams,  and  onager  for  those  throwing 
stones. 

Cata&act.    By  this  term  two  very  different  dii- 
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eases  are  designated  by  some  writers,  viz.,  the  true 
cataract,  and  amaurosis,  or  gutta  serena.  By  the 
first  of  these  terms,  in  its  most  common  signification, 
is  understood  opacity  of  the  crystalline  lens,  or  its 
capsule,  or  both.  By  the  second  is  meant  a  disease 
of  the  retina,  by  which  it  is  rendered  unsusceptible 
of  the  action  of  light.  In  cataract,  the  lens  becomes 
opaque,  loses  its  transparency,  and  is  no  longer  ca- 
pable of  transmitting  the  light.  The  causes  of  cata- 
ract are  numerous.  Inflammation  may  produce  it. 
Sometimes  it  is  ascribed  to  a  state  of  the  vessels  of 
the  part  which  prevents  a  proper  nqprishment  of  the 
le^  or  its  capsule.  It  is  produced  by  various  dis- 
cmcs,  such  as  goat,  rheumatism,  scrofula,  and  ac- 
companies old  age.  Its  earliest  approach  is  marked 
by  a  loss  of  the  natural  colour  of  the  pupil ;  this  be- 
coming turbid,  or  slightly  gray.  Muscm  voUtanies 
accompany  this  period.  The  opacity  is  not  at  first 
over  the  whole  crystalline,  and  most  frequently,  first 
attacks  the  centre  portion ;  this  being  turbid,  and  of 
a  grayish  colour,  while  the  surrounding  portions  re- 
main transparent,  and  of  the  usual  black  colour. 
While  it  exists  in  this  degree  only,  the  person  can 
see  in  an  oblique  direction.  The  colour  of  the  pupil 
is  various ;  mostly  grayish- white  or  pearl-coloured ; 
sometimes  milk-white,  or  of  a  yellowish-gray ;  now 
and  then  of  a  grayish-brown,  and  even  of  a  dark- 
brown  or  dark-gray.  The  consistence  of  the  lens 
differs  in  diflferent  cases,  being  either  hard,  and  even 
homy,  or  very  soft,  as  if  dissolved. 

The  treatment  of  cataract  is  by  a  surgical  opera- 
tion on  the  eye,  and  dififerent  operations  have  been 
tried  and  recommended.  They  all  consist  in  remov- 
ing the  diseased  lens  from  its  situation  opposite  the 
transparent  cornea.  By  one  of  these  operations  the 
cataract  is  depressed,  removed  downwards,  and  kept 
from  rising  by  the  vitreous  humour.  This  is  called 
couching.  Another  operation  is  extraction,  and  con- 
sists in  making  an  incision  of  the  cornea,  and  of  the 
capsule  of  the  lens,  by  which  the  lens  may  be  brought 
forward,  and  through  the  cut  in  the  cornea.  Tlie 
third  operation  is  by  absorption.  This  consists  in 
woonding  the  capsule,  breaking  down  the  crystal- 
line, and  bringing  the  fragments  into  the  anterior 
chamber  of  the  eye,  where  they  are  exposed  to  the 
action  of  the  aqueous  humour,  and  are  at  length 
absorbed.  This  last  operation  has  the  name  Iterator 
mfxis  applied  to  it  Tlie  choice  of  the  operation  is 
determined  by  the  character  of  the  cataract.  After 
the  operation,  the  patient  is  to  be  kept  from  the  light, 
and  from  all  means  of  irritation.  Such  medicines 
and  such  articles  of  food  are  to  be  prescribed  as  will 
most  effectually  prevent  inflammation ;  and  should 
tiiis  occur,  it  must  be  treated  by  such  means  as  are 
the  most  sure  to  restrain  or  overcome  it. 

Awusuroeii  is  a  disease  of  the  optic  nerve,  and  its 
continuation,  the  retina.  Its  causes  are  numerous. 
It  may  be  occasioned  by  organic  disease  of  die  parts 
referred  to,  by  mechanical  pressure  upon  the  nerve, 
by  too  powerful  light,  by  long-continued  use  of  the 
eyes  in  too  weak  light,  by  rapid  transition  from  dark- 
ness to  light,  and  finally  by  old  age.  Various  other, 
and  some  more  general,  causes  may  produce  amau- 
rosis. Among  these  are  wounds  of  the  head,  com- 
pression of  the  brain,  fits  of  apoplexy,  suppressed 
colds  in  the  head,  habitual  inebriety,  vomiting, 
coupling,  sneezing,  affiections  of  the  alimentary  ca- 
nal, and  some  of  the  neighbouring  viscera — the  liver, 
for  example.  According  to  the  activity  of  these  various 


causes,  the  malady  comes  on  suddenly  or  gradually. 
The  patients  are  sometimes  unable  to  bear  the  light, 
and  therefore  seek  the  darkness,  where  sparks  and 
flames  frequently  appear  to  their  eyes.  Objects 
sometimes  appear  of  different  colours,  or  fluctuate, 
swim,  and  confiise  themselves.  At  other  times,  the 
patients  begin  to  squint,  suffer  a  severe  pain  in  the 
ball  of  the  eye,  and  a  straining  above  the  eyebrows : 
finally,  they  begin  to  see  as  if  through  a  crape  or 
fog,  and  only  in  bright  daylight  can  distinguish  ac- 
curately: black  flakes  and  specks  appear  to  hover 
before  their  eyes.  The  greatest  insensibility  of  the 
retina  is  often  opposite  the  centre  of  the  cornea ;  but 
ultimately  the  disease  produces  total  blindness,  the 
pupil  losmg  its  motion,  and  becoming  permanently 
dilated.  Deep  in  the  eye  a  white  speck  is  often  visible, 
which  is  traversed  by  veins.  According  to  the  difi- 
ferent causes,  the  malady  is  either  easily  cured  or  is 
incurable.  Regard  is  especially  to  be  had  to  them 
in  the  selection  and  use  of  remedies. 

Catarrh  ;  an  increased  secretion  of  mucus  from 
the  membranes  of  the  nose,  fauces,  and  bronchia, 
accompanied  with  fever,  and  attended  with  sneezing, 
cough,  thirst,  lassitude,  and  want  of  appetite.  There 
are  two  species  of  catarrh,  viz.,  catairrhus  h  frigore, 
which  is  very  common,  and  is  called  a  cold  in  the  head  $ 
and  catarrhus  h  contagio,  the  influenza,  or  epidemic 
catarrh,  which  sometimes  attacks  a  whole  city. 
Catarrh  is  also  symptomatic  of  several  other  diseases. 
It  is  seldom  fatal,  except  in  scrofulous  habits,  by 
laying  the  foundation  of  phthisis ;  or  where  it  is 
aggravated,  by  improper  treatment,  or  repeated  ex- 
posure to  cold,  into  some  degree  of  peripneumony ; 
when  there  is  hazard  of  the  patient,  particularly  if 
advanced  in  life,  being  suffocated  by  the  copious 
efiiision  of  viscid  matter  into  the  air-passages.  The 
epidemic  is  generally,  but  not  invariably,  more  severe 
than  the  common  form  of  the  disease.  The  latter  is 
usually  left  to  subside  spontaneously,  which  will 
commonly  happen  in  a  few  days,  by  observing  the 
antiphlogbdc  regimen.  If  there  should  be  fixed  pain 
of  tile  chest,  wiUi  any  hardness  of  the  pulse,  a  little 
blood  may  be  taken  from  the  arm,  or  topically,  fol- 
lowed by  a  blister ;  the  bowels  must  be  kept  regular, 
and  diaphoretics  employed,  with  demulcents  and 
mild  opiates,  to  quiet  the  cough.  When  the  disease 
hangs  about  the  patient  in  a  chronic  form,  gentle 
tonics  and  expectorants  are  required,  as  myrrh, 
squill,  &c.  In  the  epidemic  catarrh,  more  active 
evacuations  are  often  required,  the  lungs  being  more 
seriously  affected;  but,  though  these  should  be 
promptly  employed,  they  must  not  be  carried  too  far, 
the  disease  being  apt  to  assume  the  typhoid  character 
in  its  progress ;  and,  as  the  chief  danger  appears  to 
be  that  suffocation  may  happen  from  the  cause  above 
mentioned,  it  b  especially  important  to  promote  ex- 
pectoration, first  by  antimonials,  afterwards  by  squill, 
the  inhalation  of  steam,  &c.,  not  neglecting  to  sup- 
port the  strength  of  the  patient  as  the  disease  ad- 
vances. 

Catbchu  ;  a  brovim  astringent  substance,  former- 
ly known  by  the  name  of  terra  Japonica,  because 
supposed  to  be  a  kind  of  earth.  It  is,  however,  a 
vegetable  substance,  obtained  from  two  plants ;  viz., 
the  mimosa,  or  more  correctly  the  acacia  catechu,  and 
the  ungaria  ^ambir.  The  first  of  these  is  a  tree  of 
from  20  to  30  feet  high,  found  in  abundance  in  many 
of  the  forests  of  India,  from  16^  of  lat.  up  to  30^. 
The  places  most  remarkable  for  its  production,  are 
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the  Bnmuai  territories,  a  large  province  on  the  Ma- 
labar coast,  called  the  Concan ;  and  the  forests  skirt- 
ing the  northern  part  of  Bengal,  under  the  hills 
which  divide  it  from  Nepaul.    The  catechu  is  ob- 
tained from  this  tree  by  the  simple  process  of  boiling 
the  heart  of  the  wood  for  a  few  hours,  when  it  as- 
sumes the  look  and  consistency  of  tar.  llie  substance 
hardens  by  cooling;  is  formed  into  small  balls  or 
squares ;  and,  being  dried  in  the  sun,  is  fit  for  the 
market.    The  price  to  the  first  purchaser  in  the  Con- 
can  is  about  158.  a  cwt.    According  to  Dr.  Davy, 
who  analyzed  it,  the  specific  gravity  of  Concan  cate-| 
chuis  1.39;  and  that  of  Pegu  1.28.    The  taste  of 
this  substance  is  astringent,  leaving  behind  a  sensa- 
tion of  sweetness;  it  is  almost  wholly  soluble  in 
water.    Of  ail  the  astringent  substances  we  know, 
catechu  appears  to  contain  the  largest  portion  of  tan- 
nin.    According  to  Mr.  Rorkis,  1  lb.  is  equivalent  to 
7  or  8  lbs.  of  our  bark  for  tanning  leather.  From  200 
grains  of  Concan  concha.  Dr.  Davy  procured  109  of 
tannin,  68  of  extractive  matter,  13  of  mucilage,  and 
10  of  earths  and  other  impurities.    The  same  quan- 
tity of  Pegu  catechu  afforded  9T    rains  of  tannin, 
73  of  extract,  16  of  mucilage,  and  14  of  mi  purities. 
The  uncaria  gambir  is  a  scandent  shrub,  extensively 
cultivated  in  all  the  countries  lying  on  both  sides  of 
the  straits  of  Malacca;   but  chiefly  in  the  small 
islands  at  their  eastern  extremity.   The  catechu  is  in 
^s  case  obtained  by  boiling  the  leaves,  and  inspis- 
sating the  juice;   a  small  quantity  of  crude  sago 
being  added  to  give  the  mass  consistency  ;  it  b  then 
dried  in  the  son,  and  being  cut  like  the  Concan  cate- 
chu into  small  squares,  is  ready  for  use.    There  is 
a  great  consumption  of  this  article  throughout  all 
parts  of  India,  as  a  masticatory ;  it  forms  an  ingre- 
dient in  the  compound  of  betel-pepper,  areca-nut, 
and  lime,  which  is  in  almost  univerMl  use.   Catechu 
may  be  purchased  at  the  Dutch  settlement  of  Rhio, 
or  at  Malacca,  in  the  straits  of  Singapore,  at  the  rate 
of  about  iO«.  a  cwt.    The  quantity  of  it  under  the 
corrupted  name  of  cutch,  imported  yearly  into  Cal- 
cutta from  Pegu,  at  an  average,  at  the  five  years 
ending  with  1828-29,  was  about  300  tons,  at  a  cost 
not  exceeding  98,  per  cwt.     From  Bombay  a  con- 
siderable quantity  is  annually  imported  into  Chinai 
The  quantity  of  catechu,  under  the  name  of  gambir, 
produced  in  Rhio  by  the  Chinese  settlers,  is  equal  to 
about  4,600  tons  a  year,  about  2,000  of  which  are 
exported  for  the  consumption  of  Java,  the  rest  being 
sent  to  China,  Cochin-China,  and  other  neighbouring 
countries. 

Catgut.  The  strings  of  certain  musical  instru- 
ments, the  cords  of  clock-weights,  and  those  of  some 
other  machines  and  implements,  are  made  of  a  dense 
strong  animal  substance,  denominated  catgut.  It  is 
made  from  the  intestines  of  different  quadrupeds, 
particularly  those  of  cattie  and  sheep.  The  manu- 
facture is  chiefly  carried  on  in  IteJy  and  France. 
The  texture  from  which  it  b  made  is  that  which 
anatomists  call  the  muscular  coat,  which  is  carefully 
separated  from  the  peritoneal  and  mucous  mem- 
branes. After  a  tedious  and  troublesome  process  of 
steeping,  scouring,  fermenting,  inflating,  &c.,  the 
material  is  twist^,  rubbed  with  horse-hair  cords, 
fumigated  with  burning  sulphur,  to  improve  its  co- 
lour, and  dried.  Cords  of  different  size  and  strength, 
aod  delicacy,  are  obtained  from  different  domestic 
anmials.  The  intestine  is  sometimes  cut  into  uni- 
form stripe,  with  an  instrument  made  for  the  p«r- 
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pose.  To  prevent  offensive  effluvia  during  the  pro- 
cess, and  to  get  rid  of  the  oily  matter,  the  Frendi 
make  use  of  an  alkaline  liquid  called  eau  de  JaveUe, 
Catgut  for  stringed  instruments,  as  violins  and  harps, 
is  made  principsdly  in  Rome  and  Naples.  For  the 
smallest  violin  strings,  three  thicknesses  are  used; 
for  the  largest  seven ;  and  for  the  largest  bass-viol 
strings,  120.  In  the  kingdom  of  Naples,  whence 
the  best  strings,  commonly  called  Roman,  are  ob- 
tained, there  are  large  manufactones  of  this  article. 
Cat-Harpings  ;  small  ropes  in  a  ship,  running  in 
little  blocks  from  one  side  of  die  slurouds  to  the 
other,  near  the  aeck.  Their  use  is  to  force  the  main 
shrouds  tight,  for  the  ease  and  safety  of  the  masts 
when  the  ship  rolls. 

Catoptrics  ;  the  science  which  treats  of  reflected 
light.  It  is  a  very  important  branch  of  optics,  ana 
will  require  particular  notice.  To  render  the  subject 
intelligible,  it  will  be  necessary  to  take  a  brief  view 
of  the  nature  of  reflecting  bodies. 

Any  substance  of  a  regular  form,  employed  for  the 
purpose  of  reflecting  light,  or  of  forming  images  of 
objects,  is  called  a  speculum  or  mirror.  It  is  gene- 
rally made  of  metal  or  glass,  having  a  highly  po- 
lished surface.  The  name  of  mirror  is  commonly 
given  to  reflectors  that  are  made  of  glass ;  and  the 
glass  is  always  quicksilvered  on  the  back,  to  make  it 
reflect  more  light.  The  word  speculum  is  used  to 
describe  a  reflector  which  is  metallic,  such  as  those 
made  of  silver,  steel,  or  of  grain-tin  mixed  with 
copper. 

Specula  or  mirrors,  are  either  plane,  ctmcotHi,  o 
convex^ 

A  plane  speculum  is  one  which  is  perfectly  flat;, 
like  a  looking-glass ;  a  concave  speculum  is  one  which 
b  hollow,  like  the  inside  of  a  watch-glass;  and  a 
convex  tpeeuium  is  one  which  b  round,  like  tJie  out- 
side of  a  watch-glass. 

As  the  light  which  falls  upon  glass  mirrors  b  in- 
tercepted by  the  glass  before  it  is  reflected  from  the 
quicksilvered  surface,  we  shall  suppose  all  our  mir- 
rors to  be  formed  of  polbhed  metal,  as  they  are  in 
almost  all  optical  instruments.  The  image  of  any 
object  b  a  picture  of  it  formed  either  in  the  air,  or 
in  the  bottom  of  the  eye,  or  upon  a  white  ground^ 
such  as  a  sheet  of  paper.  Images  are  generally 
formed  by  mirrors  or  lenses,  and  accurately  resemble 
die  object  in  shape  and  colour ;  though  they  may  be 
formed  also  by  placing  a  screen,  with  a  small  aper- 
ture, between  the  object  and  the  sheet  of  paper  which 
b  to  receive  ihe  image.  « 

Having  thus  illustrated  the  principal  phenomena 
of  reflection,  we  may  now  take  two  examples  of  its 
practical  application  in  catoptrical  instruments'.  The 
camera  obscura,  or  dark  chamber,  b  the  name  of  an 
amusing  and  useful  optical  instrument,  invented  by 
the  celebrated  Baptbta  Porta.  In  its  original  state^ 
it  is  nothing  more  than  a  dark  room  with  an  opening 
in  the  window-shutter,  in  which  is  placed  a  convex 
lens  of  one  or  more  feet  focal  length.  If  a  sheet  of 
white  paper  is  held  perpendicularly  behind  the  lens, 
and  passing  through  its  focus,  there  will  be  painted 
upon  it  an  accurate  picture  of  all  the  objects  seen 
from  the  window,  in  which  the  trees  and  clouds  will 
appear  to  move  in  the  wind,  and  all  living  objects  to 
dbplay  the  same  movements  and  gestures  which 
they  exhibit  to  the  eye.  The  perfect  resemblance  of 
thb  picture  to  nature  astonishes  and  delights  every 
person^  however  often  diey  may  have  seen  it.    The 
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be  hollow,  and  part  of  &  sphere  who«e  rwliut  ie  the 
focal  diatance  of  the  convex  lens.  It  is  cnBtomory, 
therefore,  to  nitlce  it  of  the  vhiteit  platter  of  Paris, 
vitb  as  smooth  and  accurate  a  surface  ai  poasible. 
Id  order  to  exhibit  the  picture  to  aevend  spectators 
at  ooce,  and  to  enable  any  penKiii  to  copj  it,  it  is  de- 
■iiable  that  the  image  should  be  fonned  upon  a  ho- 
rizontal table.  This  may  be  done  by  means  of  a 
metallic  minor,  e,  placed  at  an  angle  of  46°,  the  top 
rcTolnng  at  a  b,  which  will  reflect  the  picture  upon 
the  white  ground  l^iug  horizontally ;  an  example  of 
tiiii  kind,  A  the  moat  improved  oonatnictioD,  is  given 
in  the  accompaoyuig  diagram. 


In  the  more  simple  form  of  the  instmment  it  ii 
reflected  npwards  by  the  mirror,  and  received  on  thi 
lower  side  of  a  plate  of  groiutd  glass,  with  its  rough 
aide  appentiaat,  upon  which  the  picture  may  be 
p*cd  with  a  fine  aurp-potntcd  pencil. 

All  objects  teen  by  reflection  in  a  cylindrical  n 
ttm  are  necessaiily  distorted-  If  an  observer  looks 
mto  such  a  tatrror,  with  its  axis  standing  vertically, 
W  will  see  the  image  of  his  head  of  the  same  length 
aa  the  original,  because  the  surface  of  the  mirror  is  a 
straight  line  in  a  vertical  direction.  Tlie  breadth  of 
dte  face  will  be  greatly  contracted  in  a  hoiiii 
direction,  because  the  surface  is  very  convex  in 
diRctioci,  and  in  intermediate  diiKtioni,  the  head 
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will  have  intermediate  breadths.     If  the  axis  of  the 
mirror  be  held  boriiontally,  the  face  will  be  as  broad 


as  life,  but  exceedingly  short.  If  a  picture  or  por- 
trait, cd,  is  laid  down  before  a  mirror,  o  (,  the  reflectad 
image  will  be  highly  distorted ;  but  the  picture  may 
be  drawn  distorted  according  to  reguUr  laws,  so  that 
its  image  shall  havt  the  most  correct  proportions. 

Cylindrical  mirrors,  similar  to  that  represented 
above,  which  are  now  very  uncommon,  used  to  be 
made  nse  of  for  this  purpose,  and  were  accompanied 
with  a  series  of  distorted  figures,  wbidi,  when  seen  by 
the  eye,  have  neither  shape  nor  meaning,  but  when 
laid  dovm  before  a  cylindrical  mirror,  the  reflected 
image  of  them  has  the  most  perfect  proportions, 

Cat's-Evk.    See  Abtibia  and  QcAarz. 

C&rsrp.    See  Kbtchdp. 

CADLKina,  or  CAVEiNa.  of  a  ship,  consists  In 
driving  a  quantity  of  oakum,  or  old  ropes  tmtwiated 
and  drawn  asunder,  into  the  seams  of  the  planks,  or 
into  the  intervals  where  the  planks  are  jomed  toge- 
ther in  the  ship's  decks  or  sides,  in  order  to  prevent 
the  entrance  of  water.  After  the  oakum  is  driven 
very  hard  into  lliese  aeams,  it  ia  covered  with  hot 
melted  pitch  or  resin,  to  keep  the  water  from  rotting 
Among  the  ancients,  the  first  who  made  use  of 
liking  were  the  inhabitants  of  Phtenicia,  now 
Corfu.  Wax  and  resin  appear  to  have  been  com. 
monly  used  previously  to  that  period.  The  Poles 
use  a  sort  of  unctoons  clay  for  the  same  purpose  on 
their  navigable  rivers. 

Cavstic.  The  name  of  emulie  is  given  to  sub- 
stances which  by  their  chemical  action  disorganize 
the  parts  of  the  body  with  which  they  are  put  in 
contact.  They  are  called,  likewise,  poftntiai  catat- 
ria,  to  distinguish  them  from  the  fire  called  mhuS 
caujay-  Canstica,  in  genera.!,  act  by  decomposing 
chemically  the  tissues  to  which  they  are  applied,  by 
depriving  them  of  life,  and  producing  a  real,  local, 
and  circumscribed  gangrene,  called  achar,  or  thugk. 
Those,  the  action  of  which  is  powerfiil — forinstance, 
caustic  potaasa,  concentrated  sulphuric  acid,  &c. — 
produce  these  phenomena  with  such  rapidity  that 
inflsmmation  tues  place  only  alter  the  formation  of 
the  escAftr;  whilst,  on  the  contrary,  inflammation  ia 
the  immediate  consequence  of  the  less  energetic  cans- 
tica. In  both  cases  snppnratiou  occurs  sooner  or 
later,  and  separates  the  disorganized  fnmi  the  sur- 
rounding potts.  Almost  all  £e  substances  used  as 
caustics  have  only  ■  local  action :  some,  however, 
are  capable  of  being  absorbed,  and  of  eierriaing  a 
deleteriouB  action  on  the  economy  in  general :  arae> 
nical  preparations  are  an  instance  of  it. 

The  employment  of  caustics  is  now  conflned  to  a 
small  number  of  cases.  The  actual  cautery  and  the 
knife  are  in  general  preferred  to  them.  They  are 
used  principally  in  order  to  esteblish  issues,  particu- 
larly in  cases  in  which  it  is  necessary  to  produce  4 
powerful  derivation ;  to  stop  the  progress  of  certain 
gangrenous  affections,  such  as  aiikna;  to  open  oa- 
tain  indolent  abcessea ;  to  change  the  mode  of  vitality 
of  the  skin  in  some  cancerous  or  herpetic  ulcers  1  to 
destroy  the  excrescences  of  wounds  or  proud  flesh; 
and,  finally,  to  prevent  the  ^Morption  of  the  vinit 
deposited  at  the  snrbce  of  poisoned  wounds. 

Caustic  Potasba;  impure  hydrate  of  protoxide 
of  potassium ;  caustic  kali  with  Inne ;  common  cans* 
tic.  This  is  seen  in  flat,  urregular,  brittle  pieces,  ot 
in  round  sticks,  like  the  nitrate  of  silver  t  of  a  gray. 
ish-white,  sometimes  rediUah ;  of  a  savour  extremely 
Ganstic,and  asli^todonr  ntiyaasts.  Hit  substance 
is  extremely  caostici  it  denunpOMi  quickly  Qm  parts 
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with  which  it  is  put  in  contact,  and  leaves  on  the 
•kin  a  soft,  grayish,  eschar,  which  comes  off  slowly. 
Taken  internally,  it  acts  in  the  same  way  as  all  cor- 
rosive poisons ;  it  has  nevertheless  been  administered 
in  very  dilute  solutions,  as  an  antacid,  diuretic,  and 
lithontriptic.  It  has  succeeded  in  the  gravel,  in 
nephritic  colics,  and  other  affections  proceeding  from 
superabundance  of  uric  acid.  It  has  been  recom- 
mended, likewise,  in  the  treatment  of  scrofula,  and 
in  some  diseases  of  the  skin,  such  as  leprosy,  &c. — 
This  solution,  even  when  very  diluted,  soon  irritates 
the  stomach,  and  brings  on  anorexia,  which  prevents 
it  from  being  used  for  any  length  of  time. 

Caustic  Soda  ;  protoxide  of  sodium.  Its  physi- 
cal properties  are  similar  to  those  of  potassa,  and  it 
may  be  used  with  advantage  as  a  succedoTieuM  when 
employed  as  a  caustic.  In  fact,  the  sub-carbonate, 
which  forms  during  its  action  on  the  skin,  is  not 
deliquescent,  as  that  of  potassa,  and  consequently 
is  not  subject  to  spread. 

Cavalier,  in  fortification,  is  a  work  generally 
raised  within  the  body  of  the  place,  10  or  12  feet 
higher  than  the  rest  of  the  works.  It  is  most  com- 
monly situated  within  the  bastion,  and  made  much  in 
the  same  form.  Sometimes  the  cavaliers  are  placed 
in  the  gorges,  or  on  the  middle  of  the  curtain ;  they 
are  then  made  in  the  form  of  a  horse-shoe.  Their 
use  is  to  command  all  the  adjacent  works  and  sur- 
rounding country.  They  are  seldom  made  except 
when  a  rising  ground  overlooks  some  of  the  works. 
In  modem  times  it  is  considered  that  cavaliers  in  a 
bastion  occupy  too  much  room,  render  retrenchments 
hnpossible,  and  unless  a  ditch  separates  the  cavalier 
from  the  parapet  of  the  bastion,  cause  the  grenades 
to  fall  upon  the  defenders  of  the  latter ;  for  which 
reasons  it  is  considered  best  to  put  them  on  the 
curtains  or  behind  the  bastions. 

Cavalry  ;  one  of  the  three  great  classes  of  troops, 
and  a  formidable  power  in  the  hands  of  a  leader  who 
knows  how  to  employ  it  with  effect.  This  requires  a 
bold  and  active  spirit,  able  to  avail  itself  with  quick- 
ness  and  decision  of  every  opportunity.  The  efficacy 
of  cavalry  arises  particularly  from  the  moral  impres- 
sion which  it  produces  on  the  enemy.  This  is  greater 
in  proportion  to  the  size  of  the  mass  and  the  rapidity 
of  Its  motion.     Its  adaptation  to  speedy  movements 


The  unequal  size  of  the  horse,  the  very  great  diver« 
sity  in  his  strength  and  breed,  have  at  all  times  ren- 
dered it  necessary  to  divide  the  cavalry  into  Ught  and 
heavy  horse.  There  is  sometimes,  also,  an  interme- 
diate class.  These  different  sorts  are  employed  for 
different  purposes.  The  heavy  cavalry  with  defensive 
armour  (cuirassiers),  is  more  frequently  employed  in 
mass,  where  force  is  requisite ;  the  lighter  troops  are 
used  singly,  and  in  small  detachments,  where  swift- 
ness and  continued  effort  are  required.  Nevertheless, 
cuirassiers  and  dragoons,  lancers  and  hussars,  mounted 
riflemen  and  chevaux  legers,  must,  in  the  main  points, 
be  equally  exercised  in  the  duties  appertaining  to 
cavalry,  and  must  be  able  to  fight  in  the  line  as  well 
as  singly.  The  use  of  cavalry  is  probably  nearly  as 
ancient  as  war  itself ;  for  in  those  counties  where 
horses  thrive  most,  and  man  may  be  said  to  live  on 
horseback,  he  has  always  preferred  to  fight  on  horse- 
back. 

The  Egyptians  are  said  to  have  had  cavalry  before 
the  time  of  Moses.  The  Israelites,  when  at  war 
with  their  neighbours,  often  had  to  encounter  cavalry, 
but  were  afraid  to  mount  horses  until  the  time  of 
Solomon.  The  Greeks  appear  not  to  have  introduced 
cavalry  into  their  armies  till  the  second  Messenian 
war,  and  even  after  that  time  had  comparatively 
few ;  but  with  them  it  was  considered  the  most  re- 
spectable class  of  troops,  in  which  only  the  wealthy 
citizens  served.  The  Persian  cavalry,  and  at  a  later 
pefiod  the  Macedonian,  were  much  more  numerous. 
The  Romans  learnt  its  use  from  Pyrrhus  and  the 
Carthaginians.  At  a  later  period  the  cavalry  of  the 
Gauls  was  particularly  good.  In  the  middle  ages, 
the  knights  fought  only  on  horseback,  and  disdained 
the  foot-service.  At  this  period,  however,  regular 
warfare  was  unknown,  and  was  only  gradually  re- 
stored in  the  progress  of  time.  After  the  introduc- 
tion of  artillery,  although  cavalry  was  used,  yet  its 
manoeuvres  were  awkward  and  inefficient.  The  genius 
of  Gustavus  Adolphus  first  perceived  the  important 
use  which  could  be  made  of  it.  He  was  without  the 
heavy  cavalry,  which,  since  the  time  of  chivalry,  had 
gone  out  of  use ;  but  he  found  that  the  advantage  of 
this  species  of  troops  did  not  consist  in  its  weight, 
but  in  its  quickness  of  motion.  With  reference  to 
this,  he  formed  his  regiments  of  horse,  and  showed 


IS  another  great  advantage,  which  enables  a  com-   their  real  utility ;  but  it  was  left  to  Seidlitz,  a  general 
mander  to  avail  himself  immediately  of  a  decisive  mo-     ^  "    ^    •      »     ^  ••    »       -^  •  .  ^  .i 

nientwhen  the  enemy  exposes  a  weak  point,  or  when 
disorder  appears  in  his  ranks.     It  is  a  very  important 
instrument  in  completing  the  defeat  of  an  enemy,  in 
disconcerting  him  by  a  sudden  attack,  or  overthrow- 
ing him  by  a  powerful  shock.    The  use  of  cavalry  is, 
it  is  true,  oftentimes  limited  by  the  nature  of  the 
ground.     In  forests,  in  mountamous  districts,  on  a 
marshy  soil,  &c.,  it  is  of  but  little  avail  in  large 
bodies.    In  modem    times  cavalry  has    been    led 
against  entrenchments,  but  only  to  its  own  destruc- 
tion.    In  some  instances,  too,  the  cavalry  has  been 
dismounted,  and  employed  as  infantry ;  which  may 
on  peculiar  occasions    be  advisable,   but,   on  the 
whole,  is  contrary  to  their  nature  and  purpose,  and 
if  made  a  part  of  their  duty,  like  other  half  mea- 
sures, is  usually  disadvantageous.    It  is  -also  unad- 
visable  to  keep  large  bodies  of  cavalry  united  during 
a  campaign.  ITiey  are  to  be  collected  in  large  masses 
only  for  particular  objects.    To  keep  them  together 
the  whole  time  would  be  troublesome,  and  their  main- 
tenance frequently  attended  with  difficulty. 


of  Frederic  the  Great,  to  display  this  most  fully* 
Napoleon  appears  to  have  been  well  aware  of  the 
great  value  of  cavalry  in  large  masses,  but  he  often 
sacrificed  them  unsparingly.  This,  together  with 
certain  erroneous  dispositions  which  had  crept  into 
some  armies,  and  had  caused  the  cavalry  to  fjeiil  in 
services  on  which  they  ought  never  to  have  been  put, 
and  which  were  sometimes  performed  as  well  or  better 
by  other  troops,  gave  rise,  of  late  years,  to  doubts 
conceming  their  utility,  which,  however,  are  now 
abandoned.  (Statements  and  Observations  respect- 
ing the  Conduct  and  Fate  of  the  Cavalry  in  the  Cam^ 
paigns  of  Frederic  II,,  and  in  those  of  a  later  Period.) 
In  the  north  of  Europe,  lances  are  now  common 
among  the  light  cavalry,  as  they  have  proved  a  for- 
midable weapon  when  skilfully  used.  They  will  no 
doubt,  effect  a  change  in  the  arms,  and  even  in  the 
organization  of  the  infantry,  who  can  do  little  against 
lancers,  if  rain  prevents  them  from  firing.  In  the 
Prussian  cavalry,  which  is  among  the  finest  in  the 
world,  lancers  are  very  numerous.  A  French  author 
calls  the  cavalry,  very  appropriate! y,./*aniie  du  wo- 
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it;  because  they  are  peculiarly  fitted  to  take  advan- 

_  of  decisive  moments.  A  moment  may  occur, 
^srhen  a  great  victory  can  be  decided  by  the  sudden 
irruption  of  a  body  of  cavalry,  and  the  next  moment 
it  may  be  too  late.  A  commander  of  cavalry  must 
therefore  be  possessed  of  the  rare  courage  which 
shrinks  not  from  responsibility.  Many  battles  in  the 
late  wars  prove  the  truth  of  these  remarks.  Napoleon 
-^Iron  the  battle  of  Marengo  chiefly  by  Kellermann's 
daring  charge,  at  the  head  of  500  horse,  on  ah  enemy 
almost  sure  of  victory.  The  campaigns  in  Russia, 
and  the  following  war  in  Germany,  showed  the  great 
disadvantage  under  which  an  army  labours  from  the 
-virant  of  cavalry.  Napoleon  failed  to  follow  up  his 
advantages  after  the  victories  of  LUtzen  and  Dresden, 
chiefly  because  his  cavalry  were  raw  aiyl  inexpe- 
rienced. The  training  of  cavalry  is  much  slower 
than  that  of  infantry.  The  btet  cavalry  is  now  gene- 
rally considered  to  be  the  Prussian,  and  some  species 
of  the  British.  The  French  never  were  good  horse- 
men, and  the  English  have  hardly  kept  pace  with  the 
numerous  improvements  introduced  by  the  wars  on 
the  continent.  It  is  a  fact  of  interest,  that  the  more 
civilization  takes  root  among  a  nation,  the  more  im- 
portance is  given  to  infantry.  All  savage  nations 
begin  with  cavalry,  if  they  have  horses.  At  pre- 
sent, infantry  is  the  most  numerous  class  of  troops, 
though  before  the  time  of  Charles  V.  they  were 
Uttle  esteemed. 

Caviare  ;  the  spawn  or  roe  of  sturgeon  :  it  is 
either  salted,  dried,  and  made  Into  small  cakes,  or  is 
ih  its  natural  state  packed  up  in  kegs.  It  is  in  great 
repute  in  Russia,  on  account  of  the  three  seasons  of 
Lent  in  that  country.  The  sturgeon  is  found  in  the 
mouth  of  most  of  the  rivers  of  Russia,  particularly 
those  which  fall  into  the  Caspian  Sea.  Ilie  sturgeon 
at  the  mouth  of  the  Wolga,  near  Astrachan,  is  of  a 
ve^  large  size. 

Cavatina  ;  a  short  air  without  a  return  or  second 
part,  and  which  is  sometimes  relieved  with  recitative. 

Cay£Nnb  Pepper,  or  Capsicum.  All  the  species 
of  capsicum  possess  the  same  general  qualities.  In 
hot  climates,  but  particularly  in  the  East  and  West 
Indies,  and  some  parts  of  Spanish  America,  the  fruit 
of  these  plants  is  much  used  for  culinary  purposes. 
It  is  eaten  in  large  quantities,  both  with  animal  and 
vegetable  food,  and  is  mixed  in  greater  or  less  pro- 
portion with  almost  all  kinds  of  sauces.  The  Cay- 
enne pepper  used  in  cookery  is  made  from  the  fruit 
of  different  species  of  capsicum.  This  fruit,  when 
ripe,  is  gathered,  dried  in  the  sun,  and  then  pounded ; 
and  the  powder  is  mixed  with  a  certain  portion  of 
salt,  and  kept  for  use  in  closely-stopped  bottles.  It 
is  very  generally  used  as  a  poignant  ingredient  in 
soups  and  highly-seasoned  dishes.  Its  taste  is  ex  < 
tremely  acrid,  and  it  leaves  a  durable  sensation  of 
heat  on  the  palate,  which  is  best  removed  by  butter 
or  oil.  When  taken  in  small  quantities,  Cayenne  pep- 
per is  a  grateful  stimulant ;  and  in  medicine  it  is  used 
both  extemaily  and  internally,  to  promote  the  action 
of  the  bodily  organs,  when  languid  and  torpid ;  and 
it  is  said  to  have  been  found  efficacious  in  many  gouty 
and  paralytic  cases.  The  Guinea  pepper,  or  annual 
capsicum,  is  considered  the  most  hardy  of  this  whole 
tribe  ot  plants ;  and  in  many  parts  of  the  south  of 
Europe  its  fruit  is  eaten  green  by  the  peasants  at 
their  breakfasts,  and  is  preferred  by  them  to  onions  or 
nrlic.  The  fruit  of  aU  the  species  may  be  used  in 
domestic  economy,  either  as  a  pickle,  or  when  dried 


before  a  fire  and  ground  to  powder  in  a  common 
pepper-mill,  as  Cayenne  pepper. 

Cell.  This  term  is  employed  very  frequently  to 
signify  any  small  compartment  into  which  substances 
are  divided ;  thus  the  hexagonal  chambers  of  the 
honeycomb  are  called  cells,  as  in  botany  the  cavities 
separated  by  partitions  in  the  pods,  husks,  or  seed- 
vessels  of  plants,  which  are  said  to  be  unilocular,  bi- 
locular,  triloculor,  &c.,  according  to  the  number  of 
celb. 

In  anatomy,  it  is  applied  to  various  small  cavities, 
such  as  the  air-cells,  or  pulmonary  vesicles,  the  adi- 
pose cells,  or  spaces  in  the  miembrane  which  retains 
the  fat,  &c.  The  loose,  inflatable  texture  which 
unites  and  surrounds  all  the  parts  and  organs  of  the 
body,  has  the  name  of  cellular,  from  its  being  made  up 
of  a  succession  of  these  little  interstices. 

Cellular  Substance,  or  Cellular  Membrane 
(tela  cellulosa  or  mucosa  of  Latin  writers),  is  the  me- 
dium which  connects  and  supports  all  the  various 
parts  and  structures  of  the  body.  Any  person  may 
gain  a  general  notion  of  this  substance  by  observing 
it  in  joints  of  veal,  when  it  is  inflated  by  the  butchers. 
It  consists  of  an  assemblage  of  fibres  and  lamina  of 
animal  matter,  connected  with  each  other  so  as  to 
form  innumerable  cells  or  small  cavities,  from  which 
its  name  of  ceUular  is  derived.  It  pervades  every 
part  of  the  animal  structure.  By  joining  together 
the  minute  fibrils  of  muscle,  tendon,  or  nerve,  it 
forms  obvious  and  visible  fibres.  It  collects  these 
fibres  into  large /(uctcuZt,  and  by  joining  such  fasci- 
culi, or  bundles,  to  each  other,  constitutes,  an  entire 
muscle,  tendon,  or  nerve.  It  joins  together  the  in- 
dividual muscles,  and  is  collected  in  their  intervals. 
It  surrounds  each  vessel  and  nerve  in  the  body,  often 
connecting  these  parts  together  by  a  firm  kind  of 
capsule,  and  in  a  looser  form,  joining  them  to  the 
neighbouring  muscles,  &c.  When  condensed  into  a 
firm  and  compact  structure,  it  constitutes  the  various 
membranes  of  the  body,  which,  by  long  maceration 
in  water,  may  be  resolved  into  a  loose  cellular  tex- 
ture. In  the  bones  it  forms  the  basis  or  ground- 
work of  their  fabric,  a  receptacle,  in  the  instertices  of 
which  the  earth  of  bone  is  deposited. 

As  cellular  substance  is  entirely  soluble  in  boiling 
water,  it  is  considered  by  chemists  as  that  peculiar 
modification  of  animal  matter  termed  gelatine.  In 
consequence  of  its  solution  by  the  united  agencies  of 
heat  and  moisture,  the  muscular  fibres  separate  from 
each  other,  and  form  the  other  structures  of  the 
body.  This  effect  is  seen  in  meat  which  is  subjected 
to  long  boiling  or  stewing  for  the  table,  or,  indeed, 
in  a  joint  which  is  merely  over-boiled.  It  forms  a 
connection  and  passage  between  all  parts  of  the  body, 
however  remote  in  situation  or  dissimilar  in  struc- 
ture; for  the  cells  of  this  substance  every  where 
communicate,  as  we  may  collect  from  facts  of  the 
most  common  and  familiar  occurrence.  In  emphy- 
sema, where  air  escapes  from  the  lungs  wounded  by 
a  broken  rib  into  the  cellular  substance,  it  spreads 
rapidly  from  the  chest  4nto  the  most  remote  parts  ot 
the  body,  and  has  even  been  known  to  gain  admis- 
sion into  the  eye-ball.  A  similar  diffusion  of  this 
fluid  may  be  effected  by  artificial  inflation. 

Cements.  The  substances  used  for  producing  co- 
hesion between  different  materials  are  very  various. 
They  are  mostly,  however,  soft  or  semi-fluid,  and 
harden  in  the  course  of  time.  The  number  employed 
is  very  great.    We  can  mention  only  a  few.    'H.^ 
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jointA  of  ifon  pipes,  and  tke  flanges  of  eteam-engixies^ 
are  cemented  with  a  mixture  ccmiposed  of  siuphar 
and  muriate  <^  ammonia,  together  with  a  large  quan- 
tity of  iron  chippin^^s.  The  putty  of  glaziers  is  a 
mixture  of  linseed  oil  and  powdered  chalk.  Plaster 
of  Paris,  dried  by  heat,  and  mixed  with  water,  or 
with  rosin  and  wax,  is  used  for  uniting  pieces  of 
marble.  A  cement  composed  of  brick-dust  and  rosin, 
or  pitch,  is  employed  by  turners,  and  some  other 
mechanics,  to  confine  the  material  on  which  they  are 
working.  Common  paint,  made  of  white  lead  and 
oil,  is  used  to  cement  China-ware.  So  also  are  re- 
sinous substances,  such  as  mastic  and  shell  lac,  or 
isinglass  dissolved  in  proof  spirit  or  water.  The 
paste  of  bookbinders  and  paper-hangers  is  made  by 
boiling  flour. 

Rice-glue  is  made  by  boiling  ground  rice  in  sod 
water  to  the  consistence  of  a  thin  jelly.  Wafers  are 
made  of  flour,  isinglass,  yeast,  and  white  of  eggs, 
dried  in  thin  layers  upon  tin  plates,  and  cut  by  a 
circular  instrument.  They  are  coloured  by  red-lead, 
&c. 

Sealing-wax  is  composed  of  shdl  lac  and  rosin, 
and  is  commonly  coloured  with  vermilion.  Common 
glue  is  most  usually  employed  for  uniting  wood,  and 
similar  porous  substances.  It  does  not  answer  for 
surfaces  not  porous,  such  as  those  of  the  metals,  and 
is  not  durable  if  exposed  to  water. 

The  cements  moa^y  used  in  building  are  composed 
of  lime  and  sand.  Lime  is  procured  by  burning  sub- 
stances in  which  it  exists  m  combination  with  car- 
bonic acid,  such  as  limestone,  marbles,  chalk,  and 
shells.  By  this  process,  the  carbonic  acid  is  driven 
off,  and  quicklime  is  obtained.  The  quicklime  is 
slaked  by  mixture  with  water,  after  which  it  swells 
and  cracks,  becomes  hot,  and  assumes  the  form  of  a 
white  and  impalpable  powder.  This  is  a  hydrate  of 
lime,  and  contains  about  three  parts  of  lime  to  one  of 
water.  When  mtended  for  mortar,  it  should  be  im- 
mediately mixed  with  sand,  and  used  without  delay, 
before  it  imbibes  carbonic  acid  anew  from  the  at* 
mosphere.  The  lime  adheres  to  and  unites  the  par- 
ticles of  the  sand.  Cements  thus  made  increase  in 
strength  and  solidity  for  an  indefinite  period.  Fresh 
sand,  wholly  silicious  and  sharp,  is  the  best.  That 
taken  from  the  sea-shore  is  unfit  for  making  mortar, 
as  the  salt  is  apt  to  deliquesce  and  weaken  the  mor- 
tar. The  amount  of  sand  is  always  greater  than 
that  of  die  lime.  From  two  to  four  parts  of  sand 
are  used,  according  to  the  quality  of  the  lime  and 
the  labour  bestowed  on  it. 

Water  cements,  called  also  Roman  cements,  harden 
under  water,  and  consolidate  almost  immediately  on 
being  mixed.  Common  mortar  dissolves  or  crumbles 
away,  if  laid  under  water  before  it  has  had  time  to 
harden;  but  certain  rocks,  which  have  an  argilla- 
ceous as  well  as  a  silicious  character,  communicate 
to  lime  or  mortar  the  property  of  hardening  in  a  very 
few  minutes,  both  in  an  out  of  water.  The  ancient 
Romans,  in  making  their  water  cements,  employed  a 
peculiar  earth,  obtained  at  the  town  of  Puteoli.  Tliis 
they  called  jmlvis  Puieolanus,  It  is  the  same  that  b 
now  called  Puzzolana,  It  is  evidently  of  volcanic 
origin.  The  Dutch,  in  their  great  aquatic  structures, 
have  mostly  employed  a  substance  denominated  tar- 
raa,  terras,  or  trass,  found  near  Andemadi,  in  the 
vicinity  of  the  Rhine.  It  is  said  to  be  a  kind  of  de- 
composed basalt,  but  resembles  Puzzolana.  It  is 
verv  durable  in  water,  but  inferior  to  the  other  kindi 


in  the  open  air.  Baked  clay  and  the  common  green- 
stone anord  the  basis  of  very  tolerable  water  ce- 
ments, when  mixed  with  lime.  Some  of  the  ores  of 
manganese  may  be  used  for  the  same  purpose.  Some 
limestones,  calcined  and  mixed  -mth  sand  and  water, 
also  afford  water  cements,  usually  in  consequence  of 
containing  some  argillaceous  earth. 

Some  cements,  of  great  hardness  and  permanency, 
have  been  obtained  from  mixtures  into  which  animal 
and  vegetable  substances  enter,  such  as  oil,  milk, 
mucilage,  &c.  The  name  of  maltha  or  mastic  is  given 
them.    They  are  not  much  used. 

The  cement  or  plaster  commonly  used  in  Fiance 
(which  consbts  of  a  mixture  of  cnalk,  and  strong 
size),  is  objectionable  as  being  deficient  in  hardness, 
apt  to  chip  or  scale  off,  and  unable  to  resist  the  rain. 
An  ingenious  experimentalist  states,  that  a  compo- 
sition formed  of  slaked  lime,  mixed  with  4  to  5-100 
parts  of  alum,  though  dearer  than  the  former,  has 
been  found  preferable  on  account  of  its  adhering 
more  firmly  to  the  wall,  and  better  calculated  to  re- 
sist the  inclemencies  of  the  weather,  which  he  con- 
ceives is  owing  to  the  alumine  of  the  alum  becoming 
incorporated  with  the  lime.  Following  the  advice  of 
M.  Dulong,  he  has  endeavoured  to  imitate  this  ce- 
ment on  a  more  economical  principle.  To  effect 
this,  he  has  diluted  slaked  lime  and  white  clay  with 
water,  and  after  mixing,  suffered  them  to  blend  to- 
gether and  re-act  upon  each  other  for  some  time  at 
an  ordinary  degree  of  temperature.  The  proportions 
of  the  separate  ingredients  are  100  parts  of  quick- 
lime, five  of  white  clay,  and  two  of  yellow-ochre. 
The  process  is  as  follows  : 

The  lime  is  first  slaked  with  a  small  quantity  of 
water,  more  of  which  is  added  by  degrees  until  the 
mixture  is  reduced  to  about  the  consistency  of  cream ; 
the  white  clay  is  also  diluted,  and  brought  to  a  si- 
milar state,  by  being  suffiered  to  remain  for  some 
time  in  water,  and  the  two  solutions  are  then  mixed 
carefully  together. 

The  parts  of  walls  covered  with  this  cement,  which 
have  been  exposed  in  the  country,  to  the  influence  of 
the  south-west  winds,  and  rain,  for  the  space  of  two 
years,  have  lost  none  of  their  colour,  nor  can  any 
portion  of  the  plaster  be  rubbed  off  by  the  hands. 

Cementation;  a  chemical  process,  in  which  a 
metal  (and  often  other  bodies)  is  placed  in  con- 
nection with  other  substances,  often  in  layers,  in 
close  vessels,  that  the  former  may  be  separated  from 
its  combinations,  or  changed  (frequently  oxydated), 
at  a  high  temperature.  The  substance  with  whidi 
the  metal  or  other  body  is  surrounded  is  called  ce- 
ment-powder. In  cementing  gold,  the  alloy  is  beaten 
into  thin  plates,  and  placed  in  alternate  layers,  with 
a  cement  containing  nitrate  of  potass  and  sulphate 
of  iron.  The  whole  is  then  exposed  to  heat  until  a 
great  part  of  the  alloying  metals  are  removed  by  the 
action  of  the  nitric  acid  liberated  by  the  nitre.  Iron 
is  cemented  with  diarcoal-powder  and  other  sub- 
stances, and  thereby  converted  into  steel.  Glass  it 
changed  by  cementation  with  gypsum,  into  R^u- 
mur's  porcelain.  Copper  is  cemented  with  a  powder 
of  calamine  and  charcoal,  and  thereby  converted  into 
brass.  The  copper  obtained  from  the  sulphate  of 
copper,  by  precipitation  with  iron,  is  called  eemmt 
copper, 

Uenotapr  ;  a  monument  erected  in  lionour  of  a 
deceased  person,  but  not  containing  his  body.  Some 
of  these  monuments  were  erected  in  honour  of  per- 
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■!■■  httried  elMwhcre,  otbera  for  persoai  whoAe  bo- 
dica  were  not  interred.  The  ancients  believu  that, 
lebeD  the  body  wm  not  baried,  the  bou)  could  not  be 
admitted  into  the  abodes  irf  the  bleaeed.  When  a 
body  could  not  be  found,  it  was  aupposed  that  some 
rest  was  afforded  to  the  eafferer  by  erecUug  him  a 
cenotaph,  and  calting  out  his  name  three  times  with 
»  load  Toice.     Such  monuments  wer«  distin^isbed 


reign  land.  The  Pythagoreans  erected  cenotaphs  to 
thoee  who  had  quitted  their  sect,  aa  if  they  were 
actually  dead.  We  subjoin  an  example  of  a  beau- 
tiftil  modem  cenotapb,  conbining  the  purest  princi- 
plea  of  Greek  sculptuic  with  the  moat  simple  archi- 
tectural adornments. 


Cbniaur  ;  a  pan  of  one  of  the  old  constellations. 
In  Ptolemv's  Catalogue  the  stars  ore  37  in  number; 
Bnd  in  the  Britannic  Catalogue  35.  For  an  account 
of  tbe  comparative  lustre  of  some  of  the  stars  in  this 
combmed  constellation  by  Dr.  Herschel,  see  the  PAi- 
iMopUcoJ  TVmuac/ioM  for  1797,  p.  314. 

Ckhtaubt.  There  exist  two  plants  of  this  name, 
Med  in  medicine ;  »maU  txatavry  and  Anerieati  een- 
faarjr,  ntenstrely  distribnted  throughout  the  United 
States.  Both  are  esteemed  as  tonics  and  febrifuges  : 
the  latter,  however,  is  preferred  by  the  American 
pbyaicians.  It  is  also  much  used  in  diHuestic  prac. 
tice  as  a  prophylactic  against  autumnal  fevers,  it 
■tjnng  infuMons,  in  lai^  and  repeated  doses. 

Curraaiive;  in  bridge  building.  A  person  noac. 
quainted  with  the  process  by  which  the  large  curved 
vaohs  at  masonry  are  erected  for  the  ardies  of  a 
Inidge,  might  suppose  some  very  complete  ma 
frame-work  was  required  for  Uie  purpose ;  such 
however  is  not  the  case,  as  the  centering  merely 
■ists  of  a  series  of  timbers  supported  in  the  ur,  pre- 
cisdf  in  the  some  wav  as  the  stone-work  is  after' 


The  first  step  u  building  B  bndge  is  to  pr>q>are  a 
coffer-dam,  or  water-tight  chamber,  by  driving  piles 
in  the  bed  of  the  stream,  and  having  pumped  out  the 
water  from  within,  the  piers  are  erected.  If  we  now 
sappose  them  to  he  nJsed  above  the  water  line,  the 
process  of  "centering"  commences.  The  frame- 
work of  which  it  is  composed  is  elevated  by  a  pair 
of  high  Aran,  lilte  thoee  used  for  placing  a  mast  of 
a  vessel  in  its  seat.  The  anangeioeut  of  the  bars  in 
the  centre  will  be  readily  seen  by  a  reference  to  the 
figure ;  but  the  way  by  which  it  is  afterwards  re- 
moved will  require  a  more  particular  notice. 

It  should  be  borne  in  mind,  that  when  the  arch  is 
completed,  it  presses  with  enormous  force  on  the 
wooden  frame— with  a  force,  indeed,  equal  to  that  of 
many  hundred  tons.  Now  to  get  over  this  appa- 
rently insurmountable  difficulty  in  the  way  of  their 
removal,  the  base  of  each  line  of  timbers  rests  on  a 
1  of  wedges,  BO  that  every  blow  of  the  hammer 
applied  to  the  point  of  the  wedge,  tends  to  facilitate 
the  removal  of  the  centre,  and  in  this  way  the 
enormous  masses  of  stone,  forming  the  arches  of 
London  Bridge,  were  brought  into  a  state  of  equili- 
brium in  mid-air,  and  afterwards  left  to  support  their 
own  giant  frame- work. 

CxNTiA  RB ;  a  French  measare,  the  hundredth  part 

an  an;  thus,  also,  according  to  the  new  French 
division  of  measures  and  weights,  we  have  cenfi- 
granuiK,  cmlilitre,  cen/nu,  emtioietre,  the  hundredth 
part  of  a  yrowjiie,  litrr,  frane,  tnrlrt. 

Centbal  Fikb.  Many  natural  philosophers  have 
supposed  a  perpetual  fire  to  exist  in  the  centre  of  the 
earui,  which  they  call  central  Jire.  In  ancient  times, 
volcanoes  and  other  similar  phenomena  were  ex-  « 
plained  by  it.  At  a  later  period,  when  it  was  under- 
stood that  such  B  Sre  in  the  interior  of  the  earth  was 
impossible,  the  phrase  was  used  to  express  the  inte- 
rior warmth  of  the  earth.  To  this  central  warmth 
Moiran  ascribes  a  great  part  of  the  warmth  on  the 
surface  of  the  earth.  To  a  certain  depth  there  ap- 
pears to  be  a  fixed  temperature  in  the  interior  of  Uia 
earth,  which  probably  arises  from  the  penetrating 
heat  of  the  sun.  At  least  experiments  show  that  in 
hot  climates  the  interior  of  the  earth  is  warmer  than 
in  cold  ones.  In  Siberia,  for  instance,  some  workmen 
having  penetrated  flo  feet  in  digging  a  well,  found 
the  earth  frozen  even  at  that  depdi.  Interesting 
information  on  this  subject  may  be  found  in  Biot's 
Ailronomit  Pkytiqvr. 

CbnthalFobces;  those  forces  by  the  eo-operatian 
of  which  circular  motion  is  produced ;  that  is,  th« 
centripetal  and  centrifugal  forces.  Many  natural 
philosophers  deny  the  existence  of  the  latter,  and 
assert  it  to  be  a  mere  mathematical  idea.  They  sav, 
a  body  once  pnt  in  motion,  continues,  its  motion  ui 
the  same  direction,  and  with  the  same  velocity,  with- 


This  kind  of  division  was  very  common  with  the 
Romani,  and  was  tieed  in  general  to  denote  a  pai- 
ticular  body,  althongh  this  might  not  contain  ex- 
actly 100  men.  Thas,  centnriea  la  the  army  were 
the_  companies  into  which  the  Roman  legions  were 
divided. 

CBPHAT.IC  Vein  ;  one  of  the  large  superficial  vems 
of  the  upper  extremity. 

Cefhbub,  in  Ailroiumji ;  a  constellation  of  the 
northern  hemisphere,  being  one  of  the  forty-eight 


A  stall  more  beautiful  illustratiaii  may  be  given 
with  the  inatrument  represented  above.  Two  elastic 
hoops  being  placed  on  one  axis,  are  made  to  revolve 
by  a  multiplying  wheel  and  handle,  and  as  soon  as 
motion  is  communicated  they  asantne  the  form  of  an 
oblate  spheroid.  They  expand  at  their  equator,  and 
are  depressed  at  their  poles.  We  give  a  figure  of  the 
instrument  as  it  ia  found  in  the  apparatus  room  of 
the  I>ondou  Institution,  bat  by  substituting  a  band 
for  the  toothed  wheels,  a  more  quiet  and  equable 
motion  is  produced. 

Another  mode  of  showing  the  same  fact  will  be 
given  under  our  article  Whirlinq -Table,  which  is 
an  instrument  of  considersble  importance  in  central 

Cbntbifstal  Fobc 


Cerate,  in  the   materia  medica  ;   a  kind  of  stiff 

iguent  or  liniment,  made  of  oil  and  wax,  with 
other  ingredients;  used  externally  in  severe  diseases, 
especially  those  of  the  skin. 

Cbbbbbus  ;  a  small  northern  constellation  near 
Hercules. 

Cebebellum,  in  ^mfomy;  that  portion  of  the  con- 
tents of  the  cranium  which  ia  contained  in  the 
lower  fossae  of  the  occipital  bone,  and  covered  by  the 
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out  the  interposition  of  a  new  power,  on  account  of       CitfruHT  (Latin  eeiOwria) ;  a  division  of  100 

its  twrfia.     Now,  the  heavenly  bodies  were  impelled 

in  the  beginning  by  the  Creator,  with  an  almighty 

power,  and  would  be  obliged,  by  their  in^tia,  to  go 

on  eternally  in  one  direction,  and  with  the  same 

velocity,  if  they  were  not  attracted,  in  all  points  of 

their  motion,  towards  a  point  out  of  this  direction, 

by  which  a  circular  motion  is  produced.   Of  the  first 

moving  force,  there  is  now  no  longer  any  question. 

That  power  by  which  the  heavenly  bodies  are  drawn 

towards  poinU  out  of  their  rectilinear  path,  is  called 

the  etnlripttal  font.     This  power  would   put  the 

heavenly  body  in  motion  if  it  were  at  rest ;  as  it  finds 

it  already  in  motion,  it  changes  its  direction  at  every 

point.     The  case  is  quite  different  with  the  txntri- 

fugal  force.    This  appears  to  be  merely  the  result 

of  the  inertia  of  the  body,  or  rather  of  the  motion 

which,  having  been  once  given  to  tile  body,  is 

tinned  by  means  of  this  inerlia. 

Centbifvoal  Fobce,  in  Phgtia,  is  the  result  of 

notion  in  any  body  made  to  revolve  in  a  circle, 

which  produces  a  tendency  in  the   body  to  fly  off 

from  the  centre   of  motion.     One  of  the  simplest       Cbrebrcm,  in  Anatomy.     This  term  i  _ 

modes  of  illustrating  this  effect,  is  to  put  water  in  a   language  denotes  the  brain  in  general ;  but  anato^ 

bucket,  and  if  the  eipenmenlor  whirl  it  round  by  a   mists  confine  it  to  that  part  of  the  encephalon  which 

cord  attached  to  the  handle,  no  portion  of  the  water   occupies  all  the  upper  part  of  the  cranium ;  indeed, 

will  be  spilt.     The  centnfugal  force  overcomes  the    by  far  the  largest  portion  of  the  cavi 

gravitating   force,    and    the    ftuid   remains   in   the       Cebbs,  in  ^sfrowmy;   a  new  primary  planet,  dis- 

''"cket.  covered  on  the  1st  of  January,   1801,  by  the  cele- 

brated astronomer  Piazzi.  For  a  farther  account  of 
this  planet,  see  Astronomy. 
Cbrintbds.  See  Gnostics  and  MiLLBNniuif. 
Cebidm,  a  rare  metal,  was  discovered  in  1803,  by 
MM.  Hisinger  and  Beraelius,  in  a  Swedish  mineral. 
known  by  the  name  of  cerite.  Dr. Thomson  has  since 
found  it,  to  the  extent  of  34  per  cent,,  in  a  mineral 
from  Greenland,  called  aUaiate.  The  properties  of 
cerium  are  in  a  great  measure  unknown.  It  is  a 
brittle,  white  metal,  which  resists  the  action  of  nitric, 
but  is  dissolved  by  nitro-muriatic  acid. 

Cebuse,  or  white-lead,  is  an  oiide  of  lead,  Mto- 
rated  with  carbonic  acid,  and  is  prepared  as  an  arti- 
cle of  commerce,  by  the  action  of  acetic  acid  on  the 
metal.  Plates  of  lead  being  exposed  to  the  vapours 
arising  from  boiliug  vinegar,  are  oxydised  by  the 
action  of  the  air  and  the  affinity  of  the  acid.  To 
obtain  it  in  lai^e  quantities,  plates  of  lead  about  3 
feet  long,  6  inches  broad,  and  1  line  thick,  are  rolled 
up  in  such  a  manner,  that  a  space  of  half  an  inch  or 
an  inch  ia  lefl  between  each  roll.  These  rolls  are 
fixed  perpendicularly  in  earthen  vessels  which  at 
the  bottom  contain  strong  vinegar.  The  latter, 
however,  must  not  touch  the  plates ;  and,  to  prevent 
little  bars  are  placed  over  it  in  the  form 
The  vessels  are  then  covered  with  plates 
of  lead,  and  being  placed  horizontally  in  tai 
horse-dung,  arc  exposed  to  a  gentle  heat.    The  r 

I'apours,  which  settle  on  the  sur- 


6  weeks,  the  vapours  of  the  acetic  acid  become 
saturated  with  lead,  and  change  the  latter  into  b 
whitish  substance,  which  after  some  time  is  scraped 
off  the  plates,  unrolled  for  this  purpose.  The  plates 
—  then  rolled  up  again,  and  the  same  process  is 
atcd.  Ceruse  is  extensively  used  in  the  manu- 
facture of  oil  paints,  and,  for  this  purpose,  it  is 
reduced  to  a  fine  powder.  The  pounding  and  bruis- 
:  extremely  injurious  to  the  health. 
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Hie  dost,  if  swallowed,  canses  a  dangeroua  disease 
called  the  painiert'  colic. 

Cbtus,  in  Astronomy  (the  Whale);  a  large  con- 
stellation of  the  southern  hemisphere  (being  one  of 
the  forty-eight  old  asterisms)  under  Pisces,  and  next 
to  Aquarius. 

Chain,  in  surveying,  is  a  measure  consisting  of  a 
certain  number  of  links  of  iron  wirc^  serving  to  take 
the  dimensions  of  fields,  &c. 

Cham,  in  nautical  language.  Chains  are  strong 
links  or  plates  of  iron,  the  lower  ends  of  which  are 
bolted  through  a  ship's  side  to  the  timbers.  They  are 
also  on  the  outside,  and  are  used  to  contain  the  blocks 
called  dead-eyet,  by  which  the  shrouds  of  the  masts 
are  extended.  Tlip  chains  are  those  which  preserve 
the  lower  yards  from  falling,  when,  in  time  of  battle, 
the  ropes  are  rendered  incapable  of  service.  Chains 
are  now  employed  to  a  great  extent  for  rigging. 

CHAi:f ,  Gbarino.  An  ingenious  and  useAil  con- 
struction of  gearing  chain  for  connecting  cog-wheels, 
has  lately  been  invented  by  Mr.  Oldham,  engineer, 
of  the  Bank  of  Ireland,  which  we  think  highly  de- 
serving of  the  attention  of  machinists,  as  it  is  so 
extensively  applicable  to  various  kinds  of  machinery, 
such  as  carding  engines ;  and  indeed  in  almost  every 
situation  where  a  series  of  toothed  wheels  are  re- 
quired to  be  driven  by  one  mover.  It  consists  of  a 
peculiarly  constructed  chain,  with  curved  links,  which 
when  parsed  round  a  drum  will  serve  as  teeth,  and 
act  as  a  cog-wheel  to  turn  pinions,  &c. ;  and  when 
stretched  out  straight,  or  placed  on  a  flat  surface, 
will  form  an  endless  rack.  It  may  also  be  passed 
over  and  under  a  series  of  rollers,  pinions,  &c., 
forming  a  carrying-chain  instead  of  the  commonly 
constructed  chains,  in  which  spiked  wheels  are  em- 
ployed to  take  in  the  links. 

In  carding  engines,  and  varipus  other  kinds  of 
machinery,  this  improved  chain  will  work  with  much 
better  effect  in  connection  with  pinions,  or  wheels 
vith  common  teeth,  into  which  it  is  suited  to  gear, 
than  the  old  chains,  and  without  the  possibility  of 
slipping  off,  or  riding  over  the  points  of  spiked 
wheels ;  having  a  broader  surface  of  contact :  and 
it  is  not  at  all  liable  to  j;et  out  of  order,  being  much 
stronger  than  the  old  Imked  chain  used  witb  spur 
pinions. 

It  is  formed  by  crescent-shaped  plates  constituting 
links,  which  are  connected  together;  and  one  and  two 
jdates  alternately,  or  two  and  three,  or  more  placed 
side  by  side ;  the  alternate  links  fitting  in  between 
each  other  at  the  joints,  where  they  are  connected 
bj  pins,  or  bolts  passed  through  their  eyes  in  lateral 
directions. 

It  will  be  obvious  that  these  curved  links  present 
on  one  surface  of  the  chain  semi-circular  hollows  like 
a  rack,  for  the  teeth  of  the  pinions  to  take  into,  and 
tbat  die  ends  of  the  links,  where  the  bolts  or  rivets 
are  passed  through,  are  also  formed  semi-circular,  and 
the  same  size  as  the  spaces  or  hollows  of  the  links. 
These  ends  constitute  teeth  on  the  chain,  and  take 
into  the  spaces  between  the  teeth  of  the  pinions  or 
wheels,  cmd  consequently  drive  them  ;  or  the  chain 
itself  may  be  driven  by  such  pinions  or  wheels  in  the 
same  way  as  a  rack. 

It  is  evident  that  such  a  chain  may  be  passed  in 
various  directions  over  wheels,  on  its  face,  and  over 
drums  at  its  back,  and  may  be  used  with  certainty  of 
effect :  as  whatever  motion  is  given  to  the  chain, 
will  be  communicated  to  all  that  is  in  gear  with  it. 

Arts  &  Scibnchs. — Vo^.  I. 


The  accompanying  engraving  shows  such  a  chain» 
supposed  to  be  endless,  carried  over  part  of  the  peri- 
phery of  a  carding  cylinder,  and  constituting  a  cir- 
cular rack  or  toothed  rim,  which  drives  all  the  pinions 
connected  to  it ;  the  back  of  the  chain  is  conducted 
over  a  roller,  and  brought  into  gear  with  other  pinions 
or  wheels ;  but  as  numerous  illustrations  might  be 
produced  of  its  applicability,  it  is  unnecessary  to  say 
more,  as  its  adaptation  to  a  very  wide  range  of  ma- 
chinery will  at  once  be  perceived  by  every  practical 
mechanic.  For  a  farther  account  of  this  contrivance, 
and  much  useful  information  on  similar  subjects,  see 
Newton's  Journal  of  Science. 


C^j 


Chain-Timber  ;  a  timber  of  large  dimensions^ 
placed  in  the  middle  of  a  building,  to  give  it  strength. 

Chaib.  The  use  of  this  valuable  appendage  to  the 
domestic  comfort  of  European  nations  is  but  little 
known  in  the  warmer  climates  of  the  globe.  Couches 
and  mats  are  still  employed  over  three-fourths  of  the 
earth. 

The  Etruscans  were  the  first  to  use  them  generally* 
and  yet,  strange  to  relate,  the  best  form  of  our  mo- 
dem chairs  scarcely  exceeds  those  of  Etrurian  ma- 
nufacture in  point  of  beauty  or  convenience.  An 
illustration  of  this  fact  will  be  found  in  the  accompa- 
nying design,  which  is  carefully  copied  from  a  has* 
relief  figure. 


Etruna  was  at  the  hei^t  of  its  g^ry  prior  to  the 
building  of  Rome,  and  yet  the  former  people  were 
more  eminently  skilled  than  their  conquerors  in  all 
the  arts  which  tend  to  the  comfort  and  convenience 
of  life.  The  chairs,  as  they  are  now  constructed*  are 
too  well  known  to  render  tarf  further  notice  necessary* 

Cbalk  is  a  substance  found  in  great  abundance  in 
nature,  being  found  in  marble,  lime,  alabaster,  &c., 
all  of  which  may  be  reduced  to  chalk  by  means  of  fire. 
The  subject  will  be  more  fully  considered  under  the 
article  Limb. 

Chamaob,  in  military  language  (generally  derived 
from  the  Italian  ckiamare,  to  call),  is  a  signal,  either 
by  beat  of  drum  or  sound  of  tr^pet,  to  obtain  t 
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conference,  ^hen  any  matter  is  to  be  proposed  to 
tiie  enemy. 

Chamber  of  a  Cannoit,  m  artillery ;  tl^t  part  of 
the  bore  of  a  cannon  which  receives  the  powder  with 
which  it  is  charged. 

Chamber  of  a  mortar;  the  space  where  the  powder 
lies. 

Chamber  of  u  mine;  the  place  where  the  charge  of 
powder  is  lodged  that  is  to  be  used  for  blowing  up 
the  works. 


the  produce  of  the  vineyards  of  Verzenay,  MuUi^ 
Raumont,  &c.  Of  the  Reims  mountain  wines,  thos« 
of  Verzi,  Verzenay,  Mailli,  Bouzy,  and  St.  Basle,  are 
most  esteemed ;  but  the  Clos  St.  Thierry  furnishes 
perhaps  the  finest  red  champagne.  The  uamejoVly 
cfiampagne,  under  which  at  present  a  large  quantity 
of  the  best  champagne  is  sold  in  the  United  States, 
does  not  originate  from  a  place  in  Champagne,  but 
from  the  owner  of  extensive  vineyards  in  that  pro- 
vince, who  exports  much  champagne  to  the  United 


Chamber  of  a  battery;  a  place  sunk  under  ground  States.    The  soil  of  the  principal  vineyards  through- 

1.-1  J  ^t_ j-_  1 — u^    c.^    J. '  out  Champagne  is  composed  of  a  loose  marl,  restmg 

on  chalk,  and  sometimes  mixed  with  flints.  For  the 
manufacture  of  the  white  champagne  wines  black 
grapes  are  now  generally  used.  In  making  the  red 
wines  the  grapes  are  trodden  before  they  are  intro- 
duced into  the  vat.  Champagne,  when  well  made, 
and  placed  in  cool  cellars,  will  retain  its  good  quali- 
ties from  10  to  20  years.  (For  farther  information 
respecting  this  delicious  liquor,  and  the  art  of  making 
it,  see  A.  Henderson's  History  of  Ancient  and  Modem 
fVine»,  London,  1824. 

Cuamp-db-Bataii.lb  (field  of  battle),  in  military 
language,  is  the  ground  on  which  an  action  is  fought. 
The  commander  who  obliges  his  adversary  to  quit  this 
ground  and  abandon  it  to  him,  obtains  the  victory. 

C^ANCB  is  used  to  signify  accident,  and  also  pro- 
bability. The  latter  is  its  meaning  in  mathematics. 
The  doctrine  of  chances  teaches  how  to  find  the  pro- 
bability of  a  given  event  taking  place  from  an  ex- 
amination of  tile  circumstances  aiffecting  it.  It  is 
called  more  properly  by  the  French,  calcul  des  proha- 
bUitis.  It  is  important  for  the  calculation  of  in- 
surance risks,  the  worth  of  life-annuities,  &c.  Pas- 
cal, Huygens,  De  Moivre,  Parisot  {Traits  du  Calcul 
conjectural,  &c.,  Paris,  1810,  4to.),  Laplace,  Lacroix 
{Traits  ^l^meniaire  du  Calcul  de9  ProbabiUtia,  Paris, 
1816),  and  others,  have  written  ably  on  this  subject. 
James  Bemouilli  undertook  a  work  De  Arte  corvee- 
tandi,  but  his  death  prevented  its  completion. 

Chancel  is  that  part  of  the  choir  of  a  church, 
between  the  altar  or  conmiunion-table  and  the  rail 
that  encloses  it,  where  the  minister  is  placed  at  tho 
celebration  of  Uie  communion. 

Channels,  or  Chain-Wales,  of  a  ship;  broad 
and  thick  planks  projecting  horizontally  from  the 
ship's  outside,  abreast  of  and  somewhat  behind  the 
masts.  They  are  formed  to  extend  the  shrouds  from 
each  other,  and  form  the  axis  or  middle  line  of  the 
ship,  so  as  to  give  greater  security  and  support  to 
the  masts,  as  well  as  to  prevent  the  shroudfs  from 
damaging  the  gunwale,  or  being  injured  by  rubbing 
against  it. 

Chant.    See  Church  Music 

Character.  This  name  is  given  to  certain  marks 
used  to  signify  objects  or  ideas.  The  ancient  written 
language  of  the  Chinese  is  a  language  of  figures,  every 
object  or  notion  being  expressed  in  it  by  a  particular 


to  hold  the  powder,  bombs,  &c.,  so  as  to  preserve 
them  from  ruin  or  moisture. 

Chambei'  of  a  lock  is  the  space  between  the  gates 
of  a  lock  in  a  canal,  in  which  the  barge  rises  and 
sinks,  so  as  to  pass  the  lock.     See  Canal. 

Chamomile,  Roman  ;  a  perennial  plant,  native  of 
Europe,  and  flowering  in  June  or  July.     Chamomile 
flowers,  such  as  they  are  found  in  the  shops,  are 
white,  desiccated,  of  a  very  aromatic  and  rather 
pleasant  smell,  and  of  a  very  bitter  and  warm  taste. 
They  contain  an  essential  oil  of  a  fine  blue  colour, 
a  gum-resinous  principle,  camphor,  and  tannin. — 
Water  and  alcohol  dissolve  their  active  principles. 
The  Roman  chamomile  is  a  moderately  energetic 
stimulant,  possessing,  on  account  of  its  bitterness, 
some  tonic  properties,    which  have  rendered  it  a 
popular  remedy  for  a  number  of  diseases.     It  is  em- 
ployed with  success  to  stimulate  the  digestive  func- 
tions in  dyspepsia,  chlorosis,  gout,  in  flatulent  colics, 
&c.    It  is  also  advantageously  used  in  slight  intermit- 
tent fevers  and  spasmodic  affections.    A  strong  infu- 
sion, taken  warm,  and  in  a  large  quantity,  provokes 
vomiting.  The  common  chamomile  is  now  out  of  use. 
Champagne  is  a  wine  which  is  made  chiefly  in  the 
department  of  the  Marne,  in  the  ci-devant  province 
Champagne,  and  is  commonly  divided  into  river  and 
mountain  wines  {vin8  de  la  rivih^  de  Mame,  and  vine 
de  la  moniagne  de  Reims) ;  the  former  being,  for  the 
most  part,  white,  the  latter  red.    Not  all  of  these 
wines  are  sparkling  or  frothing,  though  by  the  name 
champagne  is  generally  understood  such  wine  as  has 
been  subjected  to  an  imperfect  fermentation,  and 
contains  a  quantity  of  carbonic  acid  gas,  generated 
luring  the  insensible  fermentation   in  the  bottle, 
«vhich  is  disengaged  on  removing  the  pressure  by 
which  it  was  detained  in   solution,    llie   briskest 
wines  are  not  always  the  best ;  they  are,  of  course, 
the  most  defective  in  true  vinous  quality ;  and  the 
small  portion  of  alcohol  which  they  contain  imme- 
diately escapes  from  the  froth  as  it  rises  on  the  sur- 
face, carrying  with  it  the  aroma,  and  leaving  the 
liquor  that  remains  in  the  glass  nearly  vapid.     For 
it  has  been  shown,  by  Humboldt,  that  when  the 
froth  is  collected  under  a  bell-glass  surrounded  with 
ice,  the  alcohol  becomes  condensed  on  the  sides  of 
the  vessel.     Hence  the  still,  or  the  creaming,  or 
slightly  sparkling  Champagne  wines  (vins  cremans,  or 


demi-mousseux)  are  more  highly  valued  by  connois-  figure.     We  also,  for  the  sake  of  brevity  and  pre 


seurs,  and  fetch  greater  prices  than  the  full-frothing 
tvines  (vins  grand  mousseux) ,  By  icing  these  wines 
before  they  are  used,  the  tendency  to  effervesce  is  in 
some  degree  repressed ;  but  when  they  are  kept  cool, 
this  precaution  is  unnecessary.  In  general  it  ma>  be 
observed,  that  the  vineyards  on  the  banks  of  the 
Marne  supply  the  choicest  wines,  and  that  the  quality 
degenerates  m  proportion  as  they  recede  from  the 
nver.  Among  the  white  wines  of  Champagne,  the 
first  rank  is  generally  assigned  to  those  of  Sillery, 


cision,  use  in  several  sciences,  certain  signs  :  for  in- 
stance— Astronomical  Signs :   Q   Sun ;     })    Moon  ; 

Earth;  5  Mercur}';  ?  Venus;  (J  Mars;  g  Vesta; 

Juno;  J  Pallas;  ^  Ceres;  If,  Jupiter;  Tj  Saturn; 

Herschel.  The  twelve  signs  of  the  zodiac  : 
T  Aries ;  0  Taurus ;  n  Gemini ;  s  Cancer ;  SI  Leo; 
tip  Virgo ;  £i  Libra ;  VI  Scorpio ;  J:  Sagittarius ; 
yf  Capricomus ;  ^  Aquarius ;  ^  Pisces. — In  Algehr^ 
the  first  letters  of  the  alphabet,  a,  b,  c,  commonly 
denote  given  magnitudes,  while  the  last  letters,  f,  y. 
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9t  ht.,  stand  for  unknown  magnitudes,  which  are  to 
be  found.  Furthermore,  -f  (fiwi)  more,  —  {mvmta) 
less,  signify  addition  and  subtraction;  X  denotes 
multiplication,  -^  division,  =  equality,  ^/  root 
(rwfijr).  Also :  ^  degree ;  ' minute ;  ^second ;  ^'  third ; 
he — Chemical  Signs :  A  air ;  V  earth ;  V  water ; 
A  ^f^l  J  silver;  ©gold;  ?  copper;  (J  iron; 
?>lead;  'V  ^>  ?  quicksilver;  0  nitre;  0  salt; 
^  sulphur;  g  tartar. — Gtometrical  emd  Dri^onome- 
irieal  Sigm:  ^  angle  ;  A  triangle ;  D  square  ; 
O  circle ;  co  similarity ;  H  or  Jt  parallel ;  ^  equality 
and  similarity,  or  coixLcldence ;  A  >  B,  A  greater 
dian  B.— ^Formerly  there  were  more  signs  and  ab- 
breviations used  in  scientific  works  than  at  present. 
In  Prussia,  the  use  of  signs  in  medical  prescriptions 
has  been  i^lished  on  account  of  the  danger  of  their 
being  confounded. 

Charcoal.  For  the  various  processes  connected 
with  the  manufacture  of  charcoal,  we  must  refer  our 
readers  to  die  article  Carbon.  In  addition  to  which 
there  are  two  facts  of  some  importance,  which  have 
since  come  to  hand.  The  first  of  these  relates  to  the 
manufiuTture  of  charcoal  on  the  large  scale  at  Goers- 
^rC  in  Saxony.  It  having  been  suggested  by  M. 
Boult»  that  a  superior  charcoal  might  be  produced  by 
filling  the  interstices  of  the  pile  with  small  charcoal, 
the  refuse  of  former  burnings,  an  experiment  was 
made,  which,  after  being  several  times  repeated,  gave 
the  following  results;  Ist,  an  increase  of  produce, 
amounting  to  not  less  than  four  per  cent,  above  that 
yielded  by  the  ordinary  process ;  2nd,  a  much  smaller 
quantity  of  dust  and  small  coal ;  3rd,  scarcely  any 
amok^ ;  4th,  charcoal  of  a  very  equal  and  superior 
quality. 

A  pile  prepared  for  carbonization  at  Goersdorf 
contained  in  general  about  tiiirty  echragen  (318  cubic 
vards)  of  pine  trees  split  in  quarters,  which  yielded, 
mcluding  the  small  coal,  from  eigh^-nine  to  ninety- 
two  per  cent,  in  bulk  of  chaxcoal.  It  was  considered 
desinble  to  ascertain,  whether  by  increasing  the  size 
4kf  the  pile,  a  more  considerable  product  would  be 
obtained.  A  pile  containing  forty-nine  schragen 
<about  520  cubic  yards),  of  cleft  pine  wood,  gave  in 
an  .experiment,  during  which  the  weather  proved 
lavoorable,  89*94  per  cent,  of  charcoal  (including  the 
amall),  very  sonorous,  and  of  very  good  quality.  A 
second  trial  of  69i  schragen  (740  cubic  yards),  of 
similar  wood  produced  only  87*98  per  cent.,  but  the 
weather  in  this  instance  was  unfavourable. 

This  experiment  was  repeated  with  seventy-4>ne 
achragen  (752  cubic  yards),  the  weather  continuing 
fine  throughout  the  process ;  the  produce  amounted 
to  94.87  per  cent ;  equal  in  quality  to  the  fonner  re- 
aolta.  The  average  results  of  the  adoption  of  this 
process  at  (voersdorf,  will  appear  from  the  following 
table  of  the  produce,  from  the  commencement  to  the 
date  of  the  latest  improvements : 


Produce  per  eent 

Total  Produce 
percent 

Lagre. 

Small. 

1821  .  . 

74.94 

3.91 

78.85 

1822  .  . 

76.24 

4.76 

81.— 

1823  .  . 

76.44 

5.25 

81.69 

1824  .  . 

77.95 

4.09 

82.04 

1825  .  . 

86.31 

4.35 

90.66 

1826  .  . 

86.31 

3.62 

89*93 

1827  .  . 

87.53 

4.20 

91*73 

Another  fact,  and  one  of  some  importance  is,  that 
iurf  may,  by  the  common  process  of  carbonization, 
be  converted  into  charcoal. 

Chart.     See  Map. 

Chasing,  in  Sculpture ;  the  art  of  embossmg  on 
metals.  This  is  the  art  of  representing  figures,  &c., 
in  a  kind  of  basao  relievo,  punched  out  from  behind* 
and  sculptured  on  the  front  with  small  chisels  and 
gravers. 

Chbbsb;  a  preparation  made  from  the  curd  of 
Milk,  which  see.  The  curds  are  pressed  in  a  mould 
by  means  of  a  strong  screw,  and  all  the  whey  ex- 
tracted. The  residuum  forms  the  cheese  of  com- 
merce. Its  quality  principally  depends  on  whedier 
cream,  milk,  or  merely  skimmed  milk,  has  been  em- 
ployed in  the  formation  of  the  curd.  The  county  of 
Cheshire  is  said  to  produce  the  best  cheese  in  this 
country,  and  the  Swiss  9^  Gruyere  the  best  im- 
ported from  abroad. 

The  immense  quantities  of  cheese  imported  into 
this  country  will  be  best  understood  by  reference  to 
the  parliamentary  document  which  we  subjoin : 

Cwi.     qrs.  iba. 
Total  quantities  imported  in  one  year  189.892   0    12 

Rates  of  duty  charged    ....     10*.  6d,  per  cent. 

Amount  of  duty  received    .     .     .      £98,668   0    oT 

Check  ;  a  draft  or  bill  on  a  banking  house,  to  be 
paid  at  sight  to  the  bearer. 

Chbmistbt.  In  the  present  article  we  purpose 
giving  a  general  history  of  the  progress  of  chemistry, 
omitting  only  those  portions,  by  some  called  its 
"  golden  age,"  when  the  dream's  of  the  alchemist 
promised  to  open  to  mankind  an  inexhaustible  sup- 
ply of  the  precious  metals.  Of  the  amusing  reveries 
of  those  philosophers,  an  account  has  alr^y  been 
given  in  our  article  on  Alchemy  ;  and  the  various 
details  of  chemical  science  will  be  found  dispersed 
through  the  alphabetical  arrangement  of  the  work. 
By  the  term  chembtry,  the  etymology  of  which  is 
nneeitain,  we  understand  the  science  wbkii  teaches 
the  nature  of  bodies,  or  rather  the  mutual  agencies 
of  the  elements  of  which  they  are  composed,  with  a 
view  to  determine  the  nature,  proportions,  and  mode 
x>f  combination  of  those  elements  in  all  bodies.  No' 
iural  philoBophg,  or  jfhyeici,  examines  the  reciprocal 
influence  of  matter  m  masses.  Chemistry  treats  of 
the  mntu^  action  of  the  integnant  parts.  In  the 
former,  the  phenomena  are  produced  by  the  general 
attraction  or  repulsion  of  bodies;  in  the  latter,  by 
minute  combination  or  decomposition. 

With  our  present  knowledge  of  matter  and  its 
laws,  we  cannot  separate  j^ysics  entirely  from  che- 
mistry :  one  science  cannot  be  studied  without  the 
other,  lliose  artisans  who  first  discovered  the  means 
of  melting,  combining,  and  moulding  the  metals ; 
those  physicians  who  first  ^tcacted  vegetable  sub- 
stances fcom  plants,  and  observied  tiieir  properties, 
were  the  fix-st  chemists.  Instead,  however,  of  ob- 
serving a  philosophical  method  in  their  examinations ; 
instead  of  passing  from  what  was  known  to  what 
was  unknown,  early  inquirers  suffered  themselves  to 
be  led  astrav  by  astrological  dreams,  the  fables  of 
the  philoBopher  s  stone,  and  a  hundred  other  ab- 
surdities. 

Until  the  year  1650,  we  find  little  worthy  of  notice 
in  the  history  of  chemistr^^  Rhazis,  Roger  Bacon« 
Amaud  de  Villeneuve,  Basilius  Valentin,  Paracelsui>, 
Agricola^  &c.,  observed  some  of  the  properties  of 
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iron,  quicksilver,  antimony,   ammoniac,   saltpetre. 
Iliey  discovered  sulphuric,  nitric,  and  other  acids ; 
the  mode  of  rectifying  spirits,  preparing  opium,  jalap, 
&c.,    and  of  purifying  the  ailkalies.     Glauber  was 
distinguished  for  the  accuracy  of  his  observations. 
He   endeavoured  to   improve  certain   instruments; 
advised  operators  not  to  throw  away  any  residuum, 
in  performing  experiments,  as  useless ;    discovered 
the  salt  which  is  called,  from  him,  Glauber's  salt, 
&c.     Such  isolated  discoveries,  however,  could  not 
form  a  complete  science.     Stahl  appeared,  and^  al- 
though his  theory  was  unsatisfactory  and  entirely 
gratuitous,  and  as  later  observations  have  proved, 
erroneous,  yet  he  laid  the  foundations  of  a  regular 
science.     He  was  himself  much  indebted  to  the  cele- 
brated Becher,  whose  views  he  corrected  and  ex- 
tended.    He  was  sensible  that  the  greater  part  of 
chemical   phenomena  T^jght  depend  on   a  general 
cause,  or  at  least  on  a  few  general  principles,  to 
which  all  combinations  must  necessarily  be  referred. 
He  supposed  that  bodies  contained  a  combustible 
element,  which   inflammable   bodies  lost  by  being 
burned,  and  which  they  could  regain  from  other  more 
inflammable  bodies.     This  element  he  called  phh- 
guton.    The  establishing  of  a  hypothesis,  which  con- 
nected almost  all  phenomena  with  each  other,  was 
an  important  step.     Boerhaave  adopted  Stahl's  sys- 
tem, and  contributed  much  to  its  general  diffusion. 
He  is  the  founder  of  philosophical  chemistry,  which 
he  enriched  with  numerous  experiments,  in  regard  to 
fire,  the  caloric  of  light,  &c.     Although  the  prin- 
ciples on  which  those  philosophers  proceeded  were 
false,  yet  the  science  was  much  advanced  by  their 
labours.  It  was  reserved  for  Black,  Priestley,  Caven- 
dish, and  Lavoisier  to  overturn  Stahl's  system,  and 
substitute  the  pneumatic  or  antiphlogistic  chemistry, 
the  best  history  of  which  is  to  be  found  in  Fourcroy's 
Philosophte  Chimique,  and  his  Systhne  des  Coimati- 
Mances  Chimiquos. 

As  90on  as  the  composition  of  the  atmospheric  air 
was  known,  it  was  observed  that  combustible  bodies, 
fuming  in  contact  with  it,  instead  of  losing  one  of 
their  elements,  absorbed  one  of  the  component  parts 
of  the  air,  and  were  thus  increased  in  weight.  This 
component  part  has  received  the  name  of  oxygen,  be- 
cause many  of  the  combustible  bodies  are  changed 
by  its  absorption  into  acids.  Oxygen  now  took  the 
place  of  phlogiston,  and  explained  the  difficulties 
w^hich  beset  the  phlogistic  theory.  Light  and  unity 
were  introducerl  into  chemistry  by  the  new  technical 
nomenclature  adopted  in  1787,  by  the  aid  of  which 
all  the  individual  facts  are  easily  retained  in  the 
memory,  since  the  name  of  each  body  is  expressive 
either  of  its  composition  or  of  its  characteristic  pro- 
perty. Twelve  or  fifteen  terms  have  been  found 
sufficient  for  creating  a  methodical  language,  in  which 
there  is  no  inexpressive  term,  and  which,  by  chang- 
ing the  final  syllables  of  certain  names,  indicates  the 
change  which  takes  place  in  the  composition  of  the 
bodies.  Lavoisier,  Fourcroy,  Guyton  de  Morveau, 
and  Berthollet  were  the  authors  of  this  felicitous  in- 
novation. The  chemical  terminology  admits  of  no- 
thing arbitrary,  and  is  adapted  not  only  to  express 
known  phenomena,  but  also  any  which  may  be  here- 
after discovered.  It  is  the  first  example  of  a  syste- 
matic and  analytic  language. 

The  commencement  of  the  IQth  century  forms  a 
brilliant  era  in  the  progress  of  chemistry.  The  gal- 
vanic apparatus  of  Volta  presented  to  tiie  expcri- 


r  mentor  an  agent  unequalled  in  the  variety,  extent, 
andentTgy  of  its  action  upon  common  matter.  With 
this  apparatus.  Sir  Humphry  Davy  commenced  a 
series  of  researches,  which  resulted  in  a  greater  mo- 
dification of  the  science  than  it  had  ever  before  ex- 
perienced.    He  proved  that  the  fixed  alkalies  were 
compounds  of  oxygen  with  metallic  bases,  and  thus 
led  the  way  to  the  discovery  of  an  analogous  consti- 
tution in  the  alkaline  earths.     To  the  same  individual 
the  science  is  principally  indebted  for  the  establish- 
ment of  the  simple  nature  of  chlorine,  and  for  the 
investigation  of  iodine.     His  researches  concerning 
the  nature  of  flame,  resulting  as  they  did  in  the  in- 
vention of  the  miner's  safety-lamp,  afforded  to  man- 
kind a  new  demonstration  of  the  utility  of  philosophy 
in  contributing  to  the  improvement  of  the  arts  of  life. 
But  that  department  of  chemistry  which  has  of 
late  been  most  successfully  investigated,  relates  to 
the  definite  proportions  in  which  bodies  unite  to  form 
the  various  chemical  compounds.    To  establish  the 
conclusions  which  have  been  arrived  at,  a  multitude 
of  exact  analyses  were  requisite.     These  were  ac- 
complished principally  through  the  labours  of  Vau- 
quelin,  Gay-Lussac,  Th^nard,  Berzelius,  and  Thomp- 
son :  and  have  terminated  in  the  establishment  of 
the  general  truth  that,  when  bodies  combine  chemi- 
cally and  intimately  with  each  other,  they  combine 
in  determinate  quantities  ;  and  that  when  one  body 
unites  with  another  in  more  than  one  proportion,  the 
ratio  of  the  increase  may  be  expressed  by  some  simple 
multiple  of  the  first  proportion.     Upon  this  general 
fact.  Dr.  Wollaston  constructed  the  logametric  scale 
of  chemical  equivalents — an  invention  which  has  con- 
tributed in  an  eminent  degree  to  render  our  know- 
ledge of  the  constitution  of  compounds  precise,  by 
introducing  the  sure  basis  of  arithmetical  relatioDa* 
which,  when  fixed  with  accuracy,  are  not  susceptible 
of  change.    The  doctrine  of  definite  proportions  may 
therefore  be  regarded  as  having  communicated  to 
the  principles  of  chemistry  that  certainty  which  has 
long  been  considered  as  peculiar  to  the  mathematical 
sciences ;  and  it  is  in  the  developement  of  these  im- 
portant relations  that  the  advancement  of  tiie  scieaqe 
has  been  most  conspicuous. 

Among  the  still  more  recent  improvements  in  che- 
mistry may  be  cited  the  discovery  of  Dobreiner,  re- 
lating to  the  power  of  platinum  in  effecting  the  com- 
bination of  oxygen  and  hydrogen ;  the  researches  of 
Faraday,  in  which  many  of  the  gases  have  been  re- 
duced to  the  liquid  form ;  the  discovery  of  new  com- 
pounds of  carbon  and  hydrogen,  and  the  singular 
fact,  which  they  exhibit,  of  different  combinations 
being  established  in  the  same  proportions ;  the  elu- 
cidation of  the  new  compounds  of  chlorine  with  car- 
bon; of  the  peroxide  of  chlorine;  the  hydriodide  of 
carbon;  the  perchloric,  iodous,  fulminic,  and  other 
acids ;  the  discovery  of  the  real  bases  of  silex  and 
zircon,  and  that  of  the  new  principle,  brome :  add  to 
these,  that  our  knowledge  of  light  and  electricity  has 
been  greatly  enlarged,  and  that  the  phenomeaa  of 
electro-magnetism  are  altogether  new,  and  it  be- 
comes strikingly  obvious  that  chemistry  is  stiil  a 
progressive  science.  "Nor  can  any  limits  be  placed 
to  the  extent  of  its  inve8tigatu>ns.  ltd  a^atysis  is 
indefinite;  its  termination  wiJi  have  been  attained 
only  when  the  real  elements  of  holies  shall  have  been 
detected,  and  all  thtir  modifications  traced  :  but  how 
r  mote  this  ibay  be  from  its  present  state  we  cannot 
;udg;e.     Nor  can  we,  from  our  pr?3ent  knowledge 
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fbrm  any  just  conception  of  the  stages  of  discoveiy 
through  which  it  has  yet  to  pass." 

Chemistry  has  two  ways  of  becoming  acquainted 
with  the  internal  structure  of  bodies,  anaijfsia  and 
mfuihmt  (decomposition  and  combination).  By  the 
former,  it  separates  the  component  parts  of  a  com- 
pound body ;  by  the  latter,  it  combines  the  separated 
elements,  so  as  to  form  anew  the  decomposed  body, 
and  to  prove  the  correctness  of  the  former  process. 
These  methods  depend  on  a  coiAplete  knowledge  of 
tlie  two  powers  by  which  all  bodies  in  nature  are  set 
in  motion,  yIz.,  lUiraction  and  repuhum.  Attempts 
hare  been  made  to  distingu'ish  the  attraction  of  ele- 
mentary particles  from  planetary  attraction;  the 
former  bemg  designated  as  chemcid  affimiy :  but  na- 
ture has  only  one  kind  of  attraction.  The  alternate 
play  of  attraction  and  repulsion  produces  a  great 
number  of  sensible  phenomena,  and  a  multitude  of 
combinations,  which  change  the  nature  and  the  pro- 
perties of  bodies.  The  study  of  these  phenomena, 
and  the  knowledge  of  these  combmations,  appertain 
to  the  department  of  chemistry.  The  history  of  a 
body  most  always  precede  its  analysis.  The  mere 
examination  of  its  form,  its  colour,  its  weight,  and 
the  place  where  it  was  found,  &c.,  is  often  sufficient, 
by  a  comparison,  to  lead  to  a  knowledge  of  its  che- 
mical properties. 

There  is  no  science  more  extensive  than  chemistry, 
nor  is  it  possible  for  one  person  to  embrace  it  in  its 
whole  extent.  To  facilitate  the  study,  it  is  consi- 
dered in  different  points  of  view,  and  thrown  into 
divisions  and  subdivisions,  so  that  a  person  may  de- 
vote himself  to  one  department  of  it,  although  the 
■Mihod  iji  observing,  analyzing,  and  combining,  is 
^e  same  in  all,  and  although  all  the  phenomena 
must  be  explained  by  the  general  theory,  and  refer 
to  certain  laws,  of  which  a  previous  Imowledge  is 
requisite.  These  laws  constitute  what  is  called  pM^ 
UtmipkieQl  chemistry,  which  explains  what  is  meant 
by  the  affinity  of  aggregation  or  cohesion,  and  by 
^  affinity  of  composition  or  chemical  affinity.  It 
treats  of  the  phenomena  of  solution,  saturation, 
crystallization,  ebullition,  fusion,  neutralization. 
Chemical  processes,  by  changing  or  modifying  the 
properties  of  bodies,  suggest  to  the  observer  import- 
ant considerations  on  the  changes  of  form,  density, 
and  temperature. 

Philosophical  chemistry  weighs  these  considera- 
lions.  It  shows  farther,  that  affinity  may  be  ex- 
erted, 1.  between  two  simple  bodies ;  2.  between  a 
simple  and  a  compound  one  ;  3.  between  compoand 
bodies  ;  and  establishing  the  principle,  that  the  same 
body  has  not  the  same  affinity  for  all  others,  but  at- 
tracts them  unequally ;  it  shows  us  the  laws  which 
determine  this  preference,  and  the  circumstances 
which  modify*  it;  such  as  cohesion,  mass,  insolu- 
bility, elasticity,  and  temperature.  It  measures  the 
degree  of  affinity,  whether  of  simple  or  compound 
bodies.  It  observes  the  circumstances  which  aid  or 
obstruct  the  play  of  attraction,  and  shows  that  two 
bodies  will  not  act  upon  each  other,  unless  one  of 
tiiem  at  least,  is  in  a  fluid  state ;  that  bodies  even  in 
a  state  of  solution,  act  upon  each  other  only  at  im- 
perceptible  distances ;  that  two  bodies,  which  have 
perceptible  affinity,  may  be  made  to  combine  by  the 
interposition  of  a  third ;  and  finally,  that  the  pecu- 
fiar  properties  of  bodies  are  destroyed  by  their  com- 
bination, and  the  compound  possesses  entirely  new 
properties. 


Proceeding  from  these  principles  to  the  examina- 
tion of  bodies  themselves,  philosophical  chemistry- 
considers  the  effects  of  light,  heat,  and  electricity  ; 
the  nature  of  the  simple  and  compound  inflammable 
bodies ;  of  air  and  water ;  the  composition  and  de- 
composition of  acids ;  the  nature  and  properties  of 
the  salts ;  their  relations  to  the  acids ;  the  calcina- 
tion, solution,  and  alloying  of  metals ;  the  composi- 
tion  and  nature  of  plants ;  the  characteristics  of  the 
immediate  elements  of  vegetable  substances;  the 
phenomena  of  animalization ;  the  properties  of  ani- 
mal compounds,  and  the  decay  of  organic  substances. 
This  is  the  sphere  of  philosophical  chemistry,  while 
it  confines  itself  to  general  views. 

According  to  the  application  of  these  general 
views,  chemistry  is  divided  into  seven  or  eight 
branches,  which  we  have  yet  briefly  to  survey.  The 
study  of  the  great  phenomena  which  are  observed  in 
the  atmosphere,  and  which  are  called  meteors,  con- 
stitutes meteorological  chemistry.  This  explains  the 
formation  of  the  clouds,  rain,  mist,  snow,  water- 
spouts ;  the  state  of  the  atmosphere  in  relation  to 
the  hygrometer,  barometer,  and  thermometer ;  the 
nature  of  the  aurora  borealis,  meteoric  stones ;  in 
short,  all  the  chemical  processes  going  on  above  the 
surface  of  the  earth.  Geological  chemistry  treats 
principally  of  the  great'  combinations  of  nature, 
which  produce  volcanoes,  veins  of  metals,  beds  of 
mineral  coal,  basalt,  mineral  waters,  the  enormous 
masses  of  salt  and  lime,  the  saltpetre  in  the  bed  of 
the  Indus,  the  natron  of  the  lakes  of  Egypt,  the 
borax  of  the  lakes  of  Thibet.  The  geological  che- 
mbt  endeavoure  to  discover  and  explain  the  causes 
of  deluges,  earthquakes,  the  decrease  of  the  waters 
on  the  globe,  the  influence  of  climate  on  the  colour 
of  animals  and  plants,  on  the  smell  of  flowers,  and 
the  taste  of  fruits.  In  these  general  views,  he  needs 
the  aid  of  natural  philosophy  and  phvsics.  Che- 
mistry, ii^  its  application  to  natural  history,  is  di- 
vided in  the  same  manner.  There  is  a  chemistry  of 
the  mineral  kingdom,  which  comprises  metallurgy 
and  assaying,  and  the  examination  of  all  the  inor- 
ganic substances,  as  stones,  salts,  metals,  bitumen, 
waters ;  a  chemistry  of  the  vegetable  kingdom,  which 
analyzes  plants  and  their  immediate  products ;  and 
a  chemistry  of  the  animal  kingdom,  which  studies 
all  substances  derived  from  living  or  dead  animals. 
This  last  is  subdivided  into  physiological  chemistry, 
which  considers  the  changes  produced  in  animal 
substances  by  the  operation  of  life ;  pathological  che- 
mistry, which  traces  the  changes  produced  by  dis- 
ease or  organic  defects  ;  therapeutic  or  pharmaceutic 
chemistry,  which  teaches  the  nature  and  preparation 
of  medianes,  shows  the  means  of  preserving  them, 
and  exposes  the  pretensions  of  empirics;  kygietic 
chemistry,  which  acquaints  us  with  the  means  of 
constructing  and  arranging  our  habitations,  so  as  to 
render  them  healthy,  of  examining  the  air  which  we 
must  breathe  in  them,  guarding  against  contagions 
diseases,  choosing  wholesome  food,  discovering  the 
influence  of  occupation,  fashion,  and  custom  on  the 
health. 

Agricultural  chemistry  treats  of  the  nature  of 
plants  and  soils,  and  the  laws  of  production.  Sir 
Humphry  Davy  first  gave  it  the  character  of  a 
science.  It  treats,  1.  of  the  general  powers  of  mat- 
ter which  have  any  influence  on  vegetation,  of  gra- 
vity, cohesion,  chemical  affinity,  heat,  light,  electri- 
city, tJie  elements  of  matter,  especially  such  as  u  ^ 
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lound  in  Tegetabies,  and  the  laws  of  their  composi- 
tloD  and  arrangonent;  2.  of  the  organization  of 
plants,  their  structure,  the  chemical  composition  of 
their  organs,  and  the  substances  foond  in  them,  &c. ; 
3.  of  soils ;  4.  of  the  nature  of  manure. 

Chemistry,  finally,  exerts  an  influence  on  the 
routine  of  domestic  life,  and  on  the  arts.  It  simpli- 
fies and  regulates  the  daily  offices  of  the  houses 
keeper ;  renders  our  dwellings  healthy,  warm,  lig^t  f 
assists  us  in  preparing  clothing  food,  drinli^  &c. :  it 
teaches  the  best  way  of  makmg  bread;  preparing 
and  purifying  oils;  of  constructing  bake-houses, 
ovens,  and  hearths }  of  bleaching  and  washing  all 
kinds  of  stuff;  of  producing  artifioal  cold,  &c.  The 
application  of  chemistry  to  the  arts  and  manufac-^ 
tures  b,  however,  still  more  important  and  extensive. 
Here  its  aim  is  to  discover,  improve,  extend,  perfect 
and  simplify  the  processes  by  which  the  objects  to 
be  prepared  may  be  adapted  to  our  wants.  We 
close  our  remarks  with  the  observation,  that  a  know- 
ledge of  chemistry  may  frequently  be  useful  in  judi- 
cial proceedmgs,  in  exposing  crime ;  in  cases  of  poi- 
soning, counterfeiting  coins  and  written  documents, 
&c. 

Chemicdl  Cla^t^ficatwn  and  Nomenclatwre,  The  che- 
mist finds  a  small  number  of  bodies,  from  which 
only  one  kind  of  matter  cah  be  obtained,  in  the  pre- 
sent state  of  his  knowledge,  and  by  the  instruments 
and  agents  which  he  now  has  at  his  disposal.    On 
the  other  hand,  there  is  a  large  number  of  bodies, 
from  which  ^e  obtains  several  kinds  of  matter.    Hie 
former  he  calls  eUmentB,  or  nmfU  hodiet;  the  latter,. 
compound  bodie9.    The  number  of  simple  bodies  now 
known  is  scarcely  more  than  fifty :  that  of  the  com- 
pounds is  much  greater,  and  might  at  first  appear 
to  be  infinite,  since  not  only  a  difference  of  elements, 
but  even  a  difference  of  the  proportions  ia  which 
they  are  combined,  makes  an  essential  difference  in 
the  properties  of  the  compound.    It  is,,  however, 
much  less  than  would  be  supposed,  and  even  less 
than  the  number  of  possible  combinations  of  simple 
bodies.    Twelve  of  the  simple  bodies  are  oxygen, 
iodine,  chlorine,  bromine,,  fluorine,  hydrogen,,  boron, 
carbon,  phosphorus,  sulphur,  azote,  and  selenium  ; 
and  forty-one  are  metals.    The  first  five  are  called 
suppariera  of  con^nuHon,  because  they  combine  with 
the  others,  producing  a  disengagement  of  heat  and 
light,  and  acidifying  principles,  because  they  are  also 
capable  of  producing  acids  by  a  similar  combination^ 
The  others  are  called  simple  combustiblee,  because 
their  union  with  the  supporters  of  combustion,  above 
mentioned,  is  a  real  combustion.    Compound  bo- 
dies, as  has  been  observed,  are  not  so  numerous  as 
might  be  supposed.    They  result,  1.  from  t^e  com- 
bination of  oxygen,  or  one  of  the  other  simple  sup- 
porters of  combustion,  with  one  of  the  simple  com- 
bustibles ;   such  are  the  acids :   2.  from  that  of  a 
simple  body  combined  with  oxygen,  with  another 
similar  compound ;  such  are  the  salts  :  3.  firom  that 
of  two,  three,  rarely  four,  simple  combustibles  with 
one  another :  4.  from  that  of  oxygen  with  hydrogen 
and  carbon,  forming  vegetable  matter :  5.  from  t^t 
of  oxygen  with  hydrogen,  carbon,  and  azote,  forming 
animal  matter. 

Combustibles  combined  with  the  simple  supporters 
of  combustion  are  sometimes  called  burned  bodies; 
from  the  number  of  their  elements  they  are  also 
called  hinarif  compounds.  When  their  taste  is  add^ 
«nd  they  have  the  property  of  reddening  vegetable 


blues,  they  are  termed  adds.  If  they  are  not  acid  to 
the  taste,  and  have  the  property  of  tumiAg  blue  what 
has  been  reddened  by  acids,  they  are  distinguished 
by  the  termination  toe,  as  oxide,  chloride,  kc.  If 
only  one  of  the  latter  class  is  formed,  that  is,  if  the 
supporter  of  combustion  will  unite  vrith  the  combus- 
tible in  only  one  pioportion,  we  call  this  com^uod 
simply  the  oiide,  chloride,  &c.,  of  the  combustibles ; 
as  oxide  of  carbon.  If  they  unite  in  several  propor- 
tions, we  call  the  fiVst,  or  that  which  contains  the 
smallest  proportion  of  oxygen,  flee,  protoxide,  Ice., 
the  second,  deutoxide  ;  the  third,  tritoiide.  Thehig^ 
est  is  also  called  peroxide.  So,  if  only  one  add  is 
formed,  we  designate  it  by  the  name  of  Ijie  combusti- 
ble, with  the  termination  tc.  Thus  carbon  with 
oxygen  forms  carbonic  acid.  If  several  a«e  fbtmed^ 
that  which  contains  the  larger  proportion  of  the 
acidifying  principle  is  designated  by  the  termination 
tc,  and  that  which  contains  less,  by  the  terminatioa 
•as.  Thus  sulphur  forms  sulphuric  acid  and  suJphm* 
rous  add.  If  there  are  still  inteimfdiate  compounds^ 
we  annex  hffo  (signifying  few),  to  designate  a  lower 
degree  of  acidity.  Thus  we  should  have  stdphuric, 
kj/posuipkuric ;  sulphurous,  h^/fosuhhurous.  In  die 
acids  and  oxides,  chlorides,  &c.,  tne  combustible  is 
called  the  base.  When  the  base  is  the  same,  the 
peroxide,  Ike,  always  contains  less  oxygen,  Sec., than 
the  lowest  add.  ^(h*  the  names  of  compounds  of 
two  binary  burnt  bodies,  no  rules  have  be^  adopted 
to  express  the  union  of  two  oxides,  two  acids,  or  an 
add  with  a  non-metallic  oxide.  But  those  formed  of 
adds  and  metallic  oxides  are  caUed  saUa,  and  thdr 
individual  names  are  formed  by  changing  the  tenni- 
nation  of  the  add  and  placing  it  before  the  name  of 
the  metal ;  the  termination  ous  is  changed  into  He,  and 
fc  into  ate;  sulphurous  acid  with  the  oxide  of  tin 
would  form  sulphite  of  tin;  sulphuric  acid  and  tin, 
sulphate  af  Hn..  If  the  same  add  combines  with  more 
than  one  oxide  of  the  same  metal,  then  we  prefix  the 
characteristic  of  the  oxide  to  the  name  of  the  add; 
thus  sidphuric  add,  combined  with  the  protoxide  of 
iron,  forms  the  protosulphate,  with  the  peroxide,  the 
persulphate,  of  iron.  Ouier  substances  have  also  the 
property  of  uniting  with  acids,  neutralizing  them, 
and  forming  compounds  analogous  to  salts.  There 
are  no  general  rules  for  the  nam^es  of  these  com- 
pounds; but  the  substances  thentfelves  are  called 
salifiable  baees. 

The  rules  of  noaienclature,  in  regard  to  the  combi- 
nation of  the  combustibles,  vary  ^— 1..  If  the  consti- 
tuents are  metals,  they  form  allojfs.  ^,  If  the  com- 
pounds are  solid  or  liquid,  and  formed  of  a  metallic 
and  a  non^metaUic  combustible,  we  give  to  the  latter 
the  termination  uret;  as,  carbon  with  iron  forms 
carburet  of  iron.  If  both  are  non-metallic,  the  tenni- 
nation  uret  maybe  attached  to  dther;  as,jpAo«pAare# 
df  sulphxtr,  or  sulphuret  of  phosphorus.,  3.  If  the 
compound  is  gaseous,  we  name  the  gas,  or  one  ot 
the  gases  if  it  is  composed  of  two,  and  join  the  other 
component  as  an  adjective;  as,  phoiphmrated  Ay- 
drogen. 

Chess  ;  the  most  celebrated  and  gmeral  of  all  se-. 
dentary  games.  One  of  the  greatest  charma  of  chess 
lies,  no  doubt,  in  the  ciroumstance,  that  whilst  man 
is  everywhere  surrounded  by  chance,  in  this  game,  as 
generally  played,  he  has  entirely  excluded  it,  except 
that  it  must  be  decided  by  chance  which  of  the  two 
players  shall  begin.  The  game  affords  so  much  \Un 
defy,  so  much  scope  for  calculation,  so  many  oppsiNh 


tnnHiea  to  exhibit  foreBight  and  penetratioD,  that  it 
has  been  held  in  great  esteem  by  all  natioDS  acqaaiot- 
ed  widi  it,  and  all  peTBona  who  hare  conquered  the 
difficulties  of  learning  it.  The  Mahommedans  except 
chess  from  the  law  ogainet  gambling.  Whilst  thia 
garae  affords  enjoyment  irorthy  uf  mature  minds,  it  is 
an  excellent  exercise  for  the  young,  as  it  teaches  pa- 
tience  and  circumspection,  strengthens  the  judgment, 
and  encourages  persevemnce  in  a  plan  affording  a 
prospect  of  eventual  success,  though  at  the  moment 
the  sitaatioD  of  things  may  appear  very  critical. — 
The  Chinese  pretend  to  have  known  it  200  years 
previous  to  our  era.  It  was  brought  in  the  ainth 
ccntory  from  India  to  Persia,  whence  it  was  spread 
by  the  Arabians  and  the  crusaders  all  over  the  civil- 
ized world.  It  is  most  commonly  used  in  Asia.  In 
lact  its  whole  composition  and  its  name  prove  its 
Asiatic  origin.  In  Sanscrit  it  is  called  aeUhnmtsk,  i 
word  which  is  believed  to  indicate  the  most  import- 
ant component  parts  of  an  ancient  Eastern  army — 
'  elephant  infantry,  baggage- waggons,  and  horses. 
Bat  this  name  was  supplanted  by  the  Persian  term 
jAuA  (king),  which  the  game  has  retained,  more  or 
less  corrupted,  in  all  languages.  A  proof  of  the 
great  antiquity  of  the  game  of  chess  in  this  island 
will  be  found  in  the  curious  discovery  which  was 
made  in  Scotland  in  1831.  A  number  of  ancient 
cbess-meD  were  found,  which  are  now  deposited 
the  British  Museum.  They  are  carved  from  the  tusk 
of  the  walrus,  and  we  give  a  view  of  the  king,  which 
ia  idso  curious   as  a  specimen  of  early  art. 


Generally,  chess  is  played  by  two  pt-rsons  upon 
board,  the  same  as  that  used  in  draughts  or  chequers, 
containing  64  squares.  The  board  must  be  so  placed 
that  each  player  has  a  white  square  at  his  right 
hand.  The  squares  are  named  from  the  pieces,  viz 
that  on  which  the  king  is  placed  is  called  the  king' 
tqtert;  that  on  which  the  king's  pawn  is  placed,  the 
tiiig'$  atrnnd  tqaar« ;  that  before  the  pawn,  G\e  kiny'l 
llurd  iqwav;  the  next,  the  king'tfoHrtk;  and  so  on 
with  all  the  pieces  of  each  side.  Each  player  has 
eight  pieces  and  eight  pawns.  In  placing  the  pieces, 
the  ancient  rule  is  to  be  followed — tfrvat  rrffiaa  colo- 
rem  (the  queen  maintains  the  colour) — that  ia,  the 
black  queen  is  to  be  placed  on  the  black  square  in  the 
middle  of  the  line  next  to  the  player;  in  a  similar 
way  the  white  qiuen  on  the  white  field.    On  the 
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side  of  the  king  and  the  queen  stand  the  bishops ; 
then  follow  the  two  knights ;  and  last,  the  rooks  or 
castles.  The  object  of  the  game'  is  to  bring  the 
adversary's  king  into  such  a.  situation  that  he  cannot 
move,  which  is  called  checkmating.  The  king  can 
never  be  taken.  The  play  ends  with  a  checkmate. — 
i,rt  is  related  of  Dr.  Franklin,  that  once  playing  cheas 
in  Paris,  and  being  checkmated,  he  said,  "  Take  the 
king  ;  1  am  a  republican,  and  don't  care  for  him.") 
it  is  not  uninteresting  to  consider  the  different  names 
which  the  pieces  Have  received  in  various  countries. 
In  the  East  the  queen  is  called  by  the  more  proper 
name  of  viiier  or  gfnerat. 

Tbe  bishops  are  called  In  Germany  runner*;  and 
in  France  /od.'s  f/ous).  These  were  originally  ele- 
phants, with  giants  on  them.  The  knights  are  oiled 
in  German  leapfri.  The  castles  were  originally  wor- 
ekario/s,  which  is  also  indicated  by  the  word  rook, 
from  the  Indian  roc&orroM.  With  the  old  Germans 
the  pawns,  now  called  pfotanti,  were  styled  fVaideii 
(Vandals),  a  tribe  despised  by  the  Germans.  Don 
John  of  Austria  had  a  room,  the  door  of  which  was 
made  like  a  chess  board.  On  this  he  played  with 
living  persons.  The-  peasants  of  a  Qerman  village, 
Stropke,  or  Strobeck.near  Halberstadt,  for  about  300 
years,  have  been  distinguished  as  chess  players-  The 
reason  for  this  is  doubtful.  The  most  probable 
opinion  is,  that  a  certain  bishop  who  lived  among 
them  made  them  acquainted  with  this  game,  and 
freed  them  from  several  taxes  on  condition  that  they 
would  continue  to  practise  it. 

Numerous  anecdotes  show  how  much  the  game  of 
chess  can  absorb  the  mind.  The  Elector  of  Saxony, 
John  Frederick,  was  token  prisoner  in  the  battle  at 
Mtihlberg  by  the  emperor  Charles  V.,  and  was  play, 
ing  at  chess  with  his  fellow- prisoner,  Ernest  ol 
Brunswick,  when  it  was  intimated  to  him  that  the 
emperor  had  sentenced  him  to  death.  He  paused 
for  a  moment  to  remark  on  the  irregularity  of  the 
proceeding,  and  immediately  resumed  the  game, 
which  he  won,  and  expressed  in  a  lively  manner  the 
pleasure  which  he  derived  from  his  victory.  Charlet 
XII.  of  Sweden  played  at  chess  when  he  was  so 
closely  besi^ed  in  the  house  near  Bender,  by  the 
Turks.  Al  Amin,  caliph  of  Bagdad,  would  not  be 
disturbed  in  chess-playing  when  the  city  was  carried 
by  assault.  Frederick  the  Great  loved  chess  much. 
Napoleon  did  not  play  it  particularly  well. 

Among  the  most  famous  players  and  writers  on 
tbe  game  are,  a  duke  of  Brunswick,  named  .Augutha, 
who  in  the  17th  century  published,  under  the  name 
of  Selmui,  an  introduction  to  the  game  (IGIG.  4to.), 
now  very  rare  i  Philidor,  a  Frenchman,  who  was 
particularly  distinguished  in  London  in  17S0 — <K); 
Gioacchino  Greco,  celebrated  in  the  beginning  of  the 
irth  century  j  and  the  Arabian  Phihp  SCamma  in 
Paris,  1737.  Caxton's  "  Gane  and  Playe  <if  th« 
ChesK,"  printed  in  1474,  is  generally  admitted  to  be 
the  first  typographical  work  executed  in  England. — 
Ajuutasia,  a  German  novel  by  Heyose,  contains 
many  logeoious  ideas  on  chess -play  ing,  and  several 
fine  games.  Some  very  curious  manuscripts  relating 
to  this  game,  in  the  Chinese,  Sanscrit,  Persian,  and 
Arabic  ]angnaa;es  have  been  partially  translated;  and 
the  presses  of  Europe  have  teemed  with  similar  pro- 
ductions, the  most  noted  of  which  are  enumerated 
by  Mr.  Lewis,  in  the  preface  to  his  editor  of  Saratt 

Chem.  1S22. 

Laat  of  Iht  game. — I.  If  the  boar    '     pieces,  be 


304  C  H  E  S  T — 

improperiy  placed,  the  miatake  cannot  be  rectified 
after  four  moves  on  each  side  are  played.  3.  When 
a  playH  bos  touched  a  piece,  he  must  move  it,  uoleu 
it  was  only  to  replace  it ;  when  he  must  say,  J'a- 
dmAe,  or/ripIaM.  3.  When  a  player  has  quitted 
a  piece,  he  cannot  recal  the  more.  4.  If  a  player 
touch  une  of  hie  adversary's  pieces  without  aaymg 
J'adoabf,  he  may  be  compelled  to  take  it,  or,  if  it 
cannot  be  taken,  to  move  his  king.  5.  When  a  pam 
is  moved  two  iteps,  it  may  be  taken  by  any  adver- 
sary's pawn  which  it  passes,  and  the  capturing  pawn 
mast  be  placed  iu  that  square  over  which  the  other 
leaps.  S'.  The  king  cannot  castle  if  he  has  before 
■BoVed,  if  he  is  in  chrek,  if  in  castling  he  passes  a 
check,  or  if  the  rook  ba*  moved.  7.  Whenever  a 
player  ditdit  his  adversary's  king,  he  must  say  Chech, 
otherwise  the  adversary  need  not  notice  the  check. 
If  the  player  should  on  the  next  move  attack  the 
queen,  or  any  other  piece,  and  then  say  Check,  his 
adversary  may  replace  bis  lost  move,  and  defend  his 
king.  8.  When  a  pawn  reaches  the  first  row  of  the 
adversary's  side,  it  may  be  made  a  queen,  or  any 
other  piece  the  player  chooses.  9.  If  a  false  move  is 
made,  and  is  not  discovered  until  the  next  move  is 
completed,  it  cannot  be  recalled.  10.  Tiit  king  can- 
not be  moved  into  cbeck>  nor  within  one  square  of 
the  adverse  king,  nor  can  any  player  move  a  piece  or 
pawn  that  leaves  bis  king  in  check. 

CHur  (called,  in  anatomical  language,  the  ikorax) 
is  the  cavity  of  the  body  between  tlie  neck  and  the 
belly.  The  external  paiis  of  the  thorax  are  tbe  skin, 
the  breasla,  various  muscles,  and  the  bones  which 
form  the  frame  of  the  cavity.  These  are  tbe  ster- 
num, running  from  the  neck  down  the  middle  of  the 
breast,  and  Uie  ribs,  which  are  inserted  in  the  spine, 
and  arched  towards  the  sternum,  with  which  they  are 
firmly  connected  by  means  of  a  cartiUge.  The  parts 
withm  the  cavity  of  the  thorax  are  the  plenni  and  its 
productions,  the  lungs,  heart,  thymus  gland,  oeso- 
phagus, thoracic  duct,  aich  of  tbe  aorta,  part  of  tbe 
vena  cava,  the  vena  azvgoe,  the  eighth  pair  of  nerves, 
and  part  of  tbe  great  intercostal  nerve. 

Chbvaox  na  Fbisb  (fHesIoad  korH*,  so  called 
because  first  used  at  tbe  siege  ofGioningen,  in  that 
province,  in  16SS) ;  an  armed  beam  of  square  timber 
or  iron,  used  to  defend  the  fronts  of  camps,  breaches, 
kc.  They  are  usually  from  15  to  IS  feet  long,  and 
connected  by  chains,  each  being  perforated  with 
■mall  botes,  to  receive  rods  of  wood  or  iron,  pointed 
at  their  extremities,  and  when  moved  in  any  direction, 
affording  a  sort  of  hedge  of  spears.  An  arrangement 
of  this  kind  is  shown  m  tbe  accompanying  engraving. 


CHIMES. 

the  most  lUfficutt  branches  of  an  artist's  stady,  be- 
cause of  the  want  of  precise  rules  for  its  execution. 
Every  art  has  a  point  where  rules  fail,  and  genius 
only  can  direct.  Ttia  point  in  the  art  of  painting  is 
the  cAiiir«  icura.  The  drawing  of  a  piece  may  be 
perfectly  correct,  the  colouring  may  be  brilliant  and 
true,  and  yet  tbe  whole  picture  remain  cold  and  hard. 
This  we  find  oAen  the  case  with  the  ancient  painters 
before  Raphael ;  and  it  Is  one  of  tbe  great  merits  of 
this  sublime  artist,  that  he  left  bis  masters  far  behind 
ehiarv  (euro,  though  he  is  considered  not  so 
perfect  in  this  branch  as  Correggio  and  Titian,  who 
were  inferior  to  him  in  many  other  respects.  Tbe 
mode  in  which  the  light  and  shade  are  distributed  on 
any  single  object  is  easily  shown  by  lines  supposed 
'"  be  drawn  from  the  source  of  tbe  light  which  is 
A  over  the  figure;  but  chian  levro  comprehends 
besides  this,  aerial  perspective,  and  the  proportbnal 
force  of  colours,  by  which  objects  are  made  to  ad- 
nce  or  recede  from  the  eye,  produce  a  mutual  effect, 
d  form  a  united  and  beautiful  whole. 
Chiaro  ictiro  requires  great  delicacy  of  conception 
and  skill  of  execntioo ;  and  excellence  in  this  branch 
of  art  is  to  be  attained  only  by  the  study  of  nature 
and  of  the  best  masters.  Chiaro  smro  is  also  under- 
stood in  another  sense,  paintings  in  chian  tcuro 
being  such  as  are  painted  iu  light  and  shade  and 
reflexes  only,  without  any  other  colour  than  the  local 
one  of  the  object,  as  representations  of  sculpture  in 
■  morble.  There  ore  some  fine  pieces  of  tlu* 
the  Vatican  at  Rome,  by  Polidoro  da  Cara- 
vaggio,  and  oq  tbe  walls  of  the  staircase  of  the  Royal 
Arademy  of  London,  by  Cipriani  and  Rlgaud. 

CHiLBiut.iKS  are  pamful  inflammatory  swellingi, 
of  a  deep  purple  or  leaden  colour,  to  which  tbe  fin- 
gers, toes,  heels,  and  other  extreme  parts  of  the  body 
are  subject  on  being  exposed  to  a  severe  degree  of 
cold.  The  pain  is  not  constant,  but  rather  pungent 
and  shooting  at  particular  times,  and  an  insupport- 
able itching  attends  it.  In  some  instances,  the  skin 
remoins  entire  ;  but  in  others,  it  breaks  and  dis- 
charges a  thin  fluid.  When  the  degree  of  cold  ha* 
been  very  great,  or  the  application  long  continued, 
the  parts  affected  are  apt  to  mortify,  and  slough  off, 
leavmg  a  foul,  ill-conditioned  ulcer  behind.  Children 
and  old  people  ore  more  apt  to  be  troubled  with 
chilblains  than  persons  of  middle  age ;  and  such  as 
are  of  a  scrofulous  habit  are  remarked  to  suffer 
severely  from  tbem. 

Chimes,  in  horology,  is  &  species  of  music,  me- 
chanically produced  by  the  strokes  of  hammers 
against  a  series  of  bells,  tuned  agreeably  to  a  given 
scale  in  music.  The  hammers  are  lifted  by  levers, 
acted  upon  by  metallic  pins,  or  wooden  pegs,  stuck 
into  a  large  barrel,  which  is  made  to  revolve  by  clock- 
work, ami  is  so  connected  with  the  striking  part  of 
tbe  clock  mechanism,  that  it  is  set  in  motion  by  it  at 
certain  intervals  of  time,  usually  every  hour,  or  every 
quarter  of  an  hour.  Tbe  music  thns  produced  may 
'  of  adirect  succession  ofthe  notes  constituting 


Chiabo  Scuro  (an  Italian  phrase,  meaning  clear. 
oUeure ;  in  French,  e£air-o&*cnr},  in  PomiiM^,  is  the 
artixf  judiciously  distributing  the  lights  anddiadow: 
in  a  picture.  A  composition,  however  perfect  ii 
other  respects,  becomes  a  picture  only  by  means  o 
the  chiaro  kkto,  which  gives  faithfulness  to  the  re 
presentation,  and  therefore  is  of  the  highest  import- 
tUKC  tot  the  paiotcr;  at  the  same  time,  it  is  one  of 


an  octave  frequently  repeated,  or  otherwise  mav  be 
a  psalm  tune,  or  short  popular  air  in  the  key  to  wtiicb 
the  bells  are  tuned.  "This  species  of  mechanical 
music  most  probably  had  its  origin,  like  clock-work 
itself,  in  some  of  the  monastic  institutions  of  Ger- 
many, in  the  middle  ages.  The  first  apparatus  for 
producing  it  is  said  to  have  been  made  at  Alost,  in 
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atceple  by  menu  of  wlteel-worii  atroug 
raise  heavy  baminerB  ;  or  a  set  of  bells  of  different 
diameter^  may  be  amingcd  concentricnlly  within  oi 
•Bother  on  one  coipnioii  axis,  sufficiently  smail  to  t 
introduced  into  the  frame  of  a  clock,  or  eveo  of 
mtch.    Thechi 


is  covered  with 
leather,  that  the  blow  on  the  key  may  be  applied 
more  forcibly.  Difficult  m  the  perfonuance  is,  some 
players  can  execute  compositions  conaitting  of  three 
paita,  and  eyen  produce  trills  and  arpeggim.  Buroey 
relates  that  the  chime-player  Scheppen,  at  Louvain, 
laid  a  wager  with  an  able  performer  od  the  Tiulin, 
that  he  would  execute  a  difficult  solo  for  the  riolin 
with  the  bells,  and  won  his  wager.  Pottbeff,  organ- 
ist and  chime-player  at  Amsteridam,  became  blind  in 
bit  7th  year,  and  received  the  above-named  appoint- 
ment in  bis  31et  year  g  and  although  every  key  in 
bia  apparatus  required  a  force  equal  to  a  two-pound 
weight,  yet  he  played  his  bells  with  the  facility  of  a 
performer  on  Uie  piano-forte.  Barney  heard  him 
perform  some  fugues  in  1773. 

CHiMMy.  How  far  the  Greek  and  Roman  archi- 
tects were  acquainted  with  the  constmction  of  chim- 
Deys,  is  a  matter  of  dispute.  No  traces  of  aoch 
works  have  been  discovered  in  the  houses  of  Pom- 

K".  and  Vitruvius  ^ves  no  rules  for  erecting  them, 
first  certain  notice  of  chimneys,  as  we  now  build 
tbem,  is  believed  to  be  that  contained  in  an  inscrip- 
tion  at  Venice,  over  the  principal  gate  of  the  Seuola 
tintdt  di  Santa  Maria  dtUa  Cariih,  which  states  that. 
in  1347,  a  great  many  chimneys  were  thrown  down 
by  an  earthquake.  Chimneys  require  much  atten- 
tion to  make  them  secure  and  prevent  their  smoking, 
so  great  an  annoyance  to  domestic  comfort.  It 
■I  I  mil  at  present  to  be  acknowledged,  that  it  is  much 
better  to  exclude  the  cold  damp  air  from  the  Sues,  by 
narrowing  the  aperture  at  the  tup,  than  to  give 
larger  vent  to  the  smoke,  at  the  risk  of  admitting 
quantity  of  air  to  rush  down  the  flue.  For  this  res 
•on,  chimney-pots  are  of  great  use.  In  PrusBia, 
where  the  architectural  police  {Baitpiiluei)  is  strict, 
great  attention  is  paid  to  the  erection  of  chimneys, 
and  to  the  regular  sweeping  of  them,  the  chimney- 
•weepers  being  bound  to  sweep  the  chimneys  of  a 
certain  number  of  streets  within  a  regular  time;  and, 
though  the  interference  of  a  police  in  subjects  of  do- 
mestic economy  is  a  delicate  matter,  the  numerous 
lire*  which  take  place  in  other  countries,  from  the 
careless  constmction  of  chimneys,  seem  to  make  some 
public  aupervision  of  their  security  desirable.  The 
longer  a  chimney  is,  the  more  perfect  is  its  draught, 
betxuse  the  tendency  of  the  smoke  to  draw  upwards 
is  in  proportion  to  the  different  weight  of  the  column 
of  air  included  in  a  chimney  and  an  equal  column  of 
external  air.  Short  chimneys  are  liable  to  smoke, 
and  lire-places  in  upper  stories  are,  therefore,  more 
apt  to  smoke  than  those  in  the  lower  ones.  Two 
flues  in  the  same  chimney  should  not  communicate 
with  each  other  short  of  the  top.  Some  chimuevs, 
in  large  establishments  in  Xx>ndon,  are  very  remark- 
able for  their  size. 

The  inconvenience  which  arises  from  the  action  of 
cnnents  of  air.jmpeding  the  aeceat  of  smoke,  and  as 
■achdimiaisbiflgtbedraughtof  the  Are, has  suggested 
the  use  of  various  contrivances  to  remedy  this  defect 
ia  chimne\-s.  The  one  generally  adopted  is  called  a 
"revolving hood,"  which  is  defective  on  account  of 


its  weight.  A  lighter  appuatOB.  similar  in  principle, 
but  taming  with  less  friction,  has  been  the  subject  of 
a  patent.  It  consists  of  a  shield  connected  to  a  vane, 
which  being  turned  roand  with  the  vane,  protects 
the  top  of  the  chimney  from  any  sudden  gust  of  wind, 
and  thereby  enables  the  smoke  to  pass  off  without 
obstruction. 

The  accompanying  figure  shows  tho  construction 
of  the  apparatus,  the  chimney-top  being  covered  with 
an  iron  plate,  having  a  circular  opening  in  the  middle 
for  the  passage  of  the  smoke.  There  is  a  central  shaft 
bearing  on  a  cross  bar  at  bottom,  and  carrying  the 
vane  at  top.  The  upper  plate  is  supported  by  pillars, 
upon  which  plate  there  are  three  anti-friction  rollers 
touching  the  central  shall,  and  enablbg  it  to  tnm  in 
its  bearing  with  very  little  friction.  There  are  two 
amu  eiteoding  from  the  central  shaft  to  which  the 
curved  plate  is  affixed,  constituting  a  shield. 


The  vane  may  be  an  arrow,  or  any  otaer  fignre 
which  turning  its  point  to  the  wind,  carries  round  the 
guard  into  that  situation  which  is  exactly  opposed  to 
the  wind,  and  thereby  effectually  prevents  the  wind 
blowing  down  the  throat  of  the  chimney ;  and  of 
consequence  enables  tlie  smoke  to  pass  away  freely 


o  tbea 


The  form  of  the  wind-guard  may  be  varied  ;  that 
shown  m  the  figure  is  about  one-third  of  a  cylinder ; 
it  may,  however,  be  straight,  or  at  an  obtuse  angle 
bending  inwards.  It  is  farther  proposed  to  place  a 
bevel  pinion  on  the  central  shaft  which  shall  take 
another  pioion,  on  an  horizontal  shaft,  and  by 
means  cause  two  guards  adapted  to  distinct 
chimneys  to  act  aimultaneously  by  the  agency  of  one 
:.  The  patentee  proposes  to  form  the  plates  and 
frame  of  the  apparatus  of  cost  iron,  for  the  sake  of 
cheapness  and  durability,  and  the  shaft  and  guard  of 

■ought  iron  or  copper. 

China  Waub.     See  Pobcbijiin. 

CHiaAOKA ;  that  species  of  arthritis,  or  gont, 
which  attacks  the  joints  of  the  hand  (the  wrist  and 
knuckles)  and  hinders  their  motions.  It  gradnally 
deprives  the  hands  of  their  flexibility,  and  bend* 
the  fingers,  distorts  them,  and  impedes  their  action, 
by  the  accumulation  of  a  calcareous  matter  around 
the  sinews,  which  finsdly  benumbs  and  stifiens  the 

CHIB0I.O0V;  the  language  of  the  lingers,  or  the- 
art  of  making  one's  self  understood  by  means  of  the 
hands  and  fingers.  It  is  an  important  means  of  com- 

monication  for  the  deaf  and  dumb. 
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CHIROMANC  y C  H  L  O  R  I  N  E. 


Chirom AircT,  or  PALmaraT ;  the  pretended  art  |     When  pnre,  it  occasions  immediate  death  if 


of  prognosticating  by  the  lines  of  the  huid.  Its  adhe- 
rents maintain  tibat  human  inclinations,  faults,  and 
virtues  are  designated  in  an  infallible  manner  by  the 
lines  which  divine  Providence  has  originally  drawn 
in  the  hands  of  all  men.    Traces  of  chiromancy  are 
found  in  the  writings  of  Aristotle,  who  asserts,  for 
instance,  that  it  is  a  sign  of  a  long  life  if  one  or  two 
lines  run  across  the  whole  hand.    The  chiromancers 
quote  some  passages  of  the  Bible  to  prove  that  their 
art  is  founded  on  the  divine  decrees,  as  the  following : 
— "  And  it  shall  be  for  a  sign  unto  thee  upon  thine 
hand,  and  for  a  memorial   between  thine  eyes." 
(Exod%u  xiii.  9) ;  and  "  He  sealeth  up  the  hand  of 
every  man,  that  all  men  may  know  his  work."  -(Job 
xxxvii.  7.)     In  the  middle  ages  chiromancy  was  cul- 
tivated; and,  in  the  present  age,  the  French  chiro- 
mancer, Madame  Lenormand,  found,  as  she  states, 
some  eminent  adepts  in  Paris,  and  in  her  travels  to 
the  different  European  congresses.    The  books  in 
which  chiromancy  is  explained  and  taught  are  nume- 
rous ;  and,  in  order  to  give  dignity  to  the  art,  it  has 
been  connected  with  astrology.    The  gypsies  are  at 
present  the  principal  professors  of  chiromancy,  and 
people  who  have  no  faith  in  the  art  not  unfrequently 
amuse  themselves  with  their  predictions. 
Chlorine  Acid.    See  Chlorinb. 
Chloride  of  Nitroobn.    See  Chlorine. 
Chlorine.    The  discovery  of  this  gas  was  made 
in  1770,  by  Scheele,  and  named  by  its  discoverer 
depfUogisticated  marine  acid.    The  term  depkhgiiti- 
etUed  had  exactly  the  same  import  as  that  of  oxygen- 
ated, soon  afterwards  introdnoed  by  Lavoisier.  From 
its  peculiar  yellowish-green  colour,  the  appellation 
of  ehlorinie  (from  xKtapbq,  green)  has  been  given  to  it. 
Chlorine  gas  is  obtained  by  the  action  of  muriatic 
acid  on  the  peroxide  of  manganese.    The  most  con- 
venient method  of  preparing  it  is  by  mixing  concen- 
trated muriatic  acid,  contained  in  a  glass  flask,  with 
half  its  weight  of  finely-powdered  peroxide  of  man- 
ganese.   On  the  application  of  a  moderate  heat,  the 
gas  is  evolved,  and  should  be  collected  in  inverted 
glass  bottles,  filled  with  warm  water.    In  order  to 
comprehend  the  theory  of  this  process,  it  must  be 
premised  that  muriatic  acid  consists  of  chlorine  and 
hydrogen.    The  peroxide  of  manganese  is  composed 
of  manganese  and  oxygen.    When  these  compounds 
react  on  one  another,  the  peroxide  of  manganese 
gives  up  a  portion  of  its  oxygen  to  the  hydrogen  of 
the  muriatic  acid,  in  consequence  of  whidi  water  is 
generated,  and  chlorine  (the  other  ingredient  in  mu- 
riatic acid)  is  liberated. 

The  method  which  is  employed  in  the  arts,  and 
which  is  the  most  economical,  is  the  following : — 
Three  parts  of  common  salt  (muriate  of  soda)  are 
intimately  mingled  with  one  of  the  peroxide  of  man- 
ganese, and  to  this  mixture  two  parts  of  sulphuric 
acid,  diluted  with  an  equal  weight  of  water,  are  then 
added.  By  the  action  of  sulphuric  acid  on  the  mu- 
riate of  soda,  muriatic  acid  is  disengaged,  which  re- 
acts as  before  explained  upon  the  peroxide  of  man- 
ganese ;  so  that,  instead  of  adding  muriatic  acid  di- 
rectly to  the  manganese,  the  materials  for  forming  it 
are  employed.  Chlorine  is  gaseous  under  a  common 
atmospheric  pressure.  It  is  twice  and  a  half  hea- 
vier than  atmospheric  air,  or  its  specific  gravity  is 
2.5.  The  gas  has  a  yellowish-green  colour.  Of  all 
Ihe  gases,  it  is  the  most  insupportable  in  its  action 
on  ^  lungs. 


animal  is  immersed  in  it ;  and  even  when  largely  di- 
luted with  common  air,  it  cannot  be  respited  with 
safety.     It  occasions  a  severe  sease  of  stricture  at 
the  breast,  which  renders  it  impossible  to  make  a 
full  inspiration.    This  continues  for  a  considerable 
time  after  it  has  been  inspired,  and  has  often  pro-^ 
duced  a  permanently  injurious  effect.    When  tho- 
roughly dried,  by  exposure  to  ftised  chloride  of  cal- 
cium, it  suffers  no  change,  though  cooled  to  40^. 
When  prepared  over  water,  however,  so  as  to  con- 
tain a  quantity  of  aqueous  vapour,  it  condenses  on 
the  sides  of  the  vessel  even  at  a  temperature  of  40^ ; 
and  if  surrounded  by  snow  or  ice,  it  shoots  into 
acicular  crystals  of  a  bright  yellow  colour,  and  some- 
times two  inches  in  length,  which  remain  attached 
to  the  sides  of  the  vessel.    This  solid  is  a  hydrate  of 
chlorine,  and,  when  heated  to  50^,  it  melts  into  a 
yellowish  oily  fluid.    Chlorine  is  absorbed  by  water, 
in  a  quantity  which  increases  as  the  temperature 
diminishes.     At  50^,  the  water  takes  up  about  twice 
its  volume.    The  solution  has  a  yellowish-green  co- 
lour, and  its  odour  is  that  <^  the  gas  itself.     Its  taste 
is  rather  styptic  than  sour,  and  the  liquid,  like  the 
gas,  has  the  property  of  destroying  the  vegetable 
colours.     Hence  it  may  be  employed  in  bleaching. 
It  is  not  changed  by  a  boiling  temperature.     Solu- 
tion of  chlorine  is  decomposed,  however,  by  ex- 
posure to  the  dolar  light ;  the  chlorine  attracts  hy- 
drogen from  the  water,  forming  muriatic  acid,  which 
remains  dissolved,  and  pure  oxygen  is  disengaged. 
Chlorine  gas  supports  the  combustion  of  a  number 
of  inflammable  substances.    A  lighted  taper  buma 
in  it,  though  feebly,  with  a  red  flame ;  phosphorus 
takes  fire  when  immersed  in  it ;  and  a  number  of  the 
metals,  as  antimony,  arsenic,  copper,  and  others,  if 
introduced  into  it  in  leaves  or  filings,bum  sponta- 
neously.    Potassium  and  sodium  bum  vividly  in  it. 
In  these  cases,  the  inflammable  or  metallic  sub- 
stances are  believed  simply  to  unite  with  the  chlo- 
rine. 

Chlorine  combines  with  many  of  these  bases  in 
more  than  one  proportion.  When  in  one  propor- 
tion, the  compound  is  called  a  chloride:  when  in 
two,  a  hi'CKUnide,  or  a  deuio-chloride,  &c.  When- 
ever a  metallic  chloride,  which  is  soluble  in  water,  is 
thrown  into  that  fluid,  it  is  conceived  to  be  instantly 
converted  into  a  muriate ;  the  water  present  is  de- 
composed, its  oxygen  goes  to  the  metallic  base,  and 
its  hydrogen  to  the  chlorine,  and  a  muriate  of  an  al- 
kali, earth,  or  metallic  oxide,  is  formed.  Thus  com- 
mon salt  when  dry,  is,  chemically  speaking,  a  chloride 
of  sodium,  containing  neither  acid  nor  alkali ;  but 
whenever  it  is  dissolved  in  water,  it  is  immediately 
transformed  into  a  salt :  the  sodium  attracts  oxygen 
and  becomes  soda,  and  the  chlorine  takes  hydrogen 
and  becomes  muriatic  acid,  and  muriate  of  soda 
exists  in  the  solution. 

When  any  of  the  compounds  of  chlorine,  with  in- 
flammable substances  or  metals,  are  subjected  to  the 
action  of  a  galvanic  apparatus  sufiSciently  powerful 
to  decompose  them,  the  chlorine  is  always  evolved  at 
the  positive  pole  of  the  battery,  and  the  base  at  the 
negative  pole.  In  this  respect,  and  in  its  power  of 
supporting  combustion,  chlorine  is  analogous  to  oxy- 
gen. One  of  the  most  important  chemical  properties 
of  chlorine  is  displayed  in  its  action  on  the  vege- 
table colours.  Many  of  them  it  entirely  destroys ; 
and  even  those  which  are  the  most  deep  and  perma- 
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ttent,  radi  as  the  colour  of  indigo,  it  renders  faint, 
and  changes  to  a  light  yellow  or  brown.  This  agency 
is  exerted  by  it  both  in  its  gaseous  and  its  liquid 
Inrm.  The  presence  of  water  is,  however,  necessary 
to  tius.  Hence,  when  the  gas  destroys  colour,  it 
must,  probably,  be  enabled  so  to  do  by  the  hygro- 
metric  water  it  contains.  It  is  accordingly  found, 
that  when  freed  from  this,  it  does  not  destroy  the  co* 
lour  of  dry  litmus  paper. 

The  destruction  of  colour  appears  to  be  owing  to 
the  communication  of  the  oxygen  of  the  water  pre- 
sent to  the  colouring  matter :  the  chlorine  attracts 
the  hydrogen  of  the  water  to  form  muriatic  acid,  and 
the  evolTed  oxygen  unites  with  the  colouring  matter, 
and  by  changing  its  constitution,  alters  its  relation  to 
light,  so  that  the  tint  disappears.  Berthollet  ap- 
pGed  this  agency  of  chlorine  to  the  process  of  bleach- 
mg,  and  with  such  success  as  to  have  entirely 
changed  the  manipulations  of  that  art.  -The  method 
of  using  it  has  been  improved  by  Mr.  Hall.  It  con- 
sisted, at  first,  in  subjecting  the  thread  or  cloth  to 
the  action  of  the  gas  itself;  but  the  effect  in  this  way 
was  unequally  produced,  and  the  strength  and  tex- 
ture were  sometimes  injured.  It  was  Uien  applied, 
condensed  by  water,  and  in  a  certain  state  of  dilu- 
tion. The  thread  or  doth  was  prepared  as  in  the 
old  method  of  bleaching,  by  boiling  first  in  water, 
and  then  in  alkaline  ley  ;  It  was  then  immersed  in 
the  diluted  chlorine ;  this  alternate  application  of  al- 
bdi  and  chlorine  was  continued  until  the  colour  was 
disdiai^ged.  Tlie  offensive,  suflbcating  odour  of  the 
gas  rendered  this  mode  of  using  it,  however,  scarcely 
piaaticable ;  the  odour  was  found  to  be  removed  by 
condensing  the  chlorine  by  a  weak  solution  of  pot- 
ash :  lime,  diffused  in  water,  being  more  economical, 
was  afterwards  substituted.  Under  all  these  forms, 
the  chlorine,  by  decomposing  water,  and  causing 
oxygen  to  be  miparted  to  Uie  colouring  matter, 
weakens  or  discharges  the  colour,  and  the  colouring 
matter  appears  to  be  rendered  more  soluble  in  the 
alkaline  solution,  alternately  applied,  and  of  course 
more  easily  extracted  by  its  action. 

More  lately,  a  compound  of  chlorine  and  lime  has 
been  employed,  prepared  by  exposing  slaked  lime  to 
dilorine  gas :  the  gas  is  quickly  absorbed,  and  the 
ddoride  of  Ume,  as  it  is  odied,  being  dissolved  in 
water,  forms  the  bleaching  liquor  now  commonly 
employed,  and  which  possesses  many  advantages. 
In  usmg  it,  the  coloured  cloth  is  fint  steeped  in 
warm  water  to  clean  it»  and  is  then  repeatedly  wash- 
ed with  a  solution  of  caustic  potash,  so  diluted  that 
it  cannot  injure  the  texture  of  the  cloth,  and  which 
ia  tilrovm  upon  it  by  a  pump;  the  cloth  b  then 
washed  and  steeped  in  a  very  wesik  solution  of  chlo- 
lide  of  lin^,  agam  washed,  acted  on  by  a  boiling  ley 
as  before,  and  again  steeped  in  this  solution ;  and 
these  (^rations  are  performed  alternately  several 
times.  The  cloth  is  lastly  immersed  in  very  dilute 
auIjAuric  acid,  which  gives  it  a  pure  white  colour ; 
after  which  it  is  washed  and  dried.  Chloride  of 
Biagnesia  has  been  substituted  with  great  advantage 
for  that  of  lime,  in  whitening  cloth  for  calico  print- 
ing ;  the  doth  when  lime  b  used,  retaining  a  little 
of  it,  which  in  the  subsequent  operation  of  clearing 
liy  immersion  in  weak  sulphuric  acid,  forms  sulphate 
of  lime,  which  remains  and  affects  the  colours  when 
it  b  dyed ;  while  the  sulphate  of  magnesia  is  so  so- 
luble, that  it  b  entirely  removed.  Chloride  of  alum- 
loe  has  been  employed  to  discharge  the  colour  of  the 


Turkey-red  dye,  which  resiats  the  action  of  other 
chlorides,  and  b  only  discharged  by  chlorine  gas,  by 
an  operation  very  iniurious  to  the  worlnnoi. 

Another  important  application  of  chlorine  gas  » 
that  of  destroying  or  neutralising  contagion.  Acid 
vapours,  sulphurous  acid  in  particular,  under  the 
form  of  the  fumes  of  burning  sulphur,  had  often 
been  employed  for  that  purpose ;  but  chlorine,  from 
the  fadhty  with  which  it  decomposes  the  differ^it 
compound  gases  that  contain  the  dements  of  vege- 
table and  animal  matter,  and  which  may  be  supposed 
to  constitute  noxious  effiuvia,  b  superior  to  any 
other  agent,  and  b  now  universally  employed  for  the 
purposes  of  fumigation.  It  b  the  only  agent  which 
can  adminbter  relief  in  cases  of  asphyxia  from  sul* 
phurated  hydrogen ;  and  it  has  been  found  usefU 
among  such  persons  as  are  obliged  to  frequent  placea 
where  contagious  effluvia  are  constantly  devdoped« 
to  bathe  the  hands  and  arms  vriUi  its  aolutiim. 
Chlorine,  united  with  hydrogen,  forms  an  important 
compound,  called  stario^'c,  or  hydroMorw  acid  gas. 
With  oxygen,  it  gives  rise  to  four  dbtinct  compounds, 
which  are  remarkable  for  the  feeble  attraction  of 
their  constituent  elements,  notwithstanding  the  strong 
affinity  of  oxygen  and  chlorine  for  most  dementaiy 
substances.  These  compounds  are  never  metvrith 
in  nature.  Indeed,  they  cannot  be  formed  by  the 
direct  combination  of  their  constituents ;  and  thdr 
decomposition  is  effected  by  the  slightest  causes. 
Notwithstanding  thb,  their  union  b  always  regu- 
lated by  the  law  of  definite  proportions,  as  appears 
from  the  following  tabular  view,  illustrative  of  their 

composition. 

Chlorine.     Oxygen. 
Protoxide  of  chlorine  .  .  .  36  .  .  .    8 
Peroxide  of  chlorine    ...  36  ...  32 

Chloric  acid 36  ...  40 

Perchloric  add 36  ...  56 

Chlorine  forms,  along  with  nitrogen,  one  of  the 
most  explosive  compounds  yet  known,  and  was  the 
cause  of  serious  accidents  to  M.  Dulong,  its  disco- 
verer, and  afterwards  to  Sir  H.  Davy. 

The  chloride  oftdtrogen  is  formed  from  the  action 
of  chlorine  on  some  salt  of  ammonia,  chlorine  and 
nitrogen  being  incapable  of  uniting,  when  presented 
to  each  other  in  their  gaseous  form.  Its  formation  b 
owing  to  the  decomposition  of  ammonia  (a  compound 
of  hydrogen  and  nitrogen)  by  chlorine.  The  hydro- 
gen of  the  ammonia  unites  with  chlorine,  and  forms 
muriatic  add ;  while  the  nitrogen  of  the  ammonia, 
being  presented  in  its  nascent  state  to  chlorine,  db- 
solv^  in  the  solution,  enters  into  combination  vrith 
it.  The  chloride  of  nitrogen  has  a  specific  gravity  of 
1.653 ;  it  does  not  cong^  by  the  intense  cold  pro- 
duced by  a  mixture  of  snow  and  salt.  At  a  tempe- 
rature between  200^  and  212^,  it  explodes ;  and  mere 
contact  with  most  substances  of  a  combustible  na- 
ture causes  detonation  at  common  temperatures. 
The  products  of  the  explosion  are  chlorine  and  ni- 
trogen. 

Three  dbtinct  compounds  of  chlorine  and  carhom 
have  of  late  been  made  known  by  Faraday ;  but  for 
an  account  of  these,  as  well  as  of  the  chlortde$  of  tuU 
phur  and  of  phosfhorue,  and  the  chioro-carbonic  acid 
gas,  the  reader  is  referred  to  the  larger  treatises  on 
chemistry,  it  bemg  incompatible  with  the  plan  of  the 
present  work  to  enter  into  those  detaib  which  are  not 
connected  with  the  useful  arts,  or  which  are  not  ab- 
solutely necessary  in  order  to  afford  a  correct  idea  of 
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the  mode  of  reasoning  and  genen^  theory  of  the 
science. 

Choc  (from  the  French  choc,  the  violent  meeting 
of  two  bodies),  in  military  language,  signifies  a  vio- 
lent attack.  It  is  generally  applied  to  a  charge  of 
cavalry.  To  give  such  an  attack  its  full  effect,  it  is 
necessary,  1.  Uiat  the  line  be  preserved  unbroken,  so 
tfiat  the  attack  shall  take  effect  at  all  points  at  the 
same  time ;  2.  that  the  horses  be  strong  and  heavy, 
that  their  momentum  may  be  great;  3.  that  the 
charge  be  made  as  swiftly  as  possible,  not  merely  for 
the  sake  of  the  physical  effect,  but  also  of  the  moral 
effect  which  it  has  on  the  enemy.  This  swiftness, 
however,  most  be  attained  gradually,  increasing  as 
the  distance  diminishes.  The  charge  commences 
with  a  short  trot ;  a  long  trot  follows ;  at  the  db- 
tance  of  150  paces,  this  is  increased  to  a  gallop ;  and 
60  paces  from  the  enemy,  the  horse  must  be  put  to 
his  speed.  A  choc,  whether  successful  or  not,  is  of 
•hort  duration. 

Chocolatb.    See  Cacao. 

Choir  ;  that  part  of  the  church  where  the  choris- 
ters sing.  In  some  old  churches,  the  seats  of  the 
choristers,  and  other  parts  of  the  choir,  are  orna- 
mented with  admirable  carved  work. 

Cholbra  ;  a  genus  of  disease  arranged  by  Cullen 
in  the  class  neuro9e»  and  order  spasmi,  ft  is  a  purging 
and  vomiting  of  bile,  attended  with  anxiety,  painful 
gripings,  spasms  of  the  abdominal  muscles,  and  those 
of  the  calves  of  the  legs.  .  There  are  two  species  of 
this  genus : — 1.  Cholera  tpontanea,  which  happens 
in  peculiar  seasons,  without  any  manifest  cause. 
3.  Cholera  accidentalU,  which  occurs  after  the  use  of 
food  that  digests  slowly  and  irritates.  In  warm 
climates  it  is  met  with  at  all  seasons  of  the  year,  and 
its  occurrence  is  very  frequent.  It  usually  comes  on 
with  soreness,  pain,  distension,  and  flatulency  in  the 
stomach  and  intestines,  succeeded  quickly  by  a  severe 
and  frequent  vomiting,  and  purging  of  bilious  matter, 
heat,  thirst,  a  hurried  respiration,  and  frequent  but 
weak  and  fluttering  pulse.  When  the  disease  is  not 
violent,  these  symptoms  after  continuing  for  a  day  or 
two,  cease  gradually,  leaving  the  patient  in  a  debili- 
tated and  exhausted  state ;  but  where  the  disease 
proceeds  with  much  violence,  great  depression  of 
strength  ensues,  with  cold  clanmiy  sweats,  consider- 
able anxiety,  a  hurried  and  short  respiration,  and 
hiccoughs,  with  a  sinking,  and  irregularity  of  the 
pulse,  which  quickly  terminate  in  death,  an  event 
that  not  unfrequently  happens  in  the  space  of  24 
hours.  The  appearances  generally  observed  on  dis- 
section are,  a  quantity  of  bilious  matter  in  the  primes 
via;  the  ducts  of  the  liver  relaxed  and  distended. 
Several  of  the  viscera  have  been  found  in  some  cases 
displaced,  probably  by  the  violent  vomiting. 

In  the  above  view  of  the  disease  we  have  treated  it 
as  the  ordinary  spasmodic  cholera  of  this  country, 
which  has  usually  been  more  or  less  prevalent  in  the 
warmer  seasons  of  the  year;  but,  in  the  year  1831, 
£urope  was  visited  by  this  disease,  to  an  extent  more 
fatal  than  had  ever  previously  been  felt  in  our  cli- 
mate. Whether  or  no  the  disease  is  contagious, 
Sipears  still  a  matter  of  considerable  doiibt;  but 
ere  certainly  are  many  circumstances  which  would 
tend  to  a  belief  in  that  doctrine. 

The  disease  was  first  felt  to  any  extent  in  India, 
and  the  progress  of  its  ravages,  with  the  mode  of 
treatment,  is  well  described  by  Mr.  Skinner.  He 
says^  "  Before  we  had  reached  Monghyr,  where  on 


the  20th  of  April  we  arrived,  the  cholera  morbus 
broke  out  in  our  fleet,  and  reduced  it  terribly.  Many 
of  the  Europeans  died  as  well  as  the  natives,  and  no 
evening  passed  without  a  funeral.  The  natives  were 
either  thrown  overboard  or  deposited  by  the  banks 
of  the  rivers  to  feed  the  vultures  and  the  jackals ; 
our  own  men  were  more  decently  buried  in  such 
graves  as  could  quickly  be  scooped  in  the  sand. 
Towards  the  end  of  April  the  disorder  assumed  a 
more  alarming  appearance,  and  every  hour  some- 
body was  seized.  Each  officer  was  provided  with  a 
mixture,  the  principal  ingredients  of  which  were 
laudanum  and  brandy ;  and,  in  order  that  no  time 
might  be  lost  in  making  for  the  hospital  boats,  every 
vessel  on  board  which  a  man  mig^t  fall  sick,  was 
desired  to  bear  down  upon  the  nearest  budgerow  for 
assistance,  when  a  wine-glass  of  the  cholera  mixture 
was  administered.  It  was  a  melancholy  sight  to  see 
^yt  or  six  boats  at  a  time  draw  out  of  the  line  and 
hasten  towards  the  nearest  officers  in  their  rear.  The 
moment  the  draught  was  received  the  disease  in  some 
measure  seemed  stayed,  and  the  sick  boat  dropped 
quietly  down  to  the  hospital.  It  never  was  considered 
contagious,  nor  was  any  precaution  used  to  separate 
the  affected  from  the  healthy ;  and  we  did  not  find 
that  the  remainder  of  the  boat's  crew  were  seized  in 
consequence  of  Bnj  one  of  them  having  been  attacked 
by  it.  It  committed  its  ravages  indiscriminately 
through  the  fleet.  A  native  on  board  my  budgerow 
died  of  the  complaint  in  the  course  of  a  few  hours ; 
and  although  all  the  others  were  lying  around  him, 
it  was  not  communicated  to  any  of  them.  It  has 
always  seemed  to  me  to  be  confined  to  partici^ar 
spots :  during  the  month  of  October,  while  we  were 
in  Fort  William,  the  men  who  occupied  one  end  of 
a  lower  room  in  the  barracks  were  seized  with  it, 
while  in  every  other  part  of  the  building  they  were 
perfectly  healthy.  This  room  had  been  undergoing 
repair,  and  was  not  properly  flagged  ;  the  upper  one 
of  course  was  boarded :  this  circumstance  proves  it 
to  have  been  entirely  local ;  for  there  was  a  constant 
intercourse  between  all  the  parties,  and  it  was  not 
conveyed  to  the  other  quarters.  It  at  length  l>ecame 
generid  in  the  fort,  which  at  that  season  of  the  year, 
the  period  of  the  breaking  up  of  the  rains,  it  usually 
does.  A  regiment  of  British  soldiers  on  its  march 
from  Berhampore  to  Calcutta,  halted  one  morning  in 
the  neighbourhood  of  a  morass,  and  in  a  few  hours 
afterwards  several  men  were  attacked  with  the  cho- 
lera morbus,  always  the  attendant  evil  of  such  a 
place :  the  commanding  officer  immediately  struck 
the  camp,  and  moved  to  about  seven  miles  farther 
on ;  here  the  ground  was  drier  and  clearer ;  the  sick 
men  recovered,  and  there  was  no  farther  appearance 
of  the  disease.  I  am  not  very  certain  what  the 
opinions  of  the  faculty  may  be  in  the  East,  but  as  no 
precautions  are  taken  against  contagion,  I  conjecture 
they  do  not  consider  them  necessary.  I  shall  never 
forget  the  afternoon  of  our  arrival  at  Patna :  the 
cholera  had  been  raging  some  time  amongst  the  na- 
tive population,  and  all  the  dead  bodies  seemed  to 
have  been  placed  on  a  clear  spot  without  the  city, 
and  under  the  walls  of  some  rich  man's  palace.  The 
hot  wind  blew  very  violently,  and  we  were  long 
within  sight  of  this  place  without  being  able  to  reach 
it ;  the  water  was  ver>'  low,  and  several  dead  bodies 
that  had  been  w^ashed  from  the  bank  by  the  river, 
were  stranded  on  the  shallows  in  its  centre.  It  waa 
the  1st  of  May,  and  corruption  was^most  rapid; 
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.€«ery  breaUi  of  the  sirocco  blew  poison ;  the  scene 
was  indescribable ;  bodies  floated  sometimes  against 
our  boats,  for  they  were  nearly  all  aground,  and 
remained  under  the  bows  for  an  hour  at  a  time,  while 
others  swam  uninterruptedly  down  the  stream  with 
flocks  of  birds  upon  them ;  little  could  be  heard  but 
the  noise  of  the  vultures  tearing  off  the  flesh  with 
their  beaks,  while  the  crows  jangled  in  their  quarrels 
for  the  morsels  that  fell  from  them.  About  sun-set 
we  reached  the  shore ;  but,  alas !  could  get  no  far- 
ther than  the  burial-ground,  along  the  edge  of  which 
we  were  obliged  to  moor.  It  was  strewed  with 
skuUs  and  "  dead  men's  bones,"  and  the  air  was 
pestilence  itself.  The  jackals  and  the  wild  dogs 
skulked  away  from  the.  mangled  limbs  as  we  ap- 
proached, while  the  vultures,  Qie  very  sight  of  which 
speaks  of  the  charnel-house,  rose  from  the  half-eaten 
body,  and,  hovering  for  a  moment  above  it  like  evil 
spirits,  descended  to  the  completion  of  their  horrible 
repast.  There  were  a  great  number  of  the  Hargila 
large  storks,  known  by  the  name  of  adjutants  in 
India,  from  their  measured  step,  stalking  over  the 
ground ;  they  are  always  close  attendants  upon  Eu- 
ropeans, and  had  come  from  the  station  of  Dinapore 
to  share  in  the  feast  that  cholera  had  prepared  for 
them." 

On  the  26th  of  June,  1831,  680  persons  were'  at- 
tacked in  St.  Petersburg  alone,  and  out  of  that  num- 
ber 280  died.  The  disease  continued  its  ravages,  and 
gradually  spread  over  the  whole  of  Kurope.  From 
our  own  country  it  passed  to  America,  and  though  its 
destructive  progress  has  not  been  on  so  extended  a 
scale  as  in  Europe,  yet  the  mortality  in  several  of 
the  states  of  the  Union  has  been  of  a  most  fearful 
character. 

We  may  now  give  the  mode  of  treatment  pursued 
by  one  of  the  most  intelligent  practitioners  who  has 
yet  written  on  the  subject  of  cholera, — ^we  mean  Mr. 
Le  Fevre.  He  says,  *'  the  following  is  the  practice  I 
have  almost  universally  adopted  in  cases  of  cholera 
where  I  have  been  called  in  at  the  commencement. 
If  the  patient  is  robust,  the  pulse  still  perceptible, 
and  the  system  not  much  reduced  by  evacuations,  I 
order  from  six  to  eight  ounces  of  blood  to  be  drawn 
from  the  arm,  the  patient  being  flrst  put  to  bed,  in 
the  recumbent  posture. 

"  The  following  draught  is  then  given :  Laudanum 
and  other,  of  eadi  twenty-five  drops,  strong  pepper- 
mint water,  an  ounce  and  a  half. 

"  If  this  be  rejected,  it  should  be  repeated  imme- 
diately ;  if  the  second  be  likewise  not  retained,  then 
a  clyster  of  linseed  tea  with  fifty  drops  of  laudanum 
should  be  administered. 

"  It  often  happens  that  the  patient  after  taking 
the  first  dose  falls  asleep,  and  awakes  in  perfect 
health. 

"  A  large  sinapism  to  the  abdomen,  and  bottles  of 
hot  water  to  the  feet,  should  not  be  omitted ;  if  these 
means  produce  speedy  relief,  an  ounce  of  castor  oil 
should  be  prescribed  as  soon  as  the  stomach  and 
bowels  are  quiet. 

"  Such  is  the  roost  successful  practice  in  slight 
cases,  and  I  believe  many  a  severer  attack  has  been 
prevented  by  this  method  of  proceeding ;  for  I  had 
given  full  directions  to  many  of  my  patients  how  to 
act  in  case  of  not  immediately  finding  medical  aid,  and 
all  the  houses  I  attended  were  prepared  with  these 
draughts. 

It  may  have  happened   that  some  have  been 
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taken  unnecessarily ;  but  I  am  convinced  that  many  a 
case  has  been  cut  short  by  immediately  applying  to 
this  remedy. 

"  It  would  be  well  if  this  always  succeeded ;  but 
often  after  a  short  respite  the  symptoms  return,  the 
vomiting  continues,  accompanied  with  spasms  of  the 
abdominal  muscles  and  calves  of  the  legs. 

"  In  such  cases,  three  grains  of  bismuUi  should  be 
given  every  two  hours,  and  continued  till  the  vomit- 
ing  has  ceased,  and  the  spasmodic  action  greatly 
or  wholly  subsided.  The  bismuth  should  then  be 
discontinued,  for  the  symptoms  which  seemed  to 
demand  it  have  subsided ;  and  in  thb  sense  only  I 
considered  it  useful,  and  by  no  means  a  specific  for 
the  disease.  If  it  be  continued  for  any  length  of 
time,  it  is  in  many  cases  followed  by  congestion  ik 
the  brain. 

'*  If  this  mode  of  employing  bismuth  succeeds,  at 
soon  as  the  necessity  for  continuing  it  ceases  then  the 
castor  oil  should  be  resorted  to  as  in  tlie  first-mention- 
ed instance,  for  this  is  a  sine  qud  non.  When  the  shock 
is  thus  broken  and  the  patient  begins  to  recofver, 
nothing  farther  need  be  done  than  to  keep  the  bowds 
open  and  return  to  food  gradually,  begmning  by 
mucilaginous  diet,  and  by  degrees  adding  veal  and 
chicken  broth  to  the  meal. 

"  If  slight  delirium  should  occur,  a  few  leeches  to 
the  temples,  and  a  blister  to  the  back  of  the  neck, 
will  generally  relieve  it. 

"  If  the  means  above  detailed  did  not  succeed^  I 
have  not  myself  been  able  to  succeed  by  any  other. 
I  do  not  mean  to  assert  that  these  are  the  only  meaoa 
I  have  employed,  nor  that  nothing  more  is  necessary ; 
but  they  are  those  upon  which  I  rely  the  most,  and 
if  employed  early  in  the  attack,  will  often  be  attended 
with  success. 

"  Many  other  symptoms  require  attention  even 
under  this  plan  of  pro^eding. 

"  The  cramps  may  often  be  relieved  by  friction 
with  the  hands,  or  with  some  narcotic  and  stimulat- 
ing embrocations. 

"  The  colicky  pains  which  remain  afterwards,  and 
are  renewed  by  every  attempt  to  go  to  stool,  are  beat 
relieved  by  clysters  of  starch  and  opium. 

"  Cataplasms  of  hemlock  or  henbane  applied  over 
the  whole  surface  of  the  abdomen,  and  renewed 
every  four  hours,  are  of  much  service  in  relieving 
these  after-pains. 

"  The  nausea  and  vomiting  are  more  relieved  by 
the  saline  effervescing  draught  than  any  other  reme- 
dy. Cold  drinks  do  not  seem  to  be  more  prejudicial 
than  warm,  and  when  much  desired  by  the  patient^ 
should  be  given  freely.  Lemonade  iced  has  often 
been  taken  with  advantage,  and  even  the  lower  orders 
have  drank  their  quaffis  as  usual,  and  with  seemmg 
benefit. 

"  The  nitric  acid  may  be  given  here  also  with 
great  benefit  as  a  common  drink.  Fifty  drops  of  the 
diluted  acid  added  to  a  pint  of  water,  sweetened  to 
the  taste,  is  a  grateful  beverage." 

Choral  (derived  from  chorus)  ;  a  term  applied  to 
vocal  music,  consisting  of  a  combination  of  different 
melodies,  and  intended  to  be  performed  by  a  plurality 
of  singers  to  each  part ;  as  choral  anthem,  choral  wr- 
In  Germany,  this  term  is  applied  to  the  musia 
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of  h}nnns,  in  the  composition  of  which  the  Germans 
are  so  much  distinguished. 

Chord,  in  MuAc ;  a  combination  of  two  or  more 
sounds  according  to  the  laws  of  harmony.   The  word 
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ekord  is  dten  need  in  counterpoint;  Bsflmdkment<U 
dkord,  aeddenial,  mumudoue,  or  equuvoaU,  irmmmU 
chord, 

CaoEB«R^PHT;  an  invention  of  modem  times; 
the  art  of  representing  dancing  by  signs,  as  singing 
b  representing  by  notes.  It  points  out  the  part  to 
be  performed  by  every  dancer — the  various  motions 
which  belong  to  the  various  parts  of  the  music,  the 
position  of  the  feet,  the  arms,  and  the  body,  &c 
The  degree  of  swiftness  with  which  every  motion  is 
to  be  performed  may  be  thus  indicated,  by  which  all 
becomes  as  intelligible  to  the  dancer  as  a  piece  of 
music  to  the  musician.  Drawings  to  assist  the  tac- 
tidaif,  by  designating  the  position,  motion,  and  evo- 
lutions of  troops,  have  also  been  called  choregrtq>hioal 
drawingo. 

Chorogbaphy  ;  the  description  of  a  single  dis- 
trict, in  contradistinction  from  geograpkif  (the  descrip- 
tion of  the  earth).  The  art  of  drawmg  maps  of  par- 
ticular districts  is  also  called  ehorograjthy. 

Chorus,  in  the  drama.  This  was,  originally,  a 
troop  of  singers  and  dancers,  intended  to  heighten 
the  pomp  and  solemnity  of  festivals.  This,  without 
doubt,  was  at  first  the  purpose  of  tragedy  and  co- 
medy, of  which  the  chorus  was  originally  the  chief 
part,  in  fact,  the  basis.  In  the  sequel,  it  is  true,  the 
chorus  became  only  an  accessory  part.  During  the 
most  flourishing  period  of  Attic  tragedy,  the  chorus 
was  a  troop  of  male  and  female  personages,  who, 
during  the  whole  representation,  were  bystanders  or 
spectators  of  the  action,  never  quitting  the  stage.  In 
the  intervals  of  the  action,  the  diorus  chanted  songs, 
which  related  to  the  subject  of  the  performance,  and 
were  intended  either  to  augment  the  impression,  or 
to  express  the  feeling  of  the  audience  in  the  course 
of  the  action.  Sometimes  it  even  took  part  in  the 
performance,  by  observations  on  the  conduct  of  the 
personages,  by  advice,  consolation,  exhortation,  or 
dissuasion.  It  usually  represented  a  part,  genendly 
the  oldest  portion  of  the  people,  where  &e  action 
happened,  sometimes  the  counsellors  of  the  king,  he. 
The  chorus  vms  an  indispensable  part  of  the  repre- 
sentation. In  the  beginning,  it  consisted  of  a  great 
number  of  persons,  sometimes  as  many  as  fifty ;  but 
the  number  was  afterwards  limited  to  fifteen.  The 
exhibition  of  a  chorus  was  in  Athens  an  honourable 
civil  charge,  and  vras  called  choramf.  The  leader  or 
chief  of  a  chorus  was  called  conmiiua,  who  spoke  in 
the  name  of  the  rest,  when  the  chorus  participated  in 
the  action.  Sometimes  the  chorus  vms  divided  into 
two  parts,  who  sung  alternately.  The  divisions  of 
the  chorus  were  not  stationary,  but  moved  from  one 
side  of  the  stage  to  the  other ;  from  which  circum- 
stance the  names  of  the  portions  of  yerse  which  they 
recited,  strophe,  antutrophe,  and  epode,  are  derived. 
But  it  cannot  be  determined  in  what  manner  the  cho- 
rus sung.  It  is  probable  that  it  was  in  a  sort  of  so- 
lemn recitative,  and  that  their  melodies,  if  we  may  call 
them  so,  consisted  in  unisons  and  octaves,  and  were 
very  simple.  They  were  also  accompanied  by  instru- 
ments, perhaps  flutes.  With  the  decline  of  ancient 
tragedy,  the  diorus  was  omitted.  Some  tragedians 
of  the  present  age,  of  whom  Schiller  was  the  first 
(see  his  prologue  to  the  Bride  cf  Messina),  have  at^ 
tempted  to  revive  the  ancient  chorus. 

Chorus,  in  music,  in  its  general  sense,  denotes  a 
composition  of  two,  three,  four,  or  more  parts,  each 
of  which  is  intended  to  be  sung  by  a  plurality  of 
voices.    It  is  applied  also  to  £e  performers  who 


sing  those  parts.  These  choruses  are  adapted  to  ex- 
press the  joy,  admiration^  grief,  adoration,  9k.,  of  a 
multitude,  and  sometimes  produce  mudi  effect,  but 
are  very  difficult  for  the  composer. 

Cheom ATB  OF  Iron,  or  Chrom bisbnstbin,  is  a 
mineral  substance  of  very  considerable  inter^  as 
affording  one  of  the  most  beautiful  and  durable  pig- 
ments in  the  arts.  It  is  found  disseminated  in  gnuns 
and  imperfectly  crystallized  masses — occasionally  in 
regular  octohedral  crystals,  its  primary  form — of  a 
black  colour,  and  sliinmg  and  somewhat  metallic 
lustre.  It  scratches  glass,  is  opaque,  aud  has  a  spe- 
cific gravity  of  4.03.  According  to  Vauquelin,  diat 
of  France  consists  of  43  chromic  add,  34.7  oxide  of 
iron,  20.3  alumine,  silex  2.  But  chemists,  at  the 
present  day,  consider  the  phrome  in  this  mineral  in 
the  state  of  an  oxide,  and  not  of  an  add ;  accordin^y 
the  mineral  is  now  more  correctly  denominated  die 
ferruginous  oofide  tf  chrome.  It  is  found  in  great 
abundance  in  Maryland,  at  the  Bare  Hills,  near 
Baltimore,  and  is  contained  in  a  steatitic  or  serpen- 
tine rock. 

Chromatic,  in  Music ;  one  of  the  tiiree  ancient 
genera— diatonic,  chromatic,  and  enharmonic.  Tlie 
word  chromatic  has  been  adopted,  as  it  b  believed, 
beclE^use  the  Greeks  were  in  the  habit  of  designating 
this  genus  by  characters  of  various  colours,  or,  as 
some  say,  because  the  chromatic  genus  is  a  mean  be- 
tween tne  other  two,  as  colour  is  a  mean  between 
white  and  black  (this  seems  to  be  a  very  poor  expla- 
nation) ;  or,  lastly,  because  the  chromatic  genus,  by 
its  semitones,  varies  and  embellishes  the  diatonic, 
thus  producing  an  effect  similar  to  that  of  colouring. 
In  modem  music,  the  word  chromatic  simply  means 
a  succession  of  semitones,  ascending  or  descending. 
Thus  the  expressions  chromatic  semitoue  (the  interval 
which  is  found  between  any  given  note  and  that 
same  note  raised  by  a  sharp  or  lowered  by  a  flat)* 
chromatic  scale,  chromatic  modulation,  are  terms  is 
use. 

Chrom ■ ;  the  name  of  a  metal,  which,  combined 
with  oxygen  so  as  to  be  in  the  state  of  an  add,  was 
discovered  b^  Vauoudin,  in  an  ore  of  lead  from 
Siberia.  This  metal  has  since  been  found  combined 
with  iron  in  the  United  States,  and  at  Unst,  one  of 
the  Shetland  isles.  It  appears  also  to  be  the  colour- 
ing principle  of  the  emerald  and  the  ruby,  and  has 
received  its  name  from  its  property  of  assuming  bril- 
liant coloura  in  the  combinations  into  which  it  enters. 
Chrome,  which  has  hitherto  been  procured  in  very 
small  quantities,  owin^  to  its  powerful  attraction  for 
oxygen,  may  be  obtained  by  mixing  the  oxide  of 
chrome  with  charcoal,  and  exposiog  the  mixture  to 
the  most  intense  heat  of  a  smith's  forge.  It  is  brittle^ 
of  a  grayish-white  colour,  and  very  infusible.  Its 
spedfic  gravity  is  5.9*  Chrome  unites  with  oxygen 
in  three  proportions,  forming  two  oxides  and  one 
acid.  The  protoxide  is  of  a  green  colour,  exceedingly 
infusible  by  itself,  but  vnth  borax,  or  vitreous  sub* 
stances,  it  mdts,  and  communicates  to  them  a  beau- 
tiful emerald-green  colour.  Indeed,  the  emerald 
owes  its  colour  to  this  oxide,  llie  protoxide  is  em- 
ployed at  the  manufactory  of  Sevres,  in  France,  to 
give  a  fine  deep  green  to  the  enamel  of  porcelain.  It 
is  applied  vnthout  a  flux,  and  mdted  with  the  enamd. 
Chromic  add,  however,  is  the  most  important  of  the 
compounds  formed  by  this  metal  along  with  oxygen. 
It  b  usually  prepared  for  chonical  purposes  by  nux- 
ing  solutions  of  nitrate  of  barytes  and  chromate  of 
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potaalw  and  digesting  the  ehromate  of  barytes  that  is 
UKined  in  dilute  salphnric  acid.  This  abstracts  the 
barytes,  and  the  chromic  acid  is  procured,  by  evapo- 
ration, in  crystals  of  a  fine  ruby-red  colour.  It  is 
very  soluble  in  water,  has  a  sour  metallic  taste,  and 
all  the  characters  of  a  strong  acid.  It  combines  with 
tht  alkalies,  earths,  and  metallic  oxides,  forming 
salts,  many  of  which  have  very  rich  colours. 

The  alkaline  chromates  are  soluble  and  crystalliz- 
able.  They  are  of  a  yellow  or  red  colour,  the  neu- 
tral chromates  being  commonly  yellow,  and  the  bi- 
chromates red  or  deep  orange.  Tlie  best  known  of 
these  is  the  bi-chromate  of  potash,  which  is  one  of 
^  most  splendid,  and  at  the  same  time  one  of  the 
most  useful  salts.  The  manner  in  which  it  is  formed 
is  as  follows : — Chromate  of  iron,  or  rather  ferrugi- 
nous oxide  of  chrome,  reduced  to  fine  powder,  is 
mixed  with  half  its  weight  of  nitrate  of  potash,  and 
heated  strongly  for  an  hour  or  two  in  crucibles.  The 
resulting  masses  are  then  repeatedly  digested  with 
water  and  the  coloured  liquids,  which  are  slightly 
alkaline,  saturated  with  nitric  acid,  and  concentrated 

S  evaporation  till  no  more  crystals  of  nitre  can  be 
tained  from  them.  The  yellow  liquid,  being  now 
set  aside  for  a  week  or  two,  deposits  a  copious  crop 
of  crystals,  whose  form  is  that  of  a  four-sided  prism, 
terminated  by  octohedral  summits.  Their  colour  is  an 
intense  lemon-yellow^  with  a  slight  shade  of  orange. 
100  parts  of  water  at  60^  dissolve  about  48  parts; 
but  boiling  water  dissolves  almost  any  quantity.  Its 
solution  in  water  decomposes  most  of  the  metallic 
salts;  those  of  mercury  of  a  fine  red;  copper  and 
iron  of  a  reddish  brown ;  silver  dark-red;  and  lead 
of  a  beautiful  yellow  colour,  now  much  used  as  a 
pigment  under  the  name  of  chrome  yellow.  Chrome 
yellow  is  largely  manufactured  in  the  United  States, 
at  Baltimore,  near  which  place  is  found  one  of  the 
most  remarkable  deposits  of  ferruginous  oxide  of 
chrome  in  the  world.  The  process  consbts  in  add- 
ing a  solution  of  acetate  of  lead  (or  sugar  of  lead)  to 
die  roug^  solution  of  chromate  of  potash,  from  which 
the  nitrate  of  potash  has  been  just  separated  by 
crystallization.  The  acetate  of  lead  is  added  as  long 
as  anv  sediment  fails.  The  liquid  is  then  filtered, 
and  the  yellow  precipitate  left  on  the  filters  dried 
for  sale. 

Chromic  Acid.     See  Chrome. 

Chronic  ;  a  term  applied  to  diseases  which  are  of 
long  duration,  and  mostly  without  fever.  It  is  used 
in  opposition  to  the  term  acute,  which  is  applied 
both  to  a  pungent  pain  and  to  a  disease  which  is 
attended  with  violent  symptoms,  terminates  in  a  few 
days,  and  is  attended  with  danger.  On  the  other 
hand  a  chronic  disease  is  slow  in  its  progress  and  not 
so  generally  dangerous. 

Chronometer;  a  time-piece  of  a  peculiar  con- 
struction, at  present  much  employed  by  navigators  in 
determining  the  longitude  at  sea.  In  general  chro- 
nometers are  much  larger  than  common  watches, 
and  are  hung  in  gimbals,  in  boxes  six  or  eight  inches 
square ;  but  there  are  also  many  pocket  chronometers 
which,  externally,  have  all  the  appearance  of  the  bet- 
ter sort  of  pocket  watches,  and  internally  differ  from 
these  only  m  the  construction  of  the  bidance.  The 
balance  and  hair-spring  are  the  principal  agents  in 
regulating  the  rate  of  going  in  a  common  watch, 
being  to  this  what  the  pendulum  is  to  a  common 
clock ;  and  this  spring  in  the  former,  like  the  pendu- 
him  in  the  latter,  is  subject  to  expansions  and  con- 


tractions under  different  degrees  of  heat  and  cold# 
which  of  course  affect  the  speed  or  rate  of  the  ma- 
chine ;  and  the  methods  of  correcting  this  inaccuracy 
mark  the  difference  between  the  watch  and  chrono* 
meter.  These  are  very  numerous.  With  British  and 
American  navigators  chronometers  are  more  common 
than  with  those  of  any  other  nation.  An  instrument 
under  the  name  of  chronometer  is  also  used  by  musi- 
cians for  the  accurate  measurement  of  time. 

Chyle,  or  Chyme,  in  animal  economy.  In  the 
process  of  digestion  the  food  is  subjected  to  a  tempe- 
rature usually  above  90^  of  Fahreiiheit.  It  is  mixed 
with  the  gastric  juice,  a  liquor  secreted  by  the  glands 
of  the  stomach,  and  is  made  to  undergo  a  mc^erate 
and  alternate  pressure  by  the  contraction  of  the  sto- 
mach itself.  It  is  thus  converted  into  a  soft,  uniform 
mass,  of  a  grayish  colour,  in  which  the  previous 
texture  or  nature  of  the  aliment  can  be  no  longer 
distinguished.  The  cAjfme,  as  this  pulpy  mass  into 
which  the  food  in  the  stomach  is  resolved  is  termed, 
passes  by  the  pylorus  into  the  intestinal  canal,  where 
it  is  mixed  with  the  pancreatic  juice  and  the  bile,  and 
is  still  exposed  to  the  same  temperature  and  alternat- 
ing pressure.  The  thinner  parts  of  it  are  absorbed 
by  the  slender  tubes  termed  the  lacteah.  The  liquor 
thus  absorbed  is  of  a  white  colour ;  it  passes  through 
the  glands  of  the  mesentery,  and  is  at  length  con- 
veyed by  the  thoracic  duct  into  the  blood.  This  part 
of  the  process  is  termed  chyl}fication,  and  the  white 
liquor  thus  formed  chfle.  It  is  an  opaque,  milky 
fluid,  mild  to  the  taste.  By  standing  for  some  time, 
one  part  of  it  coagulates ;  another  portion  is  coagu- 
lated b|^  heat. 

The  chyle,  after  muung  with  the  lymph  conveyed 
by  the  absorbent  vessels,  is  received  mto  the  blood, 
which  has  returned  from  the  extreme  vessels  before 
this  passes  to  the  heart.  All  traces  of  it  arc  very  soon 
lost  in  the  blood,  as  it  mixes  perfectly  with  that  fluid. 
It  is  probable  however  that  its  nature  is  not  imme- 
diately completely  altered.  The  blood  passing  from 
the  heart  is  conveyed  to  the  lungs,  where  it  circulates 
over  a  very  extensive  surface  presented  to  the  atmos- 
pheric air,  with  the  intervention  of  a  very  thin  mem- 
brane which  does  not  prevent  their  mutual  action. — 
During  this  circulation  the  blood  loses  a  considerable 
quantity  of  carbon,  part  of  which  it  is  probable  is 
derived  from  the  imperfectly  assimilated  chyle,  as 
this,  originating  in  pairt  from  vegetable  matter,  must 
contain  carbon  in  larger  proportion  than  even  the 
blood  itself. 

CicuTA.  The  cicuta,  or  common  American  hem- 
lock, is  one  of  the  most  valuable  and  important  of 
medicinal  vegetables.  It  is  a  plant  indigenous  in 
most  temperate  climates,  and  is  found  commonly 
along  walls  and  fences,  and  about  old  ruins  and 
buildings.  The  most  common  form  in  which  it  b 
administered  is  the  extract,  which  is  given  in  pills. 
Of  this,  from  12  to  60  grains  per  day  may  be  taken 
for  a  long  time.  It  is  invaluable  in  all  chronic  inflam- 
mations, and  enlargements  of  glandular  parts,  as  the 
liver,  the  womb,  &c.,  tumours  of  which  it  will  some- 
times remove  in  a  space  of  time  surprisingly  short. 
Its  use  may  be  continued,  if  necessny,  for  a  long 
time,  and  it  is  not  found  to  debilitate  or  injure  the 
system  in  the  manner  that  mercury  always  does  when 
long  used.  Its  green  leaves,  stirred  into  a  soft  poul- 
tice, form  an  excellent  application  for  painful  sores 
and  ulcers ;  and  the  same  leaves,  dried  and  rubbed 
fine,  make,  when  mixed  with  cerate  or  lard,  a  capital 
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ointment  for  irritable  Bores,  with  which  a  poultice 
does  not  agree. 

CiDBR ;  a  liquor  made  from  the  juice  of  apples. 
The  quality  of  this  popular  beverage  depends  pnnci- 
pally  on  the  following  particulars,  viz.: — 1.  kind  of 
fruit ;  2.  condition  of  uie  fruit  when  ground ;  3.  man- 
ner of  grinding  and  pressing ;  4.  method  of  conduct- 
ing the  requisite  fermentation,  and  precautions  to  be 
taken  against  its  excess. 

1.  The  characteristics  of  a  good  cider-apple,  are, 
a  red  skin,  yellow  and  often  tough  and  fibrous  pulp, 
astringency,  dryness,  and  ripeness  at  the  cider-making 
season.  Mr.  Knight  asserts,  that,  '*  when  the  rind 
and  pulp  are  green,  the  cider  will  always  be  thin, 
weak,  and  colourless;  and  when  these  are  deeply 
tinged  with  yellow,  it  will,  however  manufactured, 
or  in  whatever  soil  the  fruit  may  have  grown,  almost 
always  possess  colour  and  either  strength  or  rich- 
ness." It  is  observed  by  Crocker,  in  his  tract  on 
1%e  Art  of  making  and  managing  Cider,  that  the 
most  certain  indications  of  the  ripeness  of  apples  are 
the  fragrancy  of  their  smell,  and  their  spontaneously 
dropping  from  the  trees.  When  they  are  in  this 
state  of  maturity,  in  a  dry  day,  the  limbs  may,  he 
says,  be  slightly  shaked,  and  partly  disburthened  of 
their  golden  store ;  thus  taking  audi  apples  only  as 
are  ripe,  and  leaving  the  unripe  longer  on  the  trees, 
that  they  may  also  acquire  a  due  degree  of  maturity. 
Mr.  Buel  observes,  that  "  the  only  artificial  criterion 
employed  to  ascertain  the  quality  of  an  apple  for 
cider,  b  the  specific  gravity  of  its  mnut,  or  unfer- 
mented  juice ;  or  the  weight  compared  with  that  of 
water.  This,  says  Knight,  indicates,  with  very  con- 
siderable accuracy,  the  strength  of  the  future  cider. 
Its  weight  and  consequent  value  are  supposed  to 
be  increased  in  the  ratio  of  the  increase  of  saccharine 
matter."  Mr.  Knight  says  that  the  strongest  and 
most  highly-flavoured  cider  which  has  been  obtained 
from  the  apple,  was  produced  from  fruit  growing  on 
a  shallow  loam,  on  a  limestone  basis.  All  the 
writers  on  the  subject  seem  to  agree  that  calcareous 
earth  should  form  a  component  part  of  the  soil  of  a 
cider  orchard.  Coxe  says  the  soil  which  yields  good 
wheat  and  clover  is  best  for  a  cider  orchard.  Mr. 
Buel  states,  "  My  own  observation  would  induce  me 
also  to  prefer  a  dry  and  somewhat  loose  soil,  in 
which  the  roots  destmed  to  furnish  food  for  the  tree 
and  fruit  may  penetrate  freely,  and  range  extensively 
in  search  of  nutriment." 

2.  Condiiion  of  the  fruit.  Fruit  should  be  used 
when  it  has  attained  full  maturity,  and  before  it 
begins  to  decay.  The  indications  of  ripeness  we 
have  above  stated.  Each  kind  of  apple  should  be 
manufactured  separately,  or,  at  least,  those  kinds 
only  should  be  mixed  which  ripen  about  the  same 
time.  Mr.  Buel  says,  "  The  apples  should  ripen  on 
the  tree,  be  gathered  when  dry,  in  a  cleanly  manner, 
spread  in  an  airy,  covered  situation,  if  practicable, 
for  a  time,  to  induce  an  evaporation  of  aqueous  mat- 
ter, which  will  increase  the  strength  and  flavour  of 
the  liquor,  and  be  separated  from  rotten  fruit,  and 
every  kind  of  fUth,  before  they  are  ground." 

3.  Grinding,  &c.  The  apples  should  be  reduced, 
by  the  mill,  as  nearly  as  possible  to  a  uniform  mass, 
in  which  the  rind  and  seeds  are  scarcely  discoverable, 
and  the  pomace  should  be  exposed  to  the  air.  Knight 
ascertained  by  experiments,  that,  by  exposing  the 
reduced  pulp  to  the  operation  of  the  atmosphere  for 
a  few  hours,  the  specific  gravity  of  the  juice  increased 


from  1.364  to  1.678 ;  and,  from  the  experiment  being 
repeated  in  a  closed  vessel  with  atmospheric  air, 
he  ascertained  the  accession  to  be  oxygen,  which 
according  to  Lavoisier,  constitutes  64  per  cent  of 
sugar.  For  fine  cider,  he  recommends  that  the  frait 
be  ground  and  pressed  imperfectly,  and  that  the  pulp 
be  then  exposed  24  hours  to  the  air,  being  spread 
and  once  or  twice  turned,  to  facilitate  the  absorptkm 
of  oxygen ;  that  it  be  then  ground  again,  and  the  ex- 
pressed juice  be  added  to  it  before  it  is  again  pressed. 

4.  Fermentation,  The  vinous  fermentation  com- 
mences and  terminates  at  different  periods,  according 
to  the  condition  and  quality  of  tbefhiit,  and  the  state 
of  the  weather.  According  to  Knight,  the  best  cri- 
terion to  judge  of  the  proper  momenfto  rack  off  (or 
draw  the  liouor  from  the  scum  and  sediment),  will 
be  the  brightness  of  the  liquor  which  takes  place 
after  the  discharge  of  fixed  air  has  ceased,  and  a^ck 
crust  is  collected  on  the  surface.  The  clear  liouor 
should  then  be  drawn  off"  into  another  cask.  If  it 
remain  bright  and  quiet,  nothing  more  need  be  done 
to  it  till  the  succeeding  spring ;  but  if  scum  collect  on 
the  surface,  it  must  immediately  be  racked  off  again, 
as  this  would  produce  bad  effects  if  suffered  to  sink. 

Among  the  precautions  used  to  prevent  excessive 
fermentation  is  •ftmimtfi^,  which  is  fuming  the  cask 
with  burning  sulphur.  This  is  done  by  burning  a 
rag  impregnated  with  sulphur  in  the  cask  in  which 
the  liquor  is  to  be  decanted,  after  it  has  been  partly 
filled,  and  rolling  it,  so  as  to  incorporate  the  liquor 
with  the  gas.  A  bottle  of  French  brandy,  or  half  a 
gallon  of  cider-brandy,  added  to  a  barrel,  is  likewise 
recommended  to  be  added  as  soon  as  the  vinous  fer* 
mentation  is  completed. 

Cinchona,     bee  Bark. 

Cinnabar  ;  a  preparation  of  Mercury,  which  see^ 

CiPHBR.     See  Arithmetic  and  Numerals. 

Circle  ;  a  plane  figure  comprehended  under  a 
single  line  which  returns  into  itself,  having  a  point 
in  the  middle,  from  which  all  the  lines  dra¥m  to  its 
circumference  are  equal.  This  point  is  called  the 
centre,  and  these  lines  the  radU,  Although,  properly 
speaking,  it  is  the  space  included  within  the  peripheiy 
or  circumference,  yet,  in  the  popular  use  of  the  word, 
circle  is  frequently  used  for  the  periphery  alone. 
From  the  geometrical  definition  of  the  circle,  it  ap- 
pears Uiat  its  magnitude  is  dependent  upon  the  mag- 
nitude of  its  radius  or  its  diameter ;  uiat  is,  a  line 
which  touches  two  points  of  the  circumference,  and 
passes  at  the  same  time  through  the  centre,  or,  which 
is  the  same  thing,  a  line  equal  to  twice  the  length 
of  the  radius.  T^e  surface  of  the  circle  is  equal  to 
the  product  of  the  circumference  and  half  the  radius. 
If  there  existed  a  rational  proportion,  that  is,  a  pro- 
portion to  be  expressed  in  whole  numbers,  of  the 
surface  of  the  circle  to  a  square  surface,  there  would 
be  at  the  same  time  a  rational  proportion  between 
the  diameter  and  the  circumference.  But,  for  geo- 
metrical reasons,  no  rational  proportion  of  the  dia- 
meter to  the  circumference  is  possible ;  it  can  he 
expressed  only  by  approximation.  However,  the 
proportion  thus  obtained  is  quite  as  accurate  as  is 
necessary  for  any  purpose  in  the  applied  mathema- 
tics.  Yet  there  have  always  been  instances,  and 
some  of  a  very  late  date,  of  men  labouring  long  and 
intensely  in  searching  for  the  square  equal  to  the 
surface  of  the  circle,  and  who  often  believed  that 
they  had  actually  solved  the  problem.  In  the  ap- 
proximate proportion,  if  the  diameter  is  called  1,  tb^ 
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"Win  be  equal  to  3.1415926535 .... 
f  ran^  Vieta  obtained  tae  proportion  to  this  num- 
ber of  figures.  Afterwards  it  was  farther  determined 
by  Adrianus  Romanus  to  15»  by  Ludolphus  of  Cologne 
(often  improperly  called  von  KeulerO  to  35  (from  him 
it  b  often  called  the  Ludolphic  mum^),  by  Sharp  to 
72,  by  Machi9  to  lOQ,  by  Laguy  to  126,  and  lastly, 
in  an  Oxford  manuscript  it  was  obtained  up  to  15^ 
^cimals.  Archimidea  first  estimated  the  proportion 
of  the  diameter  to  the  circumference  to  be  as  7  to  22, 

nr  as  1  to  3.142 ;  after  him,  Metius,  as  113  to 

355,  or  as  1  to  3.141592P,  which  is  correct  to  6  de- 
dmaU»  and.  sufficiently  accurate  for  most  purposes. 
£?ery  circle  is  divided  into  360  degrees,  and  by  its 
arcs  all  angles  are,  me^Mured.  The  circle  therefore  is 
Mae  of  the  most  important  geometrical  figures,  and 
im  accurate  division  of  it  is  requisite  for  measuring 
the  an^es  under  which  distant  objects  appear  (upon 
which  surveying,  astronomical  observations,  &c«  rest) 
r-a  vwry  desirable  object,  for  which  many  prizes  have 
Jbeen  offered  by  learned  societies. 
•  CimcvLA-R  Motion.  A  body  in  motion,  which  is 
ccmtinnaUy  impelled  by  some  power  towards  a  fixed 
|K»nt  out  of  its  original  direction,  is  obliged  to  de- 
•  acribe  a  curvilinear  path  round  this  point.  A  stone, 
skrag  rouad  by  a  string,  moves  in  a  circle,  because 
it  is  drawn  toward  the  hand  in  every  point  of  its 
path.  The  moon  moves  in  a  circle  round  the  earth, 
because  it  gravitates  towards  the  earth,,  and  is  thus 
drawB  from  the  rectilinear  direction*  which  it  would 
otherwise  pursue.  In  such  cases,  the  point  to  which 
the  body  constantly  tends  is  called  the  c^re  of  the 
foref  i  the  force  itself  by  which  it  is  impelled  is 
jMdled  the  centripetal  force  ;  that  by  which  it  strives 
to  fly  from  the  centre  is  caUed  the  centrifugal  force ; 
and  the  motion  which  is  produced  by  these  two 
forces*  the  drculat  motion*  All  the  planets  in  the 
lolar  system  are  carried  round  the  sun,  and  the 
tatellitee  round  their  planets,  by  these  forces.  (See 
Cbktral  Forcss.)  The  theory  of  circular  motion 
is  a  subject  of  celestial  mechanics,  on  which  Newton 
composed  his  Princ^a  Mathematica  Philoioph.  Na* 
tttroL  and  Laplace  his  M^aniqne  Celeste,  &c.  As  the 
model  of  a  concise  and  beautiful  exposition,  we  re- 
commend the  article  under  this  head  in  Gehler's 
Diotionari/  of  Natural  PMlosophy,  and  the  introduc- 
tion to  Per ffU8on\  Lectures, 

:  Circular  Sa^ws,  .which  revolve  upon  an  axis,  are 
preferable  to  straight  saws,  because  they  act  conti- 
DuiiUy  in  the  same  direotfon*  and  no  force  is  lost  by 
%.  backward  stroke.  At  the  same  time,  they  can 
work- with  greater  velocity,  and  therefore,  cot  more 
VttOothJy.  Their  size,  however,  is  limited,  because 
4iey  waver  and  bend  out  of  the  proper  plane  if  made 
too  large,  and  if  they  were  made  so  as  not  to  waver, 
^ley  wouiQ  t>e  100  thick.  Slitting  of  timber,  there- 
fsae,  VI  not  often  performed  with  them,  but  they  are 
poch  used-,  for  cutting  thin  layers  of  mahogany  for 
veneering^  for  in  this  case,  the  saw  can.be  sufficiently 
ftrengthened  towards  the  centre^  Great  velocity  in- 
creases  mueh  the  steadiness  of  a.cironlar  saw.  . 

Circulating  Medium.  The  expression  circn- 
lati^  m^ium  is  now  much  mote  ^^umtly  used 
than  formerly.  It  means  the  medium  of  exchanges, 
9f  purchases  and  sale^,  whether  this  medium  be  gold 
#r  silver  ooin»  paper,  or  any  other  article,-  as  oxen, 
Ipbaoco^  iron,  slaves,  usually  employed  in  any  place 
m  the  measure  of  the  values  of  other/artides,.  and  is 
tiuui  of  1^  more  oomprehflnsive,  signification  ihs^  the 
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teim  moRey,  <which,  though  it  applied  to  gohi  and 
silver  coin,  paper  currency,  and  some  other  of  the 
various  articles  used  for  the  above  purpose,  does  not 
comprehend  them  alU  since  oxen,  which  have  by 
some  nations^  at  some  periods*  been  adopted  as  the 
measure  of.  the  comparative  values  of  articles  of  com- 
merce, would  hardly  be  considered  as  coming  under 
the  denomination  of  mone^.  It  b  hardly  potulble  to 
imagine  a  people  to  be  without  a  circulating  medium 
of  some  description ;  and  accordingly,  we  find  all 
the  tribes  of  savages  hitherto  discovered  referring  to 
some  article  in  estimating  the  value  of  the  various 
commodities  which  compose  Jiieir  capital. .  Captain 
Franklin  says*  the  Krees  Indians  use  beaver  skins  as 
their  medium,  and  estimate  the  value  of  thmgs  by 
a  certain  number  of  their  skins.  The  people  of  Vir- 
ginia in  the  earlier  periods  of  their  colonial  history 
estimated  value  by  pounds  of  tobacco.  In  some 
parts  of  Africa*  a  species  lot  small  shells,  cowries, 
are  the  medium  of  exchanges.  But  from  the  earliest 
ttmee,  the  precious  metals,  where  they  could  be  had, 
have  been  preferred  for  this  purpose,  because  their 
weight,,  fineness,  And  consequent  xalue,  could  be 
more  accurately  ascertained  than  those  of  any  other 
ak-ttcle,  and  thus  ^ompriae  a  sufficient  value  in  a 
small  compass  and  wei^t  to  be  a  convenient  roe» 
dium. 

Many  species  of  precious  stones  comprise  a  greater 
value  in  the.  same  bulk  and  weight  than  either  g(kd 
or  silver,  but  their  value  cannot  be  so  precisely  estt^ 
mated,  nor  are  they  found  in  sufficient  quantities* 
Platina  would  be  as  convenient  a  medium  as  either 
gold  or  silver,  provided  it  should  continue  to  retain 
its  present  value ;  but.it  has'  not  as  yet  been  pro- 
duced in  sufficient  abundance.  It  is  one  essential 
quality  of  a  circulating  medium,  that  it  should  have 
an  intrinsic  marketable  value.  Gold  and  silver  for 
instance,  besides  ai^swering  as  a  medium,  have  as 
positive  a  market  value  as  iron,  tin,  leather,  or  corn% 
This  value  is  derived  from  their  utility  in  Uie  useful 
and  ornamental  arts ;  and  it  may  be  more  precisely 
ascertained  than  the  value  of  most  other  articles^ 
since  an  agre^nent  for  a  certain  number  of  beaver 
skins,  a  certain  quantity  of  tobacco^  and  still  mom 
for  a  certain  number  of  cattle,  admits  of  some:  doubt 
and  dispute  as  to  the  quality ;  but  an  agreeipcntibr 
a  certain  weight  of  gold,  of  given  fineness,  admits  of 
no  dispute ;  it  can  be  reduced  to  the  utmost  cer-« 
tamty.  Bat  we  see  other  kinds  of  currency,  which 
apparently  answer  the  purpose  of  a  circulating  me<< 
dium,  and  which  have  verj^  little  value.  A  small 
piece  of  papery  not  worth  mtrinsicidly  one  penny, 
passes  for  many  thousand  podnds;  anidtbis  sometimes 
leads  people  into  the  mistaken  notion  that  intrinsic 
value  is  not  an  essential  quality  in  the  public  cur«^ 
rency.  But  we  must  look  at  what  is  printed  or 
written  on  this  paper,  to  learn  why  it  passes  for  cur* 
rency.  It  bears  a  promise  that  the.  holder  shall  b« 
entitled  to  a  certain  number  of.pounds ;  of  course,  m 
certain  quantity  of  gold  and  silver  of  a  certain  fine4 
Bess.  If  this  promise  is  valid,  and  will  be  kept^ 
then  the  real  medium  is  gold  aiid  iilver,  though,  this 
gold  and  silver  may  be  locked  up  in  a  bank*^  But  it 
may  be  said»  that  there  ie  not,,  in  the  baaksr  where 
bank  paper  circulates,  and  perhaps  not. in  tiie  com.' 
munity,  more  than  ^  one  pound  in  silver  or  goklfo^ 
four  pounds  promised  in  the  paper  in  ciiieulatiom 
How  than  can  four  pounds  of  paper  be  redeemed  by 
one  otsUyer?    Th^isvtry  easy^   One  holder  Jof^i^ 
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pap^  pomul  deminds  the  silver  at  the  bank,  and 
pastfs  it  off,  or  keeps  it  in  hia  porae.  Now  if  the 
bank  can  induce  this  person,  or  the  one  to  whom  he 
passes  the  pound,  to  let  them  have  it  again,  that  is, 
to  loan  It  to  them,  or  to  take  something,  in  exchange 
for  it,  they  can  then,  with  the  same  silver  pound,  re- 
deem the  second  paper  one,  and  so  on.  Thus  a  bank 
that  has  capital  and  a  good  credit,  will  be  always 
able  to  reclaim  and  use  the  same  specie  successively 
to  redeem  its  paper,  and  if  it  be  skilfuUy  conducted, 
it  will  always  be  able  to  command  it  as  fast  as  its 
bills  can  be  collected  and  presented  for  payment.  A 
<20iQmunity,  therefore,  which  only  uses  specie'  and 
redeemable  paper  as  currency,  has,  to  all  practical 
purposes,  a  specie  medium.  The  p*per  is,  in  short, 
so  much  specie  for  all  practical  purposes,  for  it  will 
command  gold  and  silver.  Here  Uien  is  evidently 
an  advantage  gained ;  for  if  a  bank,  by  putting  one 
pound  in  its  vaults,  can  loan  out  lour  pounds  on 
mterest,  it  makes  a  great  income  on  its  capital, 
while  the  community  loses  nothing,  but  guns  ra- 
ther ;  for  this  paper  b  much  more  convenient  for 
transportation*  and  equally  convenient  in  all  other 
respects. 

It  is  a  great  object  in  every  community  to  gain 
this  advantage,  arising  from  multiplication  of  money. 
Individuals,  if  not  prohibited  by  the  laws,  will  soon 
issue  their  paper  money,  and  many  of  them  make 
promises  of  paying  pounds  which  they  cannot  fulfil, 
and  Uius  the  public  be  defrauded.  On  the  other 
hand,  the  government  often  makes  the  bubble  by  the 
issue  of  paper  money,  or  promises  of  payment  never 
to  be  fulfilled. 

There  has  rarely,  if  ever,  been  an  instance  of  a 
government  is»iing  paper  money,  and  redeeming  it 
punctually,  and  to  its  full  nominal  amount.  Iimu- 
merable  issues  of  this  sort  of  circulating  medium 
were  made  by  the  American  colo^es  before  the  esta- 
blishment of  the  independence  of  the  United  States ; 
and  during  die  war  of  independence,  the  country  was 
inundated  widk  what  was  called  eoutinaUal  moaey, 
which  was  never  redeemed. 

Russia  and  Austria  have  this  species  of  currency 
m  circulation,  always  depreciated,  as  is  usual  with 
such  money.  Formerly,  the  sovereigns  of  Europe 
had  a  practice  of  debasing  the  current  coin,  when 
they  wished  to  levy  a  tax  in  disguise,  so  as  to  make 
the  copper  widi  which  they  alloyed  the  silver,  pass 
as  of  die  value  of  silver.  But  in  modem  times,  in- 
stead of  debasing  the  coin,  the  usual  resort  is  to  a 
government  bank  or  to  government  paper. 
.  ■  Gofeniment  paper,  issued  as  the  ordinary^  cur- 
rency, usually  proves  to  be  a  bubble.  And  it  may 
be  taken  far  a  general  rule,  that  no  currency  is  safe 
vdiich  is  not  of  an  intrinsic  value,  or  is  not  based 
upon  capital  saowdly  pledged  to  its  redemption, 
liie  question  then  recurs,  why  the  government  may 
not  pledge  a  oerftain  amount  of  capital  for  the  re- 
demption of  its  paper.  The  nason  is,  that  tSiis  ca- 
pital must  be  managed,  and  a  vast  drai  of  skill  and 
economy  is  requisite  in  managing  a  redeemable  pa- 
per cun^eocy ;  and  of  all  managers,  the  agents  of  a 
government  are  the  least  thrifty  and  eoonomicaL 
Besides,  the  govemm/ent  wiU  ruin  the  credit  of  its 
own  paper  by  excessive  issnea  m  its  exigencies  in 
times  of  war,  when  the  effects  of  a  destruction  of  its 
credit  ace  the  most  disastsona.  The  government, 
therefore,  ought  never  to  trust  itself  to  be  a  banker, 
i>r  to.  issue  papec  mo|iey,  except  in  desperate  eir- 


oumstanees  or  pressing  exigences;  >prlien  flio  oAer 
measure  can  be  resorted  to,  and  when  what  wotild 
otherwise  be  wrong  and  dishonest,  is  excused  for  the 
sake  of  preventing  (lie  greatest  national  calamitiei. 
If,  then,  neither  &t  government  nor  individuale  can 
safely  supply  a  droilating  medium  of  promises, 
what  system  can  be  safely  adopted,  which  shall 
aflbrd  all  the  advantages  of  a  multipHcation,  in  effect, 
of  the  medium  of  intrinsic  vidue,  namely,  the  gold 
and  silver  ?  Undoubtedly  the  system  of  bank  circa- 
lation,  whereby  a  certain  capital  is  sacredly  pledged 
to  the  redemption  of  the  promises  of  payment  of 
money  made  in  the  circuU^g  bills.  A  well  con-^ 
trived,  skilfully  conducted  system  of  banking,  con* 
nected  with  one  of  circulation,  is  one  of  the  greatest 
triumphs  of  national  economy.  The  interest,  as 
well  as  the  reputation  of  individuals,  is  thus  pledged 
in  support  of  the  system,  and  in  fhrtiierance  of  the 
general  industry  and  prosperib^.  But  shall  indivi- 
duals reap  all  tke  advantages  ot  the  practical  multi- 
plication of  capital  in  consequence  of  supplying  a 
currency  based  upon,  but  not  consisting  exclusively 
of  specie  ?  By  no  means.  Tlie  government  may  in* 
directly  reap  greater  advantages  fhmi  this  system 
than  they  possibly  can  firom  an  attempt  at  beeoming 
themselves  bankers  for  the  community,  by  fiharing 
the  profits  with  those  who  actually  conduct  ^e  bu- 
siness. It  b  one  of  the  proper  and  most  important 
functions  of  the  government  to  regulate  the  enr'^ 
rency.  It  is  bound  to  interfere,  with  proper  restric- 
tions, fbr  preventing  the  frauds  and  bubbles  to  which 
individual  enterprise  and  speculation  inevitably  lead 
if  let  loose  in  the  career  of  credit ;  and  it  has  a  profit 
in  so  doing,  by  reaping  some  of  the  advantages  of  a 
bank  circulation,  and  Ums  gaining  an  income  with- 
out in  fact  levying  a  tax.  As  long  as  the  govern- 
ment does  not  bear  oppressively  upon  this  species 
of  monopoly,  by  attempting  to  levy  an  excessive  tax 
for  the  privilege,  and  thus  discoungnig  it,  a  liberal 
income  may  be  derived  firom  the  sulratitution  of  pro- 
mises on  {mper,  for  the  ordinary  purposes  of  circu- 
lation and  exchange,  and  at  Uie  same  time,  such 
guarantees  may  be  provided  as  to  prevent  abuse  and 
fraud,  and  render  this  currency  as  safe  as  that  of 
specie.  We  have  hitherto  spoken  of  the  subject  ge- 
nerally under  Monbt  ;  we  purpose  especially  examin- 
ing our  own  medium  of  circulation. 

CiRcuuLTioiT  or  THB  Blood.  See  Ah atomt  and 
Hbart. 

CiRCUMVALLATON,    OT    LllTE    OF    CiRCUMVALLA- 

TiON,  in  military  affiurs,  implies  a  fortification  of 
earth,  consuting  of  a  parapet  and  trench,  made 
round  the  tovm  intended  to  be  besieged,  when  any 
molestation  is  apprehended  from  parties  of  the  enemy 
which  may  march  to  relieve  die  place. 

CiTADBL,  or  CiTTAnBL  (a  diminutive  of  the  Italian 
cUth,  city;  signifying  Utile  et(y),  in  fortification;  a 
kind  of  fort,  consisting  of  four,  five,  or  six  sidesy 
with  bastions,  commonly  joined  to  towns,  and  some- 
times erected  on  commanding  emsnences  within 
them.  It  is  distinguished  from  a  castle  by  having 
bastions. 

An  example  of  the  military  importance  of  a  scien-' 
tifically  erected  citadel  has  lately  been  adduced  in 
the  protracted  resistance  made  by  General  Chass^  ^ 
the  works,  of  Antwerp ;  an  account  of  whidi  will  b# 
found  in  the  Sbcond  DrviaioN  of  oar  work,  undflv 
that  article^  We  now  give  an  example  oi  one  of  the 
strongest  citadels  in  the  wc«ld*-we  mean  that  whidli 


CITIES. 
ftnAwt*  the  hathOttt  (u>4  iSty  of  U  VaJette,  b  Marlydoobla  that  in  th«  other.  The  svcnin  n  1  In 
Halts.  It  was  planned  by  &t  knights,  dariog  their  33.  The  number  of  vtarent  deaths  in  1838  was  ««)■ 
powerful  military  away  m  that  bland ;  and,  if  pro-  of  which  3B0  were  cases  of  anicide.  Rc'iewiiiff  on 
perty  defended,  may  be  awd  to  bid  defiaace  to  as;  one  aide,  the  great  political,  mnral.  and  ph^ical 
attackins  force.  aventa  which  have  occarred  at  Paris  during  a  sacoea- 

aion  of  years,  and,  on  the  other,  the  progreaa  of  ita. 
population,  Viilenne  haa  ascertained,  that  whenever 
the  people  have  suffered  from  any  cause,  the  deaths 
have  cori«^X)nding]y  increased,  the  births  have  de- 
creased, and  the  mean  duration  of  life  haa  been 
shortened.  In  period*  of  prosperity,  he  has  ftnmd 
resales  directly  opposite  to  these.  lie  mean  dnra- 
tion  of  life  in  Paris  is  38  years  and  some  months 
It  was  formerly  estimated  tbat  one-third  of  the  in- 
habitants  of  Paris  died  in  the  hospitals ;  bnt  Dupin 
has  lately  calcnlated  that  half  the  deaths  in  Pahs 
take  place  ia  the  hospitals  and  other  aaylnms  of 
chanty.  Not  a  fourth  part  of  the  inhabitaata  an  - 
buried  at  private  cost. 
In  Gmmi,  the  average  mortality  (brtfae  four  yeaia 
CiTlia,  MMeol  Slatutia  of.  It  is  well  known  [ending  in  18S3,  was  1  in  43,  whichia  a  greKtcriDor- 
thht.  in  any  given  country,  the  deaths  in  a  city  are '  tality  than  in  aome  of  the  largest  manuflwtnriag  ' 
more  Dumerous  than  those  in  the  rural  districts.  This !  towns,  as  MancheatM  and  Bimingham. 
difference  is  principally  felt  in  the  first  five  years  of  I  ''  >*  curioas  that  the  burials  eicsed  the  birOa  ia 
life,  when  rnany  more  die^  London  than  in  thei^he  Eaasian  capital,  by  134  to  100.  The  Rosaians 
CDuntry.  From  5  years  of  age  to  20,  the  deaths  in  ■ttempt  to  explain  this  by  the  anaaal  influx  of  per- 
London  are  fewer.  Between  20  and  GO,  many  more  ''out  from  the  proviDces,  But  this  influx  is  not  peta- 
liar  to  St  Peteiabarg.  The  hut-mentioned  city  aod 
Stookhirira  an  the  only  known  metropolitan  citisa 
which  present  the  preponderance  of  de^  ow  pro* 
dnctioa.  The  aanaatinonaUty  of  the  Rnasian  capital 


in  London,  on  account  of  the  lar «  annnal  influx 
Aam  the  country.  In  all  cities,  a  large  portion  of 
disease  and  death  is  to  be  assigned  to  the  constant 
ibportaboa  from  the  country  of  individuals  who  have 
attained  to  maturity,  hut  having  been  previously 
hahitnated  to  frequent  exercise  in  a  free  atmosphere 
■nd  to  a  simple,  regular  diet,  are  gradually  sacrificed 
tb  confined  ait,  sedentary  habits,  or  k  capricious  and 
ora'-stitnuIatiDg  diet.  These  causes  are  not  equally 
/atal  to  those  who  have  passed  their  early  years 
within  the  walls  of  a  city ;  and  after  the  age  of  SO 
the  proportion  of  deaths  m  Liondon  is  smaller  than 
m  the  country.  Jenner  and  Dr.  Baron  have  made 
■ome  curious  experiments  on  animals,  which  indicate 
that  a  loss  of  their  open  range  and  natural  nourish. 
Btent  has  with  them  also  a  tendency  to  disoi^ianiic 
and  to  destroy. 

Dr.  Baron  placed  a  family  of  young  rabbits  in  a 
cou&oed  situation,  and  fed  them  with  coarse  green 
fcod,  sudi  as  cabbage  and  gross.  They  were  perfectly 
beahfay  when  put  up.  In  about  a  month  one  of  them 
died.  The  primary  step  of  disorganization  was 
evinced  in  a  number  of  traoaparent  vesicles  studded 
over  the  external  surfiice  of  its  liver.  In  another, 
which  died  nine  days  after,  the  disease  had  advanced 
to  the  formation  of  tubercles  on  the  liver.  The  liver 
of  a  third,  which  died  four  days  later  still,  had  nearly 
kat  its  tme  structure,  so  universally  was  it  pervaded 
trith  tubercles.  Two  days  subsequently  a  fourth 
fied.  A  considerable  number  of  hydatids  were 
attached  to  the  tower  surface  of  (he  liver.  At  this 
time  Dr.  Baron  removed  three  ^oung  rabUts  from 
the  place  whe/e  their  corapaDtona  had  died  to  another 
ntnation,  dry  and  clean,  and  to  th«r  proper  and 
■ceostomed  food.  The  lives  of  these  remaining  three 
were  obviously  saved  by  this  change.  He  obtained 
sltnilar  results  from  eiperimeuts  of  the  umt  oattire 
performed  on  other  animals.  « 

In  GtotjinB  the  average  annual  mMtatlity  is  abont 
1  in  44  pertMms. 

In  Pari*  the  poor  and  the  rich  occupy  the  two 
-"-"-^is  of  the  scale.     The  otortality  ia  the  one  is 


ng7, 

BtrlU.  Frota  1747  to  17GS,  the  anmal  nortahty 
of  fierlia  was  1  in  28.  Between  1756  and  1799,  tt 
improved  to  I  in  39^.  Here  the  beneficial  change 
was  retarded  by  the  ravages,  the  losses,  the  disap-  ' 
poutmeMa  of  war,  and,  from  1802  to  1806,  it  had 
retrograded  to  1  in  27 ;  but  from  1816  to  1833,  a  pe- 
riod al  exultation  and  tranquillity  to  the  PmssiaaB, 
the  valoe  of  life  took  a  remarkable  leap,  aod  tlie  an- 
nual deaths  fell  to  less  than  I  in  34. 

ykma.  In  the  middle  of  &e  last  century,  the 
mortality  of  Vienna  was  1  in  20,  and  it  has  not  ha- 
proved  in  proportion  as  Other  cities  of  Europe.  Ae> 
cording  to  the  most  recent  e^culBtion*,  it  is,  erta 
now,  as  1  in  23}.  Among  10,S30  deaths,  scarosly 
38  persons  are  found  to  have  attained  the  age  of  90. 
The  spirit  of  excessive  regulation,  the  dread  of  no- 
velty, the  restrictiouB  imposed  on  the  medical  profea- 
sion,  and  political  canaes  which  need  not  be  enume- 
rated, appear  to  have  retarded  the  natural  pn^ress 
of  this  city.  The  overweening  paternity  of  Ae  go- 
venmient  mterEsres  with  the  trivial  cOncerHs  of  Uie 
[;itiieDs,  in  the  same  mannn  in  which  an  arbitrary 
tnd  untaiq^  father  sometimes  restrains  the  uaefiii 
impnlses  &[  his  children,  while  he  permits  an  easy 
vent  to  their  baser  propensities. 

PragMt,  the  capital  of  Bohemia  has  only  oae-third 
the  population  ot  Vienna,  and  is  moch  heakhier. 
The  superior  longevity  of  the  Jews  is  strongly  narked 
in  this  city.  One  de«di  is  annually  obaer^  among 
26  of  the  Israelites,  and  I  in  22i  among  the  Chris- 
tians. Instances  (rf  considerable  longevity,  especially 
en,  are  not  rare.  Contrary  to  the 
usual  observation,  longevity  is  confined  to  poverty 
'led  life.  According  to  an  average  of  several 
years,  no  nobleman,  no  wealthy  perstm,  no  bachelor, 
and  lui  unmarried  woman,  has  passed  the  age  of  95. 
This  is  aa  intereating  bet,  but  it  is  an  extreme  a^ 
U  2 
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an  iitfulated  one/  ftnd  doea  not  militate  against  ^e 
general  conservative  tendency  of  prosperity,  which  a 
variety  of  evidence  seems  to  establish* 

Palermo,  Mortality  is  here  1  in  31.  January, 
October,  and  November,  are  the  most  fatal  months ; 
April,  May,  and  June,  the  most  healthy. 

Leghorn.  The  average  annual  mortality  here  is  1 
in  36.  Among  the  Protestants  and  Jews,  it  is  only 
1  in  48,  which  is  attributed  to  their  greater  af&uence. 

Rome.  From  a  recently  discovered  fragment  of 
Cicero  {De  RepubUca),  an  intimation  is  conveyed  that 
the  neighbourhood  of  Rome  has  been  always  im- 
healthy.  Speaking  of  the  choice  of  situation  made 
by  Romulus,  he  observes — locum  deUgit  in  regione 
pettileuie  ealubrem.  The  population  appears  to  have 
been  gradually  decreasing  till  the  last  peace,  which 
has  greatly  revived  it.  In  1800,  there  were  150,000 
souls;  in  1810,  only  123,000.  Within  a  few  years, 
it  has  gained  10,000.  The  annual  mortality  is  about 
1  in  25.  Tkore  can  be  little  doubt  that  the  force  of 
the  aguish  disposition  of  Rome  might  be  considerably 
weakened  by  steady  and  well-directed  efforts,  sup- 
ported by  a  proportionate  capital;  but  it  is  to  be 
feared  tbiit  such  a  combination  of  circumstances  will 
not  readily  meet  at  Rome.  In  1816,  17  out  of  the 
22  French  students  were  attacked  with  intermittent 
fevers.  The  ViUa  Medici,  in  which  they  reside,  was 
formerly  healthy ;  but  water,  brought  at  a  great  ex- 
pense, to  embellish  the  garden,  had  been  suffered  to 
stagnate  there. 

NtmUs.  The  annual  mortality  here  is  I  in  23 ;  a 
fact  that  one  would  not  have  expected  in  such  a  de- 
lightful situation;  compar^  witli  pestilential  Rome, 
idiere  the  mortality  is  less.  The  population  of  Na- 
ples is  nearly  three  times  that  of  the  ancient  mistress 
of  the  world* 

Bruetelt.  The  average  mortality  is  very  great, 
being  1  in  26«  . 

.  Amsterdam.  The  population  of  this  once  great  city 
is- decreased,  in  consequence  of  declining  commerce 
and  political  changes.  And  it  is  not  a  little  curious, 
as  vi^ell  as  melancholy,  to  observe  that  its  mortality 
has  increased  with  the  progress  of  decay.  In  1777, 
the  ratio  of  mortality  was  1  in  27 — a  period  when 
Amsterdam  was  one  of  the  healthiest  as  well  as  one 
of  ^e  most  flourishing  cities  of  Europe.  The  deaths 
have  now  increased  to  I  in  24,  and  Amsterdam  is  one 
of  tile  least  healthy  as  well  as  least  prosperous  sea- 
ports of  Europe.  A  decree  was  some  time  back  issued, 
that  after  the  1st  of  January,  1829>  no  burials  shsdl 
be  permitted  in  towns  or  churches  throughout  North 
Holland. 

'  Stockholm.  Drunkenness  appears  here>  as  at  Ber- 
lin, to  produce  a  large  share  of  the  mortality.  In  a 
recent  year,  this  city  exhibited  a  smgular  instance  of 
an  excess  of  1439  more  deaths  than  births— r-a  symp- 
tom which  it  is  painful  to  observe  in  a  brave  and  in- 
dustrious people.  This  disproportion. existed  parti- 
cularly amongst  the  garrison,  and  is  ascribed  to  the 
•lii  moderate  use  of  brandy. 

<  Hie  Editor  of  the  present  work  fully  coincides  in 
the  opinion  here  expressed  by  the  intelligent  writer 
of  this  article.  Spirituous  liquors  have  been  the 
fmitful  source  of  bodily,  as  well  as  moral  disease  in 
every  country  in  which  the  government  has  so  far 
forgot  its  duty,  as  to  pander  to  the  vices  of  the  people, 
for  the  mercenary  consideration  of  a  slight  increase 
of  revenue.  In  America,  where  this  degrading  vice 
Was  once  eo  prevalent,  spirituoxis  liquors  are  now  but 


Uttl^  seen^  and  in  their,  navy,  «  service  whidi  ynj^ 
formerly  considered  as  the  very  "  hot-bed  of  drunk- 
enness," the  habitual  use  of  spirits  is  rapidly  passins 
away*  Qur  trans-atlan^ic  bretnren  have  accomplished 
this  moral  wonder  mainly  by  the  aid  of  temperance 
societies,  and  we  shall  certainly,  under  that  head, 
point  out  the  mechanism  of  those  useful  instit<l- 
tions. 

The  medi^  police  of  large  cities  deserves  parti- 
cular attention,  because  the  health  of  multitudes  de- 
pends upon  the  care  which  is  taken  by  the  magistrates 
to  remove  the  causes  of  disease  which  originate  in  a 
great  population.  Knowledge  of  this  branch  of  me- 
dical science  can  be  obtained  only  by  attentive  obser- 
vation, and  the  jstudy  of  the  different  health-regula- 
tions of  large  cities  under  governments  which  have 
paid  particular  attention  to  it.    See  Climate.  -^  " 

Citric  Acid.     This  acid  exists .  in  variable  pro- 
portions   in  the   lemon,  orange,  and  the  red  acid 
fruits!    This  acid  is  white,  crj^stallizes  in  rhomboidal 
prisms/  unalterable  in  the  air,  inodorous,  of  a  very 
acid  taste.     Specific  gravity,   1.034     According  Ao, 
Messrs.  Gay-Lussac  and  Th^nard,  it  is  composed  of, 
carbon,  33.81,  oxygen,  59«859»  and  hydrogen,  6.330. 
Heated,  it  is  decomposed,  and  is  partly  changed  into, 
a  new  acid,  called  pyro-eiiric.    It  is  very  soluble'  in 
boiling  water,  and  in  three-fourths  of  its  weight  of 
cold  water.    Alcohol  dissolves  a  smaller  proportion^ 
The  aqueous  solution,  concentrated  in  a  small  .degree, 
is  easily  altered  on  exposure  to  the  air.    It  is  ob- 
tained by  saturating  the  lemon -juice  with  pulverized, 
chalk,  and  treating  the  insoluble  citrate  which  ift^ 
formed,  by  diluted  sulphuric  acid.    It  is  employed 
instead  of  lemon- juice  for  making  lemonade,  and  i)L 
acts  then  like  the  other  refrigerant  medicines.    In. 
large  doses,  and  concentrated,  it  might  produce  ssr 
rious  accidents,  on  account  of  its  caustic  action. 

Claret.    See  Wines. 

Claricuord,  or  Clavichord  ;  a  keyed  instru- 
ment, now  out  of  use,  somewhat  in  the  form  of  a 
spinet,  and  the  strings  of  which  are  supported  by 
five  bridges.  One  distinction  in  the  clarichord  isr 
that  the  strings  are  covered  with  pieces  of  cloth*, 
which  render  the  sound  sweeter,  and  at  the  same 
time  deaden  it  so  as  to  prevent  its  being  heard  al 
any  considerable  distance.  On  this  account,  it  was, 
formerly  much  used  by  the  nuns,  who  could  practise 
on  it  without  disturbing  the  dormitory.  It  is  some- 
times called  the  dumb,  spinet. 

Clarification,  or  the  separation  of  the  insoluble 
particles  that  prevent  a  liquid  from  being  transparent^ 
may  be  performed  by  depuration,  filtration,  or  coagu^ 
latum.  In  the  first  of  these  operations,  the  liquid  is 
permitted  to  subside,  without  being  in  the  least  dls-, 
turbed,  until  all  tho  particles  which  were  in  suspen-, 
sion  are  precipitated ;  it  is  then  decanted.  This 
mode  of  clarification  can  only  be  used  when  ^^  ?^^ 
stance  on  which  we  operate  is  in  a  large  quantity,  or 
is  of  a  nature  not  to  be  altered  during  the  time  ne-; 
cessary  to  complete  this  operation,  and  finally  when 
its  specific  gravity  is  less  than  that  ot'  the  particles 
which  render  it  turbid.  Filtration  is  a  process  by, 
which  a  liquid  is  strained  through,  a  body,  the  inter- 
stices of  which  are  small  enough  to  stop  the  solid 
particles  contained  in  it.  Filters  of  wool,  UneOj, 
paper,  powdered  glass,  sand,  or  charcoal,  may  be 
used,  according  as  the  liquid  is  more  or  less  dense, 
or  of  a  nature  to  operate  upon  any  one  of  these  bo- 
dies..   Finall,yi  clarification  by  coagulation  is  per-. 


CLARINE 

Ibignief  witH  the^aatistance  of  albumen  contained  In 
^^' liquid,  or  some  U  added  to  it  for  this  purpose, 
Vbicb,  by  the  action  of  caloric,  of  acids,  &c.  becomes 
•olid*  forms'  a  mass,  and  precipitates  the  ettraneous 
•nbstances.  The  white  or  eggs  is  generally  used  for 
fhis  purpose. 

Clabinet.  a  wind-instrument  of  the  reed  kind, 
the  scale  of  which,  though  it  includes  every  semitone 
.within  its  extremes,  is  virtually  defective.  Its  lowest 
note  is  £  below  the  F  cliff,  from  which  it  is  capable, 
in  the  hands  of  good  performers,  of  ascending  more 
than  three  octaves.  Its  powers,  through  this  com- 
pass, are  not  every  where  equal ;  the  player,  there- 
fore«  has  not  a  free  choice  in  his  k^ys,  being  generally 
confined  to  those  of  C  and  F,  T^hich  indeed  are  the 
only  keys  in  which  the  clarinet  is  heard  to  advantage. 
The  music  for  this  instrument  is  therefore  usually 
written  in  those  keys.  There  are,  however,  B  flat 
idarinets,  A  clarinets,  D  clarinets^  B  clarinets,  and  G 
clarinets :  the  three  latter  are  scarcely  ever  used  in 
England. 

Ulavichobd.     See  Clarichoro. 

CuiviciMBAmH  ;  the  name  originally  given  to  the 
Jiarpsichord. 

Clay  is  a  mixture  of  decomposed  minerals,  and 
hence  it  is  by  no  means  uniform  in  its  composition. 
Several  varieties  soften  in  water,  and  allow  them- 
selves to  be  kneaded  and  formed  into  moulds — a 
property  by  which  they  are  fitted  for  the  use  so  com- 
monly made  of  them.  Some  are  easily  fusible,  others 
refractory ;  some  acquire  particular  tints,  others  lose 
th^  colour  and  become  white  when  exposed  to  a 
Arong  heat;  upon  all  of  which  properties  their  ap- 
pficabiCty  depends.  They  occur  in  beds  near  the 
forface  of  the  earth,  or  covered  by  the  soil,  in  the 
fbrmations  of  brown  and  black  coal.  In  the  latter 
utoation  they  oflen  contain  the  remains  of  vegeta- 
bles, and  are  called  slate  clay,  which  is  intimately 
related  to  hituminous  shale  and  alum- earth. 

Alnmine  is  the  basis  of  all  clays,  and  imparts  to 
&em  their  predominating  characters.  It  is  mixed 
with  very  variable  proportions  of  silex,  magnesia, 
lime,  and  oxide  of  iron.  The  varieties  of  clay  are 
of  various  important  applications  in  pottery,  in  ma- 
hofacturing  stone- ware  and  porcelain,  in  construct- 
mg  furnaces  for  metallurgic  operations,  &c. — Some 
of  the  principal  varieties  are  indurated  clay;  or  clay 
itone,  which  is  clay  in  its  highest  state  of  induration. 
It  is  sofl,  but  not  easily  diffused  in  water,  and  does 
not  form  with  it  a  ductile  paste. 

Porcelain  clay,  so  named  from  the  use  to  which  it 
is*  applied,  is  white,  with  occasional  shades  of  yellow 
and  jpray.  It  is  dull  and  opaque ;  feels  soft;  in 
water  it  falls  to  powder,  and  when  kneaded.  It  forms 
a  ductile  paste.  It  is  in  general  infusible  by  any 
heat  that  can  be  raised.  It  consists  essentially  of 
silex  and  alumine;  that  of  Cornwall  contains  60 
parts  of  alumine  with  20  of  silex. 

Potter's  clay  and  pipe  clay  are  similar,  but  less 
pnre,  generally  of  a  yellowish  or  grayish  colour,  from 
the  presence  of  iron. — Loam  is  the  same  substance 
mixed  with  sand.  Oxide  of  iron,  and  various  other 
foreign  ingredients. — ^The  boles,  which  are  of  a  red  or 
yellow  colour,  are  of  a  similar  composition,  and  ap- 
pear to  owe  their  colours  to  Oxide  ot  iron.  They  are 
distinguished  by  their  conchoidal  fracture. —The 
ochres  are  similar  to  the  boles,  containing  only  more 
oxide  of  iron. 

Fuller's'  earth  Has  an  -earthv  fracture,  soractimcs 
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slaty,  is  dull  and  opaque.  In  water  it  fklls  to  pow- 
der, without  forming  a  ductile  paste.  It  is  used  to 
remove  grease  from  cloth. 

TVipoli  is  found  loose  or  indurated ;  its  fracture  U 
earthy ;  it  feels  harsh  and  dry ;  does  hot  adhere  to 
the  tongue.  It  is  used  for  polishing  the  metals  and 
glass.  The  clays  are  too  generally  distributed  to  re* 
quire  the  enumeration  of  their  localities. 

Clepstdra  ;  an  instrument  used  in  the  measure-* 
ment  of  time.    In  the  earliest  water-clocks,  the  indi- 
cation of  time  was  effected  by  marks  corresponding 
to  either  the  diminution  of  the  fluid  in  the  contain-* 
ing  vessel,  during  the  time  of  emptying,  or  to  the  in- 
crease of  the  fluid  in  the  receiving  vessel  during  itsr 
time  of  filling ;  but  it  was  soon  found  that  the  escape 
of  the  water  was  much    more   rapid   out  of  the 
containing  vessel  when   it  was  full,  than  when  it 
was  nearly  empty,  owing  to  the  difference  m  the 
pressure  at  different  heights  from  the  surface.    This 
irregularity  in  the  dropping,  ptesented  an  obstacle 
which  required  much  ingenuity  to  correct.   Ctesibius 
of  Alexandria,  who  flourished  more  than  two  hun* 
dred  years  prior  to  the  Christian  era,  spent  much' 
time  m  devising  various  contrivances  for  perfecting 
the  instrument.     One  serious  objection  to  its  practi- 
cal application  at  that  period  arose  from  the  daily 
inequality  of  the  Egyptian  hours.    As  one- twelfth' 
part  of  the  time  that  passed  from  sun-setting  to  sun- 
rise was  called  an  hour  of  the  night,  not  onJy  did  the 
hours  of  day  differ  from  the  hours  of  night,  but  fh)m  * 
one  another,  at  all  times,  except  at  the  vernal  and' 
autumnal  equinoxes;  hence,  it  became  necessary,* 
either  to  make  the  water  fail  irregularly  into  a  re- 
ceiving vessel,  with  equi-distant  hour-marks,  or  to 
have  varying  hour-marks  for  a  regular  efllux;  the' 
first  of  these  methods  wa^  thus  effected.    A  conical 
hollow  vessel  was  inverted,  or  placed  like  a  funnel  in 
a  frame,  there  being  a  very  small  aperture  at  the 
apex  of  the  cone,  and  another  solid  cone,  every  way ' 
similar  as  to  dimensions,    was  plunged  into  the 
hollow  one,  when  filled  with  water  to  a  greater  or 
smaller  depth,  accordingly  as  the  efflux  was  wanted 
to  be  more  or  less  rapid,  and  then  adjusting  marks, 
corresponding  to  every  day  and  night  in  the  year, 
were  put  on  a  long  stem,  inserted  in  the  broad  end 
of  the  solid  cone,  and  kept  in  its  position  by  tiie ' 
fVame,  to  show  how  much  the  inner  cone  was  to  be 
depressed  or  elevated,  to  accelerate  or  retard  the 
issue  of  the  fluid  for  the  corresponding  time.    A 
waste  pipe,  connected  with  the  top  of  the  conical 
vessel,  carried  off  the  superfluous  water ;  hence  the 
constant  influx  of  water  preserved  an  unvarying 
height  at  the  surface  from  the  aperture,  which  aper- 
ture was  varied  at  pleasure,  by  the  elevation  or  de- 
pression of  the  inner  cone  ;  if  now  we  suppose  the 
subjacent  vessel  to  be  a  cube,  cylinder,  or  any  other 
regular  figure,  and  equidistant  hour-marks  to  be 
properly  made  on  its  side,  the  surface  of  the  water, 
or  an  index  borne  by  it  on  a  piece  of  cork,  would, 
as  it  rose,  indicate  the  hours  corresponding  to  those 
marks. 

As  an  improvement,  or  rather  appendage  to  this 
construction  of  the  clepsydra,  a  bar,  with  rackwork 
at  the  upper  end,  was  made  to  float  on  the  surface* 
of  the  lower  vessel,  so  that  as  it  rose  in  the  vessel 
the  bar  turned  a  small  wheel,  fixed  to  the  upper 
part  of  the  frame  by  a  cock,  on  the  arbor  of  which 
wheel  a  hand  was  put,  which  revolved,  ard  indicate<l' 
the  ho\ir»  on  a  fixed  dial-plate.  * 
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We  mvy  now  tuia  to-a  more 
•icnple  fcfm  of  the  cltpiy<lrB. 
Its  uTangnaent  is  shown  in  tha 

It  coDsiBts  of  a  cylinder  of 
glaM  famuhed  with  a  float,  a, 
Wpporting  a  Byphon,  b.  If  we 
■nppoae  tiie  water  gradnally 
diauiargwi  from  a  small  stop- 
cock at  the  end  of  the  syphoa, 
the  passagB  of  the  time  wilt  be 
indicated  by  the  deacent  of  the 
float  past  the  graduated  line,  d. 
It  will  be  obvious  that  whatever 
aitaatioQ  the  float  may  be  placed 
in,  the  pretsuTB  of  the  fluid  in 
the  ayphoQ  is  the  same,  and  as 
such  it  will  pass  through  eqttal  distances  in  /qual 
tima.  The  Editor  presented  an  instrument  of  thie  de- 
•cription  to  the  National  Repository,  eorae  years  ago. 

Ct-iFrs,  or  Clevis  ;  certain  indicial  characters 
placed  at  the  beginning  of  the  several  staves 
oomposidon,  to  determine  the  local  nomea  of  the 
notes,  and  the  sonnds  in  the  great  scale  which  they 
are  btended  to  represent.  The  three  clifis  now  in 
use,  \iz.,  the  F,  or  bass  cliff,  the  C,  or  tenor  cliff,  and 
the  G,  or  treble  cliff',  by  the  several  sitnations  given 
them  Ob  the  stave,  flirnish  us  with  the  means  of  ex- 
pressing all  the  notes  within  the  usual  compass  of 
execution,  both  in  vocal  and  instrxunental  muuc, 
withoDt  a  confused  addition  of  leger  lines,  either 
above  or  beneath  the  itave. 

CuM&iB.  The  ancients  denoted  by  this 
spaces  between  the  imaginary  circles,  parallel  to  the 
equator,  drawn  in  snch  a  manner  over  the  surface  of 
the  earUi,  that  the  longest  day  in  each  circle  is  half 
■D  hoar  longer  than  in  the  preceding.  According  to 
thi*  division,  there  were  twenty-fonr  ciimates  from 
the  equator,  where  the  longest  day  is  13  hours,  to 
the  polar  circle,  where  it  is  34  hours.  From  the 
polar  circle,  the  longest  day  iacreases  so  rapidly,  that 
only  one  degree  nearer  the  pole  it  is  a  monUi  long. 
T1i«^rtjufMae*,soGalled,  that  is.  the  regions  extend- 
ing from  the  northern  and  southern  polar  circle*  to 
tke  correspoiMlia^  poles,  some  geographers  have  di' 
vidad  again  into  six  climates.  We  have  teamed  from 
a.  more  accurate  acquaintance  with  different  coun- 
triee.  that  hsat  or  cold  depends  not  merely  on  geo- 
graphical latitude,  but  that  local  causes  also  produce 
great  variations  from  the  general  rule,  by  which  a 
region  lying  near  the  equator  should  always  be 
warmer  than  one  remote  from  it.  Bv  the  word  cH- 
mat«,  therefore,  we  onderatand  the  character  of  the 
weather  peculiar  to  every  country,  as  respects  heat 
and  cold,  humidity  and  dryness,  fertility,  and  the 
alternation  of  the  seasons.  The  nature  of  a  climate 
is  different  according  to  the  different  causes  which 
affect  it,  and  the  observations  hitherto  made  have 
led,  •«  yet,  to  no  definite  result.  In  general,  how- 
ev^,  ge0gr^>hical  latitude  is  the  pcincipal  circum- 
stance to  betaken  into  view  in  considering  the  climate 
of  a  country.  The  highest  degree  of  heat  is  found 
undM  the  equator,  and  the  lowest,  or  the  greatest 
d«gree  of  cold,  under  the  poles.  Tlia  temperature  of 
the  intermediate  regions  is  various,  according  to 
their  position  and  lo^  circumstances. 

Under  the  line,  the  heat  is  not  uniform.  In  the 
^tndy  desots  of  Alrica,  particularlv  on  the  western 
cofst,  also  in  Arabia  and  India,  it  is  excessive.     In 
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the  ioount»iiw)Qs  rcgunif  of  SoDth  Avierica,  im  thf 
contrary,  it  is  very  niodeiate,  Yiie  gyeatwt"  nut  tif 
Africa  IS  astimated  at  70°  of  S^aunnr,  which  a 
very  hot.  The  greatest  degree  of  cold  at  the  poles 
cannot  be  determined,  because  bo  one  has  ever  pene- 
trated to  them.  The  greatest  attitude  of  die  sun  at 
BOMi,  and  the  time  of  its  continuance  above  the  ho- 
rizon, depends  altogether  on  the  latitude.  Without 
regard  to  local  circumstances,  a  country  is  warmer  in 
proportion  as  the  suit's  altitude  is  greater  and  the 
day  longer.  The  elevation  of  any  region  above  the 
surface  of  the  sea  has  likewise  an  important  influence 
on  the  climate.  But  the  nature  of  uie  surface  is  not 
to  be  disregarded.  The  heat  inereasrs  as  the  soil 
becomes  cultivated.  Thus,  for  the  last  thousand 
years,  Germany  has  been  growing  gradually  warmer 
by  the  destruction  of  forests,  the  draining  of  lakes, 
and  the  drying  up  of  bogs  and  marshea.  A  similar 
consequence  of  cultivation  seems  to  be  ^parent  in 
the  cultivated  parts  of  North  America,  particularlv 
in  the  Atlantic  states.  The  mass  of  minerals,  which 
composes  the  highest  layer  of  a  country,  has,  without 
doubt,  an  influence  on  its  temperature.  Barren 
sands  admit  of  a  much  more  Intense  heat  than  loam. 
Meadow  lands  are  not  so  warm  in  summer  as  the 
bare  ground.  The  winds  to  which  a  country  is  most 
exposed  by  its  situation,  have  a  great  influence  on  the 
climate.  If  north  and  east  winds  blow  frequently  in 
any  region,  it  will  be  colder,  the  latitude  being  the 
same,  than  another,  which  is  often  swept  by  milder 
breezes  from  the  south  and  west.  The  influence  of 
the  wind  ou  the  temperature  of  a  country  is  very  ap- 
parent in  re^ona  on  the  sea-coast.  The  difference  in 
the  extremes  of  temperature  ia  least  within  the  tro- 
pics. The  heat,  which  would  be  intolerahte  when 
the  sun  is  in  the  lenith,  is  mitigated  by  the  rainy 
season,  which  then  commences.  When  the  sun  re- 
turns to  the  opposite  half  of  the  torrid  zone,  so  that 
its  rays  become  less  vertical,  the  weather  is  delight- 
ful. Lima  and  Quito,  in  Peru,  have  the  finest  cH- 
mate  of  any  part  of  tLe  earth.  Hie  variations  in 
temperature  are  greater  in  the  temper^e  zones,  and 
increase  as  you  ^proach  the  polar  circles.  Ilia 
heat  of  the  higher  latitudes,  especially  about  S9°  and 
60°,  amounts  in  July  to  75^  or  80°  of  Fahrenheit 
and  is  greater  than  uat  of  countries  10°  nearer  the 
equator.  In  Greenland,  the  heat  in  aummer  is  so 
great  that  it  melts  the  pitch  on  the  vessels.  At  Tot- 
nea,  in  Lapland,  where  the  sun's  rays  &n  a«  ob- 
liquely, at  the  summer  solstice,  as  they  do  in  Germany 
at  the  equinox,  thi  heat  is  sometimes  equal  to  that  of 
the  torrid  zone,  because  the  «un  is  idmoet  alwayi 
above  the  horizon. 

Under  the  poles,  the  cTimate  is  perhapa  the  most 
uniform.  A  greater  degree  of  cold  than  any  we  arc 
accustomed  to,  seems  to  lei^  there  perpetually- 
Even  in  midsummer,  when  the  sun  does  not  go  down 


for  a 


surround  the  poles,  feel  bo  sensible  efCect  f^om  the 
ue  and  feeble  beams  of  the  sun,  and  seem  to  in- 
e  in  magnitude  every  year.  Tbw  is  verr  re- 
markable ;  for  there  is  tha  moat  undoubted  evidence 
that  these  now  deserted  countries  were,  in  former 
ages,  inhabited.  But,  withio  a  few  years,  large 
portions  of  this  continent  (if  we  may  so  call  it)  at 
'"  have  separated,  and  floated  down  to  southcra 
..  This  led  our  government  to  adopt  the  project 
of  penetrating  to  the  north  pole.    Captaina  Rosaand 
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Pkrry  have  ■■Biiiti^tiy  MiilBd  at  fu:  aft  poeftible  intd 
die  arctic  ocean. 

From  the  general  division  ot  America  into  lofty 
mountainous  j>2a/e<n»  and  very  low  plains;  th^  re- 
sults a  contrast  between  two  climates,  which,  al- 
^ugh  of  an  eatrMMly  di^ront  nature,  are  in  almost 
imaiediate  proximity*  Peru,  die  valley  of  Quito,  and 
the  city  of  Mexico^  though  situated  between  the  tro- 
pk»,  owe  to  their  elevation  die  general  temperature 
of  epring.  They  bdiold  the  pmnmo*^  or  mountain 
ridges,  coveted  widi  snow^  whkh  continues  upon 
some  of  the  summits  almost  the  whole  year,  while, 
at  the  distance  of  a  few  leagues,  an  intense  and  often 
sickly  degree  of  heat  suffocates  the  inhabitants  of  the 
ports  of  Vera  Crui  and  of  Guayaquil.  These  two 
gHnMfct<m  produce  each  a  different  svstem  of  vegeta- 
tion. The  flora  of  the  torrid  zone  forms  a  border  to 
dw  fields  and  groves  of  Europe.  Such  a  remarkable 
prosiaitv  as  thb  cannot  £ul  of  frequently  occasion- 
mg  sudden  changes,  by  tiie  displacement  of  these 
two  mannm  of  air,  so  differently  constituted-— a  ge- 
neral inccmvenience  experienced  over  the  whole  of 
America.  Every  where*  however,  this  continent  is 
subject  to  a  lower  degree  of  heat  than  the  same  lati- 
tndtes  in  the  eastern  portion  of  the  earth.  Its  eleva- 
tion alone  explains  this  fact,  as  £ur  as  r^^ards  the 
mountainous  region ;  but  why,  it  may  be  asked,  is 
die  same  thing  true  of  the  low  tracts  of  the  country  ? 
To  this  die  great  observer,  Alexander  Humboldt,  in 
his  TMetmx  de  la  Naiwre,  makes  the  following  repl^ : 
"  The  cQltaiparative  narrowness  of  this  continent ;  its 
doBgation  towards  the  icy  poles ;  the  ocean,  whose 
unbroken  surface  is  swept  by  the  trade  winds ;  the 
currents  of  extremely  cold  water  which  flow  Arom  the 
straits  of  Magellan  to  Peru  i  the  numerous  chains  of 
BMuntains,  sounding  in  the  sources  of  rivers,  and 
whose  summits,  covered  with  snow,  rise  far  above 
die  region  of  the  clouds ;  the  great  number  of  im- 
mense rivers,  that  after  innumerable  curves  always 
tend  to  the  most  distant  shores ;  deserts,  but  not  of 
sand,  and  consequendy  less  susceptible  of  being  im- 
pregnated vridi  heat ;  impenetrable  forests  that  spread 
over  the  plains  of  the  equator,  abounding  in  rivers, 
and  which,  in  duise  parts  of  the  country  that  are 
the  fitftluest  distant  from  mountains,  and  from  the 
ocean,  give  rise  to  enormous  masses  of  water,  which 
are  e^her  attracted  by  them,  or  are  formed  during 
the  act  of  vegetation, — all  these  causes  produce,  in 
the  lower  parts  of  America,  a  climate  which,  from 
its  coohness  and  humidity,  is  singularly  contrasted 
with  that  of  Africa.  To  these  causes  alone  must  we 
ascribe  that  abundant  vegetation,  so  vigorous  and  so 
rich  in  juices,  and  that  thick  and  umbrageous  foliage, 
which  constitute  the  characteristic  features  of  the 
new  continent."  To  these  remarks  Malte-Brun  adds, 
**  Assuming  this  explanation  as  sufficient  for  South 
America  and  Mexico,  we  shall  add,  with  regard  to 
North  America,  that  it  scarcely  extends  any  distance 
mto  the  torrid  sone,  but,  on  the  contrary,  stretchesn 
in  all  praMbility,  very  far  into  the  frigid  zone ;  and« 
vnless  the  revived  hope  of  a  north-west  passage  be 
confirmed,  may  perhws  reach  and  surround  the 
pole  itself.  Accordingly,  the  column  of  frozen  air 
.attadied  to  this  contineirt,  is  no  where  counterba- 
kmeed  by  a  column  of  equatorial  air.  From  thb  re^ 
suits  an  extension  of  the  pol^ur  climate,  to  the  very 
confines  <^  the  tropics ;  and  hence  wmter  and  sum- 
mer struggle  for  the  ascendency,  and  the  seasons 
.fbange  with  astonishing  rapidity.     From  all  this. 


however,  Ne#  Albion  and  Netr  CtaOft^Aiia  art  hap- 
pily exempt ;  for»  being,  placed  beyond  the  reach  of 
freezing  vrinds,  they  eiyoy  a  temperature  analogone 
to  their  latitude." 

A  complete  system  of  meteorology*  so  far  as  the, 
medical  properties  of  climates,  wltn  regard  to  tem- 
perature only,  are  concerned,  presents  almost  as 
gceat  difficulties  as  a  complete  dieory  of  the  natur 
and  cure  of  diseases.  In  this,  as  in  many  other  de- 
partments of  medical  knowledge,  we  perpetually  find 
a  multiplicity  of  accounts,  apparentiy  well  attested* 
but  totally  at  variance  vrith  eadi  other,  which  render 
it  desirable  to  appeal  to  some  more  satisfactory  tes- 
timonials dian  the  results  of  common  and  superficial 
observation ;  while  the  evidence  which  would  be  re- 
quired for  forming  useful  conclusions  upon  safe  and 
scientific  grounds,  although  in  this  case  completely 
vrithin  the  scope  of  the  human  fhculties,  is  still  such 
as  to  require^  for  its  production,  a  combination  oc 
perseverance  and  accuracy,  which  has  certainly  never 
yet  existed,  and  which  probably  can  scarcely  ever  be 
expected  to  be  found  in  a  sufficient  number  of  collar 
teral  observers.  Any  voluminous  work  on  the  sub- 
ject, whether  systematic  or  empirical,  must  unavoid<- 
ably  contain  much  useless,  and  some  erroneous  mat- 
ter ;  and  a  short  statement  of  a  few  facts,  which  ap- 
pear to  be  tolerably  well  ascertained,  first,  respect- 
ing the  physical  character ;  and,  secondly,  respect- 
ing the  medical  effects  of  the  principal  climates  which 
deserve  our  notice,  is  all  that  it  will  be  possible  to 
attempt  in.the  present  article. 

The  simple  indications  of  a  thermometer,  however 
accurately  they  may  be  observed  in  the  most  unex- 
ceptionable expiisure,  by  no  means  afford  a  correct 
test  of  the  temperature  as  it  affects  the  human  sys- 
tem ;  nor  is  it  possible  to  express  the  modifications 
produced  by  vrind  or  moisture,  even  supposing  dieih 
to  be  easily  known,  by  any  numerical  measure  which 
shall  be  applicable  to  everv  relative  situation  of  the 
individual*  It  is  known  that  an  atmosphere  at  65S 
with  a.  thick  .fog,  and  a  little  wind  from  J*f.J).,may 
appear,  to  a  person,  taking  moderate  exercise,  most 
oppressively  sultry,  although  a  person  sitting  still 
long  might  have  felt  the  same  air  uncomfortably  cold. 
Moisture  must  make  both  heat  and  cold  more  sen- 
sible ;  the  one,  by  diminishing  perspiration ;  the 
other,  by  .increasing  the  conducting  power  of  air. 
Wind  is  doubly  concerned  in  affecting  the  properties 
of  a  climate :  nrst,  as  the  great  cause  of  preventing  a 
general  accumulation  of  heat  over  considerable  tracts 
of  country  \  and  secondly,  as  having  a  simitar  effect 
with  respect  to  the  immediate  neighbourhood  of  the 
person ;  and  its  operation  is  as  generally  perceptible 
in  the  latter  way,  where  we  have  no  precise  mode  of 
estimating  its  magnitude,  as  in  the  former,  where  h 
is  correctly  indicated  by  a  thermometer  sufficiently 
exposed:  although  in  fact,  the  most  shaded  fixed 
thermometer  may  often  be  observed  to  indicate  a 
temperature  many  degrees  higher  than  that  of  the 
breeze  which  is  circulating  in  the  neighbouring 
country.  Still  more  commonly  by  the  sea-side  the 
wind  exhibits  the  temperature  of  the  water  over  which 
it  has  blown.  At  WorthiAg,  it  is  seldom  above  64® 
in  the  hottest  i^eather,  aldiough  the  sea,  when  the 
tide  flows*  in  at  noon,  over  the  heated  expanse  of 
sand.  Lb  sometimes  raised  to  78^,  where  it  b  several 
feet  deep. 

To  the  inhabitants  of  these  islands,  the  most  im- 
portant prppejrti^s  of  the  climates  of  other  countr^c» 
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are  thofetf  which  render  them  mom  6r  less  (St  for  the 
'residence  of  persons  liable  to  catarrhal;  or  consnmp- 
<tive  affections.  Hence;  warmth  and  equability  of 
temperature,  especially  in  the  winter  months,  are  the 
'first  objects  of  our  inquiry  hi  the  theoretical  compa- 
-riso'n  of  climates.  Moisture  is  supposed  by  some  to 
»be  favourable ;  by  others,  to  be  unfavourable  to  such 
persons:  it  may,  therefore,  be  safely  neglected,  ex- 
'tept  as  tending  to  increase  the  evils  depending  on  a 
'Want  of  equability  of  temperature.  The  effluvia  of 
*moist  ground  are  sufficiently  well  known  as  the 
causes  of  paludal  fevers ;  farther  than  this  they  re- 
quire no  particular  investigation.  Nor  can  we  at- 
tempt to  assign  any  reason  for  peculiarities  which 
;render  some  situations  preferable  to  others,  for  some 
individuals  only  labouring  under  a  given  disease,  as 
'asthma,  which  is  sometimes  induced  by  the  atmos- 
'phere  of  cities,  and  sometimes  of  the  country ;  and 
which  is  occasionally  miti^ted  by  a  residence  in 
places  having  no  marked  distinctions  from  such  as 
are  less  favourable  to  it,  as  Kensington,  and  perhaps 
vome  others. 

'  In  the  hotter  seasons  there  are  few  diseases,  and 
few  constitutions  which  would  require  a  climate 
TOilder  than  our  own  :  in  the  colder,  an  increase  of 
the  facility  of  circulation  which  heat  appears  to 
rnfford,  may  often  be  beneficial ;  partly  perhaps,  as 
'exciting  perspiration,  and  partly  as  preventing  too 
'great  a  congestion  of  blood  in  the  internal  parts  of 
^he  body.  The  mean  temperature  of  the  six  winter 
months  is  therefore  the  first  point  of  comparison  that 
requires  our  attention ;  and  such  a  comparison  may 
easily  be  derived  from  the  registers  which  are  usually 
liept  in  circumstances  nearly  similar. 


London 
Edinburgh 
Paris    .     . 


89.3* 
36J 


Dram  Octets  to  March. 

London,  IL  S.  1790—4 43.5° 

Edinburgh     •    • 40.4 

Dawlish,  Sir  W.  W.  M.  S.  1794.  (Lond.  44.1°)  46.3 

Jlfracombe,  without  doubt  incorrect    •    •    .  (55) 

Paris    ..«•.....•...  41.2 

Lisbon •    .     .  55.5 

Malta,  Domeier      •    •    • 63 

.Madeira,  Gourlay,  (S.  W.  aspect,  M.)     .     .  63 

Bermudas,  M.  S.  P.  S.  1790 68 

'Jamaica,  Botanic  Garden  at  Kingston,  Clarke,  ; 

Dune.  med.  comm.  vii.  369     ....  74.5 

f\rom  November  to  March. 

London,  1808-9      . .  42.6° 

Penzance,  1808-9,  Stirling  at  10,  or  about  1° 

above  the  mean .  43.1 

I^m  Janwiry  to  March, 


I^ondon,  1808-9 
<7lasgow,    1809, 

Stirling,  at  10 
Penzance,  1809, 

Stirling  at  10 
London,  1790-4,  8,  ^  .,  ^ 

or  7  and  2  S^^'^ 

Sidmouth,  1800, M.  >  .,  *- 

S.R..S.8and2    P^"' 


43.1°  (Jan.  37.9°) 


40.3 


48.5 


33.1 

46.7    (Dec  43*7^ 

39.1 

(42,3) 


February  and  March. 

London,  1803,  7  and  2 

Clifton,  1803,  8  and  2,  Carrick  .     .    .    .    , 

From  October  to  December. 
London,  181 1,  mean  of  extremes  in  each  month  47.0° 
^idmouth,  181 U  Clarke. 45.7 


41.5° 
42.5 


It  appears  from  this  companKm  that  none  of  the 
situations  here  enumerated  nor^  of  Lbbon*  except 
Pensance,  has  any  material  advantage  over  London 
in  the  mildness  of  its  winter.  The  ^t  parts  of  De- 
vonshire seem  to  be  about  a  degree  and  a  half  warmer; 
Torbay,  however^  may  perhaps  be  a  little  milder  than 
this.  The  account  which  was  kept  at  Ilfracombe, 
must  have  been  taken  from  a  thermometer  in  a  con- 
fined, or  a  sunny  situation.  But  Penzance  may  be 
fairly  considered  as  having  a  temperature  4  4°  higher 
than  London  in  the  coldest  months;  nor  is  the 
journal  here  employed  the  only  one  which  allots 
such  a  superiority  to  the  climate  of  tim  extremity  of 
our  island.  It  is  remarkable  that  the  temperature  ef 
the  three  coldest  months  is  the  same. at  Paris  as  at 
Edinburgh,  being  in  both  these  cities  about  three 
degrees  lower  than  in  London.  There  are  projbabl}* 
particular  spots  on  the  coast  of  Hampshire  or  Sus- 
sex, which,  from  their  afaeltezed  ^situation,  must  be 
considerably  less  subject  to  the  effect  of  the  northern 
and  eastern  winds  than  most  other  parts  of  the 
island;  and  Hastings,  or  its  .neighbourhood,  may 
perhaps  be  reckoned  among  the  most  eligible  of 
these ;  but  the  farther  we  go  up  the  channel,  the 
more  remote  we  become  from  tiie  mild  gales  of  the 
Atlantic,  while  the  prevalent  aouth- westerly  windi^, 
in  passing  over  a  considerable  part  of  the  continent 
must  have  lost  much  of  their  warmth.  It  is  scarcely 
necessary  to  observe,  that  both  Malta  and  Madeira 
present,  numerically,  a  mean  temperature  for  the 
winter  months  as  favourable  for  an  invalid  as  can 
possibly  be  desired. 

Equability  of  temperature  is  a  second  qf«ality,  of 
no  small  importanoe,  as  tending  to  diminish  the 
chance  of  incurring,  or  aggravating  palmonary  dis- 
eases, by  repeatedlv  taking  cold.  When  indeed  the 
temperature  is  much  below  60°,  the  most  material 
changes  arc  those  which  occur  upon  going  from  the 
house  into  the  open  air ;  so  that  a  cold  climate  be- 
comes, in  some  degree,  of  necessity  a  changeable  one 
also.  The  regularity  of  this  change,  and  the  power 
of  avoiding  its  efiiects  by  additional  clothing,  as  well 
as  of  obviating  them  in  some  measure  by  exercise 
contribute  however  to  lesson  its  influence:  and  it 
does  not,  therefore,  altogether  supersede  the  effects 
of  that  changeableness  which  consists  in  a  great  ex- 
tent of  variation  of  the  temperature  of  two  successive 
da3rs,  or  of  different  hours  in  the  coarse  of  the  same 
day.  The  simplest,  and  perhaps  the  best  mode  of 
appreciating  the  effect  of  the  extent  of  such  a  varia- 
tion in  deteriorating  a  climate,  is  to  observe  for  eadh 
month,  the  greatest  variation  at  the  same  hour,  in 
any  two  successive  days  within  its  duration.  The 
mean  variation  of  successive  days  may  also  be  com- 
puted, in  order  to  assist  in  the  comparison ;  and  i^ 
mean  diurnal  range,  or  the  space  through  which  the 
surface  of  the  mercury  moves,  in  ascending  or  de- 
scending,  throughout  the  day  and  nigbt,^  will  give  a 
collateral  estimate  of  a  similar  nature.  The  best 
practical  mode  of  deducing  this  range  from  the  ob- 
servations is,  to  find  separately  the  mean  of  the 
heights  for  the  morning  and  afternoon,  and  to  double 
their  difference.  •  Where  none  of  these  principles 
can  be  obtained,,  the  extreme   variation   of  eaioh 
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tBooth  '#ill  aAfit  tf  Atamdbk  ndt  altogether  iiium<* 
portent. 

than  af  the  grwtei  VariaHoM  qf  tuccemve  Dojrt  In 
,  each  Month,  for  the  Winter  Months* 

liondon,  1794  (greatest  of  all  15°) ...    *  10.7° 

%ii%htslmdge.  Read,  1790-1  (gmteet  S3°)  .  16.3 

Dawlish;  1794  (greatest  13i°>  .    •    «    •    «  10.7 

i^boD,  1798  (greatest  11^  .«•«••  8.7 

Bermudaa,  1790  (greatest  13^  .    •    •    .    •  9.0 

Montreal,  1778 •    «    •  4,0 

i^nzance,  1  S08-9>  November  to  March,  (gr.  10^  9.2 

Sidmouth,  1800,  January  to  March^  (gr.  16^)  10.9 

Gravesend,  ]787»  January    ••••«•  13.0 

Ashover;  Derbyshire,  1805,  January  •    .  ,  •  13.5 

London,  1790 — i,  Gmo 3.62 

London,  1794 «...  3.51 

Knigbtsbridge,  1790-1 5.45 

Daw<fsh,  1794   .    *    .    . .  3.68 

Lisbon,  1788 2.70 

Bermudas,  1789»  about    .    .    .    »    .    .    «  3.00 

Montreal,  1778 1.32 

Penzance,  1808-9>  November  to  March  .    .  2.80 

Sidmouth,  1800,  January  to  March    .    .    .  3.32 

Ofifton,  1808,  February  and  March    .     .     .  3.55 

Oravesend,  1787»  January 4.15 

Asbover,  1805,  January   ...;....  3.33 

Mmdieadi  1782,  January 4.00 

Mean  diumai  Range  for  the  Winter  Months, 

London,  1790—4,  6ma    .......     13.0^ 

fiidmouth,  1800,  January  to  March     .     .    .     10.0 
Clifton,  1808,  February  andMarch(Lond.  16.2<0 11.4 

New  MonihUf  Variation  for  the  JVinter  Months, 

London,  1793—6, 6mo 25.9^ 

Madeira,  1793—6,  6mo 12.6 

Sidmdnth,  1811,  January  to  March    .     .     .    34. 
^ftbn,  1803,  February  and  March  (Lond.36^.)  31. 

It' does  not  appear  that  Devonshire  possesses  any 
tfecided  advantages  over  London  with  respect  to 
equability  of  climate,  if  we  judge  of  the  climate  of 
Mndon  from  the  observations  made  at  the  apart- 
ments of  the  Royal  Society  only ;  but  in  so  central  a 
trituation,  the  change  must  be  rendered  much  less 
sensible  by  the  effect  of  the  surrounding  buildings ; 
and  they  appear  to  be  considerably  greater  at  Ghraves- 
«nd,  and  grater  still  at  Knigbtsbridge  In  this  re- 
apect,  too*  Penzance  retains  its  supenority  even  over 
.'Devonshire.  J^isbon  seems  to  have  a  less  variable 
temperature  than  any  part  of  Great  Britain ;  and  in 
lHadeira,  to  judge  by  the  monthly  variation  only,  the 
advantage  in  diis  respect  appears  to  be  still  greater ; 
t>n  this  account- it  is  much  resorted  to. 
•  The  greatest  possible  equability  of  temperature 
^Beems,  hrowever,  to  be  obtained  in  a  sea  voyage  to  a 
warm  climate,  -in  which  the  variation  seldom  amounts 
Ho  half  as  much  as  in  the  most  favourable  situation 
itt  shore,  even  on  a  small  island ;  and  in  pulmonary 
-cases,  the  motic%  of  a  ship  would  probably  in  general 
'be  rather  beneficial  than  otherwise,  while  the  fatigue 
.'of  travelling  in  bad  roads,  and  the  danger  of  sleepmg 
4n  damp  beds,  present  an  alternative  by  no  means 
favourable  to  a  journey  by  land. 

The  direction  of  the  wind  alone  can  seldom  have 
*an  immediate  effect  on  the  salubrity  of  the  climate, 
'except  by  variously  modifying  its  temperature,  ac- 
^eordmg  to  the  seas  or  countries  over  which  it  blows. 
Ilicre  is  a  method -of  computing  the  mean  direction 


of  .the  wind;  which  ^oesn^t  appear  to  have  been  hi- 
therto adopted^  but  which  affords  a  very  simple  axid 
intelligible  result,  although  somewhat  laborious  if 
extensively  applied.  It  consists  in  finding  the  bear-, 
ing  and  distanoe  of  a  point,  to  ^^c^  &  light  body 
would  be  carried  by  the  wind  in  the  course  of  the 
year,  suf^osing  the  velocity  to  be  coiistaDt,  when  its. 
variaticms  have  not  been  ascertained  by  observation. 
It  is  obvious  that  the  bearing  of  such  a  point  will 
show  at  once  the  mean  direction  of  the  prevalent 
winds ;  and  its  distance,  compared  with  the  effect  of 
a  constant  wind  for  the  same  time,  as  a  unit,  will 
indicate  the  degree  in  which  those  winds  have  pre- 
vailed, 

Prevaknee  of  Winds, 

London,  1790-4  W.  9^  S.  .234 
London,  1794,  W.  33°  S.  .188 
Dawlish,  1794,  W.  6®  S.  .466 
Lisbon,    1788,     N.     1<>W.  ,315 

According  to  this  comparison,  it  appears  that  the 
mean  direction  of  the  wind  in  Devonshire  is  some- 
what more  westerly  than  in  London ;  and  that  the 
degree  in  which  such  westerly  winds  predominate^ 
is  more  than  twice  as  great  as  in  London ;  or,  if  we 
convert  the  measure  into  days,  that  the  predominance 
amounted  in  1794,  to  sixty-eight  days  for  I^ndon,  of 
a  wind  nearly  west-south-west,  and  to  one  hundred 
and  seventy  days  for  Dawlish,  of  a  wind  a  little  to 
the  south  of  west. 

The  variations  of  the  climate  of  the  same  place« 
with  respect  to  mean  temperature,  are  easily  col- 
lected from  the  usual  meteorological  computations. 
Dr.  Heberden  has  very  successfully  combated  the 
common  opinion  respecting  the  superior  salubrity  of 
cold  winters ;  it  appears,  however,  that  the  winter 
which  he  particularly  observed  was  more  variable,  as 
well  as  colder,  than  usual.  Mr.  Kirwan  has  at- 
tempted to  account  for  the  greater  frequency  of  colds* 
which  he  supposes  to  occur  in  spring  and  in  autumi^ 
by  the  greater  variability  of  the  temperature  at  those 
seasons :  but  both  the  fact  and  the  explanation  are 
very  questionable;  for  in  reality  the  variations  of 
temperature,  if  estimated  by  the  total  range  of  the 
thermometer  within  the  twenty-four  hours,  are  al- 
most uniformly  greatest  in  the  hottest  weather.  In 
London,  the  greatest  variations  of  successive  days  at 
the  same  hours  in  the  morning  are  greatest  in  winter  ^ 
in  the  afternoon,  in  summer ;  and  although  the  latter 
are  a  little  greater  in  April  than  in  some  of  the  sue* 
ceeding  months,  the  difference  is  by  no  means  consi- 
derable. 

Of  the  empirical  evidence  which  may  be  collect^ 
respecting  the  medical  effects  of  different  climates^ 
the  most  authentic  is  perhaps  that  which  is  derived 
from  well  regulated  bills  of  mortality ;  since  these 
documents  ought  to  afford  us  a  tolerable  criterion  of 
the  general  healthiness  or  unhealthiness  of  a  place. 
Thus,  in  Stockholm,  the  annual  deaths  amount  to  {p 
of  the  population,  in  London  to  ,*|,  in  the  Pays  de 
Vaud  to  j^,  and  in  some  villages  in  different  parts  of 
Great  Britain  to  ^  only,  we  cannot  hesitate  to  con- 
sider a  residence  in  the  country  as  generally  more 
healthy  than  in  a  metropolis  similar  to  either  of  those 
cities ;  although  It  cannot  fairly  be  concluded  that 
the  healthiness  is  precisely  in  the  proportion  whic^ 
might  be  inferred  from  this  composition,  until  we 
have  considered  how  far  the  effect  of  emigration  to  a 
great  town  may  influence  the  ^parent  mortality,* 
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climate; 


After  the  age  of  eigbt  or  ten*  tiie  probable  dfiratkm 
of  life  may  be  estimated  with  sofficient  accuracy,  as 
Demoivre  has  very  ingenioasly  shown,  by  assuming 
that,  of  a  certain  number  of  persons  bom  together, 
one  will  die  annually  until  the  whole  number  is  be- 
come extinct ;  and  it  is  well  known,  that  this  number 
may  in  common  cases  be  eighty-six ;  so  that  at  any 
given  age,  for  instance,  thirty-six,  we  may  find  the 
probable  duration  of  life  by  deducting  it  from  eighty- 
six,  and  halving  the  remunder,  which  will  give  us 
twenty-five  for  the  estimate  required ;  and  if  this 
hiw  were  universally  true  from  the  time  of  birth,  it  is 
easy  to  show  that  the  mortality  in  a  metropolia 
would  always  be  increased  by  the  accession  ef  set- 
tlers ;  so  that  if,  for  example,  the  whole  population 
were  supplied  by  settlers  at  twenty,  and  aU  children 
were  sent  to  a  neighbouring  village  to  be  educated, 
the  mortality  of  the  town,  instead  of  ^  would  be- 
come 1 :  (43 — 10)=iA,  and  that  of  the  village  would 
be  1 :  (86-— 10)=i,^ ;  and  that  any  partial  changes  of 
a  similar  nature  would  cause  a  smaller  alteration  of 
the  apparent  salubrity,  in  proportion  to  their  extent. 
But  the  mortality  during  infancy  is  actually  much 
greater  than  is  assumed  m  the  simple  hypothesis  of 
Demoivre;  and  from  this  circumstance,  as  well  as 
horn  the  frequent  return  of  aged  persons  into  the 
country.  Dr.  Price  has  inferred  that  emigration  in 
general  has  no  tendency  to  increase  the  mortality  of 
cities.    In  reality,  the  question  depends  altogether 
upon  the  mortality  which  might  be  supposed  to  take 
]uace  within  the  first  year,  which  is  often  estimated 
at  one-third  of  the  births ;  but  nothing  like  this  can 
Well  'be  expected  to  occur  at  any  tolerably  healthy 
place  in  the  country ;  and  on  the  whole  it  does  not 
appear  that  Dr.  Price's  observations  can  by  any 
means  be  admitted  as  conclusive.    With  respect  to 
the  evidence  afforded  by  the  prevalence  of  diseases, 
it  has  been  observed  by  Dr.  Gregory,  that  removing 
from  a  colder  to  a  wanner  climate  may  be  beneficial, 
even  in  those  diseases  to  which  the  inhabitants  of 
the  warmer  clmiate  are  subject ;  but  if  they  appeared 
to  be  equally  or  more  subject  to  any  disease  than  the 
inhabitants  of  the  colder,  there  would  surely  be  little 
encouragement  for  the  change:  for  instance,  in  a 
person  supposed  to  be  liable  to  diseases  of  the  liver, 
it  would  surely  be  injudicious  to  undertake  a  voyage 
to  a  hot  climate,  with  a  view  of  avoiding  the  chance 
of  taking  cold»  since  the  well-known  frequency  of 
hepatitis  in  such  climates,  would  much  more  than 
counterbalance  any  prospect  of  advantage  from  the 
change.  * 

.  The  frequency  of  consumptions  is  decidedly  greater 
In  cold  Umn  in  hot  climates,  but  not  by  any  means 
Sn  exact  proportion  to  the  depression  of  the  mean 
temperature.  The  principal  situations  that  require 
to  be  compared  wim  the  metropolis  as  a  standard, 
are  the  south  of  England,  south  of  Europe,  the  is- 
lands of  the  Mediterranean,  Madeira,  and  the  West 
Indies, 

There  do  not  appear  to  be  any  precise  accounts  of 
the  proportionate  mortality  firom  consumption  at  any 
place  upon  the  southern  coasts  of  this  island,  on  a 
scale  sufficiently  extensive  for  the  comparison ;  but 
there  is  abundsjit  reason  to  think  that  such  a  report 
would  be  greatly  in  favour  oC  the  salubrity  of  these 
coasts,  more  so  mdeed  than  any  conclusions  that  we 
should  be  at  all  authorized  to  form  from  such  ther- 
mometrical  observations  as  have  hitherto  been  com- 
pared.  A  greater  number  of  registers  is  still  wanting 


to  obtain  nftdcdt  evitewe  fmr  tbe  l»|i|iry ;  and  it 
would  be  desirable  that  some  journal  should  be  kept 
at  one  of  the  Scilly  islands,  as  a  situation  fully  ex- 
posed to  the  influence  of  the  sea  air;  for  there  can 
be  little  doubt  tiiat,  for  equability  of  temperature,  a 
very  small  island  must  have  great  advantages  above 
every  other  sitiiataon  on  shore.  But  in  t£e  present 
state  of  our  knowledge  on  thia  snbject,  although  we 
are  fully  justified  in  recommendiBg  a  residence  ia 
Devonshire,  os  Cornwall  aa  advisable  in  a  certain 
stage  of  consumption,  it  does  not  appear  that  any 
meteorological  observation  will  authorize  us  to  repre* 
sent  the  advantages  to  be  gained  by  such  a  residence^ 
as  by  any  means  equivalent  to  those  which  may  Im 
found  in  remoter  shuatbns ;  nor  that  the  empirical 
testimony  derived  from  accounts  of  the  comparative 
prevalence  of  the  disease,  is  at  all  so  dear,  or  so 
firmly  established,  as  to  make  up  for  the  want  of 
evidence-  of  a  great  and  decfded  superiority  of  the 
climate.  • 

In  the  sonth  of  Europe,  the  sitoaticms  which  have 
been  moet  frequented  are  Lisbon,  or  some  other  part 
of  the  peninsula,  the  neig^Ubourhood  of  Montpdier« 
and  different  parts  of  Italy.  In  Spain,  and  probably 
in  Portugal,  consumption  is  said  to  be  not  common, 
but  by  no. means  wholly  unknown;  and  whether 
from  accident,  or  fipm  causes  which  are  likely  to 
have  a  constant  operation,  the  climate  of  Portugal 
has  certainly  failed,  in  a  number  of  instances,  of  pro- 
ducing any  material  benefit,  where  tiiere  has  been 
apparentily  a  very  fair  chance  for  the  patient's  reoo« 
very.  With  respect  to  the  south  of  France,  it  is 
perhaps  sufficient  to  remark,  that  the  general  proport 
tion  of  deaths  from  consumption  at  Marseilles,  is 
fully  as  great  as  the  greatest  which  has  been  observed 
in  Lonc^n,  where,  according  to  Dr.  Heberden's  re- 
mark, its  prevalence  has  of  late  years  been  so  mudi 
increased.  In  Italy,  the  disease  appears  to  be  ded- 
dedly  less  frequent ;  and  there  is  no  reason  to  doubt 
but  that  in  the  southern  parts  of  that  country  there 
may  be  situations  approadiing  in  their  climates  t9 
those  of  the  neighbounng  islands. 

It  is,  however,  highly  probable  that  some  of  these 
isllmds  possess  very  considerable  advantages  over 
almoet  every  part  of  the  continent  which  surrounds 
them,  at  least  as  far  as  we  can  judge  by  their  afford- 
ing a  climate  of  that  description  which  seems  to  bs 
the  most  desirable;  for  actual  experience  wiU  not 
allow  us  to  be  too  confident  of  obtMning  auccesi^ 
even  fVom  a  residence  in  these.  Dr.  Domeiw  informs 
us,  in  his  very  interesting  account  of  the  island  of 
Malte,  that  the  thermometer  aeldom  varies  here 
more  than  6^  in  the  twenty-four  howrs,  or  stands  be*> 
low  51^,  even  in  the  depth  of  winter ;  while  in  Lisbon 
he  has  seen  ke,  and  both  ice  and  bbow  in  Naples; 
besides  that,  in  these  two  dties  the  difference  between 
day  and  night  often  amounte  to  30^.  If  an  invalid 
leaves  &i|^md  in  the  middle  of  An^^st,  the  voyage 
lasto  about  a  month,  and  ia  often  oi  itself  highly  W 
neficial,  so  that  he  arrives  at  MaHa  in  time  to  b^ 
fully  prepared  to  be  fisuther  benefited  by  the  miU 
winter.  It  appears,  however,  from  the  more  partir 
cular  account  which  Dr.  Domder  elsewhere  gives  qf 
the  temperature,  that  it  continues  throughout  Odi>- 
ber  rather  higher  than  is  altogether  desirable,  being 
seldom  below  70P  throughout  that  month  ;  and  in  a 
country  where  there  is  scarcdy  any  visible  foliag^ 
walls  occQpying  universally  the  place  of  hedges,  tW 
cannot  be  a  matter  of  perfeet  iodiference. 
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Iir  Madbini,  ttmii^  tile  IhenncmMler  «fctaditd  to  a 
boikling  ift  sddom  fimnd  below  6A^,  tbtre  are  £re- 
qiMotiy  cold  winds,  snow*  or  more  commonlv  some- 
tlUBg  mteimediate  between  snow  and  bail,  often 
falluig  on  tike  noiintaina  at  tbe  beigbt  of  one  thon- 
sand  feet  alxyte  tbe  sea,  and  at  still  greater  elevations 
semeCimes  lying  undissolved  till  July :  and  this  im- 
perfect kind  of  hail  falla  occasionally  even  on  ti^e  low 
gpoanda.  The  island  is  probably  a  more  agreeable 
residence  tiian  Malta;  but  it  seema  very  donbtAil 
whether  it  possesses  any  determinate  advantage  over 
it  wkh  respect  to,  climate ;  and  it  is  not  impossible* 
that  some  other  islands  in  its  neighbourhood  may 
afford  a  greater  equability  of  temperature.  We  hwt^ 
however,  a  more  established  experieuce  of  its  bene- 
fidal  effects  in  pulmonary  diseases  than  of  almost 
any  other  situation.  Dr.  Adams  says,  that  "  in  cases 
of  tubercular  or  scrofulous  consumption,  if  the  pa- 
tiait  does  not  saunt^  away  his  time  after  you  have 
advised  him  to  leave  England,  we  can  with  certainty 
promise  a  cure."  (Med.  Phf,  Joum,  April,  1800.) 
The  true  English  consumption  he  thinks  is  not  to  be 
knaad  in  Madeira,  while  the  catarrhal  affection,  which 
somewhat  resembles  it,  though  without  purulent  ex- 
pectoration, is  not  uncommon,  and  may  be  fatal  if 
neglected  or  improperly  treated.  Dr.  Grourlay  agrees 
yfSh  Dr.  Adams,  in  his  report  of  tiie  general  benefit 
derived  from  the  climate  of  Madeira,  by  consumptive 
persona  going  to  it  from  colder  countries  to  pass  the 
winter  in  the  island,  and  Of  the  frequency  of  catarrhal 
aSMticms  among  the  inhabitants ;  but  he  strongly 
insists  that  genuine  consumption  is  also  very  com- 
mon and  very  fatal.  There  can  however  be  little 
doub^  fhnn  the  concurrent  testimony  of  the  majority 
of  tiie  observers,  that  the  climate  of  Madeira  is  ex- 
tremely salubrious,  and  that  consumptions,  though 
they  may  sometimes  occur,  are  comparatively  rare. 

m  the  West  Indies,  it  is  agreed  by  all  authors,  that 
ooBson^ytive  affections  are  ahnost  unknown,  and 
that  scrofela  in  all  its  forma  is  uncommon;  while 
tiie  inhabitants  of  the  West  Indies,  coming  into  a 
cdder  climate,  are  peculiarly  liable  to  the  attacks  of 
Aese  diseases.  Dr.  Hunter,  however^  observes,  that 
notwitiuttandiBg  this  exemption  in  favour  of  the  na- 
tives of  the  West  Indies,  a  residence  in  this  climate 
appeared  to  him  to  be  of  no  manner  of  advantage  to 
persons  who  were  already  affected  by  incipient  con- 
sumptions when  they  arrived  there.  We  cannot 
doubt  the  accuracy  of  this  evidence,  as  far  as  regards 
the  facts  which  came  immediatdv  under  Dr.  Hunter's 
abservatioA ;  they  principally  reiat|4  ^  ^^  military, 
who  perhaps  laboured  under  some  peculiar  disadvan- 
tages :  but  other  practitioners  have  given  much  more 
ftwourable  reports  of  the  events  of  oases,  in  which 
tiiey  have  made  trial  of  the  effect  of  a  residoice  in 
this  climate ;  and  if  we  may  be  allowed  to  draw  any 
mference  from  the  qualities  ef  a  climate^  as  indicated 
eitiier  by  the  thermometer,  or  by  its  effects  9^  the 
constitutions  of  the  inhabitants,  there  can  be  little 
doubt  that  a  residence  in  Bermudas^  in  a  temperate 
and  sheltered  part  of  Jamaica,  or  in  some  other  of 
tiie  West  India  islands,  together  with  the  equable 
qualities  of  the  sea  air,  to  which  the  patient  must  be 
exposed  durii^  the  voyage,  must  present  every  ad- 
vantage towards  the  recoveiy  of  a  consumptive  per- 
son that  climate  alone  can  possiUy  bestow. 

In  other  diseases,  the  effects  of  climate  are  perhaps 
less  exclusively  b^efidal,  although  it  appears  that 
gouly  persons  olben  derive  amsiderable  benefit  from 


a  resjideBce  in  the  hottest  countdesii  at  in  the  East 
Indies^  or  at  Ceylon  in  particular.  Dr.  Gregory 
seems  to  be  persuaded  that  life  may  be  lengthened^ 
and  the  inconvemendes  of  old  age  retarded  or  miti- 
gated, by  repeated  emigrations  into  warmer  and 
warmer  climates,  after  the  age  of  fifty  or  sixty,  ac- 
cording to  circumstances :  and  he  thinks  that  even 
posterity  may  be  benefited  by  an  emigration  of  this 

In  whatever  situation  the  residence  of  an  invalid 
may  be  fixed,  it  is  of  no  small  bnportance  that  the 
aspect  and  exposure  of  the  house  which  he  occupies, 
should  be  selected  with  a  view  to  the  qualities  of 
climate  which  he  is  desirous  of  obtaining.  We  have 
an  illustration  of  the  truth  of  this  remark,  in  an  ob- 
servation recorded  by  Dr.  Carrick,  respecting  the 
influenza  of  1803.  "  One  of  the  most  open  and  ex- 
posed of  the  buildings  on  Clifton  Hill  is  Ridimond 
Terrace*  which  forms  three  sides  of  a  parallelogram, 
fronting  respectively  the  east,  south,  and  west ;  on 
the  east  side*  aot  one  family,  and  scarcely  an  indivi- 
dual,  escaped  the  complaint ;  while  on  the  south  side, 
a  great  majority,  both  of  persons  and  families,  in  all 
other  respects  similarly  circumstanced,  escaped  it 
entirely."  Such  facts  as  these  are  among  the  few 
which  afford  solid  grounds  for  medical  reasoning; 
and  they  deserve  the  more  attention,  as  they  relate  to 
circumstances  of  continual  occurrence,  and  of  perpe- 
tual influence  on  our  health  and  comfort;  and  in 
proportion  as  both  the  medical  and  the  meteorolo- 
gical sciences  become  founded  on  a  firmer  basis,  it 
cannot  be  doubted  that  their  beneficial  effects  will  bo' 
more  and  more  experienced,  as  well  in  the  preserva- 
tion of  health  as  in  the  treatment  and  cure  of  dis- 
eases. 

Clinical  Mbdicinb  teaches  us  to  investiaate  at 
the  bedside  of  the  sick,  the  true  nature  of  uie  dis- 
ease in  the  phenomena  presented;  to  note  their 
course  and  termination;  and  to  study  the  effects 
of  the  various  modes  of  treatment  to  which  they 
are  subjected.  From  this  mode  of  study  we  leara 
the  character  of  individual  cases ;  theoretical  study 
being  competent  to  make  us  acquainted  with  species 
only.  Clinical  medicine  demands  therefore  careful 
observation.  It  is  in  fact  synonymous  with  expe- 
rience. What  advances  would  medicine  have  made* 
and  from  how  many  errors  would  it  have  bee^ 
saved,  if  public  instruction  had  always  followed  this 
natural  course,  so  that  pupils  had  received  noae  but 
correct  impressions  and  distinct  conceptions  of  the 
phenomena  of  disease,  and  had  attained  a  practical 
knowledge  of  the  application  of  those  rules  and  pre- 
cepts, which  dogmatical  instruction  always  leavea 
indefinite ! 

We  are  unacquainted  with  the  method  of  clinical 
instruction  in  medicine  which  was  followed  by  the 
Asclepiades,  but  we  cannot  help  admiring  the  results 
of  it  as  exhibited  to  us  in  the  writings  of  Hippocrates, 
who  augmented  the  stores  of  Experience  inherited 
from  them  by  following  in  their  steps.  After  his 
time  medicine  ceased  to  be  the  property  of  particular 
families,  and  the  path  of  experience  by  which  it  had 
been  rendered  so  valuable  was  soon  deserted.  Tlie 
slow  progress  of  anatomy  and  physiology,  the  con- 
stant study  of  the  philosophy  of  Aristotie,  and  end- 
less disputes  respecting  the  nature  of  man,  of  dis- 
eases and  of  remedies,  occupied  all  the  attention  of 
physicians ;  and  the  wise  method  of  observina  and 
describing  tiie  diseases  themselves  fell  into  disuse. 
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Hospitals,  kt  their  origin,  served  rather  as  means  of 
displaying  the  benevolence  of  the  early  Christians 
than  of  perfecting  the  study  of  medicine.  The  school 
of  Alexandria  was  so  celebrated,  according  to  Am- 
mianus  Marcellinus,  that  a  careful  attendance  upon 
its  lessons  entitled  the  student  to  pursue  the  practice 
of  medicine.  Another  old  and  very  thriving  although 
ltB9  known  institution,  was  situated  at  Nisapour,  in 
Persia;  and  hospitals,  even  before  the  flourishing 
period  ot  the  Arabians,  to  whom  the  happy  idea  is 
commonly  ascribed,  were  united  witii  these  medical 
institutions.  The  last  school,  founded  by  the  empe- 
rdr  Aurelian,  and  superintended  by  Greek  physicians, 
spread  the  doctrines  of  Hippocrates  through  all  the 
East.  It  was  supported  for  several  centuries,  and  in 
it,  without  doubt,  Rhazes,  Al- Abbas,  Avicenna,  and 
the  Other  celebrated  Arabian  physicians  were  in- 
structed. At  the  same  time,  the  celebrated  John 
Mesne,  of  Damascus,  was  at  the  head  of  the  hospital 
of  Bagdad.  Of  the  mode  of  instruction  pursued  there 
we  know  nothing ;  but  we  are  inclined  to  form  no 
Tfery  elevated  opinion  of  the  systems  of  an  age  which 
was  devoted  to  all  the  dreams  of  Arabian  polifphar" 
maey.  In  truth,  medicine  shared  the  fate  of  all  the 
other  natural  sciences  in  those  barbarous  ages.  Men 
^ere  little  disposed  to  acquire  slowly  and  cautiously 
th6  knowledge  of  disease  at  the  bedside  of  the  sick, 
in  the  manner  of  the  Greek  physicians. 
'  It  appears  probable  that  the  foundation  of  univer- 
sities led  to  a  renewed  attention  to  the  study  of 
medical  science ;  and  we  find  accordingly,  that  in 
Spain,'  even  under  the  dominion  of  the  Arabians, 
there  were  schools  and  hospitals  for  the  instruction 
o'f  yoting  physicians  at  Seville,  Toledo,  and  Cordova. 
JQut  even  then,  clinical  studies  were  almost  wholly 
neglected.  Instead  of  studying  the  history  of  dis- 
ejMeiB,  the  pupils  occupied  their  time  with  the  most 
unprofitable  pursuits.  Not  much  more  advantageous 
were  the  journeys  that  were  made  for  the  same  ob- 
jects to  Italy  and  France,  in  the  11th  and  12th  cen- 
turies. The  schools  of  Paris  and  Montpelier  w^re 
those  principally  resorted  to ;  bat  in  these,  the  in- 
struction consisted  simply  in  lectures  and  endless 
commentaries  upon  the  most  obscure  subjects ;  and 
even  at  the  close  of  the  15th  century,  when  the  works 
of  the  Greek  physicians  began  to  be  printed,  men 
were  still  busied  with  verbal  explanations  and  dis- 
putes. Two  centuries  elapsed  before  physicians 
returned  to  clinical  studies  and  instructions.  Among 
the  renovators  of  this  mode  of  studying  medicine 
may  be  named,  in  Holland,  William  Von  Straten, 
Otho  Heurnius,  and  the  celebrated  Sylvius,  about 
the  middle  of  the  17th  century;  and  it  is  said  that 
clinical  instruction  w^  given  at  the  same-  period  in 
the  schools  of  Hamburg,  Vienna,  and  Strasburg. 
tven  Boerhaave,  who  succeeded  Sylvius  as  clinical 
instructor  at  Leyden,  in  1714,  has  left  us  no  jour- 
nals of  daily  observation  of  disease,  but  only  aca- 
demic discourses  upon  the  general  principles  of 
medicine. 

The  infiuence  of  this  celebrated  school  was  first 
perceived  at  Edinburgh,  and  afterwards  at  Vienna 
— two  schools  which,  m  celebrity  for  clinical  instruc- 
tion, soon  eclipsed  their  common  mother  the  school 
of  Leyden.  Cullen,  one  of  the  most  celebrated  teach- 
ers of  practical  medicine  at  Edinburgh,  was  too  fond 
of  fine-spun  theories  upon  the  condition  of  the  dis- 


in  his  lectures,  and  to  adopt  the  entire  histbty  bf 
disease,  as  observed  at  the.  bedside,  as  the  basis  of 
his  aystem.  From  the  account  of  what  was  effected 
in  clmical  medicine  in  Italy,  Germany,  and  France, 
in  the  course  of  the  18th  century,  we  may  discover 
both  the  constantly  increasing  attention  to  this  de- 
partment of  knowledge,  and  the  difficulties  with 
which  such  institutions  are  obliged  to  contend. 

The  Vienna  school,  by  means  of  the  labours  of 
Van  Swieten,  De  Haen,  and  still  more  of  Stoll 
and  of  Franck,  became  a  model  of  clinical  study, 
since  public  lectures  were  given  in  the  hospitals,  and 
the  simplicity  of  Grecian  medicine  successfully  incul- 
cated. The  practice  and  study  of  medicine,  in  the 
hospitals  in  France,  was  only  an  ir«direct  mode  of 
gaining  public  confidence,  till  the  period  of  the  gene- 
ral revival  of  science,  tmd  the  erection  of  the  French . 
Eeole  de  Sanii,  In  that,  for  the  first  time,  clinical 
instruction  was  expressly  commanded. 

At  the  present  day,  every  good  school  has  its 
establishment  for  clinical  medicine  connected  with 
it ;  that  is,  an  hospital  in  which  diseases  can  be  seen, 
and  studied  by  those  attending  it.     In  Germany,  the 
empyrical  or  experimental  mode  of  studying  medicine  • 
was  early  given  up  for  the  more  scientific  form  of' 
lectures ;  while  in  England  and  France,  the  opposite , 
extreme  took  place,  and  students  were  carried,  as 
they  sometimes  are  still,  to  the  bedside  of  the  sick, , 
before  they  had  i>een  properly  grounded  in  element 
tary  studies.     In  Germany  there  are  very  numerous 
journals  which  contain  clinical  reports  of  cases,  as . 
there  are  so  many  clinical  institutions  appropriated, 
to  particular  classes  of  disease. 

We  may  cite  the  London  Hospital,  which  has 
flourished  under  the  fostering  care  of  Sir  W.  Blizard . 
for  more  than  half  a  century,  as  one  of  the  most  per- 
fect in  the  metropolis. 

The  clinical  school  is  called  ambulatory,  when  the 
patients  attend  only  at  particular  hours;  and  it  is, 
termed  pofyclinie,  when  the  instructer  and  his  pupils* 
visit  together  the  beds  of  the  sick. 

Clock.  For  many  inventions  which  do  honour 
to  the  human  mind,  we  are  indebted  to. the  monks  of 
the  middle  ages,  who  in  their  seclusion,  free  from  the* 
necessity  of  providing  for  their  support,  employed  the 
time  during  which  they  were  not  engaged  in  their, 
devotions  in  the  practice  of  various  useful  arts^ 
Among  the  inventions  which  we  owe  to  them  are 
clocks  or  time-keepers,  which  are  set  in  motion  by 
wheels,  pendulums,  and  steel  springs,  llie  v^ord. 
korologium  was  in^se  even  among  the  aoK^icnts ;  and, 
it  might  almost  be  inferred,  from  many  expressions, 
that  they  possessed  instruments  similar  to  our  pock- 
et-watches and  chamber-clocks.  It  is  however  cer- 
tain, that  their  time-pi^es  were  sun-dials,  hour- 
glasses, and  clepsydre.  The  latter,  Julius  Caesai 
brought  with  him  from  Great  Britain.  It  was  a 
clepsydra  which  Cassiodorus,  in  the  6th  century, 
recommended  to  his  monks,  when  a  cloudy  sky  pre* 
vented  them  fVom  observing  their  sun-dials. 

The  gourmand  Trimalchio,  described  by  Petronius« 
had  a  clepsydra  in  his  dining-room,  and  placed  a 
trumpeter  near  it  to  announce  the  hours.  Vitruvius 
mentions  an  Alexandrian  artist  who,  140  years  before 
our  era,  combined  spring- wheels  with  the  clepsydra; 
but  the  account  is  too  confused  and  incomplete  to 
afford  a  correct  idea  of  its  construction.     In  an  old 


eased  structures  of  the  body,  and  the  proximate  1  chronicle  it  is  related,  that  Charlemagne  received  a 
'causes  of  disease,  ever  to  follow  an  uniform  method  (clock  from  Haroun  al  Rasohid  in  809^  to. which  small 


Mk'  Wflte  tiVkt^ed,  and  in  which  figiire»  of  hofM- 
meii,  at  the  hour  of  tweWe,  came  forth  through 
little  iloors,  and  retired  again.  There  is  a  more 
exact  description  of  this  work  of  art  in  the  Franco- 
nian  annals,  attributed  to  Eginhard,  in  which  it  is 
particularly  said  to  have  been  a  clepsydra,  and  that, 
at  the  end  of  each  hoar,  little  balls  of  metal  fell  upon 
a  bdl,  and  produced  a  sound.  It  is  not  probable 
that  the  clock  which  Pacificus,  archdeacon  of  Ve- 
rona, is  said  to  have  indented  in  the  9th  century, 
coold  have  been  equal  to  our  present  clocks.  The 
words  on  his  tomb  are  so  indistinct  that  nothing 
positive  can  be  inferred  from  them. 

The  discovery  of  clocks,  has  likewise  been  attri- 
buted to  the  famous  Gerbert  of  Auvergne,  who  after- 
wards became  pope  under  the  name  of  Syhe^er  U,, 
and  died  in  1003;  but  Ditmar  of  Merseburg,  a  trust- 
worthy witness,  only  relates  that  Gerbert  placed  a 
harokifiMM  in  Magdeburg  for  the  emperor  Otho, 
after  observing  through  a  tube,  the  star  which  guides 
the  seamen.  This  must  have  been  a  sun-dial,  which 
Gerbert  placed  according  to  the  height  of  the  pole. 

In  the  12th  century  clocks  were  made  use  of  in 
tiie  numasteries,  which  announced  Ae  end  of  every 
houf  by  the  soimd  of  a  bell,  put  in  motion  by  means 
of  wheels.  I'rora  this  time  forward,  the  expression 
''the  ck>ck  has  struck''  is  often  met  with.  Ihe  hand 
for  marking  the  time  is  also. made  mention  of.  Of 
William,  abbot  of  Hirschau,  hb  biographer  relates, 
that  be  invented  a  koroloffutm  similiar  to  the  celestial 
hemisphere.  Short  as  thb  account  is,  it  still  appears 
probable  tlutt  this  abbot  was  the  inventor  of  clocks, 
is  he  employed  a  person  particularly  in  arranging  his 
work,  and  keeping  it  in  order.  This  abbot  di^  at 
the  end  of  the  1 1th  century. 

In  the  13th  century  there  is  again  mention  of  a 
dock,  given  by  Sultan  Saiadin,  to  the  emperor  Fre- 
derick II.  Ihis  was  evidently  put  in  motion  by 
weights  and  wheels.  It  not  only  mariced  the  hours, 
hot  also  the  course  of  the  sun,  of  the  moon,  and  the 
panels  in  the  zodiac.  It  is  hardly  probable  that  the 
Saracens  learned  the  heart  of  dock-making  from  the 
monks  of  European  monasteries :  perhaps  on  the 
contrary,  they  were  the  real  inventors  of  it,  and  the 
invention  was  made  known  to  the  Europeans  by 
means  of  the  crusades.  In  the  Uth  century,  there 
are  stronger  traces  of  the  present  system  of  clock- 
work.   Dante  particularly  mentions  clocks. 

The  manufacture  of  clocks  appears  to  have  been 
^trtnioced  into  England  during  the  reign  of  Edward 
III.,  as  that  monarch,  in  the  year  1368,  invited  three 
Dutch  Arhgiers  from  Delft,  for  the  express  purpose 
of  benefiting  his  subjects  by  a  knowledge  of  the  art. 
But  the  oldest  clock  extant  in  this  country  towards 
the  close  of  the  last  century  was  made  in  the  reign 
of  Henry  VIII.  It  was  honoured  by  a  place  in  the 
royal  psiace  at  Hampton,  and  was  so  constructed  as 
to  represent  the  motions  of  the  heavenly  bodies.  It 
is  a  curious  fact  that,  in  the  writings  of  two  of  our 
best  poets,  we  find  the  sorest  data  that  can  be  ad- 
duced of  the  early  use  of  clocks  and  watches  in  this 
country*     Chaucer,  who  was  born  in  1328,  says : — 

••  Full  f  Ickerer  was  his  crowing  in  hii  loge, 
A»  U  a  ei«ei  or  any  abbey  oiio^fe." 

'  Shakspeare  is  equally  conclusive  as  to  the  general 
u«e  of  watches  in  the  time  of  Elizabeth : — 

.  **  1  frowB.tlM  while,  and  porehanee  tvind  w  wm  watcA,  or 
pla>  Witt)  aoioe  rich  jewel."— Malyouo  ia  *'  2Ve</<A  ^right.** 
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A»  the  constmctioB  of  every^  modeni  Korologioal 
machine  must  depend  mainly  on  a  judicious  combi^ 
nation  of  wheel- work,  it  may  be  advisable  to  ex^ 
amine  first  the  principle  of  a  common  wheel  and 
pinion,  and  then  show  its  application  to  the  move- 
n^nt  of  a  dock. 


In  the  above  diagrakn,  the  pinion  d  is  supported  by 
a  separate  axis,  round  which  it  is  made  to  revolve ;» 
and  the  wheel,  t,  being  three  times  as  large  as  the* 
pinion,  the  latter  vi|||l  make  three  revolutions  to  one: 
of  the  former,  or  about  one  revolution  for  the  portion^ 
of  a  dKle  shown  in  the  diagram.  If  we  consider  the. 
weight  c  as  the  maintaining  power,  it  will  be  evi.» 
dent,  that  for  every  revolution  made  by  its  axis  there) 
will  be  three  revolutions  of  the  next  wheel  in  sue-; 
cession. 

If  we  combine  a  series  of 
wheels  and  pinions,  a  still 
greater  increase  in  speed  will 
result,  '^us  it  will  be  seen, 
that  there  are  four  revolutions 
of  the  pinion  c  for  one  of  the 
wheel  that  drives  it;  and  as 
the  wheel  d  is  attached  to  the 
same  axis,  the  pinion  e  will 
make  sixteen  revolutions  to 
one  of  the  prime  mover. 

A  reference 
mode  of  increasing 
whed-work  will 
plain  why  a  dock  which  makes 
but  twelve  revolutions  at  the 
barrel,  is  enabled  to  beat  half 
and  quarter  seconds,  and  even 
go  as  many  days  as  there  are 
turns  at  the  prime  mover. 

We  pass  now  to  a  complete 
clock,  intended  to  go  by  the 
impulse  of  a  weight,  and  for 
greater  deamesa  take  one  con- 
structed on  ^e  original  balance 
principle.    It  is  represented  in  > 

our  plat9  CLocK-woaK,  fig.  1.  The  inaintainin^ 
power  or  weight,  a,  is  seen  suspended  beneath.  It 
acts  on  the  barrel,  h,  to  which  is  attached  a  large, 
whed.  The  teeth  of  the  barrel- wheel  give  motion 
to  the  pinion  c,  which  carries  the  minute-hand,  d. 
A  small  nut,  at  e,  gives  motion  to  the  hour- wheel,/. 
Having  thus  obtained  the  division  of  minutes  and 
hours,the  next  step  is  to  regulate  the  motion  of  tha- 
"  train "  of  wheels  and  p'mions :  this  is  effected  by 
the  escapement,  which  consists  in  the  present  case- 
of  a  wheel,  g,  and  balance*  h.  .  The  pallets^  i,  i».  Ht; 
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ising  velocity  in    >    j   (        ]        ^ 
ill   readily  ex-     ?        V^^        S 


984 


CLOSE. HAULS  IVi-^  L  O  T  H  I  N  G. 


intMided  tteemaMy  to  take  ft)«  iMfth  of  the  whefX  in 
which  they  act.  This  produces  tiie  ticking  aoiind, 
80  tiitdible  inerery  species  of  ok)ck.  The  balance,  h, 
wit^  its  wei^ts/  continaaliy  oscillates  backwards 
and  forwards,  and  by  its  slow  regular  motion  gives 
uniformity  to  the  operation  of  the  wheel- work  of  the 
clock. 

A  portable  clock  is  represented  at  fig,  2.  Here  a 
bent  spring  is  substituted  for  the  weight.  The  spring 
is  coiled  in  the  barrel,  k,  and  the  chain  being  wound 
round  the  fusee,  gives  motion  to  the  train,  as  in  the 
former  case,  llie  fiisee  is  tapered  from  the  bottom 
upwards :  this  is.  intended  to  equalize  the  power  of 
the  spring,  which,  when  wound  quite  up,  pulls  with 
neater  force  than  when  its  coils  are  less  tiji^tened.  In 
fy.  3,  the  anchor  escapement  is  represented  with  the 
-wheel  detached  from  the  train.  Here  again  the  same 
species  of  oscillation  in  the  pendulum  is  employed  to 
regulate  the  wheel- work.  r^.  4,  exhibits  the  dead- 
beat  of  Graham,  in  which  the  seconds'  hand  is  left  in 
a  state  of  resU  between  each  oscillation  of  the  pen- 
dulum.     See  £SCAPBMBNT. 

If  any  substance,  sufficiently  long  for  a  pendulum, 
could  be  found  in  nature,  that  has  not  its  dimensions 
enlarged  or  diminished  by  heat  or  cold,  such  sub- 
atance  would  be  the  most  auitatfa  for  a  simple  at- 
tached pendulum ;  but  all  attempts  to  ditcofer  such 
a  substance  ha^  hitherto  been  meffectual.  Henoe, 
oontrivanoes  have  been  devised  by  ingenious  men,  to 
counteract  the  effects  of  variable  temperature  in  the 
penduhim,  and  some  of  them  hafe  sveceeded  in 
effecting  this  desirable  purpose.  So  long  ago  as  the 
year  1^,  the  different  expansibilities  of  various 
metab  were  known  by  Wandelim  to  exist,  and  in 
1715,  that  ingenious  artist,  George  Graham,  made 
seteial  experiments  with  the  pyrometer,  invented  by 
Musschenbrock,  to  ascertain  the  relative  quantities  oif 
expansion  in  different  metals,  with  a  view  of  availing 
himself  of  the  difference  of  the  expansions  of  some 
two  or  more  metals,  when  opposed  to  each  other,  in 
the  construction  of  a  compensating  pendulum ;  but 
the  difference  which  he  detected,  between  tnm  and 
brass,  for  instance,  was  so  small,  that  he  relinquished 
all  hope  of  being  able  to  accomplish  his  object  in  this 
way,  and  therefore  gave  up  the  project.  ijPkU.7)rtmi. 
London,  1726.)  However,  it  occurred  to  the  same 
artist,  tiiat  mercury  was  affected  by  changes  of  heat 
and  cold,  sufficiently  to  answer  the  purpose  of  keep- 
ing the  centre  of  oscillation  of  a  pcoduluu  always 
equidistant  from  the  point  of  suspension,  provided 
the  mercury  could  be  made  to  ascend  while  the  verge 
of  the  pendulum  descended,  or  elongated,  by  any 
degree  of  heat ;  and  viee  vend.  In  1721,  the  trial 
was  made  im  a  pendulum,  which  we  shall  i^esently 
describe,  and  in  which  the  compensation,  after  some 
adjustment,  was  found  so  complete,  that  its  error  in 
the  extremes  of  tempeimture  was  leduced  to  |  of  the 
quantity  observable  in  an  ordinary  simple  pendulum, 
m  the  mean  time,  the  idea  of  arranging  metallic  bars 
of  different  expansibilities  in  such  a  maimer  aa  to 
Constitute  a  good  compensating  penduhun,  being  once 
suggested  by  Graham's  paper  on  the  subject,  roused 
the  mgenuity  of  different  mechanics ;  and  Harrison, 
a  carpenter,  of  Barton,  in  Lincolnshire,  in  the  year 
1726,  succeeded  in  completing  the  requisite  arraosge^ 
'ttent  His-  rods  of  metal  were  placed  in  such  poraU 
lel  situations  as  to  resemble  theme  of  a  gridiron*  ftom 
wldeh  ctrevatisCance  the  pendulum,  so  constructed. 
Mat  been  denoiinated  the  ^^Krmpmdwkm    Sincej 


Horrioon's  time*  th^i«  htfve  been  various  ondiiMl. 
tions  of  the  compensating  penduluss,  boUi  in  Eng^ani 
and  France,  the  principal  of  which  we  shaU  describe 
in  their  order  of  time,  but  none  of  them  have  been 
found  to  excel  the  prototypes  of  Graham  and  Hairi*- 
son,  which  am  still  used,  one  or  other  of  them,  in  the 
principal  observatories.  If  any  improvement  has 
been  made  on  the  original  pendulums,  it  is  in  the 
external  appearance,  and  in  the  easier  modes  of 
acfjustmont     (See  Pbkdvlvm.) 

Closb-haulxo,  in  navigation;  the  general  ar« 
rangement  or  trim  of  a  ship's  sails,  when  she  endea* 
vours  to  make  progress,  in  the  nearest  direction  wm* 
sible,  towards  that  point  of  the  compass  from  whidi 
the  wind  blows. 

Closb-Quarteos  ;  certain  strong  barriers  of  wood» 
stretching  across  a  merchant-ship  in  several  plans. 
They  are  used  as  a  phuK  of  retreat  when  a  ship  as 
boarded  by  her  adversary,  and  are  tiwrefore  fitted 
wiUi  several  small  loopholes,  through  which  to  fire 
the  small  arms.  They  are  likewise  ftuniriied  with 
several  small  caissons,  called  pomder-dkteU,  wludh 
are  fixed  upoA  the  deck,  and  filled  widi  powder>  bid 
nails,  &c.,  and  may  be  fired  at  auT  time.  lastaiisai 
are  known  in  which  dose-quarters  have  proved  highly 
efiecttve. 

Clots.    See  WBaviNO  and  WooLLBir. 

CLotama.  A  vary  striking  feet,  «Ai>M*»^  by  the 
bills  of  mortality,  is  the  very  larae  propoitMm  of 
persons  who  die  of  oonsumptioa.  ft  is  not  our  in- 
tention to  enter  into  any  general  rcosarks  upon  the 
nature  of  that  fatal  disease.  In  very  many  cases,  the 
origin  of  a  consumption  is  an  ordinary  cold;  and 
that  cold  is  frequently  taken  through  the  wmt  of  a 
proper  attention  to  clothing,  particularly  in  femalastf 
We  shall,  tfacvefore,  oder  a  ftiw  general  remarkn  ufion 
this  subject,  so  important  to  the  hoalth  of  all  classes 
of  persons.  Nothmg  ia  more  naceaaary  to  a  com*' 
fortable  state  of  existcace,  tiian  that  tiw  body  should 
be  kept  in  nearly  an  unifinrm  tempemtare.  The  Al- 
mighty Wisdom,  which  made  the  aenaes  aerre  aa  k- 
strummts  of  pleasure  for  our  gratification^  and  of 
pada  for  our  protection,  has  rendered  the  ibeloigs 
arising  from  excess  or  deficiency  of  heat  so  acute, 
that  we  instinctively  seek  shelter  from  Hm  seordiing 
heat  and  freezing  cold.  We  iNUhe  our  limba  in  the 
cool  stream,  or  clothe  our  bodies  with  the  warm 
fleece.  We  court  the  breeze,  or  carefully  avoid  it 
But  no  efforts  to  mitigate  the  injurious  effects  of  hott 
or  cold  would  avail  us,  if  nature  had  not  fVimisfael 
us,  in  common  with  other  animals  (in  the  peculiar 
functions  of  the  skin  and  lungs),  with  a  power  of 
preserving  the  heat  of  the  body  uniform  under  almost 
every  vaneW  of  temperature  to  whi<^  the  atmosphere 
is  liable.  The  skin,  by  increase  of  the  perspiration, 
carries  off  the  excess  (Mf  heat ;  the  lungs,  by  decom- 
posing the  atmosphere,  supply  the  loss ;  so  Uiat  the 
internid  parts  of  the  body  are  preserved  at  a  tempe- 
rature of  about  96^,  under  all  circumstances.  In 
addition  to  the  important  shore  which  the  functioB 
of  perspiration  has  in  regulating  the  heat  of  the  bod^, 
it  serves  the  farther  purpose  of  an  outlet  to  the  con^ 
stitution,  l^y  which  it  gets  rid  of  matters  that  are  no 
longer  useful  in  its  economy.  The  excretory  function 
of  the  skin  is  of  such  parunount  importanos  to 
health,  that  we  ought  at  all  times  to  direct  our  at- 
tention to  the  means  of  securing  its  being  duly  per- 
formed ;  for  if  the  matters  that  ought  to  be  durown 
jout  of  (he  body  hj  tiie  pores  of  the  skin  ore  retained^ 
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tbey  mtferi^ly  prove  mjuriooB.  WlMta  tipeaking  of 
tiie  excrementitKms  matter  of  the  skin,  we  do  not 
memk  the  sensible  moisture  which  is  poured  out  in 
hot  weather,  or  when  the  body  is  heated  by  exercise, 
bot  a  matter  which  is  too  subtile  for  the  senses  to 
take  cognizance  of,  whidi  is  continually  passing  off 
from  every  part  of  the  body,  and  which  has  been 
called  the  nuemaibk  penpiraium.  Tliis  insensible 
peispiration  is  the  true  excretion  of  the  ekin.  A  sup- 
pression of  the  insensible  perspiration  is  a  piwatling 
symptom  in  almost  all  diseases.  It  is  the  sole  cause 
of  many  fevers.  Very  many  chronic  diseases  have 
no  other  cause.  In  warm  weather,  and  particularly 
in  hot  climates,  the  Amctions  of  the  skin  beine  pro- 
tdigioasly  increased,  all  the  consequences  of  mter- 
fupting  them  are  proportionably  dangerous.  Besides 
the  function  of  perspiration,  the  skin  has,  in  common 
eirery  other  suiface  of  the  body,  a  prociss,  by 
of  appropriate  vessels,  of  absorbhig,  or  taking 
«p,  and  conveying  into  the  blood-vesseb,  any  thing 
that  may  be  in  contact  with  it  It  is  also  the  part  on 
whick  tile  organ  of  feeling  or  touch  is  distributed. 
The  skin  is  supplied  with  gkads,  whidi  provide  an 
oBy  matter,  that  renders  it  impervious  to  vrater,  and 
ms  secures  tiie  evaporadon  of  the  sensible  perspum- 
tioB.  Were  tiiis  oily  matter  deficient,  the  skin  would 
become  sodden,  as  is  the  case  when  if  has  been  re- 
moved—a fact  to  be  observed  in  the  hands  of  washer- 
women, when  it  is  destroyed  by  the  solvent  powers 
of  tbe  soap.  The  hair  serves  as  so'many  axillary 
tiAes  to  conduct  tiie  perspired  fluid  fircnn  the  skin. 
The  tiiree  powers  of  the  skin,  perspiration,  absorp- 
tion, and  feeling,  are  so  dependent  on  each  other, 
that  it  is  impossible  for  one  to  be  deranged  without 
(he  other  two  being  also  disordered.  For  if  a  man  be 
fezposed  to  a  frosty  atmosphere,  in  a  state  of  inacti- 
vity, or  without  sufficient  dotlidng,  till  his  limbs  be- 
come stiff  and  his  skin  insensible,  the  vessels  that 
czeite  the  perspiration  and  the  absorbent  vesseb  par- 
take of  the  torpor  tiiat  has  sebed  on  the  nerves  of 
feding ;  nor  wUi  they  regain  their  lost  activity  till 
the  sensibility  be  completely  restored.  The  danger 
of  suddenly  attempting  to  restore  sensibility  to  fh>zen 
parts  is  well  known.  If  the  addition  of  warmth  be 
not  very  gradual,  the  vitality  of  the  part  will  be  de- 
ilioyed.  This  consideration  of  the  functions  of  the 
skin  will  at  once  point  out  the  necessi^  of  an  espe- 
cial attention,  in  a  fickle  climate,  to  ue  subject  of 
clothing.  Every  one's  experience  amst  have  shown 
him  how  extremely  capricious  the  weather  is  in  this 
cooutfy.  Our  experi^M»  of  this  great  inconstancy  in 
fte  temperature  of  the  akr  ought  to  have  iastructBd 
us  how  to  secure  ourselves  iW»m  its  eflbots.  The 
duef  ead  proposed  by  clothing  ought  to  be  protection 
ftom  the  cold ;  and  it  never  can  be  too  deeply  im- 

•  pressed  on  the  mind  (especially  of  those  who  have 
the  care  of  children),  that  a  degree  of  cold  that 

.  amoimis  to  shivering  cannot  bt  Mt,  under  any  cir- 
eomstances,  without  injury  to  the  health,  and  that 
the  strongest  constitution  cannot  resist  the  benumb- 
ing influence  of  a  sensation  of  cold  constantly  present, 
even  though  it  be  so  modemte  as  not  to  occasion 
immfdiatp  complaint,  or  to  induce  tiie  sufferer  to 
seek  prot^ption  from  it.  This  degiee  of  cold  often 
lays  uie  foundation  of  the  whole  host  of  chronic  dis- 
tascs,  foremost  amongst  which  are  found  scrofula 
and  consumption.  Persons  engaged  in  sedentary 
anphiymente  must  be  almost  constantly  under  the 
infiuence  of  this  degiee  of  cold,  unless  the  apartment 


in  which  they  work  is  heated  to  a  degree  timt  8ub»> 
jects  them,  on  leaving  it,  to  all  the  dangers  of  a  sud*- 
den  transition,  as  it  were,  from  summer  to  winteiv 
The  inactivity  to  which  such  persons  are  condemneii 
by  weakening  the  body,  renders  it  incapable  of  matn^ 
tainin^  the  degree  of  warmth  necessary  to^comfbr^ 
without  additional  clothing  or  fire.  Under  such  ctr*- 
cumstances,  a  sufficient  quantity  of  clothing,  of  a  pro*- 
per  quality,  with  the  apartment  moderately  warmed 
and  well  ventilated,  ought  to  be  preferred^  fbr  keep* 
ing  up  the  requisite  degree  of  warmth,  to  any  means 
of  heating  Hie  air  of  £e  room  so  much  as  to  render 
miy  increase  of  clothing  unnecessary.  To  heat  Uie 
air  of  an  apartment  much  above  the  ordinary  tempe- 
rature ^of  tne  atmosphere,  we  must  shut  out  the  ex* 
temal  air ;  the  air  also  becomes  extremely  rarefied 
and  dry ;  which  circumstances  make  it  doubly  dan-* 
gerous  to  pass  from  it  to  the  cold,  raw«  <y*W«»fil  air* 
But  in  leaving  a  moderately  well- warmed  room«  if 
properly  dothed,  th^diange  is  not  felt ;  and  the  fall 
advantage  of  exercise  is  <krived  f^om  any  opportu<4 
nity  of  taking  it  that  may  occur. 

The  only*  kind  of  drees  that  can  affDrd  the  protse-* 
tion  required  by  the  changes  of  temperature  to  which 
hi^  northern  climates  are  liable,  is  woollen*  Nor 
wUl  it  be  of  much  avail  that  woollen  be  worn,  ub-* 
less  fs  wnueh  of  it  be  worn,  and  it  be  so  woni^ 
as  efiectually  to  keep  out  the  cold.  Those  who 
would  receive  the  advantage  which  the  wearing 
of  wooUen  is  capable  of  affording,  must  wear  il 
next  the  akin ;  fbr  it  is  in  this  situation  only  that  its 
healA-preserving  power  can  be  felt.  The  great  ad^ 
vantages  of  woollen  doth  are  brie^  these:— the 
readiness  with  which  it  allows  the  escape  of  the  mat^t 
ter  of  perspiration  through  its  texture ;  its  power  of 
preserving  the  sensation  of  warmth  to  the  skin  under 
all  circumstances ;  the  difficulty  there  is  in  making  it 
thorous^  wet ;  the  slowness  with  which  it  conducts 
heat  fi£e  softness,  liditness,  and  pliancy  of  its  texme. 
Cotton  doth,  though  it  differa  but  little  from  Mnea, 
approaches  nearer  to  Ae  nature  of  wooUen,  and,  on 
that  aocoimt,  must  be  esteemed  as  the  next  best  sub- 
stance of  which  dotfaing  may  be  made.  Silk  is  tiie 
next  in  point  of  excellence,  but  it  is  inferior  to  cotton 
in  every  respect.  Umm  possesses  the  contrary  of 
most  of  the  properties  enumerated  as  excellences  in 
woollen.  It  retains  tiie  matter  of  perspiration  in  its 
texture,  and  speedily  becomes  imbued  with  it ;  it  gives 
an  unpleasant  srasation  of  cold  to  the  skin ;  it  is  very 
readily  saturated  with  moisture,  and  it  conducts  heat 
too  ra|ndly.  It  is,  indeed,  the  worst  of  all  the  8ub« 
stances  in  use,  being  the  least  qualified  to  answer  the 
purposes  of  dothing.  There  are  several  prevailing 
errors  in  the  mode  of  adapting  dothes  to  the  figure 
of  the  body,  particutely  amongst  fteales.  Clothes 
should  be  so  made  as  to  allow  Uie  body  thefVill.cxer-' 
cise  of  all  its  motions.  The  neglect  <^  this  precaution 
is  productive  of  more  mischief  than  is  generally  be- 
lieved. The  misery  and  suffering  arising  from  it 
begin  while  we  are  yet  in  the  cradle.  When  they 
have  escaped  from  the  nurses'  hands,  boys  are  left  to" 
nature.  Girls  have,  lor  a  while,  the  same  chanes  aa. 
boys,  in  a  freedom  from  bondages  of  all  kinds  j  bu^ 
as  they  approach  to  womanhood,  ^ey  are  agtin  put 
kitotrammdsinthefbnns  of  stays.  Thebadeonse* 
quences  of  the  pressure  of  stays  are  not  immediatsiy 
obvious,  but  they  are  not  the  less  certain  on  that  ao«: 
count.  The  girl  writhes  and  twists  to  avoid  tiiefioch*^ 
ing  which  anst  neosssarily  attend  the  commepHse«v 
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ttent  or  wetriog  itays  tigfaUy  faced.  The  posture 
in  which  she  finds  ease  is  the  one  in  which  she  will 
constantly  be,  until  at  last  she  will  not  be  comfort- 
Able  in  any  other,  even  when  she  is  freed  from  the 
pressure  that  originally  obliged  her  to  adopt  it.  In 
Ms  way  most  of  the  deformities  to  which  "young 
people  are  subject  originate ;  and,  unfortunately,  it  is 
not  often  that  they  are  perceived  until  tiiey  have  be- 
come considerable,  and  have  existed  too  long  to 
admit  of  remedy. 

Cloud.  The  clouds  are  aqueous  vapours,  sus- 
pended in  the  atmosphere.  They  differ  from  fogs 
tmly  by  their  height  and  less  degree  of  transparency. 
The  cause  of  the  latter  circumstance  is  the  thinness 
of  tiie  atmosphere  in  its  higher  regions,  where  the 
particles  of  vapour  become  condensed.  The  varieties 
of  clouds  are  numerous.  Some  cast  a  shade  which 
covers  the  sky,  and  at  times  produces  a  consider- 
able darkness;  others  resemble  a  light  veil,  and 
permit  the  rays  of  the  sun  and  yioon  to  pass  through 
them.    Clouds  originate  like  fogs. 

The  watery  evaporations  which  rise  from  seas, 
kkes,  ponds,  rivers,  and,  in  fact,  from  the  whole 
turfkce  of  the  earth,  ascend,  on  account  of  their 
tlasticity  and  lightness,  in  the  atmosphere,  until 
tiM  air  becomes  so  cold  and  thin  that  they  can 
rise  no  higher,  but  are  condensed.    Philosophers, 
however,  are  -of  very  different  opinions  respecting 
the  way  in  which  the  condensation,  and  the  whole 
formation  of  the  clouds,  proceed.    De  Luc,  whose 
theory  is  considered  the  most  prd)able,   believes 
that  the  watep  after  its  ascent  in  the  form  of  va- 
pours, and   before   it  takes  the  shape  of  clouds, 
exists  in  a  gaseous  state,  not  affecting  tixe  hygro- 
meter, which  is  the  reason  why  the  air  m  the  higher 
regions  is  always  dry.    He  explains  the  clouds  to  be 
collections  of  small  vesicles,   in  the  transformation 
of  yhich  from  the  gaseous  state,  he  believes  that 
oaloric  operates,  in  part  at  least,  because,  according 
to  his  opinion,  clouds  communicate  a  degree  of  heat 
to  the  body  which  they  render  damp. 
-  According  to  Huber,  clouds  are  collections  of  pre- 
cipitated spherules,  and  differ  by  their  negative  elec- 
tricity from  fogs,  the  electricity  of  which  is  generally 
positive.    If  clouds  and  fogs  lose  their  electricity, 
min  is  produced.    These  explanations  are,  however, 
by  no  means  perfectly  satisfactory. 
*'  Hie  change  of  winds  contributes  essentially  to  the 
fbrmation  of  clouds  and  fogs.    In  countries  where 
this  change  is  small  and  infrequent,  as  between  the 
tropics,  these  phenomena  of  humidity  in  the  atmos- 
phere must  be  comparatively  rare,  but,  when  they 
happen,  the  more  violent,  because  a  great  quantity 
of  vapour  has  had  time  to  collect.    The  distance  of 
the  clouds  from  the  surface  of  the  earth  b  very  dif- 
ferent.   Thin  and  light  clouds  are  higher  than  the 
highest  mountains;  thick  and  heavy  douds,  on  the 
contrary,  touch  low  mountains,  steeples,  and  even 
trees. 

^  The  average-  height  of  the  clouds  b  calculated  to 
bo  two  miles  and  a  half.  Their  size  is  likewise  very 
different.  Some  have  been  found  occupying  an  ex- 
tant of  20  square  miles,  and'dieir  thickness,  in  some 
oases,  has  been  ascertained  by  travellers  who  have 
ascended  mountains,  to  be  a  thousand  feet :  others 
are  very  thro,  and  of  small  dimensions.  The  natural 
history  of  clouds,  not  as  respects  their  chemical  stcuc- 
tore,  but  their  forms,  their  application  to  meteoro- 
logy, and  ar  knowledge  of  the  weather,,  has  been  ^11 


treated  by  Luke  Howard,  in  his  JCMoy  oa  CToadi. 
He  dbtributes  clouds  into  three  essentially  different 
formations.  These  formations  are — 1.  cima,  con* 
sbting  of  fibres  which  diverge  in  all  directions; 
2.  cumulus,  convex  and  conical  aggregates,  which 
increase  from  a  horizontal  basb  upwards ;  3.  itratuMt 
layers  vastly  extended,  connecteid,  and  horizontal. 
The  clouds  are  generally  assigned  to  three  atmospher 
rical  regions,  the  upper,  the  middle,  and  the  lowe. 
one,  to  which  a  fourth,  the  lowest,  may  be  added 
In  die  upper  region,  the  atmosphere  b  in  such  a  state, 
that  it  can  receive  and  sustain  iiqueous  matter  dis? 
solved  into  its  integrant  parts.  Thb  state  of  the 
atmosphere  corresponds  to  the  highest  state  of  the 
barometer.  To  this  region  beloiq^  the  ctrrat,  which 
has  the  least  density,  but  the  greatest  height,  and 
variety  of  shape  and  direction. 

It  b  the  fint  indication  of  serene  and  settled  wea- 
ther, and  fint  shows  itself  in  a  few  fibres,  spreading 
through  the  atmosphere.    These  fibres  bv  degrees 
increase  in  length,  and  new  fibres  attach  themselves 
to  the  sides.  'Hie  duration  of  the  ctrmt  is  nneertain, 
from  a  few  minutes  to  several  hours.   It  lasts  longsi; 
if  it  appears  alone,  and  at  a  great  height;  ii  shorter 
time,  if  it  forms  in  the  neighbourhood  of  other 
clouds.    The'  middle  region  b  the  seat  of  cuMubth 
which  is  generally  the  most  condensed,  and  moves 
with  the  stream  of  air  nearest  to  the  earth.    This 
region  can  receife  much  humidity,  but  not  in  perfect 
solution.     The   humidity  becomes   collected,  and 
shows  itself  in  masses  rising  conically,  and  resting 
on  the  third  region.    The  appearance,  increase,  and 
diappearance  of  the  cmmmiui,  in  fine  weather,  are 
often  periodical,  and  correspondent  to  the  degree  of 
heat.    Generally,  it  forms  a  few  houre  after  sun-rise* 
attains  its  hif^iest  degree  in  the  hottest  hours  of  the 
afternoon,  and  decreases  and  vanishes  at  sun-set 
Great  masses  of  cumuka,  during  high  winds,  in  the 
quarter  of  the  heavens  towards  which  the  wind 
blows,  indicate  approaching  calm  and  rain.    If  die 
cumulus  does  not  disappear,  but  rises,  a  thunder- 
storm b  to  be  expected  during  the  night.    If  the 
upper  region  with  its  drying  power  predominates,  the 
upper  parts  of  the  cumulus  become  cirrus.    But  if  the 
lower  region  predominates  (into  which  the  densest 
vapoure  are  attracted  and  dissolved  into  drops),  the 
basis  of  the  cumulus  sinks,  and  the  cloud  becomes 
stratus,  which  is  of  moderate  density,  and  its  lowei^ 
surface  rests  generally  upon  the  earth  or  the  water^ 
This  b  the  proper  evening  cloud,  and  appears  first 
towards  sun-set    To  thb  belong  also  ttK>se  creep- 
ing fogs,  which  in  calm  evenings   ascend  fi-om  the 
valleys,  and  extend  themselves  in  undulating  masses. 
The  stratus  remains  quiet,  and  accumulates  Uyr 
ers,  till  at  last  it  falls  as  rain.    Thb  phenomenon 
— the  dbsolution  of  clouds   into  rain-^b  called  t 
nimbus, 

Howard  farther  makes  subdivbions,  as,  c£rro- 
cumulus,  cirrO'StraiuM,  &c.  Also  the  re^d  stratus,  ih^ 
horizontal  layer  of  clouds,  sometimes  rises  higher 
than  at  other  times,  which  depends  on  the  season, 
the  polar  height  of  the  place,  or  the  heights  of  moun- 
tains :  the  cumulus  b  abo  sometimes  higher  and 
sometimes  lower.  On  the  whole,  however,  the  differ- 
ent kinds  remain  one  above  another.  Thomas  Forster 
has  followed  Howard  in  hb  investigations  respecting 
^e  clouds,  and  Goethe,  the  Gerx^an  poet,  has  made 
an  application  of  this  theory  in  hU  work  entitled 
Zur  Naturwiss9Hscht/t. 
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Cloyb.    The  clove  is  the  unexpanded  flower-bud 
of  an  East  Indian  tree  somewhat  resembling  the 
laorel  in  its  height,  and  in  the  shape  of  its  leaves. 
It  appears  that,  in  1770  and  1772,  both  clove  and 
nutmeg-trees  were  transplanted  from  the   Moluc- 
cas into  the  islands  of  France  and  Bourbon,  and 
subsequently  into  some  of  the  colonies  of  South 
America,  where  they  have  since  been  cultivated  with 
great  success.    At  a  certain  season  of  the  year,  the 
clove-  tree  produces  a  vast  profusion  of  flowers.  When 
these  have  attained  the  length  of  about  half  an  inch, 
the  four  points  of  the  calyx  being  prominent,  and 
having  in  the  middle  of  them  the  leaves  of  the  petals 
folded  over  each  other,  and  forming  a  small  head 
about  the  size  of  a  pea,  they  are  in  a  fit  state  to  be 
gathered.    This  operation  is  performed  betwixt  the 
months  of  October  and  February,  partly  by  the  hand, 
portiy  by  hooks,  and  partly  by  beating  the  trees  with 
bamboos.    The  cloves  are  either  received  on  cloths 
spread  beneath  the  trees,  or  are  suffered  to  fall  on 
the  ground,  the  herbage  having  been  previously  cut 
and  swept  for  that  purpose,    l^ey  are  subsequently 
dried  by  exposure  for  a  while  to  the  smoke  of  wood 
fires,  afterwards  to  the  rays  of  the  sun.     When  first 
gathered,  they  are  of  a  reddish  colour,  but  by  drying, 
they  assume  a  deep  brown  cast.    This  spice  yields  a 
very  fragrant  odour,  and  has  a  bitterish,  pungent, 
and  warm  taste.    It  is  sometimes  employed  as  a  hot 
and  stimulating  medicine,  but  is  more  frequently 
used  in  culinary  preparations.   When  fresh  gathered, 
cloves  will  yield,  on  pressure,  a  fragrant,  thick,  and 
reddish  oil ;  and  by  distillation,  a  limpid  essential 
oil.    Oil  of  cloves  is  used  by  many  persons,  though 
very  improperly,  for  curins  the  tooth-ache;  since, 
from  its  pungent  quality,  it  is  apt  to  corrode  the 
gums  and  injure  the  adjacent  teeth.    When  the  tooth 
is  carious,  and  will  admit  of  it,  a  bruised  clove  is 
much  to  be  preferred. 

The  duty  on  cloves  was  considerably  reduced  in 
1819 ;  and  there  has,  in  consequence,  been  a  decided 
increase  in  the  consumption  of  the  article ;  though 
not  nearly  so  great  as  it  would  have  been,  had  it  been 
supplied  under  a  more  liberal  system.  The  cloves  at 
present  entered  for  home  consumption  in  Great  Bri- 
tain, amount  to  about  48,000  lbs.  per  year,  of  which 
a  part  comes  from  Cayenne.  But  the  cultivation  of 
the  clove  in  Cayenne  depends  entirely  on  the  existence 
of  the  present  system  in  the  Moluccas.  The  supe- 
riority which  the  latter  enjoy  over  every  other  place 
in  the  production  of  cloves,  is  so  very  great,  that  were 
any  thing  like  freedom  given  to  those  engaged  in 
their  culture,  they  would  very  speedily  exclude  every 
other  from  the  market. 

Clovs  Bark,  or  Culilawan  Bark,  is  furnished 
by  a  tree  of  the  Molucca  Islands.  It  is  in  pieces 
more  or  less  long,  almost  flat,  thick,  fibrous,  covered 
with  a  white  epidermis,  of  a  reddish-yellow  inside, 
of  a  nutmeg  and  clove  odour,  and  of  an  aromatic  and 
sharp  taste.  It  is  one  of  the  substitutes  for  cinna- 
mon, but  not  much  used.  We  find  also  in  commerce, 
under  the  name  of  clove-bark,  another  bark  furnished 
by  the  myrthui  caryopkUlaia,  It  is  in  sticks  two  feet 
long,  formed  of  several  pieces  of  very  thin  and  hard 
bark,  rolled  up  one  over  the  other,  of  a  deep  brown 
colour,  of  a  taste  similar  to  that  of  cloves.  It  pos- 
sesses the  same  properties  as  the  former  barks,  and 
may  be  considered  as  a  substitute  for  them. 
.  Clue,  of  a  sail,  is  the  lower  comer ;  and  hence 
dmif-gamet9  are  a  sort  of  tackles  fastened  to  the  clues 
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of  the  mainsail  and  foresail,  to  truss  them  up  to  the 
yard,  which  is  usually  termed  cluetng-up  the  saiU. 
Ciue-linei  are  used  for  the  same  purpose  as  clue- 
garnets,  only  that  the  latter  are  confined  to  the 
courses,  whilst  the  clue-lines  are  common  to  all  the 
square-sails. 

Coach.     See  Carriagb. 

Coalition,  in  chemistry ;  the  reunion  or  combi- 
nation of  parts  which  had  before  been  separated. 

Coals.  See  Fubl,  and  art.  Coal,  Nat.  Hist.  Divis. 

Coat  op  Arms  ;  1.  the  surcoat  worn  by  a  knight; 
2.  the  ensigns  igrmorial  of  a  family ;  so  called,  be- 
cause originally  worn  on  some  pait  of  the  armour. 
Their  origin  is  to  be  referred  to  the  age  of  chivalry, 
when  they  were  assumed  as  emblematic  of  the  ad- 
ventures, love,  hopes,  &c.,  of  the  knight,  and  were 
useful  for  distinguishing  individuals,  whom  it  was 
difficult  to  recognize,  covered  as  they  were  from  head 
to  foot  with  armour.  This,  perhaps,  may  even  have 
been  the  origin  of  the  usage.  As  every  thing  else 
became  hereditary  in  Europe, — estates,  dignities, 
titles,  privileges, — so  the  favourite  emblem  of  the 
knight  became  the  adopted  badge  of  the  family,  the 
figures  or  characters  employed  in  them  began  to  re- 
ceive nimies,  and  the  language  and  science  of  heral- 
dry (see  Heraldry)  was  formed.  The  right  to  bear 
arms  thus  became  a  distinctive  mark  of  gentle  birth. 

Cobalt  occurs  alloyed  with  arsenic,  nickel,  and 
other  metals,  and  mineralized  by  oxygen  and  by 
arsenic  acid.  It  is  obtained,  afler  the  ore  has  been 
roasted  and  calcined,  in  the  state  of  an  oxide,  impure 
from  the  presence  of  other  metallic  oxides.  When 
this  oxide  is  obtained  in  a  state  of  purity,  and  re 
duced  to  the  metallic  state,  we  are  presented  with  a 
metal  of  a  white  colour,  inclining  to  gray,  and  if  tar- 
nished, to  red,  with  a  moderate  lustre.  Its  fracture 
is  compact ;  it  is  hard,  brittle,  and  of  a  specific  gra- 
vity of  7*8.  Like  nickel,  it  is  sensibly  magnetic,  and 
is  susceptible  of  being  rendered  permanently  so.  It 
undergoes  little  change  in  the  air,  but  absorbs  oxygen 
when  heated  in  open  vessels.  It  is  attacked  with 
difficulty  by  sulphuric  or  muriatic  acid,  but  is  readily 
oxidized  by  means  of  nitric  acid.  "Pxere  are  but  two 
oxides  of  cobalt  known.  The  protojdde  is  of  an  ashy 
gray  colour,  and  is  the  basis  of  the  salts  of  cobalt, 
most  of  which  are  of  a  pink  hue.  When  heated  to 
redness  in  open  vessels,  it  absorbs  oxygen,  and  is 
converted  into  the  peroxide.  It  may  be  prepared  by 
decomposing  the  carbonate  of  cobalt  by  heat,  in  a 
vessel  from  which  the  atmospheric  air  is  excluded. 
It  is  easily  known  by  its  giving  a  blue  tint  to  borax 
when  melted  with  it,  and  is  employed  in  the  arts,  in 
the  form  of  smalt,  for  communicating  a  similar  colour 
to  glass,  to  earthenware,  and  to  porcelains 

Smalt,  or  powder  blue,  is  maide  by  melting  three 
parts  of  fine  white  sand,  or  calcined  flints,  with  two 
of  purified  pearl-ash  and  one  of  cobalt  ore,  previously 
calcined,  and  lading  it  out  of  the  pots  into  a  vessel 
of  cold  water ;  after  which,  the  dark-blue  glass,  or 
zafire,  is  ground,  washed  over,  and  distributcv  Sto 
diffierent  shades  of  colours,  which  shades  are  occa- 
sioned by  the  different  qualities  of  the  ore,  and  the 
coarser  and  finer  grinding  of  the  powder.  Smalt, 
besides  being  used  to  stain  glass  and  pottery,  is  often 
substituted  in  painting,  for  ultra-marine  blue,  and  is 
likewise  employed  to  give  to  paper  and  linen  a  bluish 
tinge. 

The  muriate  of  cobalt  is  celebrated  as  a  sympaihette 
ink.    When  diluted  with  water,  so  as  to  form  a  pale 
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pmk  sohitlon,  and  then  ewployed  as  ink,  the  lettere 
whidi  are  invisible  in  the  colt »,  become  blue  if  gently 
Iwated.  It  is  prepared  by  tUssolving  one  part  of 
xaffre  in  two  of  diluted  nitric  acid,  with  the  aid  of 
heat,  adding  to  it  of  muriate  of  soda  one  part,  and 
diluting  with  twenty  parts  of  water.  The  peroxide 
of  cobalt  is  of  a  black  colour,  and  is  easily  formed  in 
the  way  already  mentioned.  It  d-oes  not  unite  with 
acids;  and,  when  digested  in  muriatic  acid,  the 
proto-muriate  of  cobalt  is  generated  with  the  disen- 
gagement of  chlorine.  When  Strongly  heated  in 
close  vessels,  it  gives  off  oxygen,  Jmd  is  converted 
into  the  protoxide. 

Ores  of  cobalt :  1 .  White  cabaU  ott,  or  bright  whita 
eohalt  ore,  consists  principally  of  cobaJt  and  arsenic. 
Its  colour  is  tin-white,  liable  to  tarnish,  with  little 
lustre.  It  occurs  massive  and  crystallized,  in  cubes 
and  in  octohedrons.  It  is  hard  and  brittle.  Specific 
gravity,  7.3  to  7-7.  Before  the  blow-pipe  it  melts, 
and  gives  an  arsenical  smoke  and  odour.  It  forms  a 
metallic  globule,  and  gives  to  borax  a  b?ue  colour. 
Tt  occurs  chiefly  in  primitive  rocks,  and  is  frequently 
accompanied  with  bismuth.  It  is  found  most  abun- 
dantly in  Germany,  Sweden,  and  Norway,  and  also 
occurs*  in  several  other  European  countries.  2.  Gray 
cobalt  ore  is  an  aUoy  of  cobalt  with  arsenic  and  iron, 
and  is  sometimes  accompanied  with  small  portions 
of  nickel  and  bismuth.  Its  colour  is  light-gray; 
liable  to  tarnish.  It  occurs  massive  or  disseminated, 
and  is  never  crystallized.  It  has  been  found  in  the 
United  States,  at  Chatham,  Connecticut,  but  has 
not  hitherto  been  worked  advilntageously.  It  also 
occurs  in  Bohemia,  Saxony,  and  France.  3.  Red  co^ 
bait  ore  is  a  hydrated  arseniate  of  cobalt,  of  a  beauti- 
ful peach  blossom  red  colotr.  It  occurs  massive, 
disseminated,  and  in  minute  crystals.  It  accom- 
panies other  ores  of  cobalt. 

Cockswain,  or  Coxen  ;  the  officer  who  manages 
and  steers  a  boat,  and  has  the  command  of  a  boat's 
crew.  It  is  evidently  compounded  of  the  words  cock 
and  swain,  the  former  of  which  was  ancientlv  a  yawl, 
or  small  boat,  as  appears  from  several  authors,  but 
has  now  become  obsolete. 

Codex  ;  With  the  ancients,  that  part  of  the  wood 
of  a  tree  next  to  the  bark.  Before  the  invention  of 
paper,  wooden  tablets,  covered  with  wax,  which  were 
written  on  with  the  style,  and  put  together  in  the 
shape  of  a  book,  were  called  codex.  The  word  was 
afterwards  retained,  in  times  when  paper  was  used 
for  writing,  to  denote  a  large  book.  Thus,  import- 
ant works,  particularly  old  manuscripts  of  poets, 
historians,  &c.,  which  had  been  preserved,  were  called 
codices  jnaniucripH,  See  Manuscripts,  Second  Dhris. 

CoEPFicreNTs,  in  algebra;  figures  put  before  the 
letters,  to  indicate  how  many  times  the  letter  is  to 
be  added  to  itself.  Thus  4a  signifies  a-f  o+a-f-fl. 
If  the  coefficient  is  indefinite,  it  is  expressed  by  a 
letter,  as  6  a. 

Coffee.  The  natural  history  of  this  valuable 
plant  will  be  found  under  that  division  of  our  work, 
but  its  commercial  importance  must  be  noticed  here. 
Coffee  is  an  article  of  but  recent  introduction.  To 
the  Greeks  and  Romans  it  was  wholly  unknown. 
Its  use  appears  to  have  originated  in  Ethiopia ;  and 
it  is  stated  to  have  been  first  introduced  into  Con- 
stantinople in  1554,  from  whence  it  was  gradually 
adopted  in  the  western  parts  of  Europe.  The  infor- 
mation we  have  respecting  its  introduction  into  Eng- 
land is,  that,  in  1652,  Daniel  Edwards,  a  Turkey 


merchant,  brought  home  with  him  a  Greek  senrant, 
whose  name  was  Pasqua,  and  who  understood  th( 
methods  of  roasting  coffee,  and  making  it  into  a  be- 
verage. This  man  was  the  first  who  publicly  sold 
coffee  in  England,  and  kept  a  house  fbr  that  purpose 
in  George  Yard,  Lombard  Street.  At  Paris,  coflfec 
was  nearly  unknown,  until  the  arrival  of  the  Turkish 
ambassador,  Solomon  Aga,  in  1669 ;  about  three  yeard 
after  which  the  first  coffee-house  is  said  to  have  been 
established  in  that  city.  The  coffee  shrub  was  origi- 
nally planted  in  Jamaica  in  1732. 

Great  attention  is  paid  to  the  culture  of  cofl^e  in 
Arabia.  The  trees  are  raised  from  seed  sown  iti 
nurseries,  and  afterwards  planted  out  in  moist  and 
shady  situations,  on  sloping  grounds,  or  at  the  foo. 
of  mountains.  Care  is  taken  to  conduct  little  rills  oS 
water  to  the  roots  of  the  trees,  which  at  certain  sea- 
sons require  to  be  constantly  surrounded  with  mois- 
ture. As  soon  as  the  fhiit  is  nearly  ripe,  the  water 
is  turned  off,  lest  the  fruit  should  be  rendered  too 
succulent.  In  places  much  exposed  to  the  south,  the 
trees  are  planted  in  rows,  and  are  shaded  from  the 
otherwise  too  intense  heat  of  the  sun,  by  a  brandung 
kind  of  poplar-tree.  When  the  fruit  has  attained  its 
maturity,  cloths  are  placed  under  the  trees,  and  upon 
these  the  labourers  shake  it  down.  They  afterwards 
spread  the  berries  on  mats,  and  expose  them  to  the 
sun  to  dry.  The  husk  is  then  broken  off  by  large 
and  heavy  rollers  of  wood  or  iron.  When  the  coffee 
has  been  thus  cleared  of  its  husk,  it  is  again  dried  in 
the  sun,  and,  lastly,  winnowed  with  a  large  fan,  for 
the  purpose  of  clearing  it  from  the  pieces  of  husks 
with  which  it  is  intermingled.  A  pound  of  coffee  is 
generally  more  than  the  produce  of  one  tree ;  but  a 
tfee  in  great  vigour  will  produce  three  or  four  pounds. 

The  best  coffee  is  imported  from  Mocha,  on  the 
Hed  Sea.  This  kind,  which  is  denominated  Motha 
and  Dtrkey  coffee,  is  of  a  better  cuality  than  any 
which  the  European  colonists  are  able  to  raise,  owin^, 
as  it  is  supposed,  to  the  difference  of  climate  and  soil 
in  which  it  grows.  It  is  packed  in  large  bales,  each 
containing  a  number  of  smaller  bales,  and  when 
good,  appears  fresh,  and  of  a  greenish-olive  colour. 
The  coffee  next  in  esteem  to  tiiis  is  raised  in  Java 
and  the  East  Indies  ;  and  that  of  lowest  price,  in  the 
West  Indies  and  Brazil.  When  stowi^l  in  ships, 
with  rum,  pepper,  or  other  articles,  it  is  said  that 
coffee  contracts  a  rank  and  unpleasant  flavour ;  and 
this  has  been  assigned  as  a  reason  of  the  infbriority 
of  that  which  is  imported  from  the  European  planta- 
tions.— ^The  quantity  of  coffee  annually  supplied  by 
Arabia  is  supposed  to  be  upwards  of  14,000,000  of 
poimds.  Before  the  commencement  of  the  French 
revolution,  the  island  of  St.  Domingo  alone  exported 
more  than  70,000,000  of  pounds  per  annum ;  and,  at 
the  present  day,  such  is  the  fertility  of  this  bland, 
that  sufficient  coffee  is  raised  to  reduce  the  price 
greatly  in  all  parts  of  the  civilized  worid.  Almost 
all  the  Mohammedans  drink  coffee  at  least  twice  a 
day,  very  hot,  and  without  sugar. 

Tlie  excellence  of  coffee  depends  in  a  great  mea- 
sure on  the  skill  and  attention  exercised  m  roasting 
it.  If  it  be  too  little  roasted,  it  is  devoid  of  flavour, 
and  if  too  much,  it  becomes  acrid,  and  has  a  dis- 
agreeable burnt  taste.  In  Europe,  it  is  usually  roasted 
in  a  cylindrical  tin  box,  perforated  with  numerous 
holes,  and  fixed  upon  a  spit,  which  runs  lengthwise 
through  the  centre,  and  is  turned  by  a  jack,  or  by  the 
hand.    Coffee  is  used  in  the  form  either  of  an  mfu- 
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lAim  or  decoction,  of  which  the  former  is  decidedly 
pre^erable^   both  as  regards  flavour  and  strength. 
Coffee,  as  very  commonly  prepared  by  persons  nn- 
acqaainted  with  its  nature,  is  a  decoction,  and  is 
boiled  for  some  time,  under  a  mistaken  notion  that 
tke  strength  is  not  extracted  unless  it  be  boiled.  But 
the  fact  is  just  the  reverse.    The  fine  aromatic  oil, 
which  produces  the  flavour  and  strengUi  of  coffee,  is 
dispelled  dnd  lost  by  boiling,  and  a  mucilage  is  ex- 
tracted at  the  same  time,  wMch  also  tends  to  make 
ft  flat  and  wei^.    The  best  modes  afe,  to  pour  boil- 
ing water  through  the  cofl^  in  a  biggin  or  strainer, 
wittch  is  found  to  extract  nearly  all  the  strength ;  or 
to  pour  boiling  water  upon  it,  and  set  it  upon  the 
fire,  not  to  exceed  ten  minutes.     Prepared  in  either 
way,  it  is  fine  and  strong.    As  a  medicine,  strong 
coffee  is  a  powerful  stimulant  and  «>rdial,  and  in 
paroxysms  of  the  asthma  is  one  of  the  best  remedies ; 
but  it  should  he  very  strong,  and  made  with  almost 
as  much  coffee  as  water.    In  faintnese  or  exhaustion 
from  labour  and  fatigue,  and  from  sickness,  coffee  is 
one  of  the  most  cordial  and  delicious  restoratives. 
There  are  coflee-machines,  in  which  the  water  is 
boiled,  and  the  steam  penetrates  the  coffee,  and  ex- 
tracts, to  a  great  degree,  the  flne  aroma.    Imme- 
diately after,  the  boiling  water  is  poured  over  it. 
Tlnis  the  best  coffee  is  made.    As  we  have  already 
said,  m  EuroDe,  coffee  b  generally  roasted  in  a  cy- 
linder ;  in  Asm,  however,  open  pane  or  tin  plates  are 
used,  and,  if  the  time  allows,  a  boy  is  employed,  who 
picks  out  every  bean  when  it  has  reached  Hbe  right 
degree  of  brownness.    The  same  is  done  by  some 
French  people.    The  eecoiid  difference  in  the  Asiatic 
way  of  preparing  coffee  is,  that  they  pound  the  beans, 
and  do  not  grind  them,  mnch  pr^erring  the  former 
mode.    In  Marseifles,  wc  have  seen  coffee  likewise 
pounded.    Yfhether  ^is  is  really  preferable,  we  do 
not  venture  to  decide ;  but  experience  has  tau^it  us 
that  'die  Asiatic  coffee  is,  on  ^e  whole,  much  better 
tiian  tbe  European.  The  difference  is  probably  owing 
t9  the  different  way  of  roasting.    The  TuHls  and 
Arabs  bdl  the  coffee,  it  is  true,  but  tiiey  boil  eadi 
cup  hj  itsetf,  and  only  for  it  nioinent»  so  that  the 
effect  IS,  in  fact,  dmeh  die  same  as  that  of  infUsion, 
and  not  like  that  of  decoction.    They  do  not  sepa- 
rate tiie  troffee  ttstX  from  the  infusion,  but  leave  the 
whole  in  the  cup.     It  improves  the  beverage  very 
much  to  roast  and  grind  the  cofl^  just  before  it  is 
used. 

The  Turks  drink  coffee  at  idl  times  of  day,  present 
it  to  visitors  both  in  the  forenoon  and  afternoon,  and 
the  opium-eater  lives  almost  entirely  on  coffee  and 
opium.  Beaujour,  in  his  excellent  work  on  Greece, 
tells  of  a  theHttcoplutge  (an  opium-eater),  vrho  drank 
more  than  GO  cups  of  cdSee  in  a  day,  and  smoked  as 
ra'^ny  pipes.  Coffee  has  beea  ^e  favoarite  beverage 
of  many  distinguished  men.  Napoleon  and  Frederick 
file  Great  drank  it  freely;  Voltaire  liked  it  very 
strong';  and  Leibnitx  drank  it  also  during  the  whole 
di^,  but  mixed  with  more  than  im  equal  quantity  of 
ittSk.  The  best  coffee,  in  the  western  part  of  the 
wortd,  is  made  in  France,  where  this  beverage  is  in 
universal  request.  In  fact,  tlupougbout  Uie  continent 
of  Europe  it  ts  generally  drank*  In  England,  how- 
ever, tea  is  a  more  common  drink.  In  England  and 
the  United  States,  coffee,  almost  always,  is  badly 
made.  The  coffee-houses  in  France,  it  is  well  known» 
81%  places  which  affdrd  much  opportunity  for  inte- 
remig  obwrvalion.    In  the  sou^  of  France,  they 


are  still  more  frequented  than  in  the  north.  The  dif- 
ferent CafA  of  t^  Palaia  Royai  in  Paris  are  fiamous : 
the  Cqf^desMiUe  CoUmMs  is  one  of  the  most  splendid. 
The  Ctrfide  la  Pai»  ctmtains  a  small  theatre.  In  the 
Caf^ de$Aveugk8,vf ery  evening,  blind  men  and  women 
of  the  Hospice  de$  Qmnze-  VtngU  play  and  sing.  Those 
coffee-houses  in  France  where  smoking  is  allowed, 
are  called  estimanets,  which  is  also  the  name  of  the 
be^-houees  in  Holland.  One  of  the  greatest  attrac- 
tions in  French  coffee-houses  is  the  limonadikre,  a 
woman  who  sits  in  an  elevated  seat,  to  attend  to  the 
tale  of  the  refreshments.  She  is  generally  very 
pretty,  and  is  dressed  with  much  taste.  With  ge- 
nuine Frendi  tact,  she  represses  all  improper  free- 

In  the  East,  the  coffee-houses,  or  rather  booths, 
form  a  very  essential  part  of  the  social  system ;  all 
men  of  lebure  assembling  there.  In  these  places  are 
also  to  be  found  the  famous  story-tellers,  who  repeat 
long  tales  to  attentive  hearers,  who  show  their  in- 
terest by  exclamations  of  "  God  save  him !  Allah 
deprive  him  of  his  eyes!"  &c.,  or  utter  warning 
cries  to  alarm  the  hero  when  danger  awaits  him.  It 
often  happens  that  the  story  is  broken  off  and  conti- 
nued the  next  day.  There  is  a  highly  interesting 
manuscript  in  the  Royal  Library  at  Paris,  in  Arabic, 
entitled  the  Smpport  of  /inioc«»c6.  It  relates  to  the 
lawfrdness  of  using  coffee.  The  author  is  Aljeziri 
Alhanbali.  Of  this  De  Sacy  gives  an  account  and 
extracts  in  his  ChmkimQtMe  Ardbe,  It  appears  that 
a  questioQ  arose*  whether  coffee  was  to  be  included 
among  the  intoxicating  beverages  vhich  the  Koran 
prohibits ;  and  the  manuscript  {xoves  that  it  is  not. 
There  are  many  other  interesting  matters  in  these 
extracts.  The  sheikh,  the  writer  of  the  manuscript, 
proves  that  the  use  of  coffee  was  first  introduced  by  a 
fkmous  sheikh,  imaum,  mufti  and  scholar  of  Arabia 
Felix,  called  Dhaimm,  about  the  year  870  of  the 
Hegira. 

In  Egypt*  the  drinking  of  coffee  seems  to  have 
been  at  first  regarded  almost  as  a  religious  cer^:iony . 
The  devotees,  who  introduced  it  there,  assembled  for 
the  purpose  of  enjoying  it  on  Moncbiy  and  Friday 
evenmgs,  when  it  v^as  handed  round  with  c^eat  so- 
knuiity,  accompanied  with  many  prayers,  and  ever 
mid  anon  with  exclamations  of  "  Tbere  is  no  God  but 
God  i"  Tliere  are  also  mentioned,  in  the  manuscript 
above  cited,  two  different  meUiods  of  making  coffee* 
one  called  ^101^0,  in  which  the  grain  and  husk  aie 
used  togetiier,  mkI  another  called  kuhariyya,  in  which 
the  huric  is  used  alone.  Many  sermons  against 
ooffee-driiddng  are  extant,  written  at  the  time  when 
it  was  introduced  into  Europe;  as  there  are  alw 
many  sermcoM  against  smoking.  We  recollect  hav- 
ing read  the  foUowing  passage  in  an  old  sermon  : 
**  They  cannot  watt  until  the  smoke  of  the  infernal 
regions  eunrounds  them,  but  encompass  themselve? 
with  smoke  of  their  ovm  accord,  and  drink  a  poison 
whidi  God  made  Idack,  that  it  might  bear  the  devil's 
colour." 

Coffin.  Coffins  were  used  by  the  ancients  only 
to  receive  the  bodies  of  persons  of  the  highest  dis- 
tinction. Even  at  the  present  time,  th^  are  not 
used  in  Ihe  East*  eitiier  by  Mohammedans  or  Chris- 
tians, llie  modem  Jews  do  not  use  coffins,  but  only 
two  boards,  between  which  the  corpse  is  tied.  But 
in  Egypt,  coffins  seem  to  have  been  used  in  ancient 
times  universally.  They  were  of  stone,  wood,  or  a 
land  of  paateboard  made  by  gluing  cloth  together. 
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Coffins  among  Christians  were  probably  introduced 
with  the  custom  of  burying.  It  has  been  often  pro- 
posed that  they-  should  be  made  with  a  hole  opposite 
the  place  of  the  mouth  of  the  body,  so  as  to  allow 
breathing,  in  case  of  levival.  Of  course  it  would  be 
necessary,  at  the  same  time,  to  let  the  coffin  stand  for 
some  days  in  a  convenient  place,  as  is  the  custom  in 
many  parts  of  Germany. 

CoHBSioN  is  that  force  which  preserves  in  union 
particles  of  a  similar  kind.  Its  action  is  seen  in  a 
solid  mass  of  matter,  the  parts  of  which  cohere  with 
a  certain  force  which  resists  any  mechanical  action 
that  would  tend  to  separate  them.  In  different  bo- 
dies, it  is  exerted  with  different  degrees  of  strength, 
and  is  measured  by  the  force  necessary  to  pull  them 
asunder.  According  to  Sickingen,  the  relative  cohe- 
sive strength  of  the  metals  is  as  follows : 

Gold 150,955 

Silver 190,771 

Platina 262,361 

Copper 304,696 

Soft  iron 362,927 

Hard  iron 559,880 

Cohesion  in  liquids  is  very  much  weaker,  the  parts 
being  disjoined  with  much  more  facility;  and,  in 
substances  existing  in  the  aerial  form,  it  is  entirely 
overcome,  the  particles,  instead  of  attracting^  repel- 
ing  each  other. 

*  Cohesion  in  bodies  is  weakened  or  overcome  by 
two  general  causes — by  the  repulsion  communicated 
by  caloric,  or  bf  the  attraction  which  may  be  exerted 
by  the  particles  of  one  body  on  those  of  another. — 
Caloric  communicated  to  a  solid  body  separates  its 
particles  to  greater  distances,  as  is  evident  from  the 
enlargement  of  volume  which  it  produces.  By  thus 
increasing  the  distances,  the  force  with  whidi  the 
attraction  of  aggregation  or  cohesion  is  exerted  is 
diminished ;  if  the  heat  be  carried  to  a  sufficient  ex- 
tent, the  cohesion  is  so  far  weakened,  that  the  body 
passes  into  the  liquid  form ;  and,  if  carried  still  far- 
ther, the  attractive  force  is  entirely  overcome,  repul- 
sion is  established  between  the  particles,  and  the 
body  passes  into  the  aeriform  state. 

Coining.  This  subject  is  intimately  connected 
with  the  value  of  money  as  a  branch  of  commerce  : 
but  to  render  our  view  of  the  matter  clear  and 
methodical,  it  may  be  advisable  to  separate  the  me- 
chanical manufacture  of  coin  from  its  use  as  a  circu- 
lating medium.  The  latter  portion  of  the  subject 
will  be  found  under  Monbt.  Mr.  B.  Cook  has  taken 
some  pains  to  trace  the  early  history  of  money,  and 
he  states  in  a  paper  inserted  in  the  Journal  of  Science, 
that  the  Scythians  were  the  first  inventors  of  coined 
money.  The  most  ancient  money  struck  in  Greece 
18  easily  known,  from  the  method  used  in  making  it, 
because  it  has  no  revene ;  it  appears,  they  found  a 
difficulty  in  fixing  the  coin  firmly  in  the  die  to  receive 
the  stroke  of  tl^  hammer ;  to  effect  this,  they  left 
upon  the  reverse  several  elevations,  which  entered 
mto  the  plate  or  matrix,  to  prevent  it  from  slipping. 
These  points  or  elevations  were  numerous  in  the  first 
monies,  but  in  time,  this  rude  method  was  exchanged 
for  a  surfisice  a  little  convex,  which  served  to  hold 
the  coin,  while  the  obverse  was  struck  upon  it. 
Upon  coins  now  existmg  of  Syracuse  and  India,  this 
method  is  evident. 

It  appears  that  the  first  Greek  monies  which  had 
any  inscription  on  the  reverse,  were  cut  in  after  the 


coin  had  been  struck.  The  obverse  was  struck  first, 
and  then  the  coin  was  put  in  another  die,  and  struck 
again,  with  a  reverse ;  and  this  method  appears  to 
have  been  generally  adopted  by  the  people  of  Japan, 
as  well  as  Greece. 

Some  of  the  first  medals  of  Greece  had,  for  a  re- 
verse, the  head  of  Apollo,  vrith  his  lyre ;  thus  upon 
the  medals  of  Crete,  the  head  of  Apollo  appears,  who 
was  one  of  the  deities  worshipped  diere ;  and  because 
Minos  pretended  to  be  descended  from  Jupiter,  be 
was  an  object  of  the  highest  adoration.  Idomeneus, 
who  fought  at  the  Trojan  war,  also  attributed  his 
birth  to  Apollo,  the  god  of  day ;  the  eagle,  also,  is 
found  on  the  Cretan  coins. 

A  great  quantity  of  coins  and  medals  of  Athens, 
and  other  cities,  w«re  square ;  and  indeed,  all  over 
Asia  and  Afoca,  there  circulated  not  only  square 
money,  but  octagonal  money.  There  also  exbted  in 
France,  in  the  time  of  the  Emperor  Honorius,  a 
square  money,  made  of  red  copper,  upon  the  reverse 
of  which  was  struck  the  figure  of  the  goddess  ilfone/a, 
with  the  legend  Exacium  SoUdi,  weighing  about  foiu* 
penny- weights ;  the  form  of  this  money  was  like  the 
money  of  Athens. 

Upon  the  money  of  Thrace  we  find  the  head  of 
Apollo,  and  on  the  reverse,  a  griffin  ;  also  on  some 
of  their  medals  is  represented  Jupiter,  with  an  eagle 
on  his  hand,  and  a  sceptre ;  on  the  medals  of  Ma- 
cedonia is  represented  a  horse;  up^  the  medals 
of  Corinth,  the  face  of  Minerva  is  represented,  and 
on  the  reverse,  the  Pegasui, 

The  medals  of  the  island  of  Cos,  the  birth-place  of 
Appelles  and  Hippocrates,  had  the  head  of  Hercules, 
and  on  the  reverse,  the  figure  of  a  crab. 

There  was  struck  a  money  of  a  parallelogram  shape* 
at  Psestum,  with  a  Latin  inscription,  which  proves 
the  time  *"  was  made ;  this  ancient  Grreek  city  vras 
forced  to  receive  a  Roman  colony,  465  years  after 
the  foundation  of  Rome,  and  289  years  before  Christ; 
these  Latin  medab  could  not  have  been  struck  before 
this  period,  which  was  more  than  40  years  after  the 
death  of  Alexander.  The  square  money  is  never 
found  among  the  Roman  coins,  as  the  severe  spirit 
that  called  into  existence  science  and  arts  at  Rome, 
appears  under  a  different  shape  to  that  sublime  spirit 
that  gave  existence  to  the  everiasting  inventions  of 
Greece.  If,  then,  any  coins  of  this  shape  are  found 
with  a  Roman  legend  on  them,  it  is  certain  they  were 
struck  in  Greece. 

If  we  seek  for  authority  from  Plutarch,  he  says, 
that  Theseus  struck  the  figure  of  the  bull  upon  the 
Athenian  money,  either  m  honour  of  his  having 
conquered  the  bull  of  Marathon,  or«  what  is  more 
probable,  as  an  emblem  of  the  deity  worshipped  at 
Athens ;  at  all  events,  money  vrith  this  figure  upon 
it,  was  used  in  Athens  before  the  war  of  Troy;  for 
his  successor,  M6te$  'Ji^,  commanded  the  Athenians 
at  that  celebrated  s  .ege.  It  was  on  account  of  the 
figure  of  a  bull  beinf;  struck  upon  this  money,  that  it 
was  called  by  the  rame  of  this  animal. 

Upon  the  med'^s  of  Pando$ia  (a  city  of  Greece, 
now  destroyed)  is  the  same  impression,  which  was 
famous  in  history,  for  the  defeat  and  death  of  Alex- 
ander, king  of  Epirus,  who  was  killed  near  to  its 
walls,  in  the  same  year  that  the  foundation  of  Alex- 
andria in  Egypt  was  laid.  Now,  two  of  the  sons  of 
Theseus  fought  under  Agamemnon  at  the  siege  of 
Troy,  and  leading  there  the  Athenian  youth — a  city 
of  the  greatest  influence  among  the  oUier  statet— -it 
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H  very  likely  that  the  mooey  of  tlieir  father  uii) 
otfatre,  as  well  as  uf  other  statea,  which  had  the 
■ante  irapression,  was  tbe  money  then  used  by  the 
Greeks,  both  in  gold,  silver,  and  brass ;  for  we  find 
that  Homer,  in  speaking  of  the  arras  of  Glaucut, 
exchangvd  for  those  of  Dioraede,  says,  that  the  golden 
arms  of  Glaucus  were  valued  at  a  hondred  oxen  or 
balls ;  and  those  of  brass,  of  Diomcde,  were  only 
ralued  at  cine  oieu.     liiad,  I.  6,  v.  235. 

It  is  very  certain  it  could  not  be  animals  that  wen 
nchangcd  as  money,  bat  money  called  I>y  this  name^ 
so  that  in  200O  years  hence,  when  the  money  of 
tlui  country  b  described  as  Mxtemyiu,  it  will  nut 
be  supposed  that  sovereigns,  mighty  men,  kings, 
were  id  such  plenty,  as  to  b«  used  in  making  ei- 
duutges  for  things  to  anpply  our  wants,  necessities, 
m  luxuries. 

It  was  about  the  time  of  Servius  Tullius,  that  the 
coins  of  Rome  b^an  to  take  a  differeut  figures  the 
first  coins  were  cast  in  moulds,  with  the  figures  on 
them  very  much  raised,  and  rude,  ai-d  after  being 
made,  were  adjusted  to  a  certain  weight,  to  correct 
the  errors  of  casting.  These  first  monies  were  cbiedy 
of  lead  ;  but  Numa  began  to  make  money  of  copper, 
and  introduced  other  designs  on  it,  as  all  the  former 
coins  had  only  tbe  double  head  of  Janus  on  one  side, 
with  a  ship  or  prow  of  a  vessel  on  the  other. 

On  Bome  medals  of  Commodtu,  the  Supreme  Deity 
ii  represented  under  the  form  of  a  bull,  as  indicative 
of  his  supreme  power.  On  the  reverse  of  some  of 
die  medals  of  Marcus  Aorelius  are  seen  the  bull  and 
snpent.  On  the  medals  of  Persia,  and  in  the  works 
of  Zoroaster,  this  worship  was  practised.  He  repre- 
Knta  Ood. under  the  figure  of  the  serpent,  and  de- 
scribee him  as  "  the  Master  of  all  things— exempt 
from  death — eternal  in  his  duration — without  begin- 
nnig',  and  witbout  parte." 

On  the  medals  of  Tartary  we  find  the  figure  of  the 
serpent;  on  the  reverse  of  a  medal  of  Tyre  we  find 
the  serpent  encircling  an  egg ;  and  we  find  the  same 
figure  on  the  medals  of  Japan,  who,  in  their  cosmo- 
gony, say  it  was  the  warm  breath  of  the  serpent 
that  called  into  life  the  first  man.  Id  the  cosmogony 
of  Phoenicia,  Sanchoniat/um  describes  "  thefint  heiagi 
at  beimg  moatttifd  by  a  eoke  of  Ihtadtr,  which  tpoke  in 
ikem,  adlmg  thrm  male  tmd  femak  on  fAc  earlh  and  in 
Hi  tea;  and  Ihei/  began  to  move." 

E'aaaing,  however,  from  the  antient  coinage  to  that 
which  relates  to  our  own  times,  we  find  a  most  ex- 
traordinary change  in  the  value  and  execution  both 
tut  a^cs  and  medals  effected  by  the  impruvcmcnta 
which  have  taken  place  in  machincr)'.  Copjier  money 
maunfactored  at  Birmingham  is  now  equal  in  point 
of  execution  to  that  of  much  of  the  finest  gold  coin- 
age, without  incurring  one  thousandth  part  of  the 
eipease.  Under  the  article  Sculpthrb,  we  propose 
giving  a  history  of  those  splendid  specimens  of  art 
produced  under  the  patronage  of  Napoleon,  as  wdl 
as  the  exquisite  medals  of  Wyon  in  our  own  country; 
and  we  now  proceed  to  describe  the  apparatus  by 
which  the  &jna  a  communicated  both  to  coins  and 

The  first  process  is  that  uf  fialling,  or  laminating 
in  the  rolling-mill.  When  silver  is  to  be  coined,  tbe 
bars,  before  they  are  passed  between  the  rollers,  are 
heated  to  redness,  which  tends  to  soften  them.  This 
IB  effected  in  a  reverberaCory  furnace. 

When  bars  of  gold  are  subjected  to  the  same  pro- 
cess, thev  are  tolled  iu  a  cold  state,  and  a  bar  of  an 


inch  thick  can  be  reduced  to  that  of  a  half  sovereign, 
without  being  annealed,  and  could  be  made  much 
thinner  if  necessary,  and  vet  not  show  the  least 
symptom  of  cracking. 


The  above  engraving  la  an  elevation  of  one  pair  of  '. 
rotters,  and  a  part  of  the  wheel-work  forgiving  mo-  < 
tiun  to  them.  A  is  the  upper  and  B  the  lower  roller  ; 
C,  the  standards,  or  cast-iron  frame  which  supports 
them.  Each  of  the  standards  has  an  opening  in  it  to 
receive  the  bearing  brasses  for  the  pivots  of  the  rol- 
lers. The  upper  roller  is  suspended  in  brasses,  which 
are  regulated  by  the  large  screws,  F,  which  admit 
of  placing  the  rollers  at  a  greater  or  leas  distance 
asunder.  In  the  end  view,  A  represents  one  of  the 
brasses,  and  it,  the  hole  to  receive  the  pivot  of  the 
roller.  On  the  upper  part  of  the  screw  a  collar,/,  is 
fitted  1  and  from  Uiia,  two  bolts,  g,  g,  descend  and 
"  ■  fastened  to  the  brasses,  A,  with  nuts  beneath.  By 
le  the  roller  is  suspended  ;  but,  by  turning  the 
screw  round,  the  brasses  rise  or  fall ;  the  brasses  are 
fitted  very  accurately  into  the  grooves  or  openings  in 
the  standards,   e. 

For  the  convenience  of  turning  both  screws  round 
together,  each  has  a  toothed  wheel,  F,  fixed  on  the 
upper  end  of  it.  These  are  turned  by  worms,  H,  H, 
fixed  on  a  comraon  axis,  which  has  a  handle,  G,  in 
front :  by  turning  this  handle,  the  upper  roller  is 
either  raised  or  lowered,  as  is  required,  but  will  al- 
ways be  parallel  to  the  lower  one.  The  horiiontal 
ew  of  Uiis  apparatus  is  shown  beneath.  The  two 
jindards  are  firmly  bolted  down  to  Che  ground  sill, 
hich  is  of  cast  iron,  and  bedded  in  the  masonry, 
E,  beneath.  The  standards  are  farther  united  by 
bolts.  At  the  upper  part  is  a  cross-bar  fixed  between 
the  standards,  to  support  a  small  table  or  platform, 
n  which  the  metal  is  placed  when  it  n  to  be  pre- 
inted  to  the  rollers. 

The  rollers  are  put  in  motion  by  a  steam-engme. 
he  crank  of  the  engine  has  a  toothed  wheel  upon  it 
bich  turns  a  pinion.     Upon  the  axis  of  this  is  a 
very  heavy   lly-whccl,  which  turns  with  great  vc- 
'.     On  the  end  of  the  same  axis  is  a  pinion, 
h  turns  a  large  wheel,  and  this  gives  motion  to 
the  shaft,  N,  which  extends  beneath  the  rollers,  and 
continued  a  sufficient  distance  in  the  same  direc- 
tion to  turn  two  pairs  of  rollers,  one  of  which  only 
presented  in  the  engraving  at  I,  and  supported 
by  the  standard,  i.     A  wheel  is  fixed  on  this  shaf^ 
turn  the  upper  roller,  and  its  axis  is  cnnnectfii 
itb  a  short  shaft,  with  the  sijiiare  on  tlic  end  of  ll.s 
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TOlkr.     The  wbcel  P,  i»  fixed  on  the  itiBn.  K 
tnni  the  lower  rollers  by  meani  of  the  wheel  O, 

Hiere  is  also  ■  gauge  to  asceitaio  the  thickDcss  of 
the  plates,  which  are  reduced  b;  the  operttion  <rf  the 

rollera  ;  it  consists  of  two  steel  rulers,  fixed  fast  to- 
gether at  one  end,  and  the  other  end  is  a  certain 
distance  asunder,  forming  an  opening  between  them, 
which  gradually  diminishes  to  notbug :  the  aides  of 
the  nilers  are  divided.  In  using  this  gauge  to  deter- 
mine the  thickness  of  a  piece  of  plate,  the  edge  of  the 
plate  is  applied  to  Uie  opening  between  the  rulers, 
and  the  divisions  of  the  rulers  show  the  distance  it 
will  go  into  the  opening  before  it  fits  tight;  and  the 
thickness  U  ascertained  by  the  number  of  the  di- 
visions. 

The  plates  of  metal  wtyeh  have  thus  be«n  rolled  to 
the  required  thickness,  are  then  cut  into  the  required 
width,  dependent  on  the  coin  to  be  struck  from  them. 
The  meuil  is  afterwards  still  farther  adjusted  for 
tbickneu,  either  by  a  second  rolling,  or  by  a  draw 
bench,  which  is  similar  in  its  effects.  The  slips  of 
metal  produced  from  this  machine  are  considerably 
more  uniform  in  thickness  than  when  finished  at  the 
first  pair  of  rollers  ;  consequently  the  individual  pieces 
arc  made  marc  nearly  to  the  standard  weight,  which 
was  the  object  in  view  in  this  invention.  When  the 
pieces  cut  from  slips  of  metal  prepared  by  the  draw- 
log-machine,  are  counted  and  weighed,  which  is  telt- 
ine  the  number  of  pieces  in  a  pound  troy,  sovereigns, 
orhalf- sovereigns,  the  variations  from  standard,  either 
way,  seldom  exceed  three  grains  troy.  It  it  reckoned 
good  work  from  the  adjnating  rollers  when  the  varia- 
tions are  under  six  troy  grains. 

The  plates  of  jnetal  prepared  by  the  adjnsting  roll- 
ers, or  the  drawing-machine,  are  cut  out  intocircular 
pieces,  of  nearly  the  size  of  the  intended  coin.    This 


.s  done  by  the  cutting-press,  of  which  u  is  a  cast- 
iron  frame,  which  is  fixed  on  a  stone  basement;  b  ii 
the  screw,  which  is  fitted  through  the  lop  of  the 
frame,  and  actuates  a  slider,  e.     At  the  lower  end  of 
Ihe  slider  a  steel  punch,  d,  is  fixed.     Its  diaractci 
exactly  equal  to  that  of  the  pieces  which  are  to 
cut  out.     Beneath  is  the  steel  die,  which  has  a  1 
in  it  of  proper  size  to  fit  the  steel  punch;  on  the  other 
sidi'  is  a  box  with  screws  for  adjusting  the  die,  sii 
lliat  the  hole  in  it  will  be  exactly  beneath  the  punch. 
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Tba  slide,  t,  is  fitted  iato  a  so^t.  which  guide*  it 
so  that  it  will  ietaad  correctly  into  the  hule  ia  the 
die ;  a  is  a  piece  of  iron  which  is  fixed  a  small  di». 
tauee  above  the  die;  it  has  a  hole  through  to  adnit 
the  punch.  Its  nse  ie  to  hold  down  the  piece  of 
metid  when  the  punch  rises,  otherwiae  the  pnc* 
would  stick  to  the  punch. 

On  the  upper  end  of  the  st^tw  a  piece,  /,  is  &»d, 
and  an  arm  projects  from  it  with  a  weight  g,  at  tf» 
end ;  and  it  u  thb  weight  which  givea  the  necesMry 
momentum  to  punch  not  the  piece ;  i  i*  a  spindl* 
fixed  upon  the  piece,/,  in  the  line  of  the  screw;  it 
is  supported  in  a  collar,  p,  at  the  apper  end,  and 
above  the  collar,  a  lever,  t,  m,  k,  is  fixed,  and  at  om 
extremity  of  this  lever  a  rollei,  k,  is  placed,  and  tkis 
is  acted  upon  by  projecting  toeth,  which  tit  fixed  in 
the  rim  of  a  large  horizontal  wheel,  which  is  taraed 
round  by  the  power  of  the  mill,  and  thus  produces 
the  requisite  motion  in  the  whole  ap9armtiu. 

Ilie  blanks,  after  being  cut  to  the  required  ute. 

e  examined  and  then  filed  to  the  exact  weight. 
They  are  then  passed  through  the  fire  and  milled  oa 
the  edge ;  the  latter  piT>ceu  being  effected  by  two 
saw-like  ban  of  steel,  between  which  the  cwa  ii 
rolled. 

The  last  proceM  to  be  noticHl  is  Oat  ef  etamping, 
which  is  performed  with  a  strew-preis,  and  the  bid- 
mentum  of  two  heavy  weight*  tetuig  on  a  punch  is 
employed  to  form  the  impression. 

The  punch  or  die  is  formed  of  steel,  and  cut  «ilh 
the  required  figure  on  the  surface,  partly  by  graviig 
tools,  and  partly  by  small  steel  duaele.  It  is  bAci- 
wards  hardened,  and  if  this  pert  of  the  proctas  b« 
well  performed,  will  strike  many  thoBiaild  picoa  ef 

CoKB.  Since  writing  our  article  Camboh,  we  have 
been  favoured  by  the  perusal  of  a  memoir  on  the  cal- 
cination of  coke,  which  has  t>een  fiirnished  for  the 
French  government  by  Messrs.  Perdonnet  and  I^oa 

Coke  ia  obtained  in  England  by  two  dittiBct  pra- 
__Bses ;  in  the  open  air,  wad  by  meana  of  orou  coa- 
structed  for  the  purpose.  The  former  ia  the  method 
usually  adopted,  the  latter  being  applied  almost  ex- 
clusively to  the  small  coal  or  slack.  In  the  viciaity 
of  Dudley,  in  Staffordshire,  all  the  coke  i*  made  in 
open  air;  the  process  consists  in  forming  a  MaaU 
conical  chimney,  wfth  bricks  placed  in  euch  namiei 
Its  to  leave  spaces  between  them  ;  these  o 
larger  in  the  lower  than  in  the  npper  cc 
usual  height  is  about  four  feet  six  inches,  sum 
by  a  cylinder  of  one  foot.  The  coal  is  then  disposed 
around  the  chimney,  the  lai^est  Inmpa  being  placsd 
first  to  form  the  iHue  of  a  cone,  after  which  moreis 
thrown  on  the  heap,  until  the  top  is  above  the  level 
of  the  brickwork ;  the  whole  sorface  is  then  coveied 
with  slack,  with  the  exception  of  the  lovnst  part  of 
the  heap,  to  about  one  foot  high ;  the  fire  is  thK 
lighted  in  the  chimney  ;  at  a  certain  period  of  the 
operation  the  remaining  part  is  also  covered  with 
slack,  and  when  the  carbonization  is  judged  to  be 
complete,  the  fire  is  eitinguiehed,  by  throwing  on  a 
safficient  quantity  of  water  and  dieperting  the  mate- 
rials of  the  heap. 

The  dimensions  of  the  coke  hespe  vary  considtf- 
ablyi  they  are  most  commonly  fourteen  or  sixteen 
feet  In  diameter,  and  contain  about  twelve  ton  of 
coals.  From  the  time  of  lighting  the  pile  the  opera- 
tion is  completed  in  seven  days,  three  for  the  catcma- 
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tioo>  and  four  for  the  extinction  and  subsequent  cool- 
ing of  the  mass. 

It  would  ap{>ear  that  a  method  so  simple  as  this 
would  be  invariable  in  the  results;  nevertheless  the 
contrary  is  the  fact,  much  depending  on  the  attention 
and  judgment  of  ^e  burner  or  anpenntendant.  A 
ton  of  coal  usually  yields  twelve  cwt.  of  eoke,  or 
sixty  per  cent.,  tome^nkes  ten  cwt.,  or  fifty  per  cent. 
from  the  same  materials.  In  South  Wales  both  me- 
thods are  practised,  but  the  coke  is  not  calcined  with 
so  much  attention  as  in  Staffordshire ;  the  process 
differs  in  Uie  heap  being  made  in  the  form  of  a  long 
bank  four  to  six  feet  in  breadth,  and  about  ^ee  feet 
high ;  the  large  coals  in  the  middle,  and  the  fire  being 
lighted  either  at  one  end  or  at  several  parts  of  the 
heap.  AtPontypood  and  Abergavenny  the  coke  is 
calcined  in  the  open  air ;  the  coal  in  some  parts  of 
dds  district  bears  a  resemblance  to  charcoal ;  in  con- 
verting it  into  coke,  great  care  is  taken  to  preserve 
this  entire ;  the  operation  is  completed  in  five  days. 
In  the  neiglibourhood  of  Merthyr  Tydvil  the  process 
is  conducted  in  the  open  air,  and  although  very  little 
care  seems  to  be  given  to  its  progress,  yet  a  consider- 
able quantity  of  coke  is  produced,  -the  coal  being 
generally  dry,  and  giving  but  little  smoke.  At  Ply- 
month  works  six  tons  of  coal  yield  five  tons  of  coke ; 
mt  Dowlay  720lbs.  of  coal  yield  from  450  to  SOOlbs, 
of  coke ;  at  Pen-y-Darran,  the  operation  lasts  only 
three  days,  the  increase  in  bulk  being  also  very  consi- 
derable, three  tons  of  coal  producing  twelve  barrows 
of  coke,  each  containing  seventeen  cubic  feet,  or  above 
one-fourth  part  more  Uian  previous  to  calcination. 

At  Neath  Abbey  the  carbonization  is  more  rapid 
than  in  any  other  place,  it  bmg  finished  in  nine 
hours,  producing  rather  less  than  sixty  per  cent,  of 
coke.  In  Scotland,  calcination  in  the  open  air  is 
geaeimlly  adopted ;  formerly  the  heaps  were  burned 
without  much  attention  being  paid  to  their  progress ; 
but  the  Staffordshire  mode  has  been  used  latterly 
with  great  advantage,  the  heaps  consisting  of  eighteen 
tons  of  coal,  well  covered  wit^  slack,  kept  burning 
three  or  four  days,  and  four  or  ^v^  days  more  being 
allowed  for  the  cooling  of  1^  mase;  the  loss  in 
weight  b  about  fifty  per  cent. ;  the  oJd  method  oc- 
cupied only  five  days,  bat  the  loss  amounted  to  from 
sixty  to  sixty-six  per  cent,  llie  coke  is  of  very 
unequal  quality,  some  parts  being  very  heavy,  and 
others  light  and  porous.  In  Yorkshire  the  coal  is 
arranged  in  long  banks,  six  feet  wide  by  two  and  a 
half  high,  with  square  vertical  chimneys,  ei^t  or  nine 
inches  in  diameter,  formed  with  large  coals,  at  about 
the  distance  of  six  feetiipom  each  oidier  throughqat  the 
length;  the  loss  is  about  fifty  per  cent,  in  weight. 

Calcination  in  ovens  is  considered  to  produce  a 
heavier  coke  than  the  open  calcination ;  the  process 
varies  font  little,  being  in  all  cases  performed  in  orens 
of  a  circular  or  oval  form,  with  a  low  arch  sur- 
mounted with  a  small  chimney ;  the  furnace  has  two 
doors  or  openings  opposite  to  eaeh  other,  sliding  in  a 
groove  and  raised  by  a  lever;  they  are  usually  of  cast 
iron;  the  dimension  of  the  fiirnace  about  twelve 
feet  by  six ;  height  of  the  arch  in  the  centre  five  feet, 
at  the  door  twenty-one  inches;  the  dumney  is 
eighteen  indies  externally,  and  about  nine  inches  in 
diameter.  At  Neath  Abbey  the  furnaces  are  smaller ; 
the  dumney  is  16  inches  externally,  and  only  one  door; 
but  in  this  case  a  hole  b  made  in  the  opposite  side  to 
facilitate  the  clearing  out  of  the  coke.  From  the  small 
coal  carbonized  in  thb  manner  the  produce  b  about 
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sixty  per  cent,  vdiile  tise  same  quaatfty  of  ooal  in 
the  open  air  yields  but  fifty  per  eent.,  tlie  coke  from 
the  fiumace  being  so  much  more  dense.  At  Swanses^ 
by  the  same  process,  the  produce  b  abMit  fifty-four 
percent. 

In  the  vicinity  of  Glasgow  a  cbcular  even  with 
one  door  is  in  use;  the  diameter  is  nine  feet,  height 
of  the  arch  six  feet.  The  coke  b  drawn  out  every 
twenty-four  hours;  the  ordinary  charge,  one  ton  ai^ 
a  hau  of  coal,  rising  about  two  and  a  half  feet  in  the 
oven ;  the  loss  b  ftom  fifty  to  sixty  per  cent.-  On 
8atuida3rs  the  diarge  b  increased  to  two  tonsr 
and  is  not  withdrawn  until  the  Monday.  At  the 
Lymington  works,  near  Newcastle- upon-Tyne,^  aU 
the  coke  is  made  in  ovens  ;  the  usual  charge  is  one 
chaldron  of  about  two  and  a  half  tons ;  the  operation 
lasts  forty-eight  hours,  and  the  average  loss  thirty* 
nine  per  cent.  The  coke  b  screened  to  the  diameter 
of  about  one  inch  for  smelting  in  the  high  furnace, 
the  smaller  portion  being  employed  in  roasting  the 
ores.  At  Bradford,  ia  Yorkshire,  the  method  is  simi- 
lar to  Newcastle,  but  the  furnaces  are  smaller,  the 
charge  being  only  about  one  ton ;  the  loss  b  about 
40  per  cent.  It  b  difficult  to  decide  to  which  process 
a  preference  ought  to  be  given ;  the  loss  is  less  in  the 
ovens,  but  they  require  more  space,  more  attendants, 
and  more  expense,  while  the  open  carbonization  is 
considered  to  yield  coke  better  adapted  for  smelting 
in  the  high  fomace. 

CoLCHicuM ,  or  Meadow  Saffron,  has  of  late  years 
become  quite  celebrated  as  a  remedy  for  that  bane  of 
a  luxurious  life,  the  gout.  It  b  a  very  powerful 
remedy,  and  should  never  be  used  without  the  at-., 
tendance  and  advice  x>(  a  well-educated  medical  prac- 
titioner, as  its  effects  might  otherwise  be  highly  in- 
jurious. It  is  now  believed  to  be  identical  with  the 
base  of  the  eau  m^dicinale,  which  has  been,  for  so 
long  a  period,  a  celebrated  empirical  remedy  for  the 
gout.  It  is  used  in  various  forms,  either  the  pow- 
dered root,  or  vinegar  or  wine  in  which  it  has  been 
steeped,  or,  which  is  considered  the  best,  wine  in 
which  the  fresh  seeds  have  been  steeped.  It  is  also 
used  with  benefit  in  many  cases  of  rheumatic  affec- 
tions, which  often  so  much  resemble  the  gout. 

CoLcoTHAR  is  au  impure  brownish-red  oxide  of 
iron,  which  remains  after  the  distillation  of  the  acid 
from  the  sulphate  of  iron.  It  forms  a  durable  colour, 
but  is  most  used  by  artists  in  polishing  glass  and 
metab. 

Cold.  All  temperature  is  comparative,  and  as 
such  but  little  can  be  understood  of  the  philosophi- 
cal character  of  this  subject  till  we  come  to  the  article 
Thermometer.  But  the  effects  of  cold  are  so  pecu- 
liar, and  the  phenomena  of  a  diminished  temperature 
in  the  warmer  seasons  of  the  year  so  important  to 
domestic  comfort,  that  it  is  advisable  to  devote  a 
page  to  the  subject. 

The  Moors  introduced  into  Spain  a  sort  of  unglazed 
earthen  jugs,  named  bucaros,  or  alcarrazas,  which, 
being  filled  water,  present  to  the  atmosphere  a  sur- 
face constantly  humid,  and  furnish  by  evaporation, 
during  the  dry  and  hot  weather,  a  refreshing  beverage. 
The  same  practice  has  been  adopted  by  degrees  in 
various  parts  of  the  south  of  Europe.  In  India, 
the  apartments  are  kept  comparatively  cool  by  dashing 
water  against  the  matting  suspended  round  the  walls. 

The  natives  of  India,  likewise,  are  enabled,  by 
directing  a  skilful  process  of  evaporation,  to  secure 
for  themselves  a  supply  of  ice  during  their  short 
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winter.  In  the  upper  country,  not  far,  indeed,  from 
Calcutta,  a  large  open  plain  being  selected,  three 
or  four  excavations  are  made  in  it  about  thirty  feet 
square  and  two  feet  deep,  and  the  bottom  covered  to 
the  thickness  of  nearly  a  foot  with  sugar-canes,  or 
dried  stalks  of  Indian  com.  On  this  bed  are  placed 
rows  of  small  unglazed  earthen  pans,  about  an  inch 
and  a  quarter  deep,  and  extremely  porous.  In  the 
dusk  of  the  evening,  during  the  mont&s  of  December, 
January,  and  February,  these  are  filled  with  soft 
water,  previously  boiled  and  suffered  to  cool«  and  when 
the  weather  is  very  fine  and  clear,  a  great  part  of  the 
water  becomes  frozen  during  the  night.  The  pans 
are  regularly  visited  at  sun-rise,  and  their  contents 
thrown  into  baskets  which  retain  the  ice.  These  are 
now  carried  to  a  conservatory  made  by  sinking  a  pit 
fourteen  or  fifteen  feet  deep,  lined  witn  straw,  under 
a  layer  of  coarse  blanketing.  The  small  sheets  of  ice 
are  thrown  down  into  the  cavity,  and  rammed  into 
a  solid  mass.  The  mouth  of  the  pit  is  then  closed 
up  with  straw  and  blankets,  and  sheltered  by  a 
thatched  roof,  so  that  the  ice  is  readily  preserved. 

From  the  above  observations  it  will  be  seen  diat  a 
reduction  of  temperature  always  accompanies  a  rapid 
evaporation.  But  there  are  chemical  processes  for 
accomplishing  the  same  object,  which  must  be  no- 
ticed. It  consists  in  the  use  of  a  frigorific  mixture, 
the  ingredients  for  which  will  be  best  understood  by 
reference  to  the  two  following  tables : — 

TABLE  L 

Consisting  of  Frigorific  Mixtures,  having  the  power  of 
generating  or  creating  Cold,  without  the  aid  of  Ice, 
sufficient  for  all  ustful  and  philosophical  purposes,  in 
ang  part  of  the  world,  at  any  season, 

FRIGORIFIC   MIXTURES  WITHOUT  ICE. 


I 


TABLE  IL 


Consisting  of  Frigor\fic  Mixtures,  composed  of  Ice  with 
Chemical  Salts  and  Acids, 

PRIOORIFIC  MIXTURES  WITH  ICE. 


Mixtures. 


Thennometer  ttnks. 


Degree 

of  cold 

produced. 


Snow,  or  pounded  ice  2  parts. 
Muriate  of  soda   .    .    I 


Snow,  or  pounded  ice  5  parts, 
Muriate  of  soda    .    .    9     . . 
Muriate  of  ammonia    1 


Snow,  or  pounded  ice  84  parts. 
Muriate  of  soda    .    .  10     . . 
Muriate  of  ammonia     5     . . 
Nitrate  of  potash  .    .    5     . . 


Snow,  or  pounded  ioe  19  parts. 
Muriate  of  soda    .    .    5     . . 
Nitrate  of  ammonia  .5 


to—  b"". 


to  — 19«. 


to  — 18«. 


Mixtures. 

Thennometer  sinks. 

Degree 

of  cold 

produced. 

Muriate  of  ammonia     5  parts. 
Nitrate  of  potash.    .5     .. 
Water 16     . . 

From+50*»to  +  l(r». 

40 

Muriate  of  ammonia     5  parts. 
Nitrate  of  potash.    .5     .. 
Sulphate  oi  soda  .    .    8     .  . 
Water 16     . . 

From-h50«»to-h  4'». 

46 

Nitrate  of  ammonia.    I  part 
Water 1     .. 

From +50°  to  +  4«». 

46 

Nitrate  of  ammonia.    1   part. 
Carbonate  of  soda    .1     .. 
Water 1     . . 

From  +  50«»to— 7«». 

57 

Sulphate  of  soda.    .    3  parts. 
DUuted  nitric  acid  .    S     . . 

From +50®  to—  Z"*, 

53 

Sulphate  of  soda  .    .    6  parts. 
Muriate  of  ammonia    4     . . 
Nitrate  of  potash.    .8     .. 
Diluted  nitric  acid  .    4     . . 

From+50*»to— 10». 

60 

Sulphate  of  soda  .    .    6  parts. 
Nitrate  of  ammonia  .5     . . 
DOuted  nitric  acid    .    4     .. 

From+50«to  — U*'. 

64 

Phospliate  of  soda    .    9  parts. 
Diluted  nitric  acid  .4     . . 

From+50«to  — 19«». 

69 

Phosphate  of  soda   .    9  parts. 
Nitrale  of  ammonia      6     .  . 
Diluted  nitric  acid   .    4     .  . 

From+50«to— 81«. 

71 

Sulphate  of  soda.    .    Spurts. 
Muriatic  acid  ...    5     . . 

From+50*>to       0*. 

50 

Sulphate  of  godn  .    .    5  ports. 
DUut«dsuIphuricacid4     .. 

Prom +50*10+  8«>. 

47 

Snow 3  parts. 

DOuted  sulphuric  acid  2     . . 


Snow 8  parts. 

Muriatic  acid  ...    5     .  . 


Snow 7  parts. 

Diluted  mtric  acid   .4     . . 


to— 95« 


From +38«  to  — 83^1 


55 


Prom+39«»to— a7«. 


From+32<»to— 90*. 


Snow 4  parts. 

Muriate  of  lime    .    .    5    . . 


Prom  +  38oto  — 40«. 


Snow 9  parts. 

Chryst.  muriate  of  lime  8     . . 


Snow 3  parts. 

Potash 4     .. 


From  +  38«to— 60<». 


59 


79 


From+390to  — 51<». 


83 


Colic.  The  appellation  of  colic  is  commonly  given 
to  all  pains  in  the  abdomen,  almost  indiscriminately; 
but,  from  the  different  causes  and  circumstances  of 
this  disorder,  it  is  differently  denominated.  When 
the  pain  is  accompanied  with  a  vomiting  of  bile,  or 
with  obstinate  costiveness,  it  is  called  a  bilious  colic; 
[(flatus  oiuses  the  pain,  that  is,  if  attended  with  tem- 
porary distention,  relieved  by  the  discharge  of  vnnd, 
it  takes  the  name  of  flatulent  or  windg  coUc,  when 
accompanied  with  heat  and  mflammation,  it  takes  the 
name  of  inflammatory  colic,  or  enteritis.  When  the 
disease  arises  to  a  violent  height,  and  is  attended  with 
obstinate  costiveness,  and  an  evacuation  of  fjeces  by 
the  mouth,  it  is  called  ;7aMto  Uiaca,  or  iliac  passion. 

Dr.  Cullen  enumerates  seven  species  of  colic.  One 
of  the  most  important  is  the  colica  pictonum.  This 
is  cflled,  from  the  places  where  it  is  endemial,  the 
Poictou,  the  Surinam,  the  Devonshire  coUc;  from  its 
victims,  the  plumbers'  and  the  painters'  colic;  from 
its  symptoms,  the  dry  stomach-ache,  the  nervous  and 
spasmodic  coUc,  It  has  been  attributed  to  the  poison 
of  lead,  and  this  is  undoubtedly  the  cause,  when  it 
occure  to  glaziers,  painters,  and  those  employed  in 
lead  works ;  but,  though  this  is  one,  it  is  by  no  means 
the  only  cause.  In  Devonshire,  it  certainly  more 
often  arises  from  the  early  cider,  made  of  harsh,  un- 
ripe fruit,  and  in  the  West  Indies  from  new  rum. 
The  characteristics  of  Ais  disease  are,  obstinate  cos- 
tiveness, with  a  vomiting  of  an  acrid  or  quorraceous 
bile,  pains  about  the  region  of  the  navel,  shooting 
from  thence  to  each  side  with  excessive  violence, 
strong  convulsive  spasms  in  the  intestines,  and  a 
tendency  to  a  paralysis  of  the  extremities. 

It  IF  occasioned  by  long-continued  costiveness    by 


COLLIER- 
U  MConliilation  of  Hcrid  bile ;  by  cold  applied  cither 
totheeitreinitieBorto  the  belly  itself;  by  a  free  Bseof 
noripe  fniita,  and  by  great  irregularity  in  the  mode  of 
living.  From  its  occurring  frequently  in  Devonshire 
and  otber  cider  conntries,  it  has  been  auppoaed  to  arise 
fnnu  an  impregnatioD  of  lead  received  into  tbe  ato- 
mach;  bat  this  seems  to  be  a  mistake,  as  it  is  a  very 
prevalent  dieeaae  in  the  West  ladies  likewlae,  where 
no  cider  is  made,  and  where  there  is  only  a  very  small 
quantitf  of  lead  in  the  mills  employed  to  extract  the 
jaicefrom  thesugar-caaea.  One  or  other  of  die  causes 
jtist  enumerated  mayjostly  besaidvJwayato  give  rise 
to  thia  species  of  colic.  The  dry  stomBch-ache  is  al- 
ways attended  with  some  degree  of  danger,  which  is 
in  proportion  to  tlie  violence  of  the  symptoms  and 
the  duration  of  thadisease.  Even  when  it  does  not 
prove  fatal,  it  is  too  apt  to  terminate  in  palsy,  and  to 
leave  behind  it  contractions  of  the  hands  and  feet, 
with  an  inability  in  their  muscles  to  perform  their 
office;  and  in  this  miserable  state  of  existence  the 
patient  lingers  out  many  wretched  years. 

CoLLtBB ;  a  vessel  much  employed  for  the  convey- 
ance of  coal  from  the  mining  district*,  to  the  London 
■nd  other  great  markets.  We  particularly  notice  the 
collier  to  describe  a  very  improved  mode  of  loading 
that  species  of  vessel  exhibited  in  tbe  diagram  be- 


On  the  top  of  tbe  rail,  a,  which  forms  part  of  the 
staith,  tbe  laden  carriage  is  seen  descending  from  the 
higher  level,  and  when  It  attains  the  point  a,  the 
whole  frame,  b,  with  the  carriage,  is  lowered  down 
by  the  chain  passing  over  the  pulley  at  d,  into  the 
centre  of  tbe  deck  of  the  vessel,  and  the  coals  are  re- 
ceived in  the  hold,  at  c. 

CoiAJNBi.;  the  commander  of  a  regimenti  whether 
of  horse,  foot,  or  artillery.  There  were  times  when. 
In  some  annies  of  the  European  continent,  regiments 
were  conxmanded  by  generals;  but  this  is  no  longer 
the  case. 

Coi.onnADa ;  a  series  or  row  of  solumns.  Colon- 
nades are  of  various  forms  and  dimensions,  and  as- 
sume different  names  according  to  their  application 
and  uses.  When  in  front  of  a  building,  or  in  the  in- 
terior of  a  quadrangle,  they  are  called  porfieof ; 
when  snrrouDding  a  building  of  any  shape,  pfri*tyle>; 
when  double  or  more,  aa  in  some  of  the  ancient  tem- 
pks  and  tbr  circular  peristyle  in  tront  of  St.  Peter's 
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at  Hon»,  they  are  polgrlyle. 

ne  give  an  eugraving. 
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No  people  nave  made  more  use  of  colonnaihs,  ot 
with  greater  effect,  than  the  ancient  Egyptians ; 
mai>y  of  their  templet  being  literally  thick-  set,  both 
in  the  interior  and  extarior,  with  colonnades  of  every 
description.  The  Greeks  were  more  simple  in  theii 
arrangement,  and  their  colonnades  were  mostly-dis- 
tributed into  porticoes  and  peristyles,  both  mono- 
style  and  poJystyle,  Their  most  magniGcent  exam- 
ple is,  perhaps,  tbe  temple  of  Jnpiter  Olympius,  at 
Athens.  Balbec  and  Palmyra  present  also  varioni 
examples  of  splendid  colonnades.  Of  modem  works, 
the  magnificent  colonDsdc  of  the  Hazzo  di  San  Pie- 
tro,  at  Rome,  the  work  of  Bernini,  is  at  once  the 
grandest  and  most  beautiful.  It  consista  of  two  hun- 
dred and  eighty  columns,  and  forty-eight  pilasters, 
of  forty  feet  high,  raised  on  three  lofty  steps.  It  is 
surmounted  by  a'  balustrade,  on  which  are  eighty- 
eight  colossal  statues  of  saints,  fifteen  feet  in  height. 

llie  screen  of  columns  which  formerly  stood  in  the 
front  of  Carlton  Palace,  might  be  cited  as  an  ex- 
ample of  one  of  the  most  tasteful  arrangementa  of  tfai 
kind  in  our  own  metropolis. 

CoLOUE.  Colour  is  a  property  of  light,  the  know^ 
ledge  of  which  can  be  gained  from  no  descriptioi^ 
but  is  acquired  by  means  of  the  organ  of  sight.  Co- 
louring substances,  or  paints,  often  improperly  term- 
ed coIokti,  are  made  use  of  to  imparta  colour  toother 
substances,eitherbyapplicationotadmixture.  Whita 
and  black  are  counted  among  colours  in  the  latter 
sense,  but  not  at  all,  or  seldom  in  the  former,  in 
which  sense  a  white  body  is  very  properly  called  m- 
lottrlai.     Black  is  merely  the  alwnce  of  all  light. 

Colours,  both  alone  and  nnitad,  have  different  pro- 
perties, and  produce  different  effects  upon  the  organs 
of  sense,  by  means  of  their  harmony  or  contrast, 
which  are  particularly  important  to  pamters,  and  are 
properties  arising  from  the  nervous  sensibility.  Thus, 
scarlet  is  a  burning  colour,  injurious  to  tbe  eyes ;  and 
it  is  probably  on  this  account  that  beasts  are  so  vio- 
lently excited  by  it.  Yellow  is  the  brightest,  red  the 
warmest,  deep  brown  and  violet  tbe  wftest  among 
colours.  The  passing  of  one  colour  into  another,  bf 
mixture,  has  been  displayed  in  tables,  pyramids,  ftc, 
for  tbe  nse  of  the  painter,  tbe  colourer,  the  mineralo- 
gist. Sec. ;  but  it  requires  constant  familiarity  with 
colours,  to  make  upon  the  mind  impressions  suffi- 
ciently deep  to  enable  us  to  distinguish  these  fine 
shades  of  colour  with  correctness. 

Colom,  Doetriae  of.  The  doctrine  of  coloon  in  a 
general  sense,  is  the  science  of  the  origin,  the  mil- 
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tore  and  effects  of  colour,  as  a  property  of  light 
How,  for  iD8taace»  is  it,  that  light  at  one  time  is  co- 
loured, at  another  white  ?  and  by  what  laws  are  the 
appearances  of  colours  governed  ?  The  glass  prism 
was  the  first  contrivance  that  gave  a  satisfactory  so- 
lution of  these  qoestiops.  If  a  ray  of  light  is  allowed 
to  pass  into  a  dark  room  tiuroui^  a  small  opening  in 
a  shutter,  and  is  made  also  to  pass  thron|^  a  smooth 
three-sided  glass  prism*  we  find,  first*  that  the  ray  of 
light,  at  its  eotrance  iiUo,  and  at  its  passage  out  of, 
thie  glass,  is  turned  from  its  direct  course ;  it  is  said 
to  be  refracted  into  a  different  direction ;  secondly, 
tibat  ^e  raj  ^f  light,  wkich  falling  directly  upon  a 
piece  of  paper  before  the  prism,  produces  a  round 
iHute  spot,  produces,  wlien  the  paper  is  held  behind 
the  prism«  a  coloured  figure,  about  five  times  as  long  as 
it  is  wide,  and  exhibiting  the  cokmrs  of  the  rainbow, 
arranged  in  the  same  order  as  they  are  seen  in  that 
phenomenon.  This  figure  or  appearance  is  called 
the  primuifitt  spsclrjsn.  The  loag^  of  it  is  found  to 
he  in  ,a  dbeedon  perpendiciiiar  to  Uie  axis  of  the 
prism.  It  is  red  at  tne  end  iHiich  tB  nearest  to  the 
mfiracting  jmgie  of  the  prism,  and  violet  At  tita  end 
■MMt  remote  from  k,  while  orange,  yellow,  green, 
hlne,  and  indigo  follow  eadi  other  in  the  intetreniag 


Newton  cooekided  from  this,  askd  a  great  wariaty 
mi  similar  experiments,  that  these  coloarad  rays  are 
the  simple  rays  d  light,  m^d  that  white  light  is  com- 
;|Msed  of  tiie  union  of  themalUaoconling  to  thenla- 
tioBs  whidi  thsy  exhibit  in  the  prismatic  apectram. 
ifivery  white  ray  of  light;  therefore,  contains  all  the 
4xiknredraTs«nited;  but  they  are  not  noaniafid  by 
as,  since  they  produce  upon  the  retina^  whaiie  they 
are  thus  united,  the  impression  we  term  tMte, 

Hwse  oolonied  rays  an  nfiocted  from  all  bodies 
acec^ding  to  similar  laws,  ao  that  reflected  white  Ught 
k  still  mke;  hnt  diey  an  refrangible  in  difeentde- 
nrtesi  this  property  being  leurt  in  the  red  rays,  im* 
aerate  in  Iha  green,  and  in  the  graateat  dcgne  in  the 
violet;  and  they  are,  on  .this  acDonnt  sepanted  frmm 
eadi  other  whenever  thajf  are  refracted ;  since  from 
^mc  different  nefrangihitity,  although  they  are  pa* 
inUel,  when  tiicy  foil  upon  the  refracting  sufastaim, 
they  take  diffnxnt  lines  indirection  in  passing  throagb 
it  They  foUow  eadi  other,  in  this  respect,  in  m 
following  order  c  first  videt,  tJien  indigo*  bl«e,  green, 
yellow,  orange,  and  red.  Whan  these  same  coloured 
nys  are  rendered  parallel  again,  and  so  faU  upon  the 
aye,  they  a|»pear  white,  aa  at  first 

Most  bodies  possess  the  property  of  fixing  or  ah- 
soibing  some  of  these  ookaurad  n^s,  which  foU  upon 
them,  and  tiuu  only  refract  or  tnmsmit  rays  of  a  par* 
tScaiar  oolour ;  and  upon  'Uiis  property,  wxprdiog  to 
Newton,  the  colonre  of  aU  bodies  depenir  Bine 
aiik,  for  ffiample,  absorbs  six  coloured  ruy»,  and  re* 
dsets  only  the  Una ;  and  a  solution  of  oochirueal 
Irensmito  only  the  red,  nad  absorha  all  the  other 
rays.  All  this  is  oonfirined  by  the  exptriments  wit^ 
noloored  dishs  revolviog  rapidly  npon  a  fod,  and  with 
tike  coloured  spectrum  fallmg  upon  coloured  bodies* 
Many  changes  and  improvemcnte  in  this  theory  have 
been  made,  pftrticolady  in  regard  to  the  number  of 
aunple  coloured  rays,  which  aome  hai^e  reduced  to 
thrse,  and  othen  to  two. 

CoLonnrNo ;  one  of  the  csamtial  parts  of  patnting. 
Besides  a  knowledge  of  tiie  art  of  preparing  and  mix- 
ing  oobnrs,  and  the  whole  mechsmical  process,  from 
the  beginning  to  the  finishing  of  a  pictiil^,  which,  in 


the  various  kinds  of  painting,  vanes  aceofding  to  tbn 
materials  of  each,  colouring  comprehends  the  know- 
ledge of  the  laws  of  light  and  colours,  and  all  the 
rules  dedncible  from  the  observation  of  their  effecte 
in  natnre,  for  the  use  of  the  artist  This  subject  has 
been  treated  by  Leonardo  da  Vinci,  in  his  work  on 
paintii^ ;  Lomazzo  and  Gerard  iAiresse,  in  books  on 
the  same  subject ;  Meags,  in  his  PraktiMchtr  Unier^ 
riokt ;  Goethe,  in  his  FkarhtaMm^  &:c. 

The  skill  of  the  painter  presumwses  a  natural  abi- 
lity, founded  on  superior  sensibility,  viz.  the  ability 
to  image  forth,  and  in  the  imitation,  to  express  with 
characteristic  truth,  the  peculiar  substance  and  colour 
of  any  object  under  the  influences  of  the  light  and 
air^  To  make  this  imitation  sucoessfol,  an  accurate 
attention  to  the  local  tones  an)  tints  is  requisite. 
By  loeai  Umn  we  understand  the  natural  colour  of  an 
object  as  it  appears  on  Uie  spot  where  it  stonds,  or 
from  the  spot  where  the  spectator  is  supposed  to  be 
stetioned.  In  works  of  ait,  the  natural  colour  of  an 
object  appears  always  as  a  local  tone,  because  every 
object  inttst  be  regsurded  from  only  one  point  of  view'; 
conformably  to  which  the  natural  colour  is  modified 
according  to  the  supposed  distance.  Bv  iinU  we  un- 
derstand, in  A  more  restricted  sense,  tiie  gradations 
of  the  clear  and  obscure,  which  li^te  and  shadows 
produce  on  the  coloured  surface.  ^  In  no  object  of  art 
do  these  modifications  and  shades  exist  in  greater 
delicacy  and  diversity  than  in  the  naked  human  body, 
which  is,  consequently,  the  most  difficult  subject  for 
a  painter.  Colouring,  in  as  for  as  it  is  an  imitetion 
of  the  colour  and  character  of  flesh  (the  naked  body), 
is  called  camatum. 

If,  in  addition  to  the  accurate  coincidence  of  the 
natural  colours,  local  tones,  and  tinte  of  a  painting, 
with  ite  original,  the  artiste  bite  the  expression  of 
the  peculiar  character  of  the  substance  of  which  the 
object  consiste,  the  colouring  is  called  frue.  But  to 
truth  should  be  joined  beauty,  which  b  attained  by 
the  harmonious  union  of  all  the  tones  of  the  painting 
into  one  leading  tone.  The  colouring  must  conform 
to  and  promote  the  object  of  the  painting,  as  a  work 
of  art,  and  by  the  harmony  of  the  colours  and  lighte, 
as  well  as  by  the  truth  of  the  local  colours,  and  of 
the  individual  parts  of  the  subject,  constitute  one 
beautiful  whole.  In  the  choice  of  lighte  and  the  dis- 
tribution of  colours,  the  artist  should  aim,  not  only 
at  clearness  of  representetion,  but  at  the  same  time, 
at  the  production  of  a  pleasing  harmony,  which 
should  aid  the  general  impression  of  the  piece.  Con- 
sequently, hetpviff,  and  duaro  sc«ro  are  comprehended 
in  the  idea  of  correct,  beautiful  colouring. 

The  mode  of  colouring  the  great  scenic  pictures 
exhibited  at  the  Diorama,  in  the  Eegent's  Park,  ia 
deservedly  the  subject  of  admiration.  Here*  how- 
ever, the  skill  of  the  optician  is  united  to  that  of  the 
colourist  TkB  light  is  admitted  throi^  various 
mediums  of  different  tinte*  and  by  this  ingenioaA 
contrivance  the  accuracy  of  nature  is  given  to  a  per- 
fectly flat  surfoce.  It  may  be  proper  to  add,  that 
the  varying  tinte  adapt  themselves  to  the  character 
of  moraing  and  snoaet  and  the  passage  of  the  clouds 
b  perfectly  delineated  on  the  scene. 

Coloun  are  earthy  and  metallic  bodies,  which  re* 
quire  a  very  intimate  blending  before  they  can  be 
employed  sidvantageously  by  the  artist,  Thb  ia 
effected  both  by  dry  and  moist  grinding. 

The  grinding  of  colours  b  usually  attendod  with 
much  danger  to  the  labourers  employed  in  that 


Now,  if  we  BUppofle  the  workman  to  be  grioding 
at  the  Btone  beneath,  the  upward  current  for  cury- 
ing  off  the  deleterious  vapour,  is  formed  by  a  flre- 
ptace  above  the  hood.  A  aiinilar  process  might  be 
advantageously  adopted  in  the  pointing  of  needles  i 
and  many  othei  trades.  Indeed  it  is  the  baiii  of  all 
scientific  ventilsdon,  and  hu  been  nsefully  applied 
on  the  large  scale  in  most  of  our  great  thei^rea — the 
cbandclier  serving  the  purpose  of  a  fire-plue. 


Tli«eDpiving  of  the  cylindrical  mill,  represented 
•bote,  will)  Its  hopper,  for  sopplying  colonr  as  it  is 
required  hj  the  stone,  is  too  simple  to  need  b  paiti- 
cnlar  description. 

Colossi.  The  practice  of  eiecntins  itatnes  of  eo- 
kasal  dimeuions  and  propmioos,  is  of  very  lugb 
antiquity.  The  people  of  the  East,  from  the  most 
ancient  times,  have  been  celebrated  for  colossal  acnlp- 
tnre.  The  pagodas  cd'  China  and  of  India,  and  the 
excavated  caverns  of  the  East,  abound  with  eoiotti  of 
every  denomination.  The  Asiatics,  the  Egvptiaiu. 
and  in  particular  the  Greeks,  have  eicelinl  in  thue 
works.  The  celebrated  colossus  of  Rhodes  was  reck- 
oned one  of  the  seven  wonders  irfthe  world,  lliis 
statue,  which  Muratori  reckons  among  the  fables  of 
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an^quty,  wm  niitd  bj  lite  Rkodiaaih  in  henow  t»t 
ApoUo. 

There  aie  mapj  GOBtndktary  Mcowts  in  uciamt 
Mtlwra  oonnning  thu  eolosMl  atatna  of  Afolkt ; 
bat  the  following,  gathered  from  several  sonnea,  is 
BotdnaJdafiatenet,  tihmighnaed  np  with  iniich 
&bk.  What  Demebivs,  kng  of  Hacedoa,  tha  acn 
of  ABttgoans,  laid  aitge  lo  the  city  of  Rtwdei,  be- 
cswaethe  Hhodian*  would  not  mimiDcethtirdlimc* 
wHli  Ptolsnr  Sohr,  bty  ««n  soccoared  by  their 
alUsi,  and  puticnlaily  by  Ptolemy,  so  cdfectnaUy, 
tibat  tlw  bcswgan  ware  cmn^ed  to  abandon  thatr 
cntarpriie.  Tie  Ehodians,  ia  leoognition  of  their 
regard  for  &e«»  Mrrkaa  of  their  aUiei,  and  of  (he 
proteetioB  of  their  tutelary  deity,  Apollo,  rsaolvod  to 
ertrt  a  bmen  atatac  of  the  sun  of  prodigioaa  atic. 
Charee,  the  discipU  of  Lysippus,  was  intnisted  with 
the  pnqect.  He  had  scarcely  half  finished  the  mrt, 
when  he  found  that  he  had  expended  all  the  money 
that  he  had  received  for  the  vrhole,  vfateh  orev- 
wfadmed  him  so  completely  witit  grief  and  despair, 
that  he  hanged  himself.  Lacbeo,  his  &l]ow>(amn- 
trymao,  finished  the  work  in  the  apace  of  thrae 
Olympiads  (twelve  years),  and  placed  the  eio«maDB 
atatoeon  its  pedestal.  Pliny  does  not  mantiiM  the 
latter  artist,  bnt  gives  all  the  honoor  to  Chares. 

Scarcely  sixty  years  had  elapsed  before  this  roon- 
star  of  art  was  thrown  firom  its  place  by  an  earth- 
quake, wluch  \at>kt  it  off  at  Ae  knees ;  and  so  it  re- 
mained till  the  conquest  of  Hhodea  br  tha  Sancans, 
in  A.  D.  684,  when  it  was  beaten  tn  piacaa,  and  soM 
to  a  Jew  merchant,  who  loaded  above  900  cameb 
with  ita  spoils.  Strabo,  Pliny,  and  other  ancient 
nnthon,  who  lived  at  the  time  that  tha  oohnana  of 
Rhndes  is  said  to  have  hem  in  existence,  and  who 
ooold  have  learned  from  contemporaries  the  tmlh  or 
Usehood  of  the  accoonts  of  it,  give  ita  height  at  70 
cubits,  or  a  hoadred  English  fiwt.  Other  anttara, 
wtm  Bonriehed  since  its  dcatmctiim,  report  ita  hdght 
at  SO  cabits.  PUny  also  relates  other  particulars,  as 
that  few  persons  contd  embrace  ita  thamb,  and  that 
its  fingers  were  as  long  as  ordinary  statues,  whidi, 
calculated  by  the  proportioa  of  a  well-mads  man, 
would  make  its  height  neai«f  to  80  than  TO  cnbits. 
Perhaps  the  latter  dimension  may  relate  to  ita  real 
althnde  to  the  eiown  of  its  head,  and  the  grrater  to 
its  altitnda  if  erect.  The  statue  was  placed  acrosa 
^le  cntiance  of  the  haibour,  with  its  feet  on  two 
rocks ;  and  the  Rhodian  vessels  conld  pass  mider  its 
legs.  Some  antiqaaiieH  have  thou|^,  with  mat 
justice,  that  the  fine  head  of  the  sun,  which  ia 
stamped  upon  the  Rhodian  medals,  is  a  nprasento- 
tioa  of  that  of  the  colosana. 

One  of  the  lar|^cst  colossal  %area  ia  the  world  n 
the  Sphfiuc.  It  IS  in  the  midst  of  a  vast  ocean  of 
sand,  and  &cing  the  second  great  pyramid  on  the 
eastern  side.  Its  preaant  appearance  is  rsprescnlad 
beneath. 


^phynics  appear  to  have  been  used  by  the  Egypti- 
ans, to  show  the  beginning  of  the  waters'  linng  ii. 
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the  Nile :  with  this  view,  as  it  had  the  head  of  a 
woman  and  body  of  a  lion,  it  signified  that  ^be  Nile 
began  to  swell  in  the  months  of  July  and  August, 
when  the  sun  passes  through  the  signs  of  Leo  and 
Virgo. 

From  the  deep  interest  which  the  Egyptians  felt  in 
this  mighty  river,  the  hieroglyphical  representations 
in  the  sphynx  were  multiplied  to  a  great  extent. 
There  is  little  more  than  the  top  of  the  great  sphynx 
visible,  which  is  more  than  100  tket  long.  It  is  of 
one  single  stone,  making  part  of  the  rock  on  which 
the  pyramids  are  placed.  Its  head  rises  about 
twenty>nine  feet  above  the  sand.  This,  according 
to  Thevenot,  is  twenty-six  feet  high,  and  fifteen  feet 
from  the  ear  to  the  chin ;  but  Pliny  assures  us,  the 
head  was  no  less  than  one  hundred  and  two  feet  in 
circumference,  and  sixty-two  feet  high  from  the 
belly,  and  that  the  body  was  one  hundred  and  forty- 
three  feet  long,  and  was  thought  to  be  the  sepulchre 
of  king  Amasis. 

Some  have  suggested,  that  the  well  of  the  great 
pyramid  led  to  this  monster,  and  that  the  priests  re- 
sorted thither  at  certain  times  to  pronounce  their 
oracles;  alleging  that  a  hole  placed  at  the  top  of 
the  sphynx's  head  answered  for  some  deceptive  pur- 
pose ;  but  this  hole  is  only  frre  feet  deep,  and  com- 
municates neither  with  the  mouth  nor  with  the  in- 
side of  the  colossal  monster.  The  Arabs,  who  have 
a  holy  horror  of  all  representations  of  men  and  ani- 
mab,  have  disfigured  its  face  with  arrows  and  lances, 
which  has  acted  much  more  than  time  upon  the 
stone. 

The  learned  Mr.  Bryant  observes,  that  the  sphynx 
seems  to  have  been  originally  a  vast  rock  of  different 
strata ;  which,  from  a  shi^^ess  mass,  the  Egyptians 
foshioned  into  an  object  of  beauty  and  veneration. 
It  may  hardly  be  necessary  to  add,  that  the  features 
are  of  the  Coptic  cast. 

Of  other  colossal  statues,  those  which  were  exe- 
cuted by  Phidias  are  among  the  most  celebrated  for 
beauty  and  elegance  of  workmanship.  They  were 
his  Olympian  Jupiter  and  his  Minerva  of  the  Par- 
thenon. The  virgin  goddess  was  represented  in  a 
noble  attitude,  26  cubits  or  39  feet  in  height,  erect, 
clothed  in  a  tunic  reaching  to  tiie  feet.  In  her  hand 
she  brandished  a  spear,  and  at  her  feet  lay  her  buckler 
and  a  dragon  of  admirable  execution,  supposed  to 
represent  Erichthonius.  On  the  middle  of  her  hel- 
met a  sphjmx  was  carved,  and  on  each  of  its  sides  a 
griffid.  Qn  the  aegis  were  displayed  a  Medusa's  head 
and  a  figure  of  Victory.  This  colossal  work  was  not 
only  grand  and  striking  in  itself,  but  contained,  on 
ita  various  parts,  curious  specimens  of  minute  sculp- 
ture in  baaso  rilievo,  which  Phidias  is  said  to  have 
brought  to  perfection. 

His  Olympian  Jupiter  was  executed  after  the  un- 
grateful treatment  that  he  received  from  the  Athe- 
nians, when  he  abandoned  the  city  of  his  birth, 
which  he  had  rendered  celebrated  by  his  works,  and 
took  refuge  in  Elis.  Animated  rather  than  subdued 
by  the  ingratitude  of  his  countrymen,  Phidias  la- 
boured to  surpass  the  greatest  works  with  which  he 
had  adorned  Athens.  With  this  view  he  framed  the 
statue  of  Jupiter  Olympius  for  the  Eleans,  and  suc- 
ceeded even  in  excelling  his  own  Minen'a  in  the 
Parthenon.  This  colossal  statue  was  60  feet  in 
height,  and  completely  embodied  the  sublime  picture 
which  Homer  has  given  of  the  mythological  monarch 
of  the  heavens. 


While  describmg  the  eohsn  of  ancient  times,  we 
should  not  forget  the  magnificent  and  extravagant 
proposal  of  Dinocrates  to  Alexander  the  Great,  of 
forming  Mount  Athos  into  a  colossus  of  that  con- 
queror ;  nor  a  similar  proposal,  in  modem  times,  of 
sculpturing  one  of  the  Alps,  near  the  pass  of  the 
Simplon,  into  a  resemblance  of  Napoleon.  Among 
other  celebrated  colom  of  ancient  times,  historians 
record  as  eminently  beautiful,  that  which  was  exe- 
cuted by  Lysippus  at  Tarentum.  It  was  40  cubits  or 
60  feet  m  height.  The  difficulty  of  carrying  it  away, 
more  than  moderation  in  the  conqueror,  alone  pre- 
vented Fabius  from  removing  it  to  Rome,  with  the 
statue  of  Hercules,  belonging  to  the  same  city.  Co- 
loBsi  were  in  .use  also  in  Italy  before  the  time  when 
the  Romans  despoiled  their  vanquished  enemies  of 
their  works  of  art.  The  Jupiter  of  Leontium,  in 
Sicily,  was  7  cubits  in  height,  and  the  Apollo  of 
wood  that  was  transported  from  Etruria,  and  placed 
in  the  palace  of  Augustus,  at  Rome,  50  feet. 

The  same  emperor  also  placed  a  fine  bronze  colos- 
sus of  Apollo  m  the  temple  of  that  god,  which  he 
built  near  his  own  palace.  The  earliest  colossus  re- 
corded to  have  been  sculptured  in  Rome  was  the 
statue  of  Jupiter  Capitplinus,  which  Spurius  Carvi- 
lius  placed  in  the  capitol  after  his  victory  over  the 
Samnites ;  but  cohsst  soon  became  far  from  scarce. 
Five  are  particularly  noticed ;  namely,  two  of  Apollo, 
two  of  Jupiter,  and  one  of  the  sun.  There  has  been 
dug  up,  among  the  ruins  of  ancient  Rome,  a  colossal 
statue  of  the  city  of  Rome,  which  was  reckoned 
among  the  tutelary  divinities  of  the  empire.  The 
superb  colossi  on  the  Monte  Cavallo,  called  by  some 
antiquaries  the  Dioscuri,  are  magnificent  specimens 
of  Grecian  art;  so  are  the  Famese  Hercules  and  the 
gigantic  Flora  of  the  Belvedere.  It  used  to  be  the 
common  opinion,  that  the  colossi  on  Monte  Cavallo 
both  represented  Alexander  taming  Bucephalus. 
They  are  now  generally  believed  to  represent  the 
Dioscuri  Castor  and  Pollux ;  the  statue  which,  ac- 
cording to  the  inscription  on  the  pedestal,  is  the 
work  of  Phidias,  being  intended  for  Castor;  the 
other,  of  inferior  value,  and,  according  to  the  inscrip- 
tion, the  production  of  Praxiteles,  representing  Pollux. 
The  original  design  of  these  statues  is  not  known ; 
nor  does  it  appear  from  history  what  led  Praxiteles, 
after  an  interval  of  about  SO  years,  to  execute  a 
counterpart  to  the  work  of  Phidias,  in  case  the  in- 
scription is  to  be  credited.  The  editors  of  Winckel- 
mann's  works  (vi,  2d  part,  p.  73,  and  v.  p.  660),  on 
account  of  the  elevated  character  of  the  first  of  these 
statues,  think  it  reasonable  to  attribute  it,  as  the  in- 
scription does,  to  Phidias  ;  for  in  the  individual  parts 
there  is  no  narrow,  laboured  care  perceptible  in 
the  execution,  no  overwrought  polish  and  elegance. 
From  various  inequalities  on  the  statue  of  the  man — 
for  instance,  on  the  chin — ^thcy  conjecture  that  this 
work  was  not  completed  by  that  great  master,  and 
hence  was  not  esteemed  so  highly  at  first  as  after- 
wards, when  the  era  of  ik)ble  Grecian  sculpture  had 
passed  away,  and  when  the  statue  was  probably  first 
set  up.  But,  as  the  primitive  design  of  the  work  re- 
quired a  counterpart,  they  conjecture  that  the  sculp- 
ture  was  committed  to  Praxiteles,  the  most  perfect 
artist  of  that  period. 

On  this  hypothesis,  they  explain  the  marks  of  a 
later  age  in  the  second  statue,  particularly  the  great 
dexterity  with  which  the  master  has  imitated  the 
first,  and  finished  every  part  without  seeming  to  be  a 
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mot  copyist.  The  wuit  of  that  \o(\y  spirit  which 
duitui|ruisheB  the  culier  statue  they  ascribe  to  the 
oyutraint  of  the  artist  in  formiag  a  counterpart  to  a 
[HCTioDs  work,  and  to  the  circumstitnce  that  Praii- 
telee,  belonging  to  an  nge  which  was  fond  of  the 
gentle  and  soft,  entered  the  lists  with  the  giant  of  tin 
ewller  period  in  the  arts.  Canova  has  attempted  to 
prove,  from  the  nature  of  the  groups,  that  in  both, 
the  hero  and  horse  were  so  placed  that  the  two  could 
be  seen  at  once  ;  and  perhaps  it  was  so  orlgilially  ; 
but  the  horse  is  now  exactly  opposite  to  the  spec- 1 
talor,  and  the  whole  is  leas  agreeably  grouped. 
Rome  possesses  several  other  cqIomi,  of  admirable 
workmanship,  as  the  colossal  statue  of  Alexander  the 
Great,  in  the  Colonna  palace ;  the  rare  colossus  of 
Aotooinus,  in  the  Falazzi  Vitelleschi ;  the  celebrated 
atatne  of  the  Nile;  the  four  statues  that  surround 
4be  splendid  fountain  and  obelisk  of  the  Piazza  Na- 
Tona.  the  admired  work  of  Bernini.  They  are  perso- 
nihcations  of  four  of  the  principal  rivers  in  the  world; 
Dunely,  the  Ganges,  which  was  sculptured  by  Fran. 
Baratta ;  the  Nile,  by  Antonio  Fancelli ;  the  Danube, 
hj  Olaude  Franc ;  and  the  Rio  dc  la  Plata,  by  Anto. 
nio  Raggi.  Olber  colossal  statues  of  less  conse- 
i^oence  are  also  found  among  the  beautiful  works  of 
art  in  this  city. 

The  pride  and  ambition  of  the  Roman  emperors 
led  them  to  encourage  sculptured  representations  of 
their  persons.  Nero  was  the  first  who  ventured  on 
a  coloasuB  of  hitaself,  by  Zenodorus;  but,  after  his 
death,  it  was  dedicated  to  Apollo  or  the  ann.  Com- 
nodua  afterwards  took  off  the  head,  and  replaced  il 
with  a  portrait  of  himself.  Domitian,  actuated  by  e 
similar  ambition,  prepared  a  colossus  of  himself  as 
the  deity  of  the  aun.  Among  more  modem  works  of 
this  natore  is  the  enormous  colossus  of  San  Carlo 
Borromeo,  at  Arona,  in  the  Milanese  territory. 
is  ^  briHue,  60  feet  in  height,  and  has  a  staircase 
ita  interior,  for  the  purpose  of  occasional  repairs  and 
nstorattons. 

The  bronze  colossus,  copied  from  one  of  the  Monte 
Ca*aUo  st«taea,  in  Hyde  Park,  London,  and  a  few 
but  little  lai^r  than  life,  of  the  size  that  may  be 
termed  Actwc  rather  than  colottal,  such  as  decorate 
some  public  baildlngs  and  commemorative  columns, 
as  thoM  on  St  Paul's  Cathedral ;  William  Pitt,  in 
Hanover  Square ;  the  Duke  of  Bedford,  in  Russell 
Square ;  Cturles  Fox,  in  Bloomsbnry  Sq 
ara  the  principal  of  which  we  now  boast  in  this  noble 

Sle  of  art.  The  four  colossal  statues  at  Paiia, 
ich  are  in  front  of  the  fsf  ade  of  tkt  Corvt  UgU- 
latim,  are  in  good  taste,  and  show  great  boldness  and 
freedom  in  the  eiecaCion.  They  represent  the  four 
greatest  legislators  of  France — Sully,  Colbert,  L'Ho- 
pital,  and  D'Agnessean.  They  are  in  theu  proper 
coctome,  and  s^ted.  Canovn's  Perseus  is  also  much 
larger  than  life,  and  a  very  fine  work.  They  belong 
ntbei  to  the  heroic  than  Uie  colossal. 

Hie  enormoas  weight  of  many  of  the  ancient  as 
well  ••  modem  eoloui,  has  very  materially  increased 
the  diScnlty  of  their  erection.  We  may  take  a  single 
example,  namely,  that  of  the  statue  of  Peter  the 
Oreat  at  St.  Petersburg.  The  base  atone  weighed 
400,000  lbs.,  and  yet  it  was  transported  many  miles 
both  by  sea  and  land.  In  the  first  of  these  cases  it 
was  conveyed  between  two  frigates,  and  in  the  se- 
cond ita  transit  was  accompliahed  by  the  aid  of  fric- 
'  tion-halls.  The  accomponyiog  engraving  will  give  a 
'general  notiun  of  the  process.     Two  vast  beams 


grooved  to  rocenc  thp  friction -bolls  were  placed  be- 
neath each  of  the  sides  r>f  the  stone,  and  capstans 
worked  by  several  men,  each  were  employed  to  give 


motion  to  the  mass.  On  the  top  of  the  stone  was 
placed  a  dmmmer,  by  whose  instrument  the  com- 
bined efforts  of  the  men  were  regulated.  The  small 
moveable  stages  attached  by  ropes,  which  are  seen  in 
the  engraving,  were  used  to  convey  the  workmen  and 
their  tools  along  with  the  colossal  stone. 

CoiUMBiUM.  Thia  metal  was  discovered  in  1801, 
by  Mr.  Hatchett,  who  detected  it  in  a  black  mineral, 
belonging  to  the  British  Museum,  which  was  ori- 
ginally sent  to  Sir  Hans  Sioane  by  Governor  Win- 
tiirop,  of  Connecticut,  and  was  supposed  to  have  been 
found  near  New  Loudon  in  that  state.  About  two 
years  after  M.  Ekeberg,  a  Snediah  chemist,  extracted 
the  same  substance  from  tantalite  and  yttro-tontalite, 
and,  on  the  supposition  of  its  being  different  from 
colombium,  described  it  under  the  name  of  lanlahm. 
The  identity  of  these  metals,  however,  was  eBtablisbcd 
■     1809  by  Dr.  WoUaston. 

Columbium  exists  in  its  ores  as  an  acid,  united 
either  with  the  oxides  of  iron,  manganese,  and  tin, 
as  in  the  columbite  or  tantalite ;  or  in  combina- 
tion with  the  earth  yttria,  as  in  the  yttro- columbite, 
or  yttro-tantalite.  This  acid  is  obtained  by  fusing 
its  ore  with  three  or  four  times  Its  weight  of  carbonate 
of  potash,  when  a  soluble  colu'mbate  of  that  alkali 
results,  from  which  columbic  acid  is  precipitated  as 
a  white  hydrate  by  acids.  When  this  acid  is  ex- 
posed to  the  united  agency  of  charcoal  and  intense 
heat,  it  is  reduced  to  the  metallic  state. 

The  metal  is  brittle,  of  an  iron-gray  coloor,  and 
feebly- metallic  lustre.  Its  specific  gravity  is  5.6.  It 
is  not  attacked  by  the  nitric,  muriatic,  or  nitro-mu- 
riatic  acids,  hut  is  converted  into  the  acid  by  being 
heated  with  potash  or  nitre.  Columbium  has  hitherto 
been  obtained  in  very  minute  quantities,  and  has 
-  been  applied  to  any  economical  purpose.  Co- 
lumbite, the  ore  from  whence  it  ia  obtained,  has  of 
late  been  discovered  in  several  places  in  New  Eog- 


Column  (colmuia,  Lat.),  in  architecture,  a  round 
pillar.  In  the  earliest  periods  of  the  world  the  co- 
lumn was  merely  the  trunk  of  atree,  or  its  imitation 

stone,  used  to  support  the  roof.  The  parts  of  a 
complete  column  are  its  bate,  on  which  it  rests,  its 
body,  called  the  tht^,  and  its  head,  called  the  eapiVal. 
Columns  are  used  to  snpport  the  entablature  of  an 
order,  which  has  also  its  proper  division.  In  the 
most  ancient  times  columns  of  wood  were  the  moat 
usual,  as  being  the  most  easily  wrought.  In  coun- 
■  '  like  Egypt,  where  timber  fit  for  construction  is 
:e,  and  stone  abundant,  the  latter  became  the 
principal  material  for  columns  j  and  those  of  Egy|it 
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ftre  remftrk&ble  fbr  tJie  beauty  of  their  workmanship, 
and  t3i6  durability  of  their  materials. 

The  Greeks  used  marble  of  the  finest  land,  with 
which  their  country  abounded,  for  their  columns; 
and  other  nations,  the  stone  or  material  of  their 
country.  The  Greeks  properly  considered  the  co- 
lunm  as  an  essential  part  of  the  architecture  of*  their 
temples,  and  never  used  it  as  a  mere  decoration. 
The  manner  of  constructing  the  columns  of  all  the 
orders  rests  upon  similar  principles.  Tliey  are  all 
divided  into  three  primary  parts  or  divisions,  the  base, 
the  shaft,  and  the  capital,  except  the  Doric  order, 
which  has  no  base*  The  lowest  or  thickest  part  of 
the  shaft  is  used  by  architects  as  the  universal  scale 
or  standard  whence  all  the  measures  which  regulate 
and  determine  heights  and  projections  are  taken;  and 
this  standard  or  scale  must  be  understood  before  any 
architectural  design  can  be  commenced. 

*nie  relative  proportions  of  the  various  species  of 
cotnmn  has  almdy  been  given  in  our  article  illus- 
trative of  general  amiitecture. 

We  have  now  to  notice  the  empkrymeBt  of  ^umns 
as  trophies.  The  Romans  had  their  tnlmmut  MUca, 
which  was  near  tite  temple  of  Janus,  and  from  which 
war  was  prochdmed  by  the  tronsul  casting  u  javelin 
from  it  towards  die  country  of  their  enemv;  ^so 
ekrmolvgieal  mlmiua,  whereon  they  inscribed  hUftori* 
cat  events  according  to  tiie  order  of  time. 

They  had  also  a  lade^  cohtmn,  which  was  erected 
in  the  vegetable  market,  and  eontained  in  its  pedestal 
a  receptacle  for  infants  that  were  abandoned  by  their 
parents.  The  hotd  cohtmh  was  -one  on  which  liie  «n- 
cients  engraved  their  laws;  the  timt/aftee or  hemndmy 
d^mm  imurked  die  bomidary  of  a  state  or  province; 
the  numMal  column  was  tymamented  with  trophies 
and  spoils  taken  from  the  enemy;  the  rostral  cohmn 
with  the  prows  (fov/ro)  of  the  ships  olAained  m  a 
nmilar  manner.  The  first  column  of  this  descriptioii 
was  that  whidi  was  erected  in  the  capitol,  on  the  oc- 
casion of  tiie  navd  yictory  which  Oaius  Duilius  ob- 
tained over  the  Carthaginians.  It  is  now  on  the 
boluBtrade  of  the  grand  staircase  of  the  Campidoglio. 
Augustus  raised  four,  decorated  wttli  tlie  prows  of  tiie 
vessels  whic^  were  ta^en  from  -Qeopatnu  Two  were 
also  erected  to  the  honour  of  Cains  Bifenitis,  for  a  naval 
victory  over  the  Latins  and  Antiates. 

TItt  tepuldktti  cobum  was  elevated  upon  a  sepul- 
chre or  tomb,  with  an  epitaph  engraved  tqxm  its 
iftmft  Tlie  trittmphal  toitmn  was  erected  by  the  Ro- 
foans  in  commemoiation  of  a  conqueror  to  whom  had 
been  decreed  the  honours  of  a  triumph.  The  jeoits 
-of  tbe  atones  were  conceited  by  crowns  cAitained  by 
military  concfuests.  Tb^  columns  of  Trajan  and  Aa- 
tottinuB,  besides  tiiebr  specific  objects,  are  also  tri-* 
vmphai  columns. 

The  British  Parliament,  when  they  voted  the  iMg- 
nfftcentimhice  of  Blenheim  to  the  gr^  Duke  <)f  Marl- 
borough, also  erected  a  triumphal  column  In  the  park. 
On  the  four  sides  of  the  pedestal  are  hiscribed  de- 
scriptions of  the  victories  of  Ihat  great  tsommander ; 
ami  his  statue  is  upon  the  abacus,  supported  by 
figfores  of  captured  enemies^  and  surrounded  by 
trophies. 

The  mBittirf  eolmm,  tftMtl^arium  mmum,x}{  Rome, 
was  originally  a  cohinm  of  white  marble,  whidi 
Axigustus  lerected  near  the  temple  t)f  Saturn,  m  tiie 
forum,  as  a  centre  whence  the  accoimt  of  llie  males 
began  in  the  calculation  of  distances  from  tiie  city. 
Ilis  celc^nvted  tioKmin  is  -stiH  in  existence,  being 


placed  on  the  stylobale  in  front  of  the  Ganpidogfio, 
the  modem  eapitol  of  Rome.  It  is  a  short  cohmm, 
with  a  Tuscan  capital,  and  has  a  ball  of  bronze,  as  a 
symbol  of  the  globe.  It  was  called  gokUn,  either  be- 
tause  it  was  once  gilded  all  over,  or  at  least  the  globe 
and  ornamental  accessories.  As  a  companion  to  it 
is  a  similar  column,  bearing  on  its  summit  a  vase,  con- 
taining the  ashes  of  Trajmi. 

Among  the  principal  triumphal  columns  now  le- 
maining  is  the  column  of  Pompcy,  which  is  a  celebrated 
monument  of  antiquity,  constructed  of  red  granite,  and 
situated  on  a  rock,  about  a  mile  without  iie  walls  is( 
Alexandria,  m  E^ypt.  By  the  mensuration  of  Ed- 
ward Wortley  Montagu,  the  capital  of  the  pillar, 
which  is  Corinthian,  is  mne  feet  seven  inches  hi^; 
the  shaft  sixty-six  feet  one  inch  and  a  qoarter;  the 
base  five  feet  nine  three-quarter  inches;  the  pedestal 
ten  feet  ^^9  and  a  half  inches ;  the  height  &om 
the  ground  ninety-two  feet :  though  Dr.  Pooodue*  by 
the  shadow,  determined  the  whole  height  to  be  114 
feet ;  and  its  diameter  nine  foet  and  an  inch.  It  is 
peifM:tly  well  polished,  and  but  slightly  acted  on  by 
time,  it  oveitops  the  town,  and  serves  as  a  signal 
for  vessds.  SoviBry  says,  on  a  near  approach  it  pro- 
duces a  degree  of  astcnoshment  maed  with  awe. 
The  spectator  can  never  be  tired  with  admiring  the 
bemty  of  the  capital,  the  length  of  the  shaft,  nor  the 
extraei^finaiy  simplicity  of  the  pedestal.  Itiis  pro- 
digiotts  mass  stands,  as  on  a  pivot,  on  a  revcned 
obelisk;  and  was  erected,  as  many  have  supposed, 
either  by  Fompey,  or  to  hia  honour.  But  as  no 
menison  is  MMide  of  it  by  Strabo,  Diodorus  Sicahis, 
or  asfy  other  andent  writers,  Mr.  Moalagn  ooncfaides 
that  it  was  not  ka«wn  before  the  time  iS  Vespasiaa, 
and  t^iat  it  was  created  to  his  honour.  In  proof  sf 
tMs  opinion,  he  found  within  the  circumference  of 
the  pillar  a  medal  «f  Ve^asian,  in  fine  preservation. 

^wy,  on  the  authority  of  Abulfeda,  who  taUs  it 
^  the  pIMar  of  fieveius,"  ascribes  it  to  this  emperot; 
alleging  tiiat  he  visited  Egypt,  gave  a  senate  to  Aies- 
sfidria,  and  deserved  wdl  of  its  inhabttants.  Ac- 
ocn^ogly,  it  is  said,  that  this  cokunn  is  a  mark  of 
^eir  gmtitude.  Hie  Greek  inscription^  now  more 
than  half  ^iaosd,  was,  no  doubt,  kgiUe  in  the  tiaie 
of  Abulfeda,  and  presenred  tbe  naaae  of  fiewcrae. 
Nor  is  tMs  ^e  only  monument  erected  to  Inm  by  the 
gratitude  of  the  Alexandrians.  In  tiie  midat  of  the 
mins  «C  Antinoe,  bu^  by  Adrian,  is  seen  a  magaifi* 
eoft  pifiar,  the  insoriptiaB  on  whick  is  MiU  wsMiining* 
dodicalted  to  t^exander  Sevems.  Denon  has  gt«ea  a 
drawing  of  this  pillar,  widi  the  mariied  dimaaaisBS 
of  its  various  puts:  it  makes  its  whole  hei(^t  a 
fraotion  m«re  than  92  £eet,  and  the  height  of  the 
abaft,  wh»diisofasittgie  pieoe^  63  foet  1.3.  itac- 
qtiirad,  as  this  author  says,  the  name  of  Pompey's 
PiDar  in  tiie  ItMh  century.  A  monument*  as  he  sop- 
poses,  had  been  raised  by  Pompey  at  Alexandria,  bat 
it  had  disappeared,  and  was  thou^^  co  be  diseeteifd 
4n  tihe  above  colunm,  which  has  since  been  conmrted 
into  a  trophy  erected  to  the  meraorr  of  Septfanias 
Boferas.  It  is,  however,  placed  on  the  nuns  of  the 
aodent<city;  and,  in  the  time  of  Septimius  Sevenis 
the  city  «f  the  Ptolemies  was  not  in  a  ruinous  stele. 
If  ^e  Simit  of  this  column,  continms  Denon*  once 
belonged  to  an  aadent  edifice,  it »  an  evidence  of  its 
magi^oenee,  and  of  the  skill  with  which  it  was  ese- 
cuted.  It  ought  therefore  to  be  said*  that  what  is 
called  Pdmpey's  Pillar  is  a  fine  cofainm,  and  not  a 
^ae  mosament)  and  that  a  colonui  is  not  a 


COLUMN, 
o-of  Ac  uotk  about  the  KiDn- 
■1  of  UliB  piiUr  hBTing  bc*n  ckand  «w&y,  two 
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•  of  an  obeliik  i^  white  marUe,  Uie  odIv 
It  of  that  aubstanae  mbq  by  Dsdod  in  Egypt, 
ban  been  adikd  to  the  onginal  ba>e,  to  rmder  it 
mtOTB  milid.  An  •ngraTiug  of  thia  cakbnted  ooinnui 
i>  gircB  beneath- 


Tbe  TVttfOii  colmn  is  oae  of  the  mo«t  ce1«brated 
monnmentB  of  antiquity.  It«  height,  iadoding  the 
p^eatal  and  itatne,  is  133  feet.  Thii  Monnmnital 
colamn  was  erected  in  the  centre  of  the  fonira  Tra- 
jtni,  atxl  dedicated  to  the  Emperor  Trajan  fer  his  de- 
dsire  victory  over  the  Darius,  ai  is  tsetiiied  by  the 
inscription  on  the  pedestal.  It  is  of  the  Doric  oi^r, 
and  its  shafb  is  coBstnieted  of  34  pieces  of  Greeli 
marble,  joined  with  erasips  of  bnaize.  For  eieganoe 
of  proportion,  beaaty  of  style,  and  for  simplicity  atid 
dexterity  of  sculpture,  it  is  die  finaat  in  the  worid. 
The  figures  on  the  pedeBtal  toe  AOsterpieees  of  Ka- 
ma art.  It  was  formerly  sumtoonted  by  a  statue 
of  Trajan,  fAidi  has  been  suoceeded  by  a  status  of 
St.  Peter. 

The  eatamn  ^  ike  Empemr  Phoear  is  near  the 
Tenpie  of  ConconJ.  It  is  of  Gnelt  msTble,  fluted, 
■aid  of  the  Oonnthiui  order,  four  feet  diameter,  and 
flfty-foar  feet  high,  iocloding  the  pedestaJ.  The  An- 
Mmw  cofnm  was  erected  by  the  Honuui  senate  to 
the  glory  of  MHTCtts  Anrelius,  for  his  vicCories  over 
ih*  Mareomanni.  in  the  nign  of  CommoduB-  Aare- 
lioi  afterwards  dedicated  it  to  his  father-in-law,  An- 
loiiians  nas.  According  to  a  rigid  adnMasoTement, 
made  by  M;  de  la  Condamtne,  this  colnmn  is  116 
FKneh  fert  in  height,  and  II  in  diatiNtwr.  It  is 
hwit  entirely  ef  marble,  and  encircled  with  iosN'  ri- 
Ueei,  which  form  30  spimls  around  its  riiaft.  It  has 
heen  Wril  ithistiated  )yy  enna^Dgs  and  descriptions 
by  PietTD  BamS  BartoM.  It  is  in  every  resect  in- 
Aifar  to  tbat  of  Trajan  as  a  work  of  art,  particutarly 
in  the  styte  md  eiecntion  of  the  sculptnie*.  It  was 
■muttri  in  1689  by  Footana,  ander  the  poatMoalB 
M  Sixtn  v.,  who  placed  a  colossal  statac  of  St.  Paul 


shaft  IS  of  a  allele  i^ece  of  EgyptRm  jfnmite,  Ab  feet 
IB  htl^i^  and  b  tttt  eight  inchtn  m  diaweeer.  hi 
pedestal  is  oraameiusd  with  AaMi  n'Reoi,  reprssentmg 
ths  i^odieoNs  Of  Antoninus  and  Faastina,  and  other 
events  relating  to  the  history  of  Rome.  Ft  wa»  raw 
paired  by  Lambertini.  Plus  VI.  removed  the  baai 
rHimi  to  the  Vatican.  There  is  an  engraving  of  it 
the  Sth  volume  of  the  Maieo  Pin-  ClemaUao.  On 
e  of  its  sides  it  has  the  following  iuscriptiiKi : — 

DlVO  AnTONINO  AvOVBTIKO  PIO  ANTOTJIirVB  Av- 

sTva  BT  Vehvb  AvavsrvB  Mi.Lt."  Till  the  com- 
mencement of  the  18th  century,  there  were  to  be  seen 
at  Constantinople  two  insulated  coiumns,  ornamented 
with  ba**i  rilieM,  in  the  style  of  the  Trajan  coloran  at 
Rome.  Oae  was  erected  in  honour  of  Constantdiie, 
and  the  other  of  ArcaditM  oi  Theodosius.  Of  the 
latter  there  is  nothing  left  hut  it«  grnntte  base,  the 
colnmn  havtD|;  been  destroyed  by  the  Turks.  It  had 
been  several  times  damaged  by  earthquakes,  and  they 

fearful  of  its  tailing.     (The  Comlantitte  caJmn 

composed  of  seven  large  cylindrical  blocks  of 

porphyry,andwaBorigi[iBllysurmountedbyastiitDeof 

Constontlne.  After  having  been  several  times  damaged 

by  fire,  it  was  repaired  by  the  Emperor  Alexis  Com- 

tnos,  as  is  indicated  by  an  inscription  in  Greek. 

The  column  which  ornaments  the  British  matro- 
polis,  better  known  as  the  Mataimeni,  was  designed  by 


l66e,  in  the  very  place  where  1^  fire 
began.  This  pillar  was  begun  in  l67l,  and  finished 
in  1677- 

It  ia  of  the  Doric  mrier,  flatod,  303  fact  high  froaa 
the  gronad,  and  fiftea  feet  in  diaaietv,  of  solsd  PoiC- 
Isnd  stone,  with  a  stanrcase  in  tbe  midiUe,  of  blmdk 
marble,  containing  three  bondrad  and  eJghty-fivi' 
Steps.  The  bweat  part  of  the  padaatal  is  38  fee' 
square,  nd  its  altrtada  40  fe«t  ^  the  fhmt  being  ea 
rkhed  with  carious  baas  rilissl.  It  has  a  b^cont 
within  33  teet  of  tha  top,  on  idltch  is  placed  a  bias 
ibg  urn  of  gilt  tinae. 

The  DolnmB  in  Pkambr  Pmt,  Dtdilinj  ^tttn  A<oM 
any  other  work  of  this  description.  U  was  cneted 
in  174S.  It  stands  in  the  centre  at  on  area  whse 
four  great  avemiea  meet,  and  fion  whidi  then  aM 
entnaBoea  tn  tbe  Vice-regal  L«dga,  and  tbat  «t  A* 
chief  secntary.  The  tm*  which  shKds  tbe  amnlM* 
fbru  vistas,  tiuoDgh  whidi  dia  jMnpto" 
the  column  fotau  a  ^ctuiMqnr  object, 

Tke  pillar  is  formed  of  PdHkaal  stoi 
ths  Oorinthicn  order,  fluted,  kkd  hi^lf  M 
The  baae  aad  padaatal  fin  flKt  i»  iwt^  the  shaA 
and  copiCaitweaty,  anddia  phonic  wkick  swi— aaw 
the  eohrna  five  feet,  i»  ttiat  the  wkoto  MeNaU  as 
object  thirty  teet  bigk.  On  the  wtt  M  VMst  sidM 
of  dw  pedestal  are  the  InUowln^  inaaripliaiitT— 


CwspvinRrdeio  et 


Phmen*  BUnhws,  OsbS 
Dt  ChestfefitM  Pmtsa. 

On  the  north  and  south  sides  are  the  crest  and 
uais  of  Sta^ope  in  rellel  It  is  l«  be  rcgnMcd, 
that  from  ibe  perishable  natun  of  tits  ataae^  tliia  w- 
^nament  to  the  park  even  already  exhibits  symftmw 
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uf  dMftf .   To  protect  it  from  Bccidental  vioieDce,  it 

hw  been  enclosed  by  tt  circular  iroa  railing ;  but  this 
defence,  while  it  keeps  off  the  band  at  man,  cannot 
keep  off  the  band  ol  time,  which  ia  fast  obliterating 


The  Napoleon  column  has  jostly  been  considered 
■a  the  greatest  omaraent  of  the  Parisian  capital.  If 
Manda  in  the  Place  Vendome,  and  was  erected  to  com- 
memorate the  Bucce«sful  result  of  Bonaparte's  arma 
in  the  German  campaign  of  1806. 

Its  total  elevation  is  135  feet,  and  the  diameter  of 
its  shaft  is  twelve  feet.  It  is  iD  imitation  of  the 
pillar  of  Trajan  at  Rome,  and  is  built  of  stone,  co- 
vered with  W-rettefs  (representing  the  various  vic- 
tories of  the  French  army),  composed  of  twelve  hun'- 
dred  pieces  of  cannon  taken  from  the  Russian  and 
Austnui  armies.  The  bronze  employed  in  this  mo- 
nnroeDt  was  about  three  hundred  and  sixty  thousand 
pounds  weight.  The  column  is  of  the  Doric  order. 
The  bas-reliefs  of  the  pedestal  represent  the  uniforms 
and  weapons  of  the  conquered  legions.  Above  the 
pedestal  are  festooni  of  oak,  supported  at  the  four 
angles  by  eagles,  in  bronze,  each  weighing  five  hun- 
dred pounds.  The  bas-reliefs  of  the  ahaA  pursue  a 
spiral  direction  from  the  base  to  the  capital,  and  dis- 
play in  chronological  order  the  principal  actions  of 
the  campaign,  from  the  departure  of  the  troops  from 
fioulogne  to  the  battle  of  Ansterlitz.  The  figures  are 
three  feet  high;  their  number  is  said  to  be  two  thou- 
aand,  and  the  length  of  the  spiral  band  eight  hundred 
and  forty  feet.  Above  the  capital  is  a  gallery,  which 
is  approached  by  a  winding  staircase  within,  of  one 
hundred  and  seventy-six  steps.  It  has  the  following 
inscription : 

Hononient  «ler«  s  U  olorle  de  I 

P«  N.polBon  Le  Or 

CommsDcSlaxI' AoQ 

TemUnf  le  XV  Aofit 

Sou  Ii  dtrectlaii  de  D.  V 

HH.  J.  B.  Lep«re  et  L.  Oondo 

Over  the  door  leading  to  the  staircase  is  a  bas- 
relief,  representing  two'  figures  of  Fame  supporting  a 

Ubtet. 


UMN. 

The  capital  of  the  column  is  surmonnted  by  in 
acroterium,  upon  which  formerly  stood  the  statue  of 
Napoleon,  measuring  eleven  feet  in  height,  and 
weighing  five  thousand  and  twelve  pounds.  The 
plaUorm  upon  which  it  rests  is  of  white  marble,  sur- 
mountedwith  palisades.  Someof  the  moat  beautiful 
portions  of  this  column,  or  rather  of  its  ba*  rtlitf 
urnameots,  were  designed- by  a  young  and  aelf-taught 
female  artist ;  a  tady  who,  but  for  the  deposition  of 
Nasoleon,  would  in  all  probability  have  attained  the 
liighest  and  most  lucrative]  walks  in  her  profession. 
The  total  etpense  of  this  sumptuous  monument  was 
1,500,000  livres. 

There  are  also  several  smaller  columns,  hut  of 
beautiful  proportions,  in  various  parts  of  England,  in 
imitation  of  the  above,  but  mostly  of  the  Grecian  or 
pure  Doric  order,  as  the  Aoglesea  column,  erected  b 
cummemuration  of  the  battle  of  Waterloo,  and  the 
noble  earl  of  that  name,  in  the  island  of  Angleseai 
the  column  at  Shrewsbury,  erected  in  commemora- 
tion of  the  same  event,  and  of  another  noble  general, 
Ijird  Hill ;  the  Nelsoo  columns,  at  Yarmouth  and  in 
Dublin ;  the  Wellington  colaroo,  at  Trim,  in  the 
county  of  Meath,  Ireland,  &c. 

To  the  above  list,  we  may  add  the  Wathingfm  mo- 
nument, at  Baltimore,  on  which  a  colossal  statue  of 
Wasbingtcin  has  been  placed.  The  pillar  is  of  the 
Grecian  Doric  order,  and  of  very  massive  proportions. 
It  stands  on  a  grand  base  or  zocle,  and  is  surmounted 
by  a  circular  pedestal,  on  which  the  statue  rests, 
liiia  base  'or  zocle  of  the  monument  is  50  feet  square, 
and  25  feet  high ;  the  column  is  20  feet  in  diameter, 
and  with  its  sub-base,  130  feet  high ;  the  coital  is 
20  feet  square.  The  statue  is  15  feet  high,  and  the 
whole  height  of  the  monument,  from  the  pavement, 
including  the  statue,  isabout  I70feet.  As  it  stands 
on  a  hill  100  feet  high,  this  structure  rises  370  feet 
above  tide.     It  is  constructed  of  white  marble,  which 

dightly  variegated,  and  is  a  very  conspicuous  ob- 
ject to  every  one  approaching  the  city,  whether  by 
land  or  water,  llie  statue  greatly  increases  its 
effect,  and  gives  finish  and  beauty  to  the  whole 
structure.  A  flight  of  steps,  on  each  aide  of  the 
grand  base,  leads  up  to  the  door-way.  A  broad 
frieze  runs  round  the  exterior  of  the  grand  base,  with 
if  civic  wreaths,  each  encircling  a  star,  to 
designate  the  states  of  the  Union.  In  the  centre  of 
the  frieze,  above  the  door-ways,  are  large  marble 
tablets,  inscribed  with  the  name  of  Washington. 
Bronze  inscriptions,  commemorative  of  events  in  the 
revolution  connected  with  the  life  of  Washington,  ars 
placed  on  every  front  of  the  base.  The  base  of  the 
column  above  the  great  platform  is  encircled  with 
thirteen  colossal  bronze  shields,  emblematic  of  the 
federal  union ;  the  faces  of  the  shields  are  ornamented 
ith  the  arms  of  those  states  which  formed  the  fe- 
deral compact,  divided  by  massive  spears.  The  atti- 
tude given  to  the  statue  represents  the  great  man  to 
whom  the  monument  is  dedicated  in  the  act  of  re- 
ligning  his  commission,  and  the  authority  with  which 
he  had  been  invested  by  his  country,  again  into  the 
hands  of  the  people,  having  accomplished  the  great 
object  of  bis  appointment — the  freedom  and  inde- 
pendence of  the  Union.  The  marble  of  which  the 
statue  is  formed  is  of  a  very  pore  kind,  free  from 
veins,  and  is  a  fine  specimen  of  the  native  white 
formation  which  abounds  in  the  Q^hbourbood  of 
Baltimore.  The  statue,  the  woriB  Of  Mr.  Catuiri, 
weighs  16i  tons.  , 


COLUM 

Ike  cohimn  erected  to  the  memuy  of  Lord  Nelson, 
cm  the  Dnw*,  kt  Yannouth,  wu  completed  in  1S17> 
Mid  fonoB  >  la-mari  visible  at  m  inunenM  distance. 
It  ie  reprteented  beneath. 


Hw  following  tranelatiDn  of  the  Latin  tns 


jcnjrt... 

bj'  Seijeant  Frere,  will  best  explain  the  object  of  this 
beaaltfbl  column : — 

"  HoBATio  Loan  NkLsoit, 
iriiom,  at  her  first  and  prondeat  champion  in  naval 
fi^t,  A-ttemhononred,  while  living,  with  herfavonr, 
and,  when  lost,  with  her  tean ;  of  whom,  signalized 
by  bis  triumphs  in  all  lands,  the  wAoIe  earth  stood  in 
awe,  on  acconnt  of  the  tempered  fiimness  of  his 
connaels,  and  the  nndaanted  ardour  of  his  coorage. 
His  great  man  Notfoli  boasts  her  own,  not  only  ss 
bom  there  of  a  respectable  family,  and  as  there  hav- 
ing received  his  early  education,  tint  her  own  also  in 
talents,  mannere,  and  mind.  The  glory  of  so  great  a 
name,  though  snre  long  to  outlive  all  monuments  of 
brass  and  stone,  his  fellow-countrymen  of  Norfolk 
have  resolved  to  comraemorate  by  this  colomn,  erected 
by  their  joint  contributions.  He  wsa  born  in  the 
year  1758,  entered  on  his  profession  in  1771,  and 
was  concerned  in  nearly  ISO  naval  engagements  with 
flie  enemy;  being  conqaeror,  among  various  other 
occasions,  at  Abookir,  August,  1798  ;  at  Copen- 
hagen, April,  1801 ;  and  at  Trafalgar,  Octol^,  1805; 
which  last  victory,  the  crown  of  so  many  glorious 
achievements,  he  consecrated  fay  a  death  equally 
monmfiil  to  his  country  and  honourable  to  himself." 

CoLVMN,  in  lactict;  a  deep,  solid  mass  of  troops. 
formed  by  placing  several  bodies  of  men  behind  each 
other  (sectioDB,  platoons,  companies,  sqaadrons.  and 
even  several  battalions).  The  column  is  either  an 
open  or  a  close  one  (with  intervals,  or  having  the 
sections  close  behind  each  other)  :  it  may  be  formed 
dther  for  inarching  or  for  attack.  By  means  of  co- 
Inmns,  it  is  possible  to  march  in  places  where  it 
wonld  be  impracticable  to  move  with  unbroken  lines. 
Hiey  also  increase  the  force  and  steadiness  of  troops, 
both  in  attack  and  defence.  Hie  drawing  up  of  the 
iafantry  in  line  is  advisable,  where  there  is  no  ob- 
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stade  in  At  gronnd  to  prevent  advancing  in  Oiif 
order,  or  when  the  enemy  is  to  be  received  with  the 
fire  of  masketry,  and  where  cannon-balls  and  grenades 
are  more  to  be  feared  than  case-shot  and  musketry. 

Almost  oil  battles  are  fought,  at  present,  by 
small  columns,  which,  when  the  order  in  line  is 
judged  rnwe  for  the  purpose,  may  be  changed  into 
lines,  and  which,  besides,  form  the  best  squares  for 
resbtanee  against  attacks  of  cavalry,  by  presenting  a 
front  to  all  sides,  and  unite  many  other  advantages. 
In  the  case  of  cavalry,  also,  attacks  may  be  nuule 
either  in  coinmn  or  in  line.  The  charge  in  close  co- 
lomns,  which  is  in  use  particularly  wiQi  the  French, 
is  of  the  greatest  effect  when  it  succeeds ;  but  when 
it  fails,  Sie  whole  body  of  assailants  is  eiposed  to 
annihilation  or  to  root,  as  no  support,  no  dcvelope- 
ment,  nor  orderly  retreat  is  poasifale. 

The  attack  with  columns  at  some  distance  from 
each  other  has  this  advantage,  that  if  the  first  divi- 
I  fails,  the  subsequent  ones  may  succeed ;  more- 
:,  the  facility  of  manceuvring  ii  much  greater. 
This  mode  of  attack  is  particularly  advisable  in  as- 
sanlting  squarea  of  infantry.  Marching  and  Sg^ting 
in  lines,  however,  are  the  modes  usnally  practised  by 
cavalry. 

Con  BIN  ATI  oir,  in  Maihewiatia,  is  the  variation  or 
alteration  of  any  nnmber  of  figtires,  letters,  colours, 
sounds,  &c.,  in  all  the  diferent  manners  possible. 
The  puts  combined  are  called  tiaamii. 

The  doeiriae  of  eombinaliim  is  that  branch  of  ma- 
themodcB  which  teaches  the  mode  of  acquiring  the 
resnlta  arising  frran  all  possible  combinations,  and 
gives  Riles  respecting  them. 

CowMuUorf  (Mdlystf  is  the  application  of  the  doc- 
ne  of  ctHnbination  to  analysis,  and  constitutes  a 
branch  of  science  often  very  involved.  A  system  of 
characters  is  appropriated  to  this  purpose.  Hinden- 
burg,  of  Leipsic,  in  1778,  gave  it  the  character  of  an 
independent  science ;  and  it  has  been  of  important 
serrice  in  relation  to  the  higher  branches  of  mathe- 

CoMBosnoN.  It  is  not  easy  to  give  a  correct  defi- 
nition, or  to  assign  a  general  cause,  of  this  familiar 
phenomenon.  It  may,  however,  be  described  as  the 
result  of  the  combination  of  two  or  more  bodies, 
attended  with  a  disengagement  of  heat  and  light. 
This  description  distinguishes  combtutim  from  igid- 
(ioa,  which  is  merely  the  result  of  an  elevation  of  the 
temperature,  without  any  chemical  combiuation.  Fiic 
was  formerly  considered  as  an  element,  which  had 
the  power  of  converting  certain  bodies  into  Its  own 
nature ;  bat  the  progress  of  chemical  science  soon 
showed  the  error  of  Uiis  notion.  Stahl's  celebrated 
theory  was  founded  on  the  hypothesis  of  the  existence 
of  a  substance  which  he  called  iMUojr>*'o"- 

Every  combustible  body  was  supposed  to  contain 
this  snbstsnce,  which  was  disengaged  by  combus.' 
tion  :  the  loss  of  the  pblogiston  was  the  caose  of  the 
residuum  being  incombustible.  The  heat  and  light 
were  attribnted  to  the  violent  agitation  of  the  phlo- 
giston at  the  moment  of  its  duengagemeat.  The 
discoveries  of  Black  and  PriesUey  opened  the  way  to 
the  system  of  Lavoisier,  which,  in  1785,  entirely  sup- 
planted the  theory  of  Stahl.  During  the  conversion 
of  solids  into  fluids,  and  of  fluids  into  vapours,  there  is 
a  considerable  absorption  of  heat :  when,  on  the  con- 
trary, vapours  and  liquids  are  restored  tothe  fluid  and 
solid  form,  the  heat  which  they  contain  is  evolved, 
and  pasiM  from  the   latent  to  the   sensible  stata 
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Theee  views  were  assumed  by  Lavoisier  as  the  basis 
of  his  theory. 

Oxygen  gas  was  considered  as  a  compound  of  a 
peculiar  basis,  united  to  the  matter  of  light  and  heat, 
and  combustion  as  the  combination  of  oxygen  with 
the  burning  body.  During  the  combustioD,  tibe  basis, 
combining  with  the  combustible,  augmented  its  weight 
and  changed  its  properties;  while  the  imponderable 
elements  of  the  gas — light  and  heat— were  developed 
in  the  form  of  flame.  But  facts  prove  this  theory 
incorrect.  In  the  first  place,  all  ale  phenomena  of 
combustion  take  place,  in  many  cases,  without  the 
presence  of  oxygen.  In  the  second  place,  there  are 
many  cases  in  which  oxygen  unites  with  bodies,  with«> 
out  the  evolution  of  light  and  heat,  as  during  the 
change  of  some  metals  on  exposure  tb  the  air.  And, 
farther,  there  are  many  instances  in  which  combus^ 
tion  takes  place  not  only  Without  condensation,  but 
where  gaseous  matter  is  actually  produced  from  solid 
matter,  as  in  the  inflammation  of  gunpowder.  Be- 
sides, the  evolution  of  light,  if  it  were  derived  ^rom 
the  gas,  should  be  proportional  to  the  quantity  aoli- 
dified,  whereas  it  depends  chiefly  on  the  combustible. 

The  first  of  these  objections  to  Lavoisier's  theory, 
which  is  yet  generally  received,  has  been  partly  re- 
moved by  modifying  the  definition  so  as  to  extend  it 
to  several  other  bodies,  hence  called  smpporten  of  com- 
buatioH,  The  definition  which  we  have  given  oi  this 
phenomenon  at  the  beginning  of  this  article  is  merely 
a  description.  The  question  arises.  Whence  come  the 
light  and  heat  ?  They  are  generally  referred  to  the 
condensation  which  is  almost  always  a  necessary  con* 
sequence.of  a  chemical  combination ;  but  we  have  al- 
ready seen  that,  in  some  cases,  j^ey  are  produced 
where  the  component  parts^ctually  pass  from  a  solid 
to  a  gaseous  state.  It  seems  pioibable,  in  th«  present 
state  of  our  knowledge,  that  they  may  be  attributed 
to  the  disengagement  of  the  electric  fluid.  "  In  every 
chemical  combination,"  says  Berzeiius,  "  there  is  a 
neutralization  of  opposite  electricities,  and  this  neu- 
tralization produces  the  heat  and  light  in  the  same 
manner  as  it  does  in  the  Leyden  jar  or  the  galvanic 
battery."  But  to  this  it  may  be  objected,  that  if  elec- 
tricity were  the  cause  of  the  disengagement  of  the 
heat  and  lig^t,  they  would  always  bear  a  fixed  pro- 
portion to  each  other.  This  is  not  the  case :  the  com- 
bustion of  oxygen  and  hydrogen  disengages  a  very 
great  quantity  of  caloric,  but  very  little  light ;  that  of 
phosphorus  and  oxygen  produces  opposite  results. 

There  is,  then,  no  theory  of  combustion,  at  present 
received,  which  will  explain  all  the  circumstances  of 
this  phenomenon.  If  there  be  any  one  general  cause, 
it  must  be  one  which,  like  afikiity,  is  modified  by  the 
nature  of  the  agents  and  the  peculiar  circumstances 
of  their  mutual  action. 

Combustion,  Spontaneous.  There  is  bo  subject 
connected  witli  the  animal  economy  and  the  theory  of 
chemical  change,  which  has  excited  so  much  attention 
as  the  one  now  before  us.  Volumes  have  been  vrritten 
on  the  subject  of  spontaneous  combustion,  and  yet 
we  are  in  possession  of  no  satisfactory  theory  of  its 
origin.  The  facts,  however,  which  have  been  col- 
lected, are  of  so  curious  a  character,  as  to  v^arrant 
ourpreserving  some  of  the  best  authenticated  cases. 

We  read,  in  the  TVaMOcHoni  of  the  Sodety  of  Co- 
ftatkagm,  that,  in  1693,  a  woman  of  the  lower  class, 
who  for  three  years  had  used  liquors  to  sudi  excess, 
that  she  would  take  no  other  nourishment,  having  sat 
down  one  evening  on  a  straw  chair  to  sleep,  was  con- 


sumed in  the  nighUtime/  60  that  00  part  of  her  ynb 
fbuud  but  the  ricull  and  the  extreme  joints  of  her 
fingers ;  "all  the  rest  of  her  body,"  says  Jacobius^ 
"  was  reduced  to  cinders." 

In  the  AwhmoI  Register  for  1763,  is  published  the 
following  memoir  by  Bianchini :  "  The  Countess 
Cornelia  Bandini,  of  the  town  of  Cesena,  aged  62, 
enjoyed  a  good  state  of  health.  One  evening,  havinf( 
experienced  a  sort  of  drowsiness,  she  retired  to  bed, 
and  her  maid  remained  with  her  till  she  fell  fyiat 
asleep.  Next  morning,  when  the  girl  entered  to 
awake  her  mistress,  she  found  nothmg  but  the  re- 
mains of  her  body  in  the  most  horrid  condition.  At 
the  distance  of  four  feet  from  the  bed  was  a  heap  of 
ashes,  in  which  could  be  distinguished  the  legs  and 
arms  untouched.  Between  the  legs  laf  the  head, 
the  brains  of  which,  together  with  half  the  pos- 
terior part  of  the  cranium  remained,  but  the  whole 
chin  had  been  consumed.  Two  fingers  had  been 
found  in  the  state  of  a  coal,  and  the  rest  of  the  body 
reduced  to  ashes,  which,  when  touched,  left  on  the 
fingers  a  fat,  fetid  moisture.  A  small  lamp  which 
stood  on  the  floor  was  covered  with  ashes,  and  had 
no  oil.  The  tallow  of  two  candles  was  melted  on  a 
table,  but  the  wicks  remained  untouched,  and  the  feet 
of  the  candlesticks  were  covered  with  a  certain  moi- 
sture. The  bed  was  not  damaged.  The  bed-clothes 
and  coverlid  were  raised  on  one  side,  as  is  the  case 
when  a  person  gets  up.  The  furniture  axid  tapestry 
were  covered  with  a  moist  soot,  the  colour  of  ashes, 
which  had  penetrated  the  drawers  and  soiled  Uie 
linen.  This  soOt  having  been  conveyed  to  a  neigh- 
bouring kitchen,  adhered  to  the  waUs  and  the  utea* 
sils ;  a  piece  of  bread  in  the  cupboard  was  covered 
with  it,  and  no  4og  >¥ouId'tettch  it.  The  infectious 
odour  had  been  communicated  to  other  apartments." 
This  account  states  Hiat  the  Qountess  was  apcos- 
tomed  to  bathe  all  her  body  in  catj^orated  spirits  of 
wine. 

In  the  same  work,  anno  1773>  is  given  an  account 
from  Mr.  Willman^  a  surgeon,  of  the  death  of  Mary 
Clues^  aged  50,  who  was  sisfuch;  addicted  to  intoxica- 
tion. "Her  propensity  to  this  vice  had, increased 
alter  the  death  of  her  husband,  which  tpok  ]^oe  a 
year  and  a  half  before.  For  about  a  year,  scarcely  a 
day  had  elapsed  in  which  she  did  not  drink  half  a  pint 
of  rum  or  aniseed.  Her  heakh  gradually  declined ; 
when,  about  the  beginning  of  February>  she  was  at- 
tacked by  the  jaundice,  and  confined  to  her  b^ 
Though  idle  was  incapable  of  much  action,  and  not  in 
a  conditioB  to  work,  she  still  continued  her  old  habit 
of  drinking  every  day,  and  smoking  a  pipe  of  tobacco* 
The  bed  on  whidv  she  lay  stood  parallel  to  the  chim- 
ney of  Uie  apartment,  and  at  a  distance  from  it  of 
about  tnree  feet.  On  Saturday  morning,  the  Iqt  of 
March,  she  fell  upon  the  floor,  and  her  extreme  weakr 
ness  having  prevented  her  from  getting  up,  she  re- 
mained in  Uiat  state  until  some  one  entered,  and  put 
her  to  bed.  The  following  night  she  wished  to  be  left 
alone.  A  woman  quitted  her  at  half-past  eleven,  and, 
according  to  custom,  shut  the  door  and  locked  it^ 
She  had  put  on  the  fire  two  large  pieces  of  coal,  and 
placed  a  light  in  a  candlestick  on  a  chair  at  the  head 
of  her  bed.  At  half-past  five  in  the  morning,  a  smoke 
was  seen  issuing  through  the  vrindow,  and  the  door 
being  broke  open,  some  flames  which  were  in  the 
room  were  soon  extinguished.  Between  the  bed  and 
the  chimney  were  found  the  remains  of  the  unfortu- 
nate Clues.    One  leg  and  a  thigh  .were  still  entire, 
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tint  then  remained  nothing  of  tike  ikin,  the  miucles, 
or  the  viMeiB ;  the  boDcs  of  the  crsniutn,  the  breast, 
the  (pine,  and  the  upper  extremitieawere  entirely  csl- 
dned,  oad  covered  with  a  whitish  efflorescence.  The 
fnmiture  had  wistained  but  little  injury.  The  side  of 
the  bed  which  was  next  the  chimnef  had  suffered 
moBt ;  the  wood  of  it  was  slightly  burnt,  but  the 
feather  bed,  the  clothes,  and  covering,  were  safe.  I 
entered  the  apartment  about  two  hours  after  it  had 
been  opened,  and  observed  that  the  walls  and  every 
thing  in  it  were  blackened,  and  that  it  wai  filled  with 
»  disagreeable  vapoar,  but  that  nothing  except  the 
body  exhibited  any  strong  traces  of  Erb." 

Ail  instance  similar  to  this  is  related  by  Vicq. 
d'Azyr,  in  the  Enq/ciopadie  Mrlliodique.  A  woman 
about  fifly  years  of  age,  who  indulged  to  excess  io 
■iHTituous  liquors,  and  got  drunk  every  day  before 
•be  went  to  bed,  was  found  entirely  burnt  and  re- 
duced to  ashes.  Some  of  the  osseons  parts  only  were 
left,  but  the  furniture  of  the  room  bad  sustMiiM  very 
littk  damage.  The  same  author  adds,  that  there 
have  been  many  other  instances  of  the  same  kind. 
We  find  also  a  circumstance  of  this  kind  in  a  work 
cntiUed  Ada  Mediea  et  PhiloiopUeo  HafmauUi,  and 
in  the  work  of  Henry  Bobenser,  entitled  Lt  Nm- 
vram  Phofhare  Enjlammi.  A  woman  at  Paris  who 
had  been  accustomed  for  three  years  to  drink  spirits 
of  wine  to  such  a  degree  that  she  used  no  other 
liqvor,  was  one  day  found  entirely  reduced  to  ashes, 
except  the  skull  and  extremities  of  her  finsers. 

.  llie  PAiJOMpAtcoJ  TraxtantUnu  contain  an  in- 
stance  of  human  combuHtion  no  lees  extraordinary. 
Grace  Fitt,  the  wife  of  a  fishmouger  in  the  parish  of 
St.  Clement,  Ipswich,  aged  about  sixty,  had  con- 
tracted ahabit,  which  she  continued  for  several  years, 
of  coming  down  every  night  from  her  bed-room,  half 
dressed,  to  smoke  a  pipe.  On  the  night  of  the  9tb 
trf'  April,  she  got  up  as  usual :  her  daughter,  who  slept 
with  her,  did  not  perceive  she  wss  absent  till  next 
morning  when  she  awoke.  Soon  after  which  she 
p^t  on  her  clothes,  and  going  down  to  the  kitchen, 
fcrund  her  mother  stretched  on  the  right  side,  with 
her  head  near  the  grate,  her  body  extended  on  the 
hearth,  with  her  1^  on  the  floor,  which  was  of  deal. 


Ml 

caled  every  day.  "lie  doUeBtic  emnomy  of  the 
family,"  he  observes,  "was  managed  by  a  prettf 
young  girl,  which  I  must  not  foiwt  to  remark,  in 
order  that  all  the  circumstances  which  I  am  about 
to  relate  may  be  properly  understood.  This  woman 
was  found  consumed  on  the  20th  of  February,  irss, 
at  the  distance  of  a  foot  and  a  half  from  the  hearth 
in  the  kitchen.  A  part  of  the  head  only,  with  a 
portion  of  the  lovrer  extremities,  and  a  few  of  the 
vertebm  had  escaped  combustion.  A  foot  and  a  half 
of  the  flooring  under  the  body  had  been  consumed, 
but  a  kneading  trough  and  a  powdering  tub,  which 
were  very  near  the  body,  had  eiistained  no  injury. 
M.  Chretien,  a  surgeon,  examined  the  remains  of  the 
body  with  every  judicial  formality,  Jean  Millet,  the 
husband,  being  interrogated  by  the  judges  who  insti- 
tuted an  inquiry  into  the  affair,  declared  that  about 
iight  in  the  evening  of  the  1 9th  of  February,  he  had 
retired  to  rest  with  his  wife,  who  not  being  able  to 
steep,  had  gone  into  the  kitchen,  for  the  purpose,  he 
thought,  of  wanning  herself;  that  having  fallen  asleep, 
he  was  awakened  about  two  o'clock  by  an  infecUous 
odour,  and  that  having  run  into  the  kitchen,  he 
found  the  remains  of  his.wife  in  the  state  described 
by  the  physicians  and  surgeons.  The  j  adges  having 
no  suspicion  of  the  real  cause  of  the  tSair,  prose- 
cuted the  inquiry  with  the  utmost  diligence.  It  was 
verjr  unfortunate  for  Millet,  that  he  bid  a  heantifat 
maid  servant,  for  neither  hJs  probity  nor  innocence 
was  able  to  save  h!m  from  the  suspicion  of  having 
got  rid  of  his  wife  by  a  concerted  plot ;  and  of  having 
arranged  the  arts  of  the  circumstaiice  in  sndi  a  man- 
ner as  to  give  it  the  appearance  of  an  accident.  'He 
experienced  therefore  the  wholt 
and  alUiough  by  an  appeal  to  a 
ened  court,  which  discovered  tl 
bnstioQ,  he  came  off  victorious, 
from  uneasiness  of  mind,  that  ) 
the  remainder  of  his  malancholi 
The  JbMnuiI  df  Urdidne,  vol 
an  account  of  a  similai'  case  n 
it  the 


re  without  any  apparent  flame.  On  beholding  this 
spectacle,  the  girl  ran  in  great  haste,  and  poured  over 
her  motl»T's  body  some  water  contajned  in  two  large 
vessels,  in  order  to  eitiuguish  the  fire;  while  the 
fetid  odour  and  smoke  which  exhaled  from  the  body 
atniDSt  suffocated' the  neighbours  who  ran  to  the 
girl's  assistance.  The  trunk  was  in  some  measure 
iucineroted,  and  resembled  a  heap  of  coals  covered 
over  with  white  ashes.  The  head,  the  legs,  the  arms, 
and  the  thighs  had  also  participated  in  die  burning. 
Hie  woman,  it  is  said,  had  drank  a  large  quantity  of 
quritaous  liquor  for  joy.  on  learning  ^lat  one  of  her 
daughters  had  returned  from  Gibraltar.  There  was 
DO  &e  in  the  ^te;  and  the  candle  was  found  entire- 
ly burnt  out  m  the  socket  of  the  candlestick,  which 
was  close  by  her.  Besides  which,  there  were  found 
near  the  consumed  body,  the  clothes  of  a  child  and 
a  paper  screen,  which  hod  sustained  no  injury  by  the 
tlt^    The  drees  of  this  woman  consisted  of  a  cotton 
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tbe  hoinaii  body.    He  lodged  at  Khelms,  in  1726, 

■t  this  house  of  Sieur  tiiOet,  whole  wife  was  intoii 


widow  of  Nicholas  Gravier,  si 
size,  exceedingly  corpulent  and 
having  been  burnt  in  her  apart 
colleague,  who  was  commiasioi 
on  the  state  of  her  body,  found 
and  a  few  bones,  calcined  in  sud 
least  pressure  they  crumbled  inl 
lium,  one  hand,  and 

resisted  the  action  of  _ 

remains  stood  a  table  untouched,  and  under  the  table 
a  small  stove,  the  grating  of  which  having  been  long 
burnt,  afforded  an  aperture,  through  which  it  is  pro- 
bable the  fire,  which  occasioned  the  melancholy  ac- 
cident, had  been  communicated :  one  chair  which 
stood  near  the  flames  had  tha  seat  and  fore-feet 
burnt.  In  other  respects  there  was  no  appearance 
of  fire  either  in  the  chimney  or  the  apartment ;.  so 
that,  except  the  fore-part  of  the  chiur,  it  appears  to 
me,  that  no  other  coinbustible  matter  contributed  to 
this  speedy  incineration,  which  was  efiected  in  the 
ttce  of  seven  or  eight  hours." 
Another  case  contained  in  the  Jmcnusl  de  Mfdidm 
occurred  at  Caen,  and  b  thus  related  by  M.  Merille, 
irgeon  of  that  place.  Being  requested  on  the  3d 
'""    ■"""  ■■-'■■"■  -ji 

leThuars, 
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who  was  said  to  have  been  burnt,  I  made  the  follow- 
ing observations : — ^The  body  lay  with  the  crown  of 
tiiie  head  resting  on  one  of  uic  irons,  at  the  distance 
of  eighteen  inches  from  the  fire ;  Uie  remainder  of 
the  body  was  placed  obliquely  before  the  chimney, 
the  whole  being  nothing  but  a  mass  of  ashes.  Even 
the  most  solid  bones  had  lost  their  form  and  consist- 
ence ;  none  of  them  could  be  distinguished  except 
the  coronal,  the  two  parietal  bones,  the  two  lumber 
vertebrae,  and  a  portion  of  the  tibia;  and  these  even 
were  so  calcined,  that  they  became  dust  by  the  least 
pressure.  The  right  foot  was  found  entire,  and 
scorched  at  its  upper  junction ;  the  left  was  more 
burnt.  The  day  had  been  cold,  but  there  was  no- 
thing in  the  grate  except  a  few  pieces  of  wood,  about 
an  inch  in  diameter,  burnt  in  the  middle ;  none  of 
the  furniture  in  the  apartment  was  damaged.  The 
chair  on  which  Mdlle.  Thuars  had  been  sitting  was 
found  at  the  distance  of  a  foot  from  her,  and  abso- 
lutely untouched.  This  lady  was  exceedingly  corpu- 
lent ;  she  was  about  60  years  of  age,  and  much  ad- 
dicted to  spirituous  liquors ;  the  day  of  her  death  she 
had  drank  about  three  bottles  of  wine  and  one  bottle 
of  brandy,  and  the  consumption  of  her  body  had  taken 
place  in  less  than  seven  hours." 

The  case  which  we  shall  now  relate  was  attended 
with  circumstances  of  peculiar  interest,  because  the 
unhappy  man  survived  the  accident  some  time,  and 
gave  an  account  «of  the  various  circumstances  by 
which  it  was  preceded  and  followed.  The  case  was 
published  in  one  of  the  journals  of  Florence,  for 
October,  1776,  by  M.  Battgalia,  the  surgeon  who 
attended  the  unfortunate  sufferer.  Gio.  Maria  Ber- 
tholi,  resident  priest  at  Monte  Volere,  went  on  busi- 
ness to  a  neighbouring  fair;  and  having  spent  the 
day  in  walking  about  the  country,  arrived  in  the 
evening  at  Jemielle,  intending  to  sleep  at  the  house 
of  his  brother-in-law.  He  was  immediately  on  his 
arrival,  at  his  own  request,  conducted  to  his  chamber, 
when  he  had  a  handkerchief  placed  between  his  shirt 
and  shoulders,  and  immediately  commenced  his  de- 
TOtions*  But  a  few  minutes  had  elapsed,  when 
an  uncommon  noise*  attended  with  cries,  was  heard 
issuing  from  hb  apartment.  The  people  of  the  house 
were  alarmed,  and  rushing  in,  found  the  priest 
stretched  out  upon  the  floor  and  surrounded  by  a 
light  flame.  Which  receded  as  they  approached,  and 
ultimately  vanished.  He  was  immediately  placed  in 
bed,  and  on  the  following  morning  visited  by  the 
surgeon,  who,  on  examination,  found  the  skin  of  the 
right  arm  and  fore^arm  detached  from  the  muscles, 
and  hanging  loose.  From  the  shoulders  to  the 
thighs  the  integuments  were  similarly  injured.  These 
detached  portions  of  skit  having  been  altogether  re- 
moved, and  mortification  being  perceived  on  the 
right  hand,  which  had  suffered  most  severely,  the 
parts  were  scarified.  Notwithstanding  this  precau- 
tion, it  had  fallen  the  next  day  into  a  state  of  gan- 
grene. On  the  third  day,  all  the  other  scorched 
parts  were  discovered  to  have  degenerated  into  the 
same  condition.  The  unhappy  man  complained  of 
unquenchable  thirst,  and  was  horridly  convulsed; 
the  discharges  from  his  mouth  were  putrid  and 
bilious,  and  his  strength  was  exhausted  by  continual 
vomitings,  accompanied  with  delirium  ana  a  burning 
fever.  After  lying  two  hours  in  a  state  of  insensi- 
bUity,  he  expired  on  the  fourth  day.  While  he  lay 
in  this  lethargic  sleep,  his  attendant  observed  with 
jtftQQishment  that  putrefaction  had  made  consider- 


able progress,  so  that  the  body  exhaled  an  intoierabis 
odour,  and  the  nails  were  spontaneously  detaehed 
from  the  fingers  of  the  left  himd.  This  unfortunate 
man  informed  the  surgeon,  that  first  of  all  he  had 
felt  a  blow,  like  that  inflicted  by  a  cudgel,  upon  the 
right  arm ;  and  that  at  the  same  time  he  saw  a  light 
blue  flame  attach  itself  to  his  shirt,  which  was  mstantly 
reduced  to  ashes,  yet  his  wristbands  at  the  same  time 
remained  untouched.  The  handkerchief  across  his 
shoulders  remained  untouched.  The  lower  part  of 
his  dress  had  escaped,  but  his  cap  was  ehtirely  con- 
sumed, although  not  a  hair  of  his  head  had  suffered 
by  the  flame.  All  the  symptoms  of  the  disease  were 
those  of  a  severe  bum.  The  night  of  the  accident  was 
calm,  and  the  atmosphere  very  clear;  no  empyreu- 
matic  smell,  nor  appearance  of  smoke  was  perceived 
in  the  chamber ;  but  the  lamp,  before  full  of  oil,  was 
become  dry,  and  its  wick  reduced  to  a  cinder. 

St.  Hurmius,  in  the  German  Ephemerides,  says,  that 
in  the  northern  countries,  flames  often  burst  from  the 
stomachs  of  persons  in  a  state  of  intoxication. — 
Three  noblemen  of  Courland  having  laid  a  bet  which 
of  them  would  drink  the  most  spirits,  two  of  them 
died  in  consequence  of  suffocation  by  the  flames, 
which  issued  in  great  violence  from  their  stomachs. 

On  the  night  of  the  I6th  of  March,  1802,  in  one 
of  the  towns  of  the  State  of  ^assachussetts,  the 
body  of  an  elderly  woman  disappeared  from  some  in- 
ternal cause,  in  Uie  duration  of  about  one  hour  and 
a  half.  Part  of  the  family  had  gone  to  bed,  and  the 
rest  were  abroad.  Shortly  after,  one  of  the  grand- 
children came  home,  and  dbcovered  the  floor  near 
the  hearth  to  b^  on  fire.  An  alarm  was  made ;  a 
light  brought — and  means  used  to  extinguish  it. — 
While  these  things  were  being  done,  some  singular 
circumstances  were  observed  on  the  hearth  and  the 
contiguous  floor.  Tliere  was  a  sort  of  greasy  soot 
and  ashes,  with  remains  of  a  human  body,  and  an 
unusual  smell  about  the  room.  All  the  clothes  were 
consumed,  and  the  grandmother  was  missing.  It  was 
at  first  supposed  she  had,  in^  attempting  to  light  her 
pipe,  fallen  into  the  fire  and  been  burned  to  death ; 
but  ever}'  thing  confirmed  the  idea  of  spontaneous 
combustion. 

The  spontaneotis  combustion  of  vegetable  sub' 
stances  is  a  matter  of  no  less  interest  to  the  judicious 
inquirer,  than  that  of  animal  bodies.  This  too  is 
peculiar,  because  it  is  a  deviation  from  the  ordinary 
course  of  nature,  and  there  can  be  no  doubt  but  it 
often  occurs,  ^ving  rise  to  many  of  those  conflagra- 
tions for  the  origin  of  which  no  adequate  cause  can 
be  assigned,  but  where  a  suspicion  of  other  causes  is 
very  often  implici^ted.  When  spontaneous  combus- 
tion occurs  in  vegetable  substance,  in  every  instance 
either  phosphorus  or  one  of  its  combinations,  or  a 
vegetable  essential  oil^  with  some  light  fibrous  matter 
b  present.  Chemists  have,  however,  but  barely  no- 
ticed the  subject.  Dr.  Henry  states,  that  the  expres- 
sed oils  possess  the  remarkable  property  of  inflaming 
any  li|Eht  vegetable  matter  of  carbon  with  which  they 
may  pome  in  contact.  Hay,  charcoal,  dunghills, 
ana  pigeons'  dung,  with  m^syy  odier  substances, 
have  lon^  been  reputed  to  be  liable  to  spontaneous 
combustion. 

Perhaps  the  most  remarkable  cases  of  spontaneous 
combustion,  are  those  in  which  it  h99  ariseii  i^  clothes, 
saturated  probably  with  a  peculiar  animal  matter 
emitted  in  perspiration.  John  4e  Viaoo,  in  a  trei^tist 
De  Puts  Malagensis,  p.  46,  relates,  that  the  wift  ^ 
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Dr.  Freilas,  pliysician  to  the  Cardinal  de  Royas, 
Archbishop  of  Toledo,  sent  forth  naturally  by  per- 
spiration, a  fiery  matter,  that  if  the  rc^er  that  she 
had  worn  round  her  body  was  taken  from  her  and 
exposed  to  the  atmosphere,  it  was  immediately  kin- 
dled, and  shot  forth  like  grains  of  gunpowder.  And 
Peter  Borelli  says,  "  there  was  a  certain  peasant, 
whose  linen,  hempen  thread,  &c.,  if  laid  up  in  boxes, 
though  wet  through,  or  hung  upon  sticks  in  the  air, 
did  soon  take  fire." 

Charcoal  has  frequently  been  known  to  ignite  spon- 
taneously. Two  instances  of  this  kind  of  combustion 
took  place  in  the  powder^manufactory  of  Essones,  in 
the  years  1708  and  1709.  The  first  time,  the  fire 
broke  out  in  the  box  employed  for  sifting  the  char- 
coal ;  and  the  second  time,  the  charcoal  repository 
took  fire :  on  each  occasion  there  were  no  data  to 
which  to  ascribe  the  accidents,  but  to  spontaneous 
inflammation.  The  reports  of  these  two  events,  with 
the  opinions  of  the  French  philosophers,  were  in- 
serted in  the  public  journals  of  the  day.  Three  suc- 
cessive explosions  likewise  took  place  in  the  mills  of 
Vonges  ;  these  were  attributed  to  the  same  cause. — 
It  appears  very  probable  that  in  these  cases,  the  im- 
mediate cause  of  the  combustion  is  the  phosphorus 
contained  in  charcoal ;  this  explanation  is  the  more 
founded  on  reason,  because  the  alder  wood  used  at 
Esaones,  as  well  as  in  most  continental  gunpowder 
manufactories  (and  on  which  account  it  maintains  a 
preference  over  other  woods  for  making  gunpowder), 
contains  much  phosphoric  acid. 

Instances  have  been  known  in  which  houses  have 
been  set  on  fire,  by  ashes  intermingled  with  charcoal, 
being  taken  too  hot  from  the  hearth,  and  whiph 
having  been  deposited  in  places  where  they  were  sur- 
rounded with  combustibles,  have  occasioned  inflam- 
mation. Happily  thb  cause  of  fire  rarely  occurs ;  but 
care  should  be  taken  not  to  put  ashes  which  are  newly 
burnt,  and  which  are  still  mixed  with  charcoal,  in 
places  where  they  may  have  a  communication  with 
combustibles. 

There  are  many  vegetable  substances,  which  by 
torrefaction  acquire  an  increase  of  property  to  ignite 
spontaneously,  particularly  in  situations  where  they 
are  exposed  to  the  action  of  the  atmosphere.  Of  this 
kind  are  saw-dust,  burnt  coffee,  the  farina  of  grami- 
neous, and  the  fruits  of  leguminous  plants,  such  as 
beans,  peas,  lentils,  &c. 

The  following  singular  case  of  spontaneous  com- 
bustion b  described  by  Mr.  James  Guilonan,  of  Glas- 
gow»  in  the  seventh  volume  of  the  Edmlmrgh  PkUo^ 
9opkieal  Journal.  **  Having  sold  a  respectable  deal- 
er a  parcel  of  sample  bottles,  I  sent  them  to  him  in  an 
old  Iwsket,  the  bottom  of  which  was  much  broken. — 
To  prevent  Uie  bottles  from  falling  throng  I  put 
across  the  bottom  of  the  basket  a  piece  of  old  pack- 
ing sheet,  which  had  lain  long  about  an  oil  and  colour 
warehouse,  and  was  besmeared  with  different  kinds 
of  vegetable  oiL  About  six  or  eight  weeks  after,  the 
gentleman  informed  me,  that  my  oily  cloth  and  bas- 
ket had  almost  set  his  warehouse  on  fire.  The  bas- 
ket and  cloth  had  been  thrown  behind  some  spirit 
casks  pretty  much  confined  firom  the  air,  and  about 
mid-day  he  was  alarmed  with  the  smell  of  fire. — 
Having  moved  away  the  cases  in  the  direction  where 
the  smoke  issued,  he  saw  the  basket  and  cloth  in  a 
blaze. 

The  eighty-fourth  volume  of  the  Philoaophical 
TKnniclPflt  contains  the  following  case,  which  hap- 


pened at  Bombay.  On  going  into  the  arsenal  (ob- 
serves the  writer,  Isaac  Humphries,  Esq.),  I  found 
my  friend  Mr.  (Guiding,  the  commissaiy  of  stores, 
in  the  greatest  uneasiness  in  consequence  of  an  acci* 
dent  which  had  happened  the  preceding  night.  A 
bottle  of  linseed  oil  had  been  left  on  a  table,  close  to 
which  stood  a  chest  containing  some  coarse  cotton 
cloth.  In  the  course  of  the  night  the  bottle  of  oil 
had  been  thrown  down  and  broken  on  the  chest  (by 
rats  most  probably),  and  part  of  the  oil  ran  into  the 
chest,  and  on  the  cloth;  when  the  chest  was  opened 
in  the  morning,  the  cloth  was  found  in  a  very  strong 
degree  of  heat,  and  partly  reduced  to  tinder,  and  the 
wood  of  the  box  was  also  discoloured,  as  by  burning. 
After  a  most  minute  examination,  no  appearance  of 
any  other  inflammable  substance  could  be  found,  and 
how  the  cloth  could  have  been  reduced  to  the  condi- 
tion in  which  it  was  found,  no  one  could  conjecture. 
The  idea  which  occurred  to,  and  made  Mr.  Goulding 
so  uneasy  was,  that  of.  an  attempt  to  burn  the  arse- 
nal. Thus  matters  were  when  I  joined  him,  and 
when  he  told  me  the  story,  and  showed  me  the  re- 
mainder of  the  cloth.  It  luckily  happened  that,  in 
the  course  of  some  chemical  amusements,  I  had  oc- 
casion to  consult  HopsoiCs  Chemistry  a  few  days  be-* 
fore,  and  there  I  met  with  a  particular  passage  on 
spontaneous  combustion,  which  fully  explained  the 
fact  to  which  my  friend  had  adverted. 

One  of  the  most  singular  well-accredited  casea  o# 
spontaneous  combustion  that  we  recollect  to  have 
seen,  is  described  in  the  Ankricwn  Journal  of  Science 
for  1832.  The  author  thus  describes  the  pheno- 
menon : — "  We  have,  in  our  family  room,  adjoining 
the  kitchen,  a  Philadelphia  cooking-stove,  in  which, 
when  the  weather  is  cold  and  the  price  of  fuel  is 
high,  some  little  culinary  processes  are  at  times  car- 
ried on.  For  thia  winter  the  floor  has  been  covered 
with  some  cheap  domestic  carpeting.  The  stove 
stands  on  the  carpet,  which  being  tacked  down,  and 
covered  in  places  widi  oil-cloths,  has  not  been  taken 
up  during  Uie  winter.  Of  course,  some  grease  spots 
had  appeared  contiguous  to  a  side  door  of  the  stove, 
but  they  had  been  scoured  off  so  as  hardly  to  be  dis* 
cernable  on  the  upper  surface. 

**  Some  weeks  ago,  about  noon,  I  was  writing  in 
this  apartment,  and  having  in  charge  two  little  chil- 
dren, the  oldest  one  then  called  my  attention  to  the 
smoke  which  then  filled  the  room.  My  first  impres- 
sion was,  that  the  house  was  on  fire,  probably  iu  the 
kitchen ;  but  on  opening  the  door,  first  of  that  room, 
and  then  of  the  parlour,  no  smoke  wa&  perceived  in 
either,  and  I  closed  those  doors,  and  began  to  search 
more  narrowly.  On  looking  at  the  carpet,  I  could 
see  the  smoke  rising  through  it  everywhere.  I  then 
looked  into  the  cdDar,  found  no  smoke  there,  and 
closed  the  door,  to  prevent  too  free  an  ingress  of  air, 
and  the  bursting  into  flame.  The  carpet  was  then 
carefully  examined  by  the  eye  and  hand,  and  one 
spot  was  found,  and  only  one,  where  there  was  heat 
enough  to  make  smoke.  That  spot  was  on  one  side 
of  tl^  stove,  more  than  two  feet  distant  from  it,  and 
the  carpet  was  whole,  though  warmed,  but  not  hot* 
for  I  could  bear  my  hand  upon  it.  I  I4>plied  some 
snow  to  it,  and  found  a  brovnied  spot  of  about  tWQ 
inches  in  diameter,  which  soon  became  a  hole  of  that 
size,  corresponding  with  one  in  the  white  pine  floor- 
plahk  underneath,  which  was  browned  ana  charred 
not  burned,  less  than  half-way  through  the  planks 
This  occurred  in  a  seam  of  the  floor,  There  Hic 
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plapk*  were  joined,  uid  in  wbkt  had  bwn  one  of 
tb^  spots  of  grease :  whether  in  contact  with  a  nftil, 
t  have  not  yet  ascertained.  Tbi*  u  cleaily  an 
klarming  case  oT  tucipitut  mnleuun*  coiniMttoii. 
The  carpet,  the  matenala  of  which  had,  till  now, 
escaped  obKrvation,  was  found  to  be  made  of  cotton 
and  flax  tow,  with  streaJu  of  woollen  yam  filling, 
none  of  which,  however,  came  within  the  charred 
hole  above  described.  Id  the  hope  to  guard  others 
■gainst  similar  dangers,  these  facta  are  communi- 
cated." 

t  the  OQtset  of  this  article  that  we  had 
a  faett  to  communicate.  In  the  prt- 
ur  knowledge  on  the  subject,  it  woold 
theorise.  There  is,  however,  one  im- 
to  be  derived  from  a  perusal  of  these 
I  of  spontaneous  combustion, — namely, 
he  evidence  which  is  adduced  u  cases 
[1,  and  pause  ere  we  condemn  an  ac- 
to  an  Ignominious  death,  when  the 
ich  the  individtial  is  accused  may  have 
;cidental  circmnatances. 
i,  in  mute,  an  aUuslon  to  the  manner 
omefonnerpassage,  the  style  of  which 
perfoimauce  has  been  already  denoted. 

Cone  Sta,  in  mane,  an  eipression  implying  that 
the  performer  is  not  to  embellish  the  passage  vritb 
any  additions  of  his  own. 

CoNCTS.     See  Asironohv  and  £cLiPsa. 
C01IHKNSDBABI.B ;  amoug  geometricians,  an  ap- 
pellation i^ven  to  such  ,quBntites  qc  magnitudes  as 
can  be  measured  by  one  and  the  s 


CommauurabU  HHmbtrt,  whether  integers  or  liaC' 
tlons,  are  such  as  can  be  measured  or  divided  by 
•ome  other  number,  without  any  tematnder :  such  aie 
12  knd  13,  as  being  measured  by  6  or  3. 

CoHMaacE  OF  TRB  WoBLD.  Tlus  cmbraces  the 
whole  sabject  of  the  traffic  and  inteirouise  of  nations, 
and  shows  how  mutual  wants,  occasioning  the  ex- 
change of  natural  riches  for  the  creations  of  art,  unite 
savage  nations  vrith  civilized,  and  spreads  moral  and 
locial  cultivBtioD  over  the  earth.  In  former  times, 
commerce  subdued  the  liepptt  of  Scythia  and  the  de- 
serts of  Libya,  and  it  is  now  clearing  away  the  pri- 
mitive forests  of  America,  and  draining  the  waters  ol 
Australia.  For  thousands  of  years,  it  has  pervaded 
the  interior  o(  the  ancient  world  ;  for  eentniies  it  has 
had  its  path  on  the  mighty  ocean ;  and  of  late  it  has 
stutfiedhontocutthrough  the  isthmus  of  Darien, and 
to  break  through  the  ice  of  the  poles.  In  the  history 
of  nations,  it  is  a  perpetual  Argonantic  eipedittr 
and,  from  the  Erst  period  of  commerce  down  to  c 
own  times,  its  Colchis  has  been  India.  The  [imits  of 
onrworif  do  not  allow  us  to  exhibit  the  progress  of 
commerce  in  ancient  times,  and  we  shall  merely  give 
a  cursory  survey  of  the  principal  commercial  nations 
of  the  present  period. 

I.  EuBopB,  since  the  couqaest  of  Tfre  by  Alex. 
ander,  has  been  in  the  possession  of  Ute  commerci 
of  the  world,  and  has  secoied  it  by  its  colonial  sys- 
tem, by  means  of  which  it  exercises  the  monopoly 
of  colonial  commodities.  B^  this  we  understand 
the  productions  of  the  planting,  commercial,  a 
mming  colonies ;  those  of  the  last,  however,  only 
part,  for  the  precious  metals  and  stones  can  hafdly 
be  designated  by  that  name.  This  is  also  tme  of  the 
productions  of  the  colonies  more  striotlT  agricultaral : 
spices.  East  India  goods  of  all  kinds,  dye-woods  and 
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cabin«t-woods,  drags,  cottpp, .  and  c^cciaHy  tatH, 
sugar,, rice,  tea.  He.,  are  properly  sndentood  t^  Q^ 
term.  The  East  Indies  fUmish  chiefly  cotton,  sugar, 
coffee,  rice,  fabrics  of  various  kinds,  spices,  and  tea 
(from  China);  the  West  Indies,  cocoa,  coffee,  ingar^ 


consumption  of  these  articles,  which  was  formeriy 
possible  only  for  the  rich,  has  increased  inuoenselT 
since  the  ocean  became  the  highway  for  trade  with 
the  East  Indies  and  America,  in  the  course  of  the  15th 
century,  and  more  eapecially  since  the  English  and 
Dutch  assumed  the  first  station  among  the  colonial 
nations  of  Europe,  in  the  beginnbg  of  the  ISth  cen- 
tury. Instead  of  being,  as  before,  mere  objects  at 
tuxnry  for  the  higher  ranks,  colonial  goods  became  ne- 
cessary articles  even  for  the  lowest  classes  ofEutope; 
and  an  entire  revolution  was  produced  m  the  civil 
and  political  condition  of  that  portion  of  the  worid. 
Commerce  thus  acqnired  an  incomparablyhigher  im- 
portance, and  a  more  general  interest.  The  daSs  of 
merchants,  which  was  by  this  means  incredsed  in  an 
esttaordinary  degree,  soon  formed  a  body  of  men, 
spread  over  the  whole  cultivated  world,  and  animated 
by  one  purpose — to  maintain  commerce ;  and  even 
among  belligerent  nations,  governments  have  endea^ 
vonred  in  vain  utterly  to  abolish  the  mutual  deal- 
ings of  merchants,  llius,  as  the  intercourse  of  na- 
tions became  more  lively,  the  exchange  of  ideas  was 
promoted,  men's  views  became  enlargnl,  a  cosmopoli- 
tan ^irit  united  distant  communities,  and  formed  of 
the  nations  of  Europe,  as  it  were,  one  great,  civilized 
family.  Equal  results  were  produced  Of  the  indeas- 
ed  importance  of  the  colonial  powers  (inlaU  times, 
the  two  maritime  states  of  England  and  Holland,  in 
particular],  arising  from  the  increasing  consumption 
of  colonial  goods.  For  them,  and,  indeed,  though  in 
an  inferior  degree,  for  the  other  colonial  powers  of 
Europe,  the  bwle  in  the  productions  of  the  colonies 


England  in  particular,  has  became  continiuJly  more 
poweiM  by  its  extensive  trade.  It  was  therefore  in 
the  natural  cotuae  of  things,  that,  when  the  immense 
power  of  Fraiice  was  developed  by  the  tevotntion, 
and  that  country,  under  Napoleon,  strove  for  piedo- 
minance  on  the  European  continent,  tiie  greatest 
struggle  should  take  place  between  France  and  Bog- 
land,  a  consequence  of  which  yns  the  continentil 
systemof  Napoleon,  who  declared  his  purposes  to  be, 
to  free  Europe  from  the  tribute  which  it  was  obKged 
to  pay  to  England  for  the  colonial  goods  which  it  re- 
ceived from  her.  England,  deeming  it  mbsolntety 
essential  to  her  interests  to  prevent  the  establishment 
of  an  universal  monarchy  on  the  continent,  spaiad  no 
exertion  to  procure  the  restoration  of  the  former  order 
of  things,  so  that  she  might  have  a  free  intercourse 
with  the  continental  ports.  Without  going  into  the 
points  at  issne  between  Oreat  Britain  and  France,  the 
fact  deserves  to  be  stated,  that  the  continental  system 
called  into  action  many  kinds  of  industry  on  the  con- 
tinent, and,  in  this  way,  has  produced  important 
changes  in  the  course  of  trade,  rwnlting  from  tha 
great  increase  of  manufacturea.  If  we  examine  whe- 
ther it  be  actually  true,  as  asserted  in  the  time  of  Oa 
continental  system,  that  the  great  use  of  coloi^ 
goods  must  necessaril<f  produce  poverty,  it  is  easy  to 
prove  the  contrary,  wbicD  has  been  already  fnlly  ciw 
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firmed  by  experience.  New  wants  gave  rise  to  new 
energy  and  new  branches  of  industry,  in  order  to 
gratify  those  wants,  thus  increasing  tlie  .pFodactive«- 
nesB  of  labour,  and/ simultaneously,  the  .prosperity  of 
every  nation.  But  it  is  objected  that  money*  or  tbe 
produce  of  labour,  which  would  otherwise  remain  in 
tbe  various  countries,  is  sent  away  from  them  in  ex- 
change for  colonial  goods.  Very  true ;  but,  even  if 
Che  express  purpose  Of  acquisition  were  not  to  procure 
new  enjoyments,  the  object  of  aU  trade  and  all  acti- 
vity i^  not  to  accumulate  money,  but  to  augment  the 
sum  of  happiness.  If  this  object  be  attained,  indus- 
try and  trade  have  effected  all  that  they  should  do. 
Of  course,  no  account  can  be  reasonab|ly  ta^en  of  ,the 
small  number  of  idle  spendthrifts,  who,  without  la- 
bouring, consume  their  capital  in  gratifying  their  plea- 
sures. But  it  was  8oonPf>erceived,  that,  in  the  existing 
state  of  Europe,  entirely  to  exclude  colonial  articles 
was  utterly  impossible,  though  recourse  was  had  to 
all  kinds  of  substitutes.  The  enormous  duties  im- 
posed on  the  importation  of  colonial  goods,  as  far  as 
tbe  French  power  then  reached,  that  is,  throughout 
nearly  oil  the  continent  of  Europe,  contributed  es^n- 
tially  to  render  its  nations  poorer ;  for  these  duties 
had  to  be  paid,  while  nothing  of  value  could  be  given 
m  return,  from  which  circumstance  originated  a 
most  pernicious  and  immoral  smuggling  trade.  But 
Napoleon  asserted  that  the  English  would  not  allow 
him  to  make  peace,  in  which  case  the  whole  system 
would  naturally  have  been  changed. 

In  the  ISth  century,  Cfreat  Britain  became  tbe 
first  colonial  power.  It,  therefore,  stands  at  the 
head  of  the  commercial  nations,,  who  are  all,  more  or 
less,  tributary  to  British  art  and  industry.  Its  com- 
meite  n,  in  a  great  measure,  managed  by  com- 
panies. «  .  . 

The  chief  exports  of  Great  Britain  are,  to  the  north 
of  Europe,  cotton  and  woollen  cloth,  glass,  hardware, 
pottery,  lead,  tin,  coal.  East  India  and  colonial  wares, 
dye-stuffis,  salt,  and  refined  sugar.  In  return.  Great 
Britain  receives  from  die  north,  com,  fiax,  hemp, 
iron,  turpentine,  tar,  tallow,  timber,  linen,  pearl  and 

Srt-ashes,  cordage  and  hog's  bristles. ,  To  Germany, 
oUand,  France,  Italy,  Spain,  and  Pbitugial,  it  ex- 
ports co^bn  and  woollen  fabrics;  cutlery,  dried  ^fcnd 
salt  fish,  pottery  and  glass-ware,  colonial  and  East 
India  goods,  and  all  kinds  of  the  finer  manufactures. 
From  Germany  it  imports  com,  flax,  hemp,*  linen 
doth  and  thread,  rags,  hides,  timber,  and  wine. 
From  Holland,  flax,  hemp,  madder,  gin,  cheese,  but- 
ter, rags,  and  seeds.  *  From  France,  wme,  brandy> 
lace,  cambric,  silk  ornaments,  and  fancy  goods  and 
ihiit.  From  Italy,  Spain,  and  Portugal  silk,  wool, 
barffla,  sidphur,  salt,  oil,  fmit,  wine,  brandy,  and 
eork.  To  Turkey  it  sends  cotton  and  woollen  goods, 
hardware,  colonial  Imd  East  India  goods,  lead, 'tin, 
iron,  clocks,  and  watches ;  receiving,  in  return,  coffee, 
silk,  fruits,  fine  oil,  dye-stuffs,  carpets,  &c.  To  North 
America  it  sends  woollen  and  cotton  manufactures, 
hardware,  linen,  glass,  and  other  wares :  the  imports 
from  thence  are  flour,  cotton,  rice,  tar,  pitch,  pot  and 
peari-ashes,  provisions,  ship-timber,  &c.  The  chief 
impofts  firom  South  America  are  cotton,  hides,  skins, 
tallow,  cochineal,  dye-wood,  sugar,  indigo,  cocoa, 
gams,  &c.;  and  the  exports  from  England  are  the 
tame  as  above  mentioned.  The  same  exports  are 
fikewise  sent  to  the  West  Indies;  and,  ia  return. 
Great  Britain  receives  mm,  coffee,  tobacco,  sugar, 
nnger,  pimento,  pepper,  indigo,  dye-stuffs,  drugs, 


gums,  cotton,  mahogany,  Campeachy  wood,  &c.  To 
the  East  Indies,  China,  and  Persia,  it  sends  woollen 
goods,  irop,  copper,  lead,  tin,  foreign  silver  money, 
gold  and  silver  in  bars,  hardware,  and  a  variety  of 
manufactures ;  for  which  it  obtains  muslins,  calicoes^ 
silks,  nankeens,  tea,  spices,  arack,  sugar,  coffee,  rice, 
saltpetre, ,  indigo,  opium,  drugs,  gums,  quicksilver, 
prodous  stones,  pearls,  &c. ,  To  tiie  colony  of  New 
South  Wales,  the -common  English  manufactures  and 
colonial  goods  are  exported,  and  exchanged  for  train- 
oil,  seal-skins,  wool,  frc. 

Internally,  Great  Britain  trades  in  the  following 
commodities.  From  Scotland,  'England  and  Ireland 
receive  com,  cattle,  woollen  and  cotton  goods,  pot- 
ash, coals,  canvass,  and  iron  manufactures;  the 
Scoittish  fisheries  also  furnish  an  important  article 
of  commerce.  For  these  things,  Scotland  receives 
the  productions  of  Ireland,  and  articles  of  luxury,  of 
all  kinds,  from  England.  Ireland  buys  of  England 
and  Scotland,  woollen,  cotton  and  silk  goods.  East 
and  West  In^a  goods,  pottery,  hardware,  and  salt ; 
and,  in  exchange,  gives  its  linen,  hides,  potatoes, 
and  other  provisions,  &c.-  llie  ibreign  commerce  of 
Ireland  is,  besides,  v6ry  extensive.  It  exports  its 
productions  and  manufactures  to  France,  Sptdn,  Por- 
tugal, the  Wtot  Indies,  and  North  America,  for  wine, 
fmit,  sugar,  rum,  &c.  The  commercial  intercourse 
between  Ireland  and  the  north  of  Europe  is  mainly 
through  England,  and  its  trade  with  ^e  East  passes 
exclusively  through  the  same  channel.  '  The  cluef 
articles  of  export  from  Ireland  are  linen,  potatoes 
and  other  provisions,  co^m,' whiskey,  herrings,  and 
salmon. 

The  foteign  possessions,  settlements,  and  colonies 
of  Great  Britain,  of  which  it  possessed  26  prior  to 
the  French  revolution,  and  has-  gained  17  more  by 
conquest,  are  HeligoL^id,  Gibraltar,  and  Malta, 
with  Gozo  and  the  Ionian  Isles,  in  Europe ;  its  pos- 
sessions in  India,  under  the  administratioii  of  the 
East  India  Company,  and  Ceylon,  in  Asfmi  the  Isle 
de  France,  or  M'auritius,  with  the  Sechkles  and 
Amirante  Isles,  the  Cape  of  Good  Hope,  Sierra 
Leone,  Cap^  Coast  and  Annaboa,  the 'islands 
of  Ascension  vM  St.  Helena,  in  Africa;  Canada, 
New  Brunswick,  Nova  Scotia,  Cape  BretioB,  St. 
John's,  oj  Prince  Edward's  Islafid,  Newfoundland, 
Huds6n'd  B(ay, ''  and  the  bay  of  HonduiWd,  in 
North  America;  Berbice,  Esscquibo,  and  Demerara, 
in  South  America;  Jamaica,  Barbadoes,  Antigua, 
St.  Vincent,  St.  Christopher,  Nevis,  Montserrat,  the 
Virgin  Islands,  Grenada,  Tobago,  Dominica,  Trinidad, 
and  the  Bahan^as,  in  the  West  Indies ;  also  the  Ber- 
mudas $  in  Australia,  New  South  Wales,  Van  Die- 
men's  Land,  and  the  colony  of  New  Zeal^uod,  and 
MeMlle's  Isluid. 

The  most  important  '^mmercial  cities  of  England, 
besiflee  LosidoU,  are  Liverpool,  Bristol,  and  Hnll; 
the  most  important  manufacturing  towns  are,  Man- 
chester, Birmingham,  Leeds,  Nottin^iam,  Halifax, 
Rocndale,  &o.  'Ixi  Scotland,  the  principal  commer- 
cial places  are  Glasgow,  Greenock,  Leitn,  and  Aber- 
deen. The  foreign  trade  of  Glaigow  and  Greenock 
extends  to  the  West  Indies,  the  United  States,  the 
British  American  colonies,  Brazil,  and  the  whole  con. 
tinent  of  Europe.  The  foreign  trade  of  Leith  and 
Aberdeen  extends  to  the  West  Indies,  America,  the 
Mediterranean,  and  the  Baltic.  The  greatest  com- 
mercial cities  of  Ireland  are,  Dublin,  Cork,  Wexford, 
Waterford,  and  Belfast. 
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Declared  Valne  of  Bri- 
tish and  Irish  Pio- 
dtice  and  Manutac- 
tures  exported  firom 
the  United  Kingdom. 


£.        «.  d. 

98  17  11 

24,186     3  8 

42,462  12  5 

100,570    9  9 

257,783     8  2 


312,610  16  6 

171,672    5  9 

67,570     9  6 

676,345    3  6 


AMERICA : 

British  Northern  Coloiuei ;  m> 

Settlemento  of  the  Hod- 

son's  Bay  Company    . 

Newfoundland    and   the 

coast  of  Labrador  •    • 

,  Canada   

New  Brunswick    .    .    . 

NoTa  Scotia,  Cape  Bre-l 

ton,  and  Prince  Ed-  > 

ward's  Island      •     •  J 

British  West  Indies ;  viz,    . 

Antigua       

.  Barbadoes 

Dominica     ..... 

Grenada 

Jamaica  ...... 

Montserrat 

Nevis      .•••.. 
St  Christopher     .    .    • 

St.  Lucia 

St.  Vincent's    ...» 
Tobago    ...... 

Tortola 

Trinidad 

Bahamas      •.'... 

Bermudas 

Demerara 

Berbice   ...... 

Honduras    ..... 

British  Wliale  Fisheries 

Total    .    •       £, 


7,655,632  16  11 


68,276    6    8 
49,282  11     3 


32,857  3  3 

264,031  16  6 

682,202  6  0 

^20,094  6  6 

66,664  6  4 


267,654 

541,707 

149,322 

337,921 

3,653,265 

32,681 

80,333 

202,917 
148,394 
394,912 
164,735 

25,211 
354,788 

21428 

4,014 

1,627,060 

370,985 

221,855 

195,591 


11  11 
19  0 

0  1 
14  10 

17  8 
7  3 

14  10 

10  4 

0  11 

18  10 
14  4 

12  7 

0  10 
3  1 

1  0 

19  6 
6  8 
1  3 
6  0 


19,375,924  2  I 


£.    «.  d. 

122  15  8 

547,465  14  1 

340,920  14  1 

72,817  11  1 

399,184  3  5 


368,566  0  10 

476,500  2  9 

26,045  0  7 

228,279  19  4 


£.    «.  d. 

152  12  8 

127,360  17  6 

49,622  18  6 

21,075  16,11 

108,552  16  7 


6,644,132  3  6 


213,230  4  11 
89,651  9  6 
12,794  16  7 


81,899  10  7 

278,352  14  0 

1,388,201  9  5 

246,898  12  9 


106,091 

337,082 

13,816 

74,416 

1,699,091 

7,417 

13,947 

68,657 

28,344 

79,863 

38,074 

2,807 

173,078 
56,949 
43,708 

419,363 
66,556 

520,531 


3 

4 

9 

16 

0 

12 

17 

19 

19 

17 

6 

3 

2 


8 
6 
4 
0 
0 
2 
1 
2 

7 
3 

8 

4 
9 


6  10 

3  9 

8  11 

11  4 

10  1 


133,770  17  10 

78,752  16  9 

2,341  2  9 

19,408  3  4 


438,706  0  8 


49,602  13  7 

12,239  12  3 

4,110  4  6 


8,244  8  1 

48,392  7  9 

181,818  18  3 

30,592  7  10 


321,413  6  7  ^   34,749  9  8 


8,198 

21,495 

2,085 

4,669 

106,364 

569 

335 

3,508 

3,716 

3,052 

3,266 

28 

24,552 

1,769 
16,652 
31,878 

6,883 
51,851 

2,108 


18  7 
1  .8 

1  7 
17  10 

1  4 

17  2 

12  8 
16  3 


6 
16 

0 
10 
14 
11 


3 
0 

9 
0 
3 

7 


4  U 

3  5 

14  3 

9  11 
2  0 


£. 
78 
292,760 
189,135 


«.  d. 
6  5 
1  4 
3  10 


56,962  15  4 
344,035  12  11 


252,123  6  2 

330,035  13  8 

38,916  2  0 

161,028  11  2 


3,905,997  0  t 


206,204  12  5 
94,429  16  11 
14,042  0  3 


91,136  2  3 

294,249  17  9 

997,601  19  2 

215,448  6  2 

258,796  12  4 


92,316 

271,796 

14,147 

75,365 

1,246,995 

8,077 
16,068 
53,084 
21,306 
77,370 
41,131 

3,531 

139,517 
41,440 
40,923 

426,316 
69,442 

199,618 


9  8 

11  0 

10  8 

13  10 

6  6 

2  9 

13  5 
10  10 

2  5 
8  1 

14  5 


1 
1 


0 
5 


1  10 
18  3 
3  8 
0  6 
7  4 


15,485,276  0  1  I  1,642,480  4  9  |lO,581,329  6  t 
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TABLE  IL 

Am  AccamU  of  the  Amount  qf  the  Official  and  Declared  Fahe  of  the  Inyporta  to  and  Esporte  from  the 
Umted  Kingdom,  from  and  to  all  Floreign  Countries,  for  the  Year  ending  Sth  January,  1831 ;  being  the  lui 
aceouni  laid  btfore  the  Houte  of  Commone ;  dietinguiehing  each  Country,  mid  British  and  Colonial  and  Foreign 
produce. 


I 


Namet  of  Um  Foreign  Coonbies. 


EUROPE : 
lUiMia   • 
Sireden 
Norway 
Denmark 
Prussia 
Gennany 
The  Ne&erlands 
France    .     .    . 
Portugal,  Proper 
Azores 

• Madeira 

8pMn  and  the  Balearic  Islands 

Canaries 

Italy  and  the  Italian  Islands 
Toricey    and    Continental 

Greece • 

llorea  and  Greek  Islands   . 

AFRICA : 

Egypt 

IVipoli,  Barbary,  &  Morocco 
Senegal  .•.-••• 
Cape  Verde  Islands  .  .  . 
Isle  of  Bourbon    .... 

ASIA : 
Ports  of  Siam      .... 
8ainatra»  Java^  and  other 

IslandjB  of  the  Indian  Seas 
Philippine  Islands  .  •  . 
New  Zealand  and  South  Sea 

Islands    ...... 

AMERICA : 
Foreign  West  Indies ;  o£r. 

Hayti 

Cuba 

Porto  Rico  .    «    .    .    . 

Goadaloupe      .... 

St.  Croix 

St.  Thomas      .... 

Cayenne      ..... 

Surinam 

United  States  of  America 
States  of  Central  &  Southern 
America;  vis, 

Mexico 

Colombia 

BrazU 

States  of  the  Rio  de  la 

Chili .!!!!!! 


Oflldttl  Value  of  Importi 

into  the 

United  Kingdom. 


Total 


£. 


£. 
4,203,504 

156,747 
74,930 

370,847 
1,595,801 

2,010,539 

1,415,881 

2,317,686 

445,394 

16,337 

18,635 

1,115,534 

86,063 

1,104,309 


«.  d* 

14  7 
2  4 
4  10 

15  8 
0  10 
7  1 


2 
2 


8 

7 


17  9 

19  6 

8  0 

13  8 

14  6 

15  4 


726,065  11  8 
9,236  4  6 


129,169  10  11 
40,767  11  0 


30  12  0 


86,026    9     1 
58,589  19    9 

5,299  10    8 


102,885  6  1 

287,440  8  3 

26,015  8  9 

10  0 

7  14  5 

4,328  7  2 

10,843  15  9 

898  19  5 

8,055,962  7  1 


169,222  18     7 

52,869  13    4 

1,530,557  19    5 

583,946  12  7 
25,074  17  10 
85,254  14  10 


Ofldal  Value  oCSsports  firom  the 
United  Kingdom. 


British  and  Iriih 
Prodnce  and 
Mannfacturea. 


Foreign  and  Colonial 
Merchandiie. 


Declared  Vahie  of  Bii- 
tiah  and  Iriah  Pro- 
duce and  Mannfiio- 
tures  exported  from 
the  United  Kingdom. 


26,923,709  12  5 


£. 

2,261,295 

60,666 

99,277 

221,786 

219,184 

8,641,693 

2,896,277 

478,021 

2,088,361 

40,804 

58,092 

976,907 

71,326 

5,685,841 


8.  d, 

13  10 

17  0 

15  2 

7  3 

17  11 

5  1 


10 

11 

3 

19 


3 
0 

4 
4 


14  11 

17  3 

10  9 

1  3 


2,745,723  16  1 
28,274  6  2 


237,184  7  5 

1,648  3  10 

2,513  3  11 

9,733  18  1 


17,870  4  5 

257,680  13  8 

172,817  6  5 

1,298  6  6 


822,076  0  7 

550,229  18  11 

522  11  2 

1,878  2  9 

472,738  6  7 

11,221  9  8 

7,843,907  4  11 


1,574,410  14  1 

427,718  2  0 

4,270,748  18  1 

1,067,884  1  0 

835,566  0  8 

513,894  14  11 


45,667,078  16  2 


£. 
770,728 
94,190 
35,104 

99,177 

416,065 

1,566,380 

1,735,266 

181,065 

38,024 

2,188 

7,677 

146,550 

14,372 

787,145 


8.    d. 

15  11 
6  8 

15  5 
3  10 


18 
12 
0 
1 
4 
5 
1 


3 
4 
2 
6 
1 
2 
3 


19  8 
12  10 
17  3 


140,038  14  7 
598  10  0 


1,908  17  0 
493  19  0 

418  10  3 


1,495  13  4 

4,329  8  7 

1,350  5  7 

223  13  4 


9,880  1  9 

6,155  3  7 

192  8  2 


29,010  16  4 
39  7  8 

392,769  16  2 


320,406  13  0 

5,854  1  2 

45,457  19  7 

12,679  11  1 

23,094  6  6 

15,569  13  2 


£. 

1,489,538 

40,487 

63,925 

118,812 

177,922 

4,463,527 

2,022,458 

475,884 

1,106,694 

23,620 

38,444 

607,067 

4^,619 

3,251,378 


8.  d, 

7  3 

18  4 
13  6 

15  a 

19  9 
4  4 

8  9 
3  2 

16  10 
6  2 
6  0 

11  9 


18 
10 


1 
5 


1,139,616  9  0 
9,694  0  0 


110,227  6  6 
1,138  6  11 

1,710  6  0 
10,041  10  0 


10,467  10  0 

151,634  2  8 

71,219  15  4 

1,396  3  3 


6,905,905  4  1 


321,792  17  10 

371,669  17  11 

744  18  6 

1,558  11  0 

232,569  16  2 

11,486  0  0 

6,132,345  15  3 


978,440  11  0 

216,751  8  10 

2,452,103  3  11 

632,171  15  8 
540,626  1  11 
368,469  6  11 


27,690,267  14  ] 
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The  preceding  tables  exliibit  a  view  of  the  gross 
amount  of  the  commerce  of  this  country*  distingpish- 
ing  the  cqn^ponent  portions  of  it  carried  on  with 
each  cotony  and  foreign  states  for  the  year  ending 
5th  Januvy,  1831.,  The  like  accounts  for  the  fol- 
lowing year  have  not  yet  been  printed  by  the  House 
of  Commons^  we  are  enabled,  therefore,  to  give  only 
the  gross  amount  of  the  commerce  of  the  United 
Kin^om  witSi  foreign  countries  during  tihat  (teriod. 

TVtde  tf  ^freai  Britain  with  ¥\jreigH  ParU  far  the 
l^jsar  ending  Sth  Jamuary,  18312. 


SKporto: 


hnporto 


Bfttith  and  Iffah  prodaM 
.apd  vanufkotoret  .    . 

tCoIonial  and  forei^pi  pro- 
duce        


Official  value. 


ao.o9o,m 

10,799,943 
48,161.661 


RealTal^e. 


4L. 
86,658,694 


Tradtt  (/  Jreiawi  with  Foreign  Parte  for  ^the  Year 
ending  5th  January,  1832. 


Imports; 


Imports - 


British  and  Iriah  prodaoe 
and  manufacturet    .    . 

Colonial  and  foreign  pgro« 
idnoe . 


Official  Talne. 


£. 
593,810 

1S.129 
1,56SJ»8 


Real  value. 

— T. 

519,958 


Gemuxng.  On  account  of  its  navigable  rivers,  the 
commerce  of  this  country  is  considerable.  The  chief 
articles  of  export  are  hnen,  linen  yam,  raw  wool, 
rags,  quicksilver,  com,  timber,  flax,  nemp,  wax,  lard, 
salt,  wine,  and  metals.  Its  imports  are  woollens, 
cottons  and  silks,  hardware,  watches,  tanned  leather, 
leather  goods,  tea,  cocoa,  dye-woods,  hides,  colonial 
and  East  India  goods.  Tlie  principal  ports  of  Ger- 
many are  Hamburg,  Lubeck,  Bremen,  Trieste,  and 
Dantzic.  In  die  interior  its  chief  commercial  -cities 
are  Vienna,  Magdeburg,  Leipsic,  Frankfort  on  the 
Main^  Jrankfort  on  Uie  Oder,  Augsburg,  Berlin, 
Breslau,  Cologne,  Nuremberg,  Branswick,  Mentz, 
Botzen,  fmd  Prague.  Hamburg,  in  particular,  is  the 
channel  through  which  flows,  ior  the  most  part,  the 
extensive  trade  between  Great  Britain  and  the  -Ger- 
man states.  By  means  of  the  rivers  running  into  the 
Elbe,  the  navigation  of  which  has  now  become  free, 
the  numerous  and  valuable  productbns  of  Upper 
and  Lower  Saxony,  of  Austria,  and  Bohemia,  go  to 
Hamburg.  By  the  Havel,  the  Spree,  and  the  Oder, 
its  CQm^tf  i^iai  operations  are  eistended  to  Branden- 
burg, SUfsla,  Moravia,  and  Poland.  The  business  of 
Hamburg  consists,  in  part,  of  the  consignments  of 
foreign  merchants,  and,  to  a  great  extent,  of  the  pur- 
chase and  sale  of  domestic  and  foreign  goods.  Its 
inoney  transactions  are  very  considerable.  Bremen' 
has  important  articles  of  export  in  the  products  of 
Westphalia  i^d  Lower  Saxony,  whieh  it  sends  to 
Englimd,  Spun,  and  Portugal ;  and  with  America  it 
has  more  intercourse  than  any  other  seaport  of  Grer- 
many.  The  trade  in  linens,  which  foreign  countries 
carry  on  with  Germany,  passes  wholly  throu^  the 
)iands  of  the  Hamburg  and  Bremen  merchants,  to 
whom  all  foreign  orders  are  directed.  The  importa- 
tion of  tobacco  from  America  into  Germany  is  almost 
wholly  through  Bremen.  Leipsic,  the  centre  of  Eu- 
ropean trade  with  the  interior  of  Germany,  and  tiie 
place  of  deposit  for  foreign  and  Saxon  goods,  has,  be- 
sides other  mercantile  privileges,  three  fairs  (Easter, 
Michaellhas,  and  the  New  Year),  to  which  mer- 
chants resort  from  all  parts  of  Europe,  and  from 


Asia,  and  each  of  which  lasts  three  weeks:  there  is^ 
besides,  at  this  place,  a  considerable  mariiet  for 
Saxon  wooL  The  chief  articles  of  traffic  are  Bo- 
hemian, Silesian,  and  Saxon  linen;  leather,  bides, 
wax,  and  wool,  from  Poland;  woollen  goods  and 
pigments)  from  Prussia ;  silks,  velvets,  and  torals'. 
from  Italy ;  leather,  various  manufactures,  and  dye» 
stuffs,  from  Austria  and  Hungary;  laces,  silk  goods 
of  .all  kinds,  ribbons,  porcelain,  watches,  bronze  and 
other  manufactiires,  including  fancy  articles;  from 
France ;  leather,  hemp,  and  flax,  from  Russia ;  colo- 
nial Qommodities  and  manufactures,  from  EngkuW 
and  Holland ;  and  literarv  produotions  from  all  Eof 
rope.  There  is,  also,  in  Leipsic,  an  important' h<n«e* 
market.  Augsburg,  by  means  of  its  agents  and 
bankers,  is  the  medium  of  mercantile  communioation 
between  Germany  and  the  south  of  Europe.  The 
exchange  business  of  Vienna  is  commonly,  transacted 
by  drafts  on  Augsburg.  It  also  derives  considerable 
advantage  from  the  forwarding  of  goods  to  and  from 
Italy.  Frankfort  on  the  Maine/  a  place  of  great  com- 
mercial activity,  especially  at  the  time  6f  its  two 
great  fairs,  in  the  6pring  and  autumn,  has,  besides,  a 
very  important  business,  owing  to  the  opulence  of  its 
old  and  new  banking-houses.  It  is  €tke  commercial 
centre  for  the  Rothschilds.  In  Bmns^ck,  consi- 
derable business  is  transacted  in  its  natural  produe- 
tions  and  manufactured  articles,  as  well  as  in  foreign 
goods.  Its  two  great  yearly  fairs-  rank  immediately 
after  ^ose  of  Leipsic  and  Frankfort.  Great  quanti- 
ties of  raw  thread  are  •sent  thither  by  the  Dutch 
merchants,  and  the  strong  beer,  called  mtm,  is  ex- 
ported to  various  parts  of  the  world.  .  .     ' 

AuBiria  Is  entirely  separated  from  Germany  by  its 
system  of  imposts  and  its  commercial  regulations. 
Its  trade  is  mosUy  carried  on  by  land,  or  on  the 
rivers.  Vienna,  the  store-house  of  tile  iaiaod  trade 
of  all  Austria,  has  a  very  extensive  commerce  with 
England,  the  Netherlalnds,  and  France,  and  im- 
portant dealings  with  Italy,  Hungary,  Poland,  and 
Turkey.  By  me  way  of  Vienna,  Germany  receives 
great  quantities  of  raw  cotton  flrom  Turkey.  The 
commerce  of  Trieste,  in  the  Littorale,  consists  chiefly 
in  the  exportation  of  German  productions  and  <»f  co- 
loniiil  goods,  winch  go  from  thence  to  the  Letaot  and 
the  coasts  of  the  Black  Sea.  Trieste  may  be  regarded 
as  the  dep6t  of  the  productions  of  tiie  L^ant.  It  is 
also  actively  engaged  in  the  importation  of  British 
waijes,  and  of  the  produce  of  the  -fisheries  of  New- 
foundland. Except  this  <:ity,  tiie  commerce  of  Aus- 
tria is  confined  to  Venice  and  Fiume.  The  most  con- 
siderable places  of  inland  trade  in  the  monardliy,  be- 
sides Vienna,  are  Lemberg,  Prague,  Brunn,  Brody, 
Botzen,  Pest,  tmd  Cronstadt.  The  allowed  imports 
consist  mainly  of  raw  produce,  cotton  and  wool,  silk, 
ricei,  oil,  spices,  colonial  articles,  leather,  cattfe,  &c. 
Th^  articles  cf  export  are  woollen  cloths,  linens, 
cordage,  mineral  producjtions,  grain,  and  glass.  Great 
profit  is  derived  from  the  transportation  of  goods, 
especially  of  those  of  the  Levant.  ■  In  Bohi'mia,  far 
the  greater  portion  of  the  trade  b  in  the  hands  oi  tiie 
Jews,  who  are  numerous  in  the  country.  The  trade 
is  chiefly  in  exports :  linens,  woollens,  silks,  dye- 
wood,  leather,  and  glass;  The  glass  is  superior  in 
polish  and  cheapness  to  that  of  otiier  countries,  and 
the  exportation  of  it  is  very*  considerable.  It  is 
thought  tiiat  the  goods  exported  to  Spain,  Russia, 
the  Levant,  and  America,  amount  to  3,500,000 
guilders  annually.    The  countries  wilh  which  Bo- 
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hemU  liAs.tlie  Bio0t  commercial  i^t^rooinriM  jre  Ajb«- 
tria^  J^oiUnd,  Spain,  Voxtng/^M  Italy,  Bud  tWkey. 
Tine  exports  are  rated  $t  .trom  ^,QQq,000  to  6,000,000 
doUan,  and  ^  import3,CcolQnM^  goods,  articles  of 
loxnry,  fco.)  at  from  4,0PQ,0Qp  to  5,000,000  dollars. 
Pi^gae  b  the  first  co^^^ercial  city  of  .tl^  coo^itry; 
.Qeidiienberg  the  Aecon4* 

Pnmia  ^  like^ise^  hyita  ^s^m  qt  prohibitiQii, 
b^en  sepArated  from  Crernw^y  "with  respect  to  free 
commercial  intercourse,  especially  since  1818.  l^e 
commerce  of.^liis.mpnarchy  jisjprp^oted  by  the  Baltic, 
by  many  navigable  rivers,  and  by  canals.  The  com« 
merce  in. domestic  prod|^ction»  is  ipore  important 
fhah  the  transportation  a(id  ^mmission  trade,  which 
Nourishes  mainly  ip  <^ologne,  4y[^gdebDrg,  Stettin, 
^mden,  Dantzic,  .Konigsb^g>  Breslau,  .^c.  The  ex- 
ports by  aea  -arQ  grain^  ^wa^*  ^tallow,  wool,  linseed, 
4a^#  hemp,  wood,  linen,  yarn,  wqoUen  and  cotton 
goods,. fine  works  of  art,. including  articles  made  of 
amber.  Of  the  differeiit.pommercial  places,  Frank- 
fort.on  the  Oder  has  three, qonaiderableiairs.  Mag- 
flebarg  sends  com,  linen,  cotton  goods,  cloths,  leather, 
oak,  and  <;qwer,  to  Hamburg,  M^i  to,,the  fairs  of 
Leipsic  .and  Brunswick.  .It  h^,  .besides,  a  ti^ulsit 
trade  in  colonial  goqds,  ii^e,,gip|un,  |kc.  Wheat  is 
exported,  from  Dantzic,  ;whidi  ppssef^es  the  largest 
granaxyin  Europe;  lrom^bu^;efU  Stettin,  ^onks- 
berg,  Anclam,  and  BerUn,  timber ;  staves  and  asnes 
finm  DIantde,  M<^nel,  and  .Stiettin ;  liemp,  flax  and 
Unseed,  tallow,  wax,  and  hog's  l)risti^  &om  Memel 
and^QQigMierg. .  lilsit  (^arigues-  on  a  brisk  trade  in 
com,  linseed,  hemp^nndiflipc.  ,  The  cgcpor^  of  Brvins- 
berg  arerwooUen  yt(fn,  com,  and  jflax.  Colberg  ex- 
p(ut8.com*  and'  the  o^ec  produce  of  Poland.  The 
trade  of  Stralsund,  likewise,  consists  chiefly  in  the 
exportation  of  corn.  -  Of  ^^.the  artides.of  Prussian 
oiMnmerce,  Ihe  Silesian  iu\en  holds  the  ^rst  rank, 
and  for  the  manufai^turi^g  of  it,  the  Sileskm  towns 
Htrs^ybecg,  J^m^abut,  Sduniedeberg,  Fnedland, 
Waldenburg,  Schweidnit^  and  the  Prussian  section 
of  Upper  TJnsati^  are.cele(irated.  This  luaen  is  par- 
tkulariy  in  demand  jsmong  the  Hamburg,  Eiiglish, 
Dutch, .  Italian*  and  Sou&  American  merchants. 
The  imparts  which  Jhave  the^^^e^diest^e  in  Prussia 
are  colonial  goo^  dye-wood,  g^alt,  Buenqs  Ayres 
bides,  indigo,  groceries^  nd^e,  ,fl^, ,  cottQn  goods, 
bardwiue,  jkc, 

Hamiterm  not.diittii^ims^ed  for  its  peri^tile  ac- 
ting. The  exports  consist  o^  horaes>  hoiPi^  qittle, 
lead,  wax^  Jintn,  lei^the^  ^t^  oats,  barley,  timber, 
boards^  and  the  jCerraginous  .popper  of  the  Hartz 
saoontains.  Tbe  linens  are  oidmary j  the  tabled' 
diatba  and  O^bruck  damask  are  inferior  in  quality 
to  tbose  of  Hnnssi^  and  Frjealand^  The  surplus. of 
the  domestic  copsumpUo^  is  exported  to  South  Ame- 
I1C&  thjTongb^e  .medium. of  the  Haaseatic  cities. 
T>e  :pmcipa)  .^npprts  are  English  manxifactures,' 
eq>eciaUy  woollen  cloths  and  calicoes,  colonial 
goods,  Prussian  and  J>iesland  linen,  fine  French 
doths,  silks,  jewellery,  and  French  wines,  with  all 
kinds  of  small  articles  of  luxury,  which  the  Hano- 
farian  merchant  tarings  with  hun  from  the  fairs  of 
Brunswick,  Leipsic,  and  Frankfort  on  the  Maine. 
The.  chief  commercial  towns  are  Emden^  Hanover, 
and  Miinden. 

Denmark  and  Holttein.  Although  the  Danish  mer- 
chants have  formed  connections  with  all  the  commer- 
dai  states  of  Europe,  and  play  an  important  part  m 
J|m  commerce  both  of  the  Medit^ai^ean.»id  the 


Baltic,  th^  own  conntry  possesses  but  few  produc- 
tions important  as  articles  of  export.  Most  of  what 
they  export  are  the  productions  of  their  East  a^d 
West  India  possessions.  To  the  ports  of  Peters- 
burg, Riga,  Stockholm,  and  Memel,  Denmark  caries 
the  woollen  goods  of  Iceland  and  the  Faroe  Islands ; 
salt  from  Spam,  France,  and  Portup^ ;  and  the  pro- 
ductions of  the  East  and  West  Indies  and  of  China. 
To  Grermany  it  sends  its  horses,  its  cattle,  colonial 
and  West  India  goods,  and  woollen  stockings,  receiv- 
ing in  return  linen.  Wool,  brandy,  and  wine.  To  Hol- 
land it  exports  rape-seed,  fish,  &c.,  in  exchange  for 
groceries.  To  Fsance,  Spain,  and  Portugal  it  carries 
horses,  fish,  and  other  articles  from  Russia,  in  ex- 
change for  salt,  wine,  fruits,  sweet-oil,  brandy,  silk, 
&c.  Its  trade  with  England  consists,  mainly,  in  ex- 
chan^n^;  timber,  &c.  fbr  English  manufactures.  To 
Iceland  it  exports  rye-meal,  rye,  barley,  brandy,  and 
other  spirituous  liquors,  together  -mm  the  common 
articles  of  consumption;  receiving  in  return  fresh, 
dry^  and  salt  fish,  train-oil,  tallow,  eider  down»  wool 
and  woollen  stockings.  It  supplies  Greenland  with 
flour,  spirituous  liquors,  &c.,  in  return  for  train  and 
seal  oil,  seal-$kins,  eider  down,  and  peltry. 

The  largest  commercial  towns  of  Denmark  are 
Copenhagen  and  Elsinore  in  Zealand,  Aalborg  in 
Jutland,  Flensborg  and  TQnningen  in  Sleswic,  Al- 
tona  and  Kiel  in  Holstein^  The  West  India  colonies 
of  Denmark  are  St.  Croix,  St.  Thomas,  and  St.  John's. 
On  the  coast  of  Coromandel,  it  possesses  Tranque- 
bar;  on  the  coast  of  Guinea,  Christianborg  and 
other  small  places.  It  has  also  small  factories  on 
the  NIcobar  islands.  In  Europe  it  possesses  Ice- 
land. The  chief  commercial  companies  in  Denmark 
are,  the  Asiatic  or  East  India  Company,  the  Iceland 
Company,  the  Maritime  Insurance  dompany,  the 
African  or  Danish  West  India,  and  the  General  Com- 
mercial Societj^. 

•FVoiice.  The  commerce  of  France  extends  to  every 
country  of  the  world.  The  exports  are  wine,  brandy, 
oil,  corn,  meal,  liqueurs,  snuft  silks,  woollens,  fancy 
goods  of  all  kinds,  watches,  porcelain,  crystals,  car- 
pets, bronze,  linen,  lace,  cambric,  tapestry,  hemp, 
flax,  fruits,  capers,  salt,  jewellery,  paper,  &c. ;  and 
France  receives  tije  raw  produce  of  atl  countries,  but 
very  few  manufactured  goods.  In  1824,  the  value 
of  all  the  exports  of  France  was  440,542^,000  francs, 
of  which  163,056,000  were  in  natural  products^  and 
277^486,000  in  manufactured  goods.  In  the  same 
year  goods  vrere  imported  into  France  to  the  amount 
of  189,535,000  frtmcs  in  3,387  Frrach  vessels,  to  the 
amount  of  108,397^000  francs  in  4,183  foreign  ves- 
sels, and  to  the  amount  of  156,929*000  by  land;  ihe 
wliole  importation  amounted  to  454,861,000  francs. 
The  principal  ports  are  Bordeatix^  Marseilles,  Nantes, 
Havre  de  Grace,  St.  Malo,  L'Orient,  and  Dunkirk, 
The  commerce  bf  M^r^illes  is  mostly  with  the  Le- 
vant anid  the  West  Indies;  that  of  Bordeaux. vrith 
Asia,  the  West  Indies,  and  the  north  of  Europe. 
Calais  and  Dunkirk  carry  on  a  very  lucrative  contra- 
band trade  with  England.  Havre  de  Grace  is  the 
seaport  of  Paris,  which  has  a  veiy  extensive  indirect 
trade,  and.dea^ngs  in  bills  of  exchange  with  foreign 
countries.  Amiens  exports  great  quantities  of  velvet; 
Abbeville,  Elbeuf,  Loyvier^  and  Sedan  trade  mainly 
in  cloths ;  Cambray,  Valenciennes,  and  Alen9on,  in 
cambrics  and  ^ne  .laces*  Cette,  the  port  of  Mont- 
pellier,  has  an  extensive  trade  in  Spanish  and  colonial 
goods.    The  coi^ff^firce  <tf  Bnyoi^  j^  chiefly  with 
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Spain.  Silks  form  a  principal  article  of  the  com- 
merce of  Lyons,  which  is  situated  in  the  centre  of 
the  roads  leadbg  to  Switzerland,  Spain,  Italy,  and 
Germany,  and  has  annually  four  fairs.  For  Stras- 
burg,  its  excellent  turpentine  is  an  important  arti- 
cle of  trade.  Lisle  has  a  direct  intercourse,  not  only 
^ith  all  the  commercial  states  of  Europe,  but  also 
'with  the  French  and  Spanish  colonies,  and  with  the 
Xicvant.    The  other  commercial  towns  of  importance 


are  Rheims,  Troyes,  Grenoble,  Nismes,  Angouleme, 
Cognac,  Nantes,  Rouen,  Rochelle,  and  Caen.  Gre- 
noble supplies  France,  Italy,  Spain,  and  even  Great 
Britain  with  fine  gloves.  Beaucaire  has  an  import- 
ant fair.  The  French  colonies  are  Martinique,  Gua- 
daloupe,  St.  J^ucia,  and  Mariegalante,  in  the  West 
Indies;  Cayenne,  in  South  America,  Pondicherry, 
Chandemagore,  and  some  other  possessions  in  the 
East  Indies,  with  several  factories  on  the  western 
coast  of  Africa,  and  on  both  sides  of  Cape  Verde. 

Italy,  Although  Italy  possesses  the  most  excellent 
harbours  on  the  Mediterranean  and  Adriatic  seas,  and 
has  a  geographical  situation  uncoomionly  favourable 
for-commerce,  its  trade,  both  domestic  and  foreign,  is 
very  limited.  The  cause  is  to  be  sought  in  the  impo- 
litic restrictions,  heavy  taxes  and  imposts,  to  which 
the  commercial  cities  are  subjected  in  this  most  fruit- 
ful, but,  for  the  most  part,  badly  governed  country. 
The  chief  articles  of  export  from  Italy  are  com,  olive- 
oil,  wine,  brandy,  silk,  cotton,  wool,  hemp,  flax,  vel- 
vet, damask,  barilla  (soda),  sulphur,  sumach,  gall- 
nuts,  madder,  velani  or  velonia,  and  other  dye-stuffs, 
senna  leaves,  liquorice  juice  and  root,  juniper  berries 
and  other  drugs,  anchovies,  almonds,  figs,  nuts,  olives, 
currants,  raisins  and  other  fruits,  rags,  chip  and  straw 
hats,  the  skins  of  sheep  and  kids,  and  marble.  The 
principal  commercial  cities  are  Florence,  Genoa,  Leg- 
horn, Naples,  Venice,  and  Ancona.  Leghorn  is  the 
nuun  channel  of  the  trade  of  Italy  with  the  Levant 
and  the  Barbary  states,  and  the  central  point  of  the 
commerce  of  England  in  the  Mediterranean.  A  great 
part  of  its  trade  is  in  the  hands  of  the  Jews.  Silks, 
taffeta,  satins,  brocades,  light  woollen  goods,  velvets, 
4cc.,  are  the  main  articles  of  export  from  Florencie. — 
These  pass  through  Leghorn,  and  sell  readily  in  the 
Levant.  Milan  and  Turin  carry  on  a  very  extensive 
trade  in  their  silk,  which  is  celebrated  throughout 
Europe  for  its  admirable  fineness  and  lightness. — 
Ancona  has  intercourse  with  the  first  commercial 
cities  of  Europe.  Its  business  is  chiefly  agency  and 
commission  business.  Some  silk  is  exported  from 
Nice.  The  exports  of  Lucca  are  olive-oil,  silk,  da- 
masks, fruit,  &c.  Much  olive-oil  is  exported  from 
Gallipoli.  Ilie  trade  of  Grenoa  continues  considerable. 
Its  exports  are  velvet,  damask  (which,  next  to  the 
Venetian,  is  the  most  esteemed  in  Europe),  raw  silk, 
fruit,  olive-oil,  alum,  marble,  corals,  coajse  paper, 
^c.  Venice,  once  the  greatest  mart  of  the  world, 
notwithstanding  the  disappearance  of  its  ancient 
splendour,  is  stdl  an  important  place  for  commerce, 
a  ffreat  part  of  the  trade  of  Europe  with  the  Levant 
being  yet  in  its  hands.  The  Venetian  velvets,  damasks, 
mirrors,  and  manufactured  silks,  in  great  quanti- 
ties, fonh  the  most  considerable  constituents  of  the 
foreign  trade  of  Venice.  Tlie  exports  of  Naples  are 
olive-oil,  wool,  silk,  tartar,  wines,  raw  and  manufac- 
tured silk,  fruit,  sulphur,  and  staves. 

T%e  Idandi  qf  the  Mediterranean  Sea.  The  exports 
of  Sicily,  a  country  on  which  nature,  with  profuse 
generosity,  has  lavished  in  abundance  all  her  gifts 


(the  benefit  of  which,  however,  is  almost  destroyed 
by  the  weakness  of  the  government),  consist  of  silk, 
grain,  barilla,  sulphur,  olive-oil,  wine,  cantharides, 
sumach,  manna,  coral,  rags,  almonds,  figs,  raisins, 
nuts,  anchovies,  amber,  goat,  buck,  and  sheep-skins, 
pomegranates,  oranges,  lemons,  &c.,  and  pine -apples 
of  remarkable  size  and  exquisite  flavour.  The  chief 
port  is  Messina ;  next  to  this  comes  Palermo. 

The  exports  of  Sardinia  are,  chiefly,  grain  of  un- 
common excellence,  tunny-fish,  hides,  barilla,  and 
salt.  Cagliari  is  the  most  considerable  commercial 
city. 

Corsica  exports  silk,  olive-oil,  and  black,  white, 
and  red  corals.  The  silk  goes  mostly  to  Genoa  and 
Lyons,  and  the  corals  are  sold  at  Marseilles,  where 
they  are  manufactured  and  polished,  to  be  sent  to 
Africa,  to  be  sold  to  the  Moors  and  Negroes.  The 
Corsican  ports  are  Ajaccio,  Bastia,  and  Porto  Vecchio. 
Malta,  which  is,  like  Gibraltar,  a  dep6t  for  British 
and  colonial  goods  that  are  to  be  disposed  of  in  the 
Mediterranean,  exports  cotton,  oranges,  and  other 
i^ts. 

The  Ionian  islands  (Cephalonia,  Zante,  Corfa, 
Santa  Maura,  &c.)  export  wine,  brandy,  olive-oil, 
raisins,  currants,  citrons,  melons,  pomegranates,  ho- 
ney, cotton,  and  salt.  The  raisins  and  currants  are 
superior  to  those  of  the  Morea  in  quality.  The  wine 
b  Muscadel. 

The  commerce  of  the  island  of  Cyprus  is  inconsi- 
derable. It  exports  cotton,  wool,  silk,  wine,  salt, 
turpentine,  Turidsh  leather,  &c.  Its  largest  com- 
mercial cities  are  Lamica  and  Rhodes. 

The  exports  of  the  island  of  Candia,  which,  by  its 
situation,  is  designed  for  the  mart  of  the  European, 
Asiatic,  and  African  trade,  consist  of  oU,  soap,  wax» 
wine,  linseed,  raisins,  almonds,  laudanum,  St.  John's 
bread  (the  fruit  of  the  ceratonia  eiliqua),  &c. 

The  Kingdoms  of  the  Netherlandt  and  HoUand. — 
The  chief  commercial  cities  of  the  Belgic  Netherlands 
are  Antwerp,  Ghent,  and  Ostend.  Antwerp  was  for- 
merly the  mart  of  the  commerce  of  the  North  of  En- 
rope.  The  exports  of  Antwerp  consist,  principally, 
of  wheat,  beans,  clover-seed,  linen,  laces,  carpets, 
tapestry,  and  all  the  manufactures  of  Brussels,  Mech- 
lin, Ghent,  and  Bruges.  The  articles  of  export  from 
Ghent  are  wheat,  fine  linen,  flax,  hemp,  bcaems,  &c. ; 
those  from  Ostend  are  wheat,  clover-seed,  flax,  tal- 
low, hides,  and  the  linen  of  Ghent  and  Bruge^. 

The  chief  exports  of  Holland,  the  commerce  of 
which  has  revived  since  1814,  and  employs  every  year 
a  vast  number  of  vessels  of  various  descriptions,  are 
butter,  cheese,  linen,  doth,  drugs  and  paints,  fish, 
wheat,  linseed,  dover-seed,  geneva  (gin),  dye-stuflSi, 
paper,  &c.  The  principal  commercial  dties  in  Hol- 
land are  Amsterdam,  Rotterdam,  and  Groningen.  Be- 
fore the  decline  of  Dutch  commerce,  Amsterdam  was 
one  of  the  greatest  commercial  cities  of  the  world,  the 
mart  of  goods  from  the  East  and  the  West,  and  from 
the  principal  states  of  Europe.  At  the  time  when 
the  Dutch  were  in  exclusive  possession  of  the  spice- 
ries  of  the  East,  of  the  silks  of  the  East  Indies  and 
China,  and  of  the  fine  East  India  cotton  goods,  they 
dressed  in  coarse  doth,  and  were -satisfied  with  a  very 
frugal  mode  of  living.  The  fine  cloths  which  tbey 
themselves  manufactured,  they  destined  wholly  fbr 
foreign  countries,  and,  for  their  own  use,  purchased 
coarse  cloth  in  England.  At  that  time,  ti^ey  likewise 
sold  the  superior  butter  and  cheese  which  they  made, 
and,  for  their  own  use,  bought  the  cheaper  sortefrcns 
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W"ff^*«**  and  Ireland.  To  the  exchange  and  banking 
lynameas,  of  which  the  channel  was  Amsterdam,  the 
Datch  were  also,  in  part.  Indebted  for  their  great 
prosperity.  With  Hamburg,  Amsterdam  is  yet  the 
centre  of  the  exchange  business  between  the  North 
and  the  South  of  Europe,  although,  from  the  time 
that  the  credit  of  the  bank  of  Amsterdam  diminished, 
this  brandi  of  business  has  declined,  a  great  portion 
of  it  being  transferred  to  Hamburg  and  London. — 
Hie  imports  are  grain,  wood,  coal,  tallow,  wax,  rags, 
&C.  For  the  colonial  trade  of  Holland,  the  posses- 
sion of  Batavia,  Amboyna,   Banda,  Temate,   and 
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Macassar,  in  the  East  Indies,  is  of  importance,  as 
are  also  the  commercial  settlements  on  the  Coroman- 
del  and  Malabar  coasts,  and  those  at  Bantam,  Pa- 
dang,  Japan,  &c.  In  Africa,  Holland  has  some  forts 
in  Guinea ;  in  America  she  possesses  Surinam,  and 
the  West  India  islands  of  Curasao,  St.  Eustatia,  and 
St.  Martin. 

Pokmd,  The  exports  of  Poland  consist  of  com, 
hemp,  flax,  lumber,  linseed,  tallow,  and  salt.  Its 
commerce  is  inconsiderable,  and  is  almost  wholly  in 
the  hands  of  the  Jews.  Warsaw  and  Cracow  are  the 
two  largest  commercial  cities.  The  former  has  two 
fairs  every  year.  Cracow  has  a  situation  venr  favour- 
able to  commerce,  but  the  principal  article  of  its  trade 
is  furnished  by  the  celebrated  salt-mines  of  Wie- 
liczka,  situated  in  the  neighbourhood.  At  the  fairs  of 
Ldpeic  and  Frankfort  on  Uie  Oder,  Poland  is  supplied 
with  manufactures,  and  all  articles  of  luxury,  m  ex- 
change for  hare  skins  and  other  productions. 

Portugal,  The  Portuguese  exports  are,  chiefly, 
white  and  red  Port  wine,  Lisbon  and  Calcavella  wine, 
salt»  oranges,  lemons,  and  other  fruit,  cork,  silk,  wool, 
sweet-oil,  &c.  To  this  country  are  sent  Port  wine, 
lisbon,  Calcavella,  Madeira,  and  Canary  wines,  salt, 
oranges,  lemons,  cork,  kc. ;  in  return  for  which  the 
Portuguese  obtain  British  manufactures  and  colonial 
goods,  provisions,  com,  meal,  copper,  lead,  coal,  &c. 
Their  exports  to  Uie  North  of  Europe  are  wine,  salt, 
Irnit,  kc. ;  for  which  they  receive  hemp,  flax,  com, 
iron,  timber,  tar,  pitch,  stock^fish,  and  Russian  and 
German  linen.  The  chief  commercial  cities  are  Lis- 
bon, Oporto,  and  Setubal,  commonly  called  St.  Ubes. 
The  foreign  possessiqns  of  Portugal  are,  the  cities  of 
Goa  and  Dieu  in  the  East  Indies,  together  vnth  a  part 
of  Timor,  the  factory  at  Macao  in  China,  the  Azores, 
Madeira  and  Puerto  Santo  in  the  Atlantic,  the  Cape 
Verd  islands,  those  of  St.  Thomas,  Angola,  and  some 
settlements  in  Guinea  and  on  the  westem  coast  of 
Africa,  with  M[ozambique,  Melinda»  and  other  settle- 
ments on  the  eastem  coast 

Buuia.  Russia  exports,  principally,  iron,  hemp, 
flax*  cordage  of  all  kmds,  tallow,  hides,  fir  and  oak 
timber,  boards,  planks,  laths,  spars,  pitch  and  tar, 
together  with  all  kinds  of  grain,  especially  wheat, 
liiKn,  canvass  of  various  kinds,  wax,  noney,  bristles, 
snet,  soap,  isinglass,  caviare,  leather,  train-oil,  hemp- 
seed,  linseed,  and  tobacco.  The  chief  commercial 
cities  are  Tobolsk,  Irkutsk,  and  Tomsk,  in  Siberia ; 
Astrachan,  Orenburg,  and  Kasan,  in  Asiatic  Russia ; 
Moscow  and  Novgorod,  in  the  interior  of  Russia; 
Archangel  on  the  White  Sea;  Libau  (though  very 
much  decayed)  in  Courland  ;  Taganrog,  Caffa  or 
Theodosia,  Odessa,  Cherson,  SebastopoL  and  Azoph, 
on  the  Black  Sea  and  the  Sea  of  Azoph;  Riga,  Pemau, 
Narva,  Revel,  Petersbuig,  Viborg,  Fredericshamm, 
ajid  Arensburg ;  the  places  where  the  fairs  are  held, 
anNiznie-Novgorod,  Irbit,  kc,,  connecting  the  cara- 


van trade  of  the  East  with  the  inland  trade  of  Enrp- 
pean  Russia,  whicb  is  promoted  by  canals  and  rivers. 
By  the  Black  Sea  and  the  Sea  of  Azoph,  Russia  car- 
ries on  a  very  lively  trade  with  various  Turkish 
ports ;  on  dhe  Caspian  Sea,  with  Persia ;  by  way  of 
Kiachta,  with  China ;  and,  on  the  north-west  coast 
of  America,  it  is  at  present  laying  the  foundation  of 
its  trade  in  the  Pacific.    Russia  has  lately  sent  an 
expedition  from  Kodiak  northward,  to  make  topogra- 
phical surveys  in  the  interior  of  North  America,  and 
to  establish  a  commercial  intercourse  with  the  natives 
of  this  unexplored  country.    Her  colonies  in  North 
America  are  well  provided  for.    Her  ofiScers  are  gain- 
ing nautical  knowledge  in  England,  and' numbers 
have  been  sent  to  the  United  States  of  America,  where 
models  of  nautical  architecture  and  vessels  c^ebra-^ 
ted  for  sailing  have  been  purchased  on  Russian  ac- 
count. 

Sweden  and  Norway.  The  articles  exported  from 
the  twenty-eight  Swedish  ports  are  iron,  steel,  cop- 
per, pitch,  tar,  ^,  alum,  and  fish.  The  chief  com- 
mercial cities  are  Stockholm,  Gottenburg,  and  Gefle. 
Carlscrona  carries  on  considerable  trade  in  iron,  tim- 
ber, pitch,  tar,  tallow,  potash,  linseed,  kc,  which 
articles  are  sent  mainly  to  the  French,  Spanish,  and 
Italian  ports,  commonly  in  exchange  for  salt.  The 
exports  of  Gottenburg  are  fish,  iron,  steel,  and  boards. 
The  institutions  of  Sweden  for  the  promotion  of  com- 
merce are  the  Bank,  the  East  India  Company,  the 
West  India  Company,  the  Levant  Commercial  Com- 
panjr,  the  Association  of  Industry,  kc.  From  Norway 
are  imported  fish,  oak  and  fir  timber,  deal  boards, 
masts,  alum,  vitriol,  fish  and  seal-oil,  pitch,  hides, 
woollen  stockings,  iron,  copper,  and  tar.  The  chief 
conamercial  cities  are  Christiania,  Bergen,  Dron- 
theim,  Christiansand,  Drammer,  and  Stavanger. 

Switzerland.  Switzerland  has  a  dinsiderable  fo- 
reign trade.  Its  exports  consist,  chiefly,  of  fine  linen, 
silks,  velvets,  imitations  of  East  India  goods,  and 
shawls,  fine  calicoes,  clocks,  watches,  ribbons,  wine, 
cheese,  honey,  &c.  The  most  important  articles  of 
importation  are  colonial  and  East  India  goods,  from 
Holland;  salt,  grain,  wool,  and  cloths,  from  Ger- 
many ;  raw  cotton,  -silk,  &c.,  from  Italy ;  manufac- 
tures of  various  kinds,  from  England  ;  wine  and 
brandy  from  France,  llie  principal  commercial  cities 
of  Switzerland  are  Basle,  Berne,  Zurich,  Geneva,  and 
Neufchatel. 

;^p<iin.  For  three  centuries,  with  the  decrease  of 
the  industry  of  Spain,  its  trade  has  been  on  the  de- 
cline. This  country  might  have  monopolized  the 
commerce  of  the  world,  if  it  had  understood  and  im- 
proved its  situation.  The  natural  wealth  of  the  soil 
is,  nevertheless,  still  the  prop  of  its  trade.  The 
most  important  productions  are  wool,  silk,  salt,  iron, 
copper,  coal,  quicksilver,  barilla,  rice,  saltpetre,  su- 
gar, almonds,  olives,  oranges,  lemons,  figs,  wines, 
brandy,  and  fruit  In  Segovia  and  Leon,  about 
1,000,000  arobas  of  fine  wool  are  annually  collected, 
of  which  about  four-fifths  are  disposed  of  to  the 
French,  Dutch,  and  English.  The  excellent  Spanish 
wines,  brandy,  fruit,  barilla,  kc,  are  profitable  arti- 
cles for  the  country.  From  the  port  of  Barcelona, 
excellent  silks,  coarse  cloths  and  cotton  goods,  with 
wine,  brandy,  almonds,  nuts,  and  other  productions, 
are  exported ;  in  return  for  which,  the  same  port  re- 
ceives the  silks  of  Lyons,  the  hosiery  of  Nismes,  va- 
rious kinds  of  stuffs  and  cotton  goods,  Gennan  fmen 
and  dried  stock-fish  from  England,  amounting  to 
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id>biit  3»(XM>,000  ddflan.  Tlie  exports  of  ValenoA 
•cotiMst  prindiMdly  of  silk,  bti^a  (soda),  coarse 
wool,  dried  fruits/wine,  and  brandy.  The  latter  is 
exported  chiefly  by  the  Dotch,  and  canned  to  Nor- 
mandy and  Bittagne.  Tlie  ^iglish  csCrry  to  Spain, 
diiefly  woollen  clbth ;  the  French,  linen,  wooUen 
doth,  ctitlery,  groceries,  &c.  From  the  port'of  Ali- 
cant,  (he  Spanuirds  export,  chiefly  dried  finiits,  silk, 
wool,  barilla,  wine,  Castile  soap,  olives,  saffron,  a 
kind  of  cochineal  caHed  ffratta,  and  salt ;  of  which 
tot;  the  English  and  Swedesr^mmudly  tUce  upwards 
of  9,000,000  pomids.  In  Carthagena  and  Malaga, 
also,  mttch  business  is  done.  From  the  latter,  wines, 
driied  fruit,  almonds,  sumach,  aiichovies,  olive-oil, 
&c:;  are  exported.  Cadiz  has  been  one  of  the  priu'^ 
ctpal  marts  in  the  world*  bo^  in  ancient  and  mo- 
dem timed.*  In  It 9^,  its'  exports  to  the  two  Indies 
amounted  to  the  .sum  of  276,000,000  reals,  and' its 
imports  to  upwitrds  of  700,000,000  reals  (8  reals 
mdce  1  dollar).  Madrid,  the  royal  residence,  is 
likewise  an  important  commerdal  place  and  dep6t. 
Seville  carries  on  a  considerable  trade  in  oil  and 
oranges,'  which  are  exported  from  Cadiz.  Almost 
the  w^ole  Spanish  toasting  trade  is  in  the  hands  of 
the  French,  Dutch,  and  English.  The  independence 
of  Spanish  America  hai  almost  annihilated  the  co- 
lonial power  of  Spain. 

Ihrk^:  The  TurkB  are  as  vet  very  far  from  being 
a  commercial  nation,  although  their  commerce  with 
Austria*  France,  Italy,  Great  Britain,  Holland,  &c., 
by  means  of  the  Jews,  Armenians,  and  Greeks  living 
in  Turkey,  who  h^ve  tfire  trade  of  tnis  country  almost 
v^hblty  in  their  hands,  is  by  no  means  insignificant. 
The  insurrection  of  the  Greeks  did,  indeed,  at  first 
itft^rrupt' very  much^the  copmierce  of  Austria  and 
other  stM^S)  uid  the  British  were  also  formidable 
rivals  on  the  iftiian  isles ;  but  Vienna,  the  centre  of 
th^  Gr^k  trade,  has  nevertheless  retained  its  con- 
nection with  Tmkey,  while  the  productions  and  the 
demands  of  the  free  Greeks  must  soon  much  increase. 
Th6y  offb  cotton  for  linen',  silk  for  cloths,  gold  for 
iron.  Nature  and  habit  recommend  to  them  inter- 
course with  Austria.  Oh  the  othier  hand,  tiie  com- 
merce with  European  Russia,  by  way  of  Constanti- 
nople to  Odessa,  was  very  much  restrittkl  by  the 
Pbrte,  subsequently  to  1823,  by  the  necessity  of  re- 
lading,  to  which'  it  subjected  the  Ehiropean  vesseU 
destined  for  Odessa,  and  bv  other  burdensome  rega- 
lations.  This;  however,  nas  been  duBrnged  by  the 
peace  concluded  with  Russia  in  1829.  ^ery  vessel 
can  at  present  paM'  the  Dardanelles  unmolested. 
T^'  must  soon  have  a  great  influence  u^n  the 
Turkish  trade  also.  In  the  Archipelago,  the  Greek 
struggle  for  freedom  has^ven  rise  to  many  dangers 
t6  the  commerce  of  neutrals.  The  cliief  commercial 
place  i8'C<mstantinfople,  particulariyin  regard  to  the 
tfade  with  Russia.  Till  within  a  8hx>rt  period,  it 
dfistrlbuted  the  Russian  products  throu^  the  portd 
of  the  Mediterranean.  The  exports  of'  this  city; 
which  under  a  wise  and  active  government,  might 
b^fcome  the  true  mart  of  the  worid,'  are  of  such  little 
importanc^r,  that  the  great  qtdantities  of  goods,  im- 
ported fbrthe  use  of  Turkey,  have  t6  be  paid  for, 
ahnost  wholly  with  gold  and  dfsmdnds.  In  this 
port,  the  English,  Freheh,  Italians,  and  Dutch,  ob- 
tain the  produce  of  Poland,  the  salt,  the  honey,  the 
wax;  the  tobacco,  and  the  butter  of  tile  Ukraine ;  the 
hides,  Uie  tallow,  the  hemp,  th6  calivass,  the  pdtry, 
and' the  metals  of  Russia  alid'Slbi^ria;  aAd  in  et- 


duuBge,  g^ve  the  producdons  of  theiir  owk  cmiiftrKK 
This  buMness  is  transacted  withcat  the  Turks  having^ 
the  slightest  part  in  it. 

Htmgmy,  is  considered  by  Austria  as  a  foreign 
country,  anid  is  encircled  in  by  a  line  of  custom-house- 
oflicers.  The  trade  of  HuBgary  ther^ore  is  under 
different  T^gaktions  from  that  of  the  rest  of  the  em« 
iMre,  and- is  any  tMng  but  &vonred  bv  the  govern- 
ment. Its  fore^  commerce  is,  neverl^less,  by  nO' 
means  insfgaificant.  The  exports  aie  wine,  tobacco, 
gall-nuts,  antimony,  alum,  potash,  homed  cattle,- 
wool,  iron,  copper,  wheat,  rye,  and  barley.  Tlw 
exports- h^ ilu^exceed^  the  impons.-  Goods. can  only 
be  introdi^ced  through'  Austria  and  Turkey^  the  goh. 
vemment  having  )>rohibitad  evory  other  way  that 
might  be  selected  forthe  p«trpose*  -    • 

B.  AsiA^  The  commence  of  Asia  ia  mostly  in.* 
land,  carried  on- chteAy>  in- Western  and  Middle 
Asia,  by  means  of  those  caravans  (called  by  a  poet, 
thtflteik  cf  the  deeeri),  in  whidii  sometimes  more 
than  5(^)00  merchants  uid  travaUera  are  ooUecfetd, 
while  the  number  of  eamela  is  4ar  greater.  Tke' 
centnU  point-  of  this 'trade  by  earavana  b  Mecca^- 
which;  during  the  presence  of  tiie  >csravans^-  offers  to- 
the  eye  of  tl^  traveller  »^niora  active  trade  andia- 
greater  accuhiulatioB  of  merehaadize  than  any  other 
city  in  the  vrorld;  Hie  mm^ns  and  other  fpods  4)f 
the  East  Indies,  the  producitions  of  China,  all  tlie 
spices  -of  the  £ast,-the  shawls-  of  Cashmere,  ^ke^,  aie 
transported  on  the  backs -of  camels  to  Mecoi^^from 
whence  they  are  scattered  over,  not  only  the  Asiatic 
but  also  Ihe  AArtcafr  continsntv 

The  Arttb9,  who  were,  before  the  discovery  of  the 
passage  to  the  East  Indies  ^iround  th«  Cape  of  Good 
Hope,  the  first  commercial  people  of  the  vrbrldrhave 
now  no  commerce  of' consequence.  Ooffiee,  ^  aloes, 
almonds,  the  bidsam  off  Mecca,  spieea,  -and  drugs, 
and  their  African  intports  of  myn^  fiankincense, 
and  gum-arabic,  are  their  duef  artidea  of  export* 
Yemen,  rich  in  the  costly  productions  of  nature,  re- 
sorts for  a'market  to  Mecca;  The  Arabian  Gulf  and' 
di^  Red  Sea  connect  the-  commerce  of  Arabia  with 
that  of  Africa,  espeeMy  with  that  of  Egypt  and' 
Abyssinia. 

From  ^fosuah,^in'Abyssit^  ape  exported  gold, 
civet,  ivory;  rlniibiiElros'  homs*^  rice>  honey,  vrax,  and 
slaves;  and  for  these -the  Afiriiiana  obtain,  in  Mocha, 
or  Mecca,  and  Je<Ma;^  cotton^  doves,  cinnamon,  pep- 
per, mmik,  gingei*;  cardamom,  camphor,  copper,  lead, 
iron,  tin,  steel,  turmeric,  vermilionv  tobacco,  gun* 
powder,  simdaliwood,  rice,  hardware,  arms,  and  a 
number  of  other  kinds  of  European  manufhctores. 
Tlie  exports  from  Aden,  an  Arab  city,  on  the  stiaits 
of  Babehnahdeh,  -v^here  many  Jews  reside  for  the  porw 
pose  of 'trade,  are  coffee,  elephants'  tusks,  gold,  and 
various  kinds  of  gums,  especially  gum-arabic;  for* 
which  it  imports  t&efly  Etst  India  aAd  ChfaMse  pro- 
ductions. Muscat,  a  jxnt  in  the  Arahian  province  of 
Oman,  Ae  key  of  Ai*4bia  and4^ersia>  cairieson  con<« 
siderable  trade  vHth  British'^  India/  Sumatra,  the 
Malay  idlandi,  thtt'RH  Sea,  attdtiieeast^nv  coast  of 
Africa. 

WeU  adaptedlssthie  geographical  sHuation  of  P««A» 
is  for  commerce,  it  \i  pursued,  nevetliieless,  with  veiy 
little  energy  and  little  ^terprise.  Its  exports  conrist 
mostly  of  liorses;  sl»;  pearis,  brocades,  carpets,  c6t- 
ton  goods,  shawls,  rose-water,  wine  of  Schtm,  dates, 
woolof  Caramania,  gums,  drugs  of  various  kind9,^&c> 
The  chief  phices  for*  I^sluitrMte  are  the  Turkish 
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cibes  of  BAg&d  and  BaBsonu  The  harbour  of  Abu- 
schar,  or  Btiscliir,  on  the  Persian  Golf,  is  also  a  mart 
for  Persian  and  Indian  goods.  Bagdad,  once  the 
centre  of  a  brilliant  and  extensive  commerce^  may 
gtill  be  considered  as  the  great  mart  of  the  East, 
though  it  is  by  no  means  what  it  has  been.  Ytom 
Bassora,  the  productions  of  Arabia,  India,  Persia, 
and  the  Asiatic  islands  are  sent  to  Bagdad,  .where 
they  find  a  very  good  market,  and  from  whence  they 
ajie  scattered  through  the  other  citiet^  df  the  Turkish 
empire.  By  means  of  the  Arab  caravans,  Europe 
supplies  t^ersia  with  goods  of  all  kinds;  and  even 
with  tiie  productions  of  Aiherica.  On  the  other 
hand,  it  has  nothing  to  give  but  dates,  tobacco,  and 
a  v«7  moderate  quantity  of  Woollen  stuffs,  its  whole 
trade  consisting  in  the  distribution  and  sale  of  the 
products  of  other  countries.  Bassorais,  by^^  b^* 
tuation,  the  mart  of  the  active  East  Indian,  Persian, 
and  Arabic  trade,  carried  on  in  the  Persian  Gulf.  Its 
trade  with  the  East  Indies  b  very  considerable,  it 
beimr  the  channel  through  which  the  Ottoman  em- 
pire 18  supplied  with  tiie  groceries  of  the  East,  and 
with  the  manufactures  of  the  British  possessions  in 
the  East  Indies. 

Anatic  Turkey,  The  principal  pbrt  of  the  Levant 
Ib  Smyrna,  a  very  important  dep6t  of  the  merchan- 
dize of  the  East  ana  West.  The  articles  exported 
from  the  Levant- are  coffee,  cotton,  wool,  silk,  mad- 
der, camels'  and  goats'  hair,  hides^  raisins,  figs, 
pearls,  rotten-stone,  whet-stones,  nut-galls,  opium, 
rhubarb,  and  other  drugs.  An^ra  sendb  to  Smyrna 
by  caravans,  considerable  quantities  of  Angara  goats' 
hair,  and  stulb  made  of  the  same  <  materia! ;  for  the 
Angora  goats'  hair  is  manufactured  into  camlet,  in 
the  Levant  itself,  and- in  Europe,  especially  in  Eng- 
land, Firance,  and  Holland,  some  of  whose  camlet 
manufactories  keeps  agents  in  Angora,  through 
whom  they  make  tneir  purchases.  D^unascus  is  the 
Centre  of  trade  in  Syria,  and  does  a  good  deal  of  bu- 
siness through  the  caravans,  which  go  firom  the'  north 
cC  Asia  to  Mecca,  and  from  Bagdad  to  Cairo.  Ale|>po 
has  much  commercial  intercourse  with  Constanti- 
nople, Bassora,  Bagdad,  Damascus,  and  Scandcroon, 
or  Alexandria,  to  which  places  caravans  go  cverv 
year  through  Aleppo.  Its  exports  are  its  own  silk 
and  cotton  goods,  the  shawls  and  muslins  of  tiie 
East  Indies,  tiie  nil-nuts  of  Curdistan,  copper,  pis- 
tadiio-nuts,  and  £rug8.  Alexandria  has  some  trade 
of  importance.  Erzerum  is  ^e  mart  of  silk  and  cot- 
ton goods,  printed  linens,  groceries,  rhubarb,  mad- 
der, and  East  Indian  zedoary. 

75be  BriHih  Eagt  Indiet,  and  the  Malay  Penituula, 
Fbr  the  long  period  of  4000  years,  the  products  of 
India,  so  important  in  commerce,  have  remained  the 
same ;  for  all  the  commodities  and  treasures  of  India, 
mentioned  by  the  ancients,  are  to  this  day,  those  for 
which  the  nations  of  the  other  quarters  of  the  world 
resort  thither,  viz.,  rice,  indigo,  cochineal,  and  other 
dye-stufis,  opium,  cotton,  silk,  drugs,  cinnamon, 
cassia,  cocoa-nuts,  &c  The  East  India  trade  is 
mostly  in  tiie  hands  of  the  English,  under  Ijie  ma- 
nagement of  the  East  India  Company.  Next  to  the 
Engli^  the  United  States  are  most  extensively  en- 
gaged in  the  East  India  trade.  Denmark  cames  on 
but  an  inconsiderable  trade  with  the  East  Indies,  and 
that  once  carried  on  by  Sweden  is  now  almost  anni- 
hilated, although,  prior  to  the  late  great  changes  in 
the  government  of  that  country,  the  Swedish  East 
India  company  was,  of  idl  the  commercial  societies 
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of  Europe,  the  best  regidated;  and  tSbemoal  sitiuw 
ful  in  its  operations,  next  to  tiife  English.  The  tradU 
of  Portugal  with  the  British  possessions  in  the  East 
Indies  is  of  importance ;  that  of  Spain,  on  the  other 
hand,  inconsiderable.  Calcutta  is  the  most  import- 
ant commercial  city  of  the  East  Indies.  Besides  it» 
Benares,  Guzerat,  Oude,  and  Moultan;  are  worthy 
of  note,  among  the  commercial  ton^ns  of  northern 
India ;  Madras  and  Pondicherry,  on  the  eastern  coast v 
Bombay,  Surat,  and < Cochin,  on  the  western;  Goa,> 
&c.  From  Queda,  on  the  peninsula  of  Malacca,  are- 
obtamed  tin,  rice,  wax,  fish  maws  and  sharks'  fins  $ 
at  Salengdre;  PaSmng,  aavhTiangano,  cloves,  nut- 
megs, p^sper,  camphor,  betel,  ivory,  gold  dost,  lor- 
toise-sheU,  tin,  Ace.  Gold  dust  is  expdrted  chiefiy 
ttom  Malacca.  Since  181^  the  British  government 
in  Calcutta,  through  Sir  Tboma^  Stamford  Raffles, 
has  found^,  accotiling  to  his  plan,  a  new  com- 
mercial town  on  the  fertile,  well-wooded  jshmd  of 
Sincapore,  on  the  south  extrRuity  of  the  nemnsula  of 
Malacca,  on  the  straits  of  this  name,  which  is  of  ex- 
treme importanbe  to  the  British  trade  with  Chraa: 
and  must  destroy  the  China  trade  of  the  Dutch.  If 
Sincapare  is  made  ie^  fros  port.  Great  Britain  will  be 
able  to  supt)ly  fVom  thence  the  more  distant  parts  of 
India  with  the  productions  of  its  industry. 

CMna.  The  trade  which  China  carries  on  with 
Europe,  British  Indian  the  United  States  of  America, 
Cochm-China,  and  Siam,  witii  Japan,  and  the  oUier 
Asiatic  islands,  is  very  consid^rabie.  The  British 
imports  into  China  ai«  paHly  shipped  by  the  East 
India'Compa]liry,^partiy  by  private  merchants.  From 
1781  to  1791;  the  company  sent  thither  to  the 
amount  of  3,471*5211.  in  gbods,  and  3,688,2642.  in 
bulKon;  from  1792  to  1809,  16,502,3381.  worth  of 
goods,  and  2>466,946I.  in  bullion.  The  exports 
which  the  c^Msipany  made  to  Enp^land,  amounted 
from  1793  to  1810,  inchidini;  duties,  freights,  6cc., 
to  41>203,422<.,  and  they  were  sold  for  57,896,274i., 
leaving  the  company  a  net  proit  of  16,692,8521. 
From  the  diierent  ports  of  the  British  possessions' 
in  the  East,  36^  shape*  entered  the  port  of  Canton  in 
the  yeara  1818  and  1819»  and  the  vahie  of  their  car-' 
goes  waft  8,714;272  dollars,  aiid  indudimg  what  was 
shipped  to  Macao,  the  total  was  11,999,27^  dollars. 
Th^  exports  of  the  English  merchants  not  connected 
vrith  the  company,  to  China,  probably  amount  an- 
nually to  500,0001. — ^Next  to  the  English,  the  people 
of  the  United  States  have  the  most  trade  with  China. 
Its  amount  has  increased  387  per  cent,  in  25  years. 
The  exports  of  tea  by  the  East-  India  Company,  in 
this'  time,  have  also  greatly  increased.  The  com- 
pany's export  trade  from  Europe  to  China  has  long 
been  stationary.  The  imports  of  the  nations  on  the 
continent  of  Europe  into  China  consist  chiefly- of 
gold  bullion,  for  which  tea  is  received  ^  but  tnesc 
imports  are  small,  since  most  of  them  obtain  their 
tea  from  the  English  and  Americans.  With  Siam, 
Cambodia,  Cochin-China,  the  Asiatic  isbnds^  and 
Japan,  China  has  a  very  active  intercourse,  and  of 
late,  with  Russia  also,  both  by  land  through  Kiachta 
to  Irkutsk,  Ace,  and  by  water.  The  Dutch,  English, 
and  Americans  have  factories  at  Canton,  the  French 
an  agent  there  or  at  Macao,  the  Spaniards  an  agent 
at  Macao,  where  the  Portuguese  have  a  colony. 

From  Siam  and  Tonquin  ate  exported  tin,  ivory^ 
diamonds,  and  odier  precious  stoned,  gold  dust,  cop-^ 
per,  salt,  betel,  pepper,  wax,  silk;  ttmbef;*  atid 
lackered  wares,  and  the  commerce  of  thA#  twtf 
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ccmiitHes  ii  mostly  in  the  bands  of  the  Chinese  and 
Portugaese.  The  trade  of  Cochin-China  is  mostly 
in  the  hands  of  the  Chinese.  The  exports  are  sugar, 
silk,  gold,  betel-nuts,  ebony,  Japan-wood,  buffaloes' 
horns,  dried  fish,  and  fish-skins.  The  Chinese  em- 
pire is  so  vast,  and  the  variety  of  the  products  of  the 
different  provinces  so  great,  that  the  inland  com- 
merce of  this  world  in  itself  has  withdrawn  the  at- 
tention of  the  people  from  the  foreign  trade,  which 
oppressive  regulations  have  injured.  Formerly,  how- 
ever, Chinese  vessels  went  to  Arabia*  and  even  to 
Egypt. 

Jopofi.  Since  the  expulsion  of  the  Portuguese 
from  Japan,  the  commerce  of  this  country^has  been 
almost  wholly  domestic.  The  only  foreigners  with 
whom  the  Japanese  still  have  any  trade,  are  the 
Chinese  and  the  Dutch,  and  these  are  limited  to 
the  single  port  of  Nangasaki.  The  Chinese  supply 
the  Japanese  with  rice,  common  porcelain,  sugar, 
ginseng,  ivory,  silks,  nankeen,  lead,  tin  plates,  alum, 
&c.;  and  in  return,  receive  copp>er,  camphor,  lackered 
wares,  pearls,  corals,  and  a  metallic  composition, 
called  80wa8,  consisting  of  copper  and  a  small  quan- 
tity of  gold.  The  Dutdi  obtain  chiefly  copper  cam- 
phor, lacker,  and  lackered  wares.  Only  two  Dutch, 
and  12  Chinese  vessels  are  allowed  to  enter  the 
harbour  of  Nangasaki  annually.  After  the  arrival 
of  a  vessel  and  Uie  performance  of  the  preliminary 
ceremonies,  the  goods  are  sent  on  shore.  Then  come 
the  imperial  officers  (for  the  trade  with  foreign  coun- 
tries is  the  monopoly  of  the  emperor),  who  examine 
the  quality  and  the  quantity  of  the  goods,  deliberate 
together,  and  fix  the  price  of  the  native  commodities 
that  are  demanded  in  return.  Foreigners  must  sub- 
mit to  these  conditions,  or  keep  the  goods  which  they 
have  brought.  The  Japanese  merchants  can  obtain 
foreign  goods  only  by  purchasing  them  of  the  em- 
peror. In  the  manufacture  of  silks  and  woollens, 
porcelain,  and  lackered  wares,  the  Japanese  are  in 
no  degree  inferior  to  the  Europeans.  In  the  manu- 
facture of  hardware,  they  have  also  attained  great 
skill.  The  Japanese  sabres  and  daggers  are  very 
excellent,  and  are  perhaps  surpassed  only  by  the 
sabres  of  Damascus.  In  polishing  steel  and  all  other 
metals,  they  are  also  very  skilfol,  and  their  fine 
porcelains  are  much  superior  to  the  Chinese.  In  the 
beginning  of  the  I7th  century,  the  English  began  to 
trade  widi  Japan ;  but  the  Portuguese  missionaries, 
and  afterwards  the  Dutch,  succeeded  in  prejudicing 
the  government  against  them.  In  1673,  me  attempt 
to  renew  the  trade  was  again  frustrated  by  the  Dut^. 
On  account  of  the  great  advantages  which  it  was 
thought  thb  trade  would  ensure  to 'England,  a  third 
attempt  was  made  in  1699>  and  the  factory  at  Canton 
was  instructed  to  enter  into  connection  with  Japan, 
if  by  any  means  possible.  The  result,  however,  did 
not  satisfy  expectation,  and  all  farther  attempts  have 
been  given  up.  In  1813,  however,  when  Java  was 
subjected  to  Great  Britain,  the  East  India  Company 
had  some  slight  intercourse  with  Japan.  The  Russian 
mission  to  Japan,  under  Krusenstem,  in  1805,  was 
no  less  unsuccessful  than  the  English  had  been. 

The  hlandt  of  Amboyna,  Banca,  the  Bandog,  Java, 
Sumatra,  Borneo,  &c.— From  Amboyna  are  exported 
cloves,  to  confine  the  cultivation  of  which  solely  to 
this  island,  the  Dutch  took  great  pains  to  extirpate 
all  the  clove-trees  on  the  neighbouring  islands.  For 
this  purpose,  also,  the  government  of  Amboyna, 
with  a  numerous  retinue,  still  makes  a  journey  every 


year  to  the  other  Dutch  islands.  Banca  is  eddbntad 
for  its  tin  mines,  and  the  exportation  of  this  tin  to 
China  is  of  much  importance,  as  the  Chinese  prefa 
it  to  the  English  on  account  of  its  malleability.  About 
4,000,000  pounds  of  tin  are  obtained  annually.  The 
Banda  islands  produce  nutmegs  and  mace.  The 
staple  exports  from  Batavia,  where  all  the  goods  of 
the  Dutch  East  India  company  are  deposited,  are  pep- 
per, rice,  cotton,  sugar,  coffee,  and  indigo.  6,250,000 
pounds  of  pepper,  part  of  which  b  raised  on  the 
island  itself,  part  brought  from  Bantam,  Sumatra, 
Borneo,  and  the  other  islands,  are  annually  stored  in 
the  magazines.  Both  coffee  and  sugar  have  also  been 
cultivated  here,  of  late  years,  to  the  amount  each  of 
10,000,000  pounds.  Borneo  has,  besides  pepper,  gold 
in  dust  and  bars,  wax,  sago,  camphor,  the  Ust  of  the 
most  excellent  quality.  In  addition  to  the  Dutch  and 
English,  the  Chinese  have  here  an  active  trade.  The 
exports  of  Ceylon  are  cinnamon,  pepper,  coffee,  to- 
bacco, betel,  cocoa-nuts,  drugs,  timber,  pearls,  pre- 
cious stones,  corals,  &c.  Of  the  Philippines,  the 
principal  are  Lucon  or  Manilla,  and  Magmdanao  or 
Mindana.  The  exports  are  indigo,  sugar,  silk,  gold 
dust,  quassia,  pepper,  tortoise-shell,  wax,  preaous 
stones,  silver,  sago,  and  tobacco.  The  trade  of  tiie 
Philippines  with  China  and  South  America  is  con- 
siderable. Manilla  produces  sugar,  the  best  Asiatic 
tobacco,  indigo,  and  a  kind  of  hemp.  The  Prince  of 
Wales'  Island,  from  its  situation  between  India, 
China,  and  the  Eastern  isles,  has  an  important  trade. 
Its  exports  are  chiefly  benzoin,  pepper,  betel-nuts, 
groceries,  metals.  East  India  zinc,  cochineal,  eagle- 
wood,  Japan- wood,  elephants'  teeth,  sugar,  and  silver 
bullion.  Sumatra  carries  on  considerable  trade.  The 
exports  are  gold  dust,  betel,  benzoin,  pepper,  cam* 
phor,  Japan-wood,  sulphur,  rattans^  wax,  gum-lac^ 
groceries,  tin,  &c. 

III.  ApaiCA.  The  want  of  navigable  rivers,  and 
the  immeasurable  deserts  by  which  tiie  fruitfol  re- 
gions of  Africa  are  separated,  form  an  Insurmount  < 
able  obstacle  to  that  extension  of  commerce  which 
the  great  fertility  of  this  quarter  of  the  globe  would 
promise.  In  addition  to  the  intercourse  of  the  in- 
terior, the  commerce  of  Africa  has  its  sources  in 
Eg3rpt,  the  Barbary  states,  on  the  west  coast  in 
Guinea,  in  the  neighbourhood  of  the  rivers  Gambia* 
Niger,  and  Senegal,  at  the  Cape  of  Good  Hope,  and 
the  Portuguese  colonies,  and  on  the  coasts  of  the 
Red  Sea.  The  inland  trade  is  carried  on  by  means  of 
caravans.  The  African  caravans  consist  of  from  500 
to  2000  camels.  The  three  principal  countries  from 
which  they  proceed  are  Morocco,  Fez,  and  Egypt. 
The  chief  articles  of  the  inland  trade  of  Africa  are 
salt,  gold,  and  slaves.  The  greatest  caravans  go  from 
the  western  coast  and  from  the  interior  by  way  of 
Timbuctoo,'  the  great  mart  of  the  inland  trade,  and 
other  places  of  dep6t,  to  the  eastern  coast,  where  the 
most  important  commercial  places  are  Natal  (on  the 
coast  of  Lagoa),  Soffala,  Quilimane,  Mozambique* 
Querimba,  Quiloa,  Mombhza,  Melinda,  Brava»  Maga- 
doxo,  Berbera,  Zeila,  and  Adel.  Quilimane,  Mo- 
zambique, and  Melinda,  are  PortU{;uese  settlements. 
From  Adel,  Zeila,  Berbera,  and  Brava,  are  exported* 
mainly,  gold  dust,  ivory,  and  incense,  for  which  the 
products  of  Arabia  and  the  East  Indies  are  returned. 
There  is  a  considerable  trade  between  the  British  set- 
tiements  in  the  East  Indies  and  Mozambique,  and  the 
English  obtain  elephants'  and  hippopotamus'  teeth* 
tortoise-shell,  drugs,  cowries,  gold,  &c. 
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IV  Bmhanf  States.    The  commercial  intercourse 
of  the  Barbary  states  with  Europeans  is  very  incon- 
siderable and  vacillating,  and  the  little  business  which 
is  transacted  b  mainly  in  the  hands  of  the  French, 
British,  and  Americans.  The  exports  consist  of  olive- 
<h1,  wax,  wool,  wheat,  gums,  almonds,  dates,  aro- 
matic sseds,  ivory,  leather,  hides,  and  ostrich-feathers. 
Even  the  coral  fisheries  on  the  coasts  (firom  Cape  Rosa 
to  Cape  Rouax)  are  in  the  hands  of  the  French  and 
Italians ;  and  the  annual  produce  of  about  50,000  lbs. 
of  coral  is  worth  more  than  420,000  dollars.  But  a  fiur 
more  important  commerce  is  pursued  by  the  Barbary 
states  vrith  Arabia,  Egypt,  and  the  interior  of  Africa. 
Their  caravans  are  met  vrith  in  Mecca,  Cairo,  and 
Alexandria.    Tlie  chief  commercial  cities  are  Algiers, 
Tunis,  Tripoli,  Sallee,  and  Agadeez,  or  Santa  Cruz, 
and  in  Morocco,  Mogadore.    Before  the  French  re- 
vokition,  l^e  commerce  of  Algiers  was  wholly  in  the 
hands  of  a  company  of  French  merchants  at  Mar- 
seilles, who  had  regular  settlements  in  the  ports  of 
Bona,  La  Calle,  and  Il-Col.    But,  in  1806,  the  dey 
conveyed,  for  50,000  dollars,  the  possession  of  those 
ports  to  Eng^d.    The  chief  ports  of  export  of  Al- 
giers are  Bona  and  Oran.    Tunis  is  the  most  import- 
ant commercial  state  in  Barbary.    Its  chief  harbours 
are  Biserta,  Snsa,  and  Soliman.    Tripoli  has  little 
trade,  and  its  exports  consist  mostly  of  saffron, 
ashes*  senna  leaves,  and  madder.    The  trade  of  Mo- 
rocco and  Sallee  is  also  of  little  importance.    Aga- 
deez, or  Santa  Cruz,  is  the  most  southerly  harbour 
of  Morocco,  and  was  once  the  centre  of  a  very  im- 
portant trade.    Fez  is  still  such  a  centre  between  the 
ports  of  Morocco^  the  Mediterranean  Sea,  and  the  in- 
terior of  Africa. 

Cape  of  Good  Hope,  The  trade  vrith  the  Cwe  of 
Good  Hope  is  extremely  advantageous  to  Great 
Britain.  In  1809*  the  importation  of  English  goods 
exceeded  330,0001.,  while  the  exports  of  the  colony 
(mostly  Cape  vrine)  did  not  amount  to  6,0002.  The 
amount  of  the  trade  has  since  been  very  much  en- 
larged bj  the  increase  of  colonization.  The  average 
exports  nrom  Great  Britain  to  the  Cape  of  Good  Hope 
amoonted  to  2, 11 9^000  dollars,  and'the  imports  into. 
F.wglftwil  from  the  Cape  to  i,5G  1,000  dollars. 

Egfft.  From  its  uncommonly  favourable  situation, 
in  ,the  centre  of  three  portions  of  the  globe,  this 
xountry  seems  destined  by  nature  to  be  also  the  cen- 
tre of  their  commerce ;  but  it  has  altogether  lost  its 
former  high  rank  in  the  commercial  world,  since  it 
has  ceased  to  be  the  channel  of  the  India  trade.  It 
^as,  nevertheless,  considerable  inland  trade,  which 
extnids  into  the  interior  of  Africa.  Three  caravans 
go  thither,  every  year,  from  Egypt.  One  goes  to 
Sennaar,  wad  collects  the  productions  of  this  country 
and  Ab3r8sinia ;  another  to  Darfour,  and  the  third  to 
Fez,  whitiber  the  productions  of  Bomou,  and  all  the 
countries  lying  along  the  Nile,  are  brought.  Other 
caravans  exchange  Egyptain  commodities  for  those 
of  the  East  Indies  and  Arabia.  But  the  most  con- 
Mderable  is  that  which  consists  of  the  united  cara- 
vans of  Abyssinia  and  Western  Africa,  and  goes 
annually  to  Mecca.  The  exports  of  Egypt  are  rice, 
com,  cotton,  myrrh,  incense,  opium,  dates,  mother- 
of-pearl,  ivory,  gums  and  drugs  of  various  kinds, 
hides,  wax,  &c.,  most  of  which  go  to  Constantino- 
ple, the  Barbary  states.  Great  Britian,  Venice,  and 
Jfarseilles.  It  also  exports  the  productions  of  Ara- 
'Ma.  The  chief  commercial  cities  are  Cairo  and 
Alexandria,  united  by  a  complete  canal  smce  1819. 

Arts  &  Scibnces.— Vol.  I. 


Cairo  has  two  ports,  Rosetta  and  Damietta.  France 
sends  to  Egypt  woollen  cloth,  red  caps,  frin^s  of  all 
kinds,  and  ornaments  of  dress,  ordinary  chma  ware, 
arms,  he.  England  sends  muslins,  and  cloths  of 
different  kinds,  alum,  iron,  lead,  vitriol,  gums,  &c. 
From  Florence  silks  are  imported. 

Guinea.  Sierra  Leone,  and  the  Pepper,  Ivoiy, 
Gold,  and  Slave  Coasts,  where  the  Dutch,  Firench, 
English,  and  Danes  have  settlements,  export  gold 
dust,  ivory,  gums-,  hides,  &c.,  and  formerly  slaves,  in 
exchange  for  woollen  and  cotton  goods,  Imen,  arms, 
gunpowder,  &c.  Tlie  coasts  of  Lower  Guinea  (Congo, 
Angola,  &c.),  and  the  Guinea  Islands,  mostly  occu- 
pied by  the  Portuguese,  export  grain,  provisions,  cot- 
ton«  indigo,  sugar,  &c.  Tiie  slave  tirade  is  here  pro- 
secuted still  by  the  Portuguese. 

Among  the  other  J^firiean  lelande,  the  Azores  raise, 
for  exportation,  wine  and  fruits.  About  20,000 
pipes  of  the  former  are  annually  exported  by  the 
English  and  Americans,  chiefly  to  the  East  and  West 
Indies.  The  Island  of  St.  Michael  sends,  every  year, 
to  England  and  the  United  States,  60  to  80,000  boxes 
of  oranges.  The  oranges  of  the  island  of  Pico  are 
remarkiid)le  for  their  superior  quality.  This  island 
also  produces  a  beautiful  kind  of  wood,  which  is  al- 
most equal  to  mahogany.  The  staple  productions  of 
the  Canaries  are  archil,  in  its  raw  state,  rosewood, 
brandv,  and  Canary  wine.  The  last  goes  chiefly  to 
the  West  Indies  and  England :  in  the  latter  country 
it  is  always  sold  for  Madeira  wine. 

The  Cape  Verd  Islands  export  archil  in  a  raw 
state,  and  coarse  cotton  cloth  for  the  use  of  the 
Africans.  The  staple  produce  of  Madeira  is  valu- 
able vrine,  which  b  divided  into  five  kinds,  according 
to  the  market  for  which  it  is  designed.  The  most 
excellent  is  called  London  partieular.  The  next  in 
quality  b  also  sent  to  the  London  market.  Of  in- 
ferior quality  is  that  destined  for  the  India  market. 
The  kind  that  goes  to  America  holds  the  fourth  rank, 
and  the  fifth  is  designated  by  the  name  of  cargo.  Of 
this  wine  the  English  annually  receive  more  than 
7000  pipes;  the  United  States  about  3000.  The 
Isle  of  Bourbon  produces  coffee,  cloves,  white  pep- 
per, cotton,  gams,  benzoin,  and  aloes.  Its  trade 
IS  confined  almost  wholly  to  Madagascar,  Isle  de 
France,  the  Comoro  Islands,  and  ue  settlemento 
of  the  Arabs  on  the  eastern  coasts  of  Africa.  The 
Isle  de  France,  or  Mauritius,  exports  coffee,  indigo, 
cotton,  sugar,  nutmegs,  cloves,  ambergris,  &c.  The 
exports  of  Madagascar  are  cowries,  betel-nuts,  am- 
bergris, wax,  cocoa-nuts,  and  com. 

ly.  AMsaiCA.  The  extensive  coaste  of  America 
give  it  all  the  commercial  advantages  of  the  ancient 
world,  free  firom  the  obstacles  presented  by  those 
masses  of  continents,  the  interior  of  which  is  so  re- 
mote from  the  sea,  and  destitute  of  navigable  rivers, 
like  the  whole  of  Africa  and  the  boundless  tracto  of 
Asiatic  Tartary  and  Siberia.  In  the  abundance  of 
navigable  rivers,  both  North  and  South  America  have 
an  immense  adrantage  over  the  other  quarters  of  the 
world.  The  long  chain  of  great  lakes  and  numerous 
navigable  rivers  in  North  America  are  already  the 
theatre  of  a  very  active  commerce.  The  great  inland 
countries  of  South  America  are  rendered  accessible 
by  rivers  of  gigantic  magnitude,  and  from  the  mouth 
of  the  River  Plata  to  the  Gulf  of  Darien,  an  inland 
navigation  may  be  effected,  almost  without  having 
recourse  to  the  aid  of  art.  But  there  still  remainb^ 
for  the  promotion  of  American  commerce  the  execu* 
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^n  df  a  great  WorlD'''4h€  digginf  tiiroiigft  thit  nar- 
row iithxn^s  of  Darien^-by  which  a  connectibn  be* 
iween  ^e  Paeiilc  and  Atlantic  would  be  eflfeoted>  the 
advantages  of  which  -^ould  b^  incal<^lable.  The 
westerii  passage  to  India,  which  Colambns  sought 
for,  would  tiien  be  effected.  Alexander  Von  Hum- 
boldt poihts  oiit  three  places  as  most  adapted  to 
the  execution  of  such  a  project.  Nature  herself 
seems  willing  to  assist,  for,  tnough  the  mountains 
fbrbid  the  idea  of  forming  a  canal  immediately  across 
the  isthmus,  yet,  by  starting  in  lat.  12^  N.,  Joining 
the  head  of  lake  Nicaragua  to  a  small  riyer  which 
runs  into  the  Pacihc  Ocean,  and  forming  a  canal  30 
miles  long,  Uirough  a  low  level  country,  a  contnuni- 
cation  between  tiie  two  oceans  might  be  effected. 
The  governments  which  are  most  directly  interested 
in  making  such  a  canal  are  at  present  too  weak  and 
too  unseUled  to  be  able  to  carry  it  into  tS^tb ;  yet 
Bolivar  appeared  to  have  always  had  this  great  Work 
in  view. 

The  Vniied  Statu  of  North  America.  The  rapid 
progress  which  the  United  States  have  made  in  com- 
merce and  navigation  is  unparalleled.  Hardly  had 
£is  people  appeared  on  the  ocean  before  ^very  coast 
of  the  eartii  was  visited  by  their  naVii;ators.  While 
they^  seen  covering  the  ocean  with  their  vessels 
throughout  the  Atlantic  coast,  even  to  Cape  Horn, 
whence  they  enter  the  broad  Pacific;  in  the  other 
direction,  they  press  on  to  the  Ice  of  the  North  Pole, 
and  penetrate  the  deep  recesses  of  Hudson's  Bay  and 
Davis's  Straits.  The  moM  remote  and  dangerous 
seas  are  traversed  by  diei^  keels.  The  coasts  of  the 
whole  southern  hemisphere,  the  western  cb^t  of 
America,  ahd  the  eastern  coasts  of  Asia,  are  visited 
by  tiliem.  It  is  a  very  common  thin^  for  an  Ameri- 
can merchantman  to  make  a  voyage  rouild  the  World, 
starting  from  the  United  States.  d;oiiig  round  tia^ 
Horn  to  the  north-west  coast  of  America,  taking  m 
fUrs,  sailing  to  China,  and  goiilg  fVom  thence  With  tea, 
kc,^  to  t^e  ports  of  Europe.  The  America  whalers 
are  distinguished  for  skill  and  boldness. 

Afpricultural  EUports,  Tho  trade  Of  the  Unitjed 
States,  for  the  year  ending  September,  18^S,  may  be 
assumed  as  the  basis  of  the  remarks  to  be  made  upoti 
the  subject  of  this  Commerce.  The  exports  of  do- 
mestic products  for  that  year,  according  to  the  cus- 
tom-house estimates,  were  50,669^669  dollars.  Those 
of  cotton,  the  great  staple  of  the  country,  were 
22,487,229  dollars,  and,  accordingly,  nearly  half  of 
t^e  entire  amount.  The  next  greatest  export  is  that 
of  tobacco,  which  amounted  to  5,269,960  dollars. 
Of  rice,  the  export  amounted  2,620,696  dollars.  The 
value  of  these  three  articles,  being  over  30,000,000 
dollars,  thus  constituted  three-fifths  6f  the  whole. 
In  the  annual  returns  made  to  Congress,  the  exports 
of  domestic  products  are  divided  into  those  oi  the 
fta,  the  forest,  agriculture,  and  fnani^actures.  TTie 
thiee  species  of  agricultural  articles  above  mentioned 
are  mostly  the  productions  of  the  Southern  StiLtes, 
including  Virginia  and  Kentucky.  The  other  ex- 
ports, coming  under  the  same  head,  are  mostly  fur- 
nished by  the  Middle  and  Western  States :  namely, 
beet  tallow,  hides  and  cattle,  butter,  cheese,  pork, 
bacon  and  hogs>  horses,  mules,  sheep,  fiour,  bis- 
cuits, com-meaU  rye- meal,  oats,  potatoes  and  ap- 
ples, flax-seed,  and  hops.  Of  these  articles,  the 
principal  is  fiour  and  biscuit,  the  Value  of  which  wad 
4,464,774  dollars,  being  the  third  article  in  value 
among  the  exports.    The  fifth  article  in  value  is  that 
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of  swine  and  their  produclft — yiMt^  baeon>  pork«  and 
lard,  the  value  of  whidi  was  1,495>830  dollars,  mak* 
ing  about  one  thirty*third  part  in  value  of  the  whole 
export.  The  articies  of  com^meal  and  rye-meal 
amounted  to  681,894  dollars*  constituting  a  little 
more  than  oike-sixtieth  part  of  the  whole  exports. 
Cattle  and  thehr  products^  including  butter  and 
cheese,  exceeded  the  last  amount,  being  896,316 
dollars*  This  species  of  export  is  of  far  less  com- 
parative importance  in  the  trade  than  formerly,  being 
limited  to  its  present  amount,  not  by  the  capacity  fbr 
production,  but  bv  the  extent  of  demand  m  Uie 
fotcigti  markets ;  for  an  increase  of  the  foreign  de- 
mand would  very  soon  double  and  treble  the  quan- 
tity. Some  of  the  articles  comprehended  in  the  above 
list,  though  agricultural  products^  yet  involve  Some 
process  of  manufacture ;  such,  Ibr  example,  as  but^ 
ter,  cheese,  bacon,  flour,  biscuit,  meal,  and  part  of 
the  tobacco.  A  great  many,  however,  of  the  exports 
coming  under  the  head  of  siiiiiii(/bcf«rss,  include  in 
them  tiie  value  of  materials  supplied  by  agriculture; 
such  as  the  cotton  fabrics,  thos^  of  leather,  and  spirits 
distilled  from  grain;  so  that,  on  the  whole,  the 
strictly  agricultural  products  of  the  country  consti- 
tute a  larger  proportion  of  the  whole  exports  than 
the  tables  represent ;  and  yet  the  proportion  repre- 
sented by  the  tables  is  very  large,  being  38,500,000 
out  of  the  50/)00,000;  and,  if  we  add  the  value  of 
the  materials  supplied  by  agriculture  for  the  maau^ 
factnred  exports,  we  shall  have  at  least  six-sevenths 
of  the  whole  domestic  exportation,  consisting  of  the 
raw  products  of  agriculture. 

Prodmcti  of  thie  Sea,  The  producto  of  the  whale, 
cod,  mackerel,  and  herring  fisheries,  exported  mostly 
fh)m  the  Northern  States,  amount  to  1,693,980  dol- 
laiiB,  being  nearly  a  thirtieth  part  of  the  whole  do* 
mestic  export.  Nearly  one-half  of  this  value  consists 
of  codfish,  and  more  than  one-third  of  the  products 
of  the  whale-fisheries. 

Ptoducts  of  the  f^oreet.  The  valu^  of  skuis,  fun» 
ginseng,  lumber,  stavee>  bark,  tar,  pitch,  rosin  and 
turpentine,  and  pot  and  pearl  ashes,  partly  firom  the 
Northern  and  partly  th>m  the  Southern  States,  which 
were  formerly  of  much  greater  cbmparative  import- 
ance in  the  ttade  of  the  country,  now  constitutes 
about  on^-thirteenth  part  of  the  whole  value  of  the 
domestic  exports,  and  amounts  to  3,889,611  dollars. 
A  large  proportion  of  the  trade  in  these  articles,  as  weU 
as  in  those  of  codfish  and  bre4d-stuffs,  is  carried  ot 
With  th^  West  Indies,  Mexico,  and  South  America, 
llie  skiUs  and  the  furs  go  to  Europe  and  Canton; 
the  ginseng  to  Canton,  but  in  lets  quantity  than  toot- 
merly,  bein^  tn  1826,  but  91,164  dollars;  and  the 
pot  and  pearl  ashes  are  sent  to  England  aikd  France. 

Manvfactwree,  The  manufhctures  are,  as  yet,  af 
the  coarser  sort,  consisting  partly  of  articles  made  of 
the  products  of  th^  country,  and  partly  of  those  flh 
bricated  from  foreign  materials*  But  it  is  obvious 
that*  the  arts  of  the  country^  in  their  early  stagtt, 
will  be  most  naturally  directed  to  the  working  of  the 
raw  materi^s  of  domestic  production ;  and  we  ac- 
cordingly find,  that  a  very  small  part  of  the  value  of 
expoi^  inanufactun^  consists  of  the  cost  of  raw 
materials  previously  imported.  Hie  articles  in  whiA 
the  foreign  materitUs  form  a  considerable  part  oi  the 
Value  atie  spirits  manuiactwed  from  molasses,  refined 
sugar,  hiticles  bf  iron,  cordage,  chocolate,  gunpow- 
der, umbrellas  and  paraaols,  gold  And  silver  coin,  itifl 
jewelleiy. 
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The  wliole  estimated  tralue  of  exports  of  home 
manufactures  b  about  6^500,000  dollars,  being  about 
13  per  cent,  of  the  whole  domestic  exports  of  the 
country.  About  700,000  dollars  of  this  amount  ought 
to  be  struck  out  of  the  list  of  domestic  exports,  being 
gold  and  silver  coin,  consisting  mostly  of  metals  im- 
ported from  abroad,  and,  after  being  coined  at  the 
mint,  again  exported.  The  labour  put  upon  these  ma- 
terials, in  coining,  b  so  inconsiderable  a  part  of  their 
value,  that  the  value  Hf  the  coin  of  the  country  ex- 
ported ought  not  to  be  included  iu  the  estimate  of  the 
▼alue  of  domestic  exports.  Considerable  quantities 
of  gold,  it  is  true,  have  been  produced  in  North  Caro- 
lina, but  by  no  means  enough,  as  yet,  to  supply  the  de- 
mand tot  the  consumption  of  the  country,  though  it 
is  to  be  considered,  at  the  same  time,  that  this  article, 
as  far  as  it  can  be  supplied  fh)m  the  domestic  mines, 
will  tend  directly  abroad,  being  drawn  into  this  chan- 
nel by  the  higher  price  of  gold,  compared  with  silver, 
in  England  and  France  than  in  the  United  States ; 
the  value  being  in  England,  at  15^  in  France  as  15i'^, 
and  in  the  United  States,  as  15jj  to  1.  Consequently, 
the  gold,  whether  in  coin  ot  bullion,  tends  strongly 
to  leave  the  country.  Some  of  it  is  arrested  for  use  in 
jewellery  and  the  arts,  but  very  little  in  the  currency 
or  in  the  vaults  of  the  banks.  Omitting  this  article, 
then,  the  other  articles  above  enumerate,  being  the 
only  ones  the  value  of  which  is  made  up,  in  any  con- 
siderable degree,  of  foreign  materials,  are  valued  in 
the  returns,  at  683,000  dollars.  The  value  of  mate* 
rials  imported,  and  then  wrought  up  in  manufactured 
articles,  and  exported,  and  mcluded  in  the  list  of 
domestic  manufactures,  may  be  estimated  at  about 
200,000  or  250,000  dollars ;  leaving  the  net  exports 
of  manufactures  from  the  raw  products  supplied  by 
the  country  about  5,750,000  dollars.  As  cotton  fhb- 
lics  form  a  large  item  in  this  list  of  exported  manu* 
fiactoresy  and  those  fabrics  are  mostly  of  the  coarser 
kind,  the  raw  material  will  constitute  a  very  consider- 
able part  of  their  value,  and  the  proportional  value  of 
tiie  direct  wages  of  manufacturmg  labour,  incorpo- 
lated  in  these  exports,  will  be  proportionally  less.  If, 
for  instance,  a  plough,  or  trunk,  or  quantity  of  combs, 
be  tent  abroad,  almost  the  whole  value  of  the  export 
oonsists  of  the  wages  of  the  manufacturers ;  and  a  still 
greater  proportion  of  the  value  of  earthen  and  stone 
wares,  which  make  a  very  considerable  item  in  this  list, 
is  of  this  description ;  whereas  an  export  of  spirits 
distalied  from  West  India  molasses  comprises  a  com- 
porattvely  small  proportional  value  of  manufatturing 
UbourJ  Taking  the  whole  list  of  domestic  manufkc- 
nned  articles  together,  and  making  allowances  for  the 
cost  <^  the  raw  materials,  in  their  rudest  state,  after 
they  are  taken  from  the  ground  or  from  animals,  and 
assume  the  character  of  merchandize,  by  deducting 
thi^  value  from  the  gross  amount  of  that  of  the  ex- 
ported manufactures>  the  renudnder,  which  is  the 
result  of  ^e  manufacturing  labour,  interest  of  capi- 
tal* and  profits  incorporated  into  tiiese  materials,  to 
bring  them  into  the  state  in  which  they  are  exported, 
may  be  estunated  at  at>6ut  4,000,000  dollars.  We 
will  now  ^ance  hastily  at  the  descriptions  of  articles 
on  which  the  arts  of  the  United  States  are  employed 
fctt'  the  supply  of  foreign  markets ;  and  the  most  con- 
siderable of  tnem  is  cotton  twbt,  thread  and  fabrics, 
the  exported  value  of  which,  for  the  year  1828,  was 
1^000,<p00  dollars  and  a  fraction  over,  being  one-fif- 
tieth part  of  the  whole  domestic  exports,  the  princi- 
pal markets  of  which  are  South  America,  Mexico,  and 


the  Mediteriteean.    The  value. of  leather^  and  iUl 
various  manufactures,   exported,   is    a'  little    over 
500,000  dollars,  making  one  per  eent.  of  the  entire 
exports  of  the  description  of  which  we  are  speaking. 
The  value  of  hats  exported  during  the  same  year  was 
about  333,300  dollars — a  very  large  amounti  consi-* 
dering  the  short  period  since  this  article  has  been  sent 
to  foreign  markets.    Soap  and  candles  have  long 
been  supplied  for  the  foregin  markets,  the  amount 
for  the  year  in  question  being  about  900,000  dollars. 
The  various  articles  manufhctured,  for  the  most  part, 
of  wood,  such  as  flimiture,  or  of  wood,  leather,  and 
iroU,  such  as  coaches  and  carriages,  besides  various 
agricultural  implements  supplied  to  the  West  Indies 
and  South  America,  constitute  a  very  important  branch 
of  trade,  which  amounted  to  between  600,000  and 
700,000  dbllars.  The  American  glass  begins  to  appear 
in  the  fbreign  markets.   The  value  sent  abroad  in  1828 
was  51,452  dollars,  and  it  bids  fair  to  be  increased* 
The  other  exports  consists  of  a  variety  of  articles  in 
siUall  quantities,  among  which  are,  wearing-apparel> 
combs  and  buttons,  brushes,  fire-engines  and  appara- 
tus, printing-presses  and  types,  musical  instruments, 
books,  maps,  paper  and  stationary,  and  trunks.    It 
is  apparent,  from  the  above  enumeration  and  esti- 
mates, that  the  manufactured  articles,  of  which  the 
elport  is  most  considerable  and  the  most  flourishing, 
are  those  of  which  the  raw  materials  consist,  mostly, 
of  cotton,  wood,  and  leather. 

l^bret^  ExpfirU.  The  foreign  articles  imported 
and  again  exported  from  the  country,  during  the  same 
year,  amounted  to  21,595,017  dollars.  This  transit 
trade  thus  appears  to  form  a  very  important  part  of 
the  American  commerce.  But  one-third  of  this  whole 
amount  consists  of  an  article  which  affords  very  lit- 
tle freight,  namely  specie^  the  export  (^  which  duriog 
the  same  year,  was  about  7*500,000  dollars.  Another 
large  item  in  value,  of  this  transit  trade,  consists  of 
cotton  fabrics,  the  exports  of  which  were  2,000,000 
dollars.  The  foreign  silks  exported,  amoimted  to 
about  a  quarter  as  much.  The  value  of  wines  export- 
ed was  about  333,300  dollars ;  that  of  teas  about 
twice  as  much;  and  that  of  coffise  and  cocoa  l,500jp00 
dollars,  and  of  sugar  nearly  1,000,000  dollars^  Ihe^e 
are  the  most  important  articles  of  foreign  expoit« 
The  other  exports  of  foreign  articles  previously  im« 
ported  amounted,  during  the  same  year,  to  about 
8,000,000  dollars  in  th^  whaU ;  but  it  is  not  neces- 
sary to  enumerate  them. 

Irhpcrti.  The  imports,  for  the  same  period,  ac- 
cording to  the  custom-house  estimates,  amounted  to 
88,589*824  dollars,  and  exceeded  the  estimated  value 
of  the  exports  by  about  16,250,<XX)  doUars.  There 
should,  of  course^  be  an  excess  of  value  of  imports,  ac- 
cording to  those  returns,  whether  their  value  is  estir 
mated  at  the  Cost  iu  foreign  ports^  or  at  the  market- 
price  in  the  Atnerican  ports ;  for  these  goods  are  the 
returns  fbr  the  exports,  the  value  of  which  is  estimated 
at  the  rate  of  the  markets  in  the  United  States :  and 
unless  a  greater  value  of  merchandize  can  be  obtained 
in  exchange,  in  the  fbreign  ports,  the  ship-owners 
would  obtain  nothing  for  outward  freight :  and  still 
more  ought  the  value  of  the  imports  in  the  Amendn 
markets,  after  deducting  duties,  to  exceed  that  of  the 
exports ;  for  this  excess  is  the  only  fimd  for  paying 
the  two  freights  and  interest  on  the  capital  employed 
This  excess,  for  the  year  in  question,  was  about  2& 
per  cent.,  which  canncit,^oWever,  be  considered  very 
exact,  but  is  probably  below  the  a^a)  rate.  Ihat 
i  Z  2 


364 


COMMERCE    OF    THE    WORLD. 


k  must  be  a  large  amount,  in  order  to  save  the  mer- 
chaats  from  loss,  is  evident ;  for  the  registered  ton- 
nage, which  is  mostly  employed  in  foreign  trade,  is 
about  750,000  tons,  so  that  an  excess  of  16,000,000 
dollars  in  the  value  of  imports  over  that  of  exports, 
supposing  an  exchange  of  one  for  the  other,  would 
give  only  about  21  dollars  per  ton,  per  annum  for  the 
shipping  employed — an  amount  scarcely  sufficient  to 
defray  llie  expenses  of  the  navigation,  including  port- 
charges,  and  leave  a  surplus  for  interest  on  the  capital 
invested  in  the  cargoes,  and  a  small  profit  to  the 
merchant.    But  the  rate  per  ton  for  the  shipping 
actually  employed  in  the  foreign  trade,  if  we  estunate 
the  accession  at  16,000,000  dollars,  and  supposing  the 
whole  trade  confined  to  American  ships,  will  exceed 
that  above  mentioned,  since  the  registered  vessels  are 
partially  employed  in  the  coasting-trade,  as  vessels 
often  take  a  cargo  from  one-home  port  to  another, 
whence  a  cargo  is  taken  for  exportation.    But  a  part 
of  this  trade  requires  none  of  the  excess,  of  which 
we  have  been  speaking,  to  defray  the  expenses  of 
navigation,  for  about  one-thirteenth  part  in  value  is 
carried  on  in  foreign  bottoms,  the  imports  in  which 
were  about  6,500,000  dollars.    If  the  whole  trade 
were  carried  on  by  foreign  shipping,  and  the  whole 
were  a  barter  trade,  without  credits,  as  the  trade 
between  any  two  nations,  or  any  number  of  nations, 
must  in  effect  be,  in  the  long  run,  the  value  of  ex- 
ports and  imports,  estimated  at  the  prices  in  the 
home  market,  after  deducting  duties  paid  on  import- 
ation, must  be  just  equal ;  for  in  the  case  supposed, 
all  the  expenses  of  transportation  are  defrayed  by  the 
foreign  ship-owners,     in  proportion,  therefore,  as 
foreign  shipping  is  employed  in  the  tnuie,  the  excess 
of  die  value  of  imports  over  that  of  exports  will  be 
reduced ;  since,  if  a  country  employs  foreign  ship- 
ping in  its  trade,  it  must  export  an  additional  value 
of  merchandize  to  pay  the  freights,  or  import  a  smal- 
ler v»lue  of  merchandize  in  exchange  for  the  same 
exports.    In  regard  to  the  various  kinds  of  goods 
bnported,  without  pretending  to   great  exactness, 
which  is  the  less  important  as  the  proportions  vary 
considerably  from  year  to  y^ar,  it  appears  that  some 
of  the  principal  articles  have  constituted  nearly  the 
following  proportion  of  the   whole  imports,   pre- 
viously to  1828  ;  viz. — ^wool  and  woollen  fabrics,  11 
per  cent. ;  cotton  stuffs,  12 ;  silk,  10;  hemp  and  flax, 
and  manufactures  of  Ihem,  5 ;  iron  and  steel,  and 
manufactures  of  them,  5 ;  spirits,  1} ;  molasses,  2i ; 
teas, 4 ;  coffee,  3i;  sugar,  5i;  and  indigo,  1^  per  cent. 
The  principal  trade,  boUi  import  and  export,  is 
with  Great  Britain  and  its  dependencies,  whence,  in 
1826,  the  imports  were  forty-two  ninety-sixths  of 
the  whole  importation.    But  to  state,  even  in  a  gene- 
ral manner,  the  species  of  merchandize  of  which  the 
commerce  to  and  from  each  country  principally  con- 
sists, would  extend  this  part  of  the  present  article  to 
too  great  a  length.    Before  closing  it,  however,  we 
should  not  omit  to  lemark,  that  the  domestic  trade 
of  the  oountrv  is  more  extensive  and  more  important 
than  the  foreign.    That  it  is  more  extensive,  appears 
from  the  returns  of  the  shipping,  a  greater  quantity 
of  tonnage  being  employed  m  the  coasting  trade  and 
fisheries  than  in  the  foreign  commerce ;  and  as  these 
vessels  make  from  3  to  10,  12  or  20  passages  in  a 
year,  according;  to  the  distance  of  the  ports  between 
which  they  trade,  the  anp>unt  of  commercial  en- 
changes  along  the  coast,  and  up  the  rivers  to  the 
head  of  sloop  navigation,  without  including  the  trade  I 


oetween  the  coast  and  the  tntenor,  must  greatly  ex- 
ceed the  foreign  commerce. 

From  the  official  report  of  the  treasury  depart* 
ment,  it  appears,  that  the  imports  into  the  United 
States,  during  the  year  ending  September  30,  1829, 
amounted  to  74,492,527  dollars,  of  which  amount 
69«325,552  dollars  were  imported  in  American  ves- 
sels, and  5,166,975  dollars  in  foreign  vessels ;  that 
the  exports,  during  the  same  year,  amounted  to 
72,358,671  dollars,  of  which  5&700,103  dollars  were 
of  domestic  produce,  and  16,^8,478  dollars  of  fo- 
reign produce ;  that  of  domestic  articles,  46,974,554 
dollars  were  exported  in  American  vessels,  and 
8,725,639  dollars  in  foreign  vessels ;  and  of  the  fo- 
reign articles,  15,114,887  dollars  were  exported  in 
American  vessels,  and  1,543,591  dollars  in  foreign 
vessels ;  that  872,946  tons  of  American  shippinjg  en- 
tered, and  944,799  cleared,  from  the  ports  of  the 
United  States ;  and  that  130,743  tons  of  foreign  ship- 
ping entered,  and  133,006  cleared,  during  the  same 
period. 

Thb  Canadas,  Nova  Scotia,  and  New  Bruns- 
wick. The  trade  of  the  two  Canadas  was  long  con- 
fined to  the  bare  produce  of  the  fisheries  and  the  fur 
trade.  But,  in  consequence  of  the  improvement  of 
the  British  colonial  system,  and  of  the  embargo  which 
was  imposed  on  the  American  trade  during  the  last 
war  of  the  United  States  with  Great  Britain,  it  has 
much  increased.  Its  exports  are  wheat,  flour,  corn, 
Wscuit,  fish,  oak  and  pine  timber,  staves,  masts,  lum- 
ber, Canadian  balsam,  spruce-beer, 'pot  and  pearl 
ashes,  cast-iron,  furs  and  skins,  castoreum,  ginseng; 
&c.  The  imports  are  wme,  rum,  sugar,  molasses, 
coffee,  tobacco,  salt,  coal,  and  British  manufactures. 
Since  1825,  the  trade  of  Canada  has  increased  rapidly. 
The  trade  is  mostly  with  the  British  West  India 
colonies  and  with  the  mother  countij.  They  do 
some  business,  however,  vrith  the  United  States. 
The  trade  which  they  have  with  the  Indian  tribes, 
consists  merely  of  barter. — ^Nova  Scotia,  and  -New 
Brunswick,  have  nearly  the  same  exports. 

Mbxico.  The  commerce  of  Mexico  is  at  present 
checked  by  natural  and  political  causes.  The  want 
of  river  communication  is  a  great  impedunent  to  its 
internal  commerce.  Roads  lead  from  the  plateaux  to 
the  seaports,  but  they  are  very  imperfect,  and  beasta 
of  burden,  therefore,  are  preferred  to  carriages,  which 
would  not  be  able  to  make  their  way.  The  prindpai 
objects  of  export  are  gold  and  silver,  either  in  bullion, 
coined,  or  worked  up  in  various  ways;  cochineal, 
sugar,  flour,  indigo,  salt  meat,  dried  vegetables, 
tanned  hides,  sarsaparilla,  vanilla,  jalap,  soap.  Cam- 
peachy  wood,  and  pimento  of  Tabasco.  Among  the 
articles  imported  are  woollen  cloths,  silks  of  Lyons, 
linen  from  Germany,  white  and  printed  calicoes  from 
France,  England,  and  the  United  States,  paper, 
china,  spirits,  cacao,  quicksilver,  iron,  steel,  wine, 
wax,  jewellery,  watches  and  clocks,  and  all  kinds  of 
ornaments.  In  1826,  1267  vessels  entered  the  ports 
of  the  republic.  The  chief  port  of  Mexico  is  Vera 
Cruz.  Mexico,  the  capital,  is  a  commercial  place,  as 
we  might  easily  suppose  to  be  the  case  in  a  country 
in  which  very  little  is  manufactured,  and  which  is  so 
fertile.  A  part  of  the  commerce  of  the  United  States 
with  Mexico  is  carried  on  by  means  of  caravans, 
which  go  from  the  state  of  Missouri  to  Santa  F^,  in 
Texas.  The  smuggling  trade  in  Mexico  is  very  great. 
The  chief  commercial  cities  of  Mexico  are  Acapulco 
and  Vera  Cruz.    Acapulco,  or  Los  Reyes,  carries  on 
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m  CQDsktmble  trade  with  the  niilippines,  and  the 
coasts  of  Quito  and  Peru.  To  Manilla  a  galleon 
used  to  be  sent  from  this  port  every  year,  freighted 
witii  sthrer,  cochineal,  cacao,  sweet-oil,  Spanish  wool, 
and  European  toys.  This  brought  back  muslins, 
printed  linen,  silks,  Chinese  goods,  groceries,  spices, 
and  precious  stones.  Guatimala  is  celebrated  for  its 
bdigo,  which  is  noted  for  its  hardness,  lustre,  and 
weight. 

South  Ambrica .  South  America  has  many  articles 
of  trade.  The  mineral  treasures  of  the  country  are 
boundless.  In  the  I6th  century,  gold  and  silver  ex- 
isted in  such  profusion,  tJiat,.for  26  years,  13,000,000 
dollars  are  said  to  have  been  annually  exported  to 
Spain  from  Peru  alone,  exclusive  of  what  was  sent 
in  bars.  These  precious  metals  are  found  throughout 
Peru,  Chili,  and  the  upper  section  of  Tucuman, 
especially  in  the  Cordilleras ;  but,  in  addition  to  gold 
and  silver,  this  immeasurable  chain  of  mountains 
allbrdSfCopper,  lead,  iron,  and  platina.  The  richest 
mines  of  South  America  are  those  of  the  province 
Las  Charcas,  in  the  territory  of  the  former  vice- 
royalty  of  Buenos  Ayres.  There  are,  in  that  dis- 
trict, 30  gold  mines,  27  silver  mines,  7  copper,  1  tin, 
and  7  lead  mines.  The  richest  of  these  mines  are 
those  of  Potosi,  which  are  situated  near  the  sources 
cf  tiie  La  Plata.  Acosta's  account,  that,  during  40 
years  that  the  mines  had  been  wrought,  they  had 
yielded  12,000,000,000  dollars,  b  much  exaggerated. 
But  we  gather  from  official  reports,  that,  from  the 
tone  of  tbe  discovery  of  America  till  1538,  the  fifth 
part,  accruing  to  the  kmg,  of  all  the  silver  obtained 
from  the  mines  of  Potosi,  and  registered,  amounted  to 
396,619^000  dollars;  so  that,  when  39  years  had 
elapsed  from  the  discovery  of  America,  41,265,043 
dollars  were  obtained  annually,  exdusive  of  the  con- 
siderable quantities  which  undoubtedly  were  con- 
veyed from  the  country  s«M:retly,  and  without  the 
payment  of  duties,  and  of  that  which  was  used  for 
making  siWer  vessels,  images,  and  ornaments  for  the 
monasteries  and  churches,  which  must  have  amount- 
ed to  an  immense  sum,  since  all  the  religious  estab- 
lishments in  the  country,  and  especially  in  the  city 
of  Potosi,  were  very  nch  in  silver  vessels.  But, 
whether  owing  to  the  exhaustion  of  the  mines  them- 
selves, or  the  faulty  management  of  them,  the  profita 
have  since  diminished.  The  other  exporta  from  South 
America,  although  the  Spanish  and  Portuguese  di- 
rected their  chief  attention  to  the  obtaining  of  metals, 
are  very  considerable.  The  following  are  the  prin- 
cipal :  cochineal,  indigo,  cacao,  the  Peruvian  bark, 
bides,  ox  horns,  tallow,  wax,  cotton,  wool,  flax, 
hemp,  tobacco,  sugar,  coffee,  ginger,  pimento,  jalap, 
sarsaparilla,  ipecacuanha,  <guaiacum,  dragon's  blood, 
and  various  other  medicinal  gums,  dye-wood,  ebony, 
mahogany,  emeralds,  various  kinds  of  balsams,  &c. 

Ibe  duef  commercial  cities  of  South  America  are 
Rio  Janeiro,  Buenos  Ayres,  Lima,  Carthagena,  Ca- 
racas, Potosi,  and  Bahia.  Buenos  Avres  was  in  pos- 
session of  the  transit  trade  of  all  the  Spanish  pos- 
sesst<nia  in  America,  and,  before  the  begmning  of  the 
revolution,  was  the  mart  of  the  trade  of  the  mother 
country  and  ita  colonies.  The  principal  source  of 
gain  for  Caracas  is  the  cacao  plant,  as  it  supplies 
nearly  two-thirds  of  the  European  demand.  The 
hides  and  skins  which  it  exporte  are  superior  to  those 
ef  Buenos  Ayres ;  and  the  rich  ore  from  the  copper 
mines  of  Aroa  is  superior  to  the  Swedish,  or  to  that 
of  Coquimbo,  in  Quli.    The  internal  trade  of  South 


America,  especially  between  Buenos  Aatcb  and  Peru, 
is  very  considerable.  That  with  the  Indian  tribes  is 
chiefly  in  the  way  of*  barter ;  axes,  knives,  scissors, 
swords,  necklaces,  mirrors,  and  coarse  cotton  and 
woollen  goods,  being  exchanged  for  the  productions 
of  the  country,  especially  the  celebrated  Paraguay 
tea,  and  some  fine  furs. 

Brazil  has  three  great  commercial  cities — Rio  Ja- 
neiro, Bahia,  or  St.  Salvador,  and  Pernambuco.  The 
exports  are,  chiefly,  cotton,  indigo,  sugar,  coffee,  rice, 
tobacco,  tallow,  mahogany,  Peruvian  bark,  ipeca- 
cuanha, hides,  gold,  cacao,  vanilla,  the  diamond,  the 
topaz,  chrysolite,  amethyst,  and  other  precious  stones, 
and  a  great  variety  of  dye-stuffs,  balsams  and  gums, 
dried  beef,  and  India-rubber  shoes.  The  greater  part 
of  the  Brazilian  trade  is  in  the  hands  of  the  English. 
The  imports  are  iron,  steel,  copper  utensils,  salt, 
woollen  cloths,  linen,  calicoes,  hats,  shoes  of  all 
kinds,  china,  glass-ware,  trinkets,  books,  paper, 
watches,  clocks,  and  particularly  East  India  goods, 
such  as  are  not  raised  in  Brazil.  Portugal  sends  to 
Brazil  wine,  oil,  spirits,  hats;  the  United  States, 
send  flour,  turpentine,  and  furniture.  Naval  muni- 
tions, sailors'  clothes,  and  arms,  are  likewise  imported. 

Colombia,  consisting  of  Venezuela  and  New  Gre- 
nada, says  Alexander  Humboldt,  has  received  from 
nature  a  greater  and  richer  variety  of  vegetable  pro- 
ducta,  suited  for  commerce,  than  any  odier  country 
of  Spanish  America ;  yet  its  commerce  has  been  de- 
clining every  year  since  ita  separation  from  Spain. 
In  Colombia,  Peruvian  bark  is  found  of  the  best  qua- 
lity, and  in  the  greatest  quantity.  Coffee,  indigo,  su- 
gar, cotton,  cacao,  ipecacuanha,  the  tobacco  of  Va- 
rinas,  hides,  and  dried  meat,  pearls,  gold,  platina, 
&c.,  are  obtained  in  this  highly  favoured  country. 
Ita  importa  embrace  all  kinds  of  manufactured  goods, 
oil,  soap,  ropes,  paper,  in  fact  almost  every  thing 
which  is  wanted  by  the  indolent  inhabitanta,  and 
made  by  the  hands  of  men;  for  the  people  them- 
selves manufacture  hardly  any  thing.  Humboldt  has 
estimated  the  exporte  of  Colombia  at  9,000,000  dol- 
lars, and  its  importa  at  11,200,000  dollars.  M.  Mol- 
lien  estimates  the  former  at  8,000,000  dollars,  and 
the  latter  at  10,000,000  dollars.  The  state  of  this 
country,  at  the  present  moment,  prevents  the  pos- 
sibility of  obtaining  accurate  information  on  tihis  sub* 
ject.  The  porta  of  La  Guayra  (harbour  of  Caracas), 
Rio  del  Hacha,  St.  Martha,  Carthagena,  Chagres, 
Porto  Cabello,  Panama,  and  Guayaquil,  are  the  most 
frequented  by  strangers.  The  English,  from  Jamaica, 
the  Americans  &nd  French,  are  the  nations  who  trade 
principally  with  the  Colombians  in  the  Atlantic  porta; 
the  Peruvian  vessels  carry  on  the  coasting  trade  of 
the  Pacific. 

Buenoi  Ayres,  like  all  the  other  South  American 
states,  is  in  an  unsettled  condition.  The  chief  exporte 
of  this  country  are  horse  and  ox  hides :  in  fact,  Bue- 
nos Ayres  may  be  called,  by  way  of  eminence,  the 
country  of  cattle.  Ita  importa  indudc  all  the  manu- 
factured articles  which  the  inhabitanta  make  use  of. 
England  sends  thither  woollen  and  cotton  cloth,  cut- 
lery, hardware,  furniture,  saddlery,  hata,  porter,  and 
cheese ;  the  United  States,  lumber,  cod-fiish,  mackerel 
and  herrings,  leather,  gunpowder,  provisions;  from 
Brazil  are  sent  sugar,  coffee,  cotton,  rum ;  steel  and 
iron,  from  the  norUi  of  Europe ;  and  France  suids 
her  manufactures.  The  exporte  and  importa  are  es- 
timated at  9*000,000  dollars. 

The  commerce  of  Chili  is,  at  present,  in  a  low  con^ 
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dition.    Its  rich  mines  are  pooriy  mana^,  and  the      A  new  path  hae  been  laid  open  to  the  commiKa  o' 


political  state  of  the  country  prerents  its  commerce 
mm  acquiring  that  activity  which  it  might  easily 
attidn  by  the  export  of  the  precious  metals  of  the 
country  to  the  East  Indies,  to  give  m  return  for  sugar 
and  cotton.  It  could  also  provide  Peru  with  salt 
meat,  and  take  in  return  coffee,  sugar,  &c.  Cald- 
cleugh  estimates  the  English  importations  into  Val- 
paraso,  in  1822,  at  4,071,250  francs,  and  Lowe  at 
47,248,625  francs,  for  the  same  year.  The  United 
States  send  thither  flour. 

Peru  trades  with  the  United  States,  with  Europe, 
the  Philippine  islands,  Guatimala  and  Chili,  and  by 
land,  with  Buenos  Ayres.  Its  exports  are  chiefly 
gold  and  silver,  wine,  brandy,  sugar,  pimento,  Peru- 
vian bark,  salt,  vicuna  wool,  and  coarse  woollens. — 
It  receives  in  return,  from  the  United  States,  bread- 
stuffs  and  manufactures  of  various  sorts  ;  from  Eu- 
rope, manufactured  goods,  particularly  silks,  fine 
cloth,  lace,  fine  linen,  and  other  articles  of  luxury 
and  show ;  from  the  Philippine  islands,  muslins,  tea, 
and  other  East  India  goods ;  from  Guatimala,  indigo ; 
from  Chili,  wheat  and  copper;  and  from  Buenos  Ayres, 
mules  and  Paraguay  tea.     Calao  is  the  port  of  Lima. 

The  commerce  of  Central  Jmeriea,  or  Guatimala, 
is  increasing  in  activity.  Colonial  commodities,  chiefly 
sugar,  coffee,  cacao,  cotton,  indigo,  cochineal,  ebony 
and  logwood  (from  the  bay  of  Honduras),  are  the 
principal  exports  sent  to  Europe  and  some  of  the 
United  States.  The  imports  are  linen,  from  (Germany 
and  France ;  woollen  cloths,  silks  and  wines,  from 
France;  English  and  French  calicoes;  flour,  and 
some  manufactured  goods,  from  the  United  States. 
This  country  is  well  adapts  for  commerce,  on  ac- 
count of  its  nne  harbours  and  several  navigable  rivers. 
A  canal  across  the  isthmus  would  be  of  vast  benefit 
to  this  country ;  in  fact,  the  execution  of  such  a  canal 
would  bear  a  similarity  to  some  of  those  great  inven- 
tions, which  have  changed  the  face  of  the  world. 

The  English,  Dutch  and  French  possessions  in  South 
America  are  Demerara,  Berbice,  Esaequiho,  Surinam, 
and  Cayenne,  From  Cayenne  are  exported  cloves, 
Cayenne  pepper,  annotta,  sugar,  cotton,  coffee,  and 
cacao ;  from  Berbice,  rum,  sugar,  cotton,  cacao,  &c. ; 
from  Demerara,  Surinam,  and  Essequibo,  sugar, 
rum,  cotton,  coffee,  and  molasses. 

West  IndieB,  The  chief  islands  which  constitute 
the  West  Indies  are  Cuba,  St.  Domingo,  or  Hayti, 
Jamaica,  Barbadoes,  Dominica,  St.  Christopher,  or 
St.  Kitf  s,  Cura9ao,  and  Guadaloupe.  They  have  all 
very  nearly  the  same  productions,  viz.  sugar,  coffee, 
wax,  ginger  and  other  spices,  mastich,  aloes,  vanilla, 
quassia,  manioc,  maize,  cacao,  tobacco,  indigo,  cot- 
ton, molasses,  mahogany,  long  peppers,  lignum-vitae, 
Campeachy  wood,  yellow  wood,  gums,  tortoise-shell, 
rum,  pimento,  &c.  Before  St.  Domingo  or  Hayti 
became  an  independent  government  of  blacks,  it  was 
the  dep6t  of  the  goods  brought  from  Havannah,  Vera 
Cruz,  Guatimala,  Carthagena,  and  Venezuela ;  but, 
since  that  event,  Jamaica  hiEis  been  the  magazine  of  all 
goods  from  the  Gulph  of  Mexico.  Trinidad  b  the 
great  seat  of  the  contraband  trade  with  Cumana,  Bar- 
celona, Margarita,  and  Guiana.  The  imports  are  ma- 
nufactures of  all  kinds,  wine,  flour,  and,  formerly, 
riaves,  who  are  still  smuggled  into  many  of  the  is- 
lands. The  West  Indies  ft>rm  one  great  source  of 
the  commerce  of  the  world ;  and  we  must  refer  the 
reader,  for  more  particular  information,  to  the  articles 
on  the  diflferent  islands. 


the  world  by  the  British,  in  the  Sonthem  ocaaii» 
where,  of  late,  the  Sandwich,  the  Friendly,  and  ^ 
Society  islands  have  been  taken  within  the  circle  of 
European  and  American  intercourse;  and  in  Aus« 
tralia  and  Van  Diemen's  Land,  a  great  market  haft 
been  established  for  the  exchange  of  British  mann- 
fhctures  for  the  productions  of  nature;  while  the 
North  Americans  have  attempted  to  found  commercial 
settlements  on  the  Washington  (Nukahiva)  and  other 
islands  of  the  Pacific,  where  they  have  pursued  a 
system  of  trade,  as  honourable  and  creditable  to  their 
merchants,  as  it  will  be  ultimately  beneficial  to  theiir 
country. 

Commission.  The  rule  known  in  commercial 
arithmetic  by  the  name  of  commission,  b  identical 
widi  that  of  brokerage,  and  reposes  on  the  same  prin- 
ciples with  interest,  discount,  insurance,  and  a  vari- 
ety of  other  rules,  whidi  are  usually  made  the  sul^ect 
of  distinct  consideration  in  most  of  our  treatises  on 
arithmetic.  It  is  frequently  necessary  in  mercantile 
transactions,  for  one  individual  to  employ  another  to 
effect  a  sale  or  purchase  which  he  is  himself  prevent^ 
ed  from  making.  In  all  commercial  communities  thia 
emplo3nEnent  is  generally  assigned  to  a  separate  clMa* 
called  brokers,  or  commission  agents;  and  the  remu* 
neration  which  they  receive  for  their  services  is  teite* 
ed  brokerage,  or  commission.  Tlie  amount  of  this 
commonly  depends  on  the  value  of  the  propert)^ 
bought  or  sold,  for  every  100/.  of  whidi  the  broker 
charges  a  certain  sum,  determined  according  tX)  •»» 
^blished  usuage  or  special  agreement:  If  ^a  sum 
be  \l.  the  rate  of  the  commission  is  said  to  be  1  per 
cea/.  (per  cent,  being  a  contraction  of  per  oeuinm, 
which  is  the  Latin  of /or  an  Amdred);  tf2/.itbBaid 
to  be  3  per  cent,  or  2j.  for  every  hundred;  if  31,  3 
per  cent.,  and  if  ^l,  or  lOt.,  it  is  tenned  half  per 
cent. 

It  is  very  easy  to  ascertain  what  is  the  commissioii 
to  be  paid  on  any  transaction.  As  the  agent  iato  hava 
a  certain  sum  (according  to  the  rate  agreed  upon)  for 
every  lOOZ.  contained  in  the  amount  of  tiie  sale  ot 
purchase  he  has  effeeted,  the  whole  commission  wiH 
be  that  sum  taken  as  many  times  as  there  are  100/* 
la  tiiat  amount.  Thus  the  commisiaon  on  5001.  at  2 
per  ceqt.  will  be  10/. ;  for  there  are  five  one  hmir^ 
oomtds  in  the  amount  600/.,  and  5x3sslO.  Hence 
we  deduce  the  following  rule:^ — ^Divide  ^e  amount  of 
the  sale  or  purchase  by  100,  and  multiply  1^  qooti* 
ent  by  the  rate  of  the  per  eentage. 

Let  us  take  an  example,  to  &id  the  oomniission  op 
339^.  at  2i  per  cent. ;  employing  the  deoimal  note  line, 
we  have 


3dy 
100 


X   3i  =  3.30   X   2.5  3=:  8.476 


and  converting  the  fractional  parts  of  a  pouiKl  into 
shillings  and  pence,  this  result  becomes  8L  9s.  6c/. 

CoMMODORB ;  a  general  ofilcer  in  the  British  ma-  • 
rine,  invested  with  the  command  of  a  detachment  of 
ships  of  war  d^tined  for  any  particular  entttprise. 
He  retains  this  title  only  during  the  continuance  of 
the  expedition,  during  which  1^  has  the  rank  of  a 
brigadier-general  in  the  army,  and  his  ship  is  distin^. 
guished  from  others  in  his  squadron  by  a  broad  red 
pendant.  The  eldest  captain  of  three  or  more  veasela 
cruising  in  company  is .  often  c  ailed  Oummodart  by 
courtesy.  In  the  United  States,  the  title  conunodort. 
is  only  given  by  courtesy,  hot  oflfidalLy.  ^  * 


COMMQDOHS    SHiP-r*^QiyiPA88. 

GoioceBomm  Sriv,  m  a  feet  of  merchantmen^ 
is  lite  conw^  and  principal  9hip,  which  lead*  the 
otiiar  Tesiels,  and  keeps  them  togethis',  beariAg  a 
light  in  her  top. 

CoMPAirr,  in  miliary  language;  a  small  body 
of  foot  Of  artillery*  the  number  of  irtuch  varies,  bat 


aa? 


calledpotii<9o//Ae  ooN^NW.  The  needle  ahraya  pomta 
to  the  north  (exceptmg  slight  Tariations),  and  ^ 
direction  which  the  ship  b  steering  is  therefore  de* 
termined  by  a  mere  inspection  of  the  oanL  This  ap- 
paratus is  enclosed  in  a  brass  box,  witji  a  glass  ao^ 
vering,  to  allow  the  card  to  be  seen  without  being 


of  the  vessel.  The  whole  is  then  placed  in  the  bin-t 
nacle,  in  sight  of  the  man  at  the  helm.  On  the  in- 
side of  that  part  of  the  compass-box  which  is  directly 
on  a  line  with  the  vessel's  bow,  is  a  plear  black  strokq> 
called  the  lubber-line,  which  the  steersman  uses  to 
keep  his  required  course;  that  is,  he  must  always 
keep  the  point  of  the  card,  which  indicates  his  course, 
coinciding  with  the  lubber-line.  The  compass  here 
described  is  called  the  aieerinff  wmpan. 

We  have  now  to  notice  an  imnroyement  on  the 
common  compass,  fn  high  northern  and  southern 
latitudes,  the  opposite  ends  of  the  needle  dip  to  sa 
great  an  extent  as  to  preohide  the  motion  of  the  in- 
strument. To  prevent  this  inconvenience,  a  eopipasB 
has  lately  be  en  constructed  which  allows  die  needle  a, 
to  dip  without  destrovin^;  the  equilibrium  of  the  card 
to  which  it  is  attached.  The  curve  described  by  the 
extemity  of  the  needle^  is  shown  by  the  dotted  me  (?, 


in  the  English  army  is  generally  from  50  to  I  ^^  disturbed  by  the  vrind.  This  again  is  freely  suspend* 
commands^  by  a  captain,  alieutenant,  and  an  ensign^  ed  within  a  larger  box,  so  as  to  prevent,  as  much  aa 
and,  sometimes,  by  a  first  and  second  lieutenanti  as  possible,  the  needle  from  being  a0ecte4  by  the  motion' 
in  the  artillery  and  flank  oem)>ame8  of  the  llne^  '^'^  '     r«,       »   , 

In  the  Austrian  and  Prussian  armies,  companies 
are  stronger.  In  France,  the  strength  of  a  company 
has  varied  T^ry  much.  Ii^^former  times,  a  company 
consisted  of  from  25,  30,  40,  up  to  200  men ;  in 
1703,  of  80  men;  in  1808,  ^hey  had  137  men;  in 
1814,  72  men;  in  1823,  80  men.  In  1899,  a  French 
battalion  was  composed  of  8  companies,  and  a  regi- 
ment of  a  battalions. 

OoMPABATivE  AiCATOiiT  is  the  scieuce  which  in- 
vfsdgatea  te  anatomy  of  all  animals  with  the  view 
to  oompare  them,  to  ex||»lam  one  by  means  of  the  o- 
thers,  and  to  classify  tl^  tarious  kinds  according  to 
their  anatomical  structure.  As  comparison,  and  the 
formaticm  and  extension  of  genera  and  species,  are 
the  ddight  of  the  naturalist,  comparative  anatomy  is 
oae  of  the  most  interesting  sciences.  The  want  of 
■B  organ  in  certain  classes  of  animals,  or  its  existence 
under  tfifferent  modifications  of  form,  structure,  &c.» 
cannot  fiiil  to  suggest  interesting  oondusions  con- 
cerning tiie  office  of  the  same  part  in  the  human  sub- 
ieot.  Thus  cqmpwnitiva  anatomy  is  of  the  hi^l^t 
importance  to  physiology.  Haller  observes,  very  just- 
ly, ^'Physiolc^y  h^  been  more  illustrated  bv  com- 
parative anatomy  than  by  the  dissection  of  the  numan 
body."  Without  comparative  anatomy,  the  natural 
history  of  animals  would  always  have  remained  in  a 
backward  state,  more  so  even  than  mineralogy  with- 
out the  aid  of  chemistry.  And  it  is  to  comparative 
anatomy  that  we  owe,  in  a  great  measures  that  more 
liberal  view  of  nature  which  belongs  to  modem 
times  and  considers  all  nature,  man  included,  a9  one 
unbroken  whole.  See  Anavomt  and  Physioloqt. 
Tim  comparative  anatomy  of  the  lower  orders  of 
the  animal  kingdom  will  be  fully  discussed  in  pur 
division  devoted  to  NxTUiiAi  History. 

Compass,  thb  MARnraa's.  The  ancients,  whose 
only  guides  on  the  trackless  vi^aters  were  the  heavenly 
bodies,  so  often  covered  by  douds,  toold  not  vent 
tare  for  firom  lAiore.  It  is  the  oompasa  whidi  has 
enabled  man  to  steer  boldly  across  tire-  deep.  The 
inTentor  of  this  great  instrument  shaves  tlie  fate  of 
tiie  authors  of  many  of  the  noblest  inventions.  He 
cannot  be  precisely  ascertained*  Some  call  him  Fla- 
vio  Gioja ;  others,  Giri,  a  native  of  Amalfi,  in  Na- 
ples, at  the  beginning  of  the  14th  century;  but  there 
are  proofs,  that  the  use  of  the  magnetic  needle,  in 
pointing  out  the  north,  was  known  at  an  earlier  pe- 
riod in  Europe,  and  that  a  cpntrivance  similar  to  a 
compass  went  under  the  name  oimarimett^  in  France, 
as  early  as  the  12th  century.  The  Endish  first  sus- 
pended the  compass,  so  as  to  enable  it  to  retain  al- 
ways a  horizontal  position,  and  the  Dutch  gave 
names  to  the  divisions  of  the  card.  The  earliest 
missionaries  to  China  found  the  magnetic  needle  in 
use  in  that  country. 

The  compass  is  composed  essentially  of  a  magnetic 
needle,  suspended  freely  on  a  pivot,  and  containing 
a  card  marked  with  the  32  points  of  direction  into 
whidi  the  horizon  is  divided,  and  which  are  titence 


^^lilfff^-^^f^if^tX. 


the  card  retaining  its  horizontal  position,  whilst 
the  cap  6,  remains  equally  balanced  on  the  point  c— 
To  effect  this,  the  compass  bar,  or  needle,  is  suspend- 
ed by  a  joint,  consisting  of  two  small  pivots  resting 
in  a  frame.  The  cause  of  the  "dip,**  to  which  we 
have  alluded,  will  be  explained  under  the  article 
Dipping  Nbedlk.  In  the  compasses  for  use  on  land, 
a  similar  effect  is  produced  by  a  small  sliding  vreight 
placed  on  the  needle. — Its  situation  is  shown  in  the' 
bar  beneath. 


c 


I 

The  two  views  are  intended  to  exhibit  the  proper 
relative  proportion  of  the  sides  of  the  bar.  If  the 
bar  vTas  square,  less  effect  would  be  produced  with 
a  given  weight  of  metal  than  vdiere  this  form  is 
adopted. 

In  all  vessels,  and  especially  in  those  which  have 
large  masses  of  iron  on  board,  the  effect  of  the  metal 
tends  most  materially  to  impair  the  accuracy  of  the^ 
compass,  and>  in  some  cases,  to  cause  the  loss  of 
vessels  at  sea;  and  we  shall  now  briefly  notice  Mr.i 
Barlow's  admirable  discovery  of  a  method  of  oouur 
teracting  the  local  attraction  of  vessels.  For  thia 
discovery,  Mr.  Barlow  received  the  highest  reward, 
viz.  that  of  £500,  given  by  the  Board  of  Longitude, 
The  instrument,  as  constructed  by  Mr,  Barlow,  i« 
thus  described :    The  centre  of  a  small  ciiemlar  platf 
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of  iron,  shown  at  6  is  placed  in 
the  line  of  the  attraction  of  the 
ship's  iron»  and  at  a  proper  dis- 
tance behind  and  below  the  pi* 
votof  the  compass-needle,  a;  the 
position  of  this  line  having  been 
previously  ascertained,  an  ope- 
ration now  rendered  easy  by  the 
tables  for  this  purpose  prepared 
by  Mr.  Barlow,  and  given  with 
the  instnimemt.    When  this  is 

done,  the  needle  will  remain  in 

operation  in  the  polar  regions, 

and  direct  itself  in   the    true 

magnetic  meridian,  in  whatever 

part  of  the  world  the  ship  may 

be.    This  effect  of  Mr.  Barlow's 

invention  has  been  established 

by  experiments,  between  the  61^ 

of  south  latitude,  and  the  81^ 

of  north  latitude,  by  the  accu*> 

rate  observations  of  Lieutenant 

Foster,  and  other  naval  officers. 

With  respect  to  the  plate  itself,  ft  has  hitherto 
been  made  double,  viz.  of  two  plates  screwed  to- 
gether, in  such  a  manner  as  to  combine  any  strong 
irregular  power  of  the  one  with  a  like  weak  point  in 
the  other ;  by  which  means  a  more  uniform  attrac- 
tion is  obtained.  The  plates  may  vary  from  12  to 
16  inches  in  diameter,  according  to  the  power  of  the 
vessel.  They  have  a  hole  in  their  centre,  through 
which  is  passed  a  brass  socket,  with  a  broad  hei^, 
and  with  an  exterior  screw  or  nut,  by  which  the  two 
plates  and  an  interposed  piece  of  wood  of  the  same 
size  are  compressed  strongly  together,  the  board  be- 
ing intended  to  increase  the  thickness,  without  add- 
ing much  to  the  weight ;  and  it  is  found  that  the  two 
plates  thus  separated  are  more  powerful  than  when 
in  contact. 

Compasses,  or  Pair  of  Compasses;  amathema-; 
tical  instrument,  used  for  the  describing  of  circles, 
measuring  lines,  &c.  The  common  compasses  con- 
sist of  two  branches,  or  legs  of  iron,  brass,  or  other 
metal,  pointed  at  bottom,  and  joined  by  a  rivet, 
whereon  they  move  as  on  a  centre.  We  have  com- 
passes of  various  kinds  and  contrivances,  accommo- 
dated to  the  various  uses  for  which  they  are  intended. 

The  only  two  forms  which  require  a  particular  no- 
tice are  the  proportional  and  beam  compasses.  The 
first  of  these  is  represented  beneath. 
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add,  that  the  power  of  tiie  instmment  is  cauMtrMf 
increased  by  cutting  a  groove  in  both  limbs. 

The  beam  compass  consists  of  a  bar  with  two 
points,  one  of  which  is  fixed  and  the  other  moveable ; 
and  it  will  be  found,  on  inspecting  the  anmnred 
figure,  that  it  is  in  its  operation  precisely  simibr  to 
the  common  compass,  but  used  in  a  horizontal  poai* 
tion,  which  admits  of  a  greater  span  or  opening  be- 
tween the  two  points.*  The  moveable  point  oontaina 
the  pencil,  and,  in  the  best  instruments,  it  is  pro- 
vided with  an  adjustment,  as  shovm  beneath. 


They  consist  of  two  limbs  jointed  in  some  point 
intermediate  between  either  extremity.  If  in  the 
centre,  then  the  two  extreme  ends  will  describe  cir- 
cles of  the  same  diameter ;  but  if  at  one-fourth  from 
one  end,  then  a  drawing  maybe  reduced  to  one-third 
of  its  original  dimensions,  or  vice  versa.  We  exhibit 
an  instrument  thus  constructed  in  the  figure,  but  it 
possesses  a  species  of  delicate  adjustment  in  the 
•crew  passing  parallel  to  the  upper  limb,  which  en- 
mbles  the  artist  to  make  minute  alterations  in  the 

Seneral  proportions  of  the  fi^re.    This  he  may  effect 
y  turning  the  screw  and  slightly  changing  the  com- 
parative length  of  the  limbs.    It  may  be  proper  to 


n))))Ui. 


Complement,  Arithmetical.  We  observed,  im* 
der  the  head  of  subtraction,  in  the  article  Arithmetic, 
that  there  was  a  mode  of  subtracting  numbers  by 
means  of  what  is  termed  their  arithmetical  comple- 
ment, which  was  attended  in  peculiar  caibes  with  con- 
siderable advantage ;  we  will  now  explain  it  Sup- 
pose that  we  have  to  subtract  614  from  5347,  that 
is,  to  find  the  difference  of  5347—614  This  dif- 
ference  will  not  be  effected  by  adding  any  number  to 
it,  provided  that  at  the  same  time  we  subtract  the 
same  number  from  it.  Let  this  number  be  1000 ;  then 
5347—614  is  the  same  as  5347  +  (1000-^14)— 1000, 
or  as  5347  +  386-— 1000.  Now,  instead  of  386 — 
1000,  let  usvmte  1386,  incorporating  1000  with  386, 
but  at  the  same  time  marking  that  it  b  subtracted, 
by  putting  the  negative  sign  over  it,  so  that  5347 — 

1386,  has  the  same  meaning  as  5347  -|-  386 — 1000 ; 

1386  is  termed  the  arithmetical  complement  of  614. 
Similarly,  the  arithmetical  complement  of  1614  is 

18386,  or  of  252,  1748  or  (1000— 252)— 1000,  and 
that  of  84,  116  or  (100— 84)— 100. 

As  we  can  perform  such  a  subtraction  as  614  from 
1000  mentally,  and  obtain  the  result  almost  as  sooq 
as  we  could  write  down  614  itself,  the  advantage  of 
employing  these  complements  is  considerable,  where 
we  have  to  find  the  result  of  several  additions  and 
subtractions,  such  as  5347—1614  -h  18342—252  + 
640 — 84  ;  for  by  their  use  we  get  rid  of  every  sub- 
traction (with  the  exception  of  the  very  easy  one  of 
each  1000),  and  have  only  to  perform  an  operation  of 
addition.  Taking  the  arithmetical  complement  of 
each  of  the  numbers  to  which  the  negative  sign  is 
prefixed,  we  have 

5347 

18386 
18342 

1748 
640 

116 
22379 
*  This  method  is  much  more  expeditious  than  the 
ordinary  one  of  taking  separately  the  sum  of  the  posi- 
tive and  of  the  negative  terms,  and  then  finding  the 
difference  of  those  sums. 

Composite  Order.    See  Architecture. 

Compost,  in  Atw6aiidry  and  gardening;  several 
sorts  of  soils,  or  kinds  of  earthy  matter  mixed  toge- 
ther ;  or  a  mixture  of  earth  and  putrid  animal  sub- 
stance ;  in  fact>  any  artificial  manure  to  assist  vc^ge- 
tation. 


COMPOUND   NUMBER 


COMPRESSION    MACHINES. 
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"  CdMFOUHB  NvMBBES.  By  meaos  of  one  unit, 
and  its  fractional  parts,  we  are  perfectly  capable  of 
e]^rc88ing  accurately  the  magnitude  or-  tizt  of  any 
^ing.  If  tiie  only  unit  of  distance  we  employed 
were  a  very  small  one — for  instance,  that  known  by 
the  name  of  an  uicA — ^we  should  still  be  at  no  loss  to 
denofte  the  magnitude  of  any  body,  however  gpreat, 
by  simply  stating  how  many  inches  it  contained. 
Instead  of  I  mt/«,  we  should  say  63360  inches ;  in- 
stead of  1  fford,  36  inches ;  and  instead  of  1  foot, 
13  inches.  Again,  were  our  sole  unit  a  great  one — 
a  mile  for  example — it  would  still  suffice  for  all  pur- 
poses connected  iiuth  the  measurement  of  length ; 
1  yard,  1  foot,  and^  1  indi  would  be  just  as  precisely 
described  by  the  -rAjfth,  j^th,  and  nfoth  of  a  mile 
respectively.  But  either  of  these  methods  would  be 
attended  with  great  inconvenience ;  in  the  one  case 
it  would  be  necessary  to  employ  very  large  numbers, 
m  the  other  our  operations  would  be  greatly  encum- 
bered with  fractions.  Hence  it  is  customary  in  all 
civilized  communities  to  have  for  each  kind  of  thing 
a  scale  of  units  of  different  magnitudes  or  dmomma- 
tioms,  as  pounds,  shillings,  pence,  and  farthings,  for 
units  of  value,  in  England ;  miles,  furlongs,  poles, 
iathoms,  yards,  feet,  and  inches,  for  units  of  len^ ; 
seconds,  minutes,  hours,  days,  &c.,  for  units  of  time, 
and  so  on.  A  quantity  expressed  in  units  of  different 
denominations  is  called  a  compound  mumber. 
•  It  is  evident  that  numbers  may  easily  be  changed 
firom  one  denomination  into  any  other  of  the  same 
kind ;  the  rules  by  which  this,  change  is  effected  are 
those  of  Reduction,  Particular  rules  are  also  re- 
quisite for  the  addition,  subtraction,  multiplication, 
ioA  division  of  compound  numbers ;  these  we  shall 
slow  state. 

To  add  compound  numbers  together,  the  common 
rule  is :  write  them  under  one  another,  the  numbers 
of  the  same  denominations  being  all  in  the  same  co- 
lumn ;  add  together  those  composing  the  column  of 
the  lowest  denomination,  and  reduce  it  as  far  as 
practicable  into  the  next  higher ;  write  under  the  co- 
lunm  of  the  lowest  denomination  the  part  of  its  sum 
that  remains  of  that  denomination  after  the  operation 
of  reduction  has  been  performed,  and  carry  the  other 
part  to  the  next  column;  proceed  through  all  the 
other  columns  in  the  same  manner. 

For  example,  the  sum  of  \l,  16«.  ^.,  and  Al.  7«.  M, 
most  evidently  be  1/.  +  42.  16«.  +  7«*  and  9^^.  -|-  6c{., 
or  5/.  23«.  15d. ;  but  \bd,  is  equal  to  1«.  3d.,  and 
23#.  is  equal  to  IZ.  3«. ;  therefore  the  sum  becomes 
5^  +  1'-  3«.  -h  U,  and  3d.,  or  62.  4«.  3d. 

The  rule  for  the  subtraction  of  one  compound 
number  from  another  is  this :  write  the  number  to 
be  subtracted  under  the  other,  as  in  addition.  When 
a  number  of  any  denomination  in  the  upper  number 
is  less  than  the  corresponding  one  in  the  lower,  add 
a>  it  as  many  units  of  that  denomination  as  will 
make  one  unit  of  the  next  higher  denomination,  tak- 
ing care  at  tiie  same  time  always  to  increase  the 
number  of  the  next  higher  denomination  in  the 
lower  number,  by  unity  ;  then  subtract  the  number 
of  each  denomination  in  the  lower  number  from  the 
number  of  the  corresponding  denomination  in  the 
Upper. 

Let  us  take  for  an  example,  to  find  the  difference 
between  7/.  7«.  3d.  and  4/.  18tf.  6d.  Here,  as  the 
number  of  the  denomination  of  pence  in  the  minuend 
(die  upper  number  of  the  rule)  is  less  than  the  num- 
ber of  the  same  denomination  in  the  subtrahend  (or 


lower  number  of  the  rule),  we  add  to  it  as  many 
units  of  that  denomination  (which  is  that  of  pence)» 
as  are  equal  to  one  unit  of  the  next  higher  denomina- 
tion (or  that  of  shillings),  namely  12 ;  at  the  same 
time  adding  to  the  number  of  the  next  higher  denomi- 
nation in  the  subtrahend  1«.,  which  is  equivalent  to  the 
1 2d.  we  have  given  to  the  minuend.  The  pence  number 
of  the  minuend  thus  becomes  15,  and  greater  than  the 
pence  number  of  the  subtrahend ;  and  the  shillings' 
number  of  this  latter,  18,  becomes  by  the  addition  of 
the  !«.,  19 ;  this  again  being  greater  than  7>  the  shil- 
lings' number  of  the  minuend,  we  increase  this  smaller 
one  by  20 — the  number  of  units  of  the  denomination 
of  shillings  necessary  to  make  one  unit  of  the  next 
higher  denomination,  or  that  of  pounds,  taking  care 
also  to  add  one  of  these  equivalent  units  to  the  4/.  of 
the  subtrahend,  thus  to  make  it  52.  Tlie  difference 
required  will  then  be  72-— 52,  27*.— 19».  15d.— 6d. ;  or 
22.  8«.  9d. 

To  multiply  a  compound  by  a  simple  number,  the 
ordimuy  rule  is  this : — ^multiply  the  number  of  every 
denomination  in  it  bythe  simple  number,  and  reduce 
each  result  to  the  highest  denomination  to  which  it  is 
susceptible  of  reduction.  There  is,  however,  a  much 
better  way  of  performing  this  operation  by  means  of 
the  rules  of  Practice, 

To  divide  a  compound  number  by  a  simple  number : 
Divide  the  number  of  the  highest  denomination  by 
the  divisor,  and  write  the  whole  part  of  the  quotient 
as  the  number  of  that  denomination  in  the  general 
required  quotient ;  reduce  the  remamder,  if  any,  to 
the  next  lower  denomination,  and  adding  it  to  the 
number  of  that  denomination  in  the  dividend,  proceed 
as  before,  continuing  this  mode  of  operation  till  the 
number  of  every  denomination  has  been  divided ;  the 
several  partial  quotients  obtained,  form  the  numbers 
of  the  different  denominations  of  the  general  quotient. 

It  is  unnecessary  to  say  any  thing  on  the  last  two 
rules,  as,  together  with  the  first  two  we  have  already 
spoken  of,  they  are  founded  on  the  same  principles  as 
the  similar  operation,  or  simple  numbers,  which  we 
have  fully  developed  in  the  article  Abithmetic.  The 
multiplication  and  division  of  one  compound  number 
by  another,  will  come  more  properly  under  the  head 
of  Pbacticb. 

CoMPRBssiBiLiTT ;  the  quality  of  bodies  of  being 
reducible,  by  sufficient  power,  to  a  narrower  space, 
in  consequence  of  their  porosity,  without  diminishing 
their  quantity  of  matter.  All  bodies  are  probably  com- 
pressible, though  the  liquids,  in  particular,  offer  an 
almost  invincible  resistance  to  compression.  Those 
bodies  which  occupy  their  former  space  when  the 
pressure  b  removed,  are  called  elastic. 

COMPRESSION  Machines;  instruments  for  com- 
pressing or  condensing  elastic  fluids.  Such,  for 
instance,  is  an  air-pump  with  cocks,  by  whidb 
the  air  can  be  condensed  in  tight  vessels.  For  the 
compression  of  liquids  a  very  ingenious  experimentor 
has  constructed  a  metallic  cylinder  of  21  inches 
511  lines  high,  and  3i  inches  7i  lines  in  diameter, 
1  inch  2i  lines  thick.  This  cylinder  is  filled  with 
water,  and  an  iron  piston,  covered  with  leather, 
and  exactly  fitting  the  bore,  is  pressed  into  it.  For 
this  pressure,  a  screw  was  first  used ;  but,  in  order 
to  produce  a  better  application  of  the  power,  a  lever 
was  afterwards  employed  to  force  down  the  piston. 
A  mark  on  the  piston  shows,  by  its  distance  from  a 
little  ledge  acfoss  the  cylinder,  how  far  the  piston 
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Has  been  forced  down,  and,  when  the  force  subsides, 
how  far  it  has  been  driven  up.     See  Condensation. 

Concave  ;  hollow ;  the  reverse  of  convex. 

Concave  Lens  ;  an  epithet  for  glasses  ground 
hollow  on  the  inside,  so  as  to  refract  the  riays  of 
light. 

Concave  Mirrors.    See  Optics. 

Concentration,  in  ehemUhy ;  the  act  of  in- 
creasing the  strength  of  fluids,  by  volatilizing  pM  of 
their  water. 

Concentric  ;  an  epi^et  for  figures  having  one 
common  centre. 

Concert  ;  a  musical  performance,  in  which  any 
number  of  practical  musicians,  either  vocal  or  instru- 
mental, or  Doth,  unite  in  the  exercise  of  their  respec- 
tive talents.  The  concerts  of  the  ancient  Greeks 
were  executed  only  in  the  unison  or  octave. 

Concerto  ;  a  kind  of  musical  composition,  which 
is  an  imitation  of  the  solo  song  with  accompani- 
ments— in  short,  an  imitation  of  the  aria.  In  the 
concerto,  one  chief  instrument  is  distinguished,  and 
leads  the  rest.  In  the  case  of  such  concertos,  the 
performance  is  called  after  this  instrument,  or  it  is 
called,  in  general,  concerto  di  camera.  The  term 
doubk  concerto  is  used  if  there  are  two  chief  instru- 
ments. 

Concerto  Groseo  is  an  expression  applied  to  the 
great  or  grand  chorus  of  tne  concert,  or  to  those 
places  of  the  concert  in  which  the  ripienoe  and  every 
auxiliary  instrument  are  brought  into  action,  for  the 
sake  of  contrast  and  to  increase  the  effect. 

Concerto  Spirituak  was  a  concert  at  Paris,  per- 
formed in  the  religious  seasons,  when  the  theatres 
were  closed.  The  pieces  performed,  however,  were 
not  always  of  a  spiritual  kind.  It  was  introduced  in 
1725,  by  Anne  Danican,  called  PfuUdor. 
'  Concha  Auris,  in  anatomy ;  the  large  hollow  of 
the  external  ear. 

Concord  ;  an  expression  used  in  music.  It  denotes 
an  association  of  sounds,  founded  on  the  natural 
relations  of  simultaneous  tones.  Upon  this  asso- 
ciation depends  all  harmony ;  in  fact,  every  proper 
chord  is  of  itself  harmony ;  hence,  the  expression 
harmony  qf  the  dominant.  In  its  proper  acceptation, 
harmoty  is  the  result  of  connected  tones  in  consecu- 
tive chords. 

With  regard  to  their  simultaneous  expression, 
however,  tones  differ  in  their  relations.  Some,  by 
the  mere  act  of  being  sounded  together,  convey  to  the 
ear  a  sense  of  pleasure.  They  harmonize  in  them- 
selves, and  are  therefore  termed  consonant  chords,  or 
concords.  Take,  for  example,  one  tone  as  the  funda- 
mental tone ;  then,  to  form  a  concord,  all  the  other 
tones  must  harmonize  with  it  and  with  each  other. 
T^  idea  of  a  chord  has  no  reference  to  the  number 
of  consonant  tones  of  which  it  is  formed.  The  most 
simple  and  least  perfect  concord  is  made  by  the  com- 
bination of  two  tones,  and  is  formed  by  connecting 
the  interval  of  the  third  with  the  fundamental  tone. 
The  most  perfect  consonant  chord  is  the  harmonic 
triachord,  which  is  formed  by  the  addition  of  an- 
other third,  and  constitutes  the  perfect  fifth  from 
the  fundamenti^  tone ;  it  is  usually  termed  the 
dominant. 

From  the  character  of  the  first  third,  or  mediant, 
these  combinations  are  either  major  or  minor ;  thus, 
msjor  C,  E,  G,  or  minor  C,  E  fiat,  and  G.  The 
minor  triachord  is  to  be  distinguished  from  the  di- 
minished triachord,  which  by  some  is  called  the/olie 


or  dismmtmt,  and  is  fbnned  by  two  miBor  tliiid|»  or 
by  the  Ihndamenta^  time  and  tiie  minor  tilufd  uA 
minor  fifth ;  thus €,  S fiat,  G  flat  There  is  ala^a 
redundant  triachord,  oonstitated  fay  two  major  thifda. 
By  the  transposition  of  the  tones  composing  these 
triachords  into  higher  or  lower  octaves  (changing 
the  positions  or  inverting  the  intervals),  all  oiben 
consonant  chords  ave  formed.  It  is  usual  to  Sm  the 
designation  of  chords  by  counting  the  intervals  aa-i 
cendiog.  Thus  arises,  first,  the  chord  of  the  sixth 
(hexachord)^  in  which  the  fundamental  tone  is  placed 
an  octave  higher,  so  that  ike  third  becomes  a  funda« 
mental  tone;  the  filth  is  then  the  third,  and  thi) 
transposed  fiindamental  becomes  the  sixth;  thus» 
E,  G,  C,  design«Lted  by  the  figure  6-  Second ;  the 
chord  of  the  fourth  and  sixth,  where  the  fundamental 
tone  and  its  third  are  both  placed  in  a  higher  octave, 
so  that  the  fifth  becomes  the  fundamental,  the  ori- 
ginal fhndamental  is  changed  to  the  fourth,  and  the 
transposed  third  becomes  Uie  sixth.  Hence  the  iiame» 
from  the  characteristic  intervals  and  the  notation, 

thus,  ^.    The  dissonant  chords  are  first  obtained  by 

adding  to  the  triad  another  third,  which,  conse- 
quently, stands  in  the  relation  of  a  seventh  to  tho 
randamental,  and  produces  a  quadrichord.  Tho 
seventh  is  the  dissonant  interval,  and,  to  relieve  the 
ear,  requires  to  be  resolved,  llie  chord  of  the  se- 
venth is  formed  of  the  fundamental,  the  third,  the 
fifth,  and  the  seventh.  The  fint,  ieaid  most  usual, 
is  constituted  by  the  major  triad  with  the  minof 
seventh ;  thus  C,  E,  G,  B  fiat.  It  is  calkd  the  jstm- 
cipal,  sometimes  the  essenHal  eksrd  of  the  seventh, 
and  is  simply  designated  thus,  7-  It  rests  upon  the 
dominant  of  that  key  in  which  it  is  to  be  resolved ; 
for  the  minor  seventh  resolves  itself  downwards. 


thus. 


^.whi 


while  the  major  dissonant 


ascends.  Hence  it  mi^y  c4so  be  called  the  dominate 
cAoni  q/  the  seventh,  or  th«  ^hord  </  the  d^muum^ 
seventh*  If  we  transpose  the  intervals  of  these 
chords,  in  the  same  manner  as  with  the  triachord^i, 
we  form,  first,^  ^e  ohor4  of  the  fifth  and  sixth 

I  denoted  by  ^  V  consisting;  of  the  minor  third,  the 

.  L       4   L     f  J  ^ 

minor  fif^h  a];i4  la^jor  sii^thj,  ^ns,  (d)    '  8       8-  ; 

Second ;  the  chord  of  the  third  and  fourth  I  g  l« 

in  which  the  seventh  and  the  fundamental  tone  of 
the  essential  chord  of  the  seventh  become  the  thifd 


and  fourth. 


;  Third,  by  farther  tran*' 


position,  the  chord  of  the  second  is  formed,  by  ^hicb 
the  seventh,  with  the  fundamental  tone,  fo^ma  the 


interval  of  the  second,  thva« 


^ 
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ddicr  dMHrds  of  the  sevenlh*  whidi  Weber  tevms 
hf-iAorit  qf  tk€  imtnUk,  in  oppoeitioD  to  prineipal 
dutrdi  <if  the  $etteiUk^  are,  the  chord  of  the  seventh, 
formed  by  the  minor  triaehord  and  the  minor  seventh. 


again,  by  the  diminished  triachord. 


widi  the  subsisting  minor  seventh  of  the  chord  of 


^  seventh. 


finally,  the  chord  of  the 


seventh,  with  the  major  triachord  and  seven^  major. 


By  the  transposition  of  those  by-chords 


of  the  seventh  are  formed  the  chords  of  the  fifth  and 
sixth,  the  third  and  ^arth,  and  the  chord  of  the 
second. 

We  have  thus,  as  appears  from  this  review,  nine 
fixndainental  chords,  viz.  two  simple  accords,  three 
triachords,  and  four  chords  of  the  seventh  (Uie  es- 
sential chord  and  the  by-chords  of  the  seventh). 
However  complicated  the  harmony  may  be,  it  is 
reducible  to  these  chords.  There  is  yet  a  five^toned 
^ord,  the  quhU-ehord,  which  is  a  union  of  simuita^ 
neons  tones,  and  is  formed  by  the  addition  of  another 
third  (major  or  minor)  to  the  chord  of  the  seventh, 
which  consequently  makes  the  ninth  from  the  fun* 
damental  tone,  and  is  termed  the  chord  qf  the  ninth. 
But  if,  from  the  adverse  concurrence  of  Uie  seconds, 
we '  omit  the  fundamental  tone*  as  is  usual  in  close 
harmony,  and  transpose  the  notes  as  above,  we 
obtain  thus  the  proper  modifications  of  the  qnadri- 
chord ;  for  example,  the  enharmonic  chord  of  C,  £ 
flat,  G  flat,  A ;  C  sharp,  E,  G,  B,  These  concoids, 
then,  are  capable  of  being  presented  in  the  most 
diversified  fbrms — in  immediate  collision,  or  broken, 
so  that  the  tones  constituting  them  are  heard  in 
succession.  Farther,  the  intervals  may  be  confined 
to  one  octave,  or  distributed  throu;^  distant  and 
different  octaves.  This  forms  the  ground- work  and 
the  distinction  between  close  and  dispersed  harmony, 
according  to  the  close  or  dispersed  position  of  the 
chords.  Farther,  the  application  of  the  intervals 
composing  the  chords  is  governed  by  the  variety  of 
positions,  inasmuch  as  the  music  may  be  adapted  for 
two,  three,  four,  five  voices  or  parts.  In  the  for- 
mer, some  intervals  must  be  omitted ;  in  the  latter, 
doubled. 

One  of  the  first  systems  of  chords  was  offered  by 
Rameau,  grounded  on  the  ideas  of  D*Alembert,  and 
afterwards  elucidated  in  Marpurg's  system,  which 
much  resembled  Vogler's.  It  has  been  more  recently 
elucidated  W  Tiirk.  Another  is  by  Tartini,  which  is 
given  in  Rmseau's  Diciionaire  de  la  Muiiqus,  The 
one  deduces  and  explains  the  chords  from  funda- 
mental keys  (of  the  bass),  the  other  from  melody 
(the  upper  tones).  Another  very  simple  system  of 
chords  is  that  of  Kimberger,  which  is  much  fi>l- 
lowed  by  Godfrey  Weber,  in  his  treatise  on  thorough- 
bass. 

From  music,  the  idea  of  harmony  is  transfkned 
to  colouis,  and  we  nuiy  speak  of  the  harwma^  of 
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colours,  as  opposed  to  the  harah  and  daMli«|  con- 
trast of  them,  which  is  avoided  by  a  judiciana  smddlt 
tone  of  colouring. 

CoNOEBTiONS,  MoRBiD,  in  oBtmal  ecQMM^  ;  h«i4 
substances  that  occasionally  make  their  appearance  in 
different  parts  of  the  body,  as  well  in  thesoliiiB  M  in 
those  cavities  destined  to  contain  fluids:  in  the  fQ»r 
mer  case,  they  are  denominated  cimcrtHim^  or  estii* 
ca/toat ;  in  the  latter,  calouU,  The  coneretion^  tl^ 
make  their  appearance  in  the  solids  of  the  animal 
body  are  denominated  pmeal  concretions,  from  th^r 
being  found  in  that  part  of  the  brain  called  theptiMw4 
gkmd ;  or  salivarf  concretions,  as  being  discovered,  oqt 
casionally,  in  the  salivary  dands ;  or  pan^$a(io  cofi* 
cretions,  which  are  hard  substances  found  in  the  pan- 
creas; or  puli»9ntary  concretions,  which  have  been 
sometimes  coughed  up  by  consumptive  persons ;  or 
hepatic  concretions,  of  which  the  liver  is  sometimw 
full.  Concretions  have  also  been  found  in  the  |»rofi> 
taie,  Thesf  have  all  been  examined  by  chemists* 
and  found  to  consist  of  phosphate  of  lime  a^d  QihtM 
substances.  Concretions  have  been  discovered  in  the 
intestines  and  stooM^ch  of  man,  but  more  frequently  in 
the  bodies  of  other  animals.  Those  found  in  the  iri'^ 
testinea  oi  a  horse  were  examined  by  Fouroroy,  And 
found  to  consist  of  magnesia,  phosphoric  acid,  amf* 
monia,  water,  and  animal  matter. 

CoNOENSATioN  ;  the  act  of  diminishing  the  hulk 
of  a  body. — ^Thus  steam  is  condensed  into  water,  by 
abstracting  its  heat,  by  which  it  b  reduced  in  volunra 
about  two  thousand  tunes.  By  similar. meiUis  gaoei 
are  converted  into  fluids,  and  the  latter  into  solidB  i 
but  the  most  important  species  of  condensation  i^ 
that  by  mechanical  means,  which  we  may  now  pro- 
ceed to  describe. 

It  has  already  been  sho.wn,  under  the  article  Aih» 
that  the  fluid  atmosphere  whicK  surrounds  our  globe, 
is  elastic,  that  its  bulk  may  be  reduced  by  mechanical 
means,  and  that  this  elastic  force  can,  under  certain  cir- 
cumstances, be  employed  as  a  substitute  for  gunpow- 
der. The  mode  of  accomplishing  this,  will  be  better 
understood  by  referring  to  the  accompanying  engrav- 
ing. 

Hie  syringe  is  fhmished  with 
a  piston,  made  to  fit  air-tight, 
and  provided  with  a  strong  metal 
ball,  which  may  be  attached  or 
witMrawn  at  pleasure.  If  we 
now  suppose  the  apparatus  ar- 
ranged as  shovm  in  the  figure, 
and  tiie  piston  depressed,  it  will 
be  obvious  that  as  much  air  as 
was  previously  contained  within 
die  tube,  must  be  forced  into 
the  ball,  where  it  is  retained  by 
a  spring  valve  opening  inwards. 
There  b  a  very  curious  pheno- 
menon which  may  be  illustrated 
by  this  apparatus.  What  we  call 
dry  air  would  at  least  appear  free 
from  any  considerable  quantity 
of  water.  Such,  however,  is  not  '% 
^e  fact,  as  the  warm  air  of  a  room   ^ 

the  summer  season,  will   produce  a   complete 


m 


shower  of  fine  rain-like  particles.  To  perform  this 
experiment,  the  valve  of  the  ball  should  be  opened 
suddenly,  w{ien  the  air  is  iii  its  highest  state  of 
condensation,  and  the  water  may  then  be 
tttinr  on  paper  or  a  matal  plate. 
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We  may  mdilr  convert  thu  *pecie« 
of  coudeiuer  into  a  portable  ur-fonn- 
taia,  of  which  we  give  a  dUgram. — 
He  Byringe  is,  io  this  case,  screwed 
on  the  upper  end  of  the  stop-cock, 
which  i»  provided  with  «  pipe  descend- 
ing beneath  the  snrface  of  the  water 
within.  If  we  now  suppose  the  air  in- 
jected, and  the  syringe  withdrawn,  on 
opeDing  the  stop-cock,  a  jet  of  watei 
will  be  impelled  from  the  orifice,  acd 
in  mmy  cases  raised  ten  or  twenty  feet 
in  height  This  pretty  philosophical 
toy  serves  to  illustrate  the  nte  of  the 
air-condenser  in  a'Sre-eninge.  It  will 
be  obvious  that  the  power  of  those  who 
are  employed  to  work  the  engine,  is 
imparted  by  a  series  of  jerks,  and  yet 
'  the  water  passes  from  the  ajutage  in 
one  coDtinued  flow.  Now  this  practical 
advantage  results  from  the  use  of  a 
4)Qantity  of  air,  imprisoned  within  the 
condenser,  which  by  its  elasticity  pre- 
vents the  destruction  of  the  pumps, 
and,  at  the  same  time  equalises  the 
motion  of  the  stream  of  water. 

We  have  now  to  eiamioe  the  appa- 
ratus which  is  used  for  ascertaininf 
with  mathematical  accuracy  the  precise 
amount  of  compression  of  any  given 
volume  of  air.  The  apparatus  consists  of 
a  tall  glass  tube  closed  at  the  top,  and 
dipping  in  a  vessel  of  mercury.  This  is 
placed  beneath  a  receiver,  firmly  attached 
to  a  condensing  plate  ;  and  on  injecting 
air  by  the  syringe,  it  presses  on  the  sur- 
faceoftbemercory,drivingitDpthetube, 
If  we  End  it  ascend  about  half-way  up 
the  tnbe,  then  it  is  said  to  contain  two 
atmospheres.  The  receiver,  with  tube, 
is  shown  in  the  diagram. 

The  common  condensing-gnage  cok- 
sistsof  a  short  tube,  which  is  screwed  to 
the  receiver,  and  furnished  with  a  gra- 
duated plate,  b^  which  the  amount  of 
compresMon  is  indicated.  ~^^,„m~- 

CoNDOCToa.    See  Electbicitt  and  LioHTniKG. 

CoNDDiT.  la  arcfiilKliire ;  a  long,  narrow  passage 
between  two  walls,  or  under  ground,  for  secret  com- 
munication between  various  apartments,  of  which 
many  are  to  be  found  in  old  buildings  ;  also  a  canal 
of  pipes,  for  the  conveyance  of  water ;  a  sort  of  sub- 
terraneous or  concealed  aqueduct.  The  cnuatmction 
of  conduits  requires  science  and  care.  The  ancient 
Romans  excelled  in  them,  and  formed  the  lower  parts, 
whereon  the  water  ran,  with  cement  of  such  an  ex- 
cellent quality,  that  it  has  become  as  hard  as  the  stone 
itself,  which  it  was  employed  to  join.  There  are 
conduits  of  Roman  aqueducts  still  remaining,  of  from 
five  to  sii  feet  in  height,  and  three  feet  in  width. — 
Condaits  in  modern  times,  are  generally  pipes  of 
wood,  lead,  iron,  or  pottery,  for  conveying  the  water 
from  the  main  spring  or  reservoirs  to  the  different 
bouses,  and  places  where  it  is  required.    (See  Aqub- 

CoNE,  in  geemtlry  ;  a  sohd  figure,  having  a  circle 
for  its  base,  and  iu  top  terminated  in  a  point  or  vtr- 
lar.  This  definition,  which  is  commonly  given,  is 
not,  in  mathematical  strictneis,  correct  i  beouM  no 
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circle,  however  small,  .can  become  a  mathaoatictf 
point.  But  these  deficiencies  of  mathematical  strict- 
ness connected  with  constructive  geometry,  which  U 
based  on  figures  and  diagrams,  are  avoided  by  analy- 
tical geometry,  which  operates  without  figures. 

The  word  cone  is  derived  from  the  LMio  ciMM. — 
The  figure  might  be  called  the  round  pjpamid,  accord- 
ing to  the  defioition  of  a  pyramid.  Cones  are  eitho' 
prrpaidicular,  if  the  axis,  that  is,  the  line  from  the 
vertex  to  the  centre  of  the  base,  stands  perpendica- 
larly  on  the  base ;  or  oblique,  or  icaleaoiit,  if  the  axis 
does  not  form  a  right  angle  with  the  base.  If  a  cone 
is  cut  parallel  with  its  base,  the  section,  of  course,  i* 
a  circfe ;  if,  however,  the  section  is  made  obliquely, 
that  is,  nearer  to  the  base  atone  end  than  at  the  other, 
a  curve  is  obtained,  which  is  called  an  ellipte. 

If  the  section  be  made  parallel  with  the  axis,  per- 
pendicularly from  the  vertex,  or  eo  as  to  make  a 
greater  angle  with  the  base  than  is  made  by  the  side 
of  the  cone,  the  carve  obtained  is  called  a  hyperbola. 
Thirdly,  the  section  may  be  made  parallel  with  one 
side  of  the  cone,  in  which  case  the  curve  is  called  a 
parabola,  lllese  three  lines,  figures,  and  planes  are 
called  conie  secfioni,  and  form  one  of  the  most  import- 
ant parts  of  mathematics,  which  is  distinguished  for 
elegance,  demonstrating,  with  surprising  simplicity, 
and  beauty,  and  in  the  most  harmonious  connection, 
the  different  laws,  according  to  which  the  Creator  haa 
made  worlds  to  revolve,  and  the  light  to  be  received, 
and  reflected,  as  well  as  the  ball  thrown  into  tlie 
air  by  the  playful  boy,  to  describe  its  line,  until  it 
falls  again  to  the  earth.  Few  branches  of  mathema- 
tics delight  a  youthful  mind  so  much  as  conic  sec- 
tions 1  and  the  emotion  which  the  pupil  manifests, 
when  they  unfold  to  him  the  great  laws  of  the  nnivene. 
might  be  called  natural  piety. 

Considering  conic  sections  as  opening  the  mind 
to  the  true  grandenr  and  beauty  of  the  mathema- 
tical world,  whilst  all  the  preceding  study  only 
teaches  the  alphabet  of  the  science,  we  are  of  opinion 
that  the  study  of  them  might  be  advantageously  ex- 
tended beyond  the  walls  of  colleges,  into  the  higher 
seminaries  for  the  edacation  of  females,  The  Greeks 
investigated  the  properties  of  the  conic  sections  with 
admirable  acuteness.  A  work  on  them  is  still  extant, 
byApollonius  of  Pergamus.    (See  SacTioNS,  CoNrc.) 

CoNOBLATiON,  Itmil  o/  ptTpthtoi.  Under  Cold 
and  TaMPBKATTTBB  our  readers  will  find  the  pheoo- 
of  freezing  and  the  effects  of  cold  fully  illnstra. 
ted;  but  as  all  great  mountain  ranges  have  a  point 
usually  termed  the  "limit  of  perpetual  coogelalion," 
it  may  be  proper  to  notice  the  subject  in  a  distinct  form. 
We  may  suppose  a  traveller  ascending  Cbimborazzo ; 
hewill,  at  die  base,  find  a  burnt  and  arid  plain,  and 
as  he  ascends  the  mountun,  this  will  gradually  give 
to  the  trees  and  flowers  of  a  more  genial  clime. 
Still  higher,  the  Alpine,  or  severe  mountain  scenery 
will  be  observable,  and  after  passing  the  lichens  and 
more  hardy  plants,  there  will  be  a  tolerably  well  de- 
fined climate  of  perpetual  winter.     Henvthe  snows 

etemalas  the  mountains  on  which  tb^  fall,  and 

m  distinctly  to  mark  the  barrier  to  which  the  la- 
bonrs  of  man  and  the  progress  of  civilization  shall 
be  confined. 

The  limit  of  perpetual  congelation  in  the  Hymalaya 
Mountains,  haa  been  a  matter  of  some  controversy. 
A  learned  writer  in  the  Quarterly  Bevine  has  asserted, 
that  this  height  is  below  11,000  feet  above  the  sea, 
and, haa  maintained  that  the  height  of  the   rang* 
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\  will  be  found  much  inferior  to  that  of  the  Andes. 
Captain  Webb,  from  numerous  heights  taken  with  the 
barometer,  has  drawn  a  very  different  conclusion. 

"Near  the  temple  of  Miium  (says  Mr.  Fraser,  in 
his  work  on  the  great  Himalaya  Mountains),  elevated 
11,405  feet,  there  were  large  fields  of  good  rye,  and 
buck-wheat,  and  at  an  elevation  of  about  13,000  feet, 
he  procured  some  plants  of  spikenard.  On  the  31st  of 
June,  Capt.  Webb  s  camp  was  11,680  feet  above  Cal- 
cutta. The  surface  Yns  covered  widi  rich  vegetation 
as  high  as  the  knee,  very  extensive  beds  of  strawberries 
in  fnU  flower,  and  plenty  of  currant-bushes  in  blossom 
an  round,  in  a  clear  spot  of  rich  black  mould  soiU  sur- 
lonnded  by  a  noble  forest  of  pine,  oak,  and  rhododen- 
dron. And  on  the  22d  of  June,  he  reached  the  top  of 
Filgoenta-Churhaee,  12,642  feet  above  Calcutta. — 
There  was  not  the  smallest  patch  of  etnow  near  him, 
and  the  surface  was  covered  with  strawberry  plants, 
butter-cups,  dandelion,  and  a  profusion  of  other  flow- 
ers. The  shoulders  of  the  hill  above  him,  about  450 
lectmore  elevated,  were  covered  with  the  same  to  the 
top,  and  about  500  feet  below  was  a  forest  of  pine, 
ihododendron,  and  birch."  These  facts  led  Captain 
Webb  to  infer  that  the  inferior  limit  of  perpetual 
congelation  in  the  Himalaya  Mountains,  is  beyond 
13,^90  feet  at  least  above  the  level  of  Calcutta. 

CoNGBSTioN ;  a  diseased  state  of  the  human  struc- 
ture, arising  from  an  accumulation  of  the  blood.  The 
different  parts  of  the  human  body  do  not  always  re- 
ceive the  same  quantity  of  blood,  but  sometimes  more, 
sometimes  less,  llius,  for  instance,  during  digestion, 
it  flows  towards  tiie  stomach  and  the  liver;  daring 
violent  or  long-continued  speaking,  singing,  or  run- 
ning, it  collects  in  the  lungs  and  the  heart;  during 
dose  thinking,  in  the  brain. 

In  general,  the  blood  flows  in  greater  quantities 
Into  any  part  in  proportion  to  the  action  of  that  part; 
but,  in  a  state  of  hejEdth,  it  flows  off  with  as  much 
rigidity  as  it  collects.  Sometimes,  however,  too  much 
blood  accumulates  in  an  organ,  and  remains  too  long 
in^it ;  and  this  injures  the  structure  andtiie  function 
of  such  an  organ.  Congestion  may  be  caused  by 
whatever,  in  general,  accelerates  the  circulation  of 
the  blood,  and  causes  it  to  tend  to  a  particular  part; 
tiius,  for  instance,  among  the  causes  of  congestion  are 
the  different  periods  of  developement  of  the  human 
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slight,  they  become  more  active.    In  higher  degraea  - 
of  congestion,  and  if  it  is  continued  for  a  long  time, . 
the  functions  are  checked,  weakened,  and  sometimes 
entirely  destroyed. 

Now,  as  every  organ  has  its  peculiar  function,  it 
follows,  that  the  symptoms  of  congestion,  resting  on 
these  grounds,  must  be  very  different,  according  to 
the  different  organs  in  which  it  takes  place.  Dunng 
the  congestion  of  blood  in  one  organ,  the  other  or- 
gans exhibit  symptoms  of  want  of  blood,  viz.  cold- 
ness, paleness,  diminution  of  size,  and  weakness. 
Congestion  generally  lasts  but  a  short  time ;  but  if 
not  early  cured,  and  its  return,  which  would  other- 
wise be  frequent,  prevented,  it  is  only  the  beginning 
of  other  diseases.  Sometimes  it  terminates  in  bleed- 
ing, which  is  a  remedy  for  it ;  sometimes  it  increases 
into  inflammation;  sometimes  it  becomes  a  chronic 
disease ;  that  is,  the  blood  accumulates  for  a  long  time, 
and  expands  the  veins;  the  expansion  becomes  perma- 
nent, and  the  original  excitement  is  succeeded  by  a 
state  of  torpidity  and  weakness,  which  is  called  itag' 
noHo, 

CoNORBVB  RocKBT.  This  tcrrific  weapon  of  de- 
truction  is,  as  its  name  implies,  the  invention  of  the 
late  Colonel  Congreve.  Its  two  principal  forms  are 
represented  in  the  engraving. 


The  simplest  form  of  the  rocket  is  delineated  at  a, 
b;  the  principle  on  which  it  ascends  will  easily  be 
understood.  If  we  suppose  a  tube  filled  with  any 
inflammable  material,  ignited  at  an  opening  in  the 
end,  a,  the  disposition  to  expand  will  be  equal  in 
every  direction :  but  as  the  resistance  of  the  case  is 
taken  away  at  the  opening,  a,  it  will,  of  course,  have 
»»«,  w.»^.^»w  ^..^^^x,  X,.  u^T^.vrj^^^xav  w.  ».«  uu>u«^  I  a  disposition  to  ascend  in  the  opposite  direction.  The 
body,  each  of  which  renders  some  particular  organ  I  case,  which  is  of  copper  or  iron,  and  its  destructive 


unusually  active;  the  crisis  of  disease;  and,  lastly, 
the  accidental  exertions  of  certain  organs. 

Under  such  circumstances,  congestion  is  caused 
by  an  excited  state  of  the  arteries  in  general,  and  of 
some  particular  ones  especially.  Secondly,  if  the 
current  of  blood  to  one  organ  is  checked,  it  accumu- 
lates in  another.  Hence,  colds  caught  through  expo- 
sure of  the  feet,  also  the  suppression  of  the  secre- 
tions, he,,  so  often  cause  congestion.  Thirdly,  the 
vessels  which  bring  back  the  blood — ^the  veins— are 
sometimes  in  a  condition  imfit  to  answer  their  desti- 
nation*; as  for  instance,  if  they  are  already  too  full, 
if  their  power  to  receive  the  blood  and  to  propel  it  is 
lost  or  diminished,  or  if  they  are  prevented  from  per- 
forming their  function  by  external  pressure,  or  by 
tumours.  Hence  congestions  are  divided  into  active 
aflfl  passive;  those  of  the  arteries  and  those  of  the 
veins.  Where  the  blood  accumulates,  the  part  be- 
comes red  and  hot,  the  pulse  beats  more  violently, 
and  the  veins  expand;  the  part  swells,  and  a  feeling 
of  sickness,    pain,    pressure,    &c.  comes  on.    The 


contents,  are  thus  impelled  with  resistless  force 
against  the  hostile  ranks  of  an  army,  or  the  walls 
of  a  fortress. 

The  Congreve  rocket  has  lately  been  enlisted  in  the 
cause  of  hunumity,  by  the  instantaneous  destruction 
of  lai^ge  animals.  We  have  been  informed  by  a 
whale-fisher  of  much  experience,  that  this  species  of 
missile  i?,  in  most  cases,  infinitely  superior  to  the 
harpoon ;  and  if,  for  argument  sake,  we  admit  the 
propriety  of  destroying  those  large  and  inoffensive 
"monsters  of  the  deep,"  we  should,  at  least  in  their 
deaths,  remember  mercy. 

To  the  ball  rocket,  c,  d,  a  parachute  is  attached, 
by  which  the  rocket  is  partially  supported  in  the  air; 
and  there  are  cases  in  which  an  instrument  of  this 
kind  becomes  exceedingly  valuable  for  illuminating 
the  neighbourhood  of  a  fortress  or  out- work,  during 
a  night  attack. 

Consbrvatort;  a  musical  school  intended  for  the 
scientific  cultivation  of  musical  talents.  They  are 
sometimes  public  benevolent  establishments,  includ- 


frmdioDs  of  the  part  change;  if  the  congestion  is .  ing  hospitals,  supported  by  rich  private  persons.-— 
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tin  ^^iH  likHe  bbard,  ldd|ilig>  elotbiag,  and  instrac 
tibii  ^tb;  Besides  these  pUpiia,  dtbors  are  received 
who  pay  ht  their  tnstruiitidn ;  119,  in  Italy,  the  in- 
struction in  conservatories  is  pi*efenred  to  ptivate 
tearhitlg.  In  Napleb  there  were  formerly  three  con- 
servltdh^d  ibr  boys ;  in  Venice>  four  for  girls,  llie 
mosl  thmouB  among  the  ibrmer  wits  that  of  Santa 
Mlrift  Loretto,  established  in  1537.  J-00,  Durante, 
ScarliiM,  and  Porpora  were  teachi.'i  at  this  school ; 
anO)  among  the  gteat  mudlti&ni  educated  there>  it 


Eofope.    Our  own  Royal  Academy  of  Music  k  aa 
establishment  of  a  similar  character. 

CofmrwUoire  Royal  des  Arts  H  M^ier»M  al  l^^aris, 
b  an  esCabiiihment.  which  deserves  the  g;reatest 
praise,  containing  a  collection  of  models  of  machines, 
of  manufactures,  &e.«  ^d  having  profeosotv,  who 
deliver  lectures  on  mechanics,  chemistry,  aiid  the 
processes  used  in  manufsicturing,  to  persons  who 
wish  to  prepare  thcDiaelves  for  pursuing  mech-«Ln(caI 
arts,  and  the  business  of  manufacturing  m  a  scientl^c 


counted  the  distinguished  nam<«s  of  Tra^tta,  Piccini,   way.    The  foundation  of  this  praiseworthy  establi^li- 


IJMchini,  Guglieimi,  Atifossi,  Faedi^llo,  and  others. 

tliere  were  generally  mdre  than  ^dfO  pupils  from 
eight  to  ten  years  of  age  in  the  cdnservx^tory  g(  Lo- 
retto;  in  the  others,  about  half  this  number.  Pupils 
were  received  from  eight  to  tvi^enty  years  of  age.  Th* 
period  during  which  they  nbiiged  themselves  to  stay 
ih  the  establishment  was  generally  eight  years.  If, 
however,  it  was  discovered  that  a  pupil  hsid  no  t&lcntb 
for  music,  he  was  sent  sws^y.  The  conservatories  in 
Vtnice  were  established  in  the  same  way.  They 
were  called  ospeddle  deita  pietd,  deUe  tnmdicanii,  Jelle 
inourMU,  and  otpedatefto  di  San  Oi&v^rmi  e  Paolo. 
Sacchmi  was  for  t  long  time  the  first  instructor  in 
the  latter.  The  girls  were  obliged  to  confbrm  t»)  ft 
very  strict  monastic  kind  of  life,  and  usisd  to  remain 
in  the  establishment  till  they  were  married. 

Ail  instruments  used  in  the  public  concerts  were 
played  here  by  girls  and  women.  From  these  con- 
servatories issued  the  great  number  of  composers  and 
male  ftnd  female  singers,  who  were  met  in  every  part 
of  Europe.  In  Naples,  the  conservatories  are  re- 
duced to  e  single  establishment,  which,  m  1818,  was 
removed  to  the  former  nunnery  of  St.  Sebastilmo, 
and  received  the  name  real  CoUegio  di  Munca,  In 
Milan,  the  viceroy  Eugene  established  a  conservatory 
in  1808,  the  direction  of  which  was  given  to  Asioli. — 
It  has  14  professors  and  60  pupils. 

In  t^rance,  music  wn^  Vety  little  cnltlvated  ndtil 
Italian  and  German  music  was  introduced  by  Piodni, 
ddcchinl,  Glilck,  and  others.  The  want  of  Aingers 
■#as  now  l^lti  The  opera  therefore  established  a 
ihustcal  school,  and,  in  1784,  It  was  elevated  into 
aH  ^cole  royale  de  cfumi  ei  (k  dSchimaiion.  But  it  was 
not  nntil  the  revolution  that  this  institution  acquired 
a  high  degree  of  importance.  The  want  of  musicians 
fbr  fourteen  armies  was  then  felt,  and  in  1793,  the 
Convention  decreed  an  instihU  national  d6  mueique. 

In  1795  it  received  its  final  organisation,  and  the 
name  of  conservatoire.  It  was  intended  for  both  sexes. 
600  pupils,  fh>m  all  the  departments,  were  to  be  in- 
structed there  by  115  teachers.  The  expenses  were 
dxed  at  240,000  fhmcs  annually,  but,  in  1803,  were 
limited  to  100,000  francs,  and,  in  consequence,  the 
number  of  pupils  ahd  teachers  was  reduced. 

The  instruction  was  divided  between  music  and 
theatrical  declamation.  The  most  distinguished  musi- 
cians have  been  Instructors  in  this  institution ;  of  whom 
we  need  only  mention  Gossec,  Mehul,  Garat,  ChOron, 
Cherubinl,  Gr^try,  Bdieldieu,  Kreutter,  8cc.  Since 
lis  foundation,  2,000  musicians  and  singers  of  both 
sexes  have  been  educated  there.  At  the  same  time, 
the  conservatoire  is  the  central  point  of  all  amateurs 
of  music.  The  public  performances  of  the  pupils  are 
the  most  splendid  concerts  in  Paris.  The  execution 
of  symphonies,  in  particular,  is  unparalleled.  For 
almost  all  branches  of  music,  the  conservatoire  has 
published  elementary  Works,  or  methods,  as  they  are 
cbIIbA,  which  are  tirculated,  and  adopted  tiifcoughout 


ment  was  laid  Oct.  10, 1794.  After  many  important 
chan^,  b  was  finally  organized  by  an  ordnance^ 
Nov.  95»  1819k  Vxete  is  now  a  valuable  institutioa 
established  in  our  metropolis  for  the  exhibition  o( 
the  useful  arts.    It  is  situate  in  Adelaide  Street. 

CoNSSBiTAiOBY^  in  gardening,  is  a  term  generally 
applied,  by  gardeners,  to  plant-houses.  They  are 
sometimes  placed  in  the  pleasure  ground,  along  with 
the  other  hot-houses,  but  more  frequently  attached 
to  the  mansion.  The  principles  of  their  construction 
are  in  all  respects  the  same  as  for  the  green-house> 
though,  occasionally,  a  pit,  or  bed  of  earth  is  substi^ 
tuted  for  the  stage,  and  a  narrow  border  instead  01 
surrounding  flues.  The  po^er  of  admitting  abund- 
ance of  air,  both  by  the  sides  anti  roof,  is  highly 
requisite,  both  for  the  green>  bouse,  and  conservatory ; 
but  for  the  latter,  it  is  desirable,  in  almost  every  case* 
thet  the  roof,  and  even  the  glazed  sides,  should  be  re^ 
moveable  in  summer. 

When  the  construction  of  the  conservatory  does 
not  admit  of  this,  the  plants  in  a  few  years  become 
etiolated  and  naked  below,  and  are  no  longer  objects 
of  beauty ;  but  when  the  whole  superstructure,  ex- 
ccpting  the  north  side,  is  removed  during  summer, 
the  influence  of  the  rains,  winds,  dews,  and  the  direct 
rays  of  the  sun,  produces  a  bushiness  of  form,  close- 
ness of  foliage,  and  a  vividness  of  colour,  not  attain* 
able  by  any  otiier  means.  Therefore  a  conservatory, 
of  ahy  of  the  common  forms,  unless  it  be  one  devoted 
entirely  to  palmsi  feins,  scitaminem,  or  other  similarly 
growing  plants,  should  always  be  so  constructed  as 
to  admit  of  taking  off  the  sa^es  of  the  roof  and  the 
front ;  and  if  it  be  a  detatched  structure  in  the  flower-r 
garden,  a  plan  that  would  admit  of  die  removal  oif 
every  thing  exceptmg  the  flues  and  the  plants,  would 
be  the  mOst  suitable. 


A  conservatory  well  fitted  for  ornamental  as  weU 
aB  practical  purposes,  is  represented  above,  and  it  in- 
penidds  the  advantage  of  a  fountain,  which  is  at  all 
times  a  considerable  addition  to  edifices  of  thb  do^ 
scrlption, 

Mr.  Bailey,  of  Holboni>  erected  a  very  bcantifol 
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BteM  eolUrtftN^,  IMF  khb  lite  Mil.  B>MuadnU)ati 
MUigi  K  tints,  her  Mm  faiia  ^tux  told  dw  t&dn 
cdiic«,  oat  or  the  fluMt  tb  tin  wdrld,  for  little  mon 
than  the  worth  of  the  moterisis. 

One  of  the  most  beautiful  Gothic  conservatories  yet 
constructed,  was  designed  by  the  late  Mr.  Wyatt,  f 
Carlton  Ptdaoe,  of  which  it  fonoed  a  part.  It  w 
occasionally  dismaotled  of  its  trees,  and,  in  this  sta 
we  present  it  to  our  readers,  in  the  subjoined  e: 
grftving. 


Co)i»EVB,  in  pharmacg,  &c. )  a  form  of  medicine 
or  food,  contrived  Co  preserve  the  flowers,  leaves,  roots, 
peels,  &C.  of  lereral  simples,  as  near  as  possible  to 
what  Ihey  were  when  fresh  gathered,  to  ^va  them  an 
■gtethblfe  taate  ^itsenes  ara  prepared  bora  recent 
tegetable  matter  beaten  together  with  BUgar  into  an 
■mfbntt  miui  Vegetables,  which  soon  lose  their 
irfrtoM  by  drying,  mity  be  preferred  by  this  procesa, 
— '  p«ind,  for  a  considerable  ItngUi  of  tine,  the 
'  prereDting  the  natural  dcGompositiaQ,  and 
*'ng.  which  would  otberwiie  talu  {dace.  The 
■  first  ground  to  a  fine  powder,  and  then  mixed 
hf  long  beating  (not  by  eolation)  with  the  vegetable 
palp  or  Dthar  materiaj.  No  heat  or  other  mode  is 
anployed,  so  tluLt  the  vegetable  matter  remains,  at 
neuly  as  possible,  in  the  statb  in  which  it  existed  in 
Um  plant,  at  the  moment  of  gathering. 

C<>nBTBi.i.ATiOMi  ate  the  groups  ihto  which  aa- 
tronotatn  have  divided  the  fixed  atua,  and  which 
hsve  nceivcd  names  for  the  conrenience  of  deacription 
aoA  rtference.  The  acience  t>f  the  couitellatious  is 
(klled  Mfro^Miy. 

1^  diviiioB  of  the  stars  into  groups  was  begun  In 
nriBBt  timea.  It  is  plain  that  the  union  of  several 
Btus  intn  a  constellation,  to  which  the  name  of  some 
■nimal,  person,  or  iuaniitete  object  i»  given,  must  be 
entirely  wbitruy,  since  the  aeteral  point*  (the  stars) 
■uy  be  onited  m  a  hundred  diiFerent  ways,  jnst  tb 
BtagiaatioD  directs  i  for  instance,  the  best  known  of 
•n  the  conitallatioiu,  the  Oreat  Bear,  dr  the  Wain, 
■night  just  a*  well  b«  made  to  tepment  a  great  variety 
Bf  other  things.  It  is  enough  that  astronomers  lcno« 
what  is  meant  by  a  certain  constellation,  so  aa  to  nn. 
dantoud  each  other.  The  division  of  the  heavens 
into  conatellationB  ia  like  the  divtsion  of  a  classic  Into 
pages  and  paragraphi.  The  ancient  divisions  of  the 
mtutellatiana  hare  been  retained  by  the  modetnk, 
wiA  Qra  additim  of  anch  as  han  been  newly  diaco- 
vei^.  Ynien  dud  where  the  first  constellatioas  wei^ 
fenned,  bnot  loMtwn. 

It  b  Tcr;  prabtUa  thai  tome  ot  ths  noat  remarfc- 
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ttle  oolletitUiBa  of  stars,  soeh  as  Chhrlea'a  Wbui>  Ae 

Pleiadeat  Orion,  M.gWere  Conned  into  conltCllatioils, 
and  had  nsduh  glv^  tbcnik  in  very  early  ages. — 
Some  bf  them,  by  thfir  difl^ent  appeoiUncee,  serve 
to  mark  out  the  different  seasons  of  the  year,  and, 
on  that  Bccount)  Were  itot  only  considered  as  a  kind 
□f  directory  for  the  CommencemEnt  of  ploughing, 
tawing,  and  other  operations  of  husbandry,  but  wefo 
also  regarded  as  haVing  a  great  inflnence  on  the  tem- 
perature of  the  air,  and  the  fertility  of  the  earth.-r- 
Hence,  frpm  their  being  signs,  pointing  out  the  times 
of  the  year  when  heat  or  cold,  dryness  or  moisture, 
predominated,  they  were  regarded  as  the  causes  of 
these  states  of  the  atmosphere.  They  were  also  ima- 
gined to  hate  dominion  over  miherala,  vegetables,  and 
animals ;  over  the  compleiions>  constitutians,  and 
even  the  dispositions  of  mankind.  Ilis  opinion  ob- 
tained credit  the  more  easily,  as  the  sun,  moon, 
planets,  and  stars  were  believed  ti>  be  of  a  divine 
nature,  insomuch,  that  tome  pemons  conceived  thU 
they  were  inhabited  by  Ein  inferior  kind  of  deities,  who 
governed  their  motions,  and  directed  their  infiuences ; 
while  others  thought  that  they  were  animsla,  each  of 
which  had  a  living  sonl  |  and  others  again  supposed 
that  they  were  anioLated  by  a  part  of  the  substance  of 
the  Supreme  Being.  Each  of  these  notions  led  man- 
kiru]  to  nay  them  a  sort  of  religious  worship. 

le  figyptians  divided  the  heavens  into  several  re- 
gions, which  thsy  callsd  the  stations,  or  mansions,  of 
their  gods.  Iliey  wotshipped  the  heavenly  bodies, 
and  more  especially  the  ann  and  moon,  which  t&ejr 
called  their  grtal  godt,  denominating  the  sun  (Mrit, 
and  tha  moon  Itit.  They  also  imagbed  that  they 
found  in  various  animals,  some  qualities  correspond, 
ing  to  the  motions,  appearances,  or  lufiuences  of  the 
BOUi  moon,  and  some  of  the  stars ;  hence  they  were 
induced  hot  only  to  ase  those  animals  in  their  hiero- 
glyphic representatiobs  of  their  duties,  but  also  to 
pay  them  divine  honours,  and  denominate  the  con- 
stellation* from  them.  The  Greeks,  who  learned 
astronomy  of  the  Egyptians,  retained  several  of  thoir 
figures,  at  the  ram,  the  bull,  the  dog,  &c.,  but  ac- 
commodated almost:  all  of  them  to  the  fabulous  his- 
tory of  their  gods  and  heroes,  whom  they  placed 
among  the  stars.  The  Romans  imitated  them,  and 
the  poets  of  both  nations  have  given  us  mild  and  ro- 
mantic fables  about  the  origin  of  the  constellaUont, 
probably  derived  fVom  the  hieroglyphics  of  the  Egyp- 
tians, ^nd  transmitted,  with  some  alterations,  from 
them  to  the  Greeks.  Many  of  the  figures  that  occur 
among   our   present   constellations   were   originally 

e  names  which  the  Chinese  and  Japanese  give 
to  the  groups  of  stars  forming  our  constellations,  are 
very  different  from  those  which  we  have  given  them. 
Some  Arabians,  too,  though  they  received  their  astro- 
nomy from  the  Greeks,  changed  the  names  of  tbt 
constellations,  from  a  superstitious  notion,  that  it  wat 
unlawM  to  draw  any  human  figure.  The  zeal  of 
some  Christian  philoeophera  lias  indoced  them  t« 
endeavour  to  drive  the  heathen  deities  and  heroefe 
from  the  skies.  The  venerable  Bede  gave  the  name* 
of  the  twelve  apostles  to  the  twelve  signs  of  the  lOf- 
dlac.  Judas  Bchillerios,  in  1627.  completed  the 
reformation,  and  gave  Scripture  names  to  all  the  gmi- 
BtellatioBa  in  the  heavens.  Welgelius,  professor  of 
mathematics  in  the  university  of  Jena,  made  a  new 
order  of  constellationB,  converting  the  firmament  into 
a  cAIbm  AemUtMHi  and  introducing  tbt  arms  of  alt 
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Uw  princM  of  Enrope  among  the  couteUatioiu.  The 
tnore  mtelligent  attronomen,  however,  never  ap- 
proved of  ionovatioD,  because  it  tended  to  introduce 
confiuion  into  the  Kience.  Tlie  old  cooHtelUtioQi, 
therefore,  are  for  the  most  put  atill  retained. 

Ptolemv  eaumerates  in  hia  Ahmgeil,  foity-nght 
conatellationa,  whicb  are  still  called  the  FlolematM. 
Hey  are  the  following : — I .  The  twelve  aigna  of  the 
zodiac.  2.  Twenty-one  constellationB  found  in  the 
northern  hemisphere — the  Great  Bear  {Una  Mtgor, 
the  Wain),  the  Little  Bear  (ttwi  Afwor),  Peraena,  the 
Dragon,  Cepheus,  Casaiopeia,  Andromeda,  P^nsus, 
Eqnua  (Horse'«  Head),  Uie  Triangle,  the  Waggoner 
(^wrijo),  Bootes,  the  Northern  Crown  (Cnromt  Bo- 
TtaUi),  Ophiuchos,  the  Serpent  (Serpeatortai),  Her- 
cules, the  Arrow  (Sagitta),  the  Lyre,  the  Swan, 
(C^gtua),  the  Dolphin,  the  Eagle  (Jqiima).  3.  Fif- 
teen constellations  in  the  southern  hemisphere — 
Orion,  the  Whale  (Cehu),  Eridanue,  the  Hare  (Ltput), 
the  OreaC  Dog  {Camt  Major),  the  Little  Dog  (,Ctau 
Minor),  Hydra,  the  Cup  (Outer),  the  Crow  (Comu), 
the  Centaur,  the  Wolf  (tajJiu),  the  Altar  {Am),  the 
SoDthem  Fish  {Piteit  Atutralu),  the  Argo,  the  South- 
ern Crown  (Conma  Auttralu).  The  poets  of  anti- 
quity very  ingenioosly  connected  the  moat  popular 
fables  of  mythology  with  the  different  coastella- 
tions.  Someoftheconstellatioas,  however,  have  been 
changed :  and  even  the  ancients  sometimes  added  new 
ones,  such  as  the  Hair  of  Berenice  and  theAntinons. 
Much  still  remained  for  modem  astronomers  to  do. 
Hevelins  introduced  the  twelve  following  new  constel- 
lations:— the  Shield  of  Sobiesky,  die  Squirrel,  Ca- 
melopardalos,  the  Sextant,  the  Greyhounds,  the  Little 
Lion,  the  Lynx,  the  Fox  and  the  Goose,  the  Lizard,  the 
Littie  Triangle,  Cerberus,  andMons  MKnalus.  When 
the  Europeans  began  to  navigate  the  southern  hemi- 
Bphere,  many  new  stars  of  course  appeared  to  them, 
which  they  never  had  seen  in  Europe.  Thus  twelve 
new  constellations  were  added  in  the  16th  century — 
the  Indians,  Cntne,  Phoenix,  Fty,  Southern  Triangle, 
Bird  of  Paradise,  Peacock,  American  Goose,  Hydras 
or  Water-Snake,  Sword-Fish,  Flying'Fisb,  Chknue- 
leon.  Halley,  in  1675,  during  his  stay  at  St.  Helena, 
added  the  Royal  Oak  {Rpbiir  Cttrolinvn)  ;  and  La- 
caJUe,  ia  1750,  during  his  ttay  at  the  Cape  of  Good 
Hope,  added  the  fourteen  fbllovring : — OfficinaSculp- 
tona,  Fornax  Chemica,  Hoiologium,  Reticulus,  Rhom- 
boidalis,  Isquuleus  PictorinB,  CkU  Praxitelis,  Pyxit 
Nautica,  Octans  Hadleianua,  Machina  Pnenmatica, 
Circinus  (the  Compass),  QoadrK  Euclidis,  Telescope, 
Microscope,  and  Table  Mountain.  To  ^lese  have 
been  added  the  Lapland  Reindeer,  the  Hermit,  the 
Brandenburg  Sceptre,  the  Telescope  of  Herschel,  the 
Shield  of  Poniatowslty,  or  Taurus  Ponlatowsky,  the 
Honour  of  Frederick,  and  others,  which  cannot  well 
be  enumerated  here,  as  their  names  have  not  been 
■anctioned  by  all  nations.  Thus  the  professors  of 
Leipsic  made  of  a  part  of  Orion  the  constellation  of 
Napoleon,  but  it  did  not  come  into  use.  The  differ- 
ent stars  of  a  constellation  are  marked  by  Greek 
letters.  Several  have  also  articular  names.  They 
ate  also  divided  according  to  their  apparent  magni- 
tude ;  Urns  we  speak  of  stars  of  the  first,  second,  and 
third,  up  to  the  siith  magnitude.  The  last  are  the 
amatlest  visible  Co  the  naked  eye.  Orreries  are  fre- 
quently constructed  which  exhibit  the  pictorial  ap- 
pearance of  these  astronomical  signs  in  the  most 
beautiful  manner.  One  of  the  best  was  made  for  Mr. 
Birtley,  and  those  who  were  fortuutte  enough  to 
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hear  the  highly  poetical  illoitiations  intiodiiced  tn 
that  clever  drunatic  performer,  must  regret  that  it 
was  combined  with  so  little  of  practical  science. 


In  the  above  sketch,  we  give  a  representaticm  ol 
the  constellation.  It  is  one  of  a  B«ne*  which  very 
beautifully  illustrates  the  clusters  of  stars ;  tiitit  u- 
tuation  being  indicated  by  holes,  pierced  by  angular 
punches  regulated  to  the  size  of  the  star.  Behindthe 
drawing  is  placed  a  piece  of  tissue  paper,  which  pm 
an  even  tbt  to  the  whole. 

CoNBTiTDTioN,  tD  MediRite ,'  the  general  condition 
of  the  body,  as  evinced  by  Ok  peculiaritiea  in  tte 
performance  of  its  functions  :  such  are  the  peculiar 
predisposition  to  certain  diseases,  or  liability  of  par- 
ticular organs  to  disease,  the  varieties  in  digestion, 
in  muscular  power  and  motion,  in  sleep,  in  the  appe- 
tite, &c.  Some  marked  peculiarities  of  constitution 
are  observed  to  be  accompained  with  certain  external 
charscters,  such  as  a  particular  colour  and  textnn  of 
the  skin,  and  of  the  hair,  and  also  with  a  peculiarity 
of  form  and  disposition  of  mind ;  all  of  which  have 
been  observed  from  the  earliest  time,  and  divided  into 
classes,  and  which  received  names,  during  the  preva- 
lence of  the  humoral  pathology,  that  they  stiU  retain. 

Consumption,  in  maUeiiK.     See  Atkoput. 

CoNTAoioN.  This  word  properly  imports  the  ap- 
plication of  any  poisonous  matterta  the  body  through 
the  medium  of  touch.  It  is  applied  to  the  action  (rf 
those  very  subtile  particles  arising  from  putrid  sub- 
stances, or  from  persons  labouring  under  certain  dis- 
eases, which  communicate  the  diseases  to  others  i  as 
the  contagion  of  putrid  fever,  the  effluvia  of  dead 
animal  or  vegetable  substances,  the  miofmaia  of  bogs 
and  fens,  the  vimfof  small-pox,  lues ceiwrMi,  &c.,  Sk. 

The  principal  diseases  excited  fay  poisonous  miat- 
no/a  are,  intermitteat,  remittent  and  yellow  fevers. 
dysentery  and  typhus.  The  last  ia  generated  in  the 
human  body  itself,  and  is  sometimes  called  the  lypheid 
foma.  Some  nioMufa  are  produced  from  moist  ve- 
getable matter,  in  some  unknown  state  of  decomposi- 
tion.   Ilie  contagious  mru  of  the  plsgoe,  small-pob 
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neaales*  chin-cough,  cfmmthe  maligna,  and  scarlet 
ftiv«r»  as  well  as  of  typhus  and  the  gaol  fever>  ope- 
rates to  a  iiiuch  more  limited  distance  through  the 
medium  of  the  atmosphere  than  the  marsh  mUU' 
ntaia.  Contact  of  a  diseased  person  is  said  to  be 
necessary  for  the  communication  of  plague ;  and 
approach  within  two  or  three  yards  of  him  for  that 
of  typhus. 

Tlie  Walcheren  miatfmata  extended  their  pestilen- 
tial influence  to  vessels  riding  at  anchor,  fully  a 
quarter  of  a  mile  from  the  shore.  The  chemical  na- 
ture of  all  these  poisonous  effluvia  is  little  under- 
stood. They  undoubtedly-  consist,  however,  of  hy- 
drogen united  with  sulphur,  phosphorus,  carbon,  and 
azote,  in  unknown  proportions  and  unlmown  states 
of  combination.  The  proper  neutralizers  or  de- 
stroyers of  these  gasiform  poisons  are,  nitric  acid 
vapour,  muriatic  acid  gas  and  chlorine.  The  two 
last  are  the  most  efficacious,  but  are  best  used  in 
situations  from  which  the  patients  can  be  removed 
at  the  time  of  the  application.  Nitric  acid  vapour 
may,  however,  be  diffused  in  the  apartments  of  the 
sick  without  mudi  inconvenience.  Bed-clothes,  par- 
ticularly blankets,  can  retain  the  contagious  matter,  in 
an  active  state,  for  almost  any  length  of  time.  Hence 
they  ought  to  be  fumigated  with  peculiar  care.  The 
vapour  of  burning  sulphur  or  sulphurous  acid  is  used 
in  the  East  against  the  plague.  It. is  much  inferior 
in  power  to  those  alr^y  named.  There  does  not 
appear  to  be  any  distinction  commonly  made  between 
contagious  and  infectious  diseases. 

The  infection  communicated  by  diseased  persons  is 
usually  so  communicated  by  the  product  of  the  disease 
itscif ;  for  instance,  by  the  matter  of  the  small-pox ; 
and  therefore  many  of  these  diseases  are  infectious 
only  when  they  have  already  produced  such  matter, 
but  not  in  their  earlier  periods.  In  many  of  them, 
contact  with  the  diseased  person  is  necessary  for  in- 
fection, as.  is  the  case  with  the  itch,  syphilis,  canine 
madness ;  in  other  contagious  diseases,  even  the  air 
may  convey  the  infection,  as  in  the  scarlet  fever,  the 
measles,  the  .contagious  typhus,  &c.  In  this  consists 
the  whole  difference  between  the  fixed  and  volatile 
contagions. 

A  real  infection  requires  always  a  certain  suscep- 
tibility of  the  healthy  individual ;  and  many  mfec- 
tious  maladies  destroy,  forever,  this  susceptibility  of 
the  same  contagion  in  the  individual,  and,  accord- 
ingly, attack  a  person  only  once,  as  the  small-pox, 
measles,  &c.  Odier  contagious  diseases  do  not  pro- 
duce this  effect,  and  may,  therefore,  repeatedly  at- 
tack the  same  person,  as  typhus,  itch,  syphilis,  and 
others.  Sometimes  one  contagious  disease  destroys 
Uie  susceptibility  for  another,  as  the  cow-pock  for 
the  smaU-pox.  In  general,  those  parts  of  tne  body 
wiiich  are  covered  with  the  most  delicate  skin,^  are 
most  susceptible  of  contagion ;  aud  still  more  so  are 
wounded  parts,  derived  of  the  epidermis.  Against 
those  contagious  diseases  which  are  infectious 
tiurough  the  meditim  of  the  air,  precautions  may  be 
taken  by  keeping  at  the  greatest  possible  distance 
frcnn  the  sick,  by  cleanliness  and  fearlessness ;  but 
most  completely  by  the  vigilance  of  the  haalth- 
ollieers,  by  fumigations  accordUng  to  the  prescriptions 
of  Goyton-Morveau,  and  more  especially  by  the 
wonderful  disinfectant  powers  of  die  chlorides  of 
lime  and  soda.  We  can  more  easily  secure  our- 
seives  against  such  contagious  diseases  as  are  infec- 
tioQs  only  in  case  of  contact,  by  means  of  cleanli- 
Abts  8c  SciBifCES.— 'Vol  I. 


ness,  caution  in  the  use  of  vessels  for  eating  and 
drinking,  of  tobacco-pipes,  of  wind-instruments,  beds, 
and  clothes.  No  general  preservative  against  conta- 
gious diseases  is  known,  though  many  are  offered 
fbr  sale  by  quacks.  The  examination  of  the  persons 
intended  for  nurses  of  infants  is  very  necessary,  as 
thousands  of  children  may  be  infected  by  contact 
with  them,  and  the  cause  of  the  disorder  remain 
unknown. 

Contraction,  mphyncs;  the  diminishing  the  ex- 
tent or  dimensions  of  a  body,  or  the  causing  its  parts 
to  approach  nearer  to  each  other,  in  which  sense  it 
stands  opposed  to  dilatation  or  expansion.  Water, 
and  all  aqueous  fluids  are  gradually  contracted  by  a 
diminution  of  temperature,  until  they  arrive  at  a 
certain  point,  which  is  about  8^  above  the  freezing 
point;  but  below  that  point  they  begin  to  expand, 
and  continue  to  do  so  according  as  the  temperature 
is  lowered.  Similar  effects  have  been  observed  with 
regard  to  some  metals.  Speaking  of  contraction,  a 
remarkable  phenomenon,  of  considerable  importance 
in  manufactures,  presents  itself  to  our  notice.  It  is 
the  hardness  which  certain  bodies  acquire  in  conse- 
quence of  a  sudden  contraction,  and  this  is  particu- 
larly the  case  with  glass  and  some  of  the  metals. 
Thus  glass  vessels,  suddenly  cooled  after  having  been 
formed,  are  so  very  brittle,  that  they  hardly  l^ar  to 
be  touched  with  any  huxi  body.  The  cause  of 
this  effect  is  thus  explained  by  Dr.  Young:— 
"  When  glass  in  fusion  is  very  suddenly  cooled,  its 
external  parts  become  solid  first,  and  determine  the 
magnitude  of  the  whole  piece,  while  it  still  remains 
fluid  within.  The  internal  part,  as  it  cools,  is  dis- 
posed to  contract  still  farther,  but  its  contraction  is 
prevented  by  the  resistance  of  the  external  parts, 
which  form  an  arch  or  vault  round  it,  so  that  the 
whole  is  left  in  a  state  of  constraint;  and  as  soon  as 
the  equilibrium  is  disturbed  in  any  one  part,  the 
whole  aggregate  is  destroyed."  Hence  it  becomes 
necessarv  to  anneal  all  glass,  by  placing  it  in  an 
oven,  where  it  is  left  to  cool  slowly ;  for,  without 
this  precaution,  a  very  slight  cause  would  destroy  it. 
The  Bologna  jars,  s6metimes  called  proofs,  are  small 
thick  vessels  made  for  the  purpose  of  exhibiting  this 
effect;  they  are  usually  destroyed  by  the  impulse  of 
a  small  and  sharp  body  ;  for  instance,  a  single  grain 
of  sand,  dropped  into  them,  and  a  small  body  ap- 
pears to  be  more  effectual  than  a  large  one ;  perhaps 
because  the  larger  one  is  more  liable  to  strike  the 
glass  with  an  obtuse  part  of  its  surface. 

Contra VALLATioN;  a  line  formed  in  the  same 
manner  as  the  line  of  circumvallation,  to  defend  the 
besiegers  against  the  enterprises  of  the  garrison,  so 
that  Qie  troops  carrying  on  the  siege  lie  between  the 
lines  of  circumvallation  and  contravallation.  As  the 
line  of  circumvallation  must  be  out  of  the  reach  of 
cannon  shot  from  the  place  besieged,  its  circum- 
ference is  necessarily  so  great  as  to  render  both  its 
erection  and  its  difence  difficult.  It  is,  therefore, 
seldom  resorted  to,  and  a  corps  of  observation  is  ge- 
nerally preferred. 

CoNVBRoiNO  Rats,  in  optic»,  those  rays  that,  is- 
suing firom  diverse  points  of  an  object,  incline  towards 
one  another,  till,  at  last,  they  meet  and  cross,  and 
then  become  diverging  rays. 

CoNTBROiNO  Sbribs,  in  maihematica ;  series 
whose  tenns  decrease  the  farther  they  proceed. 

CoNVBRSB,  in  maihematic9.  One  proposition  is 
called  the  converse  of  another,  when,  after  a  con* 

a  A 
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elusion  is  drawn  from  something  snpposed  in  the 
(converse  proposition*  thtt  conclusion  is  supposed ; 
and  then,  that  which  in  the  other  was  supposed,  is 
now  drawn  as  a  conclusion  from  it :  thus,  when  two 
sides  of  a  triangle  are  equal,  the  angles  under  these 
sides  are  equal ;  and,  on  the  converse,  if  these  angles 
are  equal,  the  two  sides  are  equal. 

Conversion  of  Equations,  in  algebra,  is  when 
the  quantity  sought,  or  any  part  or  degree  thereof, 
being  in  fractions,  the  whole  is  reduced  to  one  com- 
mon denomination,  and  then  omitting  the  denomi* 
nators,  the  equation  is  continued  in  the  numerators 
only.    Thus, 

suppose  a — 5= ^h-i-b;   multiply   all  by  d, 

d 

and  it  will  stand  thus, 

da — db=aa  -\-  cc  -\-dh-\-db. 

Convex;  rising  in  a  circular  form  ;  the  contrary 
to  concave.  Thus  the  inside  of  a  watch  glass  is  con- 
cave, tUe  outer  surface  copvex.  The  mathematician 
defines  a  curved  line  convex  on  the  side  on  which  the 
point  of  intersection  of  two  tangents  falls,  and  con- 
cave on  the  opposite  side.  Convexity  and  concavity 
are  of  particular  importance  in  catoptrics  and  diop- 
trics, as  applied  to  mirrors  and  lenses. 

CoNVQY  (from  the  French  convoy er^  to  accompany), 
in  naval  language,  signifies  a  fleet  of  merchantmen, 
bound  on  a  voyage  to  some  particular  port  or  general 
rendezvous,  under  the  protection  of  a  ship  or  ships 
of  war.  It  also  means  the  ship  or  ships  appointed 
to  conduct  and  defend  them  on  their  passage  thither. 
In  military  language,  it  is  used  for  escort. 

Convoy,  or  brake,  is  a  crooked  lever,  applied  to  the 
surface  of  the  wheels  of  carriages,  so  as  to  retard 
their  motion  by  its  friction. 

Convulsion  ;  a  diseased  action  of  muscular  fibres, 
known  by  violent  and  involuntary  contractions  of  the 
muscular  parts,  with  alternate  relaxations.  ConvuU 
sions  are  universal  or  partial,  and  have  obtained  dif^ 
fercnt  names,  according  to  the  parts  alfected,  or  the 
symptoms ;  as  the  risva  sardonicua,  when  the  nascks 
of  the  face  are  affected ;  St,  Vitus'a  dance,  when  the 
muscles  of  the  arm  are  thrown  into  involuntary  mo- 
tions, with  lameness  and  rotations.  The  hysterical 
epilepsy,  or  other  epilepsies,  arising  from  different 
causes,  aice  convulsive  diseases  of  the  universal  kind. 
The  muscles  of  the  globe  of  the  eye,  throwing  the 
eye  into  involuntary  distortions,  in  defiance  of  the 
direction  of  the  will,  are  instances  of  partial  con- 
vulsion. The  muscles  principally  aff^ed,  in  all 
species  of  convulsions,  are  those  immediately  under 
the  direction  of  the  will ;  a^  those  of  the  eyelids, 
eye,  face,  jaws,  neck,  superior  and  inferior  extre- 
mities. 

The  muscles  of  respiration,  acting  both  voluntarily 
and  involuntarily,  are  not  unfrequently  convulsed ; 
as  the  diaphragm,  intercostids,  &c.  llie  more  im- 
mediate causes  of  convulsions  are  mental  afl[ections, 
or  any  irritating  cause  exciting  a  great  aetion  in  the 
arterial  system  of  the  brain  and  nerves.  After  mus- 
cles have  been  once  accustomed  to  act  invokuntarily, 
and  vrith  increased  action,  the  sam^  cau0ee  can  rea^ 
(lily  produce  the  same  effects  on  those  organs.  All 
parts  that  have  muscular  fibres  may  be  convulsed. 
The  sensations  in  the  mind  most  capable  of  produ- 
cing convulsions  are  timidity,  horror,  anger,  great 
sensibility  of  the  soul«  &c. 


Cookery.  It  is  not  great  things,  but  trifles, 
which  principally  make  up  the  sum  of  huinan.happi- 
ness.  An  act,  therefore,  like  eating,  which  is  repeated 
several  times  every  day  by  the  millions  who  inhabit 
the  globe,  is  a  subject  worthy  of  serious  investiga- 
tion. The  scientific  pride,  which  disdains  to  dwell 
on  the  ordinary  affairs  of  common  life,  is  rapidly 
vanishing ;  and  in  an  age  when  utility  is  the  great 
object  of  the  philosopher,  cookery  may  hope  to  en- 
gage a  share  of  his  attention. 

It  has  been  asked,  Why  does  man  cook  ?  Why 
does  he,  unlike  the  lower  animals,  transform  the 
materials,  which  nature  gives  him  for  nourishment^ 
at  least  with  the  exception  of  some  savage  tribes  ? 
Some  philosophers  have  ascribed  it  to  a  desire  innate 
in  man  to  make  changes  in  every,  thing  that  hs 
meets.  But  however  philosophers  may  solve  this 
question,  the  fact  is  clear  that  we  cook,  and  all 
agree  in  desiring  something  palatable  on  their  ta- 
bles. The  maxim,  that  "  people  will  easily  find  out 
what  is  best  for  them,"  is  by  no  means  applicable 
to  cookery. 

Every  body  who  has  travelled,  and  has  observed 
the  manner  of  cooking  among  differaat  nations,  must 
have  seen  that,  with  Uie  exception  of  those  countries 
where  man  lives  chiefly  upon  fruits,  or  in  an  almost 
savage  state,  people  generally  spoil  what  nature  af- 
fords them  as  nourishment;  and  he  would  be  a 
great  benefactor  to  his  nation,  who  should  teach 
them  to  adopt  a  system  oi  cookery  which  would 
make  their  dishes  at  once  palatable  and  wholesome. 
How  much  money  would  be  saved,  how  many  db- 
eases  prevented,  how  much  comfort  gained,  if  cook- 
ery  were  placed  on  a  more  rational  basis,  and  were 
accommodated  judiciously  to  the  respective  products 
of  different  countries ! 

Rumford  has  attauied  deserved  celebrity  for  his 
eflbrts  to  improve  the  food  of  the  poor ;  and  he  would 
be  no  small  benefactor  of  his  species,  who  should 
be  equally  successful  in  improving  the  diet  oi  the 
people  at  large.  Most  modem  books  on  cookery  are 
devoted  to  the  preparation  of  refined  dishes  ^  and  a 
very  unfounded  prejudice  prevails,  as  ii  the  culinary 
art  were  too  trivial  a  matter  to  engage  a  reflecting 
mind.  As  architecture  is  divided  into  two  sorts,  the 
useful  and  the  omameiital,  so  cookery  might  be 
divided  into  the  usefhl  and  the  luxurious;  and  agam, 
as  the  pharmacopcBia  of  some  countries  is  divided 
into  a  general  one,  and  one  for  the  poor,  so  usefid 
cookery  might  also  be  divided  so  as  to  suit  all 
classes. 

Prizes  might  be  offered  for  the  invention  of  cheap 
and  wholesome  didies,  and  more  care  might  be  taken 
to  provide  good  cooks,  by  setting  on  foot  establish- 
ments where  particular  instruction  should  be  given 
to  girls .  desirous  of  becoming  cooks,  it  is  a  Kttle 
surprising,  that,  while  so  much  care  is  bestowed  on 
the  improvement  of  the  fruits  of  thie  earth,  and  the 
animals  used  for  food,  sa  little  attentio%  compara- 
tively speaking,  is  given  to  improving  the  culinary 
processes,  which  render  them  fit  for  afibrdimg  nou- 
rishment. 

The  early  Romans  did  not  disdain  to  direct  their 
attention,  not  only  to  husbandry^  but  also  to  cook- 
ery. Cato,  in  his  book  on  agriculture,  gives  several 
receipts  for  dishes  of  flour  and  vegetables.  Hie 
introduction  or  successfol  cultivation  of  important 
vegetables  was  frequently  the  occasion  of  sumameSy 
ia  the  early  times  of  Rome,  as  Lentulna,  FWm^ 
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Vieero.  The  tneftls  of  the  Romans  consisted  generally 
of  three  courses :  the  first  contained  light  food,  eggs, 
oysters,  and  the  like,  to  excite  the  appetite;  next 
came  the  brunt  of  war,  as  the  ancients  called  it, 
made  np  of  roast  and  boiled  dishes,  of  every  descrip- 
tion ;  then  followed  the  dessert  {meiwa  9eamdm)  of 
fruit  and  pastry.  Luxury  in  eating  increased,  when 
the  Romans  became  acquainted  with  Asiatic  magni- 
ficence, to  such  a  degree  that  laws  were  required  to 
keep  it  within  bounds.  Lucullus  carried  epicurism 
to  the  extreme.  He  erected  several  dining  halls  in 
his  palaces,  and  gave  to  each  of  them  the  name  of 
some  deity,  which  was  a  guide  to  the  steward  in 
regulating  the  etiquette  and  the  expenses  of  the  ban- 
quet :  a  cana,  for  example,  in  the  hall  of  A.poUo, 
commonly  cost  50,000  drachms,  or  4687  dollars. 
Under  Pompey,  M.  Aufldius  Lurco  invented  the 
fattening  of  peacocks,  and  in  this  way,  earned  in  a 
short  time,  60,000  sestertia. 

During  this  period,  an  actor  had  a  di^h  prepared 
which  cost  nearly  5002.  It  consisted  of  singing  and 
talking  birds,  each  of  which  was  valued  at  twenty- 
iive  pounds.  The  ton  of  the  same  actor  entertained 
b^  friends  with  pearls,  which  he  dissolved  hi  vinegar. 
Under  Tiberius,  there  #ere  schools  and  teachers  of 
tookery  in  Rome.  One  of  tiie  family  of  the  Apicii 
hivented  many  new  dbhes ;  for  example,  a  salt  dish 
of  fishes'  livers ;  also  many  cooking  utensils,  and  the 
art  of  fattening  swine  on  dried  figs.  Another  l^rote 
a  book  on  cookery,  and  invented  the  art  of  keeping 
cysters  fresh. 

The  emperor  Vitellius  was  once  entertained  by  his 
fifrother  with  2000  choice  fishes^  and  7000  birds. 
Vitellius  hhnself  once  had  a  single  dbh  prepared  of 
the  livers,  the  young,  and  the  brain  of  many  select 
birds  and  fishes.  Roman  cookery  was  remarkable 
for  the  almost  universal  use  of  oil  or  oily  substances. 
In  the  later  ages  of  Roman  greatness,  the  object  of 
the  cook  was  to  please  the  palate,  rather  than  to 
provide  for  the  healthful  nourishment  of  the  system. 
In  the  middle  ages,  the  Italians,  who  outstripped  the 
rest  of  the  nations  of  Europe  in  every  branch  of 
civilization,'  attained  also,  much  earlier,  a  degree  of 
accomplishment  in  the  culinary  art.  They  carried  it 
to  much  perfection  as  early  as  in  the  sixteenth  cen- 
torfr,  and  probably  earlier,  as  some  passa^s  in  their 
novels  lead  us  to  suppose. 

The  artists  of  tniat  country  delighted  much  in 
convivtal  assemblies,  and  the  chief  cook  of  Pius  V., 
Bartolommeo  Scappi,  published  in  1670,  an  excellent 
work  on  the  art  of  cookery.  The  princesses  of  the 
house  of  Medici  appear  to  have  transplanted  the 
Italian  cookery  to  France,  at  least  to  the  French 
coitrt. 

The  Italian  cookery  was  however  very  similar  to 
fiiat  of  the  ancient  Romans,  as  even  the  mode  of 
preparing  dishes  at  present  prevalent  in  Italy  has 
atBi  retained  much  of  the  ancient  character.  We 
refer  partienlarly  to  the  abundant  use  of  oil.  In  fact, 
this  character  prevails  more  or  less  in  the  cookery  of 
an  nations  of  Latin  descent.  However  great  the 
influence  may  have  been  which  Italian  cookery  exer- 
cised on  th6  French  system,  it  is  to  the  inhabitants 
6f  FVancc  tiiat  we  owe  the  usage  of  seasoning  meat 
noetfy  with  its  own  gravy,  whereby  a  much  greater 
variety  is  obtahied,  and  the  dishes  ^e  at  the  same 
HiwM*  more  wholesodle  than  those  prepared  in  the  old 
Inodes.  F^-om  tih^  accOiftits  of  the  household  of 
Loois  XY.,  it  i^ypears  titat  the  eOtirt  dhied  witik 


moderation.  From  eight  to  nine  dbhes  only  were 
served ;  but  two-thirds  of  the  meat  used  in  the 
kitchen  was  taken  for  gravy. 

Of  course,  this  was  possible  only  in  a  royal  kitchen ; 
but  the  tendency  of  the  modem  culinary  art  appears 
clearly  enough  from  this  instance.  The  French,  pro- 
bably, were  induced  to  make  this  change  because 
only  a  small  portion  of  the  southern  part  of  their 
country  furnishes  oil,  and  good  butter  is  produced 
only  in  a  small  part  of  the  north.  When  the  French 
revolution  brought  the  "  third  estate"  into  honour, 
the  old  national  French  soup,  f>oi  au  feu,  came  into 
notice — a  dish  on  which  the  French  pride  themselves 
justly.  The  new  mode  of  cooking  became  now  more 
and  more  popular.  But,  soon  after  the  great  excite- 
ment of  the  revolution  had  subsided,  and  men  had 
leisure  to  think  of  their  palates,  an  over-refined  style 
of  cookery  was  introduced,  and  gave  rise  to  works 
like  the  Almanac  des  Goutinands.  The  dishes  of  this 
latter  period  are  not  to  be  rashly  ventured  on,  but  to 
be  eaten  widi  a  wise  circumspection. 

Tlie  cookery  in  our  own  country  takes  quite  a 
difierent  turn  from  that  of  the  Italians  and  French. 
We  have  confined  ourselves  to  simple,  strong,  and 
substantial  dishes. 

It  may  hardly  be  necessary  to  state  that  cooking 
is  efiected  by  various  methods,  of  which  boiling  is 
the  most  common,  but  also  the  most  objeetiona^ : 
as  it  deprives  flesh  of  its  nutritious  juices.  A  better 
made  of  dressing  animal  food  is  roasting,  by  which 
its  strength  is  lesa  dissipated;  because  a  crust  is  soon 
formed  on  its  surfitce,  ^t  more  effectually  preserves 
the  nutritive  particles  from  evaporation.  Hence,  one 
pound  of  roasted  meat  is,  in  providing  nourishment, 
prbbably  equal  to  double  that  quantity  of  boiled 
aninkal  food. 

Many  substances,  though  naturally  possessed  of 
salubrious  qualities,  are  rendered  unwholsome  by 
the  refinements  of  cookery.  By  compounding  seve- 
ral incongruous  ingredients,  to  produce  a  poignant 
sauce,  or  rich  soup,  the  cook  frequently  forms  com- 
positions that  are  almost  poisonous.  Thus,  high 
seteoning  of  every  kind,  pickles,  and  the  like,  merely 
stimulate  the  palate,  and  cannot  fail  to  injure  the 
Stomach.  Hence,  the  plainest  dishes  are  uniformly 
the  most  conducive  to  heidth,  while  they  are  most 
easily  digested.  This  self-evident  proposition  is 
acknowledged  by  every  reflecting  person,  but  gives 
the  least  satisfaction  to  the  epicure,  who  consults 
his  taste,  before  he  appeate  to  his  warped  under- 
standing. 

Animal  food  is  geserally  boiled  in  half-open  ves- 
sels, instead  of  winch,  close  utensils  only  ought  to 
be  employed  for  that  purpose.  The  process  called 
stewing  is  decidedly  .the  best;  as  it  is  not  only  the 
most  wholsome  mode  oi  dressing  meat,  but  at  the 
same  time  well  adapted  to  retain  and  concentrate 
the  most  substantial  puts  of  animal  food.  In  the 
pot  contrived  by  Paptn,  and  cidled  a  dtgnUir,  tfie 
co<>k  actually  employs  high-pressure  steam  to  extract 
all  the  geladne  from  animal  food  iii  cookery ;  so  that 
instead  of  loading  the  stomach  with  hard  and  indi- 
gestible meat,  a  dish  may  readily  be  prepared  in 
which  a>l  that  is  essential  to  the  supply  of  nutriment 
is  separated  from  the  merely  earthy  matter  of  com- 
mon bone?.  Most  of  our  large  hospitals  and  soup 
establishments  are  now  supplied  with  hig^-pressure 
boilers  on  this  principle.  There  are  many  ingenious 
contrivances  to  facilitate  and  regulate  this  procesa* 
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under  the  name  of  portable  kitchena,  aue  of  wWeh  i 
represented  in  the  engTaving  beneath. 


Our  engraving  shows  the  section  ot  a  stove  In- 
vented  by  Mr.  Williami,  farniihed  with  a  grate,  at 
the  back  of  whidi  there  is  an  air  passage,  formiag 
one  side  of  the  oven.  Fines  pass  under  and  ovei 
the  oven,  and  lead  to  the  chimney.  The  boiler  is  at 
top,  and  there  arr  falling  bars  in  fh)nt  of  the  grate, 
and  there  is  a  sliding  plate  to  be  occasionally  lowered 
to  act  as  a  blower. 

The  first  feature  of  novelty  proposed  is,  the  air- 
channel,  which  is  supplied  by  an  aperture  with  i 
slider  opening  from  the  outside  near  the  bottom. 
The  atmospheric  air  thus  admitted,  passes  along  the 
lower  compaitment,  and  becomes  heated,  then  up- 
wards into  the  second ;  retnming  again  along  thai 
channel,  it  dien  rises  into  the  third,  and  proceeds 
from  thence  through  the  upper  part  of  the  oven,  and 
escapes  by  a  small  pipe  into  the  chimney.  The 
advanta^  of  this  air-channel  is,  that  the  fire  of  the 
grate  will  not  be  allowed  to  come  in  immediate 
contact  with  the  oven,  and  also,  that  in  passing 
through  the  top  of  the  oven,  it  wilt  cause  the  meal 
in  that  compartment  to  be  roasted,  instead  of  baked. 

Tlie  second  feature  is  the  introduction  of  two 
stidera  or  dampers  into  the  flnes ;  and  when 
required  to  throw  the  greatest  heat  into  the  boiler 
then  the  damper  of  the  lower  flue  is  dosed,  and  the 
flame  and  smoke  passed  thmugh  the  upper  floe ;  tiut 
when,  on  the  contrary,  the  heat  of  the  oven  is  to  be 
increased,  the  upper  damper  is  closed,  and  the  flame, 
smoke,  and  other  vapour  passed  through  the  flue 
under  and  behind  the  oven.  Apertures  are  made  in 
the  upper  part  of  the  boiler  for  introdudng  the  bot- 
tom of  a  tea-  kettle  or  saucepan,  which  are  to  be  made 
to  bcul  by  the  heat  of  the  steam. 

The  third  feature  is  a  falling  bar  in  front  of  the 
grate,  which  being  let  down,  as  shown  by  dots,  forma 
a  ledge  to  set  but  vessel  upon  for  stewing,  &c. 
When  it  is  required  to  increase  the  strength  of  the 
fire,  the  plate  is  slidden  down  over  the  upper  part  of 
the  grate,  which  then  acts  as  a  blower. 

Co?AinA,  or  balsam  of  copaiba;  a  liquid  msinous 
juice,  iasning  i¥om  incisions  made  in  the  trunk  of  a 
tree  growing  in  the  West  Indies,  of  which  there  is 
only  one  species. 

Tie  juice  is  clear  and  transparent,  of  a  whitish  or 
paU  yellowish  colour,  an  agitable  smell,  and  a  bit- 
terish pungent  taste.  It  is  nsoally  about  the  con- 
sistence of  oil ;  when  long  kept,  though  retaining 
its  transparency,  it  becomes  nearlyaa  thick  as  honey ; 
and,  unlike  other  reainuus  juices,  dots  not  acquire  a 
solid  state. 
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Genuine  balsam  of  copaiba  dissolws  oticd*  in 
rectified  spirits,  especially  if  a  little  alkali  be  pre- 
viously  added  to  the  liquor :  the  solutiuu  has  a  vetv 
powerihl  smell.  When  distilled  with  water,  it  yields 
a  large  quantity  of  a  limpid  essential  oil  i  and  in 
a  strong  heat,  without  addition,   an  oil  of  a  blue 

With  respect  to  the  medicbaJ  properties  of  this 
balsam,  it  is  said  to  be  both  corroborant  and  deter- 
^nt.  It  Btrengtbens  the  nervous  system,  tends  to 
open  the  bowels,  in  large  doses  proves  purgative,  and 
promotes  the  secretion  of  urine.  It  has  also  been 
recommended,  most  injudiciouslv  however,  in  dysen- 
tery, and  in  diseases  of  the  chest  or  lunp.  The 
dose  of  this  medicine  should  not  exceed  from  twenty 
to  thirty  drops.  It  may  be  conveniently  takeo  when 
mixed  with  a  thin  syrup,  or  in  the  form  of  an  emnU 
siou,  into  which  it  may  be  reduced,  by  triturating  it 
with  a  thick  mucilage  of  gum  arabic,  till  both  in- 
gredients are  well  incorporated,  and  Uien  gradually 
adding  a  proper  quantity  of  water. 

Copal.  This  substance  which  deserves  particular 
attention  from  its  importance  as  a  varnish,  and  which 
at  first  sight  seems,  to  belong  to  a  distinct  class  bmo 
the  resins,  is  obtained  from  the  narrow-leaved  oi 
beAch  sumach,  a  tree  which  is  a  native  of  North 
America ;  but  ths  best  sort  of  copal  is  said  to  coma 
from  Spanish  America,  and  to  be  the  produce  of  dif- 
ferent trees. 

Copal  is  a  beautiful  white  resinous  ^betance, 
with  a  slight  tint  of  brown.  It  is  sometimes  opaqoe, 
and  sometunea  almost  perfectly  transparent.  When 
heated,  it  melts  like  other  resins ;  but  it  differs  from 
them  in  not  being  soluble  in  sJcohot,  or  in  oil  of 
turpentine,  without  peculiar  management.  Neither 
does  it  dissolve  in  the  fixed  oils  with  the  same  eftse  as 
the  other  resins.  It  resembles  gum  anim£  a  little  in 
appearance,  bat  is  easily  distinguished  by  the  solu- 
bility of  the  latter  in  alcohol,  and  by  its  being  brit- 
tle between  the  teeth,  whereas  anim^  aoftens  in  the 
month. 

When  copal  is  dissolved  in  any  volatile  liquid,  and 
spread  thin  upon  wood,  metal,  paper,  &c.,  so  that 
the  volatile  menstruum  may  ev^>orate,  the  copal  re- 
mains quite  transpajeot,  and  forms  one  of  the  most 
beautiful  and  perfect  varnishes  that  can  welt  be  con- 
ceived. The  varnish  thus  formed  is  called  copal 
vamish,  from  the  chief  ingredient  in  it.  Copal 
varnish  used  by  the  English  japannera  ia  made  as 
follows.  Four  parts  by  weight  of  copal  in  powder 
are  pot  into  a  glass  matrass  and  melted.  The  liquid 
ia  kept  boiling  till  the  fiimes,  condensed  npon  the 
point  of  a  tube  thrust  into  the  mtUrass,  drop  to  the 
bottom  of  the  liquid  without  occasioning  any  hissing 
noise  as  water  does.  This  is  a  proof  that  all  the 
water  is  dissipated,  and  the  copal  has  been  long 
enou^  melted.  One  part  of  boiliog  hot  linseed  oil 
(previously  boiled  in  a  retort  without  any  litharge) 
is  now  poured  into  it,  and  well  mixed.  The  »n«h^«« 
is  then  taken  off  the  fire,  and  the  liquid,  while  still 
hot,  is  mixed  with  about  its  own  weight  of  oil  of 
turpentine.  The  varnish  thus  made  is  transpareDt, 
but  it  has  a  tint  of  yellow,  which  the  japwuen  en- 
deavour to  conceal  by  giving  the  white  ground  on 
which  they  apply  it  a  shade  of  blue.  It  ia  with  this 
vamish  that  the  dial-plates  of  clocks  are  covered 
after  having  been  painted  whiter 

CopacK ;  a  Russian  co[^Mr  coin,  ao  called  from 
the  ivpreaaiou  of  St.  Georp  bearing  «  laace.    A 
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iandred  of  tliem  make  one  ruble.  The  value  of 
the  copper  coin,  compared  with  the  asBignation-mble, 
▼ariep  m  the  different  governments. 

CopPBR  is  of  a  red  colour,  vrith  a  tinge  of  yellow, 
having  considerable  lustre,  but  liable  to  tarnish  and 
rust  from  exposure  to  the  air.  It  is  moderately 
hard,^  and  has  considerable  ductility  and  malleability. 
Its  specific  gravity  is  8.66.  It  has  a  sensible  odour, 
especially  when  heated  or  rubbed,  a  styptic,  unplea- 
sant taste,  and  is  peculiarly  poisonous  to  animals. 
Copper  melts  at  a  full  white  heat,  and,  by  slow  cool- 
ing, may  be  crystallized.  It  suffers  oxidation  at  a 
lower  temperature  from  the  action  of  the  air,  thin 
scales  of  oxide  forming  on  its  surface  when  it  is 
heated  to  redness.  At  a  higher  heat,  it  bums  with 
a  green  flame.  Exposure  to  air  and  humidity,  at  the 
natural  temperatures,  converts  it  into  a  green  rust, 
idiich  is  the  oxide  combined  with  a  portion  of  car- 
bonic acid. 

There  are  two  oxides  of  copper.  The  protoxide  is 
of  a  red  colour,  and  occurs  native,  in  the  form  of 
octohedral  crystals,  in  the  mines  of  Cornwall.  It  is 
also  ^yrepared  artificiidly,  by  mixing  64  parts  of  me- 
tallic copper,  in  a  state  of  fine  division,  with  80  parts 
of  the  peroxide,  and  heating  the  mixture  to  redness 
in  a  close  vessel;  or  by  boiling  a  solution  of  the 
acetate  of  copper  with  sugar,  when  the  peroxide  is 
gradually  deoxidized,  and  subsides  as  a  red  powder. 

It  consists  of  one  atom,  or  proportional,  of  copper 
64,  and  one  of  oxygen,  8,  =  72.  The  sulphuric, 
muriatic,  and  probably  several  other  acids,  form  with 
it  salts,  which,  for  the  most  part,  are  colourless. 
On  exposure  to  the  air,  they  attract  oxygen,  and  are 
ritpidly  converted  into  per-salts.  Tlie  peroxide  of 
copper  is  also  found  native,  and  may  be  prepared 
artificially  by  calcining  metallic  copper,  by  pre- 
cipitation fh>m  the  per-salts  of  copper,  by  means 
of  pnre  potash,  or  by  heating  the  nitrate  of  copper  to 
redness.  It  is  composed  of  one  atom  of  copper  64, 
and  two  of  oxygen  16,  =  80.  It  varies  in  colour  from 
a  dark-brown  to  a  bluish-black,  is  insoluble  in  water, 
and  does  not  affect  the  vegetable  blue  colours.  It 
undei^oes  no  chanee  by  heat  alone,  but  is  readily 
reduced  to  the  metultc  state  by  heat  and  combustible 
matter.  It  combines  with  nearly  all  the  acids,  and 
most  of  its  salts  have  a  green  or  blue  tint.  It  is  so- 
luble, likewise,  in  ammonia,  forming  with  it  a  deep 
blue  solution — a  property  by  which  the  peroxide  of 
copper  is  distinguishable  from  all  other  substances. 

Metallic  copper  is  oxidated  and  dissolved  by  tiie 
greater  number  of  the  acids,  and  forms  with  them, 
in  general,  soluble  and  crystallizable  salts.  Sul- 
phuric acid,  either  concentrated  or  diluted,  oxidates 
H,  and  combines  with  the  peroxide,  especially  when 
assisted  by  heat. 

The  solution  is  of  a  blue  colour,  and,  when  eva- 
porated, affords  crystals  in  the  form  of  rhomboidal 
prisms.  This  salt  is  the  blue  vitriol  of  commerce, 
and  18  usually  obtained,  either  by  evaporation  of  the 
solution  of  it.  formed  by  the  infiltration  of  water 
through  copper  mines,  or  by  exposure  of  sulphuret 
of  copper  to  the  action  of  air  and  humidity,  until  the 
sulpifanr  fs  converted  into  sulphuric  acid,  and  the 
metal  is  oxidated  and  combined  with  it.  Nitric  acid 
acts  on  copper  with  great  energy,  the  metal  attract- 
ing a  portion  of  its  oxygen,  nitric  oxide  gas  being 
disengaged,  and  the  oxide  combining  with  the  re- 
maining acid.  The  solution,  when  evaporated,  af- 
fords prismatic  crystals,  of  a  deep  green  colour,  deli- 


quescent, and  easily  soluble  in  water.  From  the  fa- 
cility with  which  it  parts  with  oxygen,  it  acts  with 
energy  on  several  substances.  Thus  it  detonates 
when  struck  with  phosphorus,  and  it  burns  several 
of  the  metals.  If  wrapped  in  tinfoil,  the  tin  is  oxi- 
dated with  such  rapidity  as  to  be  attended  with  in- 
flammation. 

Muriatic  acid  dissolves  copper  slowly  when  the 
air  is  admitted :  if  it  is  excluded,  the  action  is  very 
inconsiderable,  unless  heat  is  applied.  The  solution 
is  of  a  fine  green  colour,  and,  by  evaporation,  slender 
prismatic  crystab  are  obtained,  which  are  deliques- 
cent, and  very  soluble  in  water.  The  combinations 
of  peroxide  of  copper  with  phosphoric,  carbonic,  and 
other  acids,  are  effected  by  adding  to  a  solution  of 
nitrate,  or  sulphate  of  copper,  a  solution  of  a  neutral 
salt,  containing  the  acid  witii  which  the  copper  is 
designed  to  be  combined.  Copper  is  slowly  oxidated 
by  a  number  of  weaker  acids,  as  by  some  vegetable 
juices,  when  acted  on  by  them  with  the  admission  of 
air.  Acetic  acid,  or  vinegar  in  particular,  forms  an 
important  compound  with  the  oxide  of  copper.  To 
obtain  it,  copper  plates  are  exposed  to  the  fumes  of 
vinegar.  A  crust  is  soon  formed  of  a  green  colour, 
which  is  the  verdigris  of  commerce.    . 

All  the  salts  of  copper  are  decomposed  by  the  al- 
kalies and  earths.  Potash,  soda,  and  the  alkaline 
earths,  throw  down  precipitates,  which  are  of  various 
shades  of  green  or  blue,  according  to  the  quantity  of 
alkali  added,  the  colour  being  green,  if  a  small  quan- 
tity b  added,  and  becoming  blue  from  a  larger  quan- 
tity. These  precipitates  are  sub-salts,  the  alkali  at- 
tracting the  greater  portion  of  the  acid,  but  the  oxide 
precipitated  still  retaining  a  portion  of  the  acid  com- 
bined with  it. 

The  action  of  ammonia  upon  the  salto  of  copper  is 
more  remarkable.  It  first  abstracts  a  portion  of  the 
acid,  and  throws  down  a  green  or  blue  precipitate, 
which  is  a  sub-salt ;  but,  when  added  in  larger  quan- 
tity, it  redissolves  this  precipitate,  and  forms  a 
transparent  solution,  of  a  very  deep-blue  colour, 
which,  when  evaporated,  affords  fine  blue  crystals. 
A  triple  compound,  used  in  medicine  under  the  name 
of  amnumuret  of  copper,  is  prepared  by  triturating 
together  two  parte  of  sulphate  of  copper  with  one 
part  of  carbonate  of  ammonia,  the  mass  becoming 
soft  from  the  mutual  action  of  the  two  sahs,  the 
carbonic  acid  being  disengaged  with  effervescence, 
and  the  triple  compound  of  sulphuric  acid,  oxide  of 
copper,  and  ammonia,  being  obtained  of  a  deep 
violet-blue  colour. 

Copper  is  precipitated  in  ite  metallic  state,  from 
its  saline  solutions,  by  zinc  and  iron ;  either  of  these 
metals  attracting  the  oxygen  which  serves  as  the 
medium  of  ite  union  witn  the  acid  of  the  solution^ 
Ite  oxide  is  precipitated  by  albumen,  and  the  preci- 
pitate is  almost  inert ;  hence  the  whites  of  eggs  have 
been  recommended  as  an  antidote  to  the  poisonous 
salte  of  copper.  The  best  mode  of  detecting  copper, 
when  suspected  to  be  present  in  mixed  fluids,  is  by 
sulphuretted  hydrogen.  The  sulphuret,  after  being 
collected,  should  be  placed  on  a  piece  of  porcelain, 
and  digested  in  a  few  drops  of  nitric  acid. 

A  sulphate  of  copper  is  formed,  which,  when 
evaporated  to  dryness,  strikes  the  characteristic  deep 
blue  on  the  addition  of  a  drop  of  ammonia.  Copper 
and  sulphur  unite  by  fusion,  tiie  combination  being 
attended  with  the  evolution  of  heat  and  light.  A  bi- 
sulphuret  of  copper  also  exists  in  copper  pyritiiu 
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Copper  combines  wi^  a  great  number  of  the  metals 
by  fusion.  It  communicates  hardness  to  gold  and 
silver,  without  much  impairing  their  ductility,  or  de- 
basing their  colour,  when  in  small  proportion;  hence 
it  is  employed  in  the  standard  alloys  of  these  metals^ 
that  of  gold  containing  one-twelfth,  that  of  silver 
one- sixteenth,  of  the  mass.  With  platina,  it  forms 
an  alloy,  ductile,  and  susceptible  of  a  fine  polish.  With 
tin,  it  forms  several  valuable  alloys,  which  are  cha- 
racterized by  their  sonorousness. 

Brotue  is  an  alloy  of  copper,  with  about  8  or  1(X 
per  cent,  of  tin,  together  with  small  quantities  or 
other  metals,  which  are  not  essential  to  the  com- 
pound. Cannons  are  cast  wit)i  an  alloy  of  a  similar 
iind,  and  the  ancient  bronze  statues  were  of  nearly 
the  same  composition. 

BeU-wiftal  is  compo^  of  80  parts  of  copper  and 
90  of  tin.  The  Indian  gong,  so  much  celebrftted  for 
the  richness  of  its  tones,  contains  coppe^  and  tin  in 
this  proportion.  The  proportion  of  tin  in  bell-metal 
varies,  however,  frqm  one-third  to  one-fifth  of  the 
weight  of  the  copper,  according  to  the  sound  re- 
quired, the  size  of  the  bell,  and  the  impulse  to  be 
given.  M.  d'Arcet  has  discovered  that  bell-met^ 
formed  in  the  proportion  of  78  parts  of  copper, 
united  with  22  of  tin,  is,  indeed,  nearly  as  brittle  as 
glass,  when  cast  in  a  thin  plate  or  gong ;  yet,  if  it 
be  heated  to  a  cherry  red,  and  plunged  into  cold 
water,  being  held  between  two  plates  of  iron,  that 
the  plate  may  not  bend,  it  becomes  malleable.  Gongs^ 
cymbals,  and  tamtams  have  been  mani^factured  with 
this  compound. 

Brass,  Copper  and  zinp  unite  in  several  propor- 
tions, forming  alloys  of  great  iinportance  in  the  art^. 
The  best  brass  consists  of  four  parts  of  copper  to  one 
of  zinc ;  and,  when  the  latter  is  i^  greater  propor- 
tion, compounds  are  formed  csJied  tombac,  Dutch 
goldg  and  pinchbeck.  An  a^oy  called  Bath  ^/af  is 
made  by  addmg  9  pounds  of  zinc  to  3.2  of  brass ; 
and  ma  extremely  pale,  nearly  white  metal^,  u^  by 
the  button-makers  of  Birmingham,  under  the  uta^e 
of  platina,  by  adding  5  pounds  of  zinc  to  8  of  brass. 
The  brothers  Keller,  who  were  ve^  celebrated  statue- 
founders,  used  an  alloy*  10,000  parts  of  which  con- 
tained 9140  of  copper,  553  of  zinc,  170  of  tin,  (^^d 
137  of  lead.  Their  castings  are  very  celebrated,  and 
some  are  of  very  large  size,  as  the  equestrian  statc^e 
of  Louis  XIV.,  cast  at  a  single  jet,  by  Balthazar 
Keller,  in  1699,  which  is  21  feet  high,  and  weighs 
2^3,263  French  pounds.  These  statues  are  usually 
called  bronze  statues,  although  made  of  brass.  Brass 
was  well  knovm  to  the  Romans,  under  the  name  of 
orichalpum,  who  took  advantage  of  its  resemblance  to 
gold,  in  robbing  the  temples  and  other  public  places 
of  that  precious  metal.  Thus  Julii^s  C^sar  robbed 
the  capitol  of  3000  pounds  weight  of  gold,  and  Vitel- 
lius  despoiled  the  temples  of  their  gifts  and  orna- 
ments, and  replaced  them  with  this  inferior  coin- 
pound. 

The  art  of  tinning  copper  consists  in  coyq'ing  that 
metal  with  a  thin  layer  of  tin,  in  order  t^  ]^otect  its 
surface  from  oxydating.  For  this  purpose,  pieces  of 
tin  are  placed  upon  a  well- polished  sheet  of  copper, 
which,  if  the  process  is  skilfully  conducted,  adhere 
uniformly  to  its  surface.  The  oxidation  of  the  tin — 
a  circumstance  which  would  entirely  prevent  the 
success  of  the  operation — is  avoided  by  employing 
fragments  of  resin,  or  muriate  of  ammonia,  and  regu- 
lating the  temperature  with  great  care. 


For  an  account  of  the  ores  of  this  me^  ^ 
readef  is  referred  to  the  Natural  History  division  if 
our  work. 

CoppBRAS^  or  Gbbbn  Vitriol,  is  a  mineral  sub- 
stance, formed  by  the  decomposition  of  pyrites  by 
the  moisure  of  the  atmosphere.    Its  colour  is  bright- 
green,  and  its  taste  very  astringent.    A  solution  of 
it  in  water,  dropped  on  oak-bark,  instantly  produces, 
a  black  spot    Copperas  is  occasionally  found  in' 
grottoes,  caverns,  the  galleries  of  mines,  and  other 
places.     It  is  in  much  request  with  dyers,  tanners, 
and  the  manufacturers  of  ink,  and,  for  their  yse,  is 
artificially  prepared  from  pyrites.    This  mineral  be- 
ing moistened  and  exposed  to  the  air,  a  crust  is 
formed  upon  it,  which  is  afterwards  dissolved  in 
water :  from  this  the  cr)'stals  of  vitriol  are  obtained 
by  evaporation.    The  principal  use  of  vitriol  is  in 
dyeing  woollen  articles,  hats,  &c.  black.    It  is  the 
basis  of  ink,  and  is  used  in  the  manufacture  of  Prus- 
sian blue.     If  it  be  reduced  to  powder  by  the  action 
of  fire  in  a  crucible,  and  mixed  with  powder  of  galls^ 
it  forms  a  dry  portable  ink. 

We  have,  in  the  above  short  article,  given  the 
ordinary  definition  of  the  word  copperas,  though  one 
more  erroneous,  both  with  regard  to  fact  and  &eory, 
can  hardly  be  conceived.  In  copperas  there  is  not 
one  particle  of  copper.  It  is,  in  truth,  a  sulphate  qf 
iron,  and  it  may  readily  be  formed  by  expqbing  iron 
to  the  action  of  sulphuric  acid,  which  is  but  another 
name  for  the  oil  of  vitriol  of  the  shops^  This  is  one 
out  of  many  instances  which  might  be  adduced,  of  a 
false  nomenclature  which  has  been  introduced  by 
commercial  men. 

Copying  Machinbs.  The  most  convenient  mode 
of  multiplying  copies  qf  a  writing  is  by  lithography, 
and  this  mode  is  much  used  by  merchants  and  others 
in  preparing  circulars;  also  in  the  different  depart- 
ments of  government.  In  Mr.  Hawkins's  polygraph, 
two  or  more  pens  are  so  connected  as  to  execute,  at 
once,  two  or  more  copies.  Mr.  Watts's  copying 
machine  is  a  press,  in  which  moistened  bibulous 
paper  is  forced  into  close  contact  with  freshly  written 
manuscript.  The  writing  is,  of  course,  reversed, 
but,  the  paper  being  thin,  the  cbaracters  can  be  reaii 
on  the  opposite  side. 


A  simple  copying  machine,  acting  on  the  same 
principle  as  t^iat  of  Mr.  Watt,  but  much  cheaper,  is 
shown  above.  Its  use  must  be  obvious  on  the  slight- 
est inspection.  Dr.  Franklin  used  to  cover  writing, 
while  moist,  with  fine  powdered  emery,  and  pass  th^ 
sheet  through  a  press  in  contact  i^lth  a  plate  of  pew- 
ter or  copper,  which  thus  became  sufficiently  marked 
to  yield  impressions,  as  in  the  common  mode  of  cop- 
perplate printing. 

Cordage;  a  general  term  for  ropes,  or  rather 
small  cords.    They  consist  of  twisted  fibres,  and  at 
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«B  Mriy  period  was,  ist  all  probability,  only  thoagrt 
of  leather.  These  primitive  ropes  were  retained  by 
the  CidedoniaBa  in  the  third  century.  The  nations 
to  &•  north  of  the  Baltic  had  them  in  the  ninth  or 
tenth  centuries;  and  the  inhabitants  of  the  western 
isles  of  Scotland  make  use  of  them  at-present ;  cut- 
ting the  akin  of  a  seal,  or  tbe  raw  and  salted  hide  of 
a  cow  into  long  pieces,  and  fastening  the  plough  to 
tiieii*  horses  with  them,  or  even  twisting  mem  into 
strong  ropes  of  twenty  or  thirty  fathoms  length. — 
But  these,  in  the  south  of  our  island,  and  on  tiie 
continent,  were  early  superseded  by  the  use  of  iron 
chains.  The  very  maritime  and  commercial  nation 
tke  Veneti,  that  were  so  inttmsdely  connected  with 
the  Belg»  of  Britain,  used  iron  cratins  for  their  ca- 
Mes  in  the  days  of  Caesar.  But  in  the  more  distant 
and  refined  countries  of  the  south,  both  thongs  and 
diese  had  given  place  to  the  use  of  vegetable  threads, 
and  the  arts  of  combining  them  into  strength.  In 
this  manner  the  Greeks  appear  to  have  used  &e  com- 
mon rubies  of  their  covantty,  and  the  Carthagenians 
ibe  spartium  or  brOom  of  Spain.  And  as  ail  the 
cordage  of  die  Romans  was  inade  of  these  materials 
at  their  last  descent  on  our  island,  so  the  art  of  nra- 
milacturing  them  would  be  necessarily  introduced 
with  the  £>man  settlements  among  the  Britons. — 
Under  tiM  direction  of  the  Roman  artists  their  thongs 
of  leather  would  naturally  be  laid  aside,  and  the^'imet, 
or  rushes  of  the  pluns,  worked  up  into  cordage. 

It  is  a  curious  circumstance,  that  a  patent  has 
hrteK  been  taken  out  for  an  invention  which  at  once 
remiBds  us  of  the  cordage  of  many  of  the  uncultivated 
Bouthem  tribes.  The  object  of  this  invention  is  to 
produce  a  rope,  or  sail  cloth,  which  shall  be  imper- 
vious to  water 

Tbe  patentee  proposes  to  employ,  as  the  substance 
of  his  improved  ropes  or  cordage,  a  vegetable  pro- 
duction, called  silk  grasf,  which,  when  dried  is  to  be 
beaten  and  heckled  in  the  same  manner  that  flax  or 
beflsp  is  usually  prepared.  In  the  process  of  pre- 
paring the  grass,  it  is  proposed  to  introduce  a  bitumi- 
nous and  gummy  materml,  which  is  intended  to  sa- 
tankte  the  fibres  of  the  grass,  for  the  purpose  of  pre- 
sacvrng  ^tte  ropes,  cordage,  or  sail  cloth,  or  any  other 
fabric  made  from  it,  when  exposed  to  the  effects  of 
damp. 

This  gummy  material  is  to  be  compounded  of  the 
milk  of  a  tree  called  the  ficus  indica,  with  aspkultum, 
or  bihauh  judaicum,  and  cocoa  nut  oil.  The  propor- 
tions are  to  about  twenty-five  gallons  of  the  milk, 
one  gallon  of  the  oil,  and  from  one  to  twenty  gallons 
of  the  bitumen,  according  to  circumstances. 

These  substances  when  properly  combined,  which 
may  be  done  over  a  slow  fire,  constitute  a  gummy 
material,  into  which  the  fibres  of  the  grass  mity  be 
dipped  while  heckling,  and  it  also  may  be  applied  in 
tvristing  or  spinning.  It  is  likewise  proposed  that 
tbe  workmen  in  twisting  the  strands  of  cord,  shall 
citp  their  hands  in  the  material,  and  work  it  well 
Into  the  fibres  and  texture  of  the  rope. 

When  this  gummy  material  has  become  dry,  it 
vvill  resist  water,  ami  prevent  the  rotting  effects  of 
damp  upon  the  fibres  of  the  rope,  coidage,  sail 
ck»di,  or  other  articles  manufactured  fVom  it. 

Cordovan  ;  a  fine  leather,  which  took  its  name 
from  the  city  of  Cordova,  where  it  was  manufactured 
in  large  quantities.  Much  is  now  made  in  the  Bar- 
bary  States. 

CoaiAifDBR.    This  seed  has,  when  fresh,  a  very 


Unpleasant  smell.  It  is,  on  the  contrary,  very 
agreeable  and  aromatic  when  dry.  It  acts'  in  the 
same  manner  as  aniseed,  &c.,  and  enters  into  several 
medicinal  compounds.  Its  infusion  is  occasionally 
employed  as  a  sudorific.  It  is  used,  likewise,  as  a 
corrective  of  certain  purgatives. 

Corinthian  Order.     See  Architecturb. 

Cork  is  the  external  bark  of  a  species  of  oak, 
-#hich  grows  in  Spain,  Portugal,  and  other  southern 
paits  of  Europe,  and  is  distinguished  by  the  fungous 
texture  of  its  bark,  the  leaves  being  evergreen, 
oblong,  somewhat  oval,  downy  underneath,  and 
waved.  The  principal  supply  of  cork  is  obtained 
from  Catalonia  in  Spain.  In  the  collecting  of  cork, 
it  IS  Customary  to  slit  it  with  a  knife  at  certain  dis- 
tances, in  a  perpendicular  direction  from  the  top  of 
the  trees  to  the  bottom  ;  and  to  make  two  incisions 
across,  one  near  the  top,  and  the  other  near  the  bot- 
tom of  the  trunk.  For  the  purpose  of  stripping  off 
the  bark,  a  curved  knife,  with  a  handle  at  each  end, 
is  used.  Sometimes  it  is  stripped  in  pieces  the  whole 
length,  and  sometimes  in  shorter  pieces,  cross  cuts 
being  made  at  certain  intervals. 

In  some  instances,  the  perpendicular  and  trans- 
verse incisions  are  made,  and  the  cork  is  Icfl  upon  the 
trees,  until,  by  the  growth  of  the  new  bark  beneath, 
it  becomes  sufficiently  loose  to  be  removed  by  the 
hand.  After  the  pieces  are  detached,  they  are  soaked 
in  water,  and,  when  nearly  dry,  are  placed  over  a 
fire  of  coals,  which  blackens  their  external  surface. 
By  the  latter  operation,  they  are  rendered  smooth, 
and  all  the  smaller  blemishes  are  thereby  concealed ; 
the  larger  holes  and  cracks  are  filled  up  by  the  in- 
troduction of  soot  and  dirt.  They  are  next  loaded 
with  weights  to  make  them  even,  and  subsequently 
are  dried  and  stacked  or  packed  in  bales  for  ex- 
portation. 

The  uses  of  cork  were  well  known  to  the  ancients, 
and  were  nearly  the  same  to  which  it  is  applied  by 
us.  Its  elasticity  renders  it  peculiarly  serviceable  for 
the  stopping  of  vessels  of  different  kinds,  and  thus 
preventing  either  the  liquids  therein  contained  from 
running  out,  or  the  external  air  from  passing  in. 
The  use  of  cork  for  stopping  glass  bottles  is  generally 
considered  to  have  been  introduced  about  the  15th 
century. 

The  practice  of  employing  this  substance  for  jack- 
ets to  assist  in  swimming  is  very  ancient ;  and  it  has 
been  applied  in  various  ways  towards  the  preserva- 
tion of  life  when  endangered  by  shipwreck.  The 
cork  jacket,  revived  from  an  old  German  discovery 
by  Mr.  Dubourg,  to  preserve  the  lives  of  persons  in 
danger  of  drowning,  is  constructed  as  follows: — 
Pieces  of  cork,  about  three  inches  long  by  two  wide, 
and  the  usual  thickness  of  the  bark,  are  enclosed 
between  two  pieces  of  strong  cloth  or  canvass,  and 
formed  like  a  jacket  without  sleeves ;  the  pieces  of 
clodi  are  sewed  together  round  each  piece  of  cork,  to 
keep  them  in  their  proper  situations  ;  the  lower  part 
of  the  jacket,  about  the  hips,  is  made  like  the  same 
part  of  women's  stays,  to  give  freedom  to  the  thighs 
in  swimming ;  it  is  made  sufiSciently  large  to  fit  a 
stout  man,  and  is  secured  to  the  body  by  two  or 
three  strong  straps  sewed  far  back  on  each  side,  and 
tied  before;  the  strings  are  thus  placed  to  enable 
any  wearer  to  tighten  it  to  his  own  convenience. 

The  floats  of  nets  used  for  fishing  are  frequently 
mad^  of  cork.  Pieces  fastened  together  make  buoys, 
which,  by  floating  on  the  surface  of  the  water,  al'- 
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ford  directions  for  vesBels  in  harbours,  rivers,  and 
other  places.  In  some  parts  of  Spain,  it  b  cus- 
tomary to  line  the  walls  of  houses  with  cork,  which 
renders  them  warm,  and  prevents  the  admission  of 
moisture.  In  the  cutting  of  corks  for  use,  the  only 
tool  employed  is  a  very  broad,  thm,  and  sharp  knife ; 
and,  as  the  cork  tends  very  much  to  blunt  this,  it  is 
sharpened  on  a  board  by  one  whet  or  stroke  on  each 
side,  after  every  cut,  and  now  and  then  upon  a 
common  whetstone.  The  corks  for  bottles  are  cut 
lengthwise  of  the  bark,  and  consequently  the  pores 
lie  across.  Bungs,  and  corks  of  large  size,  are  cut 
in  a  contrary  direction  :  the  pores  in  tiiese  are  there- 
fore downward — a  circumstance  which  renders  them 
much  more  defective  in  stopping  out  the  air  than  the 
others.  Cork-bark  is  almost  entirely  imported  from 
Italy,  Spain,  and  Portugal.  In  1828,  the  imports 
were,  from  Italy,  81,035  cwt.,  Spain,  12,935  cwt., 
and  Portugal,  5,029  cvirt. 

Cork  is  formed  into  soles  for  shoes ;  it  is  also  in- 
geniously used,  on  account  of  its  lightness,  when 
an  amputation  of  the  human  leg  has  been  necessary, 
to  supply  the  deficiency;  the  Spaniards  line  stone 
walls  with  it,  which  not  only  renders  their  houses 
very  warm,  but  corrects  the  moisture  of  the  air. 
The  Egyptians  made  cofilns  of  it,  which  being  co- 
vered in  the  inside  with  a  resinous  composition,  pre- 
served their  dead  bodies.  It  is  burnt  to  make  that 
light  black  substance  called  Spanish  black,  from  its 
first  having  been  made  in  Spain. 

Cork  received  into  the  stomach,  in  its  crude  state, 
is  very  deleterious :  but  after  it  has  undergone  cer- 
tain processes,  it  is  used  in  medicine.  It  contains  a 
small  quantity  of  very  powerful  acid,  called  suberic 
acid,  which  is  different  from  all  the  other  acids  ;  but 
which  easily  unites  with  the  alkalies  and  earths. 

The  business  of  cork-cutting,  or  the  manufacturing 
of  corks,  though  it  is  thought  one  of  the  most  dirty, 
b  not  one  of  the  least  profitable ;  it  is  likewbe  easy 
in  the  acquirement.  The  cork,  after  being  pressed 
into  square  pieces,  is  received  by  the  cork-cutters, 
and  if  not  sufficiently  flat  for  their  purpose,  they 
'*  lay  "  it  again  over  a  fire  in  their  "  burning  yard," 
turning  the  convex  part  to  the  flame ;  the  heat,  by 
twisting  the  edges  of  the  bark,  counteracts  the 
natural  bend,  and  compels  it  to  receive  a  flat  form. 
During  this  operation,  a  considerable  degree  of  at- 
tention is  paid  to  smoothing  it,  and  particularly 
again  to  cover  its  defects.  It  is  next  cut  into  slips, 
narrow  or  wide,  according  to  the  intended  cork, 
bung,  or  tap,  for  such  are  the  names  of  the  general 
divisions  in  this  business.  The  use  of  the  two  for- 
mer is  well  known,  the  latter  is  used  for  stopping 
the  tap-holes  of  barrels,  as  the  name  implies.  These 
slips  are  again  cut  into  squares,  of  a  length  pro- 
portioned to  the  use  they  are  intended  for.  This 
operation  is  performed  by  one  man,  from  whom 
they  are  handed  forward  to  several  others.  A  far- 
ther division  of  corks  takes  place,  of  these  different 
sorts,  according  to  their  lengths,  and  are  denomi- 
nated short,  short  long,  and  full  long.  The  cork 
maker  places  himself  before  the  table  or  plank,  on 
which  b  fastened  a  board  about  three  inches  thick, 
four  broad,  and  twelve  long ;  immediately  on  a  line 
with  his  left  hand  is  a  piece  of  wood  rising  about 
four  inches  from  the  board,  and  fixed  about  the 
middle  of  it,  on  which  the  cork  is  laid  after  being  cut 
as  above.  This  wood  not  only  supports  the  cork,  and 
is  as  a  guide  to  the  workman,  bu^  by  its  elevation 


above  the  board,  gives  room  for  the  knife  to  cut  m 
part  of  the  cork  in  a  smooth  and  circular  manner. 

Corn,  in  ntrai  economy;  the  grains  or  seeds  oi 
plants,  which  are  separated  from  the  ear,  and  used 
chiefly  for  making  bread. 

There  are  several  species  of  com,  such  as  whetjt, 
rye,  barley,  oats,  millet  and  rice,  maize,  or  Indian 
com,  kc,,  each  of  which  will  be  mentioned  in  its  al- 
phabetical order :  we  shdl,  therefore,  in  thb  place, 
not  enter  into  any  particulars  relative  to  its  culture* 
confining  ourselves  solely  to  such  points  as  relate 
equally  to  the  different  species.  We  cannot  but 
animadvert  upon  the  injudicious  practice  of  cutting 
com  in  cold  autumns,  before  it  b  perfecUy  ripe ;  as 
eipmence  has  proved,  that  if  left  standing,  the  ears 
wUl  continue  to  fill,  wad  beoome  heavier  even  during 
the  autumnal  frosts.  Were  thb  latter  method 
adopted,  a  much  greater  proportion  of  flour  might 
be  produced,  and  the  grain  would  neither  shrink  nor 
shrivel,  in  bams  or  granaries ;  it  might,  at  the  same 
time,  be  prevented  from  rotting,  on  account  of  its 
immaturity,  and  the  softness  or  moisture  which  are 
the  necessary  consequence. 

Notwithstanding  the  great  care  and  attentioD^ 
which  the  husbandman  may  bestow  on  the  cultiva- 
tion of  com,  his  expectations  of  a  plentiful  harvest 
are  often  frustrated  by  a  variety  of  disorders  and  acci- 
dents, to  which  com  b  peculiarly  Ibble. 

The  first  and  most  formidable  is  the  smut,  which 
is  caused  by  vermin  breeding  in  the  grain,  and  thus 
destroying  its  substance.  Their  propagation,  besides 
other  causes,  b  evidenUy  facilitated  by  laying  on  the 
soil  too  large  a  quantity  of  erode  dung ;  which,  be- 
coming mouldy,  promotes  the  generation  of  the 
smut  animals. 

Various  experiments  have  been  accordinglv  tried 
to  eradicate  thb  no^ous  distemper,  with  different 
degrees  of  success,  a  few  of  which  we  shall  enu- 
merate. In  the  greater  part  of  the  counties  of  Devon 
and  Cornwall,  on  the  evening  before  the  wheat  b  in- 
tended to  be  sown,  it  is  laid  on  the  floor  in  a  heap, 
on  which  is  poured  a  solution  of  lime,  slaked  with 
boiling  water,  and  reduced  to  the  consistence  of  cream : 
both  are  then  mixed,  and  left  together  till  morning, 
by  which  time  the  wheat  is  dry  and  fit  to  be  sown. 

In  other  parts  of  the  same  counties  the  wheat  b 
steeped  either  in  fresh  or  salt  water,  for  twelve, 
eighteen,  or  twenty-four  hours,  when  it  is  put  to 
to  drain  for  an  hour  or  two ;  after  which,  powdered 
lime  is  sifted  over  it,  the  whole  being  well  mixed 
with  a  shovel :  it  is  then  thrown  together  in  a  heap, 
to  dry  previously  to  its  being  sown.  Few  farmers, 
however,  soak  it  in  lime,  and  a  still  smaller  number 
of  them  substitute  animal  urine,  soap-boilers'  lye, 
&c.  In  several  other  counties  there  prevails  a  gene- 
ral practice  of  employing  brine,  strong  enough  to 
float  an  egg,  to  which  powdered  lime  is  added,  till  it 
acquires  an  unctuous  consistence.  This  composition 
b  mixed  with  the  wheat,  the  evening  before  it  is  com- 
mitted to  the  ground.  In  Yorkshire  some  farmers 
render  the  solution  thicker,  by  the  addition  of  lime, 
while  others  either  sprinkle  the  wheat  with  it,  or 
steep  and  wash  the  former,  then  sift  lime  over  it,  and 
mix  them  as  before.  Another  method  is,  to  put 
seventy  gallons  of  water  into  a  tub,  at  the  bottom  of 
which  is  a  hole  provided  with  a  staff  and  tap-hose, 
as  in  brewing ;  to  this  b  to  be  added  half  a  hundred 
weight  of  limestone,  and  the  whole  well  stirred  for 
half  an  hour,  when  it  is  suffered  to  stand  about 
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thirty  hours.  It  should  then  he  drawn  off  into  an- 
other tab,  and  three  pecks  (fotty-two  pounds)  of  salt 
added,  which,  when  dissolved,  will  nmke  a  strong 
pickle,  fit  for  immediate  use.  But,  if  8ea-¥rater  can 
be  procured,  half  the  quantity  of  salt  will  be  suffi- 
cient. A  basket  of  about  two  feet  m  diameter  at  the 
bottom,  and  twenty  inches  deep,  should  then  be 
placed  in  the  pickle,  and  the  com  gradually  immersed 
m  small  quantities,  from  one  to  two  bttfhels,  care 
being  taken  to  skim  off  the  light  grains,  which  oi^t 
not  to  be  sown,  because  many  of  them  are  infected 
with  the  smut.  As  soon  as  this  operation  is  com- 
pleted, the  basket  should  be  drawn  up  and  drained  for 
a  few  minutes  over  the  liquor,  when  it  may  be  re- 
peated as  often  as  the  quantity  of  grain  to  be  sown 
may  require.  This  seed  will  be  fit  for  the  ground  in 
twenty-four  hours ;  but,  where  it  is  to  be  drilled,  it 
should  stand  for  forty-eight ;  and,  if  the  driller  meets 
with  any  difficulty  in  performing  hiswork,it  will  be  ne- 
cessary to  make  the  pickle  more  astringent,  by.adding 
lime.  Seed  tiius  prepared  may  be  kept  for  five,  six, 
seven,  eig^t,  or  even  ten  days  above  ground,  without 
any  injury  or  inconvenience. 

Com  is  also  liable  to  be  grown,  or  sprouted,  when 
it  has  partly  begun  to  vegetate ;  for,  if  the  whole  of 
the  grain  were  to  bud,  it  would  become  unfit  for 
being  converted  into  bread.  Hence  it  is  very  difficult 
to  preserve  sprouted  com,  as  the  opening  of  the  bud 
occasions  it  to  heat,  and  the  mowture  it  retains 
disposes  it  still  more  to  undergo  the  process  of  fer- 
mentation. It  is  also  more  subject  to  be  attacked  by 
insects,  on  account  of  its  being  sweeter,  more  tender, 
and  susceptible  of  heat,  consequently  more  liable  to 
receive  their  eggs.  If  left  to  itself,  sprouted  com 
heats,  ferments,  and  contracts  an  unpleasant  smell 
and  a  bad  colour;  it  also  acquires  a  disagreeable 
sharp  taste,  which  is  communicated  to  the  flour  and 
bread ;  and,  finally,  grows  mouldy  and  sour :  in  this 
state  it  is  fit  only  for  the  manufacture  of  starch. 
Farther,  it  is  ground  with  difficulty,  clogs  the  mill- 
atones,  chokes  tbe  bolting-cloths,  and  yields  but 
little  flour,  which  is  soft  and  moist,  and  will  not  keep 
for  any  length  of  time,  especially  during  warm 
weather. 

We  have  entered  thus  largely  into  this  subject,  be- 
cause, from  the  variableness  of  the  climate  of  this 
country,  considerable  quantities  of  com  frequently 
become  sprouted:  we  tnerefore  extract,. with  satis- 
faction, the  following  interesting  particulars,  for  re- 
medying this  serious  evil,  from  an  ingenious  pam- 
phlet published  in  France  :— 

Sprouted  com  should  by  no  means  be  stacked, 
but  housed  and  threshed  with  the  greatest  expedi- 
tion. Nor  should  it  be  put  into  a  granary  together 
-with  dry  grain,  as  the  latter  will  thus  become  moist. 
Care  should  also  be  taken  to  keep  the  place  well 
aired ;  for,  in  the  contrary  case,  even  the  latter  can- 
not be  preserved.  As  soon  as  sprouted  com  is 
threshed,  it  should  be  spread  upon  the  floor,  and 
frequently  turned,  a  door  or  window  being  left  open 
to  give  vent  to  the  steam.  Sometimes  it  will  be  ne- 
cessary to  dry  the  com  in  an  oven,  after  the  bread  is 
removed,  leaving  the  door  half  open,  and  turning 
the  gtain  every  ten  minutes,  to  facilitate  the  eva- 
poration of  the  moisture.  When  it  is  thus  dried,  it 
should  be  sifted,  and  not  put  into  sacks  oi^  in  heaps 
till  it  is  properly  cooled,  as  it  will  otherwise  become 
mould  V. 

Although  some  fastidious  persons  may  object  to 


the  trouble  oocastoned  bv  this  mode  of  curing 
sprouted  com,  yet,  as  eight  or  ten  days'  continuid 
drying  will  preserve  it  for  a  whole  year,  and  render 
both  the  broul  and  flour  of  a  better  quality,  it  surely 
merits  the  attention  of  everv  diligent  husbandman, 
and  will  amply  compensate  his  trouble  and  labour. 

There  is  another  disease  that  frequently  attacks 
com,  which  is  usually  termed  burat-grain.  'To  these 
may  be  added  what  is  called  the  spur,  which  affects 
both  vdieat  and  rye,  but  more  especially  the  latter. 
The  grains  infested  with  it  are  diicker  and  longer 
than  the  sound  ones ;  their  outsides  are  either  brown 
or  blade,  and  their  suHace  rough.  If  spurred  grain 
be  opened,  a  white  flour  is  perceivable  in  it,  which  is 
covered  with  another  of  a  reddish  or  brown  colour. 
The  latter  has  some  degree  of  consistence,  but  may 
be  easily  crumbled  between  the  fingers.  Naturalists 
are  unable  to  ascertain,  with  precision,  the  cause  of 
this  distemper ;  but  it  is  supposed  to  be  occasioned 
by  the  bite  or  sting  of  an  insect,  that  turns  the  com 
into  a  kind  of  gall — a  conjecture  which  is  partly  con- 
firmed by  the  taste  left  on  the  tongue  after  eating 
such  grain.  The  effects  arising  from- the  use  of  com 
thus  damaged,  are  said  to  be  malignant  fevers  and 
gangrenes,  in  consequence  of  which  the  extremities 
of  uie  body  sometimes  mortify,  and  spontaneously 
separate,  without  any  pain  or  effusion  of  blood. 

Among  the  various  insects  which  prey  upon  com, 
none  is  more  destractive  than  the  com-butterfly» 
which  is  generated  in  a  manner  similar  to  that  of  the 
common  butterfly.  It  settles  on  one  grain,  and 
after  having  totally  consumed  it,  its  existence  is  sup- 
posed to  be  prolonged  by  eating  its  ovm  excrement. 
When  it  has  attained  its  full  growth,  it  is  about  one 
quarter  of  an  inch  in  length,  and  half  the  thickness 
of  the  grain  it  has  devoured.  To  exterminate  this 
noxious  insect,  it  has  been  recommended  to  prepare 
a  very  strong  lye  of  wood-ashes,  to  which,  when  it 
becomes  yellow,  as  much  quick-lime  should  be  added 
as  will  make  it  of  a  dusky  white :  while  it  is  as  hot 
as  the  hand  can  well  bear  it,  the  grosser  part  of  the 
lime  should  be  suffered  to  sulfide,  and  the  lye 
poured  off  into  a  proper  vessel ;  into  which  the  com 
is  to  be  immersed  by  means  of  a  basket,  and  quickly 
agitated,  skimming  off  those  grains  which  float  on 
the  surface.  In  the  course  of  two  or  three  minutes 
it  may  be  taken  out,  and  the  basket,  with  its  con- 
tents, suspended  on  two  poles,  to  drain ;  after  which 
it  should  be  spread  on  the  floor  of  a  granary  to  dry, 
while  a  second  basket  undergoes  a  similar  immer- 
sion. This  simple  process  not  only  preserves  the 
grain  from  rotting,  but  at  the  same  time  destroys  all 
Siose  insects  that  may  have  penetrated  its  substance. 

With  respect  to  the  manner  of  preserving  it,  com 
is  very  different  from  fruits ;  as,  with  proper  care,  it 
may  be  kept  in  granaries  for  several  centuries. 
When  it  is  designed  to  preserve  the  grain  for  a 
length  of  time,  it  should  be  well  dried  and  cleaned 
before  it  is  housed,  care  being  taken  to  introduce 
air-holes  on  the  top,  and  openings  on  the  north  and 
east  of  the  granary.  During  the  first  six  months,  the 
com  should  be  careftiUy  turned,  once  a  fortnight  at 
the  least,  to  prevent  it  from  heating;  after  which 
time  it  will  be  sufficient  to  tum  it  everv  month  for 
about  two  yeara,  when  it  will  have  exnaled  all  its 
putrefactive  particles,  and  no  apprehension  need  be 
entertained,  unless  from  the  air  and  adventitious 
moisture.  Should  it,  nevertheless,  heat  from  any 
unforeseen  accident,  so  that  there  is  apprehension  of 
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iU  catching  fire,  iradi  a  misfortone  may  be  eaaily 
prevented  by  making  a  hole  in  the  middle,  down  to 
the  floor,  which  wiU  serve  aa  a  kind  of  chimney,  or 
flue,  for  carrying  off  the  heat.  But,  notwithstaxiding 
these  precautions,  it  frequently  happens  that  mites 
reduce  the  greater  part  of  the  grain  to  dust.  This 
serious  damage  may  be  prevented  by  rubbing  the 
adjacent  places  witk  fetid  oils  and  herbs,  such  as 
garlic  and  dwarf*elder,  the  strong  smell  of  which  tends 
to  expel  them :  besides,  they  may  be  exposed  to  the 
rays  of  the  sun,  which  immediately  destroys  them. 
Among  the  numerons  suggestions  <k  foreign  writers 
for  preserving  grain  from  me  devastation  of  insects, 
we  shall  only  mention  those  of  smoking  the  store- 
houses with  sulphur  and  tobacco  (whidi,  however, 
renders  the  com  imfit  ibr  vegetation);  of  covering 
the  heaps  of  grain  either  with  thin  sail-cloth  or  old 
sheets,  rolling  them  together  when  the  vermin  are 
settled  on  the  surface,  and  exposing  them  to  the  vor^ 
cittos  appetite  of  poultry  in  the  farm-yard ;  of  brush- 
ing them  off  the  walls  with  hard  brooms;  of  intro- 
ducing ants,  their  greatest  enemies,  into  the  granary ; 
of  exposing  dead  lobsters ;  and,  lastly,  of  ventilating 
the  whole  building,  and  frequently  stirring  the  grain 
— ^remedies  which,  of  all  others,  are  perhaps  the  most 
efficacious  methods  of  averting  damage. 

For  the  information  of  those  dealers  who  avail 
themselves  of  arsenic,  to  destroy  the  rats  and  mice 
frequenting  their  corn-floors,  we  think  it  our  duty  to 
observ€>  that  such  a  dangerous  remedy  ought  never 
to  be  employed,  as  it  has  frequently  produced  the 
most  fatal  accidents,  and  as  the  excrements  of  the 
poisoned  animals,  where  mixed  with  the  grain,  may 
likewise  occasion  disorders,  the  cause  of  which  is  not 
even  suspected  by  physicians.  Hence  we  advise 
those  mercenary  economists  to  substitote  a  remedy, 
which  will  be  found  equally  effectual,  and  is  perfectly 
safe)  it  merely  consiste  in  mixing  two  parts  of 
pou*ded  quick-lime^  three  parts  of  sugar,  and  placing 
at  the  side  of  it  a  separate  shallow  vessel,  with 
water.  The  beatiiig  nature  of  this  composition  very 
speedily  excites  thirst,  and  induces  those  depredators 
to  drink  eagerly :  in  consequence  of  which  the  lime 
is  slaked  in  their  stomachs,  and  proves  inevitably 
destructive. 

When  corn  has  been  cleared  of  all  impurities,  in 
the  manner  above  stated,  it  may  be  kept  for  a  great 
number  of  years,  nay,  for  ages,  by  depositing  it  in 
dry  pite  covered  with  strong  planks :  but  this  safer 
method  is,  to  cover  the  heap  with  quick-lime,  which 
should  be  gradually  dissolved  by  sprinkling  over  it  a 
small  quantity  of  water.  This  causes  ^t  upper- 
most grains  to^  sprout  to  the  height  of  two  or  three 
inches,  and  incloses  them  with  an  incrustation, 
through  which  neither  insecte  nor  air  can  penetrate. 

In  order  to  ascertain  the  relative  value  of  different 
species  of  grain,  corn-dealers  avail  themselves  chiefly 
of  the  combined  criterion  of  weight  and  measure. 
In  a  commercial  point  of  view,  such  a  method  is, 
doubtless,  the  most  accurate;  but,  as  it  cannot  be 
explained  without  entering  into  a  very  diffuse  detail, 
accompanied  with  numerical  tables,  we  shall  com- 
municate to  our  economical  readem  only  a  few  prac- 
tical directions,  by  an  attention  to  which  they  may  be 
sufficiently  guided' in  the  sale  or  purchase  of  com  ixk, 
general. 

1.  Take  a  handful  of  grain  from  a  heap,  or  sack, 
and'  compress  it  closely  for  a  minute ;  then  pass  \% 
from  one  hand  to  the  other,  and  attentively  examine 


ite  flavour,  wheth^  it  possesses  any  peculiar  smell 
different  from  that  whicn  is  peculiar  to  the  species , 
in  which  case  you  may  conclude  that  it  has  been  re- 
peatedly exposed  to  moisture,  and  undergone  a  slight 
degree  of  fermentation.  The  flour  obtained  from 
sudi  com  is  deficient  in  measure,  of  an  indifferent 
quality,  and  affords  neither  nourishing  nor  wholesome 
bread. 

2.  If,  on  pressure  of  the  hand,  the  grains  appear 
so  solid  and  smooth  that  they  in  a  manner  glide 
through  the  finp;ers,  without  having  any  foreign  smell 
or  colour,  in  this  case  it  may  be  pronounced  perfectly 
dry,  and  in  a  good  state  of  preservation. 

3.  Should,  on  the  contrary,  the  com  feel  rou§^  or 
if  a  number  of  grains,  after  compressing  them  by  the 
dry  hand,  clog  together  and  adhere  to  the  fingers, 
it  may  be  justly  apprehended  that  such  wheat,  rye, 
&c.  is  damp,  and  possessed  of  all  the  bad  properties 
before  specified.     (See  Agriculture  and  Sakad.) 

Corn  ;  a  hardened  portion  of  cuticle,  produced  by 
pressure ;  so  called,  because  a  piece  can  be  picked 
out  like  a  com  of  barley.  Coms  are  generally  found 
on  the  outside  of  the  toes,  but  sometimes  between 
them*  on  the  sides  of  the  foot,  or  even  on  the  balL 
They  gradually  penetrate  deeper  into  the  parts,  and 
sometimes  occasion  extreme  pain,  and,  from  the  fre- 
quency of  their  occurrence,  hold  a  prominent  rank 
among  the  petty  miseries  of  mankind,  and  frequently 
exert  no  small  influence  upon  the  temper  of  indivi- 
duals. 

No  part  of  the  human  body,  probably,  has  been 
injured  so  much  by  our  injudicious  mode  of  dress, 
as  the  feet,  which  have  become,  in  general,  deformed; 
so  much  so,  that  sculptors  and  painters  can  hardly 
ever  copy  this  part  from  living  subjects,  but  depend 
for  a  good  foot  almost  solely  on  the  remains  of  an- 
cient art.  To  this  general  deformity  of  the  foot  be- 
long the  coms,  produced  by  the  absurd  forms  of  our 
shoes  and  boots. 

They  appear,  at  first,  as  small  dark  pointe  in  the 
hardened  skin*  and,  in  this  state,  stimulants  or  es- 
charotics,  as  nitrate  of  silver  (lunar  caustic),  are  re- 
commended. The  com  is  to  be  wetted  and  rubbed 
with  a  pencil  of  the  caustic  every  evening.  It  is  well 
to  have  the  skin  previously  softened.  If  the  com  has 
attained  a  large  size,  removal  by  cutting  or  by  liga- 
ture will  be  proper ;  if  it  hangs  by  a  small  neck,  it  is 
recommended  to  tie  a  silk  thread  round  it,  which  is 
to  be  tightened  every  day,  until  the  com  is  completely 
removed.  In  all  cases  of  cutting  coms,  very  great 
precaution  is  to  be  observed.  The  feet  ought  always 
to  be  bathed  previously.  Mortification  has,  in  many 
instances,  resulted  from  the  neglect  of  this  precaution, 
and  from  cutting  too  deep.  Another  simple  and  ge- 
nerally very  efficacious  means,  is  the  application  of  a 
thick  adhesive  plaster,  in  the  centre  of  which  a  hole 
has  been  made  for  the  reception  of  the  projecting  part. 
From  time  to  time,  a  plaster  must  be  added.  Thus, 
the  surrounding  parte  being  pressed  down,  the  com  is 
often  expelled,  and,  at  all  events,  is  prevented  from 
enlarging.  Paring  with  files,  mbbing  with  fish-skin, 
&c.,  have  been  likewise  found  effective.  In  large 
cities,  as  London,  Paris^  &c.,  people  make  a  busi- 
ness of  curing  coms,  and  are  called  Chiropodists, 

CoRNBT ;  a  wind  instrument,  now  but  little  known, 
having,  for  more  than  a  century  since,  given  place 
to  the  hautboy.  There  were  three  kinds  of  comets, 
— the  treble,  the  tenor,  and  the  bass.  The  treble  and 
tenor  cornete  were  simple  curvUineal  tubes,   about 
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three  feet  mlex^^  grudut^Uy  increasing  ia  diameter 
from  the  mouth-piece  towards  the  lower  end.  The 
biJ9s  cornet  was  a  serpentine  tube,  four  ox  five  feet 
long,  and  increasing  in  diameter  in  the  same  manner. 

ConN£T,  in  military  language,  is  the  third  officer 
in  a  company >  in  £)ngland  and  the  United  States. — 
He  bears  the  colours  of  the  tpoop.  In  the  Prussian 
army,  the  name  comet  is  abolished. 

CoaoNiiT;  an  inferior  crown,  belonging  to  the 
English  nobility*  The  coronet  of  an  English  duke  is 
adorned  with  strawberry  leaves ;  that  of  a  marquis 
has  leaves,  with  pearls  interposed ;  that  of  an  earl 
raises  the  pearls  above  the  leaves ;  that  of  a  viscount 
IS  surrounded  with  pearls  only ;  that  of  a  baron  has 
only  four  pearls.  A  series  of  cororet<>  are  repre- 
sented beneath. 


Duke. 


Marquis. 


EarL 


Viscoual. 


Cqr?obal.  This  word  is  written  m  the  same,  or 
in  a  similar  manner,  in  many  languages,  and,  at  first 
eight,  would  seem  to  be  derived  from  corps  (body) ; 
but  it  origuiates,  in  fact,  frpm  the  French  caporal,  and 
the  Italian  caporale,  which  are  derived  from  capo,  the 
Italian  form  of  the  Latin  caput  (the  head).  The 
change  of  the  first  syllable,  ca,  into  cor,  is  of  much 
antiquity.  Du  Fresne  uses  the  iiow  Latin  term  cor- 
pm'olis.  From  this  author  it  appears,  that  corporal 
formerly  signified  a  superior  commander ;  but,  like 
capttuM,  and  many  other  words,  it  has  sunk  in  its 
d^nity.  A  corporal  is  now  a  rank  and  file  man, 
with  superior  pay  to  that  of  common  soldiers,  and 
-with  nominal  rank  under  a  sergeant.  He  has  charge 
of  one  of  the  squads  of  the  company,  places  and  re- 
lieves s^tinels,  &c.  Every  company  in  the  English 
service  has  three  or  four  corporals.  In  armies  in 
which  privates  may  advance  to  the  highest  ranks,  as 
in  France,  Prussia,  &c.,  great  care  ia  taken  in  select- 
ing corporals.  In  fact»  they  are  officers  of  much  im- 
portance, associating,  as  they  do,  with  the  privates, 
over  whom^  their  superiority  of  rank  gives  them  much 
influence.  The  feeling  of  military  honour,  good 
morals,  and  emulation  in  the  discharge  of  duty,  are, 
in  a  great  degree,  to  be  infused  into  the  mass  by  means 
of  the  corporals. 

A  corporal  of  a  man-<^-.war  is  an  officer  who  has 
the  charge  of  setting  and  relieving  the  watches  and 
sentries,  and  who  sees  that  the  sQldiers  and  sailors 
keep  their  arms  neat  and  clean  i  he  teaches  them  how 
to  use  their  arma»  and  has  a  mate  under  him. 

CoaPuacuLAft  Philosophy  ;  that  mode  of  philo- 
sophizing which  endeavours  to  explain  things,  and  to 
accoqnt  for  the  phenomena  of  natujce  by  the  motion, 
figure,  rest,  position,  6cc.  of  the  corpuscles,  or  the 
minute  particles  of  matter. 

Boyle  reduces  the  principles  of  the  corpuscular 
philosophy  to  the  four  following  heads : 

1.  That  there  is  but  one  universal  kind  of  matter, 
which  is  an  CKteaded,  impenetrable,  and  divisible 
substance,  common  to  all  bodisa,  and  capable  of  all 
fonas.  On  this  head,  Newton  remarks  dius  :  "  AU 
things  considered,  it  appears  probable  to  me,  that 
God,  in  the  beginning,  created  matter  in  aolid,  hard, 
impenetrable,  moveable  particles ;  of  such  sizes  and 
ligores,  and  with  such  other  properties,  as  most  con- 
duced to  the  end  for  which  he  farmed  them  ;  and  that 


these  primitive  particles  being  8oUds>  are  incompara- 
bly harder  than  any  of  the  sensible  porous  bodies 
compounded  of  them ;  even  so  hfvrd  as  never  to  wear 
ox  break  in  pieces ;  no  other  power  being  able  to  di- 
vide what  Qod  made  one  in  the  first  creation.  While 
these  corpuscles  remain  entire,  they  may  compose 
bodies  of  one  and  the  same  nature  and  texture  in  all 
ages ;  but  should  they  wear  away,  or  break  in  pieces, 
the  nature  of  things  depending  on  them  would  be 
changed ;  water  ajad  earth  composed  of  old  worn  par- 
ticles, of  fragments  of  particles,  would  not  be  of  the 
same  nature  and  texture  now,  with  water,  and  earth 
composed  of  entire  particles  ^t  .the  beginning.  And 
therefore  that  nature  may  be  lasting,  the  changes  of 
corporeal  things  are  to  be  placed  only  in  the  various 
separations,  and  new  associations,  of  the^e  perma** 
nent  corpuscles." 

2.  That  this  matter,  in  order  to  form  the  vast  variety 
of  natural  bodies,  must  have  motion  in  some,  or  sfi 
its  assignable  parts ;  and  that  this  motion  wa^  given 
to  matter  by  God,  the  creator  of  all  things ;  and  haa 
all  manner  of  directions  and  tendencies.  "Thes^ 
corpuscles,  says  Newton,  have  hot  only  a  vis  inertias, 
accompanied  with  such  passive  laws  pf  motion  as 
naturally  result  from  that  force ;  but  also  are  moved 
by  certain  active  principles ;  such  as  that  of  gravity, 
and  that  which  causes  fermentation,  and  the  cohesion 
of  bodies." 

3..  That  matter  must  also  be  actually  divided  into 
parts ;  and  each  of  these  primitive  particles,  fragments« 
or  atoms  of  matter,  must  have  its  proper  magnitude, 
figure,  and  shape. 

4.  That  these  difierently  sized  and  shaped  parti- 
cles have  different  orders,  positions,  situations,  and 
postures,  from  whence  all  the  variety  of  compound 
bodies  arises.     See  Atomical  Philosopht. 

CoBPosANT ;  a  name  given  by  the  Italians  to  the 
electric  flame  which  sometimes  appears  on  the  tops 
of  the  masts  of  vessels,  and  is  also  called  Castor  tmd 
PoUuiP  and  St,  Ehno'n  fire), 

CoBPs ;  a  word  often  used  in  military  language^ 
many  of  the  terms  of  virhich  are  derived  from  the 
French,  they  having  begun  the  organization  of  ar- 
mies on  the  system  which  now  prevails.  The  term  ia 
applied  to  various  kinds  of  divisions  of  troops. — Corpti 
d'omm^e  is  one  of  the  largest  divisions  of  an  anny-r- 
Corps  de  garde;  a  post  occupied  by  a  body  of  men 
on  watch ;  also  the  body  which  occupies  it. — Cor^ 
de  reeente ;  a  body  of  troops  kept  out  of  the  action, 
with  a  view  of  being  brought  forward,  if  the  troopa 
previously  engaged  are  beaten,  or  cannot  foUovir  up 
their  victory,  or  are  disorganized- — Corps  volant  (a 
flying  body)  is  a  body  intended  for  rapid  movem^its. 
It  is  always  rather  small. — Corp9  de  bcUaiUe  is  tha. 
main  body  of  an  army,  drawn  up  for  battle  between 
the  wings. 

Corpulence  ;  the  state  of  the  human  body,  when 
loaded  with  an  excessive  quantity  of  flesh  and  fat. 
Th^  flesh  forms  the  muscular  system ;  and,  its  ex,<» 
tent  being  limited  by  the  form  of  the  particular  mus- 
cular parts,  its  quantity  can  neither  exceed  nor  fiaU 
below  a  certain  bulk,  llie  fat  ia  much  less  limited, 
and  the  production  and  deposition  of  it  ip  confined 
to  no  such  definite  form.  The  formation  of  the  mus- 
cular fibres,  or  the  change  pf  blood  into  flesh,  takes 
place  in  the  capillary  system,  formed  by  the  minutest 
portions  of  the  arteries  at  their  termination  in  the 
muscles.  If^blood  is  copiously  furnished  with  nutri- 
tive matter,  it  is  converted  readily  to  muscular  fibres 
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and  fat.    The  secrftticn  of  fat  depends,  in  a  certain 
degree,  on  the  state  of  the  health. 

Children  and  females  have  a  larger  proportion  of  it 
t^«»i  adult  men.  It  is  promoted  by  rich  diet,  a  good 
digestion,  corporeal  inactivity,  tranquillity  of  mind, 
&c.  There  is,  however,  a  certain  diseased  state  of 
the  system,  which,  independently  of  all  these  influ- 
ences, will  increase  the  production  and  deposition  of 
fkt.  We  see  young  people  and  men,  even  such  as  are 
intelligent,  and  continually  engaged  in  active  busi- 
ness, very  corpulent. 

The  enormous  corpulence  of  many  men  appears  to 
bear  na  proportion  to  their  food,  and  is  evidently  a 
disease,  as  many  other  secretions  in  the  body ;  for 
example,  the  preparation  and  secretion  of  the  bile, 
isaliva,  &c.,  are  augmented  by  disease.  Sandiford 
mentions  an  unborn  child,  in  which  he  observed 
a  monstrous  mass  of  fat.  Tulpius  saw  a  boy  five 
years  old,  who  weighed  150  pounds.  Bartholini 
makes  mention  of  a  girl,  aged  eleven  years,  who 
weighed  above  200  pounds.  In  the  Philosophical 
Thmaactions,  mention  is  made  of  an  Englishman, 
named  Bright,  who  i^eighed  609  pounds.  Daniel 
Lambert,  dT  Leicester,  was,  probably,  the  heaviest 
man  on  record.  He  weighed  752  pounds.  A  Cana- 
dian, named  Maillot,  who  exhibited  himself  at  Bos- 
ton, in  1829,  weighed  619  pounds.  Corpulency  is 
often  only  the  repletion  of  the  cells  of  the  cellular 
membrane  with  watery,  gaseous,  and  vaporized  mat- 
ter, arising  from  a  marked  tendency  to  disease,  and 
often  the  commencement  of  actual  dropsy.  Moder- 
ate corpulence  {embonpoint,  in  French)  is  consistent 
with  healUi,  and  is  not  opposed  to  beauty,  as  it  pre- 
vents angularity  and  unevenness  in  the  surface  of  the 
body,  and  gives  the  parts  rotundity.  For  this  reason, 
moderately  corpulent  women  and  men  preserve  a  beau* 
tiful  and  youthful  appearance  longer  than  lean  persons. 

But  if  corpulence  is  excessive,  it  becomes  trouble- 
some, and,  at  length,  dangerous.  Water  should  then 
be  drank  instead  of  wine ;  milk,  beer,  and  brandy 
should  be  avoided ;  active  bodily  exerdse  should  be 
taken,  and  employment  provided  for  the  mind.  Anx- 
iety soon  takes  off  superfluous  fat,  though  grief  some- 
times produces  it.  In  what  cases  medicine  is  to  be 
resorted  to,  and  what  kinds  should  be  used,  must  be 
left  to  the  judgment  of  physicians.  People  some- 
times resort  to  violent  and  injurious  means  to  rid 
themselves  of  superfluous  flesh.  Madame  Stich,  the 
best  actress  m  me  theatre  at  Berlin,  took  poison  to 
reduce  her  person  to  the  right  dimensions  for  per- 
forming Shakspeare's  Juliet,  and  succeeded,  though 
at  the  expense  of  her  health.  Instances  of  leanness 
as  remarkable  as  those  of  corpulence  are  by  no  means 
rare.  In  1825,  a  person  was  exhibited  in  England, 
Ipho  was  not  unaptiy  termed  the  living  skeleton,  and 
u  1830,  a  native  of  Vermont  exhibited  himself  in  the 
United  States,  under  the  same  title.  His  legs  and 
arms  were  almost  entirely  deprived  of  flesh.  The 
man  was  about  45  years  old,  and  weighed  60  pounds. 

CoRRiDoa,  m  architecture ;  a  gallery  or  long  aisle 
leading  to  several  chambers  at  a  distance  from  each 
othei^,  sometimes  wholly  enclosed,  sometimes  open  on 
one  side.  In  fortification,  corridor  signifies  the  same 
as  covert'Waff. 

Corrosives,  in  surgery,  are  medicines  which  cor- 
rode whatever  part  of  the  body  the^  are  applied  to ; 
such  are  burnt  alum,  white  precipitate  of  mercury, 
vHiite  vitriol,  red  precipitate  of  mercury,  butter  of 
ant'mony,  lapis  infernalis,  &c. 


O  R  S  E  T. 

CoRRosiYB  SuBUMATB.    See  Mbrcoait. 

CoRSBT ;  an  article  of  dress,  especially  intended  to 
preserve  or  display  the  beauties  of  the  female  form. 
Its  name  appears  to  have  been  derived  Arom  its  pecu- 
liar action  of  tightening  or  compressing  the  body, 
and  may  be  compounded  of  the  French  words  corp$ 
and  eerrer.  To  prevent  the  form  from  too  early  show- 
ing the  inroads  of  time ;  to  guard  it  from  slight  in- 
elegances, resulting  from  improper  position,  or  the 
character  of  exterior  drapery ;  to  secure  the  propor- 
tions of  the  bust  from  compression  or  displacement ; 
and,  at  once,  agreeably  to  display  the  general  con- 
tour of  the  figure,  without  impeding  the  gracefulness 
of  its  motions,  or  the  gentle  undulations  caused  by 
natural  respiration,  are  the  legitimate  objects  of  the 
corset.  For  this  purpose,  it  should  be  composed  of 
the  smoothest  and  most  elastic  materials,  should  be 
accurately  adapted  to  the  individual  wearer,  so  that 
no  point  may  receive  undue  pressure,  wad  should 
never  be  drawn  so  tight  as  to  interfere  with  perfectly 
free  breathing,  or  with  graceful  attitudes  and  move- 
ments. 

If,  however,  it  be  remembered  that  the  use  of  cor- 
sets is  to  preserve  and  display  a  fine  figure,  not  to 
make  one,  and  that  they  are  to  be  secondary  to  a  ju- 
dicious course  of  diet  and  exercise,  it  will  be  readily 
perceived  that  any  injurious  agents  are  utterly  un- 
called for  in  their  composition.  By  selecting  a  ma- 
terial proportioned,  in  its  thickness  and  elasticity,  to 
the  size,  age,  &c.,  of  the  wearer,  and  by  a  proper 
employment  of  quilting  and  wadding,  they  may  be 
made  of  any  proper  or  allowable  degree  of  stiffness. 
If  it  be  then  accurately  fitted  to  the  shape  of  the  in- 
dividual, and  laced  no  tighter  than  to  apply  it  com- 
fortably, all  the  advantages  of  the  corset  may  be 
fully  obtained.  But  such,  unfortunately,  is  not  the 
course  generally  pursued.  Ladies  purchase  corsets 
of  the  most  fashionable  makers,  and  of  the  most 
fashionable  patterns  and  materials,  regardless  of  the 
peculiarities  of  their  own  figures,  which  may  require 
a  construction  and  material  of  very  different  descrip- 
tion. As  no  two  human  figures  are  precisely  alike, 
it  is  absolutely  requisite  that  the  corset  ^ould  be 
suited  with  the  minutest  accuracy  to  the  wearer ;  and 
a  naturally  good  figure  cannot  derive  advantage  from 
any  corset  but  one  constructed  and  adapted  in  the 
manner  above  indicated.  Slight  irregularities  or  de- 
fects may  be  remedied  or  rendered  inconspicuous,  by 
judicious  application  of  wadding,  or  by  interposing 
an  additions^  thickness  of  the  cloth.  But  it  should 
be  remembered  that  certain  changes  occur  to  the  fe- 
male frame,  after  the  cares  of  maternity  have  com- 
menced, which  are  absolutely  unavoidable.  Among 
these,  the  general  enlargement  or  fiUmg  up  of  the 
figure  is  the  most  observable,  but  is  never  productive 
of  inelegance,  unless  it  takes  place  very  dispropor- 
tionately. The  undue  enlargement  of  the  bust  and 
waist  is  most  dreaded,  and  the  attempt  to  restrain 
their  developement  by  mere  force  has  led  to  the  most 
pernicious  abuse  of  the  corset.  There  is  no  doubt 
but  that  a  judiciously  fitted  corset,  whose  object 
should  be  to  support  and  gently  compress,  might,  in 
such  cases,  be  advantageously  worn;  but,  at  the 
same  time,  it  must  be  thoroughly  understood,  that 
the  corset  can  only  be  really  beneficial  when  com- 
bined with  a  proper  attention  to  diet  and  exercise. 

Thus  many  ladies,  who  dread  the  dbfigurement 
produced  by  obesity,  and  constantiy  wear  the  moat 
unyielding  and  uncomfortable  corsets,  lead  an  en* 
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tkely  inac6ve  life,  and  indulge  in  rich  and  luxurions 
Ibod.  Under  crach  circumstances,  it  is  vain  to  hope 
that  beauty  of  figure  can  be  maintained  by  corsets, 
or  that  diey  can  effect  any  other  purpose  than  that 
of  cramping  and  restraining  the  movements,  and 
causing  discomfort  to  the  wearer.  On  the  other 
hand,  proper  exercise,  and  abstinence  from  all  but 
the  simplest  food,  would  enable  the  corset  to  perform 
its  part  to  the  greatest  advantage.  There  is  another 
error,  in  relation  to  corsets,  as  prejudicial  as  it  is 
genera],  and  calling  for  the  serious  attention  of  all 
&ose  concerned  in  the  education  of  young  ladies. 
This  error  is  the  belief  that  girls,  just  approaching, 
their  majority  should  be  constantly  kept  under  the 
influence  of  corsets,  in  order  to  form  dieir  figures. 
They  are,  therefore,  subjected  to  a  discipline  of  strict 
lacing,  at  a  period  when,  of  all  others,  its  tendency 
is  to  produce  the  most  extensive  mischief.  At  this 
thne,  all  the  organs  of  the  body  are  in  a  state  of  en- 
ergetic augmentation ;  and  interference  with  the  pro- 
per expansion  of  any  one  set  is  productive  of  perma- 
nent injury  to  the  whole.  So  far  from  making  a  fine 
form,  the  tendency  is  directly  the  reverse,  since  the 
restraint  of  the  corsets  detrimentally  interferes  with 
the  perfection  of  the  frame.  The  muscles,  being 
compressed  and  held  inactive,  neither  acquire  their 
due  size  nor  strength;  and  a  stiff,  awkward  car- 
riage, with  a  thin,  flat,  ungraceful,  inelegant  person, 
18  the  too  frequent  result  of  such  injudicious  treat- 
ment. 

We  may  conclude  what  we  have  to  say  on  the 
use  of  the  corset,  by  embodying  the  whole  in  a  few 
plain  general  rules : — 1st.  Corsets  should  be  made  of 
smooth,  soft,  elastic  materials.  2d.  They  should  be 
accurately  fitted  and  modified  to  suit  the  peculiarities 
of  figure  of  each  wearer.  3d.  No  other  stiffening 
should  be  used  but  that  of  quilting  or  padding ;  the 
bones,  steel,  &c.,  should  be  left  to  the  deformed  or 
diseased,  for  whom  they  were  originally  intended. 
4th.  Corsets  should  never  be  drawn  so  tight  as  to  im- 
pede regular,  natural  breathing,  as,  under  dl  circum- 
stances, the  improvement  of  figure  is  insufficient  to 
compensate  for  the  air  of  awkward  restraint  caused 
bj  such  lacing.  5th.  They  should  never  be  worn, 
either  loosely  or  tightly,  during  the  hours  appropri- 
ated to  sleep,  as,  by  impeding  respiration,  and  accu- 
mulating the  heat  of  the  system  improperly,  they  in- 
variably injure.  6th.  The  corset  for  young  persons 
should  be  of  the  simplest  character,  and  worn  in  the 
lightest  and  easiest  manner,  allowing  their  lungs  full 
play,  and  giving  the  form  its  fullest  opportunity  for 
expansion. 

CoBTBTTB ;  a  vessel  of  war  having  fewer  than  20 
guns. 

CosTUMB,  in  thejbie  arU;  the  observance  of  pro- 
priety in  regard  to  the  person  or  thing  represented, 
so  that  the  scene  of  action,  the  habits,  arms,  propor- 
tions, &c.,  are  properly  imitated.  The  peculiarities 
of  form,  phySognomy,  complexion,  the  dress,  orna- 
ments, habitations,  furniture,  arms,  &c.,  should  all 
be  conformable  to  the  period  and  country  in  which 
the  scene  b  laid.  The  rules  of  costume  would  be 
violated  by  the  introduction  of  a  palm-grove  iind  a 
tiger  in  a  scene  m  Russia,  by  the  representation  of 
American  Indians  in  turbans,  or  of  Romans  with 
cannons  at  the  siege  of  Carthage,  or  an  inhabitant  of 
the  East  seated  at  table  with  a  knive  and  fork. 

That  the  ancient  painters,  and  even  celebrated 
masters  of  the  modem  European  schools,  are  often 


chargeable  with  deviations  from  propriety  in  regard 
to  costume,  is  not  to  be  denied ;  but  nowhere  have 
they  been  so  glaring  as  on  the  stage,  where  Greek, 
Turkish  and  Peruvian  princes  used  to  make  their  ap- 
pearance in  long  velvet  mantles,  embroidered  with 
gold ;  Merope  and  Cleopatra  were  equipped  in  hoop- 
petticoats,  Medea  and  Phsedra  in  French  head-dresses; 
peasant-girls  were  dressed  out  in  whalebone,  and 
heroes  emerged  from  the  battle  in  stiff  coats,  not 
a  fold  of  which  was  disordered.  Le  Kain  and  Made- 
moiselle Clairon,  it  is  said,  were  the  first  who  intro- 
duced propriety  of  costume  on  the  stage,  under  the 
patronage  of  the  Count  de  Lauraguais  ;  but  they  ex- 
cluded only  the  grosser  absurdities ;  Scythians  and 
Sarmatians  were  clothed  in  tiger-skins,  Asiatics  in 
the  Turkish  dress ;  but  the  old  costume  was  retained 
in  other  respects.  The  scenery  of  the  stage  was  as 
incongruous  as  the  dresses. 

It  is  not  long  since  Semiramis  issued  firom  a  palace 
adorned  with  Corinthian  columns,  and  entered  a  gar- 
den in  which  a  whole  British  Flora  was  blooming; 
or  perhaps  she  was  seated  on  a  throne,  overshadow- 
ed  with  a  canopy  h  la  Polonaue,  Those  by  whom 
she  was  surrounded  were  dressed  in  the  Turkish 
style;  while  a  master  of  horse,  in  the  costume  of  the 
age  of  chivalry,  offered  her  his  hand.  In  Germany, 
the  stage  at  that  time,  was  no  better  in  this  respect. 
It  is  not  very  long  since  the  companions  of  Theseus 
made  their  appearance  there  with  large  perukes;  and, 
in  the  Clemenza  di  Tito,  Roman  soldiers  marched  on 
the  stage  with  stiff  boots,  and  stiffer  queues.  The 
Germans,  however,  first  made  a  thorough  reform  in 
these  absurdities,  and  the  national,  now  royal,  thea- 
tre, in  Berlin,  in  point  of  scenery  and  costume,  is  at 
present  one  of  the  most  correct  in  the  world.  In 
France,  Talma  reformed  the  Parisian  stage.  What  he 
did  in  this  respect  for  the  drama,  David  (who  had, 
however,  a  predecessor  in  Vienna)  effected  for  paint- 
ing, and  his  school  is  entitled  to  the  honour  of  having 
strictly  observed  propriety  of  costume.  In  England, 
also,  a  most  praiseworthy  attention  is  now  paid  to 
propriety  in  dramatic  costume,  especially  at  the  Thea- 
tre Royal,  Covent  Garden,  where  Mr.  J.  P.  Kemble 
se.t  a  noble  example  of  accuracy  and  splendour  in  the . 
dresses  and  decorations,  which  he  had  made  for  the 
first  production  of  the  historical  plays  of  Shakspeare, 
in  the  new  house.  Since  his  time,  the  same  laudable 
path  has  been  trodden  by  the  proprietors  and  man- 
agers of  that  establishment,  under  the  direction  of 
Mr.  J.  R.  Planch^  and  others,  with  all  the  advantages; 
which  extended  research  and  new  sources  of  infor* 
mation  can  impart  to  the  subject. 

There  is  often  no  means  of  information  ibr  the 
artist  but  the  original  sources.  For  the  costume  of 
the  ancients,  he  must  have  recourse  to  the  engravings 
of  antiquities ;  for  the  modern  costume,  he  must  re* 
sort  to  essays  on  painting  in  different  ages,  monn- 
mental  figures,  and  treatises  on  costume;  and  in 
regard  to  the  costume  of  foreign  nationsj  he  inay 
derive  information  from  books  of  travels ;  histories, 
antiquities  and  geographies,  are  indispensable  guides 
in  these  inquiries.  All  the  important  peculiarities 
of  foreign  costome  will  be  found  depicted  ui  the  geo- 
graphical division  of  this  work. 

Cotton  is  a  soft,  vegetable  down,  which  is  con- 
tained in  the  seed-vessels,  and  envelopes  the  seeds,  of 
the  cotton  plant,  which  is  cultivated  in  the  East  and 
West  Indies,  North  and  South  America,  and  Egypt ; 
in  fact,  in  most  parts  of  the  world  which  possess  a 
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■nflclently  wctrm  climate,  llw  cotton-pods 
BomewhKt  triangular  shape,  and  Jiave  each  three 
celU.  TTieBe,  when  rips,  burst  open,  and  disclose 
their  snow-white  or  yellowish  coDtentt,  in  the  midet 
of  which  are  contained  the  seeds,  in  shape  somewhat 
resembliag  those  of  grapes.  The  fibres  of  cotton  are 
eitremelv  fine,  delicate,  and  flexile.  When  eiamined 
by  the  microscope,  they  are  found  to  be  somewhat 
flat,  and  two-edged  or  triangular.  Tleir  direction  ii 
not  stnut,  but  contorted,  eo  that  the  locks  can  be  ex- 
teoded  or  drawn  out  withoat  doing  violence  to  the 
fibres.  These  threads  are  finely  toothed,  which  ex- 
plains the  cause  of  their  adhciing  together  with  greater 
facility  than  those  of  bombax  and  several  apocpiett, 
which  are  destitute  of  teeth,  and  which  cannol 
■pun  into  thread  without  an  admixture  of  cotton. 

The  increase  of  the  cotton  manufacture,  during  the 
last  half  century,  is  one  of  the  most  interesting  eventi 
in  the  history  of  commerce.  The  earliest  seat  of  the 
manufaetnre,  known  to  us,  was  Hindostan,  where  it 
contioDes  to  be  carried  on,  by  hand  labour,  in  all  its 
original  simplicity. 

Those  who  have  seen  the  wonderful  powers  ex- 
hibited by  the  machinery  of  Hargraves  and  Ark- 
wright,  would  scarcely  conceive  the  process  still  em- 

Soycd  in  our  own  eastern  possessions;  and  nothing 
it  the  jealousy  of  the  British  governors  in  the  East 
could  have  so  completely  retarded  the  progress  of 
improvement  as  is  the  case  through  the  whole  of  Hin- 
dostan. We  give  an  engraving  of  this  primeval  pro- 
cess, originally  copied  from  a  curious  Hindoo  MS. 
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volving  with  different  velocities,  by  which  the  diread, 
at  the  moment  of  being  twisted,  is  drain)  oat  to  any 
desired  degree  of  tenuity ;  the  rollers  perfornuag  the 
delicate  office  of  the  thumb  and  finger.  In  addition  to 
these,  the  power-loom  was  brought  into  general  nae 
abouttheyearlB16,  by  which  the  lidMrious  process  of 
weaving  is  converted  into  the  mere  soperintendeoce 
of  two.  and  even  three,  of  these  machines ;  each  one 
producing  from  30  to  40  yards  of  cloth  per  day.  In 
the  printing  of  calicoes,  equally  important  improve- 
ments have  been  made. 

Instead  of  the  tedious  process  of  impressing  pat- 
terns from  wooden  blocks,  the  most  delicate  pattetni 
are  transferred  from  copper  cylinders  with  astonish- 
ing rapidity;  two,  and  even  three,  colours  are.  in  this 
mprinted  at  one  operation.  In  the  richer  and 
expensive  patterns,  however,  block- printing 
GontiDueB  to  be  used,  in  addition  to  the  impressioni 
from  the  cylinders.  The  science  of  chemistry  has 
contributed  its  share  of  improvement  in  the  new  pro- 
of bleaching  by  chlorine,  and  in  innumerable 
combinations  of  colours.  In  its  present  state, 
'nlire  manufacture,  in  its  various  departments, 
presents  a  greater  combination  of  human  skill  than 
n  be  found  in  any  other  art  or  manufactnre. 
In  1781,  the  quantity  of  cotton  wool  imported  into 
Great  Britain  was  upwards  of  S.OOO.OOOIbs ;  in  1B39, 
it  exceeded  318,000,000;  and,  allowing  20,000,000 
for  export,  198,000,000  pounds  will  remain  as  the  , 
consumption  of  the  kingdom.  Of  this,  upwards  of 
40,000,000  pounds  are  exported  in  yams,  valued  at 
3,50O,tXKtf,  sterling.  The  value  of  other  manufac- 
tures of  cotton,  exported  in  1S2B,  was  I3,645,eMJ. 
The  most  probable  estimate  of  the  annual  valtM 
of  the  cotton  manufactured  in  Qreat  Britain  ii 
36,000,0OOi.  Bterbng. 

In  th&early  periods  of  this  manufacture,  the  pro- 
fits must  have  been  enormous.  It  has  built  up  the 
cities  of  Liverpool  and  Manchester,  of  Glasgow  and 
Paisley,  and  has  been  estimated  to  give  employment 
to  a  million  of  persons.  After  a  long  period  of  snc- 
cess,  interrupted  only  by  occasional  and  temporary 
fluctuations,  the  production,  biith  of  the  raw  ma- 
terial, and  of  Uie  manufactured  article,  seems  to  have 
ontrun  the  consumption  of  the  world,  in  that  eventfiil 
^ear  of  overtrade,  1826.  A  long  stagnation  sncceeded 
ra  1826  1  an  unprecedented  reduction  in  the  prices  of 
cotton  manufactures,  and  in  the  value  of  property 
engaged  in  it,  spread  a  wide  and  general  distress, 
throughout  the  districts  devoted  to  this  mannftc- 
ture,  which  continued,  with  greater  or  less  intenrity, 
through  the  years  1823  and  1839. 

Although  there  is  no  diminution  in  the  quantity  of 
cotton  consumed  in  Great  Britain,  there  is  abundant 
evidence,  that  neither  the  capital  nor  labonr  em- 
ployed in  it  is  now  receiving  a  fair  remuncratioa. 
The  fall  in  the  prices  of  cotton  manufactures,  from 
1814  to  1326,  woald  seem,  by  a  comparison  of  the 
real  or  declaj^  value  of  the  exports  with  the  officii 
value,  rated  by  a  uniform  list,  to  have  been  S5  per 
cent.  The  greatest  export  in  value,  of  any  one  year, 
up  to  1815,  having  exceeded  19,000,0001.  aCerting. 

We  annex  an  important  official  document,  which 
will  best  show  the  value  of  the  cotton  trade  to  Great 
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Accotmt  of  the  Expwi  of  Coiion  Good$  and  Yarm  in  1829 ;  specifying  the  covniriea  to  which  they  were  sent, 

and  the  quantify  and  value  of  i hose  sent  to  each. 


Coantriet  to  whiph  Cotton  is  Exported. 


Northern  Europe  : — Russia 

Sweden 

Norway 

Denmark 

Prussia 

Germany 

The  Netherlands     .    . 
Southern  Europe : — France 

Portugal,  Proper    .     . 

Azores    .     . 

Madeira  .     . 


Cotton  Manufactures. 


Entered  by  the  Yard. 


Quantity. 


Declared 
Value. 


Hosiery, 

Lace,  and 

Small  Wares. 


Declared 
Value. 


Spain,  and  the  Balearic  Islands 
Canaries 


Gibraltar 

Italy,  and  the  Italian  Islands    .... 

Malta 

Ionian  Islands 

Turkey  and  Continental  Greece.     .     .     . 
Africa: — Egypt,  (Ports  on  the  Mediterra- 
nean)     

Western  Coast  of  Africa 

Cape  of  Good  Hope 

St,  Helena 

Mauritius 

Asia: — East  India  Company's  Territories, 
Ceylon,  and  China 

Smnatra,  Java,  and  other  Islands  of  the 
Indian  Seas 

Philippine  Islands 

New  South  Wales,  Van  Dieman's  Land, 
and  Swan  River 

New  Zealand,  and  South  Sea  Islands 
America  .—British  Northern  Colonies    .     . 

British  West  Indies 

Hayti 

Cuba,  and  other  Foreign  West  Indies 

United  States  of  America 

States  of  Central  and  Sotithem  America ; 
y£e.  Mexico 

Columbia 

Srazii 

SUtes  of  the  Rio  de  la  Plata     .     .     .     . 

ChiU 

Pern 

Mes  of  Guernsey,  Jersey,  Alderney,  Man, 
Ice 


Yds. 
2,453,676 
12,986 
674,650 

352,097 

17,725 

41,019,652 

11,399,792 

609,030 
24,701,993 

466,326 

602,631 

11,018,689 
712.424 

10,242,089 
36,808,440 

4,628,367 

96,028 

15,636,350 

1,875,161 
1,910,940 

2,520,127 

31,597 

1,658,937 

39,733,698 

3,502,163 
93,279 

476,065 

2,008 

8,671,237 

33,319,295 

6,654,839 

11,447,514 

32,662,162 

6,007,047 

4,277,904 

50,077,739 

15,429,383 

16,972,286 

3,465,460 


785,510 


To«al  Exported  1402,517,196 


£. 

94,872 

538 

20,543 

8,439 

517 

1,137,632 

443,706 

15,462 

631,125 

13,108 

14,602 

326,708 

21,767 

310,723 

1,081,461 

105,995 

3,141 

392,725 

43,410 
70,104 
75,310 
1,048 
53,150 

1,267,216 

121,036 
4,448 

19,067 
80 
261,546 
997,408 
307,630 
395,288 
1,346,023 

204,677 
132,626 
1,437,963 
485,381 
570,863 
143,798 

55,312 


12,516,247 


£. 

23,146 

205 

2,296 

429 

406 

279,365 

214,681 

3,336 

12,385 

521 

616 

12,978 

1,206 

10,062 

44,849 

1,869 

66 

1,431 


116 
6,363 

173 
7,845 

28,395 

447 

3,498 

16,191 

52,872 

3,065 

11,906 

155,334 

9,441 

6,918 

50,369 

^,657 
22,508 

15,689 
17,269 


Cotton  Twist  and  Yarn. 


Quantity. 


lbs. 

17,921,369 

320,6o0 

16,242 

86,161 

42,878 

24,055,423 

7,878,249 
19,600 

159,567 

1,400 

12 

17,620 

3,054 

21,873 

6,355,164 

438,640 

16,100 

662,638 

28 

3,331 
1 


3,185,689 


4,806 

84,760 

1,230 

616 

50 

30,182 

97,320 

5,300 

5,460 

»,735 

800 

4,554 


1,041,885  61,441,251 


DeelariKl 
Value. 


£. 
1,062,225 

18,929 

890 

5,222 

3,792 

1,686,979 

673,714 

1,486 

14,083 

63 

1 

1,475 

224 

2;194 

317,580 

21,528 

858 

39,918 


389 
1 


210,182 


479 

4,477 

195 

144 

5 

1,928 

6,660 

679 
506 

327 

48 

741 


3y9r6^74 
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For  a  fdll  account  of  the  mechanical  processes, 
see  Spinnino,  Wbavino,  &c. 

Couch  ant;  an  heraldic  term  to  express  an  animal 
lying  close  to  the  ground,  having  the  head  erect  in 
order  to  distingubh  him  from  an  animal  dormant. 

Couching,  mntr^ery;  an  operation  that  consists 
in  removing  the  opaque  lens  out  of  the  axis  of  vision, 
by  means  of  a  needle  constructed  for  the  purpose  of 
effecting  that  object. 

Cough,  in  medicine;  a  deep  inspiration  of  air, 
followed  by  a  sudden,  violent,  and  sonorous  expira- 
tion, in  a  great  measure  involuntary,  and  excited  by 
a  sensation  of  the  presence  of  some  irritating  cause 
in  the  lungs  or  windpipe.  The  organs  of  respiration 
are  so  constructed,  that  every  foreign  substance,  ex- 
cept atmospheric  air,  offends  them.  The  smallest 
drop  of  water,  entering  the  windpipe,  is  sufficient  to 
produce  a  violent  coughing,  by  which  the  organs  la- 
bour to  expel  the  irritating  substance.  4  similar  effect 
is  produced  by  inhaling  smoke,  dust,  &c.  The  sud- 
den expulsion  of  air  from  the  lungs  is  produced  by 
the  violent  contraction  of  the  diaphragm  and  the 
muscles  of  the  breast  and  ribs.  These  parts  are  thus 
affected  by  a  sympathy  with  the  organs  of  respiration, 
which  sympathy  springs  from  the  connection  of  the 
nerves  of  the  different  parts. 

The  sensation  of  obstruction  or  irritation,  which 
gives  rise  to  cough,  though  sometimes  perceived  in 
Sie  chest,  especially  near  the  pit  of  the  stomach,  is 
most  commonly  confined  to  the  trachea,  or  windpipe, 
and  especially  to  its  aperture  in  the  throat,  termed 
ti^e  glottis.  Yet  this  is  seldom  the  seat  of  the  irri- 
tating cause,  which  is  generally  situated  at  some 
dbtance  from  it,  and  often  in  parts  unconnected  by 
Jtructure  or  pipximity  with  the  organs  of  respiration. 
Of  the  various  irritations  which  give  rise  to  cough, 
some  occur  within  the  cavity  of  the  chest;  others  are 
external  to  that  cavity;  some  exist  even  in  the  vis- 
cera of  the  pelvis.  Of  those  causes  of  cough  which 
take  place  within  the  chest,  the  disorders  of  the  lungs 
themselves  are  the  most  common,  especially  the  in- 
flammation of  the  mucous  membranes,  which  excites 
the  catarrhal  cough,  or  common  cold.  This  disease 
is  generally  considered  unimportant,  particularly  if 
there  be  no  fever  connected  wiUi  it.  But  every  cough, 
lasting  longer  than  a  fortnight  or  three  weeks,  is  sus- 
picious, and  ought  to  be  medically  treated.  Another 
common  cause  of  cough,  which  has  its  seat  in  the 
lungs,  is  inflammation  of  those  organs,  whether  in 
the  form  of  pleurisy  or  peripneumony. 

These  diseases  do  not  differ  very  essentially,  ex- 
cept in  violence  and  extent,  from  the  acute  catarrh, 
but  are  more  dangerous,  and  more  rapid  in  their 
progress,  and  the  constitution  is  excited  to  a  highly 
febnle  condition.  Even  after  the  acute  state  of  in- 
flammation may  have  subsided,  a  cough,  attend- 
ed with  extreme  danger,  sometimes  continues  to  be 
excited  by  collections  of  pus,  or  abcesses,  which  en- 
sue in  the  substance  of  w  lungs,  and  either  termi- 
nate in  consumption,  or  suffocate  the  patient  by 
suddenly  bursting ;  more  rarely  the  pus  is  discharged 
gradually  from  a  small  aperture,  and  the  patient  re 
covers.  In  such  eases,  the  fever,  originally  acute, 
is  converted  into  a  hectic,  with  daily  chills,  succeed- 
ed by  heat  and  flushing  of  the  face,  night  sweats, 
and  emaciation. 

Another  frequent  origin  of  cough  is  the  rupture  of 
some  of  the  blood-vessels  of  the  lungs,  and  dxe  con- 
sequent effusion  of  blood  into  the  cells,  which  is  ex- 


pelled by  the  cough  that  its  irritation  excites,  consti- 
tuting what  is  techoiiMyJenned  hmmoptoe,htBmopty9ii, 
or  spitting  of  blood.  When  the  vessels  of  the  lungs 
are  thus  ruptured,  they  seldom  heal  readily^  but  de- 
generate into  ulcers,  which  pour  out  a  purulent  mat- 
ter ;  and,  by  this  discharge,  the  vital  powers  are  gra- 
duaJly  worn  down  and  destroyed.  This  is  a  common 
source  of  consumption,  or  phiisia  puknonalii. 

A  cough  is  Excited,  and  the  same  fatal  disorder 
is  also  induced,  by  the  existence  of  tubercles  in  the 
lungs.  These  are  little  tumours,  which  gradually 
inflame  and  ulcerate,  and  produce  the  same  conse- 
quences as  the  ulcerations  from  hamoptym.  CateuU, 
or  stony  concretions,  are  sometimes  mrmed  in  the 
lungs,  and  the  irritation  which  they  produce  neces* 
sarily  excites  a  cough,  which  is  liable  to  terminate 
in  consumption.  There  is  yet  another  source  of 
irritation  within  the  lungs,  of  which  cough  is  an  at- 
tendant, namely,  an  effusion  of  serum,  into  the  pa- 
renchymatous substance  of  the  lungs,  or  into  the 
cellular  membrane,  which  connects  the  cells  and 
blood-vessels  together.  This  has  been  called  anasar- 
ca pulmonum,  or  dropsy  of  the  lungs,  and  is  marked 
by  great  difficulty  of  breathing,  with  a  sense  of 
weight  and  oppression  in  the  chest,  occasioned  by 
the  compression  of  the  air-cells  and  vessels  by  the 
accumulated  water;  hence  also  great  irregularity  of 
pulse,  frightful  dreams,  imperfect  sleep,  &c.,  are  a- 
mong  its  symptoms. 

Inflammation  of  the  heart,  and  of  thepericardiwK, 
or  membrane  surrounding  it,  is  also  accompanied  by 
cough,  and  other  symptoms  not  easily  distinguish- 
able from  those  of  pleurisy  and  peripneumony. 
Where  a  cough  is  excited  by  disorders  of  parts  ex- 
ternal to  the  cavity  of  the  chest,  it  is  genendly  dry, 
as  the  irritating  cause  is  external,  and  not  any  ob- 
structing matter  in  the  lungs  themselves.  Disorders 
of  the  viscera  of  the  abdomen,  especially  of  those 
which  lie  in  contact  with  the  dii^hragm  (the  mus- 
cular curtain  separating  the  cavities  of  the  belly  and 
chest),  frequently  induce  a  cough. 

A  short,  dry  cough  invariably  attends  inflamma- 
tion of  the  liver,'  whether  acute  or  chronic,  and 
accompanies  the  various  tubercular  and  o^er  ob- 
structions in  that  organ.  Hence  inflammation  of  the 
liver  is  not  unfrequently  mistaken  for  inflammation 
of  the  lungs;  and,  in  some  of  the  chronic  disorders 
of  the  liver,  the  cough  is  occasionally  complained  of 
as  the  most  urgent  symptom.  The  presence  of  pain 
in  the  right  side,  shooting  up  to  the  top  of  the  should- 
er, the  dryness  of  the  cough,  and  pain,  enlargement* 
hardness,  or  uneasiness  on  pressure  below  the  ribs 
of  that  side,  will  afford  the  best  means  of  distin- 
guishing whether  a  disease  of  the  liver  is  the  origin 
of  the  cough. 

Disorders  of  the  stomach  are,  also,  often  accom« 
panied  with  a  cough  of  the  same  dry  and  teasing  na* 
ture,  especially  when  that  organ  is  oyer  distended 
with  food,  or  is  in  the  opposite  condition  of  empti- 
ness. A  short  cough  is,  tnerefore,  a  frequent  symp* 
tom  of  indigestion  and  hypocondriasis,  or  of  that 
weakness  of  ue  stomach  which  is  populariy  termed 
bilious.  In  short,  there  is  scarcely  any  one  of  the 
viscera,  in  the  cavity  of  the  abdomen,  the  irritation 
of  which,  in  a  state  of  disease,  has  not  excited  cough. 
Disorders  of  the  spleen,  pancreas,  and  even  the  k^* 
neys,  have  all  given  rise  to  this  symptom ;  and  ex- 
ternal tumours  attached  to  them,  have  had  the  same 
effect.    Any  distention  of  the  abdomen,  which,  by 
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Its  pressure  upwards^  impedes  the  descent  of  the 
dia{:iuragm,  and  consequenUy  the  expansion  of  the 
longs,  occasions  cough.  Thus,  in  the  ascites,  or 
dmpsy  of  the  belly,  3ie  water —  in  tympanites,  the 
ail — in  corpulency,  the  fat  in  the  omentum — and, 
in  pregnancy,  the  gravid  uterus, — all  have  the 
effect  of  exciting  cough  in  many  constitutions. 
The  variety  of  causes  from  which  coughs  may 
arise,  must  convince  every  reader  of  the  absurdity 
of  attempting  to  cure  all  kinds  of  cough  by  the  same 
remedy. 

CouasB,  m  namgation;  that  point  of  the  compass 
or  horizon  on  which  the  ship  steers. 

CouRSB,  in  architecture;  a  continued  range  of 
bricks  or  stones,  level  or  of  the  same  height  through- 
out the  length  of  a  whole  building,  without  being  in- 
terrupted by  any  apparent  aperture. 

CouNTSRQUARDs,  in  fwt\ficatum,  are  small  ram- 
parts with  parapets  and  ditdies,  to  cover  some  part 
of  the  body  of  a  place.    They  are  of  several  shapes, 
and  differently  situated.    They  are  generally  made 
before  the  bastion,  in  order  to  cover  the  opposite 
.flanks  from  being  seen  from  the  covert- way,  and,  in 
this  case,  consist  of  two  faces,  making  a  sabent  angle 
parallel  to  the  faces  of  the  bastion.   They  are  some- 
times made  before  the  ravelins.    The  cost  of  building 
•  them  is  more  than  proportionate  to  their  value, 
especially  when  they  are  small,  and  without  can- 
;    -non,  in  which  case,  particularly,  they  are  called 
I     eommrrfaees, . 

Countermark,  in  tmnUsmatice.  Antiquaries  call 
by  this  name  those  stamps  or  impressions  which  are 
found  on  ancient  coins  or  medals,  and  have  been 
given  since  their  first  impress  in  the  mint.  These 
countermarks  or  stamps  are  often  executed  without 
any  care,  and  frequently  obliterate  the  most  interest- 
ing portion  of  the  original  inscription.  Tnus  they 
correspond  with  the  codices  rescripti.  In  performing 
this  operation,  the  new  mark  was  stamped  upon  the 
coin  with  a  heavy  blow  of  a  mallet  upon  a  punch,  on 
which  was  engraved  the  countermark,  of  a  round, 
oval,  or  square  shape.  The  use  of  countermarks 
mppears  to  have  been  first  adopted  by  the  Greeks,  but 
it  IS  impossible  to  say  at  what  period  of  their  history. 
Upon  the  Greek  coins  so  altered,  the  countermarks 
are  generally  figures,  accompanied  by  inscriptions. 
^  Those  of  Rome  seldom  contain  any  thing  more  than 
inscriptions  and  monograms. 

There  have  been  various  opinions  respecting  the 
cause  of  these  countermarks ;  some  antiquaries  tibink- 
ing  that  they  were  to  indicate  an  augmentation  of  the 
^value  of  the  money  upon  which  they  were  stamped ; 
others,  that  they  were  vouchers  for  workmen ;  and, 
M§ain  that  they  were  only  struck  upon  money  taken 
•or  received  from  foreign  enemies.  Jobert,  Millin, 
De  Boze,  Bimard,  Mabudel,  Pelleim,Florez,  and  other 
antiquaries,  have  exercised  their  conjectural  skill  on 
this  subject..  During  the  long  war  with  revolution-* 
ary  France,  England  stamped  millions  of  Spanish 
dollars  with  small,  oval  countermarks  of  the  head  of 
George  III.  upon  the  neck  of  the  Spanish  monarch. 
Many  of  them  were  completely  restamped  or  coun- 
tennarked  in  the  mint,  and  both  impressions  were 
aometimes  visible,  the  English  head  and  reverse  not 
^completely  destroying  the  Spanish  head,  armorial 
bearings,  and  inscriptions. 

Counterpoint  signifies,  in  mu^,  a  part  or  parts 
added  to  a  given  melody.     lu  ancient  times,  musical 
aoonds  were  represented  by  certain  letters  of  the  al- 
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phabet.  A  great  improvement  was  made  on  the  old 
system  by  the  celebrated  Guido  d'Arezzo,  who  sub- 
stituted points  or  dots  in  the  place  of  letters.  The 
simple  harmony  of  that  period  consisted  of  notes 
equal  in  length,  and  the  term  coniraptmctus,  or  cotm- 
terpoint  was  applied  to  it  in  consequence  of  the  pointf 
by  which  it  was  represented  being  placed  under,  or^ 
as  it  were,  against  each  other,  on  the  staff.  By  coun- 
terpoint,  we  understand,  therefore,  the  several  parts 
which  compose  musical  harmony ;  and  the  science  of 
counterpoint  consists  in  a  knowledge  of  the  rules  ac- 
cording to  which  those  parts  must  be  constructed. 
On  this  account,  the  term  is  fequently  used  for  musi- 
cal composition  in  general.  When  the  notes  employed 
are  of  equal  length,  the  counterpoint  is  called  simple. 
When  notes  of  various  length  are  used,  the  counter- 
point is  said  to  hefigur^^e  or  florid, 

Counterpointed,  in  heraldrtf,  is  when  two  che- 
verons  in  one  escutcheon  meet  in  the  points,  the 
oue  rising  as  usual  from  the  base,  and  the  other 
inverted  falling  from  the  chief,  so  that  they  are  coun- 
ter to  one  another  in  the  the  points.  They  may  also 
be  counterpointed  when  they  are  founded  upon  the 
sides  of  the  shield  and  the  points  meet  that  way, 
called  counterpointed  in  fesse. 

Counterpoise,  in  mechanics;  a  weight  standing 
in  opposition  to  another  weight.  Thus  when  a  weight 
is  placed  on  each  side  of  a  beam,  so  that  neither  of 
the  two  preponderates,  each  weight  is  said  to  be  a 
counterpoise  to  each  other. 

CouNTERPROOF,  in  engraving ;  an  impression  taken 
from  a  newly-printed  proof  of  a  copperplate,  for  the 
purpose  of  a  closer  investigation  of  the  state  of  the 
plate,  as  the  proof  is,  in  every  respect,  the  reverse  of 
the  plate,  whde  the  counterproof  has  everything  the 
same  way. 

Counter  Salient,  in  heraldry,  is  when  two  lions 
are  borne  in  a  coat,  leaping  from  each  other,  directly 
in  the  contrary  way. 

Counterscarp,  in  fortification,  is  properly  the 
slope  or  talus  of  the  exterior  side  of  a  ditch,  towards 
the  field.  The  inner  slope,  on  the  side  towards  the 
place,  is  called  escarpe.  Sometimes  the  covert- way 
and  glacis  are  termed  counterscarp. 

Coup.  This  term  is  used  in  various  connections, 
to  convey  the  idea  of  promptness  and  force.  Coup 
de  main,  in  military  language,  signifies  a  prompt, 
vigorous,  and  successful  attack.  Coup  deceit,  in  a 
military  sense,  a  rapid  conception  of  the  advantages 
and  weaknesses  of  positions  and  arrangements  of 
troops.  It  is  also  used  for  a  quick  comprehension  of 
all  the  points  and  bearings  of  any  subject.  Coup  de 
th^dtre,  a  sudden  and  striking  change  in  the  action. 
Cof^  d'itat  is  a  forcible  and  arbitrary  political  mea- 
sure. 

CouPURUS,  \tk  fortification,  are  passages  sometimes 
cut  through  the  glacis,  of  about  twelve  or  fifteen  feet 
broad,  in  the  re-entering  angle  of  the  covert- way,  ot 
facilitate  the  sallies  of  the  besieged.  They  are  some- 
times made  through  the  lower  curtain,  to  let  boats 
into  a  little  haven,  built  on  the  lre<-entering  angle  of 
the  counterscarp  of  the  out-works. 

Covered-Way  ;  a  space  of  ground  on  the  ed^  of 
the  ditch,  ranging  round  the  works  of  a  fortification. 
Its  glacis  descends  by  an  easy  slope,  towards  the  field. 
It  affords  a  safe  communication  round  all  the  works, 
facilitates  sallies  and  retreats,  and  the  reception  ot 
auxiliaries,  compels  the  enemy  to  begin  his  operations 
at  a  dbtance,  checks  his  approach  and  the  erection  of 
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breach  btttcnu,  and  its  parapet  protects  tbe  fortifl- 

cations  \a  Jta  rear. 

CcwRr-SaBLLs  1  shells  used  for  coin;  a  kind  of 
amall  masclcB,  belonging  to  the  ladian  Beas,  &c. — 
The  largest  are  an  inch  and  a  half  in  liie,  and  indented 
□n  both  eides  of  the  opeaiog.  Thef  are  collected 
twice  a  year  in  the  bay  of  Bengal,  on  the  Malabar 
coast,  and,  in  still  greater  quantity,  in  the  neighboDi^ 
hood  of  the  Maldive  islands.  They  are  used  through- 
oat  the  Kaat  Indies,  especially  in  Bennl  and  in  the 
African  trade,  instead  of  small  coins.  The  demand  is 
so  great,  that,  notwithstanding  the  insignificant  price 
(in  1780,  a  poand  of  them  might  be  tiought  for  three 
cents),  about  150,000  dollats  worth  are  sent  every 
year  to  Bengal. 

Caas,  in  i^-buildmg ;  a  very  common  substitute 
for  the  capstan.  We  notice  this  meclianicat  arrange- 
meut,  to  describe  one  which  was  emplo]^  in  the 
erection  of  the  Breakwater  at  Plymouth  :  it  is  repre- 
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•ented  beneath. 


A  strong  flat-bottomed  vessel  Airniihed  with  a 
deck,  at  e,  of  which  we  show  a  section,  was  employed 
for'the  transport  of  stones  from  the  quarry  to  the 
ute  of  the  work.  TTic  carries  with  the  block  was 
then  rolled  along  the  line  b,  to  the  side  of  the  vessel ; 
the  chain  a,  raised  by  the  blocks  above,  and  wheta  it 
attained  a  certain  angle,  precipitated  into  the  sea. — 
The  stones  deposited  by  this  means  exceeded  five  tons 
in  weight.  Of  this  gigantic  work  we  shall  give  a 
full  account  under  Plvhouth,  in  the  Second  Divi- 
sion of  this  work. 

Cradle,  in  akip-biaiding ;  a  frame  placed  under 
the  bottom  of  a  ship,  in  ordfr  to  conduct  her, 
smoothly  aod  steadily  into  the  water,  when  she  is 
launched ;  at  which  time  it  supports  her  weight 
whilst  she  slides  down  the  descent  or  sloping  passage 
called  the  iwqu,  which,  to  facilitate  her  passage,  are 
coated  with  soap  and  tallow. 

CuArr,  in  sea  language,  signifies  all  manner  of 
nets,  lines,  hooks,  &c.  used  in  fishing.  Hence  little 
vessels,  as  ketches,  hoys,  smacks,  &c.,  of  the  kind 
comroonJy  used  in  the  fishing  trade,  ore  called  matl 
trail. 

Cb&uf,  in  archifettun  and  Kvfyture;  pieces  of 
■  iron,  bronze,  or  other  metal,  bent  at  each  end,  by 
'  which  stones  in  buildinp,  and  limbs,  Sec,  of  statues, 
are  held  together.  The  ancient  Romans  made  great 
oae  of  cramps  in  their  buildings,  and  the  cupidity  of 
modem  barbarians,  like  Pope  Barberini,  has  de- 
atroyed  niuiy  a  fine  work  for  the  itake  of  ti)^  bronze 


fine  portico,  by  Agnppa,and  theColiseanthaveuif. 
fared  most  from  these'  wanton  aggressiinis,  aodtfa* 
baldachin  of  St.  Peter's,  and  some  eighty  pieces  io{ 
brass  ordnance,  ore  nearly  all  that  we. have  imw- 
obange  for  some  of  the  finest  wraka  of  wfaieb  itht 
world  conld  boast. 

Cbamp,  iu  (Mdiciiw.    See  SraaM. 

Cbame,  in  mecAoatM.-a  very  useful  iwtiBiu«t 
for  raising  great  weights.  A  crane  oifaa&j  touljto 
of  a  jib  or  projecting  lever,  furnished  with  Mro'TnA- 
leys,  round  which  a  rope  or  chain  is  coiled,  so'tbit 
while  the  weight  to  be  raised  is  attached  to  oaa  cod 
of  the  con' 
descends  h 

Cranes  thus  cDngtruettd  arefiiund  at  tliG  )u|e 
warehouses  in  whi<^  heavy  goods  are  deposited. 
Even  Hiis  Species  of  instnivent  might,  however,  be 
rendered  much  aore  useful  than  it  now  is,  byattaA- 
ing  it  to  the  large  lUjg^age  Caits  used  in  the  nttro- 
polis,  instead  of  tmstiag  to  the  remote  coutiageodjr 
of  finding  ^e  apparatus  in  order  at  the  retail  shop. 
keepers  where  parcels  are  delivered.  The  strcMs 
would  not  in  that  case  be  impeded  as  Qiey  now  m 
by  temporary  inclbed  planes  and  large  bort^,  which 
block  up  the  foot-path. 

We  may  now  ootice  a  very  great  improvaaentm 
ttte  crane,  by  Mr.  Wright,  which  materially  dimi- 
nishes the  labour  of  those  employed.  AviaWoftbs 
Dwchtne  is  given  in  the  engraving  beneath. 


"niis  <!rtne  consists  of  a  novel  combination  of  n«> 
chanical  powers,  constructed  without  eitJier  tootfaed 
wheel  or  pinion,  its  whole  power  being  derived  frtm 
a  peculiar  adaptation  of  the  lever  and  wedge.     T^ew 

e  made  to  act  on  rollers,  mounted  on  wheels,  whith 

e  attached  to  the  drum  or  barrel  that  the  draft-rope 

chain  winds  upon. 

Before  we  examine  the  working  part  of  the  chain, 
it  may  be  proper  to  say,  that  that  part  of  the  pat«t 
which  relates  to  the  employment  of  compressed  air 
as  a  substitute  for  the  labour  of  men,  is  of  no  practi- 
cal utility,  and  altogether  as  fallacious  as  tbe  crane 
itself  is  iBgeniona.  In  the  section  on  the  accom- 
panying page,  a  represents  the  side  Htandard  wfaitb 
supports  die  pivot,  6,  of  tbe  barrel  or  drum,  e, 
round  which  the  draf-trope  Or  cbain,  rf,  is  wound; 
e  is  a  wheel  or  rircular  rim  affiled  to  tbe  axle 
of  the  drum.  His  rim  carries  «  series  of  ftiP- 
tton  rollers,  /,  Sec.  monnted  on  pins,  projacbaK 


C  R  A  N^^C«  A  N  I  U  M. 
■ieMh«ideof  Aewbed.  A  four-throw 
«m  a  Envlugtng'&ame;  wid  to  each  of 

the  crtwimis  attMhedale*eruktA,.witbia.wed|;e- 

tamtd  end'Whidi  acts  outhe  lollert.     Atone  end 

«r  Hie  crank  ahaft  is  a  fly-wbeel,  to  regolate  the 

vaotioa  of  the  machine. 


On  the  power  being  applied  to  the  cianka.  g,  by 
-Uie  winch  tiandles,  or  by  any  other  meaoB,  the  cranks 
MB  they  revolTe  towards  Uie  drum  whecle  project 
forward ;  the  levers  and  their  wedee-formed  ends 
■vcceaaively  pass  under  and  raise  the  rollera,  and 
trhen  past  dieic  centres  revolving  from  the  drum 
irheels  the  cranks  depress  the  longer  arms  of  the 
levers,  and  raise  Che  shorter  anna  with  the  rollers, 
and  thoB  succesavely  drive  ronnd  the  rims,  and  with 
tttem  the  dmm  or  barrel. 

To  throw  &e  macbine  oot  of  gear,  the  ends  of  the 
levers  must  be  wididrawn  from  the  friction  rollers ; 
to  do  this,  the  patris  must  be  removed  from  support' 
ing  or  wedging  up  the  back  of  the  swioging  frame, 
hy  lifting  <ip  ^e  handle  on  the  shaft,  when  the  frame 
wth  the  crank  shaft  .and  levers  may  be  diitwn  back 
against  a  rest. 

The  crank  and  levers  being  thas  out  of  gear,  the 
barrel  is  at  liberty  ts  turn  the  reverse  way,  for  the 
purpose  of  lowering  the  weight  snspendetl,  and  the 
velocity  of  the  descent  is  to  be  regulated  by  a  two- 
part  break,  as  shown  in  our  first  figure. 

Whenit  is  required  to  put  the  machine  itito  action, 
the  conoter- balance  weight  bang  over  the  pulley  by  a 
chain  or  rope  from  the  swinging  frame,  will  assist  to 
bring  the  swinging  frane  up  into  its  working  posi- 
tion, when  the  pants  will  fidl  down. 

The  following  experiment  was  made  with  this 
enne  in  a  large  esti^ilishment  before  the  Editor  of 
the  lAmdim  Joamal  ef  Sdeim ; — 

A  comiDon  crane  was  worked  by  sii  men,  aocns- 
tomed  to  the  work,  while  Mr.  Wright's  crane  was 
-worked  by  three  bricklayer's  labonrers  taksn  from 
tbe  bod,  uid  yet  with  these  enormous. dindvantagvs, 
■a  to  Bti^ngtb  and  habit,  the  comparative  work  of 
very  mneb  in  favour  of  Mr. 


The  weight  raised  by  each  enoe  and  each  «et  of 
«Ben  was  18  cwt. ;  and  the  spaee  through  which  Jt 
■was  nised  each  time  30  feet. 

The  six  men,  with  the  common  crwie,  worked .  2 
-bovra  33  minutes  and '36  seconds,  and  hoisted  the 
-weight  ai  times  ;  being  on  an  average  once  in  every 
Boinate  46  KC<HMla  and  fout-tcnths  of  a  aecond. 

The  three  men  with  Mr.  Wright's  erane,  wcrked 
aaly  3  hottrs  10  minates  and  30  seconds  (an  acci. 
denial  fracture  of  part  of  his  <machine  causing  .it 
-to  atop  aooaar  than  the  .other),  and  hoisted  ..the 


weight  46  times,   bcipg  on  ma  M:nngt   once  in 
every  two  niniitea  60  secooda  and  two-tenths  of  a 

To  reduce  the  work  done  by  the  two  sets  of  men 
to  equal  terms  «f  comparison,  we  inu«^ 
FirtI,  e)aaiiie  the  tune  occupied : 


Difference  ,  .  13  8 
So  that  we  mnst  deduct  from  the  total  number  of 
hoists  (81)  made  by  the  six  men,  the  number  of 
hoists  in  13  minutes  6  seconds,  which,  at  one  hoiet 
per  minute  46  seconds  end  four-tenths,  is  nearly  B ; 
say,  however,  only  7;  this  reduces  the  actual  num- 
ber of  hoists  made  by  the  six  men  in  the  same  space 


ofti 


0  74. 


Stcondlg,  we  most  equalize  the  manual  power 
employed ;  to  do  which  we  must  take  half  only  of 
the  work  done  by  the  six  men,  or  37. 

We  have,  then,  for  the  work  done  in  2  hours  10 
minutes  30  seconds,  by  three  men,  with  the  old 
.  37 


I  the   same   i 


,  with  Mr. 


Gain  by  the  new  crane    .     9 

.The  result .«f. this  experiment  gives  an  advan- 
tage in  'favour  .of  the  .new  crone,  of  nearly  one- 

CaaNiOM.  A.portjon  of  the  bony  frame-work  of 
the  head  is  divided  into  the  cranium  proper  or  brain 
case,  and  the  face.  ■ 

The  bones  of  the  cranium  are  composed  of  two 
compact  plates  called  labia,  an  external,  and  an  in- 
ternal or  vitieona  table  with  an  intervening  loo«e 
bony  structure  called  diploe, — a  distinction  which  is 
not  evident, at  the  thinner  parts  of  the  bones,  and 
which  .does  not  exist  inthe  young  subject  or  in  the 
face.  There  is  e  considerable  variation  in  the  thick. 
oess  and  density  of  the  skull,  both  in  different  parts 
and  in  various  individuals ;  its  inner  surface  is  marked 
by  the  istpressions  pf  the  brain  which  is  most  ap- 
parent at  the  base  ;  there  are  also  pits  fpr  the 
lodgment  of  glands  and  grooves,  and  canals  for  the 
paSBBge  of  blood-vessels. 

The  cranium  proper  is  composed  of  eight  honest 
viz.  The  occipital  bone,  2  parietal  bones,  3  tepi,- 
poral  bones,  the  frontal,  the  sphenoid  and  the  teth- 
moid  bones,  the  three  latter  being  common  to  the 
ekull  and.face.  The  bones  of  the  face  are  diBtributed 
into  two  divisions, — thoM  of  the  upper  jaw,  and  a 
aiagie  bone  for  the  lower,  the  inferior  niaxiiUry  bone : 
the  upper  jaw  consists  of  six  bones  on  each  side,  and 
one  bone  in  the  centre,  making  thirteen ;  viz.,  2  nasal, 
2  lachrymal,  2  malar,  2  suferiormoxillarv,  2  palftte, 
2  inferior  spongy  bones,  and  the  single  bone  called 
vomer  from  its  resnnblaoce  to  a  ploughshare.  Tha 
various  .bones  of  .which  the  head  is  composed  are 
connected  by  an  immoveable  species  of  articulation 
cal!ed.«ii(i(re  (from  the  Latin  word  for  nmng,  tultira), 
.which,  when .  the  soft  structures  are  removed  still 
jetaina  the  bones  in  apposition,  lliese  sutures  are 
of  three  kinds, — 1 .  The  true  or  serrated  suture,  pro- 
duced by  numerouasmal)  processes  of  one  bone  being 
jeoeiwed  into  corresponding  cavities  of  the  opposed 
.edge  of . another,  j.  The  ^quamoos  sntnra,  wbimt 
3  B  2 
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one  bona  overlaps  the  other  like  the  »calea  or  a  fish. 
3.  HarmoQia  or  union  by  plain  Biirfacet,  bf  nbich 
suture  princtpslty  the  bones  of  the  face  are  con- 
nected. The  mode  in  which  the  teeth  are  implanted 
in  their  Bockets  is  termed  gomphotu  from  its  luil-Iike 
character.  Separate  pieces  of  bone,  varying 
and  form,  are  found  in  the  courae  of  the  saturea,  and 
BTf  called  OMQ  Mjnetra,  or  tuormana.  The  satures 
of  the  craniam  proper  are,  the  coronal,  the  sagittal, 
the  lambdoidal,  the  2  squamons  sutures,  the  2  addi- 
tamenta  auCurse  equamos«,  and  the  3  additamenta 
EUturE  lambdoidalis.  The  sutures  common  to  the 
cranium  and  face  are,  the  traDarerse  orbitar,  the 
spheroidal,  the  Ethmoidal,  and  the  3  zygomatic  su- 
tures.  The  sutures  proper  to  the  face  are,  the  ante- 
rior nasal,  the  2  lateral  nasal,  the  2  palato-maiillaiy, 
the  3  external  and  2  internal  orbitar,  the  longitudinal 
palate,  the  transverse  palate,  the  spinous,  the  mys- 
tachial,  and  the  2  lachrymal  satnres. 

The  bones,  when  connected  form  a  cavity,  or  brain- 
ca-se  for  the  reception  and  protection  of  the  brain ; 
and  as  the  skull  is  composed  of  an  outer,  tough,  and 
fibrous,  and  an  inner,  brittle,  or  glassy  table,  we  see 
a  beautiful  provision  to  avert  the  injurious  effects  of 
a  jar  or  concussion  of  the  brain  from  a  blow  or  fall ; 
the  skijral  adjustment  of  the  bones  by  the  serrated 
suture  or  dovetailing,  and  the  overlaping  of  one  bone 
over  another,  are  alio  mechanical  contrivances  ad- 
mirably adapted  by  infinite  wisdom  to  give  strength 
and  stability  to  the  cranial  arch.  At  bii&,  the  bon^ 
are  in  but  an  imperfect  state,  ossification  is  proceed- 
ing, having  commenced  at  numerous  central  points 
and  radiating  towards  the  circumference :  at  the 

i' unction  of  the  two  parietal  bones  with  the  frontal,  so 
|reat  a  membraneoas  space  is  left,  that  Ae  pulsation 
communicated  to  the  brain  by  its  vessels  can  be  felt, 
and  thw  is  called  the  antmar  /oatanelU:  or  hrrgnta, 
while  a  smaller  space  between  the  two  parietal  bones 
and  the  occipital  is  termed  the  potlrrior  fviilanelU. 
The  frontal  bone  early  in  life  consists  of  two  portions 
united  by  a  cootinuadon  of  the  sagittal  sntore,  which 
at  the  adult  period  ia  generally,  but  not  always,  ob- 
literated. Dr.  Leach,  who  examined  the  immense 
collection  of  crania  in  the  catacombs  at  Paris,  re- 
marked that  the  frontal  sature  remained  naoblite- 
rated  in  abont  one  out  of  eleven  crania  i  and  a  similar 
obeervation  respecting  the  frequency  of  crania  with 
this  sature  unobliterated  in  the  cemetery  at  Uytbe, 
haa  induced  the  inference  that  they  are  Norman. 
He  greatest  diameter  of  the  cranium  is  from  the 
forehead  to  the  occiput,  and  iT.eaaures  6^  inches  ;  the 
^eatest  transverse  diameter  is  5}  inches ;  the  great- 
est perpendicular,  5  inches.  The  exterior  of  the  sknll 
is  smooth  and  unirorm,  and  does  not  generally  cor- 
respond with  the  nninences  and  depressions  made 
by  the  convolutions  of  the  brain  on  the  internal 
surface ;  the  base  however  is  irregular,  and  has 
numerous  holes  for  the  passage  of  vessels  and  the 
nerves  proceeding  from  Uie  brain.  On  each  aide  of 
the  skull  is  observed  a  remarkable  hollow,  called  the 
temporal  foam,  filled  up  in  the  recent  state  by  the 
temporal  muscle  which  closes  the  lower  jaw.  The 
bones  of  the  face  contribute  principally  to  form  the 
cavities  of  the  orbit,  nose,  and  month.  The  orbitar 
cavities  are  farmed  each  by  seven  bones,  — the  frontal, 
sphenoid,  tethmoid,  superior  maxillary,  malar.lachry- 
mal,  and  palate  bones ;  they  are  of  a  square  form,  and 
in  order  to  command  a  more  extensive  field  for  vision, 
face  rather  outwards.    The  bonei  of  the  uose  are  of 


CRANIUM. 

a  light  thin  texture,  arranged  so  as  to  afford  an  Or 
tended  surface  for  the  olfactory  membrane,  and  cdd- 
aist  of  all  the  bones  of  the  face,  with  the  exception  of 
the  two  malar  bones.  The  two  superior  maiillary 
bones  have  16  aiiieoU  or  sockets,  for  the  reception  of 
the  teeth  of  the  upper  jaw,  while  the  inferior  maxil- 
lary bone  haa  the  same  number  of  sockets  Cor  the 
teeth  of  the  lower  jaw. 

Observing  the  varying  forms  of  the  head  and  fea- 
tures, which  not  merely  characterise  distinct  races  ,(rf' 
mankind,  but  are  sufficientiy  striking  even  in  indi- 
viduals of  the  same  nation,  it  is  obvious  that  these 
peculiar  conformations  must  essentially  depend  on  the 
configuration  of  the  bones  of  the  head ;  accordingly, 
in  oomparing  the  crania  of  individuals  of  differait 
nations,  we  find  the  national  peculiarities  as  uniform 
the  colour  of  the  skin  and  other  distinctive  cha- 
racters. His  interesting  subject  was  however  little 
attended  to  by  aoatomists  until  Camper  ingeniously 
attempted  by  hia  facial  angle  to  distinguish  not  only 
the  crania  of  the  human  species,  but  to  mark  out  the 
diversities  of  the  animal  kingdom,  by  establishing  a 
scale  ascending  from  animals  of  an  inferior  gardr 
to  the  moat,  beautifiil  and  perfect  specimen!  of  ibe 
human  cranium. 


being  viewed  in  profile,  two  ima^ 

ginary  lines  must  he  drawn,  one  proceeding  horizon- 
tally through  the  meatus  auditorius  extemua  and  the 
floor  of  the  nostrils,  the  otier  passing  from  the  pro- 
minent part  of  the  forehead  to  the  alveolar  projection 
of  the  upper  jaw;  thus,  the  angle  formed  by  the 
junction  of  the  two  lines  will  be  smallest  in  birds,  in 
the  monkey  42°,  in  the  African  Negro  70°,  in  th; 
European  80°  The  ancients  in  the  statue«  of  their 
heroes  and  great  characters,  have  made  the  facial 
angle  90°,  while,  to  express  the  sublime  majesty  of  a 
heathen  god,  it  is  increased  to  100°.  Considering 
therefore  the  relative  proportions  of  the  cranium  and 
face  in  a  vertical  section  of  the  head  made  longi- 
tudinally, the  area  of  the  cranium  of  the  European  is 
four  times  as  large  aa  that  of  the  face  ;  in  the  monkey 
they  are  about  equal ;  whereas  in  ruminating  animals 
.  of  the  face  is  about  doable  that  of  the  cra- 
lo  applying  the  facial  angle  of  Camper,  the 
calculation  is  obscure  and  uncertain,  it  neither  affords 
correct  estimate  of  the  human  intellect,  as  depend- 
it  upon  the  developement  of  the  brain,  nor  fumisbcp 
measure  of  the  proportions  in  which  animals  lue 
endowed  wiUi  aagacity.  As  a  means  of  distingnislv- 
ing  national  variations  in  the  conformation  of  the 
slrall,  it  is  objected,  that  it  only  indicates  those  t»- 


CRANK— 
netics  of  form  which  depeod  on  the  prominence  and 
figure  of  the  forehead  and  apper  jaw,  and  gives  no 
mthnation  of  the  breadth  of  uie  face  or  of  any  other 
pecnliaritiee  in  the  shape  of  the  skull.  Blumenbach 
possessing  an  extensive  collection  of  crania  of  differ- 
ent natiooa,  -was  able  to  make  many  important 
Dbeervationa,  and.  by  remarking  the  rariations  in  the 
breadth  of  tjie  skaUB  of  the  inhabitants  of  different 
eoDotries,  and  other  striking  differences  in  their  con- 
figuration has  arranged  crania  into  five  classes.  The 
okoUs  mtist  be  placed  in  a  line  npon  a  table  with 
tbMr  zygomas  tonclung.  and  then  viewed  from  be- 
hind, the  eye  being  fii«l  on  the  vertex  of  each,  so  as 
to  observe  the  variations  in  their  shapes ;  this  is 
termed  the  verficof  mefAorf.  The  three  classes  most 
remaikably  distinguished  from  each  other  are  the 
"  HI,  Mmgolitm,  and  ^lluopiaK. 


Hie  central  one,  or  Caucasiani  inclndes  the  nations 
of  Europe,  the  Western  Asiatics,  and  the  Northern 
Afncaoa.  Shape  of  the  head,  symmetrical — forehead 
irell  developed,  concealing  the  face — face  narrow — 
cheek-bones  not  projecting — chin  full  and  round. 
Hongolian,  or  right  band  figure,  inclades  the  Asiatics 
not  comprehended  in  the  first  division,  and  the  ioha- 
Utanta  of  the  northern  parts  uf  Europe  and  America. 
Head  almost  square — face  broad — cheek-bones  pro- 
jecting outwards — nose  flat — chin  promioeot.  The 
Ethiopians,  or  extreme  left,  comprehends  all  the  Afri- 
cans not  included  in  the  first  division.  Head  narrow, 
compressed  at  the  sides — forehead  convex-~cheek- 
bcmes  projecting  forwards — jaws  lengthened — front 
teeth  projcctin^large  nasal  cavity.  The  fourth,  or 
Amencan,  incloding  M  the  Americans  except  the  inha- 
bitants of  the  northern  parts,  may  be  plamd  between 
the  Caucasian  and  the  Mongolian.  Cheek-bones 
prominent — forehead  small  and  low — orbits  deep — 
nasal  cavity  large.  The  last  class,  or  Malay,  being  an 
intennediate  link  between  the  Cancasian  and  j£thi- 
opian,  comprehends  the  inhabitants  of  the  numer- 
ous Asiatic  islands,  and  those  of  the  Great  Pacific 
Ocean,  Cranium  narrow,  and  slanting  at  its  upper 
and  fnmt  part — ^tace  large — jaws  prominent.  Under 
this  classification  the  crania  of  the  various  tribes  of 
the  human  race  may  be  arranged,  with  some  eicep- 

Ihe  peculiarity  in  the  configuration  of  the  skull  of 
aome  nations  is  not  always  natural,  the  most^strikiug 
instance  of  which  exists  in  the  Caribean  craninm, 
where,  under  a  mistaken  notion  of  beauty,  the  singu- 
essed   forehead  is  "       '   '  -■'■■' 

pressure  ii 

position  of  man,  tne  great  occipital  toramen  is  pioceo 
nearly  in  the  centre  of  the  base  of  the  skull,  whereas 
in  all  animals  it  is  placed  behind  the  centre,  and  in 
uoet  at  the  back  part  of  the  head.  The  want  in  man 
of  the  intermaxillary  bone  which  is  present  in  moat 
animals,  is  considered  by  Cuajwr  as  a  characteristic 
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of  the  human  cranium.  See  Lawrauce'i  PAynoIo^'. 
Goi  Ltcturti ;  Pritchard's  PAjncai  HUtory  0/  Maa- 
Icind;  Blumenbach,  Decadn  cronforum  divtraantm 
gentiwn  iUiutratx,  Gdttingen,  ISOO,  4to. 

Cbank,  in  mckania;  an  iron  axis  with  the  end 
bent  like  an  elbow,  for  the  purpose  of  moving  a 
piston,  the  saw  in  a  sawmill,  &c.,  causirg  it  to  rise  , 
and  fall  at  every  turn;  also  for  turning  a  grindstone, 
&c.  The  common  crank  affords  one  of  the  simplest 
and  most  nseful  methods  for  changing  circular  into 
alternate  motion,  and  eicr  titrta.  Double  and  triple 
cranks  are  likewise  of  the  greatest  use  for  transmitting 
circular  motion  to  a  distance.  In  fact,  cranks  belong 
to  those  few  simple  elements  on  which  the  most  com- 
plicated machines  rest,  and  which,  like  the  lever, 
are  constantly  employed. 

A  patent  has  lately  been  taken  out  for  an  improve- 
ment of  the  crank,  or  rather  it  is  intended  as  a  mode 
of  converting  a  reciprocating  motion  into  a  rota- 
tory motion,  as  the  vibratory  action  of  the  beam  of 
a  steam-engine,  which  is  usually  conveyed  to  .the 
.  shaft  throu^  the  agency  of  a  crank,  and  thereby  is 
caused  to  exert  a  rotatory  power. 

The  parts  which  compose  this 
apparatus  are  shown  in  the  ac- 
companying en^ving.  They 
consist  of  an  eliptical  frame  to 
which  racks  are  o^ied;  the  cen- 
tral wheels  are  shown  detached 
in  the  lower  diagram.  These 
wheels  and  their  bosses  slide 
loosely  round  the  axle,  and  are 
severally  locked  to  the  axle,  when 
the  notch  or  clutch  of  the  boss  '  , 
takes  hold  of  the  corresponding  \ 
notch  of  the  end  pieces.  These  1 
end  pieces  are  confined  to  the  I  ^ 
axle  by  small  projections  fixed  on 
the  axle,  called  feathers  or  leaves, 
which  fall  into  notches  in  the 
hollow  part  of  the  end  pieces ; 
these  pieces  are  allowed  to  slide 
sideways,  and  are  pressed  up  to- 
wards the  wheels  by  spiral  springs 
confined  by  the  ends  of  the  cylin- 
drical case. 

If  it  be  supposed  that  the  elip- 
tical frame  be  attached  by  a  per- 
pendicular rod  to  tlie  rad  of  the  vi- 
brating beam  of  a  steam-engine,  and  by  that  mean* 
be  made  to  move  op  and  dovm  ;  the  rack,  as  it  de- 
scends, taking  into  the  teeth  of  the  wheel,  will  cause 
it  to  turn  round,  and  the  notch  of  its  boss  locking 
into  the  clutch  or  end  piece,  will  drive  the  axle  round 
with  it  in  the  same  directioui  but  as  the  eliptical 
tiame,  ascends,  the  notch  of  Uie  boss  of  the  wheel 
will  onlock  itself,  and  the  wheel  will  retrograde  with- 
outaffectingtheaile.  The  other  rack  being  opposite" 
to  the  other  wheel,  which  drives  round  its  boss. 
now  locking  with  the  other  end  piece,  causes  the 
axle  to  continue  revolving  in  the  same  direction  as 

Thus  it  will  be  perceived  that  the  racks  of  the  re-. 
ciprocating  frame,  acting  in  the  teeth  of  the  wheels, 
will  cause  them  to  perform  a  reciprocating  moticm 
on  their  axis,  and  by  their  occasional  locking  to  the 
clutch  pieces,  will  communicate  to  the  axle  a  continu- 
ous rotatory  motion. 

CftAPB  I  a  light  transparent  stuff,  like  gauie,  mads 
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flf  nyr  ailt  or  wanted,  gummed  and  twieted  on  tli 
ntill,  woven  without  crossbg,  and  much  used  i 
mourninff. — They  are  either  craped  or  emooth.  Th 
silk  destined  Tor  the  first  is  more  twisted  than  thst 
for  the  second,  it  being-  the  greater  or  les»  degree 
oif  twisting,  eapecialiy  of  the  warp,  which  produces 
be  crisping  giTcn  to  it.  Crapes  are  all  dyed  raw. 
This  stuff  came  originally  from  Bologna;  but,  till 
of  late  years,  Lyons  is  said  to  have  had  tha  chief 
matjufacture  of  it.  It  ia  now  mannfactured  in  va- 
rious parts  of  Great  Britain.  The  crape  thought 
from  China  is  of  a  more  substantial  fabric. 

Cravons;  a  general  name  for  all  coloured  stones, 
earths,  or  other  minerals  and  substances  used  in 
designing  or  painting  in  pastel,  whether  they  have 
been  beaten  and  reduced  to  a  paste,  or  are  used  in ' 
their  primitive  consistence,  after  being  sawn  or  cut  I 
into  long  narrow  slips.  The  sticks  of  dry  colours 
which  go  under  this  name,  and  which  are  cemented 
into  a  friable  mass,  by  means  of  gum  or  size,  and  I 
•ometimes  of  clay,  affisrd  a  very  simple  means  of 
applying  colours,  being  merely  rubbed  upon  paper, 
after  which  the  shades  are  blended  or  softened  by 
means  of  a  stump  or  small  roll  of  leather  or  paper. 
TTie  drawings  require  to  be  protected  by  a  glass  co- 
vering, 10  save  them  from  being  injured,  unless  some 
means  have  been  adopted  to  hx  there,  so  that  they 
may  not  be  liable  to  he  rubbed  off.  This  may  be  done 
by  brushing  the  back  of  the  paper  with  a  strong  so- 
lution of  isinglass,  or  by  passing  the  drawing  through 
a  powerful  press,  in  contactwith  a  moist  paper. 
I      Cbeam  OF  Tabtab.     See  Tartar. 

Cbsscbkdo,  orCsES.  By  the  term  cretceWo,  the 
Italians  signify  that  the  notes  of  the  passage  over 
which  it  is  placed  are  to  be  gradually  swelled.  Thh 
operation  is  not  of  modem  invention.  Hie  ancient 
Romans,  as  we  learn  from  a  passage  in  Cicero,  were 
Kware  of  its  beauty,  and  practised  it  continually. 

Crattndo  is  also  the  name  of  a  musical  instrument, 
invented  in  177B,  bythe  counsellor  Bauer,  in  Berlin, 
which  is  played  like  a  piano,  and  is  Inrnished  with 

Cbest  ia  used  to  signifythe  rising  on  the  defensive 
armour  of  the  head,  also  the  ornament  frequently  af- 
fixed to  the  helmet,  such  as  a  plume  or  tufl  of  fea- 
thers, a  bunch  of  horse-hair,  &c.  Warriors  have 
always  been  in  the  habit  of  adorning  their  persons ; 
and  the  helmet,  from  its  couspicuonsness,  is  very 
naturally  chosen  as  the  place  of  one  of  the  prindpal 
ornaments.  We  learn  from  Homer  (/I.  iii.336),  that 
the  crests  of  the  earlier  Greeks  were  of  horse-hair  i 
afterwards  plumes,  especially  red  ones,  were  adopted. 
(Viaa.  jfin.  ii.  50,  271,  808.)  To  gain  an  enemy's 
crest  was  accounted  an  honourable  atchievement,  as 
it  was  reckoned  among  the  ipolia.  The  crests  of 
commanders  were  generally  larger  than  those  of  com- 
mon soldiers. 

'  In  the  middle  ages,  when  rank  and  honours  became 
hereditary,  and  particular  heraldic  devices  were  ap- 
propriated to  particular  families,  the  crest  became  a 
distinguishing  hereditary  mark  ofhonour.  Itdenotes, 
in  heraldry,  a  figure  placed  upon  a  wreath,  coronet, 
or  cap  of  maintenance,  above  both  helmet  and  shield; 
as,  for  instance,  the  crest  of  a  bishop  is  the  mitre. 
The  crest  is  considered  a  greater  criterion  of  nobility 
than  the  armour  generally.  It  is  commonly  a  piece 
of  the  arms,  as  that  of  Castile  is  a  castle.  Crests, 
Aerefore,  form  an  importimt  subject  in  the  sdence 

^ef  heraldry. 


-CRETIN-ISM. 

We  take  twovei?  bBaaUfiil-eiiufilea  of  the  cresL. 
The  head  on  the  right  hand  isiotounented  with  oagi 
of  the  richest  and  moat  baautifai  of  the.  Greek  creitl. 
The  second  belongs  to  the  chivalry  of  modem  times.. 
It  may  be  pioptr  to  add,  that  the-j£ginetan  statues' 
had  crests  ornamented  with  horse-hair,  similu  to 
those  worn  by  auaf  of  mu  cavalry  n-gmnnla  in  th*. 
present  day. 


Ckettnish,  mntedicTiie,  doseapproacltei  toridcets 

in  its  general  symptoms.  It  differs  principally  in  idl- 
tendency  to  that  peculiar  enlargement  of  me  thyroid' 
gland,  which,  in  France,  is  denominated  gottrr,  anf 
in  the  mental  imbecility  which  accompanies  it  from' 
the  first.  The  enlargement  of  the  gland  does  not' 
always,  however,  accompany  the  other  symptoms, 
though  it  does  generolly.  Cretinism  was  first  dis- 
tinctly noticed  and  described  by  Plater,  sbcmt  thr 
middle  of  the  Ifth  century,  as  occurring  among  ttW' 
peasants  in  Carinthia  and  the  Valais.  It  was  aFTer- 
wards  found,  in  a  still  severer  degree,  in  other  valley*- 
of  Switzerland,  and  the  Alps  generally.  It  has  since- 
been  detected  in  various  other  regions,  where  the 
country  eihibits  similar  features,  as  among  a  miser- 
able race  called  Cagolt,  inhabiting  the  hollows  of  the 
Pyrenees,  whose  district  and  history  have  been  de- 
scribed by  Mr.  Raymond;  and  in  Chinese  Tartary, 
where  it  is  represented  as  eilsting  by  Sir  George 
Staunton.  On  the  first  discovery  of  cretinism,  it  was 
ascribed  by  sOme  to  the  use  of  snow-water,  and  by 
others  to  the  use  of  water  impregnated  with  calcare- 
ons  earth,  both  which  opinions  are  without  founda- 
tion. The  first  is  in  a  measure  disproved  by  the  fact 
that  persons  bom  in  places  contiguous  to  tie  glaciers, 
and  who  drink  no  other  water  than  what  flows  from 
the  melting  of  ice  and  snow,  are  not  generally  sub- 
ject to  this  disorder;  and,  that  the  disorder  at 
observed  in  places  where  snow  is  unknown.  The 
second  is  contradicted  by  tlie  hct,  that  the  common 
water  of  Switzerland,  instead  of  being  impregnated' 
with  calcareous  matter,  excels  that  of  most  other 
countries  in  Europe  in  purity  and  flavonr.  The  water 
usually  drank  at  La  Batta  and  MartignK  is  from  th* 
river  Dranse.  which  flows  fhim  the  glacier  of  St. 
Bernard,  and  fails  into  the  Rhone.  It  is  remarkably 
fi-ee  from  earthy  matter,  and  well  tasted.  At  Berne, 
the  water  is  extremely  pure;  yet,  as  Haller  remarks, 
swellings  of  the  throat  are  not  uncommon  in  both 
sexes,  Uhongh  cretinism  is  rare.    Aa  comlbrtMe  and' 
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ik  raemptmg  the  tmre  of  bolii  cretinism  ai^  rick^ 
ets,  .there  ,caa  be  no  dpubt  that  the  chill  j^  snow- 
water must  considerably  add  to  the  general^ebility 
of  the  system  when  labouring  under  either  of  these 
diseases,  though  there  seems  no  reason  for  supposing 
that  it  would  g^ve  rise  to  either.    It  is  not  diiScult 
to  explain  why  water  impregnated  with  'calcareous 
earth  should  have  been  regarded  as  the  cause ;  for 
in  cretinism,  as  in  rickets,  the  calcareous  earth,  de- 
signed by  natnre  for  the  formation  of  the  bones,  is 
c^ben  separated*  and  floats  loose  in  various  fluids  of 
the  body,  for  want  of  a  sufficiency  of  phosphoric 
acid  to  convert  it  into  a  phosphate  of  lime,  and  give 
it  solidity.    And  as  it  is,  in  consequence,  pretty  freely 
discharged  in  the  urine,  this  seems  to  have  given  rise 
to  the  opinion  that  such  calcareous  earth  was  intro- 
duced into  the  system  with  the  common  water  of  the 
lakes  or  rivers,  and  thus  produced  the  morbid  symp- 
toms.   M.  de  Saussure  has  assigned  the  following 
C9uae  of  the  disease.    The  valleys  of  the  Alps,  he 
tells  us,  are  surrounded  by  high  mountains,  sheltered 
from  currents  of  fresh  air,  and  exposed  to  the  direct, 
and,  what  is  worse,  the  reflected  rays  of  the  sun. 
Tlieyare  marshy,  and  hence  the  atmosphere  is  humid, 
close,  and  oppressive;  and  when  to  these  causes  we 
add  Uie  meager,  innutritions  food  of  the  poor  of  these 
districts,  their  indolence  and  uncleanliness,  with  a 
predisposition  to  the  disease,  from  a  hereditary  taint 
of  many  generations,  we  can  sufficiently  account  for 
the  prevalence  of  cretinism  in  such  places,  and  for  the 
humiliating  character  which  it  assumes.    The  general 
symptoms  of  cretinism  are  the  same  as  those  of  rick- 
ets; but  the  disease  shows  itself  earlier,   often  at 
birth,  and  not  unfteipiently  before  this  period,  appa- 
rently commencing  with  the  procreation  of  the  fbetus, 
and  affording  the  most  evident  proofs  of  ancestral 
contamination.    The  child,  if  not  deformed  and  dis- 
eased at  birth,  soon  becomes  so;  the  body  is  stinted 
ia.  its  growth,  and  the  organs  in  their  developemeut. 

Crisis,  in  medicine;  a  point  in  a  disease,  at  which 
a  decided  change  for  the  better  or  the  worse  takes 
place.  The  crisis  is  most  strongly  marked  in  the 
case  of  acute  diseases,  and  with  strong  patients,  par- 
"dcularly  if  the  course  of  the  disease  is  not  checked 
'by  energetic  treatment.  At  the  approach  of  a  crisis, 
^e  disease  appears  to  take  a  more  violent  character, 
and  the  disturbance  of  the  system  reaches  the  high- 
est point.  If  the  change  is  for  the  better,  the  violent 
symptoms  cease  with  a  copious  perspiration,  or  some 
other  discharge  from  the  system.  In  cases  where 
tiie.  discharge  may  have  been  too  violent,  and  the 
principal  organs  have  been  greatly  deranged,  or  where 
t&e  constitution  is  too  weak  to  resist  the  disease,  the 
patient's  condition  becomes  worse.  In  regular  fe- 
Vers,.  the  crisis  takes  place  on  regular  days,  which 
are  called  critical  days  (the  seventh,  fourteenth,  and 
twenty-first) ;  sometimes,  however,  a  little  sooner  or 
later,  according  to  the  climate  and  the  constitution 
•gf  the  patient.  A  bad  turn  often  produces  a  crisis 
somewhat  sooner.  When  the  turn  is  favourable,  the 
crisis  frequently  occurs  a  little  later.  After  a  salu- 
tary crisis,  the  patient  feels  himself  relieved,  and  the 
dangerous  symptoms  cease. 

CaooKBT,  in  ttrchitecture ;  one  of  the  small  orna- 
ments which  are  usually  placed  along  the  angles  of 
pmnades,  and  on  the  outside  of  pediments,  taber- 
nacles, and  cupolas,  in  the  pointed  style  of  ardu* 
tsctctre.    See  AacHiTBcruRB. 
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CROCxra,  in  chemi$try  ;  a  ;term  given  by  the  older 
chemists  to  several  preparations  of  metallic  sub- 
stances.^ 

Croma,  in  Italian  music ;  the  character  which  m 
England  is  called  a  quaver. 

Cromorne,  in  mtisic  ;  a  reed  stop  in  most  of  our 
old  organs ;  its  tone  resembles  a  bassoon  more  than 
anv  other  instrument. 

Crop,  in  agriculture,  usually  signifies  the  corn 
gathered  off  a  field  in  harvest. 
,  Till  the  middle  of  the  last  century,  the  best  com- 
mon courses  of  farming  in  Britain  consisted  in  a  fal- 
low, which  by  several  pioughiogs,  broke  up  and 
cleaned  the  ground,  but  left  the  soil  exposed  to  the 
scorching  rays  of  the  sun,  during  the  hottest  season, 
without  any  shading  crop ;  and  on  this  the  farmer 
sowed  wheat,  which  was  succeeded  by  peas  or  beans ; 
then  followed  barley,  or  oats,  or  both,  on  one  part  of 
the  farm,  for  the  space  of  ten  or  twenty  years :  the 
other  moiety,  during  that  time,  being  lai^  out  in  com- 
mon pasture  grasses.  When  any  change  was  to  be 
made,  the  part  in  grass  was  ploughed  and  prepared, 
and  then  jthrown  into  the  same  course,  or  rotation  of 
crops  as  above :  that  which  had  been  in  crops  was 
sown  with  mixed  grass-seeds  (but  not  clover),  to  lie 
ten  or  twenty  years,  as  before.  The  whole  arable 
part  of  the  farm  thus  parcelled,  included  neither  the 
homestead  nor  the  standing  meadow;,  so  that  an 
arable  farm  of  300  acres  admitted  of  150  being  in 
grass  lay,  or  old  field,  and  150  in  crops.  The  fields 
which  bore  crops,  were  seldom  equal  in  quantity ;  but 
in  the  following  plan  we  have  ventured  to  consider 
them  so,  for  the  better  comparing  the  old  and  new 
systems. 

Acres.  No.  I.  B^ith^^ 

37  i  fallow,  naked,  yields  nothing. 

374  wheat 555 

374  peas  or  beans     , 555 

37J  barley 740 


1850 


1 50  in  crops  4  fields 
150  in  grass  or  hay.. 


300  acres. 

The  fallow,  wheat,  and  barley  props  are  exhausting 
that  is,  they  deprive  the  land,  by  exhalation,  of  part 
of  the  vegetable  nutriment  deposited  in  it ;  the  peas 
or  beans,  which  operate  as  a  manure,  ameliorate ; 
but  the  rays  of  the  sun  on  the  naked  soil,  in  the  hot 
season,  cause  «  considerable  portion  of  the  essence 
of  the  manure,  and  also  tlft-^ound^  gradually  to  ex> 
hale. 

The  present  system  of  rotation,'^  courses  of  crops, 
was  introduced  about  the  middle  bf  the  eighteenth 
century,  and  is  founded  on  the  folldv^ng  principles, 
namely ;  1.  To  fallow,  and  at  the  same  twne  to  have  a 
shading  and  ameliorating  mild  crop  ero^Oring  in  the 
fallow,  while  it  is  aader  the  plough  or  hoe ;  ^  Never 
to  sow  any  species  tif  com  in  8acc«'ssion ;  3.  ^o  sow 
clover,  or  an  equivaletkt  on  every  field  of  small  gtiiin ; 
and  lastly,  by  means  of  a  cou|se  of  well  selected  crd{>8» 
to  prevent  the  soil  froA  restii^  hardexung^  and  ruQ^ 
ning  into  weeds.  . 

By  this  method,  entire  rarm^^are  continved  in  a 
constant  rotation  under  four,  six^  or  eight  divinons, 
or  fields^  in  such  a  manner  as  to  improve  the  soil» 
and  consequently  to  produce  a  large^  ioconia^ 


^ 
*,  ^ 
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Acret.  No.  II.  BusheU. 

60  Barley 1200 

60  Clover — 

60  Wheat 900 

60  Clover — 

60  Peas  or  Beans 900 


3000 


300  acres  in  5  fields. 

According  to  this  new  course,  the  wheat  and  bar- 
ley exhaust  the  soil,  while  the  clover  and  peas,  or 
beans,  ameliorate  and  improve  it. 

When  we  compare  these  two  systems  of  rotation 
of  crops,  the  latter  is  evidently  tic  most  profitable, 
as  the  120  acres  in  clover  are  far  superior  to  the 
150  acres  of  common  grasses  on  the  "  hide-bound" 
soil  of  the  lay,  or  old  field ;  and  the  grain  and  straw 
are  more  advantageous,  in  the  proportion  of  300  to 
185.  Clover,  peas,  and  beans  (if  sown  in  drills,  and 
kept  clean  from  weeds  by  hoeing),  are  inoffensive,  and 
even  ameliorating.— They  all  slmde  the  ground  during 
the  hottest  season  of  the  year.  Every  kind  of  com 
impoverishes  the  soil,  and,  if  small,  lets  in  weeds, 
which,  together  with  rest,  bind  and  foul  the  land. 

The  superiority  of  the  new  course  of  crops  is  still 
farther  evinced  by  a  series  of  conclusive  experiments 
made  by  the  late  A.  Young.  He  divided  three  acres 
of  old  upland  pasture  into  Uiirty-six  squares  of  nine 
roods  each,  which  he  planted  with  beans,  peas,  wheat, 
barley,  oats,  cabbages,  clover,  potatoes,  &c.,  in  differ- 
ent rotations,  with  various  success.  From  these 
comparative  trials  he  drew  the  following  practical 
mferences,  which  we  recommend  to  the  serious  atten- 
tion of  our  agricultural  readers. 

1.  That  potatoes  exhaust  the  land  more  than 
any  other  fallow  crop  hitherto  tried ;  and  in  some 
courses  to  a  greater  degree  than  barley  or  even 
wheat. 

2.  That  potatoes  will  not  yield  a  tolerable  crop, 
even  on  old  lay  newly  broken  up,  without  tlie  aid  of 
dung,  and  not  a  profitable  one  even  with  it. 

3.  That  barley,  beans,  and  oats,  succeed  much 
better  than  wheat,  after  potatoes. 

4.  That  beans  are  the  most  valuable  fallow  crop  on 
new  land  of  this  quality. 

5.  That  the  promotion,  of  the  fertility  of  old  turf, 
depends  much  on  the  number  of  bean  crops  intro- 
duced ;  as  the  more  frequently  they  are  planted,  the 
better  the  succeeding  crops  of  wheat  corn^  will  be  : 
and  three  successive  years  of  beans  are  attended  with 
an  extraordinary  produce  of  wheat. 

6.  That  beans  and  barley,  and  beans  and  wheat, 
alternately,  are  both  potirses  of  great  produce  and 
advantages.  ^ 

7.  That  the  introduction  of  beans  in  proper  rota- 
tions, tends  to  r,etnedy  the  evil  of  such  courses. 

8.  That  successive  crops  of  white  com  destroy  that 
fertility  whjcn  different  rotations  will  preserve  in 
new  grou^a :  and  that  three  such  crops  will  render 
the  land  extremely  foul  and  unprq|itable. 

9.  That  the  two  most  productive  courses  are,  beans 
and .  barley  alternately ;  the  former  being  the  most 
abundant,  but  the  latter  the  most  profitable  from  the 
saving  of  tillage.  ^  ^ 

10.  That  four  crops  of  beans,  and  one  of  wheat, 
even  with  the  diawback  of  one  years'  cabbages,  is 
the  third  course  in  profit ;  and  the  land  will  be 
left  in  such  order,«as  to  make  it,  perhaps,  the  first 

U.  That  th9  most  unproductive,  and  in  a  still 


greater  degree,  the  more  unprofitable  coursea*  art 
those  in  which  turnips,  cabbages,  and  potatoes  most 
frequently  occur. 

12.  lilat  on  such  new  land,  oats  are  Ihe  best  white 
grain  that  can  be  sown,  as  they  yield  very  extraordi- 
nary and  valuable  crops. 

The  same  intelligent  cultivator,  consequently,  re- 
commends the  following  course,  which  is  calculated 
to  prove  the  most  profitoble : — 

1.  Beans.  6.  Oats. 

2.  Oats.     •  7.  Clover, 

3.  Beans.  8.  Beans. 

4.  Oats.  9.  Wheat. 

5.  Beans. 


The  profit  of  beans  in  every  rotation,  by  which 
the  soil  is  not  exhausted,  is  decisive ;  and  oats  are 
far  more  productive  than  either  barley  or  wheat, 
while  the*  old  turf  is  decaying ;  because  clover  will 
revive  the  fertility  which  beims  in  the  eighth  year 
will  not  lessen,  and  wheat  cannot  fail,  afler  these  two 
successive  ameliorating  crops,  to  yield  a  plentiful 
harvest.  In  justice  to  Mr.  Young,  we  shall  observe 
that  he  proposes  such  a  rotation  only  for  new  land, 
as  there  are  circumstances  that  would  %render  it 
inapplicable  to  other  fields.  The  effects  of  spadb 
HUSBANDRY,  with  reference  to  the  amount  and 
value  of  crops  will  be  examined  under  that  article. 
Crosibr,  in  astronomy ;  four  stars  in  the  southern 
hemisphere  in  the  form  of  a  cross. 

Cross,  in  hnaldry ;  is  defined  by  Guillim,  an 
ordinary  composed  of  fourfold  lines,  whereof  two 
are  perpendicular,  and  the  other  two  transverse ;  for 
so  we  must  conceive  them,  though  they  are  not 
drawn  throughout,  but  meet,  by  couples,  in  foui^ 
right  angles  near  about  the  fesse-point  of  the  es- 
cutcheon. The  content  of  a  cross  is  not  always  the 
same,  for  when  it  is  not  charged,  it  has  only  the 
fifth  part  of  the  field  ;  but  if  it  be  charged,  then  it 
mui  t  contain  the  third  part  thereof.  This  bearing 
was  bestowed  on  such  as  had  performed,  or,  at  least, 
undertaken  some  service  for  Christ  and  the  Christian 
profess  ion  ;  and  it  is,  therefore,  held  by  several  au- 
thors tihe  most  honourable  charge  in  all  heraldry. 
What  brought  it  into  such  frequent  use  was  the 
expedition!^  into  the  Holy  Land,  the  cross  being 
the  ensign  of  that  war.  Several  of  the  religious 
orderb  also  employed  the  cross  as  the  sole  ornament 
of  their  banners;  and  on  its  passage  through  the 
public  streets  it  was  considered  as  incumbent  on  those 
who  beheld  it  lo  make  due  reverence,  as  when  the 
"  host"  was  conveyed  along. 

Cross,  in  arcfutecture.  This  peculiar  figure  has 
been  adopted  very  generally  by  the  architects  in 
the  construction  of  leligious  edifices.  Architectural 
antiquaries  have  two  jBorts  of  crosses,  the  Greek  and 
Latin.  The  Greek  cfo&s  has  its  arms  at  right  angles* 
and  all  of  equal  length,  whereas  the  Latin  cross  has 
one  of  its  limbs  much  iongper  than  the  other  three. 
St.  Peter's  at  Rome  was  /)riginally  intended  to  be  of 
the  latter  form,  but  the  plan  was  afterwards  changed 
to  that  of  a  Greek  cross.  The  Cathedral  of  St.  Paul's 
is  a  Latin  cross,  with  its  ba&e  spread  with  a  species 
of  second  transept,  which  renders  the  breadth  of  the 
western  front  much  more  symmetrical. 

This  was  also  a  very  common  species  of  archi- 
tectural ornament  for  decorating  cemetries,  market 
places,  or  commemorating  any  peculiar  event.  One 
example  of  this  species  of  cross,  combining  sculp-. 
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Cbobb,  in  nntfitg  ;  an  mBtmment  confuting  of 
*  bnas  cirde,  divide^  <°to  four  equal  ptuts,  by  two 
line*  inteiBecting  each  other  at  ue  centre  ;  at  the 
extremity  of  each  line  there  is  a  eight  fixed,  atandiog 
perpendicularly  dtct  the  line,  with  holes  below  each 
slit,  for  the  better  diacovery  of  distant  objects. 

Cbosb-bab  Shot  are  missiles  with  iroa  bars  cross- 
ing through  them,  gometimes  standing  out  six  or 
oAt  inches  at  both  sides.  They  are  used  at  sea  for 
inuring  the  enemy's  rigging,  and  in  sieges,  for  de- 
stroying the  palisades  in  the  covert- way,  ditches,  &c. 
CaoBS-Bow;  formerly  a  very  common  weapon  for 
■bootiiig,  but  not  long  used  in  war  after  the  invention 
irf'  fire-arms.  It  is  a  strong  wooden  or  steel  bow, 
flzed  to  a  stock,  stretched  by  the  spanner,  and  shot  off 
by  1^  triner  fixed  to  the  stock.  All  kinds  of  wea- 
pons, in  which  the  bow  was  fastened  to  the  stock, 
frere  called  ernm-boiet,  some  of  which  were  attached 
to  carriages,  and  drawn  by  horses.  There  was  a 
■mall  kind,  from  which  were  shot  Uttle  balls.  To 
the  larger  sort  were  attached  instruments  for  bend- 
ing the  bow.  There  are  some  societies  still  existing 
in  Germany,  who  exercise  with  the  cross-bow. 

Caoas  ^i-FT ;  an  instrument  commonly  called  the 
fore-staff,  used  by  seamen  to  take  the  meridian  atti- 
tude of  Qie  sun  or  stars. 

CaoasBLBT ;  a  little  or  diminntive  cross,  used  in 
heraldry,  where  the  shield  is  freqnently  seen  covered 
with  crosaelets,  also  fesses  and  other  honourable  or- 
dinaries, diarged  or  accompanied  with  crosselets. 
CroBses  frequently  terminate  in  crosselets. 

CaoBs  Fibs,  in  the  art  of  war,  is  when  the  lines 
of  fire,  from  two  or  more  parts  of  a  work,  cross 
one  another.  It  is  frequently  made  nse  of  to  pre- 
vent an  enemy's  passing  throogh  a  defile.  The 
Banks,  as  well  as  the  faces  of  two  adjoining  bastions, 
aff6rd  the  means  of  cross  fire,  as  do  also  the  faces  of 
two  Whining  redoubts. 

CaoTcflBT,  in  suwic ;  one  of  the  notes  or  charac- 
ters of  time.     In  length  it  is  eqoal  to  half  the  minim, 
or  double  the  quaver. 
-  Cbotchbt,    in  prinlaig  ;    a   sort  of   straight  oi 


carved  line,  always  tamed  np  at  ea^  extreme ;  sarr- 
ing  to  link  such  articles  as  are  to  be  read  toother ; 
and  used  in  analytical  tables,  Sec,  for  facilitating  the 
divisions  and  sub-divisions  of  any  subject. 

CaoTCHBTs  are  also  marlcs  or  characters,  serving 
to  inclose  a  word  or  sentence,  which  is  distingnished 
from  the  rest,  being  generally  in  this  form  [    ]. 

Cboton  Oil.  is  expressed  from  the  seeds  of  an. 
East  Indian  plant,  and  is  one  of  the  most  valuable  of 
the  late  additions  to  the  matena  medica.  It  is  so 
strongly  purgative,  that  one  drop  is  a  fuil  dose,  and 
half  a  drop  will  sometimes  produce  a  powerfnl  effect. 
It  is  also  found  to  produce  the  same  effect  when  rob- 
bed upon  the  tongue,  or  even  upon  the  skin.  It  is  so 
active,  that  it  should  never  be  used  but  under  the 
direction  of  an  experienced  physician.  In  the  hands 
of  such,  it  is  of  great  value,  as  its  email  bulk  and 
insipid  taste  render  it  serviceable  in  cases  in  which 
nmon  medicine  can  be  used,  and  its  great 
power  makes  it  operate  when  other  medicines  fail. 
It  has  been  given  to  the  extent  of  eight  or  ten  drops, 
a  a  bad  case  of  tfoait,  which  it  cnred,  without  pro- 
ducing any  bad  aymptoms.  It  should,  however,  be 
used  with  great  caution. 

Cboup  ;  a  disease  that  mostly  attacks  infants,  who 
re  suddenly  seized  with  a  difficulty  of  breathing  and 

cronping  noise ;  it  is  an  infianunation  of  the  mu- 
cous membrane  of  the  windpipe,  inducing  the  secre- 
tion of  a  very  tenacious,  coagnlable  l^^h,  which 
lines  the  air  passages  and  impedes  respiration.  The 
cTonp  does  not  appear  to  be  contagioue.  It  seems, 
however,  peculiai  to  some  families ;  and  a  child, 
having  once  been  attacked,  is  very  liable  to  a  return. 
It  is  confined  to  young  children,  and  has  rarely  been 
known  to  attack  a  person  arrived  at  the  age  of  pu- 
berty. The  application  of  cold  seems  to  be  the  gene- 
ral cause  which  produces  this  disorder,  and  uere- 
fore  it  occurs  more  frequently  in  the  winter  and 
spring  than  in  the  other  seasons. 

It  has  been  said,  that  it  is  most  prevalent  near  Uie 
sea-coast;  but  it  is  frequently  met  with  in  inland 
situations,  and  particularly  those  which  are  marshy. 
Some  days  previous  to  an  attack  of  the  disease,  the 
child  appears  drowsy,  inactive,  and  fretful ;  the  eyes 
are  somewhat  suSiued  and  heavy ;  and  there  is  a 
cough,  which,  from  the  first,  has  a  peculiarly  shrill 
sound ;  this,  in  the  course  of  two  days,  becomes  more 
violott  and  troublesome,  and  likewise  more  shrill. 
Every  fit  of  coughing  agitates  the  patient  very  much ; 
the  face  is  flushed  and  swelled,  the  eyes  are  protuber- 
ant, a  general  tremor  takes  place,  and  there  is  a  kind 
of  convulsive  endeavour  to  renew  respiration  at  the 
close  of  each  fit.  As  the  disease  advances,  a  con- 
stant difficulty  of  breathing  prevails,  and  the  head  is 
thrown  back  in  the  agony  of  attempting  to  escape 
suffocation.  There  is  not  only  an  unusual  sound  pro- 
duced by  the  cough  (something  between  the  yelping 
and  barking  of  d(^,  but  respiration  is  performed 
with  a  hissing  noise,  as  if  the  windpipe  was  dossd 
up  by  some  slight,  spongy  substance.  Tbt  cough  ia 
generally  dry ;  but  if  any  thing  is  spit  up,  it  has 
either  a  purulent  appearance,  or  seems  to  consist  of 
films  resembling  portions  of  a  membrane. 

Where  great  nausea  and  frequent  retching  prevail, 
coagulated  matter  of  the  same  nature  is  brought  up. 
With  these  symptoms,  there  is  much  thirst,  and  an 
uneasy  sense  of  heat  over  the  whole  body,  a  conti- 
nual inclination  to  cliange  from  place  to  place,  grewt 
restlessness,  and  frequency  of  the  pulse.     In  an  ad- 
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n^cfKi'stl^  of  tl^  diseasej,  respiration  blK^mes  more 
fltjbdolckis^.&nj  id.perfbnue^^i^  still  greater  diffi> 
cmtf,  being  repeated  at  longer  periods,  and  with 
CTeater  exemons/  untH,  a(  last,  it  ureases  entirely. 
'  'TJie  croup  frequently  proves  fatal  by  suffocation, 
indtlc^e|ther  by  spasm  alpTecting  the  gibttts,  or  by  a 
quantity  ^of  matter  blopl^ng  up  th^  air  passages ;  but 
'Vribei;! , it  terminates  inheal^',  it  is  by  a  resolution  of 
^  inflajnmation,  by  a  ceasing,  of  the  spasms^  and  by 
$,Yree  expectx)rati6n  of  the  matter-  exuding  from  the 
t^tchea,  or  of  the  crusts  formed  -there.  The  disease 
ItaL^,  in  a  few^  instances,,  terminated  fataiiy  •  within 
twenty-four .houi;s after  its  attack;  but  it  more  usu- 
alfy  happens,  that  where  it  proves  fatal/  it  runs  on>to 
tbie  fofirth'  Of  fifth  day.  Where  considerable  por- 
tions oftl;i6,vaenibranousiilms,  formed  on  the  surface 
oitth^  trachea,  are  thrown  up,  life  is  sometimes  pro- 
t^ted  for  a  day^or  two  longer  than  would  otherwise 
h^e  haippe&ed. 
Dissections  of^chiltiren,  who  hbve  died  Of  the  croup. 


ttk  whole  internal  surface  of  the  upper  part  of  the 
trachea,  whkhmay  always  be  easify  separated,  from 
th^  proper  mep:ibrane^  There  is  likewise  usually 
iyimd^,good  d({al  of  m^q^Si  with  n-  mixture  -of  pus, 
in  tiht  windpipe  and  itjB  ramifications.  The  treat- 
ment of  thb  aisease  mujit  be  conducted  on.  a  strict- 
ly aiitiphlogtstic  plan<  It  -will  commonly*  be  proper> 
wii^  the.  patient  is.  not  very  young,  to  begin  by 
taking  blood  from  thb  aim, or  the  jugular  vein;  seve- 
ral .ieeches;Bhbuld  be  am)}ied  along,  the  fore  paok  of 
tliAe  neck:  It  will  then  be  right  to  give  a  nauseating 
emetic, .  ipecacuanha  with,  tartarized  antimony,  or 
with^  squillV  in  divided  doses ;  this  may  be  followed- 
up  by  catharjtics,  diaphp^etics,  digitalis,  &c.  Large 
bmite^  ought  tQ  be  applied  near  the  .affected  part, 
a^da  discharge  kept  up  by  savin  cerate,  of  other 
stimulant- dressing.  Mercury,  carried 'speedily  to 
salivation,  has  in  several  instances  arrested  the  pror 
nes^  of  th€  disease,  when  it  appeared  proceeding  to  a 
mtSil  termination.. 

As  the  infla^^nation  is  declining,  it  is  very- impor- 
tant that  free, expectoration  should  take  place*  This 
may  be  promoted  by  nauseating  medicines,  by-iilha- 
IbgjBteapi,  and  by. stimulating  gargles. 

Where  there  is  ninch  wheezing,  an  occasional  eme- 
tic mfiy  relieve  the  patient  considerablyi  and,  under 
symptoms  of  threatening  suffocation,  the  operation 
of  byonchotomy  has  sometimes  saved  life*  Should 
fits  .of -spasmodic  diffiulty  of  breathing  occur  in  the 
laljjter  periods  of  the  disease,  opium  joined  iwil^  dia-^ 
pmlretics,  would  be  most  likely  to  do  good.  Napo- 
lepn,  on  the  occasion  of  the  dea^-of  his  nephew^  the 
Prince  of  Holland,  of  this  disease,  offered  e  premium 
ofil2;P00  francs  for  the  best  treatise  -  on-  the  croup.* 
Of .  eighty-three  essays,  which  were  presented  to 
di^  committee  of  twelve  members  -assembled  '.for  the 
examination  at  Paris,  in  1811;  two  were  aeknow- 
ie(lged  as  th^.best,  one  by  lurine,  in  Geneva^  and  the 
Oth^r  by  Albers,  of  Bremen,  between  whom  the  priae 
was  divided. 

Oaow,  in  mechanieB ;  a  kind  of  iron  lever  with  a 
-c]aw  at  on^  ^nd,  and  a  sharp  point  at  the  other ;  used 
for  heaving  or  purchasing  great  weights. 

Caow's  F^s^T,  in  the  vuHtary  art ;  maehinesof  iron, 
li^vittg  foui;  points,  each  about  three  or  four  inches 
long,  so  made,  that  whatever  way  they  fall  there  is 
8^3i'poifit  up:  they  are  thrown  upon  breaches,  or 
in  passes  were  the  enemy's  cavalry  are  to  march* 


Crown.    Ib  the  early  ages,  whfDjnenwaeifbad 

of  expressing  all  their  feelings  by  outward  sigpi8»  a. 
wreath  of  flowers  or  leaves  was  naturally  one  of  the 
first  emblems  of  honour  or  of  joy.  Such  was  the  or- 
nament of  the  priest  in  the  performance  of  sacrifice, 
of  the  hero  on  his  return  from  ^victory,  of  the  bride 
at  her  nuptials,  and  of  the  guests  at  a  feast.  The 
ancient  mythology,  which  gave  every  thing  a  distinct 
beginning  and  a  poetical  origin,  ascribes  the  invention 
of  wreaths  to  Prometheus*  who  imitated,  with  flow- 
ers, the  fetters  which  he  had  borne  for  his  love  to 
mankind,  whom  he  had  created.  According  to  Pliny, 
wreaths  were  first  made  of  ivy,  and  Bacchus  first 
wore  them.  In  process  of  time,  they  were  made  of 
very  different  materials^  Those  worn  by  the  Greeks 
at  feasts  in  honour  of  ,a  divinity,  were  made  of  the 
flowers  of  the  plant  consecrated  to. the  god.  Wreaths 
of  roses  afterwards  became  very  common.  In  some 
cases,  wreaths  were  even  made  of  wool.  Wreaths 
of  ivy  and  amethyst  were  worn,  by  the  Greeks,  on 


bave  mostly  shpwn  a  pre^nnatural  men^rane  lining  the  head,  neck,  and  breast,  at  entertainments,  with 


a  view  to   prevent  drunkenness.    Mnesitheus  and 
Callimachus,  two  Greek  physicians,  wrote  entire  books 
on  wreaths,  and  their  medical  virtues.     Corpses  were 
covered  with  wreaths  and  green  branches.     Lovers 
adorned  with  wreaths  and  flowers  the  doors  of  their 
mistresses,  and  even  captives,  who  were  to  be  sold 
as  slaves,  wore  wreaths;  hence  the  phrase  Bub corona 
ventre '.or  vendefre.    The  beasts  sacrificed  to  the  godsr. 
were  -also  crowned.    Wreaths,  in  process  of  timcw. 
were  made  of  metal,  in  imitakioa  of  flowers,  or  of  tha? 
fillet  which  the  priest  wore  round  his  head  when:  he 
sacrificed,  which  was  called  iMpfia.  This  attribute:: 
of  distinction  was  eariy  adopted  by  the  Jcings,  when 
they  united  in  their  persons  the  temporal  and  spirits, 
ual  power.    Among  the  various  crowns  and  .wreaths^ 
in  use  among  the  Greeks  and  Romans  were  the  fob*, 
lowing  t 

Coro^a^agonoth8iarwmi  thejrewnrd  of  the  vtotorin 
the  great  gymnasticgames^ . 

Oirona  aurea  (the  golden  crown);  the  revaslito^ 
remaricable  bravery. 

Corona  ctutrentis;  given  Xo  him  who  first  ^entareiL 
the  camp  of  the  enemy. 

C6r9fm  civiea^  one  of  the  highest  milttafyiewaid** 
It  was  given  to  him  who  had  saved  the  life  of  ajdtizea*. 
Corona  €onmoali$ ;  the  wreath  worn  at  feasts. 
Oorojia  murali$ ;  given  by  the  general  to  the  soldisr ' 
who  first  eoaled  the  enemy's  walL 

Corona  naiaUHa;  a  wreath- whiohpareots  hung-ttpt 
before  the  door  at  the  birth  of  a  child.-    It  was  miule 
of  iolive.  branches  if  the  child  was«'boy^  and  of  w#qL 
if  a  girl. 

Corona naoaiiis  the  next: in  rank  after  the  civic 
crown,  was  given  to  him  who  first  hoarded  and  tooici 
an  enemy's  vesseL 

Corona  nuptialii;  a' crown  or  'wnceath  worn,  bjr 
brides.  The  bridegroom,  also,  and  hia  relationa*  ow 
the  day  of  the  wedding,  adorned  themselves  witii 
wreaths.  At  first,  the  corona  nuptialis  was  of  floweret, 
afterwards  of  gold  or  silver  and  precious  stones. 

Corona  obsidionalU;  a  reward  given  to  htm  wku^ 
delivered  a  besieged  town,  or  a  blockaded  army.  IQ 
was  cme  of  the  highest  military  honours,  and  .veiy. 
seldom  obtained.  It  was  made  of  grass;  if  poasiUer 
of  such  as  grew  on  the  delivered  place. 

Corona  iriMMpkaliM;  a  wreath  of  laurel  wbich>WM 
given,  by  the  army,  to  the  inmeraior.  Ha  woreitoi^ 
his  h^  at  the  celebration  of  his  triumph.    Another 


CRaWN CRUeiBLR 

cJd^miollfolct  tin  nnteriflAtif iiiluth  (ootoii<rtf9iii>  ot^ 
rmi^  "WMBifonashadi  by  die  oooquered  cities^  waa-.  car- 
ried) over  the  bead  of  the  generic.  The  wreaths,  con- 
fined. 8^  the  great*  gaxBeaofr  Greece,  were  of  different 
kinda;.  at'  the  Olympic  games,  of  wild  olive;  at  the 
Pytfaian^gameB,  of  laurel;  at  the  Neiaean  games*  first 
o^ohre,  then  of  paisley ;  at  the  Isduniaa  games*  a 
iVRfttlf  of-pme  iQamea*  afterwimls  of  parsley  ^  awbs^ 
qoaatiy-  ptne  leaves  were  nesamed. 

hk  tke  nnddle  ages^  crowns  became  eiicliisively 
apipropriated'to  the  royal  and  imperial  dignity ;  the 
coreaets  of  nobles  were  only  borne  in  their  coats  of 
anas.    Prmn  the  Jewish  king  being  called,  in  the 
Scriptores,  tke  anointed  of  the  Lwrd,  a  kind  of  religi- 
ova  mystery  and  awe  became  attached  to  crowned 
hwds^  which,  in  most  countries,  continues  to  the 
present  day,  though  history  has  shown  us  abundantly 
that  crowns  often  cover  the  heads  of  very  weak  or 
Tery.  wicked*  indtvidoals,  and  that  there  is  no  great 
mystery  about  their  origin ;  some  having  been  ob- 
ta^ed  by  purchase,  some  by  crime,  some  by  grants 
from  a  more  powerful  prince,  some  by  contract,  some 
by  choice,  but,  on  the  whole,  comparatively  few  in 
an  honest  way.    The  iron  crown  of  Lombardy,  pre- 
s^kred  at  Monza,  in  the  territory  of  Milan,  is  a  golden 
crown  set  with  precious  stones,  with  which  in  former 
times  the  Lombard  kings  were  crowned,  and  at  a 
later  period,  the  Roman*  German  emperors,  when 
they  wished  to  manifest  their  claims  as  kings  of 
Liombardy.    An  iron  circle,  made,  according  to  the 
le^eiMl,  out  of  a  nail  of  Christ's  cross,  which  is  fixed 
inside,  gave  risie  to  the  name.   Agilulf,  king  of  Lom- 
bardy, was  the  first  person  crowned  with  it  (in  590)« 
Charfenmgne  was  crowned  with  it  in  774.    Napoleon 
put  it  on  his  head  in  1805,  and  established  the  order 
of  ^e  iron  crown.    In  1815,  when  Austria  esta- 
blished the  Lombardo- Venetian  kingdom,  the  empe- 
ror admitted  the  order  of  the  iron  crown  among  those 
of  the  Austrian  empire. — Crown  is  used,  figuratively, 
f6r  the  royal  power,  in  contradistinction  either  to  the 
person  of  the  monarch,  or  to  the  body  of  the  nation, 
with  its  representatives,  interests,  &c.   Thus,  in  mo- 
detn  times,  the  word  crown  is  used,  on  the  European 
contioexit,  to  express  the  rights  and  prerogatives  of 
the  monarch  considered  as  a  part  of  the  state,  which 
includes  all    powers — the  legblative,  judicial,  &c. 
Thus  the  crowto  domains  are  distinguished  from  the 
state  or  national  domains.     In  France,  a  difference  is 
even  madfe  between  the  crown  domains  and  the  pri- 
Tate  domains  of  the  king ;  the  former  are  inalienable, 
and  belong  to  the  reigning  monarch,  whilst  the  se- 
cond  may  be  treated  like  any  other  private  pro- 
perty.   Tlie  distinction  between  crown  and  state,  of 
course,  does^  not  exist  in  perfectly  arbitrary  govern- 
ments.— Orown-offlcer$  are   certain  officers   at  the 
<:ourts  of  European  sovereigns.     Formeriy,  when  the 
different  branches  of  government  were  not  accurately 
defined,  they  were  often,  or  generally,  also  state  of- 
ficers, as  in  the  old  German  empire,  and  still  in 
Hungary.      The  offices  were  generally  hereditary; 
but,  of  late  years,  they  are  almost  exclusively  attached 
to  the  court;  the  title,  in  a  few  cases,  being  connected 
with,  military  dignities,  as  for  instance,  in  France> 
where  civil  and  military  grand  officers  of  the  crown 
have  always  existed. 

Crown,  in  an  ecclesiatical  sense,  is  used  for  the 
tonsure,  the  shaven  spot  on  the  head  of  the  Roman 
Catholic  priest8>  where  they  received  the  ointm«it  of 
consecration.    See  ToNsxtas. 


Crown,  in  arckiUchtrt,  denoteil  thet  Ufffirmfif^ 
member  of  the  cornice. 

CaowN,  m  commerce;  a  coin,  used  in  every  p^. 
of  the  world,  of  about  the  same  relative  vaLu^,  li 
rarely  exceeds  five  shillings  and  sixpence. 

Grown,  in  heraldry,  is  used  for,  the  repreaentAr 
tion  of  that  ornament,  in  the  mantling  of  afi.armQJ7> 
to  express  the  dignity  of  the  person  who  bears  i  it. 
.The  crown  here  is  of  more  antiquity  even,  than  tli^: 
helmet ;  and  it  was  used  as  a  symooi  of  victory  and 
triumph. 

Crown  Glass,  the  best  kind  of  windowrdi^, 
the  hardest  and  most  colourless,  is  made  aSmo&tr 
entirely  of  sand  and  alkali  and  a,  little  lime,, 
without  lead  or  any  metallic  oxide,  except  a  very 
small  quantity  of  manganese,  and  sometimes  of  cor 
bait.  Crown  glass  is  used,  in  connection  with  fiint, 
glass,  for  dioptric  instruments,  in  order  to  destroy^ 
the  disagreeable  effect  of  the  aberration  of  colours. 
Both  kinds  of  glass  are  now  made,  in  the  highest 
perfection,  in  Benedictbeum,  where  Reichenbach's, 
famous  manufactory  of  optical  instruments  is  situ- 
ated. 

Growth,  or  Crutb  ;  a  musical  instrument,  for- 
merly much  in  use  in  Wales,  somewhat  like  the 
violin.  It  has  six  strings,  supported  by  a  bridge, 
standing  in  an  oblique  direction  with  respect  to  the 
strings,  and  is  performed  with  a  bow.  Of  these 
strings,  which  are  six  in  number,  the  first  four  are 
conducted  from  the  tail-piece  down  the  finger  board ; 
but  the  fidh  and  sixth,  which  are  about  an  inch 
longer  than  the  others,  branch  from  them  laterally^ 
and  range  about  the  distance  of  an  inch  from  the 
neck. 

Cruciblb.    When  solid  substances  are  to  be  ex«- 
posed  to  intense  heat  to  fuse  them,  or  to  favour  theic 
mutual  chemical  actions,  the  vessels,  generally  em- 
ployed, at  least  for  experimental  purposes,  are  called' 
crucibles.    They-  are  usually  of  the  form  of  a  diorfa 
truncated  inverted  cone ;  some  aire  triangular.     Cru« 
cibles  are  made  of  different  materials,  according  to. 
the  purposes  for  which  they  are  to  be  used.    A  cra» 
cible  ought  to  support  the  strongest  heat  without 
melting ;  it  ought  to  resist  the  attacks,  of  all  sash. 
agents  as  are  exposed  to  heat  in  vessels  of  thia 
kind. 

The  Hessian  crucibles  are  composed  of  sand  and; 
clay;  they  will  support  an  intense  heat- for  many 
hours,  without  softening  or  melting.;  hot  they^  ar». 
disposed  to'  crack  when  suddenly  heated  or  cooled.^ 
This   inconvenience   may  be,    on  many  occasions,, 
avoided  by  using  a  double  crucible,  and  filling  up  the> 
interstice  with  sand,  or  by  covering  the  crucible  with 
a  lute  of  clay  and  sand,  by  which  means  the  heafe 
is  transmitted  more  gradually  and  equally.    Those 
which  give  a  clear  sound  when  struck,  and  are  of  an 
uniform  diickness,   and  have  a  reddish-brovm  co- 
lour,  without  black  spots,   are.  reckoned,  the  best* 
They  are  sold  in  nesta  or  sets. 

Wedgwood's  crucibles,  made  of  porcdain  clay, 
are  Tery  excellent' for  all  experimental  pturposes  in  the 
small  way.  Theyare  very  smooth  within,  and  stand 
a  strong  heat.  They  should  be  coated  with  fire-lute 
before  they  are  exposed  to  the  action  of  a  very  in^ 
tense  heat. 

The  black  lead  cruoibles^  formed  of  day  and  pliim- 
bago,  are  very  dnmble,  resist  sudden  changes  of  ten^ 
perature,  and  may>  be  repeatedly  used ;  but  they  ass 
destroyed  whei^  pectaia'  subs^anpes.  are  malted  in 
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tlnn,  and  mtfvi  a  partial  injury  when  exposed  red 
liot  to  B  current  of  air.  They  are  abo  tery  Hmooth 
within,  «o  that  the  melted  matters,  when  poured 
out,  do  not  adhere  to  tlie  inside.  They  are  totaJly 
unfit  for  the  fuBtoo  of  alkaline  and  saline  matters, 
and  auBwer  best  for  metals  and  metallic  aubatancei. 
Ttitj  may  be  ased  more  than  once. 

Silver  crucibles  {of  perfectly  pure  silver)  are  par- 
ticnlarly  nsefiU  in  analytical  operations,  for  the  fosioD 
of  bodies  with  alkalies.  The  atmoat  degree  of  heat 
tbey  can  bear  is  a  moderate  redness. 

Ptatina  crucibles,  on  account  of  the  infnslbility  of 
the  metal  by  the  heat  of  the  chemical  furnaces,  and 
its  perfect  unalterability  by  most  agents,  render  the 
greatest  service  in  the  laboratory.  They  should  al- 
ways be  put  into  a  common  cmcible  to  defend  them 
frT>ni  the  direct  action  of  the  coals,  the  slack  of  which 
affixes  itself  to  the  sides  and  bottom  with  so  much 
obstinacy,  that  it  cannot  be  detached  without  risk  of 
injury  to  the  vessel.  A  series  of  variously  formed 
cmdblea  are  shown  beneath- 


Iron  crucibles  resist  heat  extremely  well ;  bat  the 
■ir,  aided  by  the  action  of  the  fire,  oxidizes  them 
Ttty  speedily,  and  saline  matters  readily  act  upon 
them  i  even  earths  become  coloured  in  iron  crucibles. 
so  that  they  cannot  be  employed  for  fusion,  except 
in  a  very  few  cases 

CauciBLB  FoaNACB.     This  furnace  is  made  of  a 
common  black  lead  crucible,  from  twelve  to  fifteen 
inches  high,  perforated  at  the  bottom,  and  supported 
by  a  tripod  stand.     It  is  covered  with  an  iron  plate, 
iDto  which  two  holes  are  cut;  the  larger  hole  admits 
the  sand  pot,  for  distillation  with  a  retort.     The  fuel 
u  put  through  the  smaller  hole.     The  grate  rests 
three  notches,  cut  at  equal  distances  on  the  inside  of 
the  body  erf  the  furnace.     These  furnaces  serve  only 
for  moderate  heats.     This  cheap  and  simple  furnace 
admits  of  a  variety  of 
useful     adaptations, 
besides   those  exhi- 
bited in  the  figure,  in 
which  we  give  both 
a  section  and  general 
view.      Either  char- 
coal or  coak  mev  be     ^ 
employed. 

tJBnoB,  m  medicine;  the  red  part  of  the  blood. 

Crvofhoedb  ;  a  simple  contrivance  introduced  by 
Dr.  Wollaston,  for  exhibiting  the  degree  of  cold 
produced  by  evaporation.  To  constnict  the  cryopho- 
ruB,  let  a  tube,  having  its  internal  diameter  about 
one-fourth  of  an  inch  be  taken,  and  at  one  extremity 
let  an  oblong  cavity  be  formed ;  at  the  other  ex- 
tremity, let  a  ball  be  blown,  into  which,  prior  to 
closing  the  cavity,  after  producing  a  vacuum  (in  the 
manner  practised  when  a  thermometer  is  formed), 
let  a  small  quantity  of  water  be  introduced.  The 
tube  between  the  balls,  usually  about  twelve  or  fif- 
teen inches  in  length,  is  bent,  as  represented  iu  the 
ingraving,  for  the  purpose  of  keeping  the  water  in 
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the  ball,  whilst  it  is  placed  in  its  eiect  pbeitToo. 


It 


will  at  once  be  understood,  that  all  the  internal  space 
is  occupied  by  aqueous  vapour,  produced  at  the  or- 
dinary temperature  fiom  the  water,  on  account  of 
the  exclusion  of  air.  In  employing  this  apparstos, 
therefore,  for  the  purpose  of  freezing  the  water  in 
one  end,  it  is  only  necessary  to  immerse  the  ojqxisite 
extremity  in  any  of  the  freezing  mixtures — say,  for 
example,  muriaM  of  lime  and  ponnded  ice — and  the 
condensation  of  vapour  will  be  so  rapid  as  to  pro- 
duce a  vacuum  ;  which  being  quickly  supplied  with 
fresh  vapour,  will  occasion  an  abstraction  of  caloric 
so  constant  and  considerable  from  the  water  in  the 
ball,  as  very  soon  to  render  it  solid,  even  at  the  dis- 
tance of  two  or  three  feet  from  the  freezing  mixture. 
The  tube  with  its  balls,  b  and  c.  are  represented  in  tho 
ijraving  beneath. 


<S^ 


^ 


llis  experiment  may  be  rendered  still  more  strik- 
ing, and  still  more  illustrative  of  the  refrigerating 
power  of  evaporation,  by  adopting  the  modification 
ofDr>MarceL  The  empty  portion,  instead  of  being 
surrounded  by  any  of  the  cooling  mixtures  abov  e 
alluded  to,  is  to  be  covered  with  flannel,  which  ia 
af^rwards  to  be  moistened  with  water.  This  p  rt 
of  the  apparatus  is  to  be  inclosed  in  the  receiver  of 

ir-pump,  within  which  a  shallow  vessel,  con- 
taining strong  sulphuric  acid,  is  placed.  When  the 
receiver  is  exhausted,  the  evaporation  from  the  moist- 
coed  surface  produces  so  much  cold  as  to  condensa 
the  vapour  within  the  apparatus ;  which  being  c  >a- 
tinually  destroyed  by  this  refrigeration,  the  wate  in 
the  ball,  as  in  the  more  simple  experiment,  is  quickly 
frozen.  The  use  of  the  acid  in  the  small  vessel  will 
be  easily  understood,  when  it  is  recollected  that  for 

more  rapid  evaporation  it  is  reqnisite  that  the 

vnr  should  be  constantly  emptied  of  the  va^onr 
which  it  contains,  and  likewise,  that  water,  either 

s  liquid  or  gaseous  state,  is  very  lapidljr  ab- 
sorbed by  concentrated  sulphuric  acid. 

CarPT,  in  ortAitrchar ;  a  hollow  place  or  vault . 
constructed  under  ground.  The  tombs  of  the  Chris* 
tian  martyrs,  also,  were  so  called,  where  the  early 
Christians  met  to  perform  their  devotions,  for  fear  of 
persecution-  Hence  erypi  came  to  signiiy  a  church 
under  ground,  or  the  lower  story,  like  that  of  St. 
Paul's,  London,  Lastingham  Priory,  and  many  of 
the  ancient  ecclesiastical  edifices  of  England,  Ger- 
many, and  France.  When  crypts  are  on  a  'arge 
ale,  like  those  of  Rome,  Naples,  and  Paris,  they 
e  then  called  calacomlu. 

CBrpTooBAPHT  ;  the  art  of  transmitting  secret 
formation  by  means  of  writing,  which  is  intended 
be  illegible,  except  by  the  person  for  whom  it  is 
destined-  The  ancients  sometimes  shaved  the  head 
of  a  slave,  and  virrote  upon  the  skin  with  some  in- 
delible colouring  matter,  and  then  sent  him,  alter  his 
hair  bad  grown  again,  to  the  place  of  his  desti  na 
tion.  llLis  is  not,  however,  properly  secret  writing, 
but  only  a  concealment  of  writing.  Another  s-  rt, 
which  corresponds  better  with  the  name,  is  the  f  I- 
lowing,  used  by  the  ancients.  They  took  a  sm-  II 
stick,  and  wound  around  it  bark,  or  papvrus,  upois 


which  they  wrote.  The  baric  was  then  unrolled,  and 
sent  to  the  correspondent,  who  was  furnished  with  a 
stick  of  the  same  size.  He  wound  the  bark  again, 
round  this,  and  thus  was  enabled  to  read  what  had 
been  written. 

This  mode  of  concealment  is  evidently  yery  imper- 
fect. Cryptography  properly  consists  in  writing  with 
signs,  which  are  legible  only  to  him  for  whom  the 
writing  is  intended,  or  who  has  a  key,  or  explana- 
tion of  the  signs.  The  most  simple  method  is  to 
choose  for  every  letter  of  the  alphabet  some  «ign,  or 
only  another  letter.  But  this  sort  of  cryptography 
(chiffre)  is  also  easy  to  be  deciphered  without  a  key. 
Hence  many  illusions  are  used.  No  separation  is 
made  between  the  words,  or  signs  of  no  meaning  are 
inserted  among  those  of  real  meaning.  Various  keys, 
likewise,  are  used,  according  to  rules  before  agreed 
upon.  By  this  means,  the  deciphering  of  the  writ- 
ing becomes  difficult  for  a  third  person,  not  initi- 
ated ;  but  it  is  likewise  extremely  troublesome  for 
the  correspondents  themselves  ;  and  a  slight  mistake 
often  majces  it  illegible,  even  by  them. 

Another  mode  of  communicating  intelligence  se- 
cretly, viz.  to  agree  upon  some  printed  book,  and 
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mark  the  words  out,  is  also  troublesome,  and  not  at 


all  safe.    The  method  of  concealing  the  words  which 
are  to  convey  the  information  intended  in  matter  of 
a  very  different  character,  in  a  long  letter,  which 
the  correspondent  is  enabled  to  read,  by  applying  a 
paper  to  it,  with  holes  corresponding  to  the  places  of 
the  significant  words,  is  attended  with  many  disa  . 
vantages  :  the  paper  may  be  lost ;  the  repetition  of 
certain  words  may  lead  to  discovery ;  and  the  diffi. 
culty  of  connecting  the  important  with  the  unim- 
portant matter,  so  as  to  give  the  whole  the  appear- 
ance of  an  ordinary  letter,  is  considerable.     If  this 
is  effected,  however,  this  mode  has  the  advantage  of 
concealing  the  fact  that  any  secrecy  is  intended. 

Writing  with  sympathetic  ink,  or  milk,  lemon 
juice,  he,  is  imsafe,  because  the  agents  to  make  the 
lettei-s  visible  are  too  generally  known.  Hence  the 
ch\ffi*^  quarre,  or  ch{ffr€  ind^chiffrable,  so  called,  has 
come  very  much  into  use,  because  it  is  easily  ap- 
plied,  difficult  to  be  deciphered,  and  the  key  may  be 

f reserved  in  the  memory  merely,  and  easily  changed, 
t  consists  of  a  table,  in  which  the  letters  of  the  al- 
phabet, or  any  other  signs  agreed  upon,,  are  arranged 
under  one  another,  thus  :— 
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Any  word  is  now  taken  for  a  key ;  Paria,  for  example. 
This  is  a  short  word,  and,  for  the  sake  of  secrecy,  it 
would  be  well  to  choose  for  the  key,  some  one  or 
more  words  less  striking.  Suppose  we  wish  to  write 
m  this  cipher,  with  this  key,  the  phrase  "  We  lost  a 
battle ;"  we  must  write  Paris  over  the  phrase,  repeat- 
ing it  as  often  as  is  necessary,  thus : — 

Pa  ri  $P  a  ri$Par 

We  lost  a  battle. 

We  now  take,  as  a  cipher  for  w,  the  letter  which  we 

hnd  in  the  square  opposite  id  in  the  left  marginal  CO7 


lumn,  and  under  t>  on  the  top,  which  is  m.  Instead 
of  e,  we  take  the  letter  opposite  e,  and  under  a,  which 
is/;  for  I,  the  letter  opposite  I,  and  under  r,  and  so 
on. 

Proceeding  thus,  we  should  obtain  the  following 
series  of  letters : — 

mfcxlibtkmimw 
The  person  who  receives  the  epistle  wntes  the  key 
over  the  letters ;  as, 

^  Pari  »Pari  t  Pa  r 

mfcxlibtkmimw 
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Kle  now  goes  doWii  in  "the  pfeipendicular  line,  at  the 
top  of  which  is  p.  Until  he  meets  m,  opposite  to  which, 
in  the  left  mftrginal  tolumn,  he  finds  to.  Next,  going 
in  the  line  of  n  down  to  /,  he  finds  on  the  left  «. — 
•tn  the  some  wsy,  r  gives  I,  i  j^ves  o,  and  so  on.  Or 
you  may  reverse  the  process  ;  begin  with  p,  in  tiie 
left  mai^^inal  colamn,  and  look  along  horizontally  till 
you  find  m,  over  which,  in  the  top  line,  you  will  find 
10.  It  is  easily  seen,  that  the  same  letter  is  not  al- 
ways designated  by  the  -same  cypher ;  thus,  e  and  a 
occur  twice  in  the  phrase  selected,  and  they  are  desig- 
nated respectively  by  the  cyphers  /  and  to,  h  and  %. 
Thus  the  possibility  of  finding  out  the  secret  writing 
is  almost  excluded.  The  key  may  be  changed  from 
time  to  time,  and  a  different  key  may  be  used  with 
each  correspondent.  The  utmost  accuracy  is  neces- 
sary, because  one  character,  accidentally  omitted, 
changes  the  whole  cypher.  The  correspondent,  how- 
.ever,  may  ascertain  thb  with  considerable  trouble. 

CarsTAXLOoaAPHT.  Hauy  has  succeeded  in  de- 
veloping a  theory  6f  crystals,  so  far  as  to  show, 
that  in  every  crystallized  substance,  whatever  may 
he 'the  (iTfierence  of  figure,  which  may  arise  from 
modifying  circumstances,  there  is  in  all  its  crystals 
a  primitive  form,  the  aticlcus,-aB  it  were,  of  the 
crystal ;  invariable  in  eichisubstance,  and  by  various 
modifications,  which*  he  p^nts  out^  giving  rise  to  the 
numerous  secondarVr  or  -actually  existing  forms. 

The  fact  which  led  to  th6se  views,  is,  that  cr3r8tals 
can  be  mechanically  divided  only  in  certain  direc- 
tions, so  as  to  afford  skmbbth  surfaces,—^  fact  long 
known  by  those  w)M)  ^w^itk  on  gems.  Suppose  a 
crystal  of  calcareous  «par,'fu  regular  hexaedral  priam, 
represented  in  the  platts  t)tf  Ceystallookaphy,^.  5 
.and  6  [the  previous  -elemeiitary  figures  will  be  illus- 
"trated  in  another  plae^],  if  We  endeavour  to  divide  it 
parallel  to  the  ed^  Whi6h  form  the  outlines  of  the 
oasis  of  the  prism,  we  shall  find'  that  three  of  these 
edges  take^  altemlitety,  as  the  tipper  extremity  of 
the  edges  (/,  dc,  hm,  readily  yield  to  this  division 
by  a  knife  struck  in  tHe  jSroper  direction ;  but  that 
the  other  three/  thocie  wbidi  are  intermediate,  /  d, 
e  h,  and  m  I,  cannot  be  ^vided  in  a  similar  manner ; 
and  if  broken  by.ag^^terfbrce,  the  fracture,  instead 
of  being  polish^  hke  the  others,  is  rugged  and 
uneven.  If  we  repeat  the  experiments  at  the  under 
extremity  of  the  prism,  we  shall  find  here  also  that 
segments  of  three  only  of  the  edges  can  be  detached ; 
but  these  edges,  instead  of  being  the  corresponding 
4>ne  with  those  divisible  at  the  upper  extremity, '  that 
is.  If,  dCfb  m,  are  the  intermediate  WiB$,  fd^cb, 
and  m  I. 

The  six  divisions  compose  so  m^y .  trfcpezhmts. 
Three  of  these  are  represented  in  fig.' 6,  namely,  the 
two  which  cut  dff  the  edges  If,  c  d^  re^r^sehtjJd  by 
the  dotted  lines  pp,  o  o,  and  a  a,  k'k,t  rndf^that 
which  cuts  off  the  inferior  edge  df  and.  whieh  4s 
marked  by  the  dotted  lines  n  tt,  1 1. 

ISabh  of  these  trapeziums  will  have  -^  ^meotittess 
*lmd  lustre,  from  which  it  can  be  perceived  that*  it 
Coincides  with  one  of  the  natural  joiiringB,  the  t  as- 
sembling of  which  forms  the  prism.  The  prism 
cannot  be  divided -in  any  other  directions  than^these. 
But  if  the  division  be  continued  parallel  totheifirst 
segments,  it  necessarily  happens,  that  on  one  hand| 
^e  surfaces  of  tiie  bases  of  thei  prism  kecome^Bfir- 
rower;  and  that,  on  the  other  hand,  .the  <hsight»o' 
the  sides  diminish  y  and  at  the  point  at  which  cqn- 
tinning  the  sedtiOn,4he' bases  disappear,  the  prisn 


will  be  ohaagtd  iinto  a  dodecaedfdo,  mithrpM^fc' 
goBal  'faces  (jw.  7)*;  six  of  which,  o  o  t,  0  e,  o4 
k  ii,  &c.,  are  ute  remains  of  the  si^  of  the  prism, 
sAd  the  other 'six, I£>A1  do,  OAK  it,  &c.,  aoe Uie 
immediate  results  of  the  mechanical  division. 

In  this,  and  the  two  >aucceediDg  figures,  the  hexie- 
dral  prism,  which  circumscribes  die  solid  extracted 
fVom  it  in  the  •  division,  n  still  represented  to  show 
better  the  progresa  of  the  operation. 

Beyond  this  point,  the  planes  at  the  .extremity 
preserve  tli«tr  Agure  and  dimensions,  while  the  k- 
teral  planes  'continue  to  diminish  in  height,  until 
the  points  o,  Xr,*of  the  pentagon  o,  I,  k,  i  t,  coincid- 
ing with  the  points  t,  t,  and  also  have  the  other 
pomts  similarly  situated,  having  a  like  coincidence, 
each  pentagon  is  reduced  to  a  single  triangle,  as 
represented  in  fig,  8. 

Lastly,  by  continuing  ike  sections,  the  triangles 
are  made  to  disappear;  so  that  there  remains  no 
vestige  of  the  surface  of  the  original  prism ;  but  in 
place  of  it  we  have  the  obtuse  rhomboid  £  A  I  0 
(fig,  9),  which  is  therefore  the  nucleus  or  primitive 
form. 

This  discovery  of  the  method  of  diriding  a  crystal 
was  made  by  Hauy,  in  examining  a  crystal  of  cal- 
careous spar,  which  bad  been  detached  from  a  group 
of  which  it  formed  a  part.  He  observed  that  the 
fracture  had  happeoed  at  one  of  the  edges  of  the 
base  of  the  prism,  !and  that  its  surface  was  perfectly 
smooth  and  regular.  Attempting  to  detach  a  seg- 
ment in  a  similar  direction  from  the  contiguous 
edge,  he  could  not  succeed,  but  the  one  next  to  it 
was  easily  divided  ;  and  proceeding  in  this  manner, 
he  was  able  to  effect  the  mechanical  division  of  the 
crystal  in  the  manner  already  explained.  Stmck 
with  the  important  >  result  of  the  experiment,  he 
applied' the  same  method  to  other  .crystalline  forms 
of  the  same  substance,  and  obtained  from  them  the 
same  result;  the  crystal,  whatever  was  its  figure, 
being  by  this  mechanical  division  converted  into  a 
rhomb.  Thus,  in  the  dodecaedron,  composed  of 
two  -six-sided  pyracoids  joined  by  the  base,  the  pri- 
mitive fonn  ,may  be  obtained  at  once  by  making  a 
first  section,  on  the  edges  E  O,  O  I,  fig,  10 ;  a  se- 
cond, on  the  edges  IK,  G  K ;  a  third,  on  G  H, 
E  H  ;4a.fourth.  on  O  I,  I  K  ;  a  fifth,  on  G  K,  G  H ; 
and;  Ifi^tly,  a  sixth,  on' EH,  E  O ;  tand  the  result  is, 
that  tiiese  edgts  become  theaame  with  the  lateral 
edges  of  the  plrimitive  form,  as  may  be  perceived 
from  m^re  inspedtion  o(  fig,  11,  which  represents 
this  prknitive  form  described  in  the  dodecaedron. 
He  then  applied  it  to  other  crystalline  substances, 
and  found,  that  from  these  also,  by  discovering  the 
joints  by  which  the  laminse  composing  the  crystals 
were' -united,  a  certain  primitive  form  might  be  ex- 
tracted. That  of  fluor-spar  is  an  octaedron ;  and 
that  of  the  heavy-spar,  a  prism  with  rhomboklal 
bases ;  -of  corundum,  a  rhomboid  somewhat  acute ; 
of  beryls  a  hexaedral  prism ;  and  of  the  Elba  iron- 
Ore,^  a' cube.  Each  of  these  forms  is  constant  with 
regard  to  the  species,  and  is  that  from  which  all  the 
forms  •  of  the  varieties,  often  extremely  numerous, 
aredeoi'^ed.  The  latter  are  denominated  by  Hauy 
seeondory  forms.  Sometimes,  though  rarely,  the 
primitive  and .  secondary  forms  are  the  same.  It 
is  not  every  crystallized  substance,  however,  that 
admits  of  thb  mechanical  analysis.  But,  with  re- 
>gardto'these  that  have  hitherto  refused  it,  Hauy  hat 
vtmnkied,  thaJt  tfa€Ar  aurfjsce  atn^ted  .in^a  certain 
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Gtsa,  or  Qit  rtlatioa  mbtieting  among  the  dlf- 
feredt  seccradMy  forruB  of  the  same  Bilbstance,  afford 
nidicatioDS  which  lead  to  the  detennioadon,  wltik 
at  least  macb  probability,  of  their  primitive  forms. 

Sad)  U  the  procesa,  by  which  Hany  eatablishea 
■what  he  names  the  "pnmitiTe  fnnn  of  crystals," 
'itnd  which  he  defines,  "  a  solid  of  a  constant  farm, 
'inserted  syinmetrically  in  all  the  crystals  of  the  same 
■species,  and  the  faces  of  which  ijbeerve  the  direc- 
■tfoQB  of  the  layers,  which  compose  these  crystals," 
The  primitive  forms  hitherto  observed,  are  reduceable 
to  BU :  the  pandlelopipedon,  which  includes  the 
cube,  the  Thomb,  and  all  the  solids  which  an  ter- 
'minatcd  by  six  faces  parallel  two  and  two;  'the 
tetracdron;  the  octaedron )  the  regular  heiaedral 
^rism  1  the  dodecaedron,  with  equal  and  similar 
'rhomboidal  planes ;  and  the  dodecaednm  with  tri- 
'«ogalar  planes. 

Hany  carries  the  division  of  crystals  still  farllier, 
Tlowever,  than  the  primitive  forms.  The  solid  which 
'conatitittes  it,  is  not  the  last  term  of  the  mechanical 
^inalysls ;  it  may  always  be  still  farther  subdivided 
Jjarallel  to  its  different  faces,  and  sometimes  even  in 
'ftther  directions.  All  the  enveloping  matter  is  equally 
'divisible  by  sections  parallel  to  the  faces  of  the  pri- 
Wtive  forms;  and  the  only  limit  to  this  possible 
"division  is  that  placed  by  the  composition  of  the 
'nbatance.  The  calcareous  spar,  to  talfe  it  as  an 
aample.maybe  reduced  to  a  particle  beyond  which 
'Uie  division  cannot  he  carried  without  resolviag  it 
''into  its  elements,  lime  and  carbonic  acid,  or  at  least 
It  may  be  resolved  to  a  particle  beyobd  which,  if 
'ita  minuteness  allowed  us  to  operate  upon  it,  it  is 
demonstrable  its  Ggure  would  not  change.  To  these 
last  particles,  the  result  of  the  mechanical  aaalysis, 
Hauy  gives  the  name  of  integrant  particles,  and  their 
vnion  constituteB  the  crystal.  Their  forms,  So  far  as 
'experiment  has  been  Carried,  are  three :  the  tetrtie- 
iiita,  the  simplest  of  the  pyramids ;  the  triangular 
'prism,  the  simplest  of  prisms ;  and  the  parallelopipe- 
don,  the  simplest  of  solids,  which  have  their  faces 
parallel,  two  and  two.  There  is  little  doubt  that  it 
*]■  Ijetween  these  that  the  attraction  Of  cohesion  Is 
'immediately  exerted. 

The  primitive  forms,  and  the  figures  of  the  inte- 
grant particles,  being  determined,  it  remahis,  to 
complete  the  theory  of  the  structure  of  crystals,  to 
'■how  by  what  arrangements  the  secondary  forms, 
ia  other  words,  the  actually  existing  crystals,  are 
produced. 

The  nendeus  of  the  crystal  ia  the  symmetrical 
'•olid  which  constitutes  its  primitive  form,  arising 
'from  the  union  of  the  integrant  particles,  either  by 
deir  (aces  or  their  edges ;  and  the  additional  matter, 
'"which  forms  the  crystal,  consists  of  layers  of  these 
particles  superadded  to  that  neucleus,  and  arranged 
OB  its  faces  ;  and  to  account  for  the  formation  of  the 
oystal  under  a  figure  different  from  that  of  its  pri. 
initive  form,  these  layers,  as  they  recede  from  It,  an 
^•npposed  to  decrease,  in  the  space  they  occupy.from 
the  regular  abstraction  of  one  or  more  ranges  of  the 
'integrant  particles.  This  decrease  may  talie  place  in 
various  modes  t  and  according  to  these,  different 
'figures  of  crystallization  will  be  produced.  Thus,  t( 
take  the  simplest  example,  let  us  suppose  the  primi- 
tive form  is  a  cube ;  it  is  easy  to  conceive,  that  ot 
'  each  of  iti  six'  sides  may  be  reared  a  series  tif  de- 
.  erasing  layers,  or  leminEe,  composed  entirely  of  cu- 
"ibloJ  piutidea,  each  layer  diminishing  on  each  of  its' 
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edgei,'by'oiie-T(Hr'4f''tee  fctuute  cubes' if  irtiidi'tt 

consiats.  'Hie  IsminK  thus  llecredsing  as  they  recipe 
from  the  base  on  which  they  rest,  until  the  ap^ 
consists  of  a  single  particle,  it  la  Obvious,  thit  on 
each  side  bf  the  cube,  a  four-sided  pyramid  will  be 
(fanned.  Two  6(  these  afe  repreiented,  Ofa.'isl) 
AB  C'D,G  BCG. 

We  shall  thus  hive,  then, 'ftix'four-srdedpyHanlMi, 
and  of  course  twenty-four  trittijgles,  'such  as  A  B  C, 
B'C  £,  C  E  G,  Src.   But  aince  the  decrease  Is  imifonh 
all  the  sides,  as  from  the  line  B'C,  to  A,  and  fro&i 
i  same  line  to  E,  it  must  also  be  unifonn  from  ft. 
El  it  is  obvious,  therefore,  that  the  side  A,  B,  C, 
of  the  one  pyramid  wilt  be  found  exactly  in  the  i^alife 
the  side,  B  C  E,  of  the  adjacent;  so  thijt 
'  surface  of  these  will  be  the'rhotnb.  A,  B, 
E  C.      The  case  liiurt   be  the  same  with  all  'the 
others.     The  twenty-four  triangles  will  therefore  be 
reduced  'to  twelve  rhombs,  and  the  figure  will  be 'it 
dodecaedron,  very  remote  from  the  primitive  form. 
Now,  a  crystal  of  thia  figure,  and  having  this  primi- 
tive form,  would  be  resolved  into  that  form,  merely 
cutting  off  the  six  solid  angles,  by  sections,  in  the 
-ection  of  the  small  diagonals  Of  the  sides,  whic^ 
to  the  formation  of  these  angtes.    We  should  Ihuh 
ccessively  uncover  six  squares,  which  will  be  the 
faces  of  the  primitive  cube. 

In  explaining  the  structure  of  a  cr^tal,  aldtoUgb 
the  representation  iti  the  figure  be  such  as  to  show 
the  decrease  of  the  lamina  by  rows  of  particles  of 
such  a  size  as  to  give  a  surface  uneven,  similar  to  % 
'su'ccesslon  of  steps,  it  is  obvious,  that  if  we  substi- 
tute for  this  the  delicate  structure  of  nature,  thfe 
nulntier,  of  lamina  may  be  so  great,  and  the  number 
of  their  cubical  particles  such,  that  the  depressioti 
~T  channel  'at  their  edgea  will  be  altogether  imper- 
■ptible'to  our  senses,  and  the  surfaces  .will  appMr 
Jierfect  planes. 

Snch  is  ah  exbniple  Of  the  production  of  a  s«coti- 
dary  fifcili  &  primitive  form,  by  a  superposition  of  the 
decreasing  according  to  a  certain  law.     It  it 
,  that  the  ■  -'-        ■ 

and  accordingly 
of  four  different  1 
parallel  to  fhe 
iple.    '3.  Deer 
ments  of  which  t 
of  the  faces  oft 
decrements,  iJr  tl 
ated  between  Qli 
Mixed  decreni 
abstracted  in  bn 
the  two  terms  of 

Hese  four  laws  of  decrement  explain  by'the  m(>< 
diflcations  Of  ^rhkh  they  are  susceptible,  all  the 
varieties  of  fbrin  under  vThlch  crystals  efe  pre- 
sented to  us.  These  modifications  are  reduced  t6 
the  following  :  1 .  Sometimes  the  decrements  take 
place  on  all  ihe  edges,  or  on  all  the  angles,  ii'. 
Sometimes,  on  Certain  edges,  or  certain  angles  only. 
3.  Sometimes  flie'y  are  uniform  by  one,  two,  threi 
ranges,  or  more.  4.  Sometimes  the  law  varies  from 
one  edge  to  another,  or  from  one  angle  to  anothef, 
5.  In  some  cases,  the  decrements  on  the  edges  cor- 
respond with  the  decrements  on  angles.  6.  Some^ 
fillies  the  same  edge  or  the  sOme  angle  uudergott 
successively  several  laws  of  decrements.  And,  l^ly, 
there  &fe  cases  in  which  the  secondary  cryttal  uk 
a£cs  (fafallel  to  Ui«e«  of  &t  prlnutive  forlD,  Uid 
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which  givty  nse  to  new  modifications,  from  their 
combinations  with  the  faces  resulting 'from  the  de- 
crements. 

With  such  diversity  of  laws,  the  number  of  forms 
which  may  exist  is  immense,  and  must  far  exceed  what 
liave  been  observed.  Confining  the  calculation  to 
two  of  the  simplest  laws,  those  which  produce  sub- 
tractions by  one  or  two  ranges,  it  is  shown  that  car- 
bonate of  lime  is  susceptible  of  2044  different  forms, 
a  number  fifty  times  greater  than'  that  of  the  forms 
already  known ;  and  if  decrements  of  three  and  four 
ranges  be  admitted  into  the  combination,  the  calcu- 
lation will  give  8,388,604  possible  forms  of  the  same 
substance.  And  even  this  number  may  be  much 
augmented  in  consequence  either  of  intermediate  or 
mixed  decrements  being  taken  into  account. 

In  concluding  this  sketch  of  crystallography,  which 
we  have  extracted  from  the  excellent  System  qf  Che- 
miatry,  by  Murray,  we  have  also  thought  it  proper, 
with  him,  to  give  the  figures  of  the  more  usual 
forms  of  crystals  and  their  modifications,  with  the 
definitions  of  Werner,  instead  of  following  Hauy  in 
his  minute  though  valuable  details. 

It  is  necessary  to  premise,  that  the  parts  of  which 
a  crystal  is  conceived  to  be  compos^  are  planes, 
edges,  and  angles.  Planes,  according  to  the  usuid 
geometrical  definition,  are  surfaces  lying  evenly  be- 
tween their  boundary  lines :  they  are  distinguished 
into  lateral,  which  are  considered  as  those  parts  of 
the  surface  of  the  body  which  are  of  the  greatest 
extent,  and  which  form  its  confines  towards  its 
smallest  extent ;  and  extreme,  or  terminal,  which 
are  tiiose  of  smallest  extent,  and  form  the  bounds 
of  the  body  towards  its  largest  extent.  Edges  are 
formed  by  the  junction  of  two  planes  under  deter- 
minate angles  ;  they  also  are  lateral,  or  those  formed 
by  the  junction  of  two  lateral  planes ;  and  termi- 
nal, formed  by  the  junction  of  two  terminal  planes, 
or  of  a  terminal  with  a  lateral  plane.  Lastly,  angles 
are  formed  by  the  junction  of  two,  three,  or  more 
planes  in  one  point. 

Werner  admits  even  primary  figures  of  crystals 
which  are  susceptible  of  numerous  modifications. 
These  figures  are, — ^the  icosaedron,  the  dodecaedron, 
the  hexaedron,  which  includes  the  cube,  and  the 
rhomb,  the  prism,  the  pyramid,  the  table,  and  the 
lens. 

1st.  The  icosaedron,  fig,  13,  is  a  solid,  consisting 
of  twenty  equi-lateral  triangular  planes,  united  under 
equal  angles.  2d.  The  dodecaedron,/^.  14,  or  solid 
of  twelve  equal  or  pentagonal  faces.  3d.  The  cube,- 
fig.  15,  or  solid,  composed  of  six  quadrilateral  planes 
united  at  oblique  angles.  4th.  The  rhomb,  fig,  16, 
or  solid,  of  six  quadrilateral  planes,  imited  at  oblique 
angles.  5th,  The  prism,  or  solid,  of  two  terminal 
planes,  parallel,  equal,  and  similar,  connected  by 
quadrangular  lateral  planes  having  one  direction ;  the 
number  of  lateral  planes  may  of  course  be  various  ; 
the  usual  forms  observed  in  crystals  are,  the  four- 
tided  rectangular  prism,  fig,  17 ;  and  the  six-sided 
equiangular  prism,  fig,  19*  6th.  The  pyramid,  or 
solid,  ^e  base  of  which  is  the  plane  of  an  indetermi- 
nate number  of  sides,  and  the  sides  triangles,  the 
vertices  of  which  meet  in  one  pomt,  forming  the 
summit :  the  more  common  varieties  of  this  figure, 
as  forms  of  crystals,  are  the  three-sided  pyramid,  or 
tetraedron,  ji^.  20,  and  the  four-sided  pyramid,  ^.21. 
7th.  The  table,  which,  strictly  speaking,  is  nothing 
but  a  very  compressed  prism ;  it  is  defined  as  com- 1 


j>08ed  of  two  parallel  lateral  planes,  and  of  an  inde- 
terminate number  of  terminal  planes,  connected  wim 
the  lateral  planes  and  with  each  other,  and  small, 
compared  with  the  lateral  ones ;  the  principal  vari- 
eties are, — ^the  oblique-angular,  or  rhomboidal  four- 
sided  table,  fig.  22,  the  rectangular  four-sided  table, 
fig.  23,  and  die  six-sided  table  fig.  24.  Lastly,  the 
lens,  fig.  25,  a  solid,  consisting  only  of  two  planes, 
which  are  curved ;  of  which  there  are  two  varieties, 
one  composed  of  two  convex)  planes,  and  another 
composed  of  a  convex  and  a  concave  plane.  Tliese 
simple  figures  are  modified  by  combination,  by  tuni- 
cation,  by  bevelment  and  by  acumination. 

The  modifications  by  combination  are  confined  to 
the  pyramids,  and  these  are  frequent,  two  pyramids 
being  joine^  b^  the  base ;  the  lateral  planes  of  the 
one  bemg  set  either  directly  on  the  lateral  planes  of 
the  other,  as  in  the  double  four-sided* pyramid,^. 
27  ;  fig*  28  is  the  double  six-sided  pyramid. 

A  crystal  is  said  to  be  truncated,  when  any  or  all 
of  its  solid  angles  or  edges  appear  cut  off,  so  that 
where  there  would  have  been  an  edge  or  angle,  we 
have  a  plane,  as  has  already  been  represented  in 
fig.  2  and  3.  These  two  figures  represent  forms 
arising  from  the  truncation  of  the  cube:  fig.  29 
shows  the  cube  with  the  figures  and  angles  and 
edges :  fig,  30,  the  six-sided  prism,  with  truncated 
terminal  edges  :  fig.  31,  the  same  prism,  with  both 
the  lateral  and  terminal  edges  truncated. 

A  crystal  is  said  to  be  bevelled  when  its  edges!, 
angles,  or  terminal  planes,  are  so  altered  that,  instead 
of  an  angle,  edge,  or  terminal  plane,  there  appear 
two  smaller  converging  planes,  which  terminate  in 
an  edge  :  fig,  32  shows  the  cube  with  bevelled  edges : 
fig.  33,  the  three  sided  pjTamid,  with  bevelled  edges  : 
fig.  34,  the  oblique  four-sided  prism,  bevelled  on  both 
extremities. 

Lastly,  the  forms  of  crystals  are  altered  by  acumi- 
nation. This  is  that  kind  of  alteration  in  which,  in 
place  of  the  angles  or  terminal  planes  of  a  crystal, 
there  are  three  or  more  planes  converging  and  form- 
ing a  point  or  edge :  fig.  35  shows  the  cube,  with 
angles  acuminated  by  three  planes  set  on  the  lateral 
planes :  fig.  36,  the  rectangular  four-sided  prism, 
acuminated  by  four  planes  set  on  the  lateral  planes : 
fig.  37,  the  six-sided  prism,  acuminated  by  six  planes 
set  on  the  lateral  planes.  This  kind  of  modification 
is  often  described  as  consisting  of  the  primar}'  fomi, 
with  pyramidal  terminations. 

The  forms  of  crystals,  from  the  preceding  modifi- 
cations, are  frequently  still  more  altered,  and  ren- 
dered complicateid  by  being  superadded  and  combined; 
and  by  the  extent  of  the  modifications,  one  form 
frequently  passes  into  another.  The  figures  of  crys- 
tals are  likewise  rendered  complicated  by  aggregation, 
two  or  more  crystals  of  the  same  substance  being 
more  or  less  closely  united. 

The  theory  of  crystallography,  introduced  by 
Hauy,  does  not  satisfactorily  account  for  the  forma- 
tion of  crystalline  bodies ;  and  Dr.  Wollaston  has 
very  ingeniously  proposed  to  consider  the  primitive 
particles  as  spheres,  which,  by  mutual  attraction, 
have  assumed  that  arrangement  which  brings  them 
as  near  as  possible  to  each  other.  When  a  number 
of  similar  balls  are  pressed  together  in  the  same 
plane,  they  form  equilateral  triangles  with  each 
other;  and  if  balls  so  placed  were  cemented  together, 
and  afterwards  broken  asunder,  the  straight  lines  in 
which  they  would  be  disposed   to  separate  would 
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CRYSTALLOGRAPHY, 
fonn  Higlea  of  60°  with  each  other.  A  gingle  ball 
placed  anywhere  on  thb  stratum,  ai  in  the  accom- 
pwiying  fignra,  would  touch  three  of  the  lower  balls, 
and  the  planet  toachii^  their  surTaceB  would  include 
a  regular  tctrasdron. 

A  square  of  four  balls,  with  a  single 
ball  resting  upon  the  centre  of  each 
aorface,  would  form  a  octoedron ;  and 
npon  applying  two  other  balls  at  op- 
posite sides  of  this  octoedron,  the  group 
will  lepnaent  the  acute  rhomlxiid. 


He  accompany' 
iogpile  represeotsa 
series  of  balls,  with 
triangular  faces,  the 
bases  of  which  are 
constituted  of  four 
particles.  The  te- 
tntedron  is  confia- 
ed  by  four  of  these 
similar  and  equal 
planes.  Ilie  subject 
of  crystallization  | 
has  also  especially 
engaged  the  at. 
teotiou  of  Professor 
Daniell,    and     his 

researches  have  produced  some  singular  conlinna 
tions  of  Dr.  WoUastone's  hypotheus.  If  an  ana- 
morphoua  pieceof  alum  be  immersed  in  water,  am. 
Irit  quietly  to  dissolve,  at  the  end  of  about  three 
weeks  the  observer  will  find  that  it  has  been  unequally 
acted  upon  by  the  fluid  ;  the  mass  will  present  the 
forau  of  octoedra,  and  sections  of  octoedra,  as  if  it 
were  carved  or  stamped  npoQ  its  surface. 

This  appearance  is  produced  when  the  attraction 
of  the  water  for  the  solid  is  nearly  counterbalanced 
by  its  mechanical  texture.  The  crystals  formed  by 
this  species  of  dissection  are  highly  curious,  from 
their  modifications  and  relative  positions,  as  t' 
same  group  presents  the  primitive  form,  as  well 
its  truDcatioDS  and  decrements.  Other  salts  yield 
other  figures,  and  by  more  complicated  chemical 
action,  as  of  acids,  upon  carbonate  of  lime,  the 
tnetals,  be,  analogous  results  are  obtained.  Here, 
then,  instead  of  dividing  a  crystal  by  mechanical 
force,  its  structure  is  gradually  developed  by  the 
process  of  solution.  In  these  cases  two  circum- 
stances are  particularly  remarkable;  the  crystals 
are  different,  and  their  forms  vary  witii  the  different 
faces  of  the  original  mass.  In  one  direction  we  ob. 
serve  octoedra  and  sections  of  octoedra  ;  in  another, 
parallelograms  of  every  dimension,  modified  with 
some  determinate  intersectioos. 

If,  in  either  of  these  positLOn^  we  turn  the  mass 
npon  its  axis,  the  same  figare  will  be  perceived  at 
every  quadrant  of  a  circle;  and,  if  we  suppose  tiie 
planes  continued,  they  will  mutually  intersect  each 
other,  and  various  geometrical  solids  will  be  con- 
structed. In  this  way  alum  alone  liunishea  oc- 
toedrons,  tetraedrons,  cubes,  four  and  eight- sided 
prisms,  either  with  plain  or  pyramidal  termtoations, 
and  rhombic  parallelopipedons.  It  is  evident,  then, 
tiiat  no  theory  of  crystallization  can  be  admitted 
which  is  not  founded,  upon  such  a  dtspofution  of  con- 
stituent particles,  as  may  furnish  all  tbese  modiflca- 
tioDSj  by  mere  abstraction  of  certain  individaali 
from  the  congeries,  without  altering  the  original 
relative  position  of  those  which  remain ;  and  these 
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conditions  may  be  fulfilled  by  such  an  arrangomeat 
of  spherical  particles  as  would  arise  from  the  ccmbi- 
nation  of  an  indefinite  number  of  balls,  endued  with 
mutual  attraction,  and  no  other  geometrical  solid  is 
adequate  to  the  purpose ;  and  where  bodies  a&brd 
crystals  differing  from  the  octoedra!  series,  an 
analogous  explaoatton  is  furnished,  by  supposing 
their  constituent  particles  to  consist  of  oblate  spe- 
roids,  whose  axes  bear  different  proportions  to  each 
other  in  different  substances.  Hence  we  may  also 
conclude,  that  the  internal  stiucture  of  all  crystals 
is  aUke,  however  the  external  shapes  differ.  In  cor- 
roboration of  the  above  hypothesis,  we  may  remark, 
that  the  hexaedron  is,  of  all  geometrical  figures, 
that  which  includes  the  greatest  capacity  under  the 
least  surface.  If,  therefore,  the  ultimate  particles  of 
crystalline  bodies  be  spheres  or  spheroids,  the  greatest 
ptrasible  number  in  the  least  space  will  be  included 
in  this  form.  It  is  probable  that  the  exterior  shape 
of  every  crystal  is  determined  by  the  nucleus  first 
formed  by  a  certain  definite  number  of  particles, 
which,  by  the  power  of  mutual  attraction,  overcome 
the  resistance  of  the  medium  in  which  they  were 
suspended,  or  from  which  they  were  separated. 
This  number  may  vary  with  the  solvent,  or  other 
contingent  circumstances.  Four  spherical  particles, 
thus  united,  would  balance  each  other  in  a  tetraedral 
group,  six  in  an  octoedral  group,  and  each  would 
present  particular  points  of  attraction,  to  which  all 
subsequent  deposits  would  be  directed.  Now,  let  us 
imagine  two  nuclei  formed  in  the  same  solution, 
whose  axes  run  in  contrary  directions ;  their  increase 
will  consequently  be  in  contrary  directions,  and  each 
will  attract  a  particular  system  of  particles  from  the 
surrounding  medium.  If  these  two  systems  should 
cross  each  other  in  their  course,  a  greater  number 
will  be  brought  within  the  sphere  of  mutual  reaction 
at  the  point  of  junction,  and  they  ought  to  arrange 
themselves  in  tiie  least  possible  compass.  The  facts 
here  answer  to  the  theory.  If  we  select  any  crystals, 
having  others  crossing  them  nearly  at  right  angles, 
and  separate  them,  the  points  of  junction  invariably 
present  a  hexaedral  arrangement. 

In  connection  with  chemistry,  the  theory  of  crys- 
tallization opens  a  new  avenue  to  the  science,  and 
frequently  enables  us  to  ascertain  directly  that  which, 
independent  nf  such  aids,  could  only  be  arrived  at 
by  an  indirect  and  circuitous  route.  We  &equently 
read  the  chemical  nature  of  substances  in  the  me- 
chanical forms.  To  the  mineralogist  an  intimate 
acquaintance  with  the  crystalline  forms  and  modifi- 
catioQs  of  natural  bodies  is  essentially  requisite. 
Indeed,  the  theory  of  crystallization  may  be  con- 
sidered as  one  of  the  great  supports  of  that  useful 
branch  of  natural  history  ;  and  it  is  to  the  indefati- 
gable exertions  of  Haiiy  that  much  of  its  present 
perfection  is  to  be  referred.  In  the  arts  the  process 
of  crystallization  is  turned  to  a  very  valuable  account, 
in  the  separation  and  pnrification  of  a  variety  of 
substances.     See  Brande's  Manual  0/  CSemittry. 

far  the  more  minute  details  of  this  subject,  par- 
ticularly as  relates  to  mineralogy,  the  reader  is  re- 
ferred to  the  Natubai.  Histobv  division  of  this  work, 
Ci;bb,  in  fftomelry;  a  solid  body,  consisting  of  six 
equal  square  sides.  The  solidity  of  any  cube  is  found 
bv  multiplying  the  superficial  area  of  one  of  the  aides 
by  the  height.  Cubes  are  to  one  another  in  the  tn- 
plicate  ratio  of  their  diogonala;  and  a  cube  is  sup- 
posed  to  be  generated  by  the  motion  of  a  iquara 
30 
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plane  along  a  line  equal  Ui  one  of  its  lidea,  and  at 
light  angles  thereto ;  whence  it  foUowa,  that  the 
planes  of  all  Kctiona,  parallel  to  the  baae,<are  sqnana 
equal  thereto,  and,  conKqnently ,  to  one  another. 

Cubs,   or  Cubic   NnMHia,  in   arilliMelic;   t 
which  is  prodaced  by  the  multiplicatioD  of  a  iquare 
nnmber  by  its  root ;  thni  64  is  a  cube  number,  and 
ariaes  by  multiplying  I6,  the  iquare  of  4,  by  the 
root,  4. 

Cube,  or  Cubic  Qvaktitt,  in  algtbra ;  the  third 
power  in  a  series  of  geometrical  propartioDals  con- 
tinned ;  as,  a  is  the  root,  a  a  the  square,  and  a  a  i 
the  cnbe. 

CuBa  Root  of  any  number  or  quantity  ia  a  num- 
ber or  quantity,  which  if  mnltiplied  into  itaelf,  and 
then  a^n  by  the  product  thence  arising,  gives  apro- 
doct  equal  to  ^e  number  or  quantity  whereof  it  is 
the  cube  root ;  as,  3  i«  the  cube  root  of  6,  because 
twice  3  are  4,  and  twice  4  are  8. 

Cubic  Foot  of  any  anbitance  ;  so  ranch  of  it  as 
is  contained  in  a  cube  whose  side  is  one  foot. 

Cubit,  in  the  mensuration  of  the  ancients ;  a  long 
■neasure,  equal  to  the  length  of  a  man's  arm,  from 
the  elbow  to  the  tip  of  the  fingers.  Doctor  Arbuth.. 
not  makes  the  English  cubit  equal  to  IS  inches,  the 
Roman  cubit  equal  to  1  foot,  S.406  inches,  and  the 
cnbit  of  scripture  equal  to  I  foot  9.886  inches. 

Cdcuiibit  ;  a  gUsa  ap- 
■  paratns  used  in  experi- 
mental chemistry.  Itcou- 
■ists  of  an  oblong  vessel 
with  a  Tery  wide  mouth, 
on  which  is  ground  the 
head  of  a  common  alem- 
bic. In  the  accompany- 
ing engraving  it  is  seen 
to  enter  a  glass  flask, 
which  is  placed  to  receive 
or  condense  the  fluids 
conveyed  by  the  pipe  from 
the  head. 

Cuirass  ;  an  article  of  defensive  armour,  protect- 
ing the  body  both  before  and  behind.  Meyrick,  in 
his  dissertation  on  ancient  armour,  bos  thus  distin- 

Sisbed  the  cuirasses  of  different  nations : — 1.  Lea^ 
:m,  with  a  belt  of  the  same  material,  worn  by  the 
Hedes  and  Persians,  before  the  rmga  of  Cyrus  the 
Great.  3.  Plumated  or  scaled  loricx  of  steel,  of  which 
the  forepart  covered  the  breast,  the  front  of  the 
thighs,  and  foreparts  of  the  hands  and  legs  i  the  pos- 
tenor  part,  the  back,  neti,  and  whole  of  the  head ; 
■both  parts  being  united  by,^iaJiBon  the  sides  i  these 
belonged  to  the  Parthian  cavalry.  3.  Scales  made 
of  horses*  hoofs,  sewed  together  with  the  sinews  of 
oxen,  were  worn  by  the  Sarmatiaos.  4.  That  farm 
which  was  padded  with  wool,  covered  with  flat  rings 
or  square  pieces  of  brass,  fastened  at  the  sides,  and 
Cttt  round  at  the  loins.  5.  The  Etruscans  wore  plain, 
■ealed,  laminated,  ringed,  or  quilted  cuishes,  with 
straps  depending  from  them,  either  of  leather  solely, 
or  plated  with  metal ;  and  these  straps,  as  well  as  the 
eniraases.  were  adopted  by  the  Eomans,  who  termed 
them  hriat. 

On  the  Trajan  column,  the  lorkm  of  the  hiulaH 
and  prmcip^  (the  two  first  ruiks)  COMist  of  several 
metal  bands  wrapped  half  round  the  body,  and  fas- 
tened before  and  behind,  over  a  leathern  or  quilted 
tnnie.  Sometimes  the  Roman  cuirass  was  eDriched 
mtfa  ambosMd  figures.    The  loriem  of  the  Iriarii  (the 
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'  third  rank)  were  of  leather  only.  Doroitian,  Mooid- 
ing  to  Martial,  adopted  the  Sannatian  cuirass,  whicli 
he  made  of  the  hoofs  of  boar*.  The  Roman  cavalry 
of  the  early  period  did  not  wear  fen'oe;  but  even 
before  the  calaphracttt  of  Constantine  (who  wore 
flexible  armour  of  scales  and  plates  and  ring*,  held 
together  by  hooks  and  chains,  the  ioriets  kmiala  of 
Virp! — Loricawt  oodMer/Mii  Aowi  oarojue  frifiwia.  Ma. 
iii.  467),  we  read  of  horsemen  who  wore  Uiricali. — 
Among  the  modems  the  Anglo-Satons  wore  leathern 
cuirasses  (coritix),  which,  towards  the  end  of  the 
ninth  century,  were  formed  of  bides  fitted  close  to  the 
body,  and  jagged,  or  cut  into  the  shape  of  leaves  be- 
low. The  leathern  coirass,  covered  with  rings,  was 
appropriated  to  the  bhmd  royal,  or  chieb  of  high 
rank  :  it  was  borrowed  from  the  Gauls,  and  called 
suel,  whence  our  coat  of  laaiJ.  The  cuirass  of  the 
thirteenth  century,  is  shown  in  the  accompanying 
figure. 


The  cuirass  appears  to  have  been  disused  in  Eng- 
land in  the  time  of  Charles  II.,  when  bullet-proof  silk 
was  introduced.  The  lance  having,  of  late  years, 
again  become  an  ofleosive  weapon,  the  cuirass  has 
been  revived  among  the  European  cavalry.  The 
finest  port  of  Napoleon's  cavalry  were  cuirassiers ; 
and  the  weight  of  these  heavily-armed  soldiers  gave 
great  momentum  to  their  charge.  The  cuirass  leaves 
many  vulnerable  parts  exposed,  but,  as  it  protects 
almost  all  the  trunk,  it  materially  diminishes  the 
chance  of  wounds,  and  gives  confidence  to  the  sol- 
'  '.  It  may  hardly  be  necessary  to  add,  that  in 
le  of  the  best  appointed  of  our  cavalry  regiments 
a  light  cuirass  has  been  adopted. 

Cdlh  ;  a  species  of  cool  occasionally  emplo;red  in 
manufactories.  Its  nmertdogKal  features  vrill  be 
described  in  the  Natuoal  Histobt  division  of  this 

CuLU  I  NATION,  in  oifroflomy ;  the  passing  of  a  star 
through  the  meridian,  because  it  has  at  that  moment 
reached  the  highest  point  (cuiman)  of  its  path,  with 
reference  to  the  observer.  Hence  culmwiivm  is  used. 


CU  PEL- 
BMtephoric&llir,  Tor  the  condition  of  any  person 
t&ng  arrived  at  the  most  brilliant  or  important  point 
of  its  progress. 

CupiL  1  a  shallow  earthen  vessel,  somewhat  re- 
sembling a  cup,  from  which  it  derives  its  name.  Il 
is  formed  of  bone-ashes,  and  is  extremely  porous. 
It  is  used  in  assays,  to  separate  the  precious  metals 
from  their  alloys.  The  process  of  cupeUoffon  con- 
sists in  fusing  an  alloy  of  a  precious  metoL,  along 
with  a  quantity  of  lead,  in  a  cupel.  The  lead  is  ex- 
tremely susceptible  of  oxidation,  and,  at  the  same 
time,  it  promotes  the  oxidation  of  other  metals,  and 
Titrifies  wilh  their  oxides.  The  foreign  metals  are 
thus  removed;  thevitriBed  matter  is  absorbed  by  the 
copel,  or  is  driven  off  by  the  blast  of  the  bellows,  as 
it  collects  on  tlie  surface ;  and  the  precious  metal  at 
length  remains  nearly  pure.     See  Absaytno. 

Cdfillinb  Fubn&ck.     Under  the  article  Absav. 
IHB  ne  gave  a  view  of  a  very  complete  furnace  for 
cupelling;  bnt  it  may  not 
be  amiss  to  describe  one 
a  good  deal  used,  and  of  a 
more  portable  character. 

The  accompaying  fur- 
nace is  formed  of  black 
lead,  and  strengthened  by 
hoops  of  iron-  It  can  be 
placed  on  the  table,  and 
may  be  employed  for  a 
variety  of  purposes.  The 
muffle  is  introduced  at  the 
central  opening,  and  tbc 
charcoal  supplied  at  the 
small  Kmi-circular  open- 
ing in  the  dome.  At  the 
aidesmay  be  plocedthe  noz- 
zles of  one  or  more  pairs  of 
bellows.  This  furnace  can- 
luit  be  used  for  very  higli 

tempemtures,  but  is  use-  ^  i 

ful  tothe  experimentalist. 

Cupola,  in  architeclvrt ;  a  hemispherical  roof, 
often  used  as  the  summit  of  a  building.  The  Italian 
word  cupola  siguiGes  a  hemispherical  roof,  which 
covers  a  circular  building,  like  the  Pantheon  at  Rome, 
and  the  round  temple  at  Tivoli.  Many  of  the  ancient 
Roman  temples  were  circular ;  and  the  most  natural 
form  for  a  roof  for  such  a  liuilding  was  that  of  a 
half  globe,  or  a  cup  reversed.  Tlie  invention,  or  at 
least  the  first  use,  of  the  cupola  belongs  to  the  Romans; 
and  it  has  never  been  used  with  greater  effect  than  by 
them.  The  greater  part  of  modem  cupolas  (unlike 
those  of  the  ancients,  which  are  mostly  hemispheri- 
cal) are  semi-elliptical,  cut  through  their  smallest  di- 
ameter. The  ancients  aeldom  had  any  other  opening 
than  a  large  circle  in  the  centre,  called  the  eye  of 
the  cupola ;  while  the  modems  elevate  lanterns  on 
their  top,  and  perforate  them  with  variously  formed 
windows,  and  other  disfigurements.  The  ancients 
constructed  their  cupolas  of  stone;  the  modems  of 
timber,  covered  with  lead  or  copper.  Of  cupolas,  the 
finest,  without  any  comparison,  ancient  or  modem, 
is  that  of  the  Rotundo  or  Pantheon  at  Rome.  Of 
modem  constructions,  some  of  the  handsomest  are 
the  cupola  on  the  Bank  of  England,  that  of  St.  Peter's 
at  Rome,  those  of  St.  Paul's,  London,  the  Hotel  des 
Invalides,  and  the  church  of  St.  Genevieve  at  Paris, 
Santa  Maria  da  Fiori  at  Florence,  and  St.  Sophia  at 
Cooetastinople. 
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CuppiNOj  in  luiyeiy,  the  operation  of  applying 
glasses  for  the  abstraction  of  blood,  alter  drndtog,  by 
means  of  the  scarificator,  the  veisels  of  the  skin. 

The  apparatus  in  ordinary  use  for  cap- 
ping consists  of  a  gloss  bell-formed  vessel, 
which,  being  inverted  upon  that  part  of  i! 
the  body  where  the  punctures  have  been  f 
made  by  Che  lancets,  an  exhaustion  i: 
produced  within  the  bell  by  burning  a 
portion  of  the  air,  and  the  blood  imme- 
diately flowing  into  the  vacaum,  by  the  pressure  of 
the  external  air,  the  desired  operation  is  effected.  In 
removing  the  glass  bell  from  the  swollen  part  of  tba 
flesh,  considerable  inconvenience  arises,  and  to  re- 
medy this  is  the  object  of  Mr.  Kennedy's  new  gif  is. 

In  the  upper  part  of  the  improved  glass  bell,  shown 
in  the  figure,  an  apertnre  ia  rnade,  which  is  closed  by 
a  screwed  cap  of  metal,  and  rendered  air-tig^t  by  a 
collar  of  leather.  By  means  of  this  contrivance  tba 
burner  for  consuming  the  air  can  be  more  conve- 
niently introduced,  and  the  glass  bell  be  more  cor- 
rectly fixed  than  in  the  old  apparatus. 

The  burning  spirit  is  immediately  introduced  into 
the  glass  bell  through  the  aperture  at  top ;  and 
the  cap  being  screwed  down  air-tight,  a  portion  of 
the  air  within  the  glass  becomes  consumed  by  the 
Bame  of  the  burning  spirits.  As  soon  as  the  glass 
gets  cool,  the  blood  issues  from  the  scariGc^on  into 
the  exhausted  bell,  and  when  a  sufficient  quantity 
has  been  drawn,  the  metal  cap  is  unscrewed,  and  the 
air  re-adraitted.  The  bell  cont^ning  the  blood  may 
now  be  removed  without  inconvenience. 

CnRBBNCT.    See  Monet. 

Cdrbent,  a  term  used  to  express  the  present 
time ;  thus,  the  year  1S34  is  the  current  year.  Aa 
applied  to  commerce,  we  say,  "  current  coin,"  for 
the  known  and  common  coin  of  the  country.     The 

price  current"  is  the  known  and  ordinary  price  at 
the  present  time. 

CuBSENTB,  in  the  ocean,  are  continoal  movement* 
of  its  waters  in  a  particular  direction.  InlaL39°N., 
.3°  40'  W.,  we  begin  to  feel  the  effects  of  the 
nt  which  flows  from  the  Azores  to  the  Straits  of 
Gibraltar  and  the  Canaries.  Between  the  tropics, 
from  Senegal  to  the  Caribbetm  Sea,  the  general  cur- 
rent, and  that  longest  known,  flows  from  east  to 
Its  average  rapidity  is  from  9  to  10  nautical 
I  40  hours.  It  is  this  current  which  is  known 
by  the  name  of  the  tqaatorial  mrmi.  It  appears  tr 
be  caused  by  the  impnlse  which  the  trade- winds  giv« 
'    the  surface  of  the  water. 

In  the  channel  which  the  Atlantic  has  hallowed 
between  Guiana  and  Guinea,  under  the  meridian  of 
18°  or  31°  W.,  from  8"  or  9°  to  2°  or  3"  N.  lat., 
where  the  trade-winds  are  often  interrupted  by  wind* 
which  blow  from  Qie  south  and  south-west,  the 
equatorial  current  is  less  uniform  in  its  direction. 
Near  the  coast  of  Africa,  vessels  are  often  drawn  to 
the  south-east,  whilst,  near  theBay  of  All  Saints  and 
Cape  St.  Augustine,  upon  the  coast  of  America,  the 
general  direction  of  iJte  waters  is  interrupted  by  a 
particular  current,  the  effects  of  which  extend  from 
Cape  St.  Roche  to  Trinity  Island.  It  flows  toward* 
the  north-west,  at  the  rate  of  one  foot,  or  one  foot 
five  inches,  a  second.  The  equatorial  current  ia 
felt,  although  slightly,  even  beyond  the  tropic,  u 
latitude  ^S^  N.  In  the  basin  of  the  Atlantic  Ocean, 
700  leagues  from  the  coast  of  Africa,  vessds; 
whose  course  i*  from  Europe  to  the  West  Indies,  find 
a  C  3 
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their  progress  accelerated  before  they  arrive  at  the 
torrid  zone.  Farther  north,  between  the  parallels 
of  Teneriffe  and  Ceuta,  in  longitude  44°  to  46°  W.,  no 
uniform  motion  is  observed 

A  zone  of  140  leagues  separates  the  equatorial  cur- 
rent from  that  great  mass  of  water  flowing  to  the 
east,  which  is  distinguished  by  its  elevated  tempera- 
ture, and  of  which  we  shall  now  speak  particularly. 
The  equatorial  current  impels  the  waters  of  the 
Atlantic  Ocean  towards  the  Musquito  shore  and  the 
coast  of  Honduras,  in  the  Caribbean  Sea.  The  new 
continent  opposes  this  current :  the  waters  flow  to 
the  north- west,  and,  passmg  into  the  Gulf  of  Mexico, 
by  the  strait  which  is  formed  by  Cape  Catoche 
(Yucatan)  and  Cape  St.  Antoine  (Cuba),  they  follow 
the  windings  of  the  American  coast  to  the  shallows 
west  of  the  southern  extremity  of  Florida.  Then  the 
current  turns  again  to  the  north,  flowing  into  the 
Bahama  channel.  In  the  month  of  May,  1804, 
A.  Von  Humboldt  observed  in  it  a  rapidity  of  5  feet 
a  second,  although  the  north  wind  blew  violently. 
Under  the  parallel  of  Cape  Canaveral,  the  current 
flows  to  the  north-east.  Its  rapidity  is  then  some- 
times five  nautical  miles  an  hour.  This  current, 
called  the  gulf  strtam,  is  known  by  the  elevated  tem- 
perature of  its  waters ;  by  their  great  saltness ;  by 
their  tndigo^blue  colour ;  by  the  train  of  sea- weed 
which  covers  their  surface,  and  by  the  heat  of  the 
surrounding  atmosphere,  which  is  very  perceptible  in 
winter.  Its  rapidity  diminishes  towards  the  north, 
at  the  same  time  that  its  breadth  increases.  Near 
tiie  Bahama  bank,  the  breadth  is  15  leagues ;  in  lat. 
230  80'  N.  il  is  17  leagues  ;  and,  under  the  parallel 
of  Chaileston,  from  40  to  50  leagues.  To  the  east 
of  the  poot  of  Boston^  and  under  the  meridian  of 
Halifax,  the  curpent  is  almost  80  marine  leagues  in 
breadth.  Thene  it  turns  suddenly  to  the  east,  and 
passes  the  southern  extremity  of  the  great  bank  of 
Newfoundland. 

The  waters  of  this  bank  have  a  temperature  of 
from  8^  7'  to  I0<^x;entigrade  (7°  to^°  R.,  16°  to  18© 
Fahr.),  which  offers  a  striking  contrast  to  the  waters 
of  the  torrid  zone,  impelled  to  the  north  by  the  gulf 
stream,  and  the  temperature  of  which  is  from  21° 
to  22°  6'  (17°  to  18°  R.,  40i°  to  83°  Fahr.).     The 
waters  of  the  bank  are  6°  9'  Fahr.  colder  than  those 
of  the  neighbouring  ocean,  and  these  are  5°  4'  Fahr. 
colder  than  those  of  the  current.    They  cannot  be 
equalized,  -because  each  has  a  cause  of  heat  or  cold 
which  is  peculiar  to  it,  and  of  which  the  influence  is 
permanent.    From  the  bank  of  Newfoundland  to  the 
Azores,  die  gulf  stream  flows  to  the  £.x>r  E.S^E.    The 
waters  still  preserve  there  a  part  of  the.  impulse  re- 
ceived in  the  Strait  of  Florida.     Under  the  meridian 
of  the  islands  of  Corvo  and  Flores,  the  current  has  a 
breadth  of  160  leagues.     In  lat.  33°,  the  equatorial 
current  approaches  very  near  the  gulf  stream.    From 
the  Azores,  the  current  flows  towards  Gibraltar^  the 
island  of  Madeira,  and  the  Canaries.    South  of  that 
islaikl,  the  current  flows  to  the  S.£.  and  S^S.E.,  to- 
wards the  coast  of  Africa.    In  lat.  2&°  and  26°,  the 
enrrent  flows  first  S.«  then  S.  W.     Cape  Blanc  appears 
to  influence  this  direction,  and  in  its  latitude  the 
waters  mingle  with  the  j;reat  current  of  the  tropics. 

Blagden,  Benjamin  »ankUn,  and  Jonathan  Wil- 
yaau  first  made  known  the  elevated  temperature  of 
the  galf  atream,  and  the  coldness  of  the  shallows, 
wliere  the  lover  strata  unite  with  the  vpper,  upon  the 
borders  or  edges  of  the  bank.    A.  Von  Humboldt 


collected  much  information,  to  enable  him  to  trace, 
upon  his  chart  of  the  Atlantic  Ocean,  the  coarse  of 
this  current. 

The  gulf  stream  changes  its  place  and  direction 
according  to  the  season.  Its  force  and  its  direction 
are  modified,  in  high  latitudes,  by  the  variable  winds 
of  the  temperate  zone,  and  the  collection  of  ice  at 
the  north  pole.  A  drop  of  water  of  the  current 
would  take  two  years  and  ten  months  to  return  to 
the  place  from  which  it  should  depart.  A  boat,  not 
acted  on  by  the  wind,  would  go  from  the  Cana- 
ries to  the  coast  of  Caracas  in  13  months ;  in  10 
months,  would  make  the  tour  of  &e  Gulf  of  Mexico ; 
and,  in  40  or  50  days,  would  go  from  Florida  to  the 
bank  of  Newfoundland.  The  gulf  stream  furnished 
to  Christopher  Columbus  indications  of  the  existence 
of  land  to  the  west.  This  current  had  carried  upon 
the  Azores  the  bodies  of  two  men  of  an  unknown 
race,  and  pieces  of  bamboo  of  an  enormous  size.  In 
lat  45°  or  50^,  near  Bonnet  Flamand,  an  arm  of  the 
gulf  stream  flows  from  the  S.W.  to  the  N.E.,  to- 
wards the  coast  of  Europe.  It  deposits,  upon  the 
coasts  of  Ireland  and  Norway  trees  and  fruits  belong- 
ing to  the  torrid  zone.  Remains  of  a  vessel  (the  TU- 
bury),  burnt  at  Jamaica,  were  found  on  the  coast  of 
Scotland.  It  is  likewise  this  river  of  the  Atlantic 
which  annually  throws  the  fruits  of  the  West  Indies 
upon  the  shore  of  Norway. 

The  causes  of  currents  are  very  numerous.  The 
waters  may  be  put  in  motion  by  an  external  impulse; 
by  a  difference  of  heat  and  saltness;  by  the  inequality 
of  evaporation  in  different  latitudes,  and  by  the  change 
in  the  pressure  at  different  points  of  the  surface  of 
the  ocean.  The  exist^ce  ofcold  strata,  which  have 
been  met  with  at  great  depths  in  low  latitutes,  prove 
the  existence  of  a  lower  current,  which  runs  from 
the  pole  to  the  equator.  It  proves,  likewise,  that 
saline  substances  are  distributed  in  the  ocean,  in  a 
manner  not  to  destroy  the  effect  produced  by  different 
temperatures.  The  polar  currents,  in  the  two  he- 
mispheres, tend  to  the  east,  probably  on  account  of 
the  uniformity  of  west  winds  in  high  latitudes. 

It  is  very  probable  that  there  may  be,  in  some 
places,  a  double  local  current ;  the  one  above,  near 
the  surface  of  the  water,  the  other  at  the  bottom. 
Several  facts  seem  to  confirm  this  hypothesis,  which 
was  first  proved  by  the  celebrated  Halley.  In  the 
West  Indian  seas,  there  are  some  places  where  a  vessel 
may  moor  herself  in  the  midst  of  a  current  by  drop- 
ping a  cable,  with  a  sounding  lead  attached,  to  a  cer- 
tain known  depth.  At  that  depth,  there  must,  un- 
questionably, be  a  current  contrary  to  the  one  at  the 
surface  of  the  water.  Similar  circumstances  have 
been  observed  in  the  Sound.  There  is  reason  to  be- 
lieve, that  the  Mediterranean  discharges  its  waters  by 
an  inferior  or  concealed  current.  Such  a  mass  Oi 
ocean  water,  flowing  constantly  from  the  torrid  zone 
towards  the  northern  pole,  and,  at  any  given  latitude, 
heated  many  degrees  above  the  temperature  of  the 
adjacent  ocean,  must  exert  great  influence  on  the  at- 
mosphere. 

CuERYiNG  is  the  art  of  dressing  cow-hides,  calves'- 
skins,  Jkc,  principally  for  shoes ;  and  this  is  done 
either  upon  the  flesh  or  the  grain.  In  dreeaing  lea- 
ther for  shoes  upon  the  flesh,  the  first  operation  is 
soaking  the  leather  in  water  until  it  is  thoroughly 
wet;  then  the  flesh  side  is  cleaned  on  a  beam 
about  seven  or  eight  inches  broad,  with  a  knife  of  a 
peculiar  construction*  to  a  proper  sabstance^    1^ 
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n  (HW  of  the  most  cnrtotu  tuut  labortooa  opentionE  o( 
tlw  whole  biuineui  of  curiying.  The  kmfe  used  for 
tUs  pnrpoK  is  of  a  rectangulKT  form,  with  two 
handlM,  one  iX  each  end.  and  a  double  edge.  After 
the  leather  is  pitiperl;r  shaved,  it  is  throwR  into  tht 
water  again,  and  scoured  upon  a  board  or  stone  com- 
monly appropriated  to  that  use.  Scouring  is  per- 
fonned  by  rubbing  the  grain  oi  hair  side,  with  a  piece 
'  of  pomice  stooe,  or  with  some  other  stone  of  a  good 
grit.  llieBe  stones  force  out  of  the  leather  a  white 
BQbstaDce,  called  fh«  Moott,  produced  by  the  oalc  bark 
in  tatuiing.  The  hide  or  skin  is  then  conveyed  to  the 
■hade,  or  drying-place,  where  the  oily  subatAoces  are 
applied,  termed  ttn^fiag  or  dmbbmg.  When  it  is  tho- 
itn^ily  dry,  an  instmment,  with  teeth  on  the  under 
aide,  cmlled  a  graiaing-board,  is  first  applied  to  tht 
flesh  aide,  which  is  called  gramnig ;  then  to  Uu 
grain  side,  called  bntiiing.  The  whole  of  this  opera- 
tion is  intended  to  sotlen  the  leather  to  which  it  it 
applied.  Whitening  or  paring,  succeeds,  which  it 
performed  with  a  fine  edge  to  the  knife  already  de- 
scrilied,  and  tited  in  taking  off  the  grease  from  the 
flesh.  It  is  then  boarded  op  or  grained  again,  by 
api^yiug  the  graining- board  first  to  thegrain,  and  then 
to  the  flesh.  It  is  now  fit  for  waxing,  which  is  per- 
formed first  by  colouring.  This  is  effected  by  rubbing, 
with  a  brush  dipped  in  a  composition  of  oil  and  lamp- 
black, on  the  flesh  till  it  be  thoroughly  black  :  it  is 
then  sized,  called  ilact-ftnii;,  with  a  brush  or  apougt, 
dried  and  tallowed ;  and,  when  dry,  this  sort  of  lea- 
ther, called  vamd,  or  btaek  on  thtfieth,  is  curried. 

The  carrying  leather  on  the  hair,  or  grain  side, 
called  Unci  oa  lAe  ;rMii,  is  the  aame  wiUi  currying 
on  the  flesh,  until  we  come  to  the  operation  of  scour- 
ing, lien  the  first  black  is  applied  to  it  while  wet ; 
which  black  is  a  solution  of  the  sulphate  of  iron 
called  c«ppera>,  in  clear  water,  or  in  the  water  in  which 
th*  skins,  as  they  come  from  the  tanner,  have  been 
•oaked.  This  is  first  put  npon  the  grain  after  it  has 
been  rubbed  with  a  stone ;  then  rubbed  over  with  a 
broth  dipped  in  stale  mine ;  the  skin  is  then  stuBed, 
and,  WMn  dry,  it  is  seasoned,  that  is,  rubbed  over 
with  a  brash  dipped  in  copperas  water,  on  the  grain, 
till  it  is  perfectly  black.  After  this,  the  grain  is 
raised  with  a  fine  graining- board.  When  it  is  tho- 
roughly dry,  it  is  whitened,  bruisedagaiu,  and  grained 
in  two  or  Uiree  different  ways,  and,  when  oil^  upon 
the  grain,  with  a  mixture  of  oil  and  tallow,  it  is  finished. 

Cbktatb  DiBTAitCB,  itt  ufrtHsonjr ;  the  distance 
of  a  planet  from  the  sun  to  that  point  where  a  per- 
pendicalar,  let  fall  from  the  planet,  meets  with  the 

CVBTATiON,  in  attrtmamy,  is  the  interval  between 
a  planet's  diMance  from  the  sou,  and  the  curtate 
distance. 

CvKTiiT,  Cdrtaih,  or  Cddatik,  in  forl^tMfion, 
is  that  part  of  the  rampart  of  a  place  which  is  be- 
twixt  the  flanks  of  two  baatiiKis,  bordered  with  a 
p«rapet  five  feet  high,  behind  which  the  soldiers  stand 
to  fire  upon  the  cov^wl-way,  and  into  the  moat 

CvKVB,  in  getmeftj.  The  simplest  objects  are 
IIm  most  diffleatt  to  bo  defined,  and  mathemati- 
cians have  never  snceaeded  in  giving  a  definition, 
satisfactory  to  themselves,  trf  a  line.  It  is  equally 
diScnlt  to  give  a  satisfactory  definition  of  a  curve. 
Perh^  the  umptest  explanation  of  it  is,  o  Un*  lehkh 
<t  a»f  a  *tnugU  Ume,  aor  SMide  up  of  itraighi  Una. 
lliia  dvfinition,  however,  is  deficient  in  mathematical 
preciiiOB.    Since  DMoirtes'  application  «f  algebra  tie*,  and  the  complicated  regulations 
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to  geometry,  the  theory  of  the  curves  )ias  received  a 
considerable  extension.  The  study  of  the  cuttm 
known  to  the  ancients  has  become  much  easier,  and 
new  ones  have  been  investigated.  Curves  form,  at 
present,  one  of  the  most  interesting  and  most  import* 
ant  subjects  of  geometn'.  Such  aa  have  not  alt  their 
parts  in  the  same  planed  are  called  curvn  of  a  doablt 
curvafttre.  The  simp leet  of  all  curves  is  the  drcle. 
The  spiral  of  Archimedes,  the  conchoid  of  Nicomedea, 
the  cisBoid  of  Diocles,  the  quadratii  of  Dinostratui, 
jcc.,  are  celebrated  curves. 

Customs,  in  eommerer ;  the  duties  or  taxes  pay- 
able upon  the  importation  or  exportation  of  mer- 
chandise. Custom  duties  seem  to  have  existed  in 
every  country  which  had  anv  fbrtign  i 
The  Athenians  laid  a  Ux  of  a  'fifth  on  the 
other  merchandise  imported  from  foreign  c 
and  also  on  several  commodities  exposed  from  At- 
The;wriorio,  or  coetoms,  charged  on  the  com. 
modities  imported  into,  and  exported  team,  the  dif. 
ferent  ports  in  the  Roman  empire,  formed  a  very  an- 
and  important  part  of  the  public  revenue.  They 
imposed,  as  Tacitus  has  observed,  by  the  con- 
suls and  tribunes,  when  the  spirit  of  liberty  was 
itrong  among  the  people.  The  rates  at  which  they 
vere  charged  were  fluctuating  and  various  ;  and  little 
s  now  known  respecting  Uiem.  In  the  time  of 
Cicero,  a  duty  of  5  per  cent,  waa,  as  he  himself  in- 
forms us,  levied  on  corn  exported  from  the  porta  of 
Sicily.  Under  the  imperiaJ  government,  the  amount 
of  the  pertoria  depended  as  much  on  the  caprice  of 
the  prince  as  the  exigencies  of  the  state.  Though 
sometimes  diminished,  they  were  never  entirely  re- 
mitted, and  were  much  more  fl-equeotly  enlarged. 
Under  the  Byzantine  emperors,  they  were  as  high  as 
12}  per  cent. 

Customs  seem  to  have  existed  in  England  before 
the  Conquest ;  but  the  king's  claim  to  them  was  Rrst 
established  bysUt.  3  Edw.  I.  (A.D.  1374),  although 
the  record  is  not  now  extant.  The  duUes  imposed  by 
this  act  were  on  wools,  woolfels  (sheep-skins),  and 

ides,  and  were  denominated  et 
distinction  to  the  OMfHnaparva 
paid  by  aliens,  and  establish' 
31  Edw.  I.  The  duties  of  i 
custom  duties ;  the  form 
by  the  ton,  and  the  latter  bei 
on  all  other  merchandise. 
Edw.  III.  this  latter  duty  w( 
14th  of  Richard  II.  it  was  ra 
three  years  afterwards  it  was 

amount.  In  the  2d  year  of  Henry  IV.  it  was  in- 
creased to  eightpence,  and  two  years  afterwards  to  a 
shilling.  The  duties  of  tonnage  and  poundage  being 
granted  to  the  crown,  were  termed  snhBidieaj  and, 
as  the  latter  duty  continued  for  a  long  period  at  the 
rate  of  one  shilling  in  tbe  pound,  or  5  per  cent.,  a 
subsidy  came,  in  the  language  of  finance,  to  sig- 
nify an  oif  vaJorem  duty  of  5  per  cent.  The  new 
tubiidf  imposed  by  the  gth  end  lOtb  of  Will.  111. 
was  an  addition  of  5  per  cent,  to  the  duties  on  roost 
imported  commodities  :  other  subsidies  were  levied 
at  subsequent  periods.  The  old  or  original  subsidy 
was  levied  according  to  a  book  of  rates,  published  in 
the  reign  of  Charles  II. ;  and  a  new  book  was  again 
produced  in  the  reign  of  George  1. 

Great  confusion  prevailed  in  the  cotlection  of  th« 

customs,  in  consequence  of  the  accmnulation  of  du- 

'    which  they 
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gvn  rise.  The  embarrassment  was  greatly  increased 
y  special  appropriation  of  each  of  the  different  duties 
on  tne  same  article,  and  the  consequent  necessity  of 
H  separate  calculation  for  each.  At  the  recommenda- 
tion, however,  of  the  commissioners  of  accounts,  ap- 
pointed in  1780,  alterations  were  introduced  which 
were  productive  of  the  very  best  effects.  The  Cus- 
toms' Consolidation  Act,  brought  in  by  Mr.  Pitt  in 
1787,  abolished  the  existing  duties  on  all  articles,  and 
substituted  in  their  stead  one  single  duty  on  each  ar- 
ticle equivalent  to  the  aggregate  of  the  various  duties 
with  which  it  had  been  previously  loaded.  This  act 
was  founded  on  no  less  man  3000  resolutions ;  and  it 
was  the  means  of  introducing  a  more  uniform  and 
simple  system  into  the  business  of  the  Custom-house 
than  had  before  existed.  Several  similar  consolida- 
tions have  been  since  effected,  the  last  of  which  took 
place  in  1825. 

The  collection  of  the  custom  duties  is  under  the 
superintendence  of  the  Board  of  Customs,  which  is 
not  to  consist  of  more  than  thirteen  commissioners ; 
to  be  reduced  to  eleven  as  vacancies  occur.  The 
treasury  may  appoint  one  commissioner,  and  two  as- 
sbtant  commissioners,  to  act  for  Scotland  and  Ire- 
land. 

The  increase  of  the  customs'  revenue  will  be  ap- 
parent from  the  following  view  of  their  amount  at  the 
different  periods  mentioned : — 

Year.  Net  Rerenue. 

1590 £50,000 

1613 148,075 

1660 421,583 

1688 781,987 

1712   .........    1,315,423 

1792 4,407,000 

1802 7,415,000 

1815 11,360,000 

1832 16,795,000 

CuTicLB  is  a  thin,  pellucid,  insensible  membrane, 
of  a  white  colour,  that  covers  and  defends  the  true 
skin,  with  which  it  is  connected  by  the  hairs,  exhal- 
ing and  inhaling  vessels,  and  the  rete  mucosum. 

Cutis  ;  the  true  skin,  or  a  thick,  fibrous,  vascular, 
and  nervous  membrane,  that  covers  the  whole  exter- 
nal surface  of  the  body,  and  is  the  situation  of  the 
organ  of  touch,  exhalation,  and  inhalation. 

Cutis  Ansbbina  ;  the  rough  state  the  skin  is 
sometimes  thrown  into  from  uie  action  of  cold  or 
other  causes,  in  which  it  looks  like  the  skin  of  the 
goose. 

Cutlass  ;  a  short  sword  used  by  seamen.  The 
art  of  fencing  with  it  is  different  from  that  with  the 
small  sword  or  broad  sword.  A  guard  over  the  hand 
is  an  advantage.  It  is,  if  well  imderstood,  a  very 
effectual  weapon  in  close  contest :  on  account  of  its 
shortness,  it  can  be  handled  easily,  and  yet  is  long 
enough  to  protect  a  skilful  swordsman. 

CuTLBBY.  Though  cutlery,  in  the  general  sense, 
comprises  all  those  articles  denominated  edg^  tooU, 
it  is  more  particularly  confined  to  the  manuf^ure 
of  knives,  forks,  scissors,  penknives,  razors,  and 
swords.  Damascus  was  anciently  famed  for  its 
razors,  sabres,  and  swords.  The  latter  are  said  to 
possess  all  the  advantages  of  flexibility,  elasticity, 
and  hardness.  These  united  distinctions  are  said  to 
have  been  effected  by  blending  alternate  portions  of 
iron  and  steel  in  such  a  manner,  that  the  softness 
and  tenacity  of  the  former  could  prevent  the  breaking 
of  the  latter. 
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All  those  articles  of  cutlery  whidi  do  not  rmuw 
a  fine  polish,  and  are  of  low  price,  are  made  nom 
blistered  steel.  Those  articles  which  require  the  edgv 
to  possess  great  tenacity,  at  die  same  time  ml 
superior  hardness  is  not  required,  are  made  of  ifaecar 
steel.  The  finer  kinds  of  cutlery  are  made  fircnn  steel 
which  has  been  in  a  state  of  fusiOD,  and  which  is 
termed  cast  steel,  no  other  kinds  being  susceptible  of 
so  fine  a  polish.  (See  Stbbl.)  TiU>le  kmvee  are 
mostly  made  of  sheer  stetel ;  forks  are  made  almost 
altogether  by  the  aid  of  the  stamp  and  appropriate 
dies ;  the  prongs  only  are  haidened  and  tempeied. 

Almost  all  razors  are  made  of  cast  steel,  the  qua- 
lity of  which  should  be  very  good,  the  edge  of  a  razor 
requiring  the  combined  advantages  of  great  hardness^ 
and  tenacity.  After  the  razor  blade  is  forged,  it  it 
hardened,  by  gradually  heating  it  to  a  bright  red  hbat. 
and  plunging  it  into  cold  water.  It  is  tempered  by 
heating  it  afterwards  till  a  brightened  part  appears 
of  a  straw  colour.  Though  mis  is  generally  per- 
formed by  placing  them  upon  the  open  fire,  it  would 
be  more  equally  effected  by  sand,  or  what  is  still 
better,  in  hot  oil,  or  a  fusible  mixture,  coosistmg  of  8 
parts  of  bismuth,  5  of  lead,  and  3  of  tin ;  a  thermo- 
meter being  placed  in  the  liquid  at  the  tiihe  the  ra* 
zors  are  immersed,  for  the  purpose  of  indicating  the 
proper  temperature,  which  is  about  500°  of  Fahreu* 
heit.  Razors  are  ground  crosswise,  upon  stones  from 
4  to  7  inches  in  ddameter,  a  small  stone  being  neces* 
sary  to  make  the  sides  concave.  Hiey  are  aflberwarii 
smoothed  and  polished. 

The  handles  of  high-priced  razors  are  made  of 
ivory  and  tortoise-shell,  but  in  general  thcfy  are  of 
polished  hom>  which  is  preferred  on  account  of  its 
cheapness  and  durability.  The  horn  is  cut  into 
pieces,  and  placed  between  two  oorrespduding  dies» 
having  a  recess  of  the  shape  of  the  handle  The 
dies  are  previously  heated  to  about  500°  of  Fahren- 
heit, and  placed  with  the  horn,  in  a  press  of  such 
power,  that,  allowing  a  man's  strength  to  be  200 
pounds,  it  will  be  eqassl  to  43,000  pounds.  By  thi$ 
process,  the  horn  receives  considendile  extension.  If 
the  horn  is  not  previously  black,  the  handies  are 
dyed  black  by  a  bath  of  logv^ood  and  sulphate  of 
iron.  Tlie  clear  horn  handles  are  sometimes  stained 
so  as  to  imitate  the  tortoise-shell. 

The  manufacture  of  penknives  is  divided  into  three 
departments ;  the  first  is  the  forging  Of  the  bladee, 
the  spring,  and  the  iron  scales;  the  second*  the 
grinding  and  poHshing  the  blades;  and  the  third* 
ike  handling,  which  consists  in  fitting  up  all  the 
parts,  and  finishing  the  knife.  The  blades  are  made 
of  the  best  cast  steel,  and  hardened  and  tempered  to 
about  the  same  degree  with  that  of  razors.  In  grind- 
ing, they  are  made  a  little  more  concave  on  one  side 
than  the  other :  in  other  respects,  tliey  are  treated  in 
a  similar  way  to  razors.  The  haudles  are  covered 
with  horn,  ivory,  and  sometimes  wood ;  but  the  most 
durable  covering  is  stag-horn.  The  most  general 
fault  in  penknives  is  that  of  bebg  too  soft. 

The  temper  ought  to  be  not  higher  than  a  straw 
colour,  as  it  selcbm  happens  that  a  penknife  is  so 
hard  as  to  snap  on  the  edge. 

The  beauty  and  elegance  of  polished  steel  is 
nowhere  displayed  to  more  advantage  than  in  the 
manufiacture  of  the  finer  kinds  of  scissors.  The  steel 
employed  for  the  more  valuable  scissors  should  be 
cast  steel  of  die  chdcest  qualities :  it  must  posseia 
hardness  and  uniformity  of  texture,  for  the  sake  d 
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Mqmting  afine  polbh ;  and  gteat  tenacity  when  hot, 
for  the  purpose  of  forming  the  bow  or  ring  of  the 
•ctasors,  which  reqairiea  to  be  extiended  from  a.  solid 

fiece,  having  a  hole  previously  punched  through  it* 
t  ought  also  to  be  very  tenacious  when  cokl«  to 
allow  that  delicacy  of  form  observed  in  those  scissors 
termed  ladM  fciraorf.  Alter  the  scissors  are  forged 
aa  near  to  the  same  size  as  the  eye  of  the  workman 
can  ascertain,  they  are  paired,  and  the  two  sides 
fitted  together.  The  bows  and  some  other  parts  are 
filed  to  their  intended  form;  the  blades  are  also 
roughly  ground,  and  the  two  sides  properly  adjusted 
to  each  other,  after  being  bound  together  with  wire, 
and  hardened  up  to  the  bows.  They  are  afterwards 
heated  till  they  become  of  a  purple  colour,  which 
indicates  their  proper  temper. 

Almost  all  the  remaining  part  of  the  work  is  p^- 
fonned  at  the  grinding-miU,  with  the  stone,  the  lap, 
the  polisher,  and  the  brush.  The  very  large  scissors 
are  partly  q(  iron  and  partly  of  steel*  the  shanks  and 
bows  bemg  of  the  former.  These,  as  well  as  those 
all  of  steel,  which  are  not  hardened  all  over,  cannot 
be  polished :  an  inferioF  sott  of  lustre,  however,  is 
given  to  them  bv  means  of  a  burnisher  of  hardened 
polished  steel,  which  ia  very  easily  distinguished  from 
the  real  polish  by  the  irregularity  of  the  surface.  By 
a  combination  of  platinum  aild  some  other  metals  in 
fine  cutlery,  it  has  latriy  been  much  improved. 

CuTTsa ;  a  small  vessel,  furnished  with  one  mast, 
and  rigged  as  a  sloop.  Many  of  these  fast-sailing 
vessels  are  used  by  smugglers,  and  are  also  employed 
for  the  purpose  of  apprehending  them.  In  the  latter 
case  they  are  called  rtivenme  aniien. 

Cut- Water  ;  the  sharp  part  of  the  head  of  a  ship 
below  the  beak,  so  called  b^ause  it  cuts  or  divides 
the  water  before  it  comes  to  the  bow,  that  it  may 
not  come  too  suddenly  to  the  breadth  of  the  ship, 
which  would  retard  it. 

Ctanoqbn.  This  gaseous  compound  was  disco- 
vered, in  1815,  by  Qay  Lussac.  It  may  be  obtained 
from  dry  and  pure  ofOMuret  qf  nwcurif.  This  sub- 
stance when  heated  in  a  an^dl  glass  tube  to  dull 
redneaSf  becomes  black,  and  a  quantity  of  mercury 
passes  over  and  condenses  in  Uie  cold  part  of  the 
tube:  the  gas  which  is  at  the  same  time  evolved^ 
must  be  collected  over  mercury. 

It  has  a  penetrating  and  very  peculiar  smell,  some- 
what resembling  that  of  bitter  almonds;  it  bums 
with  a  beautiful  purple  flame«  Its  specific  gravity 
to  hydrogen  is  24.4 ;  100  cubic  inches  weighing  54.9 
gr^ns.  Water  dissolves  4.5  volumes,  and  alcohol 
23  volumes  of  this  gas.  The  aqueous  solution 
reddens  vegetable  blues ;  and  according  to  Va^que- 
lia  IS  subject  to  spontaneous  decomposition,  being 
gradually  converted  into  carbonic  and  hydrocyanic 
acids,  ammonia,  a  peculiar  acid,  which  he  calls  the 
^fanic,  and  a  brown  substance  containing  carbon; 
the  ammonia  saturates  the  acids,  and  the  carbona- 
ceous compound  is  deposited.  These  changes  are 
referable  to  the  mutual  re-action  of  the  elements  of 
cyanogen  upon  those  of  water.  (See  Hydrocyanic 
or  Prussic  Acio.) 

Cycle  is  used  for  every  uniformly  returning  suc- 
cession of  the  same  events.  On  such  successions  or 
cycles  of  years  rests  all  chronology,  particularly  the 
calendar.  Oar  common  solar  year,  determined  by 
the  periodical  return  of  the  sun  to  the  same  point  in 
the  ecliptic,  every  bod5  knows,  coi\tains  52  weeks 
and  1  day,  imd  leap  .«ar  a  day  more.     Conse- 


quently, in  different  years,  the  same  day  of  the  year 
cannot  fall  upon  the  same  day  of  the  week ;  but,  as« 
for  example,  the  year  1814  began  with  Saturday^ 
1815  with  Sunday,  1816  with  Monday ;  but  181/, 
because  preceded  by  a  leap-year,  began  not  with  Tues- 
day, but  with  Wednesday. 

If  we  count  only  common  years,  it  is  manifest 
that,  from  seven  years  to  seven  years,  every  year 
would  begin  again  with  the  same  day  of  the  week  a» 
the  seventh  year  before ;  or,  to  express  the  same  in 
other  words,  after  seven  years,  the  dominical  lettev 
would  return  in  the  selfsame  order.  But  as  every 
fourth  year,  instead  of  a  common  year,  is  a  leap-year, 
thb  can  only  take  place  after  4  X  7»  or  28  years. 
Such  a  period  of  28  years  is  called  a  solar  cycle,  and 
serves  to  show  the  day  of  the  week  falling  on  the  first 
day  of  January  in  every  year.  For  this  purpose  it  ia 
only  requisite  to  know  with  what  day  of  the  week  a 
particular  year  began,  and  then  to  prepare  a  table  for 
the  first  days  of  the  27  following  years.  It  is  the 
custom  now  to  fix  the  beginning  of  the  solar  cycle  at 
the  ninth  year  B.  C,  which  was  a  leap-year,  and 
began  with  Monday. 

If  you  wish  to  know  what  day  of  the  week  the 
new-year's  day  of  any  year  of  our  reckoning  isw  you 
have  only  to  add  nine  to  the  number  of  the  year,  and 
then,  after  dividing  this  sum  by  28,  the  quotient 
gives,  of  course,  the  number  of  complete  cycles,  and 
the  remainder  shows  what  year  of  the  solar  period 
the  given  year  is,  of  which  the  table  above  mentioned 
gives  the  day  of  the  week  with  which  it  begins.  But 
this  reckoning  is  only  adapted  to  the  Julian  calen- 
dar. In  the  Gregorian,  it  is  interrupted  by  the  cir- 
cumstance that,  in  400  years,  the  last  year  of  the 
century  is  three  times  a  common  year.  Hence  this 
reckoning  will  not  give  the  day  of  the  week  for  the 
first  day  of  the  year ;  but  from  1582  (the  commence- 
ment of  the  Gregorian  calendar)  to  1700,  for  the  1 1th, 
from  1700  to  1800  for  the  12th,  m  the  19th  century 
for  the  13th  day  of  the  year,  and  so  on,  from  which 
we  must  then  reckon  back  to  the  new-year's  day. 
Hence  it  is  far  more  convenient  to  prepare  a  table 
for  the  beginning  of  a  century  (for  example,  for  1801, 
which  began  with  Thursday),  and  divide  by  28  the 
number  of  years  from  that  to  the  given  year,  and, 
with  the  remamder,  seek  in  the  taUe  the  day  of  the 
week  for  the  first  day  of  the  year. 

Besides  this,  another  cycle  is  necessary  for  the 
determination  of  festival  days,  by  the  aid  of  which 
the  feast  of  Easter,  by  which  all  the  moveable  feasts 
are  regulated,  is  to  be  reckoned.  Easter  depends  on 
the  first  foil  moon  after  the  vernal  equinox. 

The  lunar  cycle  is  a  period  of  19  years,  after  which 
the  new  moon  falls  again  on  the  same  day  of  the 
month.  As  the  time  from  one  new  moon  to  another 
(as  astronomy  teaches),  b  about  29i  days,  a  table  of 
the  new  moons  for  19  years  may  be  very  easily  pre- 
pared. It  is  only  necessary  to  observe  that  this  lunar 
cycle  always  begins  with  a  year,  of  which  the  fir^t 
new  moon  falla  on  the  first  of  January,  and  that  thia 
was  the  case  the  first  year  B.  C.  Divide  by  19  the 
number  of  the  year  plus  l,8nd  the  remainder  will  show 
what  year  in  tiie  lunar  period  the  given  year  is.  T^e 
number  of  the  year  is  ^led  the  golden  number.  Be- 
sidea  these  two  cycles, which  are  indispensable  for  the 
calculations  of  ^e  calendar,  there  are  some  others, 
several  of  them  known  by  the  name  of  periods. 

The  Crermans  make  much  use  of  the  word  Cycbu 
in  science,  meaning  by  it  any  series  of  events,  works*. 
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obECrvKtions,  fee,  which  forme  a  whole  in  itself, 
mniode  ub  of  a  circle  ;  thus  they  speak  of  the  Cyeitu 
of  works  in  certain  scieoces,  aad  Cyclitt  of  discoveries 
by  a  pbiloaopher.  Sec,  wherever  the  series  forms  i 
well -connected  whole. 

Cvci-oGitAPH,  in  practical  gemnttrj ;  an  instrn- 
ment  contrived,  as  its  name  imports,  for  describing 
the  arcs  of  circles.  The  simplest  kind  of  cyciogrsph 
next  lo  the  compasses,  is  formed  of  two  rulers,  so  joined 
ogether  as  to  be  susceptible  of  standing  at  any  angle 
Between  the  legs ;  then  by  causing  the  Tegs  or  rulen 
to  slide  between  two  pins,  while  a  pencil  is  fiied  a1 
their  angular  point,  the  pencil  will  describe  an  art 
or  segment  of  a  circle  capable  of  containing  the  anglt 
•t  which  the  rnlers  are  set. 

CvcLOiD  ;  the  line  described  by  a  moving  wheel. 
Imagine  a  circle  which  is  rolled  perpendicularly  along 
B  straight  line,  till  the  point  tirst  at  rest  is  brought 
to  rest  again,  after  an  entire  revolution.  The  curve, 
thas  described  by  this  point,  is  called  a  rgciuid,  be- 
cause every  point  in  the  circumference  of  a  revolving 
wheel  describes  a  similar  curve,  lite  circle  is  called 
the  gtntraling  eirelt ;  the  line  on  which  it  is  described, 
the  batr  itfike  egrioid.  The  length  of  the  cycloid  is 
always  four  times  the  diameter  of  the  generating  cir- 
cle, and  its  area  three  times  the  area  of  this  circle. 
TTiis  line  is  very  important  in  the  higher  branches  of 
mechanics. 

Imagine  a  pendulum  suspended  by  a  thread,  in 
such  a  way  that,  in  the  swinging  of  the  pendulum 
between  two  plates,  each  of  which  is  bent  in  the  form 
of  a  cycloid,  the  thread  rolls  and  unrolls  itself.  Then 
the  longest  vibrations  will  be  performed  in  the  same 
time  as  the  shortest,  producing  .".n  isochronism,  and 
the  cycloid  is  hence  called  an  idicAruwe  or  tanlanhram. 
The  name  of  bracht/siochronf  has  also  been  given  to 
the  cycloid,  because  it  is  the  line  in  which  a  heavy 
body,  falling  in  a  direction  oblique  to  the  horizon, 
would  pass  in  the  shortest  time  between  two  points. 

Cyclopbaw  Works,  in  aadmt  arcliitec/itre ;  ma- 
sonry performed  with  huge  blocks  of  stone,  much  of 
whicK  is  to  be  seen  in  Sicily,  said,  by  the  ignorant,  to 
be  the  works  of  an  ancient  and  fabulous  gigantic  race 
of  people ;  as  Stonehenge  is  said  by  the  countrj'  peo- 
ple to  have  been  built  by  the  devil.  Some  of  these 
works,  called  Cydoprm,  were  the  walls  of  Argos  and 
Sicyone.  Near  to  Naupiea,  in  Argolis,  there  were 
caverns  which,  according  to  Strabo,  were  called  Cyclo- 
pean.  As  servants  of  Vulcan,  the  Cyclops  were  ccle- 
hrated  in  mythology  and  fabulous  history  for  their 
marvellous  works. 


A  Ti^ry  striking  example  of  Cyclopean  architecture 
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exhibited  at  Stefani,  in  Sicily,  is  sfiown  in  the  «■». 
graving,  in  which  a  porch  is  formed  of  two  inclined 
blocks  of  eighteen  feet  in  height,  crossed  bv  a  thitd 
of  forty  feet  in  length. 

Ctoir.     See  Cider. 

Ctlihukb;  the  name  of  a  geometrical  solid,  fornied 
by  two  parallel  circular  surfaces,  ealltd  the  supcriof 
base  and  the  inferior  base,  and  a  convex  surface  ter- 
minated by  them.  There  is  a  distinction  bctwcea 
rectangular  cylinders  and  oblique  cylinders.  In  the 
first  case,  the  axis,  that  is,  the  sti^ght  line  joining 
the  centra  of  the  t«'o  opposite  bases,  must  be  per- 
pendicular; in  the  second,  the  axis  must  form  as 
angle  with  the  inferior  base.  The  solidity  of  a  cy- 
linder is  equal  to  the  product  of  the  base  by  the  alti- 
tude. Archimedes  found  that  the  solidity  of  a  ipher* 
inscribed  in  an  equilateral  cylinder,  that  is,  of  a 
sphere  whose  diameter  is  equal  to  die  height,  and 
also  to  the  diameter  of  the  base  of  the  cylinder,  is 
equal  to  two-thirds  of  the  solidity  of  the  cylioder. 
The  cylinder  is  one  of  those  figure*  which  are  con- 
stantly in  use  for  various  purposes. 

CvLiNnaoiD ;  a  solid  resembling  the  figure  of  a 
cylinder  i  but  differing  from  it  as  having  ellipses  for 
its  ends  or  bases,  instead  of  circles,  in  the  cy- 

In  the  cyltndroid,  the  solidity  and  curved  super- 
ficies are  found  in  the  same  way  as  those  of  the  cylin- 
der; viz.  by  multiplying  the  circumference  of  the  base 
by  the  length  or  axis;  and  the  areaof  the  base  by  the 
altitude,  for  the  solidity. 

CvMA,  or  CvMATiDM,  in  arehiltelwrt ;  a  member 
or  moulding  of  the  cornice,  the  profile  of  which  is 

CvMBALS,  among  the  ancients;  musical  instru- 
ments consisting  of  two  hollow  basins  o(  brass, 
which  emitted  a  ringing  sound  when  struck  together. 
The  brazen  instruments  which  are  now  used  in  mili- 
tary music,  and  have  been  borrowed  by  Europeans  from 
the  Elast,  seem  to  have  taken  their  rise  from  these. 
The  invention  of  them,  according  to  some  writers, 
must  be  referred  to  the  worship  of  Cybele. 

OA  CAPO,  la  niMne ;  an  expression  written  at  the 
end  of  a  movement,  to  acquaint  the  performer  that 
he  is  to  return  to,  and  end  with  the  lint  atraiD.  It 
is  also  a  call  or  acclamation  to  the  singer  or  musician, 
in  theatres  or  concerts,  to  repeat  a  piece  which  he 
has  just  finished. 

Dactyliotseca  ;  a  collection  of  engraved  gems. 
The  art  of  engraving  gems  was  nowhere  carried  to 
greater  perfection  than  in  Greece,  where  they  were 
worn  not  only  in  rings,  but  in  seals,  and  were  much 
used  for  other  ornamental  purposes.  The  Romans  were 
far  behind  the  Greeks  in  this  art ;  but  they  were  die 
first  who  made  collections  of  precious  stones.  Scau> 
rus,  the  son-in-law  of  Sylla,  introduced  the  custom. 
Pompey  the  Great  transferred  the  collection  of  Mi- 
thridates  to  Rome,  and  placed  it  in  the  capitol.  A 
much  larger  collection  was  exhibited  by  Cxsar  in  the 
temple  of  Venus  Oenitrix,  and,  afterwards,  under 
Angustns,  by  M.  Marcellus,  in  the  temple  of  Apollo 
Palatinus.  In  modem  times,  the  princes  of  Italy  vied 
with  each  other  in  collecting  these  treasures  of  art. — 
The  fiunily  of  Gonzagn  established  the  first  daeljlio- 
Iheea,  and  was  followed  by  the  family  of  Esteat  Mo- 
that  of  Fameae,  and  by  Lorenzo  de'  Medici  in 
nee.  The  gems  collected  by  him  air  marked 
with  Lor.,  or  Lor.  de'  if.,  or  with  Jf.  alone.  Hi* 
collection  was  divided  end  scattered,  but  the  Media 
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established  a  new  one«  the  foundation  of  the  present   of  casts  yet  known,  amounting  td  1 5,000.    These  are 


D.  Florentina,  the  most  important  existing,  as  it  con 
tains  about  4000  gems.  Two  of  the  most  interesting 
gems  m  this  collection  we  have  already  copied  in  our 
mythological  articles. 

In  Rome,  collections  of  no  great  vnlne  were  made 
under  Julius  II.  and  Leo  X.  Piccolomini,  a  Ro- 
man prelate,  had  the  best  in  that  city ;  and  Lucio 
Odesoalchi,  afterwards  Duke  of  Bragiani,  inherited 
that  of  Christina  Queen  of  Sweden.  Rome  aftervrards 
received  the  collections  of  the  Vatican  (formed  more 
at  random  than  on  any  concerted  plan),  of  the  Bar- 
barini,  and  of  the  Strozzi  (containing  some  master- 
pieces of  the  art,  now  in  St.  Petersburg).  The  2>. 
Ludovisia,  belonging  to  the  Prince  of  Piombino,  and 
that  of  the  Cardinal  Borgia  at  Velletri,  famous  for  its 
Egyptian  gems  and  Scarabm,  are  still  celebrated. 

Naples  has  beautiful  gems  in  the  cabinet  at  Portici 
and  at  Capo  di  Monte.  The  prince  Piscari  formed 
a  collection  at  Catanea,  in  Sicily,  consisting  entirely 
of  gems  found  in  Sicily.  In  France  the  first  collec- 
tion was  begun  by  Francis  I.,  but  was  dispersed  in 
the  civil  war.  In  the  reign  of  Louis  XIV.,  Louvois 
laid  the  foundation  of  the  present  fine  collection  of 
antiques  in  the  royal  library.  The  collection  of  the 
present  king  of  the  French,  which  he  inherited  from 
the  Palatinate,  is  very  celebrated.  Besides  these,  there 
were  several  private  collections  of  value.  The 
most  celebrated  in  this  country  are  those  of  the 
Dukes  of  Devonshire,  Bedford,  and  Marlborough,  and 
the  Earls  of  Carlisle,  and  Desborough.  Germany 
also  has  collections.  In  the  palace  of  Sans  Souci,  at 
Potsdam,  near  Berlin,  several  are  united,  among 
which  is  that  of  Muzel  Stosch,  rendered  famous  by  the 
description  of  Winckelmann.  Vienna  has  a  separate 
cabinet  of  gems.  The  collection  of  Dresden  is  good. 
The  city  library  of  Leipsic  possesses  some  good  gems. 
The  collection  at  Cashel  is  extensive,  but  not  very 
valuable.  Munich  has  some  beautiful  pieces.  There 
are  also  many  private  collections.  The  cabinet  of  the 
king  of  Holland  is  valuable. 

In  the  royal  palace  at  Copenhagen,  there  are  some 
vases  inlaid  with  gems ;  and  Petersburgh  has,  besides 
the  imperial  collection,  the  foundation  of  which  was 
that  of  the  engraver  Natter,  the  rich  collection  of 
Count  Poniatowsky.  To  multiply  elegant  and  inge- 
nious or  remarkable  designs  on  gems,  engravings  or 
casts  are  taken.  Thus  not  only  single  designs,  but 
all  those  of  the  same  class,  or  those  of  a  whole  cabi- 
net, are  represented  by  engravings.  The  impressions 
of  various  classes  of  gems  have  been  collected. 

Bellori  collected  the  portraits  of  philosophers  and 
others;  Chifflet,  abraxas  stones;  Gori,  gems  en- 
graved with  stars ;  Ficoroni,  gems  with  inscriptions  ; 
Stosch,  gems  bearing  the  names  of  the  artists.  Re- 
presentations of  whole  collections  have  been  given ; 
as,  by  Gori,  of  those  contained  in  the  Museum  Horen- 
Hmtm ;  by  Vicart  and  Mongez,  of  those  in  the  gallery 
of  Florence ;  by  Mariette,  of  the  former  French  col- 
lections; by  licblond  and  Lachanx,  of  that  of  the 
Duke  of  Orleans ;  by  Eckhel,  of  that  of  Vienna.  We 
might  also  mention  the  copies  of  the  Mfamam  d^Odu- 
eakhi,  of  the  cabinets  of  Gravelle,  Stoech,  Boss!,  and 
the  Duke  of  Marlborough.  But  although  some  of 
these  impressions  are  very  beautiful,  the  preference 
on^t  to  be  given  to  the  casts.  The  collections  of 
such  casts  are  also  called  dachfliothee^ ;  for  instance, 
tile  iadyUotheca  of  Lippert,  consisting  of  3000  pieces, 
fassie,  in  London,  hm  executed  the  largest  collection 


important  aids  in  the  study  of  the  branch  of  antiqui- 
ties with  which  they  are  connected ;  and  many  of  the 
finest  may  now  be  procured  in  the  streets  of  the  me- 
tropolis at  the  cost  of  about  three  shillings  for  each 
hundred  of  casts. 

Dactyliomancy  ;  the  pretended  art  of  divining  by 
means  of  rings. 

Dairy  ;  a  building  appropriated  to  the  purpose  of 
preserving  and  managing  milk,  skimming  cream, 
making  butter,  cheese,  &c.,  with  sometimes  the  ad- 
dition of  pleasure  rooms  for  partaking  of  the  luxuries 
of  the  dairy,  as  syllabubs,  cream  with  fruit,  iced 
creams,  &c.     See  Rural  Economy. 

Dal  Srono.  In  music,  this  expression  denotes 
that  the  singer  or  player  ought  to  recommence  at  the 
former  place,  where  the  same  mark  is  put. 

Damask  ;  an  ingeniously  manufactured  stuff,  the 
ground  of  which  is  bright  and  glossy,  with  vines, 
flowers,  and  figures  interwoven.  At  first,  it  was 
made  only  of  silk,  but  af^rwards  of  linen  and 
woollen,  as,  for  example,  damask  table-cloth.  Ac- 
cording to  the  opinion  of  some,  this  kind  of  weaving 
was  derived  from  the  Babylonians;  according  to 
others,  invented  at  a  later  period,  by  the  inhabitants 
of  Damascus,  from  which  latter  place  it  is  thought 
to  have  derived  its  name.  The  true  damasks  are  of 
a  single  colour.  If  they  consist  of  variegated  colours, 
they  are  called  ras  de  Sidle,  The  gauze  damask  also 
belongs  to  the  silk  damask.  In  modem  times,  the 
Italians  and  Dutch  first  made  damask ;  and  Europe 
was  supplied,  as  late  as  the  17th  century,  from  Italy 
alone,  chiefly  from  Genoa.  But  the  French  soon 
imitated  it,  and  now  surpass  the  Italians.  Damask 
is  also  brought  from  India  and  China,  which  is  very 
well  imitated  by  the  English.  At  present,  damask  is 
made  in  great  quantities  in  Germany,  of  three  dif- 
ferent kinds,  Dutch,  French,  and  Italian. 

Damaskbbnino,  or  Damaskino,  the  art  of  inlay- 
ing iron  or  steel  with  other  metals,  especially  gold 
and  silver,  is  of  great  antiquity.  It  is  principally 
used  for  sword-blades,  guards,  cocks  of  pistols,  &c. 
Herodotus  mentions  a  saucer  so  ornamented:  so, 
also,  were  the  shields  of  some  of  the  forces  of  the 
Samnites  which  fought  against  Rome.  It  was  a 
favourite  manufacture  with  the  ancients.  We  know 
not  at  what  time  it  so  flourished  at  Damascus  as  to 
have  derived  its  name  from  that  city. 

Daphnin  ;  the  bitter  principle  of  Daphne  Alpina, 
From  the  alcoholic  infusion  of  the  bark  of  this  plant, 
the  resin  has  been  separated  by  partial  evaporation, 
and  the  remaining  tincture,  on  being  diluted  with 
water  and  filtered,  afforded,  on  the  addition  of  ace- 
tate of  lead,  a  yellow  precipitate,  from  which  sul- 
phuretted hydrogen  disunited  the  lead,  and  left  the 
daphnin  in  small  transparent  crystals.  They  are 
hard,  of  a  grayish  colour,  a  bitter  taste;  when 
heated,  evaporate  in  acrid  acid  vapours ;  and  are 
sparingly  soluble  in  cold,  and  but  moderately  so  in 
boiling  water. 

Dart;  a  small  spear  or  javelin,  much  in  use 
among  the  ancients,  and  yet  seen  in  many  of  the 
more  barbarous  nations,  especially  where  the  use  of 
ffunpowder  is  little  known.  The  Caffrees  of  South 
Africa  are  extremely  expert  in  throwing  the  dart,  as 
are  the  aboriginal  inhabitants  of  Australia.  The  dart 
in  use  among  the  ancients  was  of  two  kinds;  viz., 
spear-headed,  that  is,  without  barbs;  or  bearded, 
like  the  generality  of  arrows.    The  former  were  often 
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attached  to  a  long  cord«  which  enabled  the  thrower 
to  recover  his  weapon,  where  it  missed  the  aim,  or 
when  it  could  be  withdrawn  fW>m  a  flesh-wound. 
Most  darts  have  iron  heads;  but  the  Americans, 
particularly  in  the  less  frequented  tracts  of  that  im- 
mense continent,  as  well  as  the  inhabitants  of  some 
parts  of  Africa,  use  only  a  hard  wooden  staff,  sharp- 
ened at  the  point,  and  a  little  carbonised  by  means  of 
fire ;  others  use  fish-bones,  fiints,  sea-shells,  &c.  in 
their  darts,  as  well  as  for  their  arrows.  We  find 
the  dart  to  be  everywhere  very  simple,  and  ordi- 
narily from  three  to  five  feet  in  length. 

Datholitb,  in  mineralogy.  See  Natural  His'- 
TORT  Division. 

Davit,  in  a  ship ;  a  long  beam  of  timber,  used  as 
a  crane,  whereby  to  hoist  the  flukes  of  the  anchor  to 
the  top  of  the  bow,  without  injuring  the  sides  of  the 
vessel  as  it  ascends — an  operation  which  is  called, 
by  mariners,  fiahing  the  anchor. 

Day,  properly  speaking,  is  the  time  of  a  revolution 
of  the  earth  round  its  axis  (sidereal  day,  see  Sidb- 
REAL  Time);  or  the  time  between  two  passages  of 
the  centre  of  the  sun  through  the  same  meridian 
(solar  day,  see  Solar  Tiicb) — a  time  a  little  differ- 
ing from  the  one  first  mentioned.  In  common  par- 
lance, day  is  opposed  to  night,  and  signifies  the  time 
between  sunrise  and  sunset,  or  the  time  during  which 
the  sun  remains  above  the  horizon.  This  is  called 
the  natural  day.  Thus  we  have  three  diflferent  days 
—-the  natural,  the  astronomical  (reckoned  from  one 
culmination  to  another,  or  from  one  moon  to  an- 
other), and  the  civil  day  (which  is  reckoned  from  mid- 
night to  midnight) .  The  24  hours  of  the  astronomical 
day  are  numbered  in  succession  from  1  to  24,  whilst 
the  civil  dav,  in  most  countries,  is  divided  into  tv^ 
portions,  of'^12  hours  each.  The  first  hour,  therefore, 
after  midnight,  which  is  one  o'clock  A.  M.  of  the 
civil  day,  makes  the  13th  hour  of  the  astronomical 
day,  and  the  first  hour  of  the  astronomical  day  is  one 
o'clock,  P.  M.  of  the  civil  day.  The  abbreviations 
P.  M.  and  A.  M.  (the  first  signifying  poet  meridiem, 
Latin  for  afternoon  ;  the  latter  ante  meridiem,fbrenoon) 
are  requisite,  in  conisequence  of  our  division  of  the 
day  into  two  periods  of  12  hours  each.  In  this  re- 
spect, the  mode  of  numbering  the  hours  ftom  1  to  24 
consecutively  has  an  iidvantage.  If  we  take  a  day 
according  to  the  first  definition  given  of  it,  its  length, 
of  course,  is  the  same  throughout  the  year. 

According  to  the  second  definition,  however,  the 
day,  in  consequence  of  the  different  rapidity  of  the 
earth  in  its  orbit,  is  different  at  different  times,  and 
this  difference  is  uniform  throughout  the  earth  ;  but 
the  time  of  the  natural  day  is  different  at  the  differ- 
ent points  of  the  earth,  according  to  their  distance 
from  the  equator.  The  daily  apparent  revolution  of 
the  sun  takes  place  in  circles  parallel  to  the  equa- 
tor. If  the  equator  and  ecliptic  coincided,  the  circle 
boundmg  light  and  darkness  would  always  divide, 
not  merely  the  equator,  but  all  its  parallels,  into  two 
equal  parts,  and  the  days  and  nights  would  be  equal 
in  all  the  parallels  through  the  year;  bat  at  the 
poles,  there  would  be  no  night. 

Owing  to  the  inclination  of  the  earth's  axis  to  the 
plane  of  its  orbit  (the  ecliptic),  the  parallel  of  lati- 
tude in  which  the  sun  appears  to  move  is  continuiUy 
changing;  and,  therefore,  the  equator  alone  (bdng 
a  great  circle)  always  remains  bisected  by  Uie  circle 
dividing  light  fh)m  darkness  ;  so  that  the  da3r8  and 
ni^ts  here  are  always  equal ;  while  the  ptniyeU  of, 


latitude,  not  being  great  circles,  are  not  equally  ^ 
vided  by  the  circle  separating  light  from  darkness, 
except  at  the  time  pf  the  equinox,  when  the  sun  is 
movmg  in  the  equator ;  and,  of  course,  at  this  time 
only  are  the  days  and  nights  equal  in  those  parallels. 
As  you  approadi  the  poles,  the  inequality  between 
the  days  and  nights  becomes  continuaily  greater,  till, 
at  the  poles  themselves,  a  day  of  six  months  aiter- 
nates  with  a  night  of  equal  duration.  The  most  dis- 
tant parallel  circles  which  the  sun  describes  nortb 
and  south  from  the  equator,  are,  as  is  well  known^ 
only  23i^  from  it.  The  distance  between  the  polar 
circles  and  the  poles  is  the  same.  Therefore,  as  a 
little  reflection  will  show,  when  the  sun  is  in  one  of 
the  tropics,  all  the  polar  circle  in  the  same  hemis- 
phere will  be  within  the  illuminated  region  (because 
it  will  be  within  90^  of  the  sun)  during  the  whole  of 
a  diurnal  revolution,  while  the  other  polar  circle  will 
be  in  the  region  of  darkness.  These  circles,  there- 
fore, have  one  day  of  24  hours,  and  one  night  of  the 
same  length,  in  each  year.  From  the  polar  circles  to 
the  poles,  the  time  or  the  longest  day  increases  fast, 
and,  in  the  same  measure,  the  length  of  the  longest 
night.  Notwithstanding  the  inequality  of  the  pe- 
riods of  light  and  darkness  in  the  different  parts  of 
the  earth,  each  portion  of  the  earth's  surface  haa 
the  sun  above  its  horizon*  every  year,  precisely  six 
months,  and  below  it  the  same  length  of  time. 

DBAD-£rB,  or  Dbab  Man's  Ktb;  a  wooden 
block,  encircled  with  a  rope,  or  with  an  iroi;^  band» 
and  pierced  with  three  holes  through  the  flat  part,  io 
order  to  receive  a  rope  called  the  laniard,  which,  cor- 
respoiiding  with  three  holes  in  another  dead-eye« 
creates  a  purchase,  vnployed  ior  various  uses,  but 
chiefly  to  extend  the  shrouds  and  stays,  otherwiao 
called  the  itanding  rigging, 

Dbad  RacKONiNe;  the  judgment  or  estimation 
which  is  made  of  the  place  where  a  ship  is  situated,* 
without  any  observation  of  the  heavenly  bodies.  It 
is  obtained  by  keeping  an  account  of  the  distance 
which  the  ship  has  run  by  the  log,  and  of  her  course 
steered  by  the  compass,  and  by  rectifying  these  data 
by  the  usual  allowances  for  drift,  lee-way,  &c.,  ac- 
cording to  the  ship's  known  trim.  This  reckoning 
is,  however,  always  to  be  corrected  as  oflen  as  any 
good  observation  of  the  sun  can  be  obtained. 

Dbaf  and  Dumb.    See  Dumb. 

Dbal  ;  a  thin  kind  of  fir  planks,  of  great  use  in 
carpentry :  they  are  formed  by  sawing  the  trunk  oC 
a  tree  into  a  great  many  longitudinal  divisions,  of 
more  or  less  tiiickness,  according  to  the  purposea 
they  are  intended  to  serve.  Deals  are  rendered  much 
harder  by  throwing  them  into  salt  water  as  soon  aa 
they  are  sawed,  keeping  them  there  three  or  four 
days,  and  afterwards  drying  them  in  the  air  or  sun  ; 
but  neither  this  nor  any  other  method  yet  known 
will  preserve  them  from  shrinking.  Deals  are  im- 
ported into  this  country  from  Christiana,  and  other 
parts  of  Norway ;  from  Dantzic,  and  o^her  parts  of 
Prussia;  fh>m  St.  Petersburg,  Archangel,  Narva, 
Memel,  kc.  They  are  sold  by  the  piece  or  by  the 
standard  hundred,  or  by  the  long  hundred  of  120* 
A  standard,  or  reduced  deal,  is  one  indi  and  a  half 
thick,  eleven  inches  wide,  and  tweWe  feet  long. 

Death,  in  common  language,  is  opposed  to  l^fep 
and  considered  as  the  cessation  of  it.  It  is  only, 
however,  the  organic  life  of  the  individual  whidi 
becomes  extinct ;  for  neither  the  oaind  nor  the  matr 
ter  which  constituted  that  individual  can  periai^- 
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Ail  vkiw  of  natisffe  wluck  considers  the  whole  as 
pervaded  throvghout  hy  the  breath  of  life,  admits 
only  of  changes  from  one  mode  of  existence  to 
another.  This  change,  which  is  called  death,  does 
not  take  place  so  quickly  as  u  generally  believed.  It 
is  Qsaally  preceded  and  caused  by  disease  or  the 
n&tural  decay  of  old  age. 

The  state  called  death  takes  place  suddenly  only 
when  the  heart  or  the  brain  is  injured  in  certain 
parts.  Probably  the  brain  and  the  heart  are  the 
parts  from  which,  properly  speaking,  deatii  proceeds ; 
but,  as  the  cessation  of  their  functions  is  not  so  ob- 
vious as  the  cessation  of  the  breath,  which  depends 
on  them,  the  latter  event  is  generally  consideiWi  as 
indicating  the  moment  when  death  takes  place.  In 
the  organs  of  sense  and  motion,  the  consequences  of 
death  first  become  apparent;  the  muscles  become 
stiff ;  coldness  and  paleness  spread  over  the  whole 
body;  the  eye  loses  its  bri^tness,  the  fiesh  its 
elasticity ;  yet  it  is  not  perfectly  safe  to  conclude, 
from  tibese  circumstances,  that  death  has  taken 
place,  in  any  given  case,  because  experience  shows 
that  there  may  be  a  state  of  the  body  in  which  all 
these  circumstances  may  concur,  witiiout  the  extinc- 
tion of  life.  This  state  is  called  aaphifxia.  The 
commmcement  of  putrefhction,  in  ordinary  cases, 
affords  the  first  certain  evidence  of  death.  This 
begins  in  the  bowels  and  genitals,  which  swell,  be- 
come soft  and  loose,  and  change  colour ;  the  skin, 
also,  begins^  to  change,  and  becomes  red  in  various 
places;  blisters  show  themselves ;  the  blood  becomes 
more  fluid,  and  discharges  itself  from  the  mouth, 
nose,  eyes,  ears,  and  anus.  By  degrees,  also,  the 
other  parts  are  decomposed,  and,  last  of  all,  the 
teeth  and  bones. 

In  the  beginning  of  decomposition,  asote  and  am- 
monia are  product :  in  the  progress  of  it,  hydrogen, 
compounded  with  carbon,  sulphur,  and  phosphorus, 
is  the  prevailing  product,  which  causes  an  offensive 
smell,  and  the  light  which  is  sometimes  observed 
about  putrefying  bodies.  At  last,  only  carbonic 
acid  gas  is  produced,  and  the  pmtrefying  body  then 
smells  like  earth  newly  dug.  A  fat,  greasy  earth 
remains,  and  a  slimy,  soap-like  substance,  which 
mixes  with  the  ground,  and  contribntes,  with  Um 
preceding  decompositioBS  to  the  ferfeiirfey  df  it.  £vm 
in  these  remains  of  organized  existence,  organic  life 
is  not  entirely  extinct ;  and  they  contribute  to  pro- 
duce new  vegetable  and  anioud  struetures.  Putre- 
faction is  much  influenced  by  extemad  circumstances, 
particularly  air,  heat,  and  water.  When  the  body  is 
protected  nrom  the  action  of  such  agents,  it  changes 
mto  ttdipoeire;  but  this  process  requires  a  m«i«h 
longer  time  than  common  putrefhction. 
i  In  very  dry  situations,  the  body  is  converted  iHlo 
a  mUmmy,  in  which  state  bodies  are  finmd  in  the 
arid  deserts  of  Africa,  and  on  the  momitains  in 
Peru.  Some  vaults  are  remarkable  for  preserving 
corpses  from  putreliacction.  It  is  well  known  to  every 
reader,  that  particular  substances  counteract  putre- 
faction; lor  instance,  those  used  in  tanning,  and  in  em- 
balming mummies,  and  more  especially  the  chlorides. 
DSATH,  agony  of,  is  the  state  which  immediately 
precedes  death,  and  in  whidi  life  and  death  are  con- 
sidered as  strug^ing  irith  eadi  other.  Thb  state 
cfiffers  according  to  the  cause  producing  it.  Some- 
times it  is  a  complete  exhaustion;  sometimes  a 
violent  struggle,  and  very  irregular  activity,  whieh, 
aC  lasty  after  a  short  pause,  teiminales  in  death. 


In  some  cases,  consciousness  is  extlngi^ished  long 
before  death  arrives;  in  other  cases,  it  continues 
during  the  whole  period,  and  terminates  only  with 
life.  The  person  in  this  condition  has  already  some- 
what the  appearance  of  a  corpse ;  the  face  b  pale 
and  sallow,  the  eyes  are  sunken,  the  skin  of  the  fore- 
head is  tense,  the  nose  pointed  and  white,  the  ears 
are  relaxed,  and  the  temples  fallen  in;  a  clammy 
sweat  covers  the  forehead  and  the  extremities,  the 
alvine  discharges  and  that  of  the  urine  take  place 
involuntarily,  the  respiration  becomes  rattling,  inter- 
rupted, and,  at  length,  ceases  entirely.  At  this 
moment,  death  is  considered  to  take  place.  This 
state  is  of  very  different  lensth;  sometimes  con- 
tinuing for  minutes  only,  sometmies  for  days.  When 
the  patient  is  in  this  condition,  nothing  should  be 
attempted  but  to  comftnt  and  soothe  him  by  prayer, 
by  consoling  assurances,  by  directing  his  attention  to 
his  speedy  union  with  departed  friends. 

As  long  as  the  dying  person  is  able  to  swallow, 
vrine  or  other  cordials  may  be  given  from  time  to 
time.  It  is  a  grateful  duty  to  minister  to  the  suffer- 
ings of  those  we  love ;  and,  where  there  is  no  hope, 
these  ofilces  have  the  additional  interest  that  they 
are  the  latest  we  can  pay.  We  have  described  how 
the  violent  struggle  preceding  death  manifests  itself, 
particulariy  on  the  human  face,  that  tablet  of  all 
expression.  After  death,  however,  it  not  unfre- 
quently  happens  that  the  countenance  regains  its 
most  natund  expression,  and  the  saying  is  common 
— "How  natural,  how  like  himself!"  The  mind 
seems  for  a  moment  to  have  regained  its  influence 
over  what  it  has  so  long  irradiated,  and  to  shed  over 
the  countenance  its  most  beautiful  light,  to  cheer 
the  hearts  of  the  friends  who  have  witnessed  the 
distortion  of  death,  and  afford  an  earnest  of  its  own 
immortality. 

Death,  Damcb  of;  an  allegorical  picture,  in 
which  are  represented  the  various  figures  and  ap- 
pearances of  death  in  the  different  relations  of  life,  as 
a  dance,  where  Death  takes  the  lead.  The  idea  of 
such  a  dance  appears  to  be  originally  German,  and 
to  belong  to  poetry.  In  later  times  it  was  used  also 
in  England  imd  France,  by  poets  and  artists.  The 
French  have  such  a  dance  (La  Dmue  Macabre),  de- 
rived, it  is  said,  from  a  poet  called  Macaber,  but 
little  known.  A  Dance  of  Death  was  painted  on  the 
walls  of  the  church-yard  of  the  Innocents,,  at  Paris, 
about  the  middle  of  the  l&th  century,  which  the 
diapter  of  St.  Paul's,  in  London,  caused  to  be  copiel, 
to  aidom  the  walls  of  its  monastery.  Gabriel  Peignot, 
in  the  Recherehee  aur  les  Dan$e$  det  Mort$  et  nor 
VOrifime  dee  Cartee  hjouer,  investigated  the  origin  of 
the  Dance  of  Death  in  France,  and  thus  explained 
the  dancing  positions  of  the  skeletons :  that,  accord* 
ing  to  the  relations  of  old  chronicles,  those  who  were 
attacked  by  the  plague  ran  from  their  houses,  mak- 
ing violent  efforts  to  restore  their  r^idly-declining 
strength  by  all  kinds  of  morbid  movements.  Others 
derive  the  origin  of  this  representation  from  the 
masquerade.  These  dances  are  often  found  painted 
on  ^  walls  of  Catholic  burial-places.  The  most 
remarkable  Dance  of  Death  was  painted,  in  fresco, 
on  the  walls  of  the  church-yard,  in  the  suburb  of 
St.  John,  at  Basle,  which  was  injured,  in  early  times, 
by  being  washed  over,  and  Lb  now  entirely  destroyed. 
This  piece  has  been  ascribed  to  the  celebrated  Hans 
Holbein ;  but  it  has  long  smos  been  proved  that  it 
eiisted  60  yeftra^  before  lus  birth.    It  was  painted  at 
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Basle,  in  the  year  1431,  by  an  unknown  artist,  in 
commemoration  of  the  plague,  which  prevailed  there 
at  that  time ;  the  council  was  then  sitting,  and  se- 
veral of  its  members  were  carried  off  by  it.     It  repre- 
sented Death  as  summoning  to  the  dance  persons  of 
all  ranks,  from  the  pope  and  the  emperor  down  to  the 
beggar,  which  was  explained  by  edifying  rhymes. 
That  piece  contained  about  60  fignres,  as  large  as 
life.    Besides  being  ascribed  to  Holbein,  as  was  be- 
fore stated,  it  has  also  been  ascribed  to  a  painter 
named  Glauber,  but  without  foundation.     Holbein 
perhaps  conceived,  from  this  picture,  the  idea  of  his 
Dance  of  Death,  the  original  drawings  of  which 
were  in  the  cabinet    of   the   Empress  of  Russia, 
Catharine   II.      Some   say  that    Holbein    himself 
made  the  wood-cuts  of  it*.    The  latest  engravings 
of  this  picture  of  Holbein  are  in  33  plates,  in  the 
(Etwres  de  Jean  Holhem,  par  Chr,  de  Meckel  (1st  vo- 
lume, Basil,    1780).     Similar  representations  were 
pamted,  in  the  1 5th  century,  in  other  cities  of  Swit- 
zerland.   The  Dance  of  Death  in  St.  Mary's  Church, 
at  Lubeck,  was  completed  in  1463.    On  the  walls  of 
the  church- yard  of  the  Neustadt  of  Dresden,  there 
is,  even  at  the  present  time,  to  be  seen  a  similar 
Dance  of  Death.     It  is  now,  however,   somewhat 
indistinct  and  consists  of  27  hatn-relievi  figures, 
worked  on  sand-stone,  and  includes  persons  of  both 
sexes,  and  of  all  ranks.    The  labour  of  the  sculptor 
has  more  merit  than  the  unpoetical  rhymes  which 
were  afterwards  added. 

Dbcbmber,  the  twelfth  month  of  our  year, 
from  the  Latin  decern  (ten),  because,  in  the  Roman 
year  instituted  by  Romulus,  it  constituted  the  tenth 
month,  the  year  beginning  with  March.  In  De- 
cember, the  sun  enters  the  tropic  of  Capricorn, 
and  passes  our  winter  solstice.  This  month  was 
under  the  protection  of  Vesta. 

Decimal  Arithmetic  ;  a  kind  of  calctilation  in 
which  no  other  fVactions  are  used  than  tenths,  hun- 
dreths,  thousandths,  &c.,  which  are  consequently 
called  decimal  fractions.  Job.  Regiomontanus  first 
made  use  of  it  in  his  Tables  of  the  Sines.  It  affords 
great  facilities  in  calculation.  As,  in  our  system  of 
notation,  the  valuesof  figures  are  determined  by  their 
places,  so  that  the  figure  on  the  left  is  always  of 
ten  times  more  value  than  the  next  at  the  right 
hand ;  so  in  decimal  fractions,  which  must  be  con- 
sidered as  an  extension  of  the  decimal  system,  the 
place  of  the  numerator  determines  the  value  of  the 
denominator  of  the  fraction,  which  need  not,  there- 
fore, be  expressed.  The  integers  are  separated  from 
the  fractional  numbers  by  a  period,  so  that  this 
period,  placed  between  several  numbers.  Is  the  cha- 
racteristic sign  of  a  decimal  fraction.  For  instance, 
5.36  is  5  whole  numbers,  3  tenths  and  6  hundredths, 
or  36  hundredths;  5.009  is  5  whole  numbers  and 
9  thousandths.  If  the  divisions  of  money  and  mea- 
sures be  in  a  decimal  ratio,  as  is  ^e  case  with  those 
adopted  during  the  French  revolution,  the  ease  of 
calculation  is  greatly  increased,  almost  all  operations 
being  reduced  to  addition  and  subtraction. 

Dbciiial  Measure;  the  division  of  the  unit  of 
measure  (whatever  it  be,  as  a  fbot,  a  rod,  &c.)  into 
ten  equal  parts.  The  quadrant  of  a  circle  has  also 
been  divided  into  ten  equal  parts.  In  this  case,  the 
tenth  part  of  such  a  quadrant  ts  called  a  decimal 
degree.  The  French  mathematicians,  however,  call  the 
hundredth  partof  such  a  quadrant  a  decimal  degree,  and 
the  hundredth  part  of  such  a  degree  a  decimal  minute. 


Decked,  in  heraldrg ;  a  term  appliod  to  an  ea|^ 
or  other  birds,  when  their  feathers  are  trimmed  at 
the  edges  with  a  small  line  of  another  colour. 

Declination  of  a  Planetary  Body  is  its  dis- 
tance from  the  equinoctial,  northward  or  southward. 
When  the  sun  is  in  the  equinoctial,  he  has  no  decli- 
nation, and  enlightens  half  the  globe  from  pole  to 
pole.  As  he  increases  in  north  decUnation,  he  gra- 
dually shines  farther  over  the  north  pole,  and  leaves 
the  south  pole  in  darkness.  In  a  similar  maimer, 
when  he  has  a  south  declination,  he  shines  over  the 
south  pole,  and  leaves  the  north  pole  in  darkness. — 
23^  28'  is  the  sun's  greatest  declination  north  or 
south. 

Declinator,  or  Dscunatort;  an  instrument 
contrived  for  taking  the  declinations,  inclinations,  and 
reclinations  of  planes. 

Decline  ;  a  popular  term  for  almost  all  chronic 
diseases,  in  which  the  strength  and  plumpness  of  the 
body  gradually  decline,  or  decrease,  until  the  patient 
dies.  The  term  is  synon)nnous  with  consumption 
or  atrophy,  and  is  more  particularly  applied  to  cod-« 
sumption  of  the  lungs,  when  the  blood  ceases  to 
receive  a  due  oxygenating  power  from  the  vital  prin- 
ciple of  the  air.  Counter-irritants  appear  to  have 
had  the  happiest  effects,  even  in  the  haiuis  of  the  most 
ignorant  pretenders  to  the  medical  art,  and  there  is 
little  doubt  but  that,  in  the  hands  of  a  discriminating 
practitioner,  a  series  of  blisters,  united  to  a  proper 
regimen,  will  accomplish  much  in  all  the  earlier 
stages  of  consumption. 

Decoction,  in  pharmacg;  a  very  common  and 
highly  useful  way  of  extracting  the  soluble  and  effi- 
cacious part  of  many  drugs,  particularly  of  barks, 
woods,  and  roots,  and  other  substances  which  contain 
much  inert  and  insoluble  matter.  The  proportion 
of  the  substance  boiled  in  the  water  seldom,  if  ever, 
exceeds  an  ounce  of  the  former  to  a  pint  of  the  lat- 
ter, and  firequentiy  half  or  a  quarter  of  an  ounce  is 
sufficient. 

DscoMPoamoN,  Chemical,  is  the  resolution  of 
a  compound  substaace  into  its  constituent  parts, 
whidi  are  exhibited  either  separate  or  in  some  new 
combination.  The  compounds  which  are  sponta- 
neously formed  by  oiiganic  bodies,  both  vegetable  and 
animal,  are  of  a  different  nature  from  those  which 
exist  in  unorganized  matter.  They  are  the  peculiar 
resulta  of  vital  processes,  and  neither  their  structure 
nor  composition  can  be  imitated  by  art. 

During  life,  the  elements  of  organic  bodies  are  held 
together  by  vital  affinities,  under  the  influence  of 
which  they  were  originally  combined.  But  no  sooner 
does  life  cease,  than  these  elements  become  sul^ect 
to  the  laws  of  inert  matter.  The  original  afi&nities, 
which  had  been  modified  or  suspended  during  life, 
are  brought  into  operation;  the  elementary  atoms 
re-act  upon  each  otbuer,  new  combinations  are  formed, 
and  the  organised  structure  passes,  sooner  or  later, 
into  decay.  The  rapidity  with  which  decomposition 
takes  place  in  organic  bodies,  depends  upon  the  na- 
ture of  the  particular  substance,  and  upon  the  cir- 
cumstances under  which  it  is  placed.  Temperature, 
moisture,  and  the  presence  of  decomposing  agents, 
greatly  affect  both  the  period  and  extent  of  this  pro- 
cess. By  regulating  or  preventing  the  operation  of 
these  causes,  the  duration  of  most  substances  may  be 
prolonged,  and  many  materials  are  rendered  usefuU 
^ich,  if  left  to  themselves,  would  be  perishable  and 
worthless.    The  preservation  of  timber,  of  fibroua 
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Bnbstances,  of  leatlier,  of  food,  and  of  various  objects 
or  art,  is  a  subject  of  tbe  highest  importance,  and 
lias  received,  at  various  times,  much  attention  from 
scientific  experimentalists.  See  Galvaitio  Ei^ctri- 
ciTY,  Manuebs,  and  Vbgbtablb  Lifb. 

Dfcot,  in  miHtaiy  affairs ;  a  stratagem  to  cany 
off  the  enemy's  horses  in  a  foraging  party,  or  from 
pasture.  The  word  is  also  used  to  denote  a  strata- 
gem employed  by  a  small  ship-of-war,  to  betray  a 
vessel  of  inferior  force  into  an  incautious  pursuit  till 
she  has  drawn  her  within  the  range  of  her  cannon. 
It  is  usually  performed  by  painting  the  stem  and 
sides,  in  such  a  manner  as  to  disguise  the  ship,  and 
represent  her  either  much  smaller,  and  of  inierior 
force,  or  as  a  friend  to  the  hostile  vessel,  which  she 
endeavours  to  ensnare,  by  assuming  the  emblems  and 
ornaments  of  the  nation  to  which  the  stranger  is  sup- 
posed to  belong. 

DBCRBPiTATioir  19  the  crackling  noise,  accompa- 
nied by  a  violent  exfoliation  of  their  particles,  which  is 
made  by  several  salts  and  earthy  compounds,  on  being 
suddenly  exposed  to  heat.  It  appears  to  be  referrible 
to  the  same  cause  which  occasions  the  cracking  of 
glass  and  cast-iron  vessels,  when  they  are  incau- 
tiously heated ;  viz.,  the  unequal  expansion  of  the 
lamiiuB  which  compose  them,  in  conscK^uenoe  of  their 
imperfect  power  of  conducting  heat. 

Dbcrbsceic DO ;  an  Italian  term  in  music,  which 
denotes  the  gradual  weakening  of  the  sound. 

Dbcussation  ;  a  term  in  geometry,  optics,  and 
anatomy,  signifying  the  crossing  of  two  lines,  rays, 
or  threads,  when  &ey  meet  in  a  point,  and  then  go 
on  separately  from  one  another. 

Dbbp-Sba  Linb,  or  Dip  Sba  Linb,  in  nauHeal 
language,  a  spoall  tine  used  for  sounding,  when  a 
Mp  is  in  very  deep  water  at  sea.  At  the  end  of  this 
line  is  a  piece  of  lead  called  the  deep-sea  lead,  at  the 
bottom  of  which  is  a  coat  of  white  tallow,  to  bring 
up  stones,  gravel,  shells,  or  the  like,  from  the  bottom, 
in  order  to  learn  the  difference  of  the  ground ;  which 
being  entered,  from  time  to  time,  in  the  seaman's 
bool^,  by  comparing  of  observations,  enables  tiiem 
to  guess  by  die  soundings,  &c.  what  coast  they  are 
on,  tiiougfa  they  cannot  see  die  land. 

Defilb;  a  narrow  way,  admitting  only  a  few 
persons  abreast.  Tlie  term  is  often  erroneously  con- 
fined to  mountain  passes.  As  they  delay  the  march 
of  troops,  and  expose  them  to  the  fire  of  the  enemy, 
they  must  be  avoided  if  possible,  particularly  by 
artUlery  and  waggons. 

A  defile  is  defended  in  different  ways.  When  it  is 
formed  by  heights  (particularly  if  they  are  covered 
with  wood),  it  is  advisable  to  occupy  the  entrance, 
and  station  the  troops  en  masse  behind :  when  this  is 
not  the  case,  the  best  way  will  be  to  render  the  pas- 
sage as  impracticable  as  possible,  and  to  make  a  stand 
behind  the  outlet  of  die  defile,  so  that  the  enemies 
advancing  from  it  may  be  checked  by  an  effectual  fire, 
and  prevented  from  developing  themselves.  A  posi- 
tion before  the  defile,  for  die  purpose  of  defending 
it,  is  only  to  be  thought  of  when  the  passage  of 
another  division  is  to  be  covered.  This  method  may 
be  more  or  less  varied  in  the  defence  of  bridges.  In 
passing  a  defile  in  sidit  of  the  enemy,  after  £e  usual 
precautions  of  patrols,  &c.,  the  van-guard  nrast  first 
march  rapidly  through,  and  take  a  position  before 
the  oudet^  so  as  to  cover  the  developement  of  the 
succeedmg  masses,  the  pr^entins  of  which  will  be 
the  object  o^  the  enemy.    To  defile  is,  therefore,  to 


pass  through  a  narrow  passage.  To  march  before 
any  one  with  a  narrow  front,  that  b,  en  colonne,  or 
by  files,  is  also  called  d^ing, 

Dbpbncks,  in  hsrdldry;  the  weapons  of  any  beast, 
as  the  horns  of  a  stag,  the  tusks  of  a  wild  boar,  &c. 
'    Dborbx,  in  algebra;  a  term  applied  to  equations, 
to  distinguish  the  highest  power  of  the  unknown 

auantity.  Thus,  if  the  index  of  that  power  be  3  or  4, 
le  equation  b  respectively  of  the  3d  or  4th  degree. 
Dborbb,  in  geometry  or  trigonometry,  is  the  360th 
part  of  the  circumference  of  any  circle;  every  circle 
being  considered  as  divided  into  360  parts,  called 
degrees,  which  are  marked  by  a  small  ^  near  die 
top  of  the  figure;  thus,  45^  is  45  degrees.  The 
degree  is  subdivided  into  60  smaller  parts,  called 
mitmtee;  the  minute  into  60  others,  csdled  seeondsj 
the  second  into  60  thirds,  &c.  Thus  45^'  12'  30*  is 
45  degrees,  12  minutes,  20  seconds.  The  magnitude 
or  quantity  of  angles  is  estimated  in  degrees ;  for, 
because  of  the  uniform  curvature  of  a  circle  in  all  its 
parts,  equal  angles  at  the  centre  are  subtended  by 
equal  arcs,  and  by  sunilar  arcs  in  peripheries  of 
different  diameters ;  and  an  angle  is  said  to  be  of  so 
many  degrees  as  are  contained  in  the  arc  of  any 
circle  comprehended  between  the  legs  of  the  angle, 
and  having  the  angular  point  for  its  centre.  Thus 
we  say  "  an  angle  of  90°,"  or  "  of  45°  24'."  It  is 
also  usual  to  say,  "  such  a  star  is  elevated  so  many 
degrees  above  die  horizon,"  or  "  declines  so  many 
degrees  from  the  equator ;"  or  **  such  a  town  i's 
situated  in  so  many  degrees  of  latitude  or  longi- 
tude." A  sign  of  the  ecliptic  or  zodiac  contains  30 
degrees. 

Degree  of  Latitude  is  the  space  or  dbtance  on  the 
meridian,  through  which  an  observer  must  move  to 
vary  his  latitude  by  one  degree,  or  to  increase  or 
diminish  the  distance  of  a  star  from  the  zenith  by 
one  degree ;  and  which,  on  the  supposition  of  the 
perfect  sphericity  of  the  earth,  is  the  360th  part  of 
the  meridian.  The  length  of  a  degree  of  a  meridian, 
or  other  great  circle  on  the  surface  of  the  earth,  is 
variously  determined  by  difiierent  observers,  and  the 
methods  made  use  of  are  also  various  ;  and  therefore 
without  entering  into  the  history  of  all  attempts  of 
diis  kind,  we  shall  present  our  readers  with  the  fol- 
lowing 

Table  qf  the  different  Lengths  of  a  Degree,  as  measured 
invarious  Partsofthe  Earth,  theTimeofits  Mea- 
surement, the  Latitude  of  Us  middle  Point,  ^c. 
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Holland. 
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EUipii€iim  qf  the  Kmih,  etfrmed.m  Paris  qf  ti$ 

eqmaiorial  '' 


Autbon 


Huygheos  .  .  . 
Newton  .... 

Maupertuis,  &c. 

Swftnberg  .  .  . 
Clairaut .... 


Treisnaoker  .  . 


Laplace  .... 


PrindpUs. 


Theory  of  gravity. 


Mensuration  of  arcs. 


Rotatory  motion. 

Vibrations  of  the  pen- 
dulum. 

Occultations  of  the 
iixed  stars. 

Precession,  nutation, 
pendulum,  theory  of 
the  moon,  &c. 


Degree  of  Longitude  is  the  space  between  two  me- 
ridians that  make  an  angle  of  1°  with  each  other  at 
the  poles,  the  quantity  or  length  of  which  is  va- 
riable, according  to  the  latitude.  The  following 
table  expresses  the  length  of  a  degree  of  longitude  in 
different  latitudes,  supposing  the  earth  to  possess  a 
perfect  sphericity : — 
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Dbgrbbs,  Measurement  op.  After  Sir  Isaac 
Newton  had  taught  that  the  earth,  on  account  of  its 
motion  round  its  axis,  must  be  highest  near  the 
equator,  and  that  the  diameter  of  the  equator  must 
be  longer,  by  one  230th  part,  than  the  diameter  from 
pole  to  pole,  the  French  wished  to  investigate  the 
subject  farther  by  actual  measurement.  Newton 
gave  them  warning  that  the  difference  between  a  de- 
gree at  Bayonne  and  one  at  Dunkirk  was  so  trifling 
that  it  could  not  be  detected  at  all  with  the  imper- 
fect instruments  then  in  use;  and  was,  in  fact, 
afraid  that  they  might  come  to  a  result  directly  op- 
posite to  what  he  conceived  to  be  correct,  and  bring 
confusion  into  science.  But  his  warnings  were  of 
no  avail.  The  measurement  was  begun,  and  the 
fear  of  the  great  philosopher  was  realized ;  for  the 
result  was,  that  the  axis  of  the  poles  was  longer 
than  a  diameter  of  the  equator,  and  that  the  earth 
was,  in  form,  more  like  a  lemon  than  an  orange. 
For  40  years,  disputes  were  maintained  on  thb  point, 
without  settling  the  question ;  and,  at  last,  the  Aca- 
demy of  Sciences  resolved,  on  the  proposition  of 
Condamine,to  have  a  degree  measured  at  the  equator 
(the  expedition  went  to  South  America  in  1735),  and 


one  in  Tjiplund  (Kittis  andToreea  being  the  extmat 
stations  to  which  the  expedition  was  sent  in  173C). 
It  was  found  that  the  northern  degree  was  greater 
than  that  under  the  equator,  and  that  Newton's  con- 
jecture was  right.  But  the  question  still  remained. 
How  great  is  the  flattening  of  our  planet?  The 
theory  said,  one  230th  part,  if  the  earth  had  been 
in  a  perfectly  liquid  state,  when  it  began  its  rota- 
tion. The  calculations,  however,  always  gave  dif- 
feroit  results,  varying  according  to  the  different 
measurements  adopted  as  the  basis  of  them ;  for 
measurements  had  been  made,  not  only  in  America 
and  Lapland,  but  also  in  France,  England,  Hun- 
gary, and  Italy.  It  was  concluded,  that  the  earth 
was  not  a  regular  body,  but  had  great  local  inequa- 
lities. Though  this  was  possible,  yet  the  conclu- 
sion was  too  hasty,  because  these  supposed  in- 
equalities might  be  caused  by  the  insufficiency  of 
the  instnimentSk  and  by  the  smallness  of  the  arcs 
measured. 

When  the  French  established  their  new  and  admir- 
able system  of  measures  and  weights  upon  the  baais 
of  the  metre,  which  was  to  be  the  ten  millionth  part 
of  the  distance  from  the  equator  to  the  pole  (3^  Eng- 
lish feet ;  see  Mbasuum),  it  was  necessary  to  know, 
with  accuracy,  the  circumference  and  the  flattening  of 
the  earth.  A  measurement  took  place  in  France,  not 
of  one  degree,  but  of  ten  degrees,  from  Dunkirk  to 
Formentera.  In  S^fseden,  in  1802,  the  degree,  which, 
80  years  before,  had  been  measured  by  Maupertois, 
was  now  meaaured  again,  with  better  instruments, 
and  thus  the  circumference  and  flattening  of  the  earth 
were  pretty  well  ascertained. 

After  the  peace,  the  measurements  of  degrees,  which 
were  made  in  Engjand,  under  General  Ray,  by  Lieu- 
tenant-colonel Mudge,  were  connected  with  those  in 
France ;  and  thus  an  arc  of  20  degrees,  from  the  Ba- 
learic Islands,  near  the  coast  of  Spain,  over  France 
and  England,  to  the  Orcades,  has  been  measured,  and 
the  flattening  of  the  earth  has  been  determined  as  ac- 
curately as  it  can  be  done  in  Europe.  The  flattening 
has  been  found  to  be  one  304th.  In  India  Lambtoa 
ha4  effected  the  measurement  of  a  degree. 

These  measurements  of  degrees  are  among  those 
enterprises  which  do  mankind  much  honour,  because 
they  are  not  undertaken  for  the  sake  of  immediate 
profit,  nor  of  bare  utility,  but  from  an  ardent  desire 
of  knowing  the  truth,  from  the  same  deep  thirst  for 
knowledge- which  has  so  often  impelled  men  to  ex- 
plore the  icy  seas  of  the  poles  and  Uie  burning  deserts 
of  Africa. 

The  degrees  of  longitude  are  largest  under  tha 
equator,  and  diminish  continually  towards  the  pole. 
Under  the  equator,  a  degree  of  longitude  contains  60 
geographical,  69i  statute  miles.  &  the  form  of  the 
earth  is  not  entirely  regular,  the  degrees  of  longitude 
on  the  same  parallel  of  latitude  cannot  all  be  of  the 
same  length,  and  it  has  been  proposed  to  investigate 
this  by  actual  measurement.  This  task  is,  in  th^ 
trigonometric  part,  as  easy  as  the  measurement^of  a 
degree  of  latitude ;  but  in  the  astronomical  part,  it  is 
15  times  more  difficult. 

The  difference  of  the  longitude  of  two  places  is  deter- 
mined b^  the  difference  of  the  hour  of  die  day  at  the 
same  pomt  of  time  in  the  two ;  as  a  place,  situate  15 
degrees  to  the  east  of  another,  has  noon  a  whole  hour 
earlier.  One  hour,  therefore,  corresponds  to  15  de- 
grees, or  1042  i  statute  miles  under  the  equator,  or 
5,504,400  feet ;  a  minute  of  time*  to  91#740  feet,  and 
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•  BM(MidofthiM»tol629iiMt  Amistakeofaseeood 
of  tbne,  U^refore,  in  calcolsting  tiie  longitude  of  two 
places,  makes  a  oorretpondiiig  error  in  space.  To 
determine  ttme»  witfain  two  or  tiiree  seconds,  by 
means  of  rockets,  at  a  distance  of  10421  miles,  is  im- 
possible; and,  whilst  the  measurement  of  an  arc, 
corresponding  to  this  distance,  tngonometricaUy, 
may  be  attended  with  an  error  to  the  amount  of  200 
icet,  an  astronomical  measurement  would  leare  an 
vncertainty  of  8000  ftet.  The  earlier  measurements 
of  the  French  were  directed,  in  the  North,  by  Mau- 
pertuis ;  in  the  South,  by  Bouguer. 

The  latest  information  respecting  this  subject  is 
given  by  Captain  Edward  Saiwne.  He  made  obser- 
vations with  the  pendulum,  from  lat.  13^  S.  to  li^. 
80^  N.  He  calculates  the  flattening  of  the  earth  to 
be  ^., ;  and  if  the  measurements  of  Sabine,  Kater, 
and  the  modem  PVeadi  ones  by  Biot,  are  connected, 
and  the  mean  of  the  whole  taken,  the  flattening  will 
be  fbund  to  be  ^  -. 

Dblpt-War«  is  a  kfaid  of  pottery  covered  vnth  an 
enamel  or  white  glazing,  which  gives  it  the  appear- 
ance and  neatness  of  porcelain.  Some  kinds  of  this 
enamelled  pottery  dU^r  much  from  others,  either  in 
Bustuning  sudden  heat  without  breaking,  or  in  the 
beauty  a£l  regularity  of  their  forms,  of  their  enamel, 
and  of  the  painting  with  which  they  are  ornamented. 
In  general,  the  fine  and  beautiful  enamelled  ware, 
which  approaches  the  nearest  to  porcelain  in  external 
appearances,  is  that  which  least  resists  a  brisk  fire. 
A^iin,  those  which  sustain  a  sudden  heat  are  coarse, 
and  resemble  common  pottery.  This  kind  of  ware 
has  its  name  from  Delft,  in  Holland,  where  it  is 
made  in  large  quantifies. 

DsLToinas,  in  atmtamff:  one  of  the  large  muscles 
of  the  arm,  so  called,  becnuise  its  form  is  triangular, 
and  therefore  resembles  that  of  the  o^utal  delta  of 
the  Greek  alphabet. 

Dbm6k8tration,  in  mUitanf  language ;  a  move- 
ment towards  any  place,  for  the  purpose  of  deceiving 
tibe  enemy,  and  concealing  the  true  design. 

Dbnarius.  This  term  was  applied  by  the  Romans 
both  to  a  coin  and  a  wei^t.  Ab  a  coin,  it  was  equal 
to  two  asses.  When  tiie  term  was  employed  with 
reference  to  weight,  it  equalled  A  part  of  the  pound. 
The  term  is  not  now  employed  in  France,  but  was 
formerly  used  for  63  grains. 

DxNOMiNATOR,  lu  oTttftsitlJe;  a  term  only  used 
in  speaking  of  fintetions,  or  broken  numbers.  The 
denominator  of  a  fraction,  is  tiie  number,  or  letter 
below  the  line ;  showing  into  how  many  parts  the 
integer  is  supposed  to  be  divided  by  the  finaction. — 
Hius  in  the  fraction  -ft  the  number  12  is  the  denomi- 
nator, and  shows  that  the  integer  is  here  divided  into 
12  murts. 

DnifsiTT,  strictly  speakiBg,  denotes  vicinity  or 
closeness  of  particfiss ;  but  in  mechanical  science,  it 
is  used  as  a  term  of  comparison,  expressing  the  pro- 
portion of  th/e  number  of  equal  wtoleeula,  or  the  quan- 
tity of  matter  in  one  body,  to  the  number  of  equal 
molecules  in  Uie  same  bulk  of  another  body.  Density, 
tiierefore,  b  directly  as  the  quantity  of  matter,  and 
inversely  as  the  magnitude  of  the  body.  Since  it 
may  be  shown  experimentally,  that  the  quantities  of 
matter,  or  the  masses  in  different  bodies,  are  propor- 
tional to  their  weight ;  of  consequence,  the  density 
of  any  body  is  directly  as  its  weight,  and  inversely  as 
its  magnitude ;  or  the  inverse  ratio  of  the  magnitudes 
«of  two  bodies,  having  experimentally  equal  weight  (m 


the  same  pkc^,  constitirtes  the  ratio  of  their  densi- 
ties. No  body  is  absolutely  or  perfectly  Mi  of  mat- 
ter, so  as  to  have  no  vacuity  or  interstices :  on  the 
contrary,  it  is  the  opbiion  of  Newton,  that  even  the 
densest  bodies,  as  gold,  &c.,  contain  but  a  small  por- 
tion of  matter,  and  a  great  portion  of  vacuity ;  or  that 
they  contain  a  great  deal  more  pores  or  empty  space 
than  real  substance. 

DaiuiTY  OP  THE  Earth  The  .determinatisn  of 
the  density  of  the  earth,  as  compared  with  that  of 
water,  or  any  other  known  tody,  is  a  subject  jwhich 
has  excited  considerable  interest  amongst  nMklem  ma- 
thematicians ;  and  nothing  can,  at  &nt  sight,  seem 
more  beyond  the  reach  of  hunian  science,  than  the 
due  solution  of  this  problem ;  yet  this  has  been  deter- 
mined, and  on  such  principles,  that,  if  it  be  not  cor- 
rectly true,  it  is,  probably,  an  extremely  near  approx- 
imation. The  first  idea  of  determining  the  density 
of  the  earth  was  suggested  by  M.  Bouguer,  in  con- 
sequence of  the  attraction  of  Chimborazo,  which 
affected  his  plumb-line  while  engaged  with  Conda- 
mine,  in  measuring  a  degree  of  the  meridian,  near 
Quito,  in  Pern.  This  led  to  the  experiments  on  the 
mountain  Schehallien,  in  Scotland,  which  were  car- 
ried on  under  the  direction  of  Dr.  Maskelyne,  and 
afterwards  submitted  to  calculation  by  Dr.  Hutton, 
who  determined  the  density  of  the  eartii  to  be  to  that 
of  water  as  4}  to  1.  But  in  consequence  of  the  spe- 
cific gravity  of  the  mountain  being  assumed  rather 
less  than  it  ought  to  have  been,  the  above  result  is 
less  than  the  true  density,  as  has  since  been  shown 
by  Doctor  Hutton  and  Professor  Playfietir,  the  former 
of  whom  makes  it,  in  his  corrected  paper,  as  99  to 
20,  or  nearly  as  5  to  1.  The  same  problem  has  been 
attempted  on  similar  principles,  but.  in  a  totally  dif- 
ferent manner,  by  the  late  Mr.  Cavendish,  who  found 
the  density  of  the  earth  to  be  to  that  of  water,  as 
5.48  to  1.  Taking  a  mean  of  ali  these,  we  have  the 
densitv  of  the  earth  to  that  of  vrater,  as  5.24  to  1, 
and  which,  as  we  before  observed,  is  probably  an  ex- 
tremely near  approximation. 

Dbntipricb  ;  a  preparation  for  cleaning  the  teeth, 
of  which  there  are  vanous  kinds.  The  best  den^rice 
is  the  carbon  of  grape  stalk,  or  the  stem  of  the  grape 
vine  converted  into  charcoal.  Dilute  sulphuric  acid 
will  immediately  render  them  white,  but  it  is  highly 
injurious  to  them. 

DSPHLOOISTICATED  AlR.      ScC  OxTOBN. 

Dbscaitt,  in  nmtie ;  the  art  of  composing  in  seve- 
ral parts.  It  is  of  three  kinds,  namely,  plam,  figura- 
tive, and  double.  Plata  desetmi  is  the  ground- work 
of  all  compositions,  consisting  altog^her  in  the 
orderly  placmg  of  many  concords  answering  to  coun- 
ter-point. Hgmraiwe  deactuU  is  that  wherein  dis- 
cords are  concerned  as  well  as  concords;  and  this  pro- 
perly may  be  denominated  the  ornament,  or  rhetori- 
cal part  of  music.  For  in  this  are  introduced  idl  the 
varieties  of  points,  fugues,  syneopeB,  or  bindings, 
diversity  of  measures,  mtermixtures  of  discordant 
sounds,  or  whatever  else  art  and  fancy  can  exhibit, 
which  set  forth  and  adorn  the  composition;  whence  it 
is  named  florid,  or  figurative  descant.  DouhU  deacatU 
is  so  called  when  the  parts  are  so  contrived,  that  the 
treble  may  be  made  the  bass,  and  the  bass  the  treble. 

Dbscbnsiok,  in  atirommy,  is  either  right  or  oblique. 
Right  descension  is  an  arch  of  the- equinoctial,  inter- 
cepted between  the  next  equinoctial  point  and  tite 
intersection  of  the  meridian,  passing  tiirough  the 
centre  of  the  object,  at  its  setting,  in  a  right  sphem. 
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Oblique  descension,  an  arch  of  the  equinoctial,  inter- 
cepted between  the  next  equinoctial  point  and  the 
horizon,  passing  through  the  centre  of  the  object,  at 
its  setting,  in  an  oblique  sphere. 

Dbsign.     See  Drawing. 

Dbsiccation,  in  chemuiry,  is  the  act  of  reducing 
any  substance  to  perfect  dryness,  and  is  an  operation 
the  accuracy  of  which  is  of  very  g^reat  importance,  as 
the  estimation  of  weights  and  quantities  is  materially 
affected  by  it. 

Detach MBNT,  in  miUtcary  affairs;  a  certain  number 
of  soldiers  drawn  out  from  several  regiments  or  com- 
panies equally,  to  be  employed  as  the  general  thinks 
fit,  either  on  an  attack,  at  a  siege,  or  in  parties  for 
scouring  the  country.  A  detachment  of  two  or  three 
thousand,  is  a  command  for  a  brigadier ;  eight  hun- 
dred for  a  colonel ;  four  or  five  hundred  for  a  lieu- 
tenant-colonel. A  captain  never  marches  on  a  de- 
tachment with  less  than  fifty  men,  a  lieutenant,  an 
ensign,  and  two  Serjeants.  A  lieutenant  is  allowed 
thirty  men  and  a  Serjeant;  and  a  serjeant  ten  or 
twelve  men.  Detachments  are  sometimes  made  of 
entire  squadrons  and  battalions. 

Detonation,  in  chenUsiry ;  an  explosion  with 
noise,  made  by  the  inflammation  of  a  combustible 
body.  Decrepitation  differs  only  as  producing  a 
fainter  noise,  or  merely  a  kind  of  crackling  sound 
peculiar  to  certain  salts.  Fulmination  is  a  more 
quick  and  lively  detonation,  such  as  takes  place  with 
certain  preparations  of  gold,  silver,  mercury,  &c. 

Dbtranche,  in  heraldry;  a  line  bendwise,  pro- 
ceeding always  from  the  dexter  side,  but  not  from  the 
very  angle,  diagonally  athwart  the  shield. 

Device,  in  heraldry;  a  name  common  to  all 
figures,  ciphers,  characters,  rebuses,  mottoes,  &c., 
which,  by  their  allusions  to  the  names  of  persons, 
of  families,  &c.,  denote  their  qualities,  nobility,  or 
the  like.  Device,  in  this  sense,  is  of  a  much  older 
utanding  than  heraldry  itself;  being  that  which  first 
gave  rise  to  armorial  ensig^.  Thus  the  eagle  was 
ike  device  of  the  Roman  empire.  S.  P.  Q.  R.  was 
the  device  of  the  Roman  people,  and  still  continues 
to  be  what  is  called  the  escutcheon  of  the  city  of 
Rome.  The  first  devices  were  mere  letters  placed  on 
the  borders  of  liveries,  housings,  and  banners,  and  at 
length  on  shields.  Thus  the  C  was  the  device  of  the 
French  kings  of  the  name  of  Charles,  from  Charles  V. 
to  Charles  IX. 

Badges,  impresses,  and  devices  were  greatly  in  use 
in  England,  from  the  reign  of  King  Edward  I.  until 
that  of  Queen  Elizabeth,  when  they  sunk  into  disuse. 
Device  is  now  taken  in  a  more  limited  sense,  for  an 
emblem,  or  a  representation  of  some  natural  body, 
with  a  motto,  or  sentence,  applied  in  a  figurative 
sense.  Thus  a  young  nobleman  of  great  courage 
and  ambition,  bore  for  his  device,  in  a  carousal  at 
the  court  of  France,  a  rocket  mounted  in  the  air, 
with  this  Italian  motto,  Poco  dtai,  pwM  m'umoLn 
(May  I  continue  but  a  short  time,  provided  I  mount 
high).  A  device  is,  therefore,  a  painted  metaphor. 
Devices  are  used  on  coins,  counters,  seals,  shields, 
triumphal  arches,  artificial  fire-works,  &c.  The 
French  have  distinguished  themselves  in  the  inven- 
tion of  devices,  especially  since  the  time  of  Cardinal 
Mazarin,  who  had  a  great  fondness  for  them.  The 
Italians  have  reduced  the  making  of  devices  to  an 
art,  and  laid  down  laws  and  rules  for  this  purpose. 

Dew  ;  a  phenomenon  in  nature,  which  begins  to 
be  deposited  about  sun-set,  and  b  most  abundant  in 


▼alleys  and  plains  near  tvrtsn,  and  other  cdlectiona  of 
waters,  and  abounds  on  those  parts  of  the  suriaoa 
which  are  clothed  with  vegetation.  It  is  often  sus- 
pended when  rain  is  approaching,  in  windy  weather, 
and  before  thunder-storms.  Its  approach,  in  the 
extensive  valley  watered  by  the  lliames,  presents  the 
following  appearance : — ^After  a  clear  warm  day,  there 
is  gradually  formed  on  the  horizon  a  continuous  haze, 
rising  sometimes  to  a  considerable  height,  and  often 
tinged  by  the  setting  sun  with  a  fine  gradation  of  red 
and  violet  shades.  This  is  the  precipitated  water, 
become  faintly  visible  in  its  descent.  Dew  is  always 
to  be  found  on  the  grass  by  the  time  that  this  haze 
has  become  conspicuous,  and  its  abundance  is  pro- 
portioned to  the  density  and  permanence  of  the  latter. 
The  quantity  of  dew  deposited,  differs  considerably  at 
different  places,  and  at  different  seasons  in  the  same 
place ;  nor  does  it  fall  upon  bodies  indiscriminately. 
In  explanation  of  these  phenomena,  several  hypo- 
theses have  been  suggested,  which  we  have  not  room 
to  describe ;  but  no  theory  has  yet  been  established 
which  is  quite  satisfactory.  Upon  the  whole,  how- 
ever, the  obvious  and  true  reason  of  the  formation  of 
dew  is,  that  part  of  the  vapours  which  are  raised  in 
the  course  of  the  day  by  the  heat  of  the  sua,  and  re- 
main floating  in  the  air,  are  condensed  by  the  cold 
of  the  night,  and  settle  upon  different  bodies ;  but 
from  various  peculiarities  which  have  been  observed 
in  the  dew,  it  has  been  inferred  that  this  is  not  the 
cause  of  its  formation.  The  readiness  with  which  dew 
falls  upon  glass,  porcelain,  and  a  few  other  bodies, 
that  are  non-conductors  of  electricity,  and  the  difii- 
culty  vrith  which  it  attaches  itself  to  metallic  bodies^ 
which  are  the  bett  conductors  of  electricity  (see  Elbc- 
tricity),  has  given  reason  to  suspect  that  electricity 
is  concerned  in  the  production  of  this  phenomenon ; 
and  this  opinion  is  corroborated  by  the  well-ascer- 
tained fact,  that  vapbur  contains  more  of  electricity 
than  the  water  from  which  it  originates.  In  addition 
to  which,  it  must  be  recollected,  that  certain  bodies 
are  much  better  conductors  of  heat  than  others,  and 
in  genmd  the  best  conductors  of  heat,  are  the  best 
conductors  of  electricity.  Hence,  it  seems  more  than 
probable,  that  the  formation  of  dew,  vrith  all  its  pe- 
culiarities, depends  upon  various  causes,  which  tend 
to  vary  the  effects  according  as  any  one  of  them  hap- 
pens to  preponderate. 

In  this  island  the  dew  is  observed  (like  the  drops 
of  a  misling  rain,  upon  the  leaves  of  grass  and  other 
vegetables,  upon  wood,  glass,  porcelain,  &c.,  or 
upon  the  earth,  which  is  thereby  frequently  rendered 
sensibly  moist)  more  copiously  in  spring  and  sum- 
mer mornings,  than  at  any  other  times  of  the  year. 
In  autumn,  however,  and  even  in  winter,  it  fre- 
quently happens  that  an  abundant  dew  is  deposited 
in  the  course  of  the  night.  In  countries  situated 
near  the  equator,  the  dews  are  generally  observed  in 
the  morning  throughout  the  whole  year ;  and  in  some 
places  in  the  east,  where  rain  seldom  falls,  they  are 
so  copious,  as  in  a  great  measure  to  supply  its  defi- 
ciency. 

Dexter,  in  heraldry,  is  applied  to  the  right  aide^ 
as  sinister  is  to  the  left.  The  word  is  pure  Latin^ 
signifying  right-handed ;  whence  the  wonl  dexterity, 
for  address  and  ability  in  the  performance  of  any 
thing. 

Dbxtrochbrb,  m  heraldry,  is  applied  to  the 
right  arm  painted  on  a  shield,  sometimes  naked, 
sometimes  clothed,  or  adorned  with  a  bracelet*  aad 


Meuber  wed  in  ttw  ana*.   Th*  d«ztarDdM» 
tiBM  placed  aa  the  erwt. 

DiACoDtTiea,  alao  esUed  ii»fkamtM,  ia  t 
of  the  avbject  at  nfnctad  aoond,  or  that  b 
vnoatiea  whidi   conaidm   die    paiaage  of  aound 
thK»^  difermt  iMdinBi.     (See  A«oiTanoa). 

Di*ai>TPBOt(,  in  ancieBt  aeBWart ;  tbe  naaie  by 
wUeh  the  Gneha  dealgMtad  worlEa  in  actiiptnre  wbcn 
a«ak  in  wiA  the  chisel.  Among  the  noet  celebn- 
tad  of  Aeae  wan  Om  bndder  and  ptdealal  <^  a  co- 
kManl  etatne  of  Mincrfa  at  Athena.  When  it  mu  in 
relief,  the  work  waa  called  maglfpUe. 

Di«aNMia,  in  «m4mcm,'  tbe  dirtinctian  of  onedi*- 
««ae  t«m  otbera  reaanbling  it,  by  meana  ol  a  col- 
lected view  of  tbe  sjmptoinB. 

IhAMtoane  aymptons  are  the  leading  lymptonu. 
Of  dMMe  wliidi  ate  noet  chaiactariatic  of  aay  partt- 
ctfbr  Amn  or  aeat  of  diaeaae. 

DiAOORAL,  Diagonal  Linb  ;  a  etrai^ht  line,  join- 
ing two  anglea  ant  adjnowt,  ia  a  nctilinear  figure, 
hamag  more  than  tfamc  Bidei.  Evuy  rectilinear 
flgore  oMiy  be  dinded  by  diagonata  into  aa  many  tri- 
anriea  as  it  has  sidea,  mmmi  two. 

DiA«aAM ;  ■  flgorc  or  geometrical  delineation,  ap- 
plied to  the  iUostrMian  or  solation  of  geometriod 
prabloaB,  or  a  deeerlptkm  or  ikatch  in  general.  An- 
oentiy,  it  sipiScd  a  musical  scale.  Amonfr  the 
Gaostice,  the  MBM  djwaai  waa  ginn  to  a  fignre 
ftwmsd  by  the  anpefpOBition  of  one  trian|^e  on  an- 
other, and  imoibed  with  some  mystical  name  of  the 
Deity,  and  wwn  aa  aa  anolet. 

DiAi,  SuR.  Thia  instnowBt  has  been  known 
from  tbe  enrfisat  ttakCB :  the  Egyptians,  Chaldeans, 
and  Hebrews  (JaMiA  i3U*ii.  8}  were  acquainted  with 
the  naea  of  it.  The  Gre^s  derived  it  from  their 
eaatem  neighboan.  and  it  was  introduced  into  Rome 
dniing  the  first  Panic  war.  One  of  the  earliest  that 
■  discorcred  in  die  ruin*  of 


Hwcolaneam  dnring  the  «icarations  at  that  , 
■ad  it  appears  to  have  conaistsd  of  a  double  dial,  < 
portion  being  fcnncd  like  a  shield,  and  the  other 
■dlY  drenlar. 


A  £al  waatrtctaJ  fbr  tte  latitade  of  Catana  was 
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Valerius  Meaaana ;  bat,  as  ttiere  ms  a  dlflbrente 
of  40°  of  latitude  between  the  two  cities,  it  could 
not,  of  conrse,  indicate  the  tme  time  at  Rcune.  Be- 
fore this  period,  the  Romans  ai'xrtained  Ihe  hoar  by 
the  rude  method  of  obacrving  the  lengths  of  ehadowt, 
or,  in  the  absence  of  che  sun,  by  the  depaydra,  which 
a  slave  was  employed  In  tending.  Saa-dinla  have 
lost  mudt  of  thor  value  in  modem  times,  by  the  ge- 
nend  introdaction  of  instruments  which  indicate  tbe 
time  at  any  period  of  the  day  or  night ;  but  clocke 
and  watches  require  to  be  regulated,  and  the  shadows 
projected  by  the  sun  are  the  most  convenient  stand- 
ard for  this  purpose.  Dials  are  o(  various  kinds ; 
but  the  horizontal  and  vertical  are  moat  commonly 
used.  Id  this  place,  we  can  give  only  the  general 
rules  of  constraction  applicable  to  all  of  them.  Sup- 
pose II  planes,  making  with  each  other  angles  of 
15°,  paaaing  through  &t  axis  of  the  earth  and  di- 
viding the  sphere  into  34  equal  parts,  one  of  these 
pUnea  being  the  meridian  of  the  place  of  the  ob- 
server ;  commence  from  the  meridian,  and,  moving 
toward*  tbe  west,  number  these  planes  respectivclv 
1,  3,  3,  and  so  on  up  to  13,  which  will  be  die  lower 
meridian  of  the  place ;  commencing  from  this  point, 
number  as  before,  1,  3,  3,  tec,  again  to  13,  which 
fall  on  the  upper  meridian.  We  shall  thus 
^ries  of  horary  circles,  in  passing  from  one 
of  which  to  the  ueit,  the  sun  will  occapy  one  hour. 
At  noon,  be  will  be  on  the  meridian,  wmch  is  num- 
bered 12;  it  is  then  I3o'ctocli)  an  hour  before,  ha 
the  last  horary  drele  preceding  (to  the  east), 
numbered  11,  and  it  was  11  o'clock.  Twelve  hours 
from  the  time  of  passing  the  upper  meridian,  he  wilt 
pass  the  lower,  also  numbered  13,  and  it  will  be 
midnight.  Suppose,  now,  an  opaque  plane  passing 
through  the  centre  of  the  earth,  and  intersected  by 
the  13  planes  in  as  many  diverging  itreigbt  lines, 
and  mark  these  lines  with  the  numbers  beluoging  to 
their  respective  planes,  lliis  opaque  ptatie  nlEI  re- 
present the  face  of  a  dial,  the  straight  lines  will 
form  the  horary  lines  marked  on  its  surface,  and  the 
style  will  represent  the  axis  of  the  earth,  and  will 
project  its  ahadow  successively  on  each  of  the  hour 
lines,  Ae  number  affixed  to  which  will  show  the 
hoar  of  the  day ;  that  is,  at  10  o'clock  the  ^shadow 
will  fall  on  the  line  numbered  10,  Sec. 

We  shall  thus  have  a  dial  constructed  at  the  cen- 

e  of  the  earth ;  but  the  radius  of  the  earth,  or  the 

distance  from  its  centre  to  its  surface,  is  so  small,  in 

comparison  vrith  the  distance  of  the  earth  from  the 

sun,  that  it  may  be  considered  as  nothing :  we  may, 

therefore,  transport  our  central   dial  to  any  given 

place,  keeping  the  sUle  and  surface  always  parallel 

to  the  positions  in  which  we  supposed  them  at  first, 

and  we  shall  have  a  dial  for  that  place.     This  is  the 

theory  of  dials.     It  follows,  from  this  explanation, 

1.    tlmt  a  sun-dial,  calculated  for  any  given  place, 

will  also  serve  for  any  other  place  under  [he  same 

meridian,  provided  its  position  in  the  latter  place  be 

parallel  to  its  position  in  the  former  place.    3.  The 

style  of  a  dial  is  parallel  to  the  axis  of  the  earth; 

the  meridian  line  is  the  intersection  of  the  plane  of 

the  dial  and  the  meridian  oi  the  place ;  the  style  U 

the  meridian,  and  inclines  to  the  rational  horizon 

the  same  manner  as  the  terrestrial  axis,  that  is,  by 

angle  equal  to  the  latitude  of  the  place.     3.  The 

ar  lines  are  the  inteisections  of  the  (ace  of  tha 

dial  by  13  planes,  inclined  to  each  other  by  an  angU 

of   1S°,    ^wn   from  the  meridian,    and  paswna 

9  D 


436  O  t  A  M  E  T  E  H, 

thfOQi^  Ac  ttyU.  U  it  i&  rtquind  to  m*fk  •batter 
interval*  of  time,  u  hatf  boon,  it  is  obIv  neca 
to  coDCoivD  34  planes,  iit  *d  angle  of  7t°  with  c*cb 
otlur,  and  M  on  for  May  lubdivisiaDa.  4.  The  hour 
,  liiw*  of  a  dial  drawn  on  a  pUae  are  sCnigiU  linos 
tneeting  in  the  centre  of  the  dial,  wliere  the  face  ' 


teneetioD  of  the  aaaie  homy  plane,  an  the  c^ipo- 
aite  aide*  of  the  ityle.  Sometimaa  the  hour  is  indi- 
cated by  meanB  of  a  plate,  placed  bekm  the  di«l, 
having  a  hole  through  which  the  ligkt  paasa*.  It  is 
only  neceasary  that  thi*  hole  ibouM  be  one  of  the' 
point*  of  the  ityle ;  the  light  wUl  dun  fall  npon  Aat 
part  of  Ihe  dial  where  the  shadaw  of  the  coirespond- 
ing  point  of  the  ityle  would  be  pniecte^ 

To  raider  the  thesry  of  the  i^  «t>U  more  itdaUi- 
giblc,  we  ^«e  a  diagram  of  an  inagiaaiy  ifhmn,  die 
d^reea  being  iadicatsd  by  the  letten  of  the  alpMbet. 
P  Q  farHt  the  imaginary  axia,  round  which  the  ann 
ii  •uppoaad  to  revolTe.  The  alighaMt  reference  to 
thi*  ^gnre,  and  the  aocompanying  article,  will  ahow 
how  die  diadowi  fall  on  the  hoar  line*.  Sun-dial* 
are,  however,  in  our  clinMite,  of  comparatively  bimU 
valDe.  With  a  dear  atmoaphere,  and  an  Italian  lity, 
they  would  be  more  valuable  than  a  common  dock ; 
but  here  a  (on-dial,  placed  under  the  mo«t  favoDrable 
ciiconutance*.  would  not  tnppty  the  meana  for  tell- 
ing toe  hour  for  an  average  of  one  d^r  in  six. 


DiAMBTBB ;  the  straight  line  drawn  throng  the 
centre  of  a  circle,  and  touching  the  two  oppoute  point* 
of  the  circumference.  It  thus  divides  the  circle  into 
two  equal  parts,  and  i*  the  greatest  diord.  The 
radiuM  i*  half  this  diameter,  and  conaequently  the 
Space  comprehended  between  the  centre  and  eirciun- 
ferSDce  of  a  circle. 

DiAMONn;  the  hardest  and  most  valuable  of  all 
die  gem*.  Diamonds  are  of  varioaa  colour* ;  bat  the 
colourless,  which  is  the  sort  nuatly  uanl  in  the  arts,  is 
-When  pore,  perfectly  clear,  and  pellucid  a*  tlie  purest 
water.  Hence  the  phrases,  the  tcater  of  a  diamond, 
a  diamond  of  the  finest  umier,  be  The  colourleu 
diamonds  are  not,  however  the  moat  common.  The 
ranat  colour*  are  blue,  pink,  and  dark  brown  ;  but 
reltoW  diamonds,  when  the  colour  is  dear  and  eqoal 
throughout,  art  very  beautiful,  and  muck  v-alaed. 
Pale  b^  diamond*  are  also  very  fine  am]  raw,  bat 


DIAMOND. 

deep  Um  aliU  «aic  MM.    The  Ii_,___ 

thaita  found  b  laid  t*  be  in  the  poaaaaaion  nt  At 
Rajah  of  Mattan,  in  the  iaknd  at  fiomeo.  whan  it 
waa  fwmd  ahoU  aishly  )Mte*  Btue.  Itw^g^  three 
hundred  and  siity-aeno  aarata.  It  is  desoibed  as 
haviag  the  shape  of  an  egg,  with  an  indentatioa  near 
the  smaUer  end.  Many  yeac*  ago,  the  Govenaor  of 
of  Batavia  tried  to  pOMhaae  it,  and  ofimd  in  exchange 
one  handiad  a»d  fift^  thnnaaad  doUwa.  two  la^ 
brig*  of  war,  with  tfaeir  guna  and  aiamaiiitian,  aail 
oOier  eanaoB,  with  powAn  and  riiot.  But  the  rqah 
refused  to  part  with  a  jewel,  to  which  the  Malay* 
attach  miraculous  p«wen,  and  whidi  tittf  inagiae  to 
b«  cMuected  with  the  GUe  af  Im  lamily.  Thn  dia- 
mond b  manttoned  in  tbe  mmtoin  af  Ae  BaUnaa 
Sodety. 

T^  dJMaond  is  the  taaadcat  of  all  known  aakatMKea. 
Nothing  wU  aoatak  it.  nor  can  it  be  cvt  but  by 
itself.  By  cutting,  it  acqairaa  a  briUiaMcy  and  ^y 
of  lustre  UiatMiioh  ancient  its  price.  Tbehardnew 
of  the  diamond  waa  *Kll  known  to  the  ancieala ;  ils 
niMe,  bath  i>  Qreek  and  Latin  implying  in^nrikk 
hardnasa.  Tits  ancienta  did  not  confine  Iha  woi4 
odano*  to  indicate  the  diamond  alans^  but  ajtpUed  it 
to  other  hard  and  aiamamtim  anbatances.  Inay  wen 
unacquainted  with  the  art  of  cutting  the  '^fK"'*j 
satisfying  themselves  w^  tboaa  whieh  were  palbhed 
naturally :  but  knew  of  the  property  of  it*  aowdar  or 
duet  for  cmbting.  engtawag,  end  palbhiiig  thir  stotn. 
The  art  of  cott 
unknown  in  Em«pe  till  d 
that  period,  rough  and  unpoiiskad  omo  w«ec  aet  ea 
ornaments,  Bnd  vabMd  acoardinc  to  tb*  kcMty  and 
perfecticMi  of  their  crystrfliisriiMi  and  taansfweaey, 
Tfau  ait  is  said  to  have  bean  in«ent*d  aad  £nt  |>tai>- 
tised  b  lisfi,  by  Lonis  4*  Barton,  a  native  af  fin. 
gea.  ChnrieetheBaU,DukBtf  Bwguwhr.waaeoaof 
the  flnt  princes  of  madem  timea  wl»  nSsoled  a  CMit 
^andour  in  diamonds.  Among  aagiaiiiil  ar  acirip* 
tared  iSamonds  m  obc  wiiji  a  bekl,  iriiick  Gori  tthtf 
imagined  to  be  antique,  and  called  k  a  portmit  <M 
Poaiduiiua.  It  belongs  to  the  Oakt,  oT  BtdlM. 
Leasing  thinks  that  many  of  the  engraMd  smtsqaa 
gems,  which  are  called  diamonds,  are  nothing  bat 
amethysta,  lapphiree,  and  emeralds,  deprived  of  their 
colour  by  the  iteration  of  fire. 

The  Domber  of  known  diamonds  of  34  caiMs  and 
upwards,  are  not  more  thsm  nineteen,  two  only  of 
which  are  m  England,  viz.  the  Fiuott  diamood 
weighing  45  oacats,  and  worth  ICSOOTi  and  one  in 
the  pOBsesBion  of  the  Hornsby  family,  cif  30  carata, 
worth  SOOOf .  Holland  ha*  bat  one^  lAich  wei|^  63 
carats,  and  is  valued  at  I(V3Gaf. ;  its  fbrm  is  conical, 
and  it  was  foraame  time  in  the  po*aea«onof  Measrs. 
RiuideU  and  Bridge,  ef  LM)don.  France  has  two  ; 
the  targMt  Was  booght  by  a  former  Doke  of  Orleans, 
daring  his  re^ncy,  and  thus  called  the  Regency  dia- 
taondiitBwngtrttt  136^  earats,  and  valne  149,0681. 
Germany  has  ooe  weighing  139)  carats,  and  ynath 
I55,6t2l.  Eosaia  is  rich  in  these  «;ans;  its  largeet 
is  that  of  Ae  Sceptre,  which  is  said  to  weigh  779 
carats.  Ifthis  be  tm^itmuatJie  wertf^accordingto 
the  general  mode  of  eatimflting  tlffm,  the  ^unooaa 
sumor4,85«.7liU.  lliehiatoryvfllibdiBnondbn. 
ther  cnrioas  ;  for  a  long  time  it  formed  the  eye  of  m> 
Indian  idol,  from  which  post  it  was  lemoved  by  at 
European  soldier ;  from  him  it  passed  through  aevenl 
hands,  andw«a  finaHysoldta  ttieanpiMBCatbsrme. 
far  gofiO0t.y  a  hand*«M  anawtjib  and  a  pattat  af 
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M  WMd  Qtbmi;  <mt  of  ivbkh  it 
•rtkutiri  at  afiSJOOt.  Tlw  Oratt  Uogiil  kca  one  of 
aros«cokiwt,aaMl>rtiMdKt«!ia.7BaJ.  nwtwoprin 
ci|wIsM«MNtiBKt*Pcnkarec«llBd  m  the  hypers 
bolicsl  iuKiima  of  the  eawt,  '^The  Monntuu  of 
SplendMu,'^  fcc..  ud  "Tb«  BMof  Glory  l"  ooe  is 
worth  146,aooL  Md  tbt  otiMr  34,848f.  The  Portn- 
f  neac  royal  Tunily  hara  bro,  one  of  whkli  ia  itill  un- 
cut ;  aiuC  if  ne  MAf  cndk  tka  PoitugoEee  aecoimta, 
it  theUrgBat  erer  fonnd;  it  ia  aaid  to  waigh  ISSO 
caiata]  aiid,  (appesiMK  it  to  kiaa  half  it*  weight  in 
cottiog,  it  woatd  be  worth  6,£44,80Qi.,  npwarde  of  a 
■nillion  matt  thaa  the  SctfitTe  diamond  of  Enana. 
There  ia  «  aamll  part  broken  off,  which  was  doae  fa^ 
th  aam  who  foond  it ;  who,  ignonot  what  atme  it 
waa,  atrask  it  wiA  a  btmraer  apon  an  snvij.  h  was 
feBDd  at  the  Sraxila.  It  may  be  proptr  to  itate, 
that  (one  pecaoua  doubt  the  existence  of  this  itone. 
Acoordia«  to  the  nodal  ealiibited,  it  it  aomewhat  like 
the  «hap«  and  ain  of  an  oatrich's  egg.  The  oUier 
dianand,  in  the  potstHion  of  the  hoUM  of  Braganta, 
ia  worth  ifimfiOCU, 

Uion  of  the  diamood  of  great  importaaoe 


year*  hj  the  late  Wilton  Ltfwry,  tot  the  pnrpote 
.of  diKwing  oi  niling  linei,  tr^cfa  are  aftorwarda  to  be 
daepCDMl  bf  atpia-JbrtiB.  Formerly  ateel  point*  calkd 
^Uimm  mmilm,  wen  naad  tot  tbtt  pinpoae  ;  but  tiiey 
BOon  became  blunt  by  the  friction  againat  t^  copper, 
eo  that  it  feat  ahra^  been  found  isipractieabie  to  make 
what  aie  called,^  at  fvew  tiate  with  thain ;  aocb  at 
the  aior*  of  atiaa,  large  architectiifal  aubjeeta,  and 
(be  BCR  is  «iq«  [  bat  th*  diaaaood,  being  taraed  to  a 
•naiotl  poiat,  or  othmwite  cot  to  a  proper  form,  ia 
Bot  wen  away  by  the  frietiao  of  the  copper,  uid, 
comcquentlT,  the  line*  drsvn  by  it  are  all  of  c<)ual 
thidueaa.  1^  diamood  etching  pointa  of  Mr.  Lowry 
are  tuned  in  a  lathe,  by  holding  a  thin  eplinter  of 
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•idei^le  uae  in  the  glaM  mapafactory,  fbr  aqoaring 
the  large  plates,  or  piaeea  t  and.  among  glaiien  for 
cvtting  tlteir  glaM.  Ilwte  diamond*  are  diftreatly 
fitttd  np.  Tint  ined  liir  looking-glaaaes,  and  other 
large  pieces,  b  act  in  an  inm  ferril  two  mcbe*  long, 
and  a  qoarter  of  an  ipaA  in  diameter.  He  Mat  of 
the  cavity  of  die  ferril  is  filled  with  mdlad  lead, 
which  keep*  th«  diamond  firm  in  it*  place.  The 
glatier*  have  a  handle  of  b^  or  ebony,  fitted  inM  the 
fermle  tn  hold  it  by. 

DiArAeox.  By  the  teim  dtapmrn,  the  andant 
Greeks  apreated  the  interral  at  dw  aetnie.  And 
certain  motkal  inatrament-aiMkem  h«*«  a  kind  of 
mIb  oracakv  called  the  ^Japaiam,  by  <Aich  theyde. 
»  «f  the  pipe*,  or  otlMr  parti  of 
There  i*  a  diapatoti  (br  tnimpet* 


omn.  CSe*  Stop.) 
called  from  ffim  {^Yfrtt);  lina 
n  flowers  and  other  fl^KM  ;  the  fincat 
ipeCMa  af  ngarad  liuB  after  daaeatk.  Hence,  •*  a 
verb,  iteifn&ea  todiacmUyor-variegala  wItt  lowen, 
or  ts  initnte  diaper. 

DiAVBai««,  in  ta/iay;  a  large,  jobnat,  mtu- 
Mlar  map^nne  or  ttm,  placed  transreriely  in  Qie 
tMuk,  and  dividtag  <fce  cheat  ftmn  the  belly.  In  iti 
a^n)  MtaaliBB,  tNc  dtagfliTvgm  ia  eon*«  oa  the 
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upper  side  tawarda  the  breast,  and  concave  on  its 
lower  tide  towanls  the  belly;  therefore,  when  its 
fibres  Bwell  and  coDtract,  it  most  become  plain  on 
each  side :  and  consequently  the  cavity  of  the  breast 
it  enlarged,  to  give  liberty  to  the  longs  to  receive  air 
in  inapiration ;  and  the  stomnch  and  intestines  are 
pressed  fbr  the  diatribntion  of  their  contents ;  hence 
the  nse  of  this  mnscle  Is  very  considerable.  It  is 
the  principal  agent  in  respiratioD,  porticalarly  in  ia- 
tpiration ;  for,  when  It  is  in  action,  the  cavity  of  the 
chest  is  enlarged,  particularly  at  the  tidm,  where  the 
longs  are  chiefly  situated ;  and,  as  the  lungs  mwt 
always  be  contignoot  to  the  inside  of  the  chest  and 
npper  aide  of  the  diaphragm,  the  air  mabca  into  them, 
in  otder  to  fill  op  die  incieaaed  space.  In  explra- 
tioD,  it  i*  reined,  and  pa*hed  np  by  the  prenore  of 
the  abdominal  muscles  upon  Uie  viscera  of  the  abdo- 
men ;  and,  at  the  same  time  that  they  press  it  up- 
warda,  they  pull  dovm  the  riba,  by  wbidi  the  cavity 
of  the  chMt  i*  dhniniriicd.  Mid  the  air  suddenly 
pushed  out  of  the  Innga. 

Diatonic  ;  a  term  in  «Mt'e,  applied  by  the  Greeks 
to  that  one  of  their  three  ^era,  which  consisted, 
like  the  modem  ejvtem  of  intervals,  of  major  toaet 
and  semitones,  "nts  diatonic  genua  ha*  long  tlnoe 
been  conaidered  as  more  natural  Oan  either  the  chro- 
matic or  enharmonic.  Ariatoseoo*  aasert*  it  to  have 
been  the  firtt,  and  infonas  na  that  the  other  two- 
were  formed  from  the  division  of  ilB  interval*. 

DiATONOH  iTfrBNtTiM,  oT  Srabp  DiAroiTio ;  the 
name  given  by  musical  theorist*  to  tboa*  tenous 
proportionB  of  the  interrali  proposed  bv  Ptolemy,  In 
his  system  of  that  name ;  a  syttem  which,  long  after 
the  time  of  this  aodent  speculative  musician,  was 
received  in  our  counterpoint,  and*  is  pronounrad  by 
Doctor  Wallis,  Doctor  Smith,  and  the  most  learned 
wrtteis  on  haimoDica,  to  be  Uie  beat  division  of  the 

DtBBLB ;  an  agricnltnral  implement  employed  in 
making  holea  in  the  ground  for  setting  gmini,  planta, 
and  other  sorts  of  crop*  in,  which  are  planted  in 
rows.  Thar  form,  and  the  materialt  of  vthicfa  thay 
are  made,  diffm  according  to  the  nature  of  the  crop 
which  i*  to  be  put  in  or  planted  oot  by  them ;  bift 
for  grain  they  ate  mostly  shod  with  iron.  In  some 
cases  they  bvre  likewiae  a  sort  of  ttcp  for  setting  the 
foot  npon,  in  atmg  them.  When  employed,  they 
ace  thniat  into  the  grovad  to  a  depth  suitable  to  the 
crop  i4ed>  ia  to  be  put  in  by  them,  and  holea  ttms 
formed,  into  whid  the  aeedt,  sets,  or  plants,  are 
pvt  by  the  band. 


We  give  the  above  er^raviog  of  a  dibble  acting  by 
the  foot  as  already  descnbed ;  a  repretentt  the  deposi- 
tory for  the  seed,  kc. ;  diedkchargcvalveisahowti  at 
h,  the  opening  and  flhnttJD|  of  the  hopper  being  by  a 
doable  lever,  g,  resting  agsmit  flie  heel  above,  t,  Ae 
dibUe-iron  and  guide  is  tbown  at  tf. 
3D  3 
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Dicm ;  cubical  picceB  of  bone  or  vrary,  Biarked 
wkh  dots  oo  eacti  of  their  six  faces,  from  one  to  six, 
according  to  the  number  of  &C88.  Nomerons  pas- 
sages in  the  ancient  writers,  and  very  many  repre- 
sentations in  marble  or  paintings,  show  how  fre- 
qnent  dtce-playing  was  among  them.  Diflerent  from 
me  t9$aerm^  which  were  precisely  like  our  dice,  were 
the  taU  (which  means,  originally,  the  pastern  bone 
cf  a  beas^.  These  were  almost  of  a  cnbic  form, 
and  had  numbers  only  on  Ibor  sides,  lengdiwise. 
Tliree  tmttrm  and  four  idi  were  often  used  together ; 
«iid  the  game  with  dice  was  furoperly  called  mUa, 
tiuttgh  olea  afterwards  came  to  signify  any  game  at 
hazaitl,  and  dleator,  a  gambler.  Dice-playing,  and 
all  games  of  chance,  were  prohibited  by  several  laws 
of  Uie  Romans,  except  in  December,  yet  the  laws 
were  not  strictly  observed. 

DiBT.  The  dietetic  part  of  medicine  is  an  im- 
portant brandi,  and  seems  to  require  a  much  greater 
share  of  attention  than  it  commonly  meets  wi&.  A 
great  variety  of  diseases  might  be  removed  by  the 
observance  of  a  proper  diet  and  regimen,  without  the 
assistance  of  medicme,  were  it  iiot  for  the  impatience 
of  the  sufferprs.  It  ma^,  however,  on  all  occasions, 
come  in  as  a  proper  assistant  to  the  cure.  That  food 
is,  in  general,  thought  the  best  and  most  conducive 
to  long  life,  which  b  most  simple,  pure,  and  free 
from  irritating  qualities,  and  is  capable  of  being  most 
easily  converted  into  the  substance  of  the  body  after 
it  has  been  duly  prepared  by  the  art  of  cookery ;  but 
the  nature,  composition,  virtues,  and  uses  of  parti- 
cular aliments  can  never  be  learnt  to  satisfaction, 
wi^out  the  assistance  of  practical  diemistry.  (See 
Food.) 

DiBT  Dribtk  ;  an  alterative  decoction  employed 
daily  in  considerable  quantities,  at  least  from  a  pint 
to  a  quart.  The  decoction  of  sarsaparilla  And  mete- 
reon,  the  Lisbon  diet  drink,  is  the  most  common 
and  most  useful. 

DiOBSTBR ;  an  instmment  invented  by  Mr.  Papin. 
It  consists  of  a  strong  vessel  of  copper  or  iron,  with 
a  cover  adapted  to  screw  on,  with  pieces  of  felt  or 
pasteboard  interposed.  A  valve  with  a  small  aper- 
ture is  made  in  the  cover,  the  stopper  of  which  valve 
may  be  more  or  less  loaded,  either  by  actual  weights, 
or  by  pressure  from  an  apparatus  on  the  principle  of 
the  steelyard.    The  purpose  of  this  instrument  is  to 

grevent  we  loss  of  heat  by  evaporation.    Water  may 
e  thus  heated  to  400^  Fahr. ;  at  which  temperature 
its  splvent  power  b  greatly  increased. 

DiOBSTiorr  is  that  process  in  the  animal  body, 
by  which  the  aliments  are  dissolved,  and  the  nutritive 
parts  separated,  for  the  revivification  of  the  frame. 
For  the  support  and  continuance  of  life  in  all  classes 
of  animab,  we  find  a  series  of  organs  constructed  by 
the  all- wise  Creator,  for  the  purpose  of  preparing  the 
food,  so  that  its  nutritious  particles  only  shall  be  re- 
ceived into  the  circulatory  system,  and  form  a  new 
jMrtion  of  the  vital  fluid,  in  lieu  of  that  which  is 
4X>n|tantly  expended  in  the  various  secretions  of  the 
body^  thus  repairing  the  waste  that  is  continually 
going  on. 

The  organs  that  are  employed  for  this  purpose,  are 
tike  stomach  and  intestines,  liver,  pancreas,  or  sweet- 
bread, which  may  be  severally  described : — 

The  atonach  is  the  well-known  receptacle  of  the 
food,  a  lar§e  membranous  bag,  and  is  said  to  resem* 
ble  in  shape  tiie  Scotch  ba§^[pes :  it  is  situated  im- 
mediately beneath  the  abort  ribs  on  the  left  aide,  and 
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when  distended  with  food  or  ahr,  reackes  netilT  to 
the  right.   Like  tiie  intestines,  it  b  composed  of  uabe 
coats ;  the  external  b  denominated  the  serous,  being 
formed  of  a  reflection  of  the  peritoneal  lining  of  the 
abdominal  cavity ;  the  middle  b  formed  of  a  tissue  of 
muscular  fibres,  which  perform  an  important  office 
during  digestion ;  the  internal,  from  ito  resemblance 
to  velvet,  is  named  the  villous;  this  is  extremely 
vascular,  and  when  minutely  injected,  either  by  blood 
or  by  artificial  means,  it  resembles  a  mass  of  Vermil- 
lion.   To  this  coat  the  glands  that  secrete  the  gas- 
tric juice  are  connected,  which,  in  some  of  the  carni- 
vorous birds,  are  extremely  large,  and  whose  ducto 
perforate  this  villous  coat.    Some  anatomiste  assert 
the  exbtence  of  a  nervous  coat  to  the  stomadi  as  well 
as  to  the  intestines,  but  thb  has  been  denied ;  at 
the  same  time  it  must  be  admitted  by  every  attentive 
anatomist,  that  it  b  abundantiy  supplied  with  nerves, 
which  will  account  in  many  instances  for  those  de- 
rangements of  the  constitution  arising  from  indi« 
gestion.    The  left  extremity  b  the  greatest,  and  b 
denominated  the  larger  curvature ;  the  right  is  the 
lesser,  and  b  attached  to  the  first  portion  of  the 
small  intestines,    by  an  intervening  circular  valve, 
denominated  the  pylorus.    The  stomach  b  supplied 
with  blood  by  the  first  brandi  of  the  coeliac  artery. 
The  office  of  the  stomach  is  to  secrete  a  fluid  for 
the  purposes  of  digestion,  and  b  denominated  the 
gastric  juice. 

The  small  intestines  are  divided  into  tiiree  parts, 
viz.  the  dwodmmm,  Jtymum,  and  iiemn  ;  but  ^s  db- 
tinction  may  be  considered  arbitrary,  inasmuch  as 
there  b  no  material  difference  in  their  structure.  It 
consLste  of  a  long  membranous  tube,  about  an  inch 
or  an  inch  and  a  half  in  diameter,  and  b  considered 
to  be  four  times  the  length  of  the  subject ;  notwith- 
standing thb  great  length,  it  b  collected  by  means 
of  numerous  windings  uid  convolutions,  into  a  com- 
paratively small  compass.  These  convolutions  of  the 
small  intestine  occupy  the  chief  part  of  the  umbilical 
region  of  the  abdomen.  They  are  connected  in  their 
situation  by  means  of  a  broad  folded  membrane, 
called  the  meteniery,  Thb  production  of  the  perito- 
neum is  about  six  inches  broad  from  its  commence- 
ment, but  it  gradually  expands,  something  aftier  the 
manner  of  a  fan,  so  that  it  becomes  broad  enough, 
ultimately,  to  cover  the  whole  length  of  the  small 
intestine.  It  keeps  the  different  convolutions  of  the 
small  intestines  in  their  relative  position,  allowing  at 
the  same  period,  very  considerable  freedom  of  motion 
without  the  least  danger  of  entanglement.  If  we 
trace  the  course  of  the  small  intestine,  we  follow  the 
c^Efociesam.from  the  lesser  extremity,  of  the  stomadi 
in  the  rig^t  kjfpoehondriitm,  which  makes  three  turns 
close  upon  the  spine,  and  then  comes  out  just  over 
the  left  kidney.  The  general  direction  of  the  canal 
from  thb  point,  independently  of  ito  various  turnings 
and  windings,  is  towards  the  right  groin,  where  the 
Jlewm  terminates  by  entering  the  e«citiii. 

The  coato  of  the  smaller  intestines  are  similar  in 
structure  to  the  stomach,  but  as  the  villous  coat  in 
that  organ  b  formed  into  a  series  of  folds,  so  the 
analogy  b  continued  to  thb  portion  of  the  aUmentaiy 
canal,  inasmuch  as  there  are  a  great  number  of  loose* 
transverse,  and  floating  processes,  named  thetMiAnii« 
conmoenteB,  by  which  means  the  extent  of  surfrboe  Ot 
the  villous  coat  b  considerably  augmented.  How-^ 
ever,  this  peculiarity  of  stmctuio  b  not  foimd  in  €b% 
fmhu,  and  yoang  subject^  .and  -b  deficient  in 
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waimah,  NnmeroM  glaadtolar  bodies  are  found  in 
ifttrioQS  parts  of  the  canal»  collected  into  small  par- 
eels,  and  nence  thev  are  called  tiie  gkmditUB  aggregaUB, 
llie  large  intestme  is  a  canal  of  about  two  or  three 
inches  in  diameter,  and  seven  feet  in  length.  It  is 
divided  into  the  ctecnm,  colon,  and  rectnm.  The 
cecum  is  a  kind  of  pouch  situated  in  the  right  groin, 
and  receiving  the  termination  of  the  ileum.  There  is 
a  valve  placed  at  this  part,  by  which  means  the  con- 
tents of  the  intestine  are  allowed  to  pass  from  the 
ileum  into  the  ciecum,  but  are  prevented  from  return- 
ing. A  small  process,  about  the  size  of  an  earth- 
worm 18  attached  to  the  caecum.  It  is  consequently 
named  the  appendir  vermiformis  cttci,  but  its  use  is 
as  vet  unknown. 

The  course  of  the  large  intestine  is  as  follows  :-^ 
From  the  right  groin  it  ascends  on  the  same  side  of 
the  abdomen  over  the  kidney,  under  the  name  of 
colon  :  it  turns  completely  over  the  abdomen  at  its 
Bpper  part,  immediately  below  the  inferior  margin 
of  Uie  stomach,  and  descends  on  the  left  side  to  the 
left  groin :  here  it  makes  a  large  turn  over  the  brim 
of  the  pelvis,  and  enters  tiiat  cavity,  where  it  takes 
tile  name  of  rectum,  terminating  in  die  anus. 

The  large  intestines  have  the  same  number  of  coats 
of  the  small  portions  of  this  canal :  but  they  have  no 
valvule  conniventes.  The  loogitudmal  muscular 
fibres  are  collected  into  three  Amds,  which  being 
shorter  than  the  rest  of  the  intestine,  occasion  the 
other  coats  to  be  gathered  up  in  folds  between  them. 
The  next  object  of  importance,  as  connected  with 
digestion,  is  the  liver,  which  is  situated  at  the  supe- 
rior part  of  the  abdomen ;  the  vse  of  this  organ  is  to 
secrete  the  bile,  a  fluid  intimately  connected  with 
chylification,  a  healthy  supply  of  which  is  absolutely 
necessary  for  the  nourishment  of  the  animal.  The 
bile  is  secreted  from  venous  blood,  collected  from  all 
tiie  veins  of  the  intestines  and  of  the  glands  in  the 
abdomen ;  and  entering  the  liver  by  a  large  trunk, 
which  is  denominated  the  ifena  portarum,  and  b  mi- 
nutely distributed  throughout  its  substance,  in  nu- 
merous and  minute  ramifications,  and  after  an  end- 
less series  of  undefinable  communications  with  each 
otiier,  terminating  in  ducts  so  exceedingly  minute  as 
to  e»Hude  the  red  globules  of  the  blood.  This,  in 
fact,  is  the  commencement  of  the  formation  of  the 
bile,  which  is  carried  on,  the  ducts  gradually  ^ilarg- 
ing  by  an  union  of  branches,  till  it  is  conveyed  into 
one  trunk,  called  the  hepatic  duct ;  this  joining  the 
cystic  duct,  forms  the  common  bile  duct,  through 
which  the  bile  is  carried  into  the  duodenum  to  assist 
in  the  process  of  chyliflcation.  As  the  circulation 
of  this  immense  quantity  of  blood  through  the  liver 
is  constant  and  uniform,  so  is  also  the  secretion  of 
bile.  But  as  this  fluid  is  not  always  wanted  in  the 
duodenum,  the  great  Author  of  Nature  has  provided 
it  vritii  a  receptacle,  called  the  gall  bladder ;  to  Uiis 
organ  the  superabundant  bile  is  conveyed  by  the 
cystic  duct,  where  it  remains  until  called  for  by  the 
purposes  of  digestion.  Human  bile,  according  to 
M.  Thenard,  is  composed,  in  1,100  parts,  of 
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A  yellow  insoluble  matter,  ftom      .     .  2  to  10 
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Resin 4i. 
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Phosphates  of  soda  and  lime,  "l 

Sulphate  and  muriate  of  soda,  and  oxide  >    46. 
of  iron    .    .    .   *.    .    .    .    .    .    .J 
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The  ptmcnoM,  or  sweet-bread,  is  a  conglomerate 
gland,  composed  of  minute  portions  united  together 
by  a  cellular  substance.  It  is  connected  by  one  end  to 
the  commencement  of  the  duodenum,  extending  across 
the  spine,  behind  the  lesser  arch  of  the  stomach  to- 
wards the  spleen.  Its  length  is  about  six  inches,  its 
breadth  one  and  a  half,  and  its  thickness  half  an 
inch.  It  secretes  a  fluid  necessary  for  chylification, 
called  the  pancreatic  juice,  but  it  is  very  small  in 
quantity ;  and  Dr.  Majendie,  of  Paris,  who  has  been 
making  experiments  on  the  pancreatic  juice,  observes, 
"  the  quantity  passed  into  tJie  duodenum  was  scarcely  a 
drop  an  hour  ;*'  and,  he  says,  "  /  have  waited  longer 
than  that  for  it  ;'*  yet,  sinall  as  it  is  in  quantity, 
it  performs  a  very  important  part  in  the  elaboration 
of  the  chyle,  as  appears  evident  from  the  fact,  that 
in  diseases  of  the  viscus,  the  body  is  attended  with 
emaci&tion. 

Having  thus  described  the  organs  and  fluids  ne- 
cessary for  the  process  of  digestion,  we  may  now  pro- 
ceed to  describe  that  process.  The  food  is  taken  in- 
to the  mouth*  and  broken  down,  or  chewed  by 
the  teeth;  it  is  then  mixed  with  the  saliva;  it  ia 
next  propelled  by  tlie  muscles  of  the  mouth  into  the 
pharynx,  the  constrictor  muscles  of  which,  propel  it 
into  the  oesophagus  or  gullet ;  the  contraction  of  its 
muscular  parietes  force  it  into  the  stomach,  where  it 
becomes  mixed  with  the  gastric  juice ;  in  a  short 
time  this  juice  acts  on  the  ibod,  and  an  homogenous 
mass  is  formed,  called  c%me,  quite  different  from  its 
original  state.  The  pylrous  dilates,  the  muscular 
coat  of  the  stomach  contracts,  and  the  chyme  is 
forced  into  the  duodenum,  where  it  mixes  with  the 
bile  and  pancreatic  juice ;  the  process  of  chylification 
then  takes  place,  when  the  nutritious  portions  of  the 
food  are  extracted  by  a  series  of  vessels  in  the  small 
intestines,  called  the  lacteals,  and  from  them  it  passes 
into  a  vessel  Iving  on  the  spine,  denominated  the  tho- 
racic duct,  which  terminates  in  a  large  vein  under 
the  left  collar  bone,  called  the  subclavian,  where  it 
enters  the  circulation  of  the  blood.  The  useless  and 
excrementitious  parts  pass  through  the  large  intes- 
tines, and  are  finally  ejected. 

Digestion,  with  chemists  and  apothecaries ;  the 
maceration  of  any  substance  which  is  to  be  softened 
or  dissolved,  commonly  pulverized,  in  a  solvent  li- 
quid. It  is  enclosed  in  a  tight  vessel,  and  exposed 
to  a  gentle  heat  for  a  longer  or  shorter  time.  By 
this  process  essences,  elixirs,  and  tinctures  are  made. 

Digit,  in  arithmetic,  signifies  any  one  of  the  ten 
numerals,  1,  2,  3,  4,  5,  6,  7,  S,  9*  0.  The  word 
comes  from  digitus,  a  finger;  thus  indicating  the 
humble  means  originally  employed  in  computations. 
Digit  is  also  a  measure  equal  to  thrce-fourtha  of  an 
inch. 

Digit,  in  astronmny,  is  the  measure  by  vvhich  we 
estimate  the  quantity  of  an  eclipse.  The  diameter  of 
the  sun  or  moon's  disc  is  conceived  to  be  divided  in- 
to 12  equal  parts,  called  digits;  and,  according  to 
the  number  of  those  parts  or  digits  which  are  ob- 
scured, so  many  digits  are  said  to  be  eclipsed.  When 
the  luminary  is  wholly  covered,  the  digits  eclipsed 
are  precisely  12  ;  and  when  it  is  more  than  covered, 
as  is  firequently  die  case  in  lunar  eclipses,  then  more 
than  12  digits  are  said  to  be  eclipsed. 

DioiTikLiNB  is  the  active  principle  of  the  digitalis 
purpurea,  or  foxglove,  and  is  a  very  powerful  poison* 
posacioing  all  the  properties  of  digitalis,  in  a  ver> 
roncentrfited  state.    To  prepare  it«  the  leaves  are  di- 
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gested  In  ether,  the  sohitioa  iltered  atid  emponk^, 
and  the  residue  dissolved  in  water :  this  solatimi  is 
heated  with  oxide  of  lead,  filtered  and  evaporated,  and 
the  residnom  digested  in  ether,  which  aflbrds  digi- 
taline,  on  evaporation.  It  is  a  brown-coloured  sub- 
stance, deliquescent,  and  extremely  bitter.  It  restores 
the  colour  of  reddened  litmus,  and  combines  with  acids. 

Digitalis  ;  a  genus  of  plants,  including,  among 
other  species,  the  purple  foxglove,  a  vegetable  which, 
as  we  have  already  stated,  possesses  important  me- 
dicinal properties.  Hie  plant,  when  fresh,  posses- 
ses a  bitter,  nauseous  taste,  and  is  violentiv  emetic 
and  cathartic.  When  prepared,  and  admmistered 
medicinally,  it  has  the  remarkable  property  of  dimi- 
nishing the  strength  and  frequency  of  the  pulse,  and 
is,  at  the  same  time,  diuretic. 

Dike,  or  Dtke  ;  a  ditch  or  drain,  and  also  a  work 
of  stone,  timber,  or  fascines,  raised  to  oppose  the 
passage  of  the  waters  of  the  sea,  a  lake,  river,  or  the 
like.  In  no  country  has  the  art  of  building  dikes, 
and  their  subsequent  management,  been  carried  to  so 
much  perfection  as  in  Holland,  and  the  north-west  of 
Germany,  where  the  construction  and  superiotend-- 
ance  of  them,  the  draining  of  land  and  guarding 
against  inundations,  and  the  distribution  of  taxes  for 
the  maintenance  of  the  dikes,  form  an  important 
branch  of  government. 

Dioptrics.    See  Optics. 

Diorama.  This  term  is  now  generally  employed 
to  describe  pictorial  representations.  One  of  the 
principal  of  ihtse  is  exhibited  in  the  Regent's  Park, 
and  consists  of  two  large  transparent  pictures,  which 
are  seen  fh>m  a  revolving  room,  so  that  the  visitor 
can  be  brought  alternately  before  either  of  the  pic- 
tures. The  effect  of  a  thunder-storm,  and,  indeed,  of 
variable  lights  generally,  are  in  these  pictures  pro- 
duced by  differently  coloured  mediums  through  which 
the  light  is  admitted,  and  these  are  made  to  move 
by  machinery. 

DiPLoa,  in  anatomy,  is  the  reticular  texture  con- 
necting together  the  two  tables  of  the  skull.  (See 
Cranium.) 

Dipping,  among  miners,  signifies  the  interruption  of 
a  vein  of  ore — an  accident  that  often  gives  them  a  great 
deal  of  trouble  before  they  can  discover  the  ore  s^ain. 

Dipping  Needlb,  or  Inclinatort  Nbbdlb;  a 
ma^etical  needle,  so  hung,  that  instead  of  playing 
horizontally,  and  pointing  north  and  south,  one  end 
dips  or  inclines  to  the  horizon,  and  the  other  points 
to  a  certain  heiHit  above  it.  The  inventor  of  this 
instrument  was  Robert  Norman,  a  compass-maker, 
of  Wapping,  about  the  year  1576. 

Some  persons  have  endeavoured  to  find  the  lati- 
tude and  longitude  of  places  by  means  of  the  dipping 
needle;  but  nothing  of  importance  has  followed 
from  their  attempts.  The  following  general  rule, 
however,  may  be  adopted,  in  order  to  find  the  longi- 
tude or  latitude  by  the  dippmg  needle.  If  the  lines 
of  equal  dip,  below  the  horizon,  be  dravm  on  maps 
or  sea-charts,  from  good  observations,  it  will  be 
easy  from  the  longitude  known,  to  find  the  latitude, 
anc[  from  the  latitude  known,  to  find  the  longitude. 
Suppose,  for  example,  a  person  travelling  or  sailing 
along  the  meridian  of  London,  and  found  ^  angle 
of  dip,  with  a  needle  of  one  foot,  to  be  75°,  the  chart 
will  show,  that  this  meridian  and  the  line  of  dip 
meet  in  the  latitude  of  53^  11',  whidi  therefore  is  the 
latitude  sought.  Or  suppose  a  person  travelling 
along  the  parallel  of  London,  t.  e.  m  51°  32'  N.  lat.> 


aad  ha  tod  the  aagle  of  di^  to  ha  7'4°»  this  p-itltL 
ami  the  lki&  of  thia  dip,  will  oaeet  in  tke  flsap  m  1°  46' 
of  £.  Ion.  hmm  LondMi»  wtlnch  is  ther^Mre  tike  longi-^ 
tude  sought    The  dip  ta  not  always  tbs  east. 

DiscoA]>.  A  iiaeatd  it  a  diseonant  or  iDhacmo- 
nious  combiaatioii  of  aonndSi  so  called  in  oppoaitioia 
to  die  eancDTd;  the  dfada  of  whirii  th«  diacord  i» 
calculated  to  reliefv  by  oontvaat.  Aaftoog  vanava 
other  disccHrda,  are  those  formed  by  tk  union  of  the 
fifth  with  the  siith*  tfaa  fowth  wilh  the  fifth,  tW 
savradi  with  tlie  tigfath,  and  the  third  with  the  waiSk 
and  seventh,  all  which  roqnica  to  be  introdiwed  by 
certain  preparatives,  and  to  be  succeeded  by  concorda 
to  vrhi^  they  have  some  relation. 

Discus,  Disc,  or  Disk  ;  amonff  the  Greeks  and 
Romans,  a  qnoit  of  stone  or  metal,  convex  on  both 
its  sides,  poibratod  in  Uie  middle,  and  fastened  to 
the  hand  by  stringaw  Throwing  the  itisait  was  onft 
of  the  gymnastie  exercisea ;  and  in  the  Olvvpic  and 
odier  garnet,  it  vras  contidered  a  great  nonoiir  U^ 
conquer  in  the  contett.  Pertent  it  said  to  have  in- 
vented this  instrument^  and  ApoUo  killed  his  favour- 
ite, Hyadnlh,  with  it  In  tome  places,  the  plato 
which  containa  the  host  during  the  act  of  oontecrk- 
tion,  is  called  dM. 

DisnAana,  HBBBDiTA&r.  The  infiuence  of  the. 
parents  on  the  oq^aniaatiott  of  the  ohild  it  to  f^r^t* 
that  even  the  individMd  peonliantiet  which  dittin- 
guish  one  man  from  another  are,  in  part  at  least, 
traatmttted  to  his  chiUten  i  henoe  the  timilarity,  ia 
perton  and  lookt,  of  the  child  to  itt  parents.  The 
mtemal  organt,  too,  as  well  at  the  external  form^ 
have  the  tame  retemblance;  to  that  the  peculiar 
constitution,  the  gfcato  or  lem  activity  and  developa«> 
ment  of  thete  organic  are  found  to  past  from  parent 
to  child.  Now  at  it  is  the  particular  ttate  of  the  te- 
veral  oigant  and  fnnetiont,  m  whidi  a  very  great  part 
of  diteatct  have  their  foundation,  it  followt  that 
thete  diseates  may  be  inherited ;  aiad,  in  fact»  it  hi» 
been  obterved,  that  the  ton  u  not  unfrequently  at- 
tacked by  a  diteate  at  the  tame  period  of  life  in 
which  hit  frither  wat.  These  diseates  axe  called 
keredOarf;  but  it  it  only  the  preditpotition  to  them 
that  it,  properly  speaking,  inbierited.  Hence  the  ac- 
taal  developement  of  hereditary  diseases  requiiat  cer- 
tain co-operating  oircumttancet. 

Constitutional  diseases  are  very  often  not  heredi- 
tary, but  depend  on  circumstancet  which  affect  the 
foetut,  during  pregnancy.  The  flither  has  no  influ- 
ence on  the  child,  beyond  the  act  of  genemtion;  the 
mother  operates  upon  it  during  pregnaney»  and  it  it 
poesible  that  hereby  occasion  may  be  given  to  here* 
ditary  diteatet.  Among  the  diteatet  which  are  most 
frequently  hereditary,  are  scrofula,  bleeding  (espe- 
cially at  the  lungs)  and  honorrhoidty  consumption, 
gout,  the  gravel  and  ttone,  tdrrhut  md  cancer,  dit- 
ordert  of  the  mind  and  spirits,  hyttarical  and  hypo- 
chondriac affisctions,  apoplexy,  epilepsy,  and  organic 
diseases  of  particular  pwrts,  especially  of  the  heart. 
They  have  this  peculiarity,  that  they  are  produced, 
and  appear  at  oonatitational  diteatet,  more  from  the 
action  of  internal  than  of  extenud*  of  predisposing 
than  of  occasional  causet. 

Such  diteatet  are  more  difilcult  to  reach  and  to 
cure  thaiLthote  which  originate  in  accidental,  exter- 
nal cautet.  .  Hence  it  it  etpecially  necettary  to  pre- 
vent in  season  their  growth  and  developement.  The 
means  of  doing  this  are  the  following:  1.  Whoever 
hat  a  hereditary  predisposition  to  apy  diteate,  should 
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not  tiaarf  one  wlto  hw HM'Stme  cOMtitatum.  For 
tills  reaMm,  marriages  betwam  near  relatioBs  are  noi 
advisable,  as  tending  to  pcrpetittte  suck  hereditary 
diseases.  This  too  appears  to  be  the  reason  why 
attachments  are  generally  formed  between  penons 
of  opposite  consHtatton  and  different  temperanient 
f .  We  ought  to  order  all  tiie  circumstances,  in  which 
the  chiM  grows  up,  in  such  away,  that  the  inherited 
predisposition  may  not  only  not  be  fimroared,  but 
counteracted.  3.  The  aecidentai  occasions  whidi 
Ikvour  ^  growth  of  the  disease  ^uid  be  avoided* 
especially  at  the  time  of  life  in  which  the  father  was 
attacked  by  it.  The  medical  treatoKut  of  hereditary 
diseases  is  not  essentially  difierent  from  that  idiich 
IB  reouisite  in  the  same  diseases,  arising  under  difltor- 
ent  circumstances. 

Disk,  in  oBtrommy,  means  the  ftuie  of  the  sun 
and  moon,  as  they  apfitar  to  obaervars  on  the 
earth. 

DisMovifTiNo,  in  tiie  iflitoiy  art,  b  rtndering  the 
enemy's  cannon  unfit  for  fnrdier  sarvice,.  by  breaking 
tiieir  carriages  uid  satewtrees ;  also  diattering  the 
parapet  of  a  retrenohmtent  or  of  a  walU  by  batb,  so 
that  it  cannot  be  defended,  paitkularly  so  that  can- 
nons cannot  be  worked  behind  it.  Dismounting 
batteries  are  such  as  are  intended  to  tiirow  down  the 
parapets  of  fortificatiotts>  and  disable  the  enemy's 
cannons.  They  are  placed  generally  in  the  second, 
often  in  the  third  paffaHel.  If  they  are  on  the  glacis, 
in  the  salient  angles  of  the  bastions,  and  ire  against 
ttK  Hanks  of  the  adjacent  bulwark,  they  are  called 
eomnter-haHeri»,  They  are  erected  exactly  oppoeke 
the  front  to  be  battered,  and  cmisist  of  from  four  to 
eight  cannons,  mostly  12-pounders.  These  caoaoMi 
are  generally  idmed,  at  the  same  ttme>  at  the  SMue 
embrasure,  whilst  the  othen  occupy  the  other  can- 
non of  the  enemy :  when  one  of  the  enemy's  cannon 
b  silenced,  the  fire  b  dlieated  to  another,  and  so  onu 
Some  mortars  and  howitzers,  whidi  may  be  plated 
either  within  the  dismounting  battery  or  by  them- 
selves, support  its  fire,  by  bombacding  the  attacked 
embrasures :  the  fire  of  both  must  be  slow,  and  well 
aimed.  The  distance  of  the  dismounting  baittery 
from  the  work  attacked,  is  usually  from  3  to  400 
paces,  according  to  the  distance  of  the  second  pa- 
rallel. It  has  been  proposed,  in  modem  times,  to 
shoot  grenades,  instMd  of  balb,  from  the  cannons, 
rato  the  works  which  are  tb  be  dbmounted,  to  pro- 
duce an  effect,  by  their  bursting,  similar  to  that  of 
mmes. 

DisPBNSAToaT;  a  book  in  which  all  the  medicines 
are  registered,  that  are  to  be  kept  in  an  apothecary's 
riiop,  and  the  apotheoahes  direioted  how  to  eompoee 
them-  Almost  every  country  In  Europe,  and  many 
large  citiei  hove  their  o#n  dispensatories,  which  the 
i^Kithecaries  or  diembts  are  bound  to  follow. 

1>I8PLAYB»,  in  kmmkhy,  is  understood  of  the  po- 
sition of  an  ea^>  or  odiw  bird,  when  it  b  erect, 
with  its  wings  expanded,  or  spread  forth. 

Dissonanob;  that  effect  whidi  results  from  the 
union  of  two  sounds  not  in  accord  with  each  other. 
The  ancients  oonsideved  thirds  and  sixAhs  as  tUsm)- 
mmeea  ;  and,  in  fact,  every  chord,  except  the  perfect 
concord,  b  a  dissonant  chord.  The  old  theories 
include  an  infinity  of  dissonances,  but  the  present 
received  system  reduces  them  to  a  comparatively 
small  number.  One  rub,  admitted  both  by  the 
ancients  and  the  modems.  Is,  that  of  two  notes, 
dbsonant  betwem  themselyes,  the  dissonance  apper* 
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taws  to  that  one  of  the  two  which  is  most  remote 
frxHu  the  concord. 

Distillation  is  an  art  founded  upon  the  different 
tendencies  which  bodies  have  to  pass  into  vapour^ 
and  to  be  condensed  again  by  cold,  and  is  performed 
in  order  to.  separate  them  from  each  other,  when 
combined,  or  when  they  become  products  of  chemical 
action.   Its  use  is  very  important  in  obtainiDg  spirits, 
essences,  volatile  oib,  &c.    The  most  coounon  me- 
thod of  conducting  this  process  consists  in  placbg 
the  liquid  to  be  distilled  in  a  vessel  called  a  atUi, 
made  of  copper,  having  a  moveable  head,  with  a 
swan-like  neck,  which  b  so  formed  as  to  fit  a  coiled 
tuhej^  packed  away  in  a  tub  of  water  constantly  kept 
cMp  and  which  b  termed  a  rffrigeratory.    The  fire 
Is  applied  either  immediately  to  the  still,  or  medi- 
ately; by  means  of  a  water  or  sand-bath.   The  liquid 
to  be  obtained  rises,  in  vapour,  into  the  head  of  the 
still,  and,  passing  down  the  curved  tube,  or  worm, 
boeomes  condensed,  and  makes  its  exit  in  a  liquid 
state.  The  sttll  should  be  constructed  with  a  diameter 
considerably  greater  than  its  height,  in  order  to  ex- 
pose alaifer  surface  to  the  fire ;  and  the  tube  should 
not  be  so  narrow  as  to  impede  the  passage  of  the 
vapour  into  the  worm.    (3ee  Alcohol  and  Recti - 

riOATtON.) 

An  improvement  made  by  Mr.  Tennant  in  this 
apparatuB,  consists  in  introducing  the  spiral  tube 
into  the  body  of  a  second  still,  so  Uiat  the  heat  from 
the  condensation  of  the  steam  passing  through  the 
tub^  b  ^tplied  to  the  distillation  of  liquor  in  the 
aeeond.  T^  pressure  of  the  atmosphere  is  removed 
from  the  latter,  by  connecting  it  with  an  air-tight 
receiver,  kept  cool.  The  air  in  this  receiver  is  allowed 
to  escape  at  the  eommencement ;  its  place  is  occupied 
by  the  steam  from  the  liquor,  which  being  condensed, 
a  vacuum  b  kept  up,  and  the  distillation  proceeds, 
without  any  forther  heat  being  applied  to  the  second 
stilL  ThU  form  of  distilling  apparatus  is  called 
the  doi^k  siiil,  and  has  been  much  improved  by  Mr. 
Sharp. 

The  process  introduced  by  Mr.  Barry,  for  pre- 
paring vegetable  extracts  and  inspissated  juices,  by 
evaporation  in  vacuo,  b  of  a  somewhat  similar  na- 
ture. The  apparatus  consists  of  a  hemispherical  still, 
made  of  cast  iron,  and  polished  within.  It  is  closed 
by  an  air-tight,  flat  cover,  through  which  rises  a 
wide  tube,  which  is  then  bent  downwards,  and  ter- 
minates in  a  large  copj>er  globe,  of  a  capacity  three 
or  four  times  greater  than  that  of  the  still. 

In  thb  tube  there  is  a  stop-cock,  between  the  still 
and  the  globe.  When  evaporation  is  to  be  performed, 
the  vegetable  juice  or  infusion  is  poured  into  the  po- 
Ibhed  iron  still,  through  an  opening,  which  is  then 
closed,  made  air-tight,  and  covered  with  water.  In 
Older  to  produce  a  vacuum,  the  connection  between 
the  still  and  copper  receiver  is  interrupted,  by  shut- 
ting the  stop-cock,  and  steam  from  a  boiler  is  intro- 
duced by  a  pipe  into  the  latter,  till  the  whole  of  the 
air  b  expelled  frotm  it.  This  takes  usually  about  five 
minutes,  and  is  known  by  the  steam  issuing  from  the 
globe  uncondensed.  The  copper  sphere  is  then  closed, 
and  the  communication  restored  between  it  and  the 
still,  by  optning  the  stop-coCk,  when  the  greater  part 
of  the  air  in  the  latter  rushes  into  the  former.  The 
stop-cock  is  again  closed,  and  the  globe  again  filled 
with  steam  as  befoie.  By  the  condensation  of  this 
steam,  a  vacuum  b  again  produced,  which,  on  open- 
ing the  stop-cock,  extracts  the  greater  portion  of  the 
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air  remaining  in  the  still :  in  short,  by  repeating  these 
exhaustions  ^ye  or  six  times,  an  almost  perfect  va- 
cnum  is  obtained,  both  in  the  still  and  receiver.  Heat 
is  then  applied  to  the  water-bath,  in  which  die  still 
is  placed,  until  the  juice  within  begins  to  boil,  which 
is  ascertained  by  inspection  through  a  piece  of 
thick  glass,  fixed  firmly  in  the  upper  part  of  the  ap- 
paratus. 

As  in  a  vacuum,  fluids  boil  many  degrees  below 
their  usual  boiling  temperature,  water  passes  into 
ebullition,  in  such  circumstances,  at  90^  Fahr.,  or  a 
little  above  it ;  and  it  is  never  found  necessary  to  heat 
the  juice  above  a  tcmparature  of  1CX>°.  The  eva- 
poration is  continued  till  the  fluid  is  inspissated  to  the 
proper  extent,  which  is  judged  by  its  appearance 
through  the  glass.  Extracts  prepared  in  this  way, 
are  found  to  be  greatly  preferable  to  those  obtained 
by  evaporation  at  a  high  temperature ;  they  are  con- 
siderably stronger,  as  the  active  principles  in  the 
juices  are  not  decomposed  by  re-action  between  their 
elements,  favoured  by  heat ;  and  they  are  free  from 
all  burnt  flavour,  or  empyreuma. 

There  are  many  operations,  however,  in  which 
liquids  are  employed,  that  would  corrode  metallic  ves- 
sels :  in  such  cases,  vessels  are  employed,  constructed 
either  of  glass,  platinum,  or  stone  ware.  In  this 
case  we  generally  employ  a  modification  of  Woulfe's 
bottles.  This  apparatus  is  one  of  the  greatest  im- 
provements that  could  have  been  introduced  in  our 
laboratories.  It  not  only  affords  us  the  means  of 
collecting  all  the  products  of  a  distillation,  but  also 
enables  us  to  obtain  them  separately;  and  it  removes 
all  fear  of  any  risk  or  accident. 

In  certain  cases,  the  product  designed  to  be  obtained 
by  distillation,  is  an  elastic  fluid,  not  condensible  by 
itself,  but  capable  of  bein|;  condensed  by  bemg  trans- 
mitted through  water,  with  which  it  is  retained  in 
combination.  The  distillatory  apparatus  invented 
by  Woulfe,  consists  of  a  series  of  bottles,  as  shown 
in  the  accompanying  diagram,  connected  with  eadi 


other  by  bent  tubes,  and  connect^  with  a  retort,  ge- 
nerally Dv  the  medium  of  a  receiver  and  adopter,  "Hie 
receiver  is  designed  to  collect  any  condefisible  part 
of  the  product.  In  the  three  bottles,  water  is  placed 
to  nearly  one  half  their  height,  and  the  tube  passing 
from  one  into  the  other,  beyond  the  second  bottle, 
dips  into  the  water  of  the  bottle  into  which  it  is  in- 
serted. The  gasepus  product  is  thus  transmitted 
through  the  water,  by  which,  as  well  as  by  the  pres- 
sure which  is  necessarily  exerted  by  the  short  column 
of  water  in  each  tube,  its  absorbtion  is  promoted ; 
and  if  any  portion  is  incapable  of  being  absorbed  by 
the  water,  it  passes  off  by  tl^e  bent  tube  at  the  end, 
and  may  be  collected  in  an  inverted  jar,  in  a  troagh 


of  water.  Each  of  die  bottleB^  except  th«  flist  re« 
ceiver,  has  a  straight  tal>e,  which  rises  to  the  hei^t 
of  8,  10,  or  13  inoaes  above  its  insertion  into  the  bot- 
tle, and  passes  bo  far  within  it  as  to  dip  in  the  water 
nearly  half  an  inch.  This  tnbe  is  termed  the  tube  of 
safety,  and  t^  use  of  it  is  to  guard  against  that  reflux 
of  fluid  which  might  happen  from  a  partial  vacuum 
arising  from  condensation  in  any  of  the  bottles.  At 
the  commenoement  of  the  distillation,  the  joinings  of 
the  tubes  with  the  bottles  being  well  secured,  tha 
whole  is  air-tight ;  and,  by  the  gas  produced,  the  at- 
mospheric air  contained  in  the  upper  part  of  tfie  bot- 
tles IS  in  a  great  measure  expelled  through  the  tubes. 
If,  therefore,  in  any  stage  of  the  distillation,  the  pro- 
duction of  gas  should  dimini^,  the  quantity  contained 
in  the  bottles  being  absorbed  by  the  liquor,  a  partial 
vacuum  is  formed ;  and,  at  the  end  of  the  process, 
when  the  retort  cools,  which  always  happens :  the 
consequence  of  this  must  be,  that  the  water  being  mote 
pressed  on  by  the  atmosj^eric  air  without,  than  by 
the  gas  withm,  must  pass  backwards  from  one  bot- 
tle to  anodier  by  rising  through  the  tubes,  and  thua 
the  whole  will  be  mingled  together,  which  would 
often  defeat  the  object  ol  the  distillation.  This  how- 
ever, is  effectually  prevented  by  the  tubes  of  safety^ 
as  when  any  such  partial  vacuum  happens,  the  at- 
mospheric air  is  forced  through  the  small  quantity  of 
fluid  in  which  they  are  immersed^  and  rising  into  the 
bottles,  preserves  the  equilibrium. 

Various  improvements  have  been  made  in  this  ap- 
paratus. One  defect  in  it  is,  that  we  cannot  have 
the  advantage  of  the  immersion  of  the  tube  which 
comes  from  the  first  receiver,  into  the  liquid  in  the 
second ;  for,  as  the  receiver,  as  it  sometimes  is,  ia 
designed  to  collect  the  eondensible  product,  and  ou^t 
therefore,  to  be  without  water,  it  can  have  no  tube  of 
safety ;  and  hence,  if  the  tube  issuing  from  it  dip 
into  the  liquid  in  the  second,  whenever  any  conden- 
sation happens,  from  the  gas  ceasing  to  be  produced* 
the  liquor  will  pass  backwards  into  it.  As  the  liquid, 
however^  in  the  first  bottle  is  in  the  best  situation  for 
being  impregnated  with  the  gas,  and  therefore,  for 
forming  mb  most  concentrated  product,  it  is  of  some 
importance  to  aid  this  as  much  as  possible,  and  obtain 
the  advantage  of  the  gas  being  foroed  to  pass  throu^ 
it,  by  the  tube  passing  into  it  being  immersed.  The 
contrivance  tiiat  has  been  used  for  this  purpose,  u  the 
tube  of  safety  of  Welter,  or  bent  tnbe  with  an  addi- 
tional cuFvature,  and  a  spherical  ball  iatermediafee 
between  the  globular  receiver  and  the  common  three- 
necked  bottle,  and  connecting  them.  In  this  is  put 
a  small  quantity  of  water,  so  as  to  rise,  when  the 
pressure  without  and  within  is  equal,  about  half 
way  into  the  ball.  If  the  elasticity  is  increased  in 
the  internal  part  of  the  apparatus,  during  the  distil- 
lation, by  the  production  of  gas,  the  water  is  pressed 
upwards  to  the  funnel  at  the  top ;  if  there  is  a  con- 
densation, it  is  forced  by  the  atanoepheric  pressure. 
Into  the  ball,  but  whenever  it  has  passed  the  curva* 
ture  beneath  the  ball,  it  is  obvious  that  a  portion  of 
air  must  rise  through  it,  and  will  pass  into  the  globe 
or  bottle,  to  the  tube  of  which  this  bent  tube  is 
adapted. 

DivBRQBNT,  in  gtmnetry,  are  lines  who^e  distance 
firom  each  other  are  continually  increasing. 

DivnaeiKG  SamiBa,  ia  analysis,  are  those  seriesu 
the  terms  (^  which  inerease  mors  and  more,  the  far* 
ther  they  are  continued. 

DivBmsioif,  in  wdiiimrf  affaira*  *a  an  attack  on  9m 
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w  wliere  he  ii  weak  Mtd  nnproTldcd, 
»  off  his  6yKt»  from  another  place, 
whei«  they  have  made,  or  intend  to  make,  an  iimp- 
tion.  Thut  the  Romani  had  no  other  way  ■»  thnr 
power  of  driving  Hannibal  out  of  Italy,  bat  by  mak- 
ing a  diversion  by  attacking  Carthage. 

DiviDBD,  in  ttritkmelie.  is  that  number  to  be  di- 
•ided. 

Divino-B«i.L.  To  iUnatrate  the  pnnciple  of  this 
nuchme,  let  the  experimentor  take  a  gtaw  tumbler, 
plunge  it  into  water  vrith  the  month  perpendicularly 
downwards  j  he  will  find  that  very  little  water  will 
rise  into  the  tumbler,  which  will  be  evident  if  he  lay 
a  piece  of  cork  upon  the  surface  of  the  water,  and 
put  the  tumbler  over  it  j  for  it  will  be  seen,  that, 
though  the  cork  should  be  carried  far  below  the  aiir- 
ftce  of  the  water,  yet  its  upper  side  la  not  wetted, 
the  air  which  was  m  the  tnmbler  having  prevented 
the  entrance  of  the  vrater;  bat,  ai  air  is  comprcBai- 
ble,  it  could  not  entirely  exelade  the  water,  whidi, 
bv  ita  pressure,  condensed  the  air  a  little. 

'  The  general  airangement  of  the  bell,  as  it  is  al- 
lowed to  descend  by  its  gravity  in  the  water,  wUl  be 
understood  by  referring  to  the  diagram  beneaA. 


The  first  diving-bell  we  read  of  in  Enrope  was  tried 
at  Cadiz,  by  two  Greeks,  in  the  presence  of  Charles  V. 
and  10,000  spectators.  It  resembled  a  lai^  kettle 
inverted.  The  flrst  of  any  note  was  made  by  Dr. 
Halley.  It  is  most  commonly  made  in  the  form  of 
a  truncated  cone,  the  smallest  end  being  closed,  and 
the  larger  one  open.  It  is  so  suspended  that  it  may 
sink  full  of  air,  with  its  open  base  downwards,  and 
as  near  as  may  be  parallel  to  the  horizon,  so  as  to 
close  with  the  surface  of  the  vrater.  Mr.  Smeaton'a 
diving-bell,  made  in  1788,  was  a  square  chest  of  cast 
iron.  4i  feet  in  height,  4}  feet  in  length,  and  3  feet 
wide,  and  afforded  room  for  two  men  to  work  in  it. 
It  was  supplied  with  fresh  air  by  a  forcing  pump. 
This  was  used  with  great  saccess  at  Ramsgate. 

Other  contrivances  have  been  used  fordiving-baUs. 
Within  the  last  30  years,  the  diving-bell  has  been 
much  employed  to  asMst  in  laying  the  foundations  of 
buildings  under  water.  A  diving-bell,  on  an  im- 
proved  principle,  was  constmcted  in  1812,  by  the 
late  Mr.  Rennie,  and  employed  in  Ramsgate  harbonT, 


aaamnd  m  wcU,  that  the  oOMttaj  waa 
laid  widi  the  utmost  pracision.  From  this  foiai 
mast  be  dated  a  new  era  ia  the  construction  of 
maaonry  under  watar,  the  use  of  cofler-daoM  bein^ 
in  a  ctmsiderable  degree,  superseded.  The  divins- 
bdl  waa  tbeueeforward  employed  by  Mr.  Rennie  id 
the  coiMtnictioi)  of  all  the  great  harbours  which  fa^ 
projected.  Round  bells  of  cast-iron  and  copper  have 
been  occasionally  made  for  the  pearl  and  coral  Sahe- 
riee  of  South  America,  and  have  been  supplied  bv  the 
Messrs.  Rennie  for  most  of  the  royal  dock-yarda  in 
EJtgland.  and  several  of  those  in  the  colonies,  for  the 
pearl  fishery  at  CeyloD,  for  the  repair  of  the  works 
at  Croostadt,  and  for  many  plaaes  in  Great  Britain 
and  Ireland. 

now  present  our  readers  with  a  short 
description  of  a  diving-bell,  which  was  oaed  at 
Sbeerness  in  bailding  a  new  aea-well  round  the 
dock-yard  at  that  place,  and  which  is  thought  to  bt 
one  of  the  best  pieces  of  under- water  masonry  that 
has  yet  been  constructed.  This  deecripUon  is  trans- 
lated from  the  valuable  work  of  M.  Dupb,  entitled, 
''mmgei  doM  la  GramU'Bnlagtie. 

Tlus  particular  bell  is  of  cast-iron,  of  a  sin; 
and  has  the  form  of  a  hat  without  the  r 
length  at  the  base  is  0  feet,  its  breadth  3  feet  B 
in^es,  and  its  height  4  feet  6  inches.  In  the  upper 
are  several  circular  holes,  in  which  glass  illu- 
fiied,  and  luade  perfectly  air-tight.  By 
of  them,  vision  is  sufficiently  distinct  at  four 
fhthoms  below  the  surface  of  the  water,  to  execute 
any  kmd  of  labour  with  precision.  In  the  interior  of 
the  bell,  Qion  are  two  benches,  on  which  the  work- 
men sit  down ;  some  ring-bolts  at  the  sides,  to  which 
the  tools  BR  fastened  by  means  of  cords,  so  that  if 
the  workmen  let  them  fall,  they  cannot  be  lost ; — 
and  also  ring-bolts  at  the  top.  with  ropes  for  fastcn- 
ing  die  things  to  be  brought  op  to  the  surface. 

Between  the  two  rows  of  illominatore.  is  a  streng- 
dieni]>g  piece  of  iron,  perforated  with  two  large  holes, 
in  which  is  fixed  the  ends  of  the  chain  for  loweriitg 
or  rustng  the  diving-bell.  EiacUy  in  the  centre  is  a 
smaU  Toond  opening,  in  which  is  screwed  a  copper 
rim  fixed  to  the  end  of  a  le^er  tabc,  for  introdonug 
fresh.air  into  the  bell  when  it  is  below  the  snrftceoT 
the  water. 

Dr.  Halley,  the  great  improrer  of  the  diving-bell, 
used  to  supply  bis  machine  with  fresh  air.  by  send- 
ing down  casks, 'which,  by  means  of  cords,  could  be 
conducted  ander  the  bell,  and  there  opened  above  the 
surface  of  the  water.     This  was  found,  however,  t 


very  inconvenient  plan,  and  the  bell  at  Sheer- 

is  supplied  with  air  by  means  of  a  forcing-pump 

and  a  leaUMr  tabe.  A  raft  is  kept  as  near  to  the  bell 
as  possible,  and  on  it  a  small  air-pump  is  vrorkcd, 
which,  by  means  of  the  leather  tube  already  men- 
tioned, continoally  renews  the  air  in  the  betl.  This 
pomp  is  composed  of  a  short  cylinder  of  a  large  dia- 
meter, and  of  a  piston  moved  bj  a  lever.  The  piston 
has  six  circular  openings,  shut  up  in  the  body  of  the 
pump  by  Icadier  valves  set  in  copper,  which  opai 
to  permit  the  entrance  of  the  air  when  the  piston  is 
raised,  and  which  shut  when  it  is  depressed.  In  or- 
der to  prevent  the  reflux  of  the  air  introduced  into 
the  bell,  there  is  a  valve  at  the  end  of  the  tube  which 
closes  when  the  piston  is  r^sed,  and  opens  when  it 
"    "^^   -    *     '         -'  t  flieair. 


DIVINING- ROD DIVISIBILITY. 

Ilw  large  di«Bg-btU  hM  lately  been  lued  with 
gTBtt  ad*MitagB  in  nitiiu  trsaaure  from  his  Ma- 
jettjr'*  tkip,  TbOu,  whicB  was  accomplulied  in  a 
Terr  tewpeetooaa  part  of  t)ie  ocean. 

DiTiMiNa  Rod,  ia  a  rod  made  with  certain  saper- 
Btitiaua  ceremoniea,  either  MngU  and  curved,  or  with 
two  bnacbea  like  a  fork,  of  wood,  biau,  or  other 
metal.  The  tod  is  held  in  a  particular  way,  and  if 
it  benda  fanranh  oae  lide,  those  who  u>e  the  rod 
brikve  it  to  be  tu  indication  that  there  ie  trcatur* 
under  the  ipot.  Some  puhlicacioiu  reipecting  a  man 
who,  in  quit*  recoit  times,  pretended  to  be  able  to 
diacover  water  and  metala  under  the  Eroond  hj  hi* 
fMingB,  attracted  much  ntteotion. 

DivisiBiLiTT,  TkM  aqtuel  subdivision  of  bodies 
ha*,  in  many  cmos,  beeu  canied  to  a  prodigious  ei- 
Itat.  A.  slip  of  ivory,  of  an  iach  in  leog^  is  fre- 
qnantiy  divided  into  a  hundred  equal  parts,  which 
are  distiactly  visible.  £nt,  by  the  application  of  a 
TCfy  fine  scnw,  HWO  fl^uidistant  lines,  ib  the  apace 
of  a  quarter  of  an  iKh>  can  be  traced  on  asorface  of 


In  enpiaying  this  Avii^-Ml  t»  biUd  nn* 
die  flrat  procerfing  is,  to  driw  two  partial 
pDea,   one   iniide.   the  other  oataide,  of  the  space 
wbere  the  inteoded  w^l  is  to  be  b«i1t.    Seams  i 
flutened  on  the  tops  of  the  piles,  botti  fttan  pile 
^le,  in  Ae  same  row,  and  tnosvetsely  from  one  p 
to  the  opposite  pile  in  Qie  panUlel  raw.    Ob  du 
traasvena  beams  planhs  are  laid,  which  fbrm  a  atroog 
floor,  and  on  the  edges  two  ban  of  iron  witii  tadh 
an  ftxed,  so  as  to  fimn  an  iran  railway  or  road,  ]ttat 
lAole  length  of  the  platform. 

An  uncovered  wi^igon,  the  ftnir  v^Mal*  of  iriudi 
are  teethed,  so  as  to  fit  the  teeth  in  diese  iron  lail- 
ways,  a  placed  <»]  theai,  and  may  be  mo**d  back- 
wards and  forwards  along  the  line  of  tha  iatenisd 
wall. 

On  Ac  edges  of  this  waggon,  tranaversely  with 
ttie  line  of  the  wall,  other  iron  bar*  with  teedi  ai 
flzEd,  with  which  the  teeth  in  die  fhor  wheal*  of 
•econd  waggon  correspond.  'Hie  former  waggon 
mores,  therefore,  along  the  line  of  the  wall,  while  the 
latter  moves  on  the  former  from  sids  to  side,  or 
the  line  of  the  wall.  The  tackle  and  rope*  oec 
for  towering  or  raising  the  bell,  or  tte  stonea  which 
are  to  be  laid,  are  fiied  to  the  secoad  waggwu  By 
the  different  movements  of  both  the  waggon*,  thi 
hell  can  be  carried  to  any  and  evary  point  of  the  in. 
tended  wall.  Each  of  the  waggons  is  moved  by  a 
double  winch,  on  the  axis  of  wnidi  ar«  two  puuon 
wheels,  which  work  on  two  of  the  wfascts  <tf  the 

I  intended  to  carry  •«  tbe  work,  the 


The  people  who  descend  nndtr  water  in  this 
chine,  are  said  to  feel  at  first  a  slight  diOcnlty  of 
breathing,  attended  with  psiu  of  die  chest.  On  this, 
a*  well  as  on  several  other  scconnts,  it  is  necessary 
to  lower  the  bdl  very  gradually  and  slowly.  From 
being  partly  immersed  in  water,  the  workmen  clothe 
themselves  thickly  and  warmly;  generally  wearing 
the  targe  boots,  which  scaffold  men  use.  They  also 
find  it  necessaiT  to  stuff  their  ears  vrith  cotton.  On 
the  whole,  to  descend  frequently  in  the  diving-bett, 
and  to  remain  down  long,  is  oonsidsred  injnrioas  to 
bealQi ;  though  the  raadiin*  has  not  hithnto  been 
sufficiently  employed,  to  enable  medical  men  to  tr^ 
any  particQlar  disease  which  result*  from  living  uaifer 


It  occasionally  becomes  necessary  for  tlie  diver  to 
prseecd  in  a  less  enmbursomc  a{^>aiatas  than  the 
one  we  have  now  been  describing.  Such 
is  represented  beneath- 
ported  by  a 
chain  or  rope, 
andthe  diver  is 
fvovided  with 
a  small  cord 
shown  in  the 
ovraving,  by 
which  bis  B^- 
nals  are  made 
to  the  pereoas 
who  haw  charge  of 
^pe  most  be  employed 
fbrmer  arranfemeat. 


p^ier  has  a  thifVasss  of  about  tfae  500th  part  of  an 
inch  1  bat  the  pellicle  separated  from  ox-gut,  and 
then  doabled  to  form  gold.beaters'  skin,  is  sis  times 
thinner. 

A  single  ponnd  of  cotton  has  been  span  into  a 
thread  76  miles  in  length  i  and  the  same  quantity  of 
wool  has  been  extended  into  a  thread  of  95  miles  j 
the  diameters  of  diose  threads  being  hence  only  the 
asoth  and  400th  part  of  an  inch. 

But  the  dactihty  of  some  metals  iar  exceeds  that 
of  any  other  sabatance.  Tlie  gold-beaters  b^in  with 
a  riband  an  inch  broad  and  ISO  inches  long,  whidi 
laced,  by  pasdnc  throo^  rollers,  to 
about  the  SOOth  part  of  an  iodi  ia  thiduma.  Iliia 
riband  is  cot  into  sqnares,  which  are  disposed  be- 
tween leaves  of  vellnqi,  and  beat  bya  heavy  hanuner, 
till  diey  acquire  a  hradth  of  more  than  three  inches, 
and  ue  t^refore  extended  let  times.  These  are 
again  quartered,  and  placed  between  the  folds  of 
gold-beaten'  skin,  and  stretched  out,  by  the  ope- 
ration of  a  tighter  hammer,  to  the  breadth  of  five 
inches-  The  same  process  is  repeated,  sometimes 
more  than  once,  by  a  succession  of  lighter  liai»- 
mers  ;  so  that  376  grains  of  gold  are  thus  finally 
extended  into  3000  leaves  of  3.3  inches  square,  mak- 
aU  SO  books,  containing  each  35  iMvas.  Tha 
metal  is,  consequently.  reduMd  to  the  thinness  of 
the  aB3,O0Oth  part  of  an  iacb,  and  ever^  leaf  weighs 
rather  less  than  the  5th  part  of  a  gram.  Silver  is 
likewise  capable  of  being  laminated,  but  will  scarcely 
War  an  extension  above  half  that  of  gold,  or  the 
ISO.OOOth  part  of  an  inch  thick.  Copper  and  tin 
have  still  inferior  degrees  of  ductility,  and  canno^ 
perhaps,  be  beat  thinner  than  the  20,aaoth  part  of  an 
~eh.     These  form  what  ia  called  Vuicli  It^. 

Id  the  gilding  of  buttons,  five  ^raina  of  gold, 
which  is  applied  as  an  """igf"  with  mercnry,  is 
allowed  to  ea^h  grou  ;  so  that  the  coating  letl  must 
amoMnt  to  the  1 10,000th  part  of  an  inch  in  thicknei*. 
If  a  picca  of  ivory  or  white  satin  be  immersed  in  a 
BXtro-iMuriate  solntion  of  gold,  and  then  plunged 
isM  a  jai  of  hydrogen  gas,  it  will  become  coveral 
with  a  sorface  of  gold  hardly  exceeding  in  thickness 
the  ie,O0O,0O0th  part  of  an  inch.  The  gilt  wire 
used  in  embroidery  is  formed  by  etteoding  gold  over 
a  snrlace  of  silver. 
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A  silTer  rpd«  about  :tW0  feet  loag»  aad  an  inch  and 
a  half  in  diameter,  and  weighing  neariy  20  pounds, 
18  richly  coated  wkh  abovt  800  grains  of  pure  gold. 
In  England,  the  lowest  proportion  allowed  is  100 
grains  of  gold  to  a  pound  of  silver.  This  gilt  rod  is 
Uien  drawn  through  a  series  of  diminishing  holes, 
till  it  has  stretched  to  the  vast  length  of  240  miles, 
when  the  gold  has,  consequently,  become  attenuated 
800  times,  each  grain  covering  a  surface  of  9600 
square  inches.  This  wire  being  now  flatted,  the 
golden  film  suffers  a  farther  extension,  and  has  its 
thickness  reduced  to  the  four  or  ^ye  millionth  part 
of  an  inch.  It  has  been  asserted,  that  wires  of  pure 
gold  can  be  drawn  of  only  the  4000tti  part  of  an 
mdi  in  diameter.  But  the  late  Dr.  Wollaston,  by  an 
ingenious  process,  advanced  much  farther.  Taking 
a  short  cylinder  of  silver,  about  the  third  part  of  an 
inch  in  oiameter,  he  drilled  a  fine  hole  through  its 
axis,  and  inserted  a  wire  of  platinum,  only  the  100th 
part  of  an  inch  thick.  This  silver  mould  was  now 
drawn  throu^  the  successive  holes  of  a  steel  plate, 
till  1^  diameter  was  brought  to  near  the  1500th  part 
df  an  inchj  and,  consequently,  the  internal  wire 
being  diminished  in  the  same  proportion,  was  re- 
ducdi  to  between  the  four  and  ^ve  thousiuidth  part 
of  an  incfh.  The  compound  wire  was  then  dipped  in 
warm  nitric  acid,  which  dissolved  the  silver,  and  left 
its  core*  or  the  wire  of  platinum.  By  passing  the  in- 
crusted  platinum  through  a  greater  number  of  holes, 
wires  still  finer  were  obtained,  some  of  them  only  the 
30,000th  part  of  an  inch  in  diameter.  The  tenacity 
of  the  metal,  before  reaching  that  limit,  was  consi- 
derable ;  a  platinum  wire  of  the  18,000th  part  of  an 
inch  in  diameter,  supporting  the  weight  of  one  grain 
and  a  third.  Such  excesaive  fineness  is  hardly  sur- 
passed by  the  filamentous  productions  of  nature. 
Human  hair  varies  in  thickness,  from  the  250th  to 
the  600th  part  of  an  inch.  The  fibre  ot  the  coarsest 
wool  is  about  the  500th  part  of  an  inch  in  diameter, 
and  that  of  the  finest  only  the  1500th  part 

The  silk  line,  as  spun  by  the  worm,  is  about  the 
600th  part  of  an  inch  thick ;  but  a  spider's  line  is, 
perhaps,  sax  times  finer,  or  only  the  30,000th  part  of 
«9i  indi  in  diameter ;  insomuch,  that  a  single  pound 
•f  this  attenuated  substance  might  be  sufficient  to 
encompass  our  globe.  The  red  globules  of  the  hu- 
man blood  have  an  irregular,  roundish  shape,  from 
the  2500th  to  the  3300th  of  an  inch  in  diameter, 
with  a  dark  central  spot.  The  trituration  and  levi- 
gation  of  powders,  and  the  accidental  abrasion  and 
v«raste  qf  the  surface  of  solid  bodies,  occasion  a  dis- 
integration of  particles,  almost  exceeding  the  powers 
of  compatation. 

Emery,  after  it  has  been  ground,  is  thrown  into 
a  vat  filled  with  water,  and  the  fineness  of  the  pow- 
dbr  is  distinguished  by  the  time  of  its  subsidence.  In 
very  dry  situations,  the  dust  lodged  near  the  comers 
SM  «x«vices  of  ancient  buildings  is,  by  the  continual 
agitation  of  the  air,  made  to  give  a  glossy  polish  to 
the  iotenor  side  of  the  pillars  and  the  less  prominent 
firta  of  those  venerable  remains.  So  fine  is  the  sand 
on  the  piains  of  Arabia,  that  it  is  carried  sometimes 
300  miles  over  the  Mediterranean,  by  the  sweeping 
airooco.  Along  the  shores  of  that  sea,  the  rocks  are 
covered  by  the  pholas,  a  testaceous  and  edible  worm, 
whkh^  though  very  soft,  yet,  by  unwearied  perseve- 
rance, works  a  cylindrical  hole  into  the  heart  of  the 
hardest  stone.  The  marble  steps  of  the  great  churches 
in  Italy  are  worn  by  the  incessant  framing  of  abject 


devotees :  nay,  the  hands  and  feet  of  bronze  statues 
are,  in  the  Is^se  of  ages,  wasted  away  by  the  ardent 
kisses  of  innumerable  pilgrims  that  resort  to  those 
shrines.  What  an  evanescent  pellicle  of  the  metal 
must  be  abraded  at  each  successive  contact  I  Hie 
solutions  of  certain  saline  bodies,  and  of  other  co- 
loured substances*  exhibit  a  prodigious  subdivision 
and  dissemination  of  matter. 

A  single  grain  of  the  sulphate  of  copper,  or  blue 
vitriol,  will  communicate  a  fine  azure  tint  to  five  gal- 
lons of  water.  In  this  case,  the  copper  must  be 
attenuated  at  least  ten  million  times ;  yet  each  drop 
of  the  liquid  may  contain  as  many  coloured  particles, 
distinguishable  by  our  unassisted  vision.  A  still 
minuter  portion  of  cochineal,  dissolved  in  deliquiate 
potash,  will  strike  a  bright  purple  colour  through  an 
QffuA  mass  of  water.  Odours  are  capable  of  a  much 
wider  diffusion.  A  single  grain  of  musk  has  been 
known  to  perfume  a  large  room  for  the  space  of  20 
years.  Consider  how  often,  during  that  time,  the 
air  of  the  apartment  must  have  been  renewed,  and 
have  become  charged  with  fresh  odour !  At  the  low- 
est computation,  the  musk  had  been  subdivided  into 
320  quadrillions  of  particles,  each  of  them  capable 
of  afiecting  the  olfactory  organs. 

The  vast  diffusion  of  odorous  efliuvia  may  be  cor- 
ceived  from  the  fact,  that  a  lump  of  assafoetida,  ex- 
posed to  the  open  air,  lost  only  a  grain  in  seven 
weeks.  Yet,  since  dogs  hunt  by  the  scent  alone,  the 
effluvia  emitted  from  the  several  species  of  ammals, 
and  from  different  individuals  of  the  same  race,  must 
be  essentially  distinct.  The  vapour  of  pestilence  con* 
veys  its  poison  in  a  still  more  subtile  and  attenuated 
form.  Hie  seeds  of  contagion  are  known  to  hirk« 
for  years,  in  various  absorbent  substances,  wbidi 
scatter  death  on  exposure  to  the  air.  But  the  dif* 
fusion  of  the  particles  of  light  defies  all  powers  of 
calculation. 

A  small  taper  will  illuminate  the  atmosphere  to 
tile  distance  of  four  miles  i  yet  the  luminous  parti* 
cles,  which  fill  that  wide  concavity,  cannot  amount 
to  the  5000lh  part  of  a  grain,  which  may  be  the 
whole  consumptioB  of  the  wax  in  light,  smoke,  and 
ashes.  Animated  matter  likevrise  exhibits,  in  many 
instances,  a  wonderful  subdivision.  The  milt  of  a 
codfish,  when  it  b^ns  to  potriiy,  has  been  com* 
puted  to  contain  a  billton  of  perfect  insects ;  so  that 
thousands  of  these  living  creatures  could  be  lifted  on 
the  point  of  a  needle.  But  the  infusory  animalcules 
display,  in  their  structure  and  functions,  the  most 
transcendant  attenuation  of  matter.  The  tribrio  mm* 
duh,  found  in  duck-weed,  is  computed  to  be  ten 
thousand  million  times  smaller  than  a  hemp  seed. 
The  vibrio  Kneola  occurs  in  vegetable  infasions,  every 
drop  containing  myriads  of  those  oblong  points.  Of 
the  nmnat  gtlaiinota,  discovered  in  ditch  water,  mii^ 
lions  appear  in  the  field  of  a  microscope,  playing, 
like  the  sunbeams,  in  a  single  drop  of  liquid.  Insects 
have  been  discovered  so  small  as  not  to  exceed  the 
10,000th  part  of  an  mdi,  so  that  1,000,000,000,000 
of  them  might  be  contained  within  the  space  of  one 
cubic  inch ;  yet  each  animalcule  must  consist  of  parts 
connected  with  each  oth«,  with  vessels,  with  fluids, 
and  with  organs  necessary  for  its  motions,  for  its 
increase,  for  its  propagation,  8cc.  How  inconcdv* 
ably  smaH  must  those  organs  be  1  and  yet  they  aic^ 
unquestionably,  composed  of  other  parts  atill  smallfli; 
and  sttU  fartlMr  remofved  lirott  the  pereeptioB  of  o«r 
senses. 
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DIVISION,    DOCKS. 


Divisioic.  At  the  conclasion  of  the  article  Al- 
•BBKA  we  referred  to  this  head  fOr  one  or  two  ex- 
amples of  a  peculiar  character.  Hie  first  we  shall 
give  is  of  freaaent  application ;  it  is  the  division  of 
a* — h*  by  a — b  without  remainder,  and  is  remarkable 
for  the  mode  of  reasoning  necessary  to  effect  it. 

We  have  already  seen  that  the  product  of  a-|-(  by 
a — b  is  a*— 6* ;  consequently  a!^ — b*  divided  by  a — b 

fives  a+6  as  quotient.  Similarly  we  find  that  a>— ^ 
ivided  by  a— -6  gives  the  quotient  c*+a6-f-&*;  and 
that  a* — b*  divided  by  a — 6  gives  that  of  a^-f-a^A-j- 
«6*-|-  6*.  Speaking  generally,  then,  a*-— 6*,  a» — i>,  and 
a*^-b*  are  each  severally  divisible  without  remainder 
by  a^-^.  Hiis  we  ascertain  to  be  a  fact  by  actually 
performing  the  division ;  and  if  we  were  to  make  the 
trial,  we  should  also  find  that  a»— 6*,  a«— 6«,  o^ — b^ 
were  each  divisible  exactly  by  a — 6.  Reasoning  then 
from  analogy,  we  might  conclude  that  whatever  was 
the  exponent  of  the  two  letters  a  and  b,  their  difference 
would  always  be  divisible  by  a — 6  without  remain- 
der. But  analogy  is  not  sufficient  to  authorise  the 
assertion  of  such  a  fact ;  we  must  have  proof,  and 
this  may  be  obtained  in  the  following  manner : 

Let  us  call  the  exponent  m,  and  try  to  divide 
«■ — ft"  by  a — 6. 

We  have  then,  according  to  the  rules  of  division, 

gm Im  \   g fr. 

1st.  Remainder: -|-fl«-i6 — ^  S  ai«— i. 

Dividing  o*  by  o,  we  obtain  a*-i  for  the  first  term 
of  the  quotient,  and  have  a  remainder  a^—^b — 6", 
which  may  be  put  under  the  form  of  «*~i  X  b^-b"^^ 
Xb,  OT  b  (0*— » — 6*— I).  Now  the  exact  divisibility 
of  «"— ft*  by  a — ft,  depends  of  course  upon  whether 
this  remainder  is  divisible  exactly  by  a — ft ;  in  other 
words,  if  ft(a«»-> — ft"-i)  be  so  divisible,  then  o"— ft^ 
b.  But  if  we  examine  the  reminder,  we  shall  per- 
ceive that  it  is  merely  ft  multiplied  by  the  difference 
of  a  and  ft,  each  of  these  two  letters  being  raised  to  a 
power  one  degree  lower  than  in  the  original  dividend 
«»— ^.  If,  tien,  «»-> — b^-r-i  be  exactly  divisible  by 
•-—6,  0" — ft*  is  so  also.  In  other  words,  if  the 
difference  of  two  numbers,  each  of  which  is  raised  to 
a  certain  power,  be  exactly  divisible  by  the  difference 
of  those  numbers,  then  their  difference,  when  each  is 
raised  to  a  pitwer  of  one  degree  greater  is  also  divisible 
by  that  difference  without  remainder.  But  a^ — ft>  is 
exactly  divisible  by  a— ft ;  and  the  operation  gives  the 
quotient  a-j-ft.     Consequently  o* — i*  is  so  divisible 

also;  the  quotient  being  a'-fft  (  J  or  a^-|- 

ft(a-f  ft  or  a^+ab+bK  Similarly  (^^)  gives  with- 

out  remainder  the  quotient  o'.|.ft/^-_.\    or  a'+ 
ft(a«-|-oft+ft«),  or  a^+aH+ab^+lfi;  and  generally 


■— r-  gives  without  remainder  the  whole  quotient 


i+a«-«ft+«»-»ft« +flft*-«-f.ft  -1. 

The  method  of  reasoning  just  adopted  in  the  proof 
of  the  proposition  of  the  divisibility  without  remain- 
der of  o«»— ft"»  by  a — ft  is  of  very  freqtient  occurrence 
in  algebra,  and  should  be  well  comprehended  by  the 
ato^nt.  It  is  a  species  of  induction,  and  forms  one 
of  the  most  powerful  engines  of  demonstration  which 
the  maUiematician  possesses. 


Let  it  be  proposed  to  divide  1  by  1-f  #. 


+««-^H-,  &c 


The  division  it  is  evident  will  never  end,  and 
have  then 

Now,  as  9  stands  for  no  particular  number,  the 
above  result  is  true,  when  it  is  replaced  by  any, 
whatsoever.    Put  1  for  it,  and  we  have 

Y  =  1—1  +  1—1  +  1—1  +  1,  &c. 

This  result  was  a  source  of  embarrassment  to  some 
mathematicians  who,  thinking  that  the  8cc.  must 
comprise  a  set  of  terms  exacUy  the  same  as  those 
that  go  before  it,  could  not  understand  how  a  series 
of  numbers  which  when  added  together  is  alternately 

0  or  I,  can  ever  be  equal  to  — .    If  the  remainder 

however  be  taken  into  account,  the  result  is  perfectly 
intelligible ;  for  that  remainder  is  always  some  power 
of  X,  and,  divided  by  1  +«,  it  becomes  in  the  case  of 

==  1,     .    ,  or  — ;  and  we  have 


X  = 


or. 


±  =  1-1+1--1  +  1_1+|. 


i.=  l-.l  +  l«l+l-l+l-.i 


both  of  which  are  perfectly  correct. 

The  following  examples  will  be  useful  exercises ; 
observing  that  2n  is  merely  intended  as  the  genera) 
representative  of  every  exponent  which  is  an  even 
number ;  for  n  may  be  either  even  or  odd,  bat  2ji 
(always  premising  &at  n  is  whole)  must  of  necessity 
be  even,  or  capable  of  being  divided  by  2  and  leavinf 
a  whole  number  for  quotient;  and  2fi+l  must  be 
odd.  The  possibility  of  performing  the  following 
divisions  wiUiout  having  any  remainder  left,  and  the 
certainty  of  obtaining  the  quotients  marked  down,  it 
to  be  proved. 

iii»~-l 

__  —  o»-.l+fln^2+ +«-hl 

iiS}i4-i+l 

— — SB  0?*— a**"— 1+ -  . . .  +i 

a+1 


«+l 


—  flgfi-1     fl»i— >+ 


Docks.  The  word  doch  was  formerly  applied  to 
the  slip  or  excavation  made  for  the  purpose  of  buiUU 
ing  or  repairing  a  vessel ;  and  was  distinguished  as  a 
dry  dock  when  furnished  with  flood-gates  to  prevent 
the  influx  of  the  tide,  if  required;  and  as  a  wet  dodt 
when,  having  no  flood-gates,  the  vessel  could  onlv 
be  cleaned  or  repaired  during  the  period  in  which 
the  tide  left  her  accessible.  These  slips  or  docks 
are  still  used.      At  present,  the  name  of  granny 
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or  hml^g  0h9k  is  mMra  gtnerally  giren  to  what  we 
haTe  termed  dry  dock,  which  latter  term  is  applied  to 
those  docks  or  basins  left  dry  by  the  tide ;  while  the 
^peUatton  ofsUp  is  confined  to  the  narrow  inlet  for 
building  or  repairing,  unprotected  by  gates. 

During  the  growth  of  the  maritime  power  and  the 
commerce  of  Europe,  it  was  found  highly  inconve- 
nient to  load  and  unload  Teasels  in  a  tide-nver  or  in  a 
harbour  not  entirely  land-locked;  for  either  the  ships 
could  not  be  broufj^t  close  to  the  wharfe,  or»  when 
conducted  tiiere  at  the  flood  of  the  tide,  they  were 
left  dry  at  the  ebb,  and  suffered  considerable  damage 
by  straining^  by  delay  from  neap  tides,  and  other 
accidents  and  incimvenienoes.  To  obyiate  these  in- 
conveniences, improvements  in  the  existing  docks  or 
shpe  ^ere*  made  from  time  to  time,  until  England, 
taking  the  lead,  introduced  a  syst^n  of  floating  docks* 
whidi  have  greatly  contributed  to  her  advancement 
and  prosperity. 

Many  of  me  pnndpal  maritime  ports  of  Europe 
are  provided  wita  diy  dodcs  for  building  and  repair- 
mg  vessels ;  and  of  these,  Toulon,  Havre,  and  Brest, 
have  the  most  remarkable.  Most  seaport  towns  are 
provided  with  graving  dqcks  for  the  repairing  of 
ships ;  but  it  is  only  in  the  British  islands  that  the 
system  has  been  carried  to  any  extent  of  forming 
arge  basins  or  floating  docks,  ftimished  with  flood- 
gates for  the  reception  of  shipping  to  load  and  unload, 
wherein  the  vessel  remains  safe  at  the  quay-side. 
The  docks  of  Liverpool  were  the  first  constructed  in 
England;  and  many  other  maritime  powers  have 
been  induced  to  follow  her  example.  It  is  scarcely 
fifty  years  since  neariy  the  whole  of  the  vessels  that 
entered  the  port  of  London  were  obliged  to  remain 
moored  in  the  open  stream  of  the  Thames. 

The  example  which  Liverpool  had  set  for  nearly 
a  century,  pointed  out  the  remedy  for  the  existing 
evils,  and  the  constructing  of  floating  docks  in  the 
port  of  London  was  resolved  on.  The  first  con*- 
structed,  and  those  nearest  the  trading  part  of  the 
metropolis,  are  called  the  London  Docks.  They  are 
below  the  site  of  the  Tower,  and  on  the  left  bank 
of  the  Thames;  were  begim  in  1800,  and  com- 
pleted in  1805.  The  dock,  properly  so  called,  is  420 
yards  in  length,  276  yards  in  breadth,  and  29  feet  in 
depth ;  its  superficies  are  equal  to  25  acres ;  that  of 
the  basin  communicating  with  it  is  above  2^  acres ; 
and,  including  the  ground  occupied  by  warehouses, 
sheds,  and  quays,  die  whole  premises  contain  a  su- 
perficies of  110  acres.  Excepting  those  ships  that 
tmde  to  the  East  and  West  Indies,  every  vessel,  whe- 
ther English  or  foreign,  may  enter  the  London  Dock 
upon  paying  the  duties,  to  unship  her  cargo,  or  take 
in  a  new  lading. 

For  the  convenience  of  business,  ranges  of  sheds, 
low,  and  of  a  very  simple  construction,  have  been 
erected  along  the  sides  of  the  dock,  and  near  the 
edges  of  the  quays,  into  which  cargoes  are  re- 
moved. Behind  these  sheds,  and  in  a  parallel  direc- 
tion to  them,  stands  a  line  of  magnificent  warehouses, 
four  stories  high,  with  spacious  vaults,  into  which 
the  casks  are  conveyed  by  inclined  planes.  These 
buildings  occupy  a  superficies  of  L20,000  square 
yards.  The  cellars  are  appropriated  to  vrines  and 
brandies,  and  railways,  or  rather  tramways,  running 
in  all  directions,  &ci]itate  labour.  The  London  Docks 
nave  their  several  parts  perfectly  adapted  to  each 


feet,  instead  of  being  straight,  are  curved  on  the  aide 
on  iwhich  the  water  presses. 

The  We»t  IndiaDockt  are  on  the  left  bank  of  the 
Thames,  at  the  dbtance  of  about  one  mile  and  a  half 
below  the  London  Docks.  They  are  situated  on  the 
base  of  a  tongue  of  land  of  the  Isle  of  Dogs — a  sort 
of  peninsula  formed  by  a  long  circuit  of  the  river. 
The  West  India  Docks  are  much  superior  to  the 
London,  both  in  extent  and  regularity.  These  vast 
works  were  undertaken  and  executed  by  an  associa- 
tion of  private  individuab,  and  by  means  of  a  mere 
subscription.  Twenty-seven  months  sufficed  to  ac- 
complish the  whole.  The  excavations  of  the  West 
India  Docks  were  begun  on  the  12th  of  July,  1800; 
and  as  early  as  the  month  of  September,  1802,  ves- 
sels entered  the  import  dock !  At  the  highest  tides, 
the  depth  of  crater  in  the  two  docks  is  24  feet;  they 
are  formed  parallel  to  each  other;  their  common 
length  is  about  890  yards.  The  largest,  which  has 
a  sup^ficies  of  about  30  acres,  is  destined  for  those 
vessels  returning  to  the  West  Indies,  which  deposit 
their  cargoes  in  the  warehouses  of  diis  artificial  port. 
The  second,  the  superficies  of  which  is  about  25  acres, 
receives  the  vessels  laid  up  in  ordinary,  or  taking  the 
outward-bound  cargoes. 

These  docks,  with  their  basms,  and  the  locks  which 
connect  them  vrith  the  river,  mesent  an  area  of  68 
acres  of  ground,  excavated  by  human  hands,  for  the 
reception  and  moorage  of  vessels.  The  total  super- 
ficies, including  thait  of  the  quays  and  warehouses, 
is  140  acres.  During  the  busy  season,  this  establish^ 
meat  employs  about  8000  workmen.  It  can  admit, 
at  the  same  time,  204  vessels  in  the  import,  and  196 
in  the  export  dock,  forming  a  total  of  120,000  tons* 
During  the  first  15  years,  7260  vessels  entered  them. 
Upon  the  quays,  under  the  sheds,  and  in  the  ware- 
houses, there  have  been  deposited,  at  the  same  time, 
148,563  barrels  or  casks  of  sugar,  70,875  barrels, 
and  433,648  bags  of  coffee,  35,158  pipes  of  rum  and 
Madeira  wine,  14,021  logs  of  mahogany,  21,350  tona 
of  logwood,  &c.  At  the  upper  and  lower  entrances 
of  the  two  docks,  a  basin  presents  three  locks  of 
communication.  The  first  communicates  with  the 
Thames ;  the  water  is  kept  in  it  by  means  of  double 
gates.  The  second  and  third  locks  lead  respectively 
into  the  export  and  import  docks;  they  have  also 
double  gates.  By  this  means,  the  vessels  are  able  to 
come  in  and  go  out  independently  of  the  state  of  the 
tide;  they  may  remain  in  the  basin  as  long  as  is 
judged  convenient.  Hie  water  of  the  docks  being 
but  very  little  higher  Uian  that  of  the  basins,  it  does 
not  press  violently  on  the  gates  of  the  locks.  It 
should  be  also  observed,  that  this  water  having  had 
time  to  settle  in  its  previous  passage  through  the 
basin,  hardly  deposits  any  sediment  when  introduced 
into  the  dodcs.  The  East  India  Docks,  belonging  to 
the  East  India  Company,  are  inferior  to  the  West 
India  Docks  in  magmtude,  but  equal  in  point  of  con- 
struction and  security  of  property.  Having  to  re- 
ceive vessels  of  2500  tons,  they  are  deeper  than  the 
West  India  Docks,  and  have  never  less  than  23  or  34 
feet  water. 

The  dodcs  erected  on  the  site  of  St.  Katherine'a 
Church,  near  the  Tower  of  London,  are  also  works 
of  great  magnitude  ;  though  they  do  not  materially 
differ  from  those  already  described. 

Doo-Bane  contains  a  bitter  extractive  principla» 


oiiier,  and  are  of  tne  most  adaurable  construction.!  soluble  in  water  and  alcohol,  a  colouring  principle 
Tlie  ^^ates,  like  all  those  whose  size  much  exceeds  30 ,  soluble  in  water  only,  a  very  large  quantity  of  caoot- 
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diDOc,  nil  a  TohAile  oil.— It  it 

highlf  valued  by  the  Amerian  I 

the  most  pcrwerfal  part,  and  is  inadt  cmpbyed  by  the 

^ysicians  of  that  eouatrj  lostead  of  ipecacnanha. 

Thirty  graina  of  the  recently,  powdered  root  evacuate 

the  Etomaeh  aa  effectually  at  two-thirda  of  Hiia  qaan- 

tity  of  ipecacuanha,  by  which  name  it  is  knovm  in 

varioas  pacta  of  the  Eutern  States  of  America.     lu 

power  iB  diminished  by  keeping,  and  destroyed  by 

age.     It  is  given  in  small  doses  as  a  tonic  medicine. 

Doo-Dati.  This  name  is  applied  to  the  period 
brtween  the  24tb  Jnly  and  24th  August,  becaoae  the 
dog-atar  (Sirins),  during  lliis  period,  rises  with  the 
■nn.  The  heat,  which  i>  usnalry  most  oppreative  at 
this  season,  was  fonneriy  ascribed  to  the  conjunction 
of  this  star  with  the  son. 

Dooosn ;  a  Dutch  vnsel  navigated  in  the  German 

It 


Among  the  demnlcent  substances,  dcn-gras*  b  oni 
of  the  moat  frequently  employed  in  France.  It  ii 
naed  Id  most  of  the  inSannnatory  and  febrile  dia- 
easea,  and  especially  in  those  of  tlie  urinary  pas- 
sages. It  was  formerly  recommended  a>  a  powerful 
diuretic,  and  waa  em^iiyed  aa  such  io  dropsies ; 
but  we  know,  at  present,  this  opinion  to  be  erro- 

Doo-  Sub  ;  Sirius ;  the  star  llhat  ghve  their  aanM 
to  the  dog-daya. 

DoH-WooD.  The  bark  of^istree,  aawellaathat 
of  sereral  other  species  of  comua  inhabiting  Canada 
and  the  Nnrthem  States,  possesses  ahnilar  properties 
wMi  the  Peruvian  bark,  and  is  employea  sncctss- 
fdlly  in  the  cure  of  intermitteot  feverv.  The  barfc  of 
ttie  root,  stem,  and  lirancfaes  taatea  very  much  like 
this  famous  bark ;  it  is  bitter,  astringent,  and  slight- 
ly aromatic.  Its  astringency  is,  however,  stronger 
Qian  that  of  Peruvian  bark.  This  baA  is,  witiiout 
doubt,  one  of  the  most  valuable  native  medicinea.  Aa 
a  subatitnte  for  the  Peruvian  barJt,  mach  has  been 
written  in  commendation  of  it.  The  resemblance 
extenda  to  its  chemical  and  physic^,  as  well  aa  the- 
rapeutical properties.,  The  bark  ofthe  dog-wood  is 
extensively  employed  by  American  practitioners  in  in- 
tenoittent  fevers,  and  tSie  report  they  give  of  it  is 
very  favourable  and  satistactory.  It  is  remarked 
fliat,  in  its  recent  state,  it  i»  apt  to  disagree  with  the 
atomach,  and  to  produce  pains  in  the  bowels;  but,  in 
order  to  prevent  this  effect,  it  is  simply  needful  to 
add  to  it,  when  used,  a  few  drops  of  laudanum,  ar  to 
use  the  bark  afterit  has  been  collected  for  sometime. 
Thla  back  may  be  used  with  still  greater  adva&tage 
in  tntennittenti,  if  combined  with  scrpentaria. 

D«cT  was  the  ancient  Scotdsh  penny-piece,  of 
which  twelve  were  equal  to  a  penny  sterling.  Two 
of  them  were  equal  to  the  bodte,  six  to  the  baubee, 
tad  ei^t  to  the  acheaon.  There  was  also  in  Lower 
Germany  a  small  coin  called  dtul  (pronounced  like 
dot/)  and  iIufcA«n,  the  diminutive  of  dait.  In  the 
NeAertands,  the  coin  is  called  d^l,  and  Frisdi  be- 
lieves that  these  words  took  their  origin  from  the 
Prench  tilt,  headj  the  piece  of  20  Vreuzer  is  stiil 
called,  in  Germany,  Icpttiiet  (head-piece). 

OoixAB;  a  coin  differing  in  Its  value.  tUs  word 
iDDiTeaponda  to  the  German  tiaitr,  the  LoWnGecman 
doUer,  the  Danish  daler,  the  Italian  laBtro.  All 
dicse  wordt,  toietber  with  dot  ioUar,  are  derived  | 


> D  0  M  E. 

fhm  the  iunne«f  the  Bahenin)  town  JbaeiHt  Tlil 
(Joacfaim'a  VaHey),  where  in  IBIS,  the  Connt  of 
Schtidc  cdtned  silver  pieces  of  aa  ounce  wrigbt. 
IVee,  indeed,  were  not  tiMfirat  of  the  kind  coined  J 
yet,  as  they  ware  numeroai  and  very  good,  Ibey  be- 
came geneiall^  known  by  the  name  of  Tnmhimi 
(halrr,  which  w  the  Gtrraan  adjective  of  ^aeMm»- 
Ikal,  and  also  SMidKitthakr,  from  Ae  name  of  Ote 
Aa  AeM  cmna  were  in  ^ooA  repnte,  fiUfcra 
I  coined  in  other  conntries,  but  of  different 
value:  thus  originated  the  Imb-lkakr  (leaf-dollar) 
PhiUppM'llialer,  Ae  Swedish  copper  dollar,  &c.  In 
Russia,  a  dollar  is  caHed^TiAfatoct,  tnm  Jaaekim. 

DoLOMiTs,  hi  mimeraiojff.  See  Natubal  Hii- 
roBT  Division. 

DoHB,  in  orcMfeeAre.  Gome  of  the  greatest  enp- 
Dcers  both  in  this  coantir  and  Italy,  have  given 
their  paittcniar  attenthm  to  thia  branch  of  bnildii^. 
Michael  Angelo  and  Sir  Christopiier  Wren  have  exe- 
cntcd  the  finest  In  Europe. 

The  frame-work  intended  (D  support  a  ainpla- 
dome,  in  wbidi  neither  maaonry  or  brick-work  af« 
employed,  is  riiown  beneath ;  but  tbat  Brrangement 
ia  only  adopted  when  aataU  domei  an  reqnir«d. 


Tie  conatmetion  of  a  dome  ia  leas  ^KfBcnlt  than 
that  of  an  arch,  duce  the  tendency  of  each  part  to 
fall  ia  cuuntetacted,  not  only  by  tlie  pressure  of  the 
parts  above  and  below,  but  also  b^  the  reaiatance  of 
those  which  are  situated  on  each  side.  A  dome  maf 
therefore  be  erected  without  any  temporary  support 
like  the  centre  which  is  required  for  tne  construction 
of  an  arch ;  and  it  may  at  last  be  left  open  at  the 
summit,  without  atanding  in  need  of  a  keystone, 
since  tbe  preaaore  of  die  tower  parte  is  sufflciendy 
resisted  by  the  collateral  jwrts  ofthe  same  horizootal 
tier,  to  prevent  die  possibility  of  their  falling  in,  or 
of  dieir  forcing  out  the  upper  parts.  The  weight  of 
the  dome  may,  however,  force  out  its  lower  parts,  if 
it  rises  in  a  direction  too  neai^  vertical ;  and  snp- 
posicig  its  ftarm  spherical,  and  its  thickness  tqual, 
'  will  require  to  be  confined  by  a  hoop  or  chain  as 

on  as  tiie  span  becomes  eleven-fourteenths  of  tlie 
whole  diameter.  But  if  llie  thickness  of  the  dome 
be  diminished  as  it  riaea,  it  will  not  require  to  be 
bound  so  high:  thus,  if  the  increase  of  tiiicknesa  in 
descending  begin  at  about  diirty  degrees  from  tbe 
summit,  and  be  continued  until  at  about  aiity  de- 
greea,  the  dome  becomes  little  more  Hits  twice  as 
thick  as  at  Itrat.  the  equilibrium  will  be  so  Av  se- 

re ;  and  at  this  distance  it  would  be  proper  tD 

iploy  either  a  chain,  or  some  external  pressure,  to 
prove  the  stability,  since  the  weight  itself  wtrald  re- 
quire to  be  increased  without  liinit,  if  it  were  the 
only  source  of  pressure  on  the  lower  parts. 

The  dome  of^  the  Pantheon  at  Rome  is  nearly  dr- 
cular,  and  its  lower  ^:**  an  so  mnch  thi  Act  than 
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ilk  njver  puts,  a*  to  aflbrd  a  silfikient  rMiataBoe 
to  rikeir  prcMure :  they  ue  N^Muted  by  w*Ui  of  great 
tbiofcatM,  Mtd  famiLbed  with  BUBy  prajectiooa  which 
answor  the  pDrpoM  of  abutments  sad  bnttreraes. 
The  dome  of  St.  Paul's  ia  jastly  cooaidered  « 
■nater-piecc  of  architectaral  «liill)  but  even  with  ail 
it*  eiceLlence  and  acieotific  BiraogeBieiit,  Sir  Chri*- 
tophei  Wran  foiiad  it  ncMBaary  to  bind  in  the  ma- 
•oory  by  *.  vaat  connectsd  link  of  iron.  The  interier 
CODS  of  brick-work  on  which  depanda  tha  iubenAl 
frame-work  is  shown  in  flie  aectien. 


DoMuncAL  LiTTBa,  in  the  calculation  of  tine, 
pruperiy  called  SnulaiUUtr;  ooeof  the  seven letten 
<if  the  a^ihabet,  A  B  C  D  E  F  O,  used  in  ftlmanacs, 
cphemcndes,  kc,  to  designate  the  Sundays  through- 
OBt  the  reu.  In  onr  almanacs,  the  first  seven  let- 
ters of  the  alphabet  are  commonly  placed  tn  show  on 
vhat  dftys  of  the  week,  the  days  of  the  iBoolh,  fall 
tJvoagfaout  the  year.  And  becanae  one  of  those  se- 
ven letlers  must  ueeetsaiily  stand  against  Sunday,  it 
is  pnnled  in  a  captal  (aaa,  and  called  the  Jomimieal 
bUer ;  the  Other  six  being  inserted  in  different  cha- 
racters, to  denote  tlie  other  NX  days  of  the  wedi. 
Now,  since  a  common  Julian  year  contains  365  day*, 
if  this  number  be  divided  by  7  (the  number  of  daj^ 
in  a  week),  theie  wai  remun  one  day.  Jf  there  had 
been  no  tenaioder.  it  la  obvious  the  year  would  coB' 
Btantly  begin  on  the  same  day  of  the  week ;  ba^ 
•ince  one  remains,  it  is  plain  that  the  year  must  be- 
gin and  end  on  the  aamc  d>^  of  the  week ;  and 
therefore  the  ueit  yeai  will  begin  on  the  day  fbiUow- 
ing.  Hence,  when  .January  bq^  on  Suuaa^,  A  ia 
die  dominical  or  Sunday  letter  for  that  year :  then. 
becaose  the  ]ieit  yew  bedna  on  Uond^,  the  Sunday 
-win  &U  on  the  seventh  Say,  to  which  is  annexed  the 
sereoth  letter,  G.  which,  therefore,  will  he  the  doui- 
nical  letter  for  all  that  year  :>aiid  as  ^  third  year 
will  begin  on  Tuesdar,  the  Sanday  will  fall  on  the 
sixth  day;  CheseTore  F  will  be  the  Sundwr  tetter  for 
that  year.  Wheuce  it  is  endent,  that  the  Sunday 
letters  wiD  go  annually  in  retrograde  ordei:,  thus,  G, 
F,  L,  D,  C,  B,  A ;  and  in  the  course  of  seven  years, 
it  they  were  all  common  onea,  the  same  daffs  of  the 
'Week  and  jlnwiinirjl  letters  would  return  to  the  same 
days  of  the  months.  Bat,  because  there  are  35fi 
days  in  a  leap-year,  if  the  number  be  divided  by  7, 
^MTK  will  remain  two  days  over  and  tibtset  the  &3 
VMta.  c'  -"hich  the  year  constata.    And,  therefore. 


first  Sanday  theretrf  must  fall  on  the  £th  of  January, 
to  which  is  onneMd  the  letter  F,  andnotC.a*  ib 
common  years. 

By  this  meani,  the  leap-yeaj'  retunusg  every  £Mir& 
year,  the  order  of  the  dominical  letters  is  interrupt*^ 
and  the  series  caiuiatTetum  to  its  first  state  till  after 
four  tiran  seven,  or  SS  yeus ;  and  then  the  aama 
days  of  the  mentlw  rMum  m  oraler,  to  Ifae  same  days 
«f  the  week  as  before. 

7^  dommical  letter  nay  be  fomd  wuwerMdiy,  (or 
■ny  year  of  any  century,  UMS :  Divide  the  centurisa 
by  i,  and  take  twice  what  remains  from  6 ;  then  add 
the  remainder  to  ths  odd  yoars,  above  the  evon  oen* 
tariea,  and  thur  4th.  Dtvwie  their  som  by  "!,  and 
the  remainder  taken  from  7,  will  leave  the  awniher 
aoewering  to  the  letter  required.  Tfaiu,  for  the  yaw 
1676,  the  JeOer  i«  F.  For  the  oentucies,  18,  dtvkded 
by  *u  leave  2;  the  doable  of  which,  taken  &om  ^ 
leaves  3  agaioi  to  which  add  the  odd  years,  78,  and 
their  4th  pa/C,  19.  the  sum,  09,  divided  by  7,  leairea 
I,  which,  taken  fnaa  7,  leaxea  C.  answerii^  t«  F,  th* 
sixth  letmr  in  the  alphabet. 

Donjon,  iii/«rit|lea<ian,  signafies  a  str«i^  toswr  at 
redoubt,  inte  whidi  the  farrtMn  of  an  ancient  for- 
tress esuld  retreat  in  case  of  necessity.  The  donjos 
keep  was  awe  commoa  in  ScottiBh  than  ia  Eagbafc 


DoaxAvr  atata  of  aniaiaLt  We  are  all  accus- 
tomed to  see  a  large  part  sf  creation,  during  somiav, 
n  great  activity,  and  in  wiater  Eeturaing  to  an  ap- 
parently inaoiioata  state :  we  SMan  the  plaiA ;  fa«t 
this  pheaoi»enon  is  not  MmaoB  in  ths  case  of  mlB- 
mals.  There  is,  howevw,  a  Muall  number  nf  aaiainll. 
which,  besides  the  daily  rtsttiut  thvf  haw  in  MnMo* 
with  moat  other  aoimaU,  remain.  dwingsaateMaktha 
the  year,  iBaiiappaivDtly  liMesaatate;  at  leMt.  ia 
utter  inactivity.  ^CQ]*  OM  hedfehog  and  tha  ba^ 
all  the  mammaliti  subject  to  this  donrant  state,  )w- 
LoDg  to  the  claea  of  digitated  anif  la.  Th^  am 
found  not  only  in  oold  cliii><<es>  birt  in  very  warm 
;  for  instaoce,  the  jerbaa,  ia  Arabia,  and  the 
taurick.  in  UadacascaF.  The  period  of  long  sleep 
generally  be{^  when  the  food  of  the  animal  begins 
to  beciwie  aoarce,  ^d  ioactjvity  spreads  over  the  ve- 
getahte  lungdovk  Instinct,  at  this  time,  impels  tfaa 
■^n'"^**  toaeek  a  aafa  plaoe  for  their  pciaad  of  reaL 
The  bat  hiiks  itaelf  is  dark  cavea,  or  w  Walls -efde- 


■yed  buildtnga. 
Thehied«th% 


nerallyeoDoealshimsdf infem-brakes.  HamatarvBiid 
maraiota  bury  thcHselvea  in  thefTOund,  and  the  jnm^ 
ing-aoase  of  Canada  and  tfie  United  States  eauiloaaa 
itself  in  a  laUof  d^y.  At  the  sane  tiu^  Qiese  ain- 
gulw  animaU  roll  themselves  together  Jn  si^  a  way 
that  the  ettKmi^es  ve  prelected  against  cold,  ana 
the  abdominal  inteAinee.  aad  even  the  windpipe,  aia 
csmprMsed.  ao  that  the  circulation  of  the  blood  is 
checked.  Many  of  thctq,  espectaUy  the  jaawera,  aa 
the  hanuter  and  Norway  lat;  calUct,  previouidy  tu 
their  period  of  sleep,  crauiderable  stares  af  food,  oa 
which  they  probably  live  until  alecp  overpowen  them. 
In  thia  period  we  obacrse  in  the  aoimak.  £nb  a  de- 
crease of  aoimii  heat,  which,  in  the  case  cf  soaie,  is 
diminishad  30°,  with  ethers  «0°  to  50°  Fahrenheit  j 
yet  it  ia  always  hi^Kr  dun  the  tempetature  of  thv 
atmosphere  in  tha  wuter  months.  If  these  animals 
are  mked  donng  winte'.  thaf;.«asn  recOTsr  thra 
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natvrei  warmth^  and  this  actificial  waldng  does  not 
injure  them. 

Secondly,  animals  in  a  dormant  state,  breathe 
mnch  slower  and  more  interruptedly  than  at  other 
times.  Some  will  remain  even  a  quarter  of  an  hour 
without  any  respiration ;  and  animals  in  this  state 
seldom  breathe  more  than  once  in  a  minute.  Hence 
they  corrupt  the  surrounding  air  much  less  than  if 
their  respiration  was  free.  Of  course,  the  heart 
moves  proportionally  slow.  With  the  hamster,  it  only 
beats  15  times  a  minute,  whilst,  in  a  working  state,  it 
beats  115  times  a  minute.  The  irritability  of  the  ani. 
mais  IS  very  low ;  and  hamsters  in  this  state  have  been 
dissected,  which  only  now  and  then  gasped  for  air,  or, 
at  least,  opened  the  mouth ;  and  on  which  sulphuric 
acid,  put  on  their  intestines,  had  little  or  no  effect. 

Marmots  can  be  awakened  only  by  powerfol  elec- 
tric shocks.  The  digestion  is  also  diminished ;  the 
stomach  and  intestines  are  usually  empty ;  and,  even 
if 'tiie  animals  are  awakened,  they  do  not  manifest 
symptoms  of  appetite,  except  in  heated  rooms. 
'  The  causes  of  the  dormant  state  of  animals  have 
generally  been  sought  in  a  pecolial*  construction  of 
the  organs.  It  is  true,  that  the  veins  in  such  animals 
are  vsaally  much  wider  and  larger  than  in  others ; 
hence  the  arteries  can  exert  comparatively  little  ac- 
tivity. The  great  vema  cava  also  not  merely  opens 
into  ^  right  auricle  of  the  heart,  but  divides  itself 
into  two  considerable  branches;  and  the  thymus 
gland,  which  in  the  foetus  is  so  large,  is  also  very 
extensive  in  this  species  of  animals.  The  immediate 
cause,  however,  producing  this  torpidity,  is  mostly, 
if  not  entirely,  the  cold.  The  animals  of  this  species 
fidl  into  ilus  sleep  in  the  middle  of  summer,  if  they 
are  exposed  to  a  cold  temperature;  on  the  other 
hand,  they  remain  awake  during  the  winter,  if  they 
are  brought,  towards  autumn,  into  a  warm  room. 
Yet  diey  fall  asleep  if  the  heating  of  the  room  is  dis- 
continued for  some  time.  In  the  case  of  some  of 
them,  confined  air  produces  the  sleep ;  thus  a  ham- 
ster may  be  made  to  sleep  very  easily  if  it  is  put  into 
a  vessel  which  is  buried  deep  under  ground. 

Among  the  birds,  some  of  the  swallows  are  sub- 
ject to  a  similar  sleep.  The  swift  {hirundo  c^/vs)  is 
not  only  found  in  the  crevices  of  walls,  but  also  in 
morasses,  in  a  dormant  state,  during  vrinter;  and 
many  have  concluded  from  this  that  all  swallows 
pass  the  winter  in  this  state,  which  is  incorrect,  as 
they  are  known  to  be  birds  of  passage.  Most  proba- 
bly those  swallows  which  have  been  found  in  a  dor- 
mant state,  were  prevented  from  emigrating  by  acci- 
dent, and  became  torpid  in  their  retreat,  through 
cold.  In  a  similar  way,  young  cuckoos  have  been 
fbund  torpid  in  the  water,  though  this  state  is  by  no 
means  natural  to  them.  With  frogs  and  other  am- 
phibious reptiles,  the  dormant  state  is  very  common. 
As  soon  as  the  temperature  of  the  atmosphere  sinks 
under  50^  Fah.,  the  number  of  pulsations  of  the 
heart  is  diminished  from  30  to  12  in  a  minute.  If, 
m  this  state,  food  is  put  into  the  stomach  by  force,  it 
"^emains  undigested  for  a  long  time.  Frogs,  serpents, 
aud  lizards,  kept  in  artificial  cold,  may  remain  for 
years  in  this  state :  hence  they  have  been  sometimes 
found  enclosed  in  stones,  in  which  they  have  been, 
perhaps,  for  centuries.  The  other  lower  animals, 
as  snails,  insects,  &c.,  are  also  subject  to  a  similar 
torpidity.  A  state  of  partial  torpor  takes  place  in 
the  case  of  the  common  bear  and  the  raccoon.  The 
bear  begins  to  be  drowsy  in  November,  when  he  is 


particulariy  ftit,  and  retires  kito  his  den,  which  \>% 
has  lined  with  moss,  and  where  he  but  rarely  awakes 
in  vrinter.  When  he  does  awake,  he  is  accustomed  to 
lick  hb  paws,  vrhich  are  without  hair,  and  full  of  small 
glands ;  hence  the  belief  that  he  draws  his  nourish- 
ment only  from  them.  The  badger  also  sleeps  the 
greater  part  of  the  winter. 

Doubling  a  cape,  is  to  sail  rovnd  or  pass  beyond 
it,  so  that  the  pohit  of  land  shall  separate  the  ship 
fiom  her  former  situation,  or  lie  between  her  and 
any  distant  observer. 

DouBLiif  o  upon,  in  a  naval  engagement ;  the  act 
of  enclosing  any  part  of  a  hostile  fleet  be  ween  two 
fires,  or  of  cannonading  it  on  both  sides.  It  is  usually 
performed  by  the  van  or  rear  of  the  fleet  which  is  su- 
perior in  number,  taking  the  advantage  of  the  wind, 
or  of  its  situation  and  circumstances,  and  tacking  or 
running  round  the  van  or  rear  of  the  enemy,  who  are 
thereby  exposed  to  great  danger. 

Doubloon  ;  a  Spanish  coin  of  the  value  of  two 
pistoles.     (See  Coin.) 

DovB -TAILING,  lu  coTpeiif^,  is  the  fastening 
boards  together,  by  letting  one  piece  mto  another,  m 
the  form  of  the  tail  of  a  dove.  The  dove-tail  is  the 
strongest  of  jointings,  because  the  tenon,  or  pieccof 
wood  which  is  put  into  the  other,  goes  widening  to 
the  end,  so  that  it  cannot  be  drawn  out  again. 

DovB-TAiL  Joint,  in  anatomy.  This  beautiful 
mode  of  uniting  osseus  bodies  occurs  in  various  parts 
of  the  body;  and  it  is  most  probable  that  on  that  na* 
tural  species  of  structure,  the  carpenter  has  founded 
his  mechanical  process. 

Dbachm,  the  unit  of  weight  and  of  money  amon^ 
the  ancient  Greeks,  both  as  a  weight  and  a  coin, 
contained  six  oboli,  and  was  itself  die  100th  part  of 
a  mina,  and  the  6000th  part  of  a  talent.  1 .  Accord- 
ing to  the  calculations  of  Wurm,  the  veeight  of  the 
Attic  drachm  is  67*383  grains  English  Troy  weight, 
and  the  Attic  talent  70  lbs.  6  k  oz.  The  calculation 
of  M.  Letronne  difiers  slightly  from  this.  There 
were  several  other  kinds  of  drachm  and  talent  in  use. 
those  of  ^gina  were  the  heaviest,  the  i£ginetic  talent 
being  equal  to  1,000  Attic  drachms ;  the  Euboic 
talent  was  nearly  ihe  same  as  the  Attic ;  the  Rhodian 
and  Egyptian  talents  were  each  about  one-third  of 
the  Attic.  Whenever  no  particular  kind  is  desig- 
nated, the  Attic  talent  is  meant.  2.  The  princifMi 
Grecian  coin  vras  the  drachm :  it  was  of  silver:  it 
was  divided,  like  the  weight,  into  six  oboli  (silver) • 
The  tetradrachm  (of  four  drachms)  was  called  the 
stater.  These  coins  differed  much  in  value  in  difier- 
ent  countries  in  Greece,  and  in  different  ages  in  the 
same  country.  The  Attic  drachm  and  stater  occur 
most  frequently. 

Besides  these  silver  coins,  there  were  also  the 
stater  of  gold,  equal  in  value  to  20  drachms,  and  the 
talent  of  gold,  which  was  used  sometimes  to  desig- 
nate a  quantity  of  gold*equal  in  vahe,  sometimes  a 
?|uantity  of  gold  equal  in  weight,  to  the  silver  talent, 
t  sometimes,  also,  designates  a  gold  coin,  weigh- 
ing six  drachms.  In  the  time  of  Solon^  a  sheep 
could  be  bought  for  one  drachm,  an  ox  for  five.  In 
die  time  of  Demosthenes,  a  fat  ox  cost  80  drachms, 
a  lamb,  10. 

DaACVNCi7Li,  in  medicine;  small,  long  worms, 
which  breed  in  the  muscular  parts  of  th^  arms  and 
legs,  called  Guinea  worms,  common  among  the 
natives  of  Giunea.  The  worm  is  white,  round  and 
uniform*  resembling  white,  round  tape.    It  is  lodged 
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between  the  interatkes  ukd  raembranea  of  the  i 
d(9,  where  it  insinnate*  itself,  •ometimee  exceeding 
five  ells  in  length.  It  occasions  do  great  pun  in  the 
beginning;  but,  at  such  times  as  it  ia  ready  to  go 
out,  the  part  adjoining  to  the  extremity  of  the  worm, 
where  it  attempts  its  exit,  begbs  to  swell,  throb,  and 
become  inflamed:  this  generally  happens  about  the 
ankle,  leg,  or  thigh,  and  rarely  higher.  The  coan- 
tries  where  this  distemper  is  observed  an  hot  and 
Bnltry,  subject  to  great  droughts,  and  the  inhabit' 
ants  make  use  of  stagnating  and  corrupted  water,  in 
which  it  ia  very  probable  that  the  ova  of  these  ani- 
malculE  may  be  contained ;  for  the  white  people  who 
drink  this  water  are  liable  to  the  dieense  as  well  as 
tlie  Negroes. 

Db&o  ;  a  machine  employed  to  search  for  drowned 

Dbaoo;*,  in  mtroHoan/ ;  one  of  the  northern  con- 
atellations. 

Draoon's  Blood;  a  resinous  juice,  obtained  from 
aeveral  plants  by  inciaioti.  It  is  often  very  much 
adulterated,  and  other  substances  are  substituted ; 

iiaiticularly  gum  Aj«bic,  and  gum  Senegal,  co- 
onred  with  logwood,  (tc.  Several  of  these  substances 
may  be  detected  by  their  dissolving  in  water,  while 
dragon's  blood  is  nearly  insoluble;  others  require  to 
be  submitted  to  some  chemical  tests.  Madagascar 
famishes  this  resin  of  a  good  quality,  but  so  much 
tailed  with  foreign  substances,  that  it  is  little  used . 
Dragon's  blood  is  opaque,  of  a  deep  reddish-brown 
colour,  brittle,  and  has  a  smooth  and  shining  con- 
choidij  fr^ctore;  when  in  thin  lamins,  it  is  some- 
tjmes  transparent ;  when  burnt,  it  gives  out  an  odour 
•omewhat  analogous  to  bctnoio  ;  its  taste  is  a  tittle 
astringent ;  it  is  soluble  in  alcohol,  and  the  solution 
wilt  permanently  stun  heated  marble,  for  which  pur- 
pose it  is  often  used,  as  well  as  for  staining  leather 
and  wood.  It  ia  also  soluble  in  oil,  and  enters  into 
tlie  composition  of  a  very  brilliant  varnish,  which  is 
much  ef^emed  by  artists.  Its  quality  may  be  proved 
bj  making  marks  on  paper:  tile  best  leaves  a  Sne 
red  trace,  and  commands  a  pretty  high  price.  It  was 
formerly  in  high  repute  as  a  medicine,  but  at  the 
present  time  is  very  little  used.  An  astringent  resin, 
obtained  from  the  rmcah/ptia  rerini/ero  of  New  Hoi- 
land,  bears  the  name  of  dragot't  blood  in  the  English 
Bcttlements  in  (hat  country. 

Dbaooon  ;  ft  kind  of  light-horseman,  of  French 
origin,  trained  to  fight  either  in  or  out  of  the  line,  in 
a  body,  or  singly,  chiefly  on  horseback,  but  if  necea- 
■ary,  on  foot  also.  The  dragoons  were  mounted, 
armed,  and  eieiciaed  as  these  objects  require.  They 
probably  took  the  name  of  dragoons  from  the  Roman 
dneonarit,  whose  lances  were  adorned  with  figures 
of  dragons.  Eiperience  proving  that  they  did  not 
autvrar  the  end  designed,  they  were  hardly  ever  need 
in  infantry  service,  and  now  form  a  useful  kind 
at  cavalry,  mounted  on  horses  too  heavy  for  the  has- 
•an,  and  too  light  for  enirassiera. 

DaAiHiiro.  Theinconvenience  of  an  over-moist  soil 
ia  but  littie  felt  in  the  neighbonrhood  of  the  British 
metropolis.  There  are,  however,  many  parts  of  Eng- 
land in  which  draining  becomes  a  most  important 
desideratum.  Tie  first  thing  to  be  attended  to.  is  the 
elevation  of  the  part  to  be  dreined :  and  as  in  large 
drains  it  becomes  necessay  to  keep  the  channels 
tbemselves  open,  it  is  advisMble  to  employ  an  appft- 
ratuB  similar  to  that  represented  in  the  annexed  en- 
graving, to  accomplish  Uiis  object 
Arts  3c  Sciiv^e. — Vol.  1. 


Now,  if  we  suppose  the  place  to  be  drained  situated 
in  the  nei^bourhood  of  the  sea,  it  will  not  be  advise- 
able  to  admit  a  free  communication  at  all  times ;  but 
it  requLres  a  free  passage  of  water  at  stated  periods, 
for  the  purpose  of  cleansing  the  drain,  and  at  differ- 
ent heights.  The  diagonal  tube  supported  by  the 
rope  coiled  round  the  cylinder,  may  be  readily  placed 
at  any  required  angle.  When  we  wish  the  water  in 
the  drain  not  to  exceed  a  certain  height,  we  have  only 
to  regulate  the  winch  accordingly. 


e  have  thus  briefly  noticed  the  drain  on  a  large 
scale.  A  very  simple  mode  of  draining  land,  which 
is  wet  merely  from  the  retentive  nature  of  tiie  soil, 
and  which  has  been  pructised  with  success,  consists 
in  adding  to  the  fell^  of  •  six-inch  cart  wheel,  a  piece 
of  wood,  upon  vrtuch  is  a  triangular  rim  of  iron. 
That  side  of  the  cart  containing  this  prepared  wheel, 
"  then  loaded,  tilt  the  piece  of  iron  indents  Che  soil 
the  depth  of  six  or  eight  inches.  These  furrows 
e  made  in  lines  from  five  to  ten  yards  asunder,  the 
grass  is  merely  pressed  down,  and  not  destroyed,  and 
tiiey  generally  grow  up  in  the  .course  of  the  year. 
They  should,  therefore,  be  made  annually,  at  the 
approach  of  winter ;  but  the  worii  is  so  easily  exe- 
cuted, that  a  single  person,  with  two  old  horses, 
will  go  over  from  ten  to  twenty  acres  in  eight  hours. 
Dbaihino  Ploudh.  This  is  a  very  important 
agticulturaJ  implement,  of  which  wegiveadiagram. 


We  may  snppoee  a  case  in  which  its  powers  would 
be  indispensable.  It  becomes  necessary  to  cut  a 
trench  for  the  passage  of  water ;  and  the  fhrrow 
being  too  deep  for  the  common  process,  the  anchor 
or  hook,  I,  is  inserted  in  the  ground.  We  have 
thus  a  fixed  point  fi>r  resisting  the  action  of  the  pul- 
ley, Ic.  If  power  he  now  i^tplied  to  the  handle  at 
top,  it  communicates  motion  to  the  wheel,  h,  with 
an  enormous  increase  of  power,  and  the  acting  por- 
tions of  the  plough,  c  d,  are  forced  through  the  soil. 
The  arrangement  at  a  A  c,  enables  the  conductor  to. 
give  the  required  depth  to  the  fiirraw.  It  will  be 
obvious  that  the  pulley,  g,  by  resting  on  the  ground, 
tends  to  diminish  friction. 
3E 
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Draught  ;  the  depth  of  a  body  of  water  necessary 
to  float  a  ship;  hence  a  ship  is  said  to  draw  so  many 
feet  of  water,  when  she  is  borne  up  by  a  column  of 
water,  of  that  particular  depth ;  for  instance,  if  she 
requires  a  body  of  water,  whose  depth  is  equal  to 
twelve  feet,  to  float  or  buoy  up  a  ship  on  its  surface, 
she  is  said  to  draw  12  feet  of  water ;  and,  that  this 
draught  may  be  more  readily  known,  the  feet  are 
marked  on  the  stem,  and  stern  post,  from  the  keel 
upwards. 

Draughts  ;  a  game  played  on  a  chequered  board, 
with  twenty-four  pieces,  Which  by  angular  move- 
ments, are  enabled  to  take  each  other,  according  to 
certain  rules,  until  one  of  the  parties  has  lost  all  his 
men,  or  is  placed  in  a  situation  to  lose  them  all, 
when  the  gan^e  is  at  an  end. 

Drawback,  in  commerce ;  an  allo^wnce  made  to 
merchants,  on  the  re-exportation  of  certain  goods ; 
which  in  some  cases  consists  of  the  whole,  in  others 
of  a  part  of  the  duties,  which  had  previously  been 
paid  upon  the  importation.  A  still  more  equitable  ar- 
rangement than  that  of  drawbacks,  is,  to  allow  the 
merchant,  who  imports  any  commodity,  which  he 
may  probably  wish  to  export  again,  to  deposit  it  in 
the  public  warehouses,  giving  a  bond  for  the  pay- 
ment of  the  duties,  should  he  dispose  of  it  for  home 
consumption.  This  is  called  bonding,  and  is  allowed 
to  a  considerable  extent  in  this  country. 

Drawing,  considered  as  a  distinct  branch  of  art, 
is  the  elder  sister  of  painting,  and  in  the  course  of 
time  became  connected  with  geometry.  It  is  the  art 
of  representing  by  means  of  hues  upon  a  flat  surface, 
the  forms  of  objects,  and  their  positions  and  rela* 
tions.  The  attempt  to  imitate,  by  lines,  the  forms 
which  we  see  in  nature,  is  the  commencement  of  all 
drawing.  According  to  a  Greek  tradition,  drawing 
and  sculpture  took  their  rise  together,  when  the 
daughter  of  Dibutades  drew  the  outline  of  the  sha- 
dow of  her  lover  upon  the  wall,  which  her  father  cut 
out  and  modelled  in  clay.  We  can  distinguish,  in 
the  earliest  attempts  at  drawing,  different  epochs, 
which  are  found  in  almost  all  nations: — 1.  Objects 
were  delineated  only  with  rude,  shapeless  lines.  2.  In 
order  to  make  such  drawings  more  striking  to  the 
eye,  the  sketch  was  filled  up  with  black,  or  some 
other  colour,  and  then  the  eyes,  eyebrows,  nose, 
mouth,  and  hair  were  marked  with  white  upon  the 
dark  surface.  To  all  these  figures  the  name  was 
attached,  and  in  general,  explanatory  words,  such  as 
we  find  upon  all  the  old  vases. 

This  custom  was  continued  by  the  Greeks,  even  in 
the  most  flourishing  period  of  the  art  of  drawing 
among  them ;  for  the  figures  of  the  great  picture  of 
Polygnotus,  at  Delphi,  were  designated  by  such  in- 
scriptions. In  the  3rd  epoch,  an  attempt  was  made  to 
give  animation  to  pictures,  by  representing  the  differ- 
ent colours  of  the  drapery ;  but,  as  yet  there  was  no 
attempt  at  perspective.  In  this  manner  Helen  and 
Andromache  embroidered  tapestry,  as  described  in 
the  poems  of  Homer.  In  the  4th  period,  the  want 
of  prominence  in  the  figures  was  remarked.  Ardices 
and  Telephanes  (probably  fictitious  names)  began, 
by  drawing  lines  in  the  back-ground,  to  produce  the 
appearance  of  shadow,  and  to  give  prominence  to 
their  figures.  In  later  times,  Polidoro  di  Caravaggio 
delineated  in  this  way  many  frescoes  in  Rome,  where 
he  used  only  a  single  colour,  but  produced  the  shading 
by  lines  drawn  thus,  in  the  manner  called  hatching, 
I'hese  works  -are  called  al  sgrqfUo  or  ptmduree  ha- 


ck^. This  manner  of  drawing,  however^  was  Twy 
hard.  Philocles  and  Cleanthes  invented  the  mono- 
chrome, or  picture  with  one  colour.  In  the  mono- 
chrome, the  colour  used  was  mixed  with  white,  so 
that  this  resembled  the  style  now  called  en  eamageu. 
This  was  the  first  step  from  drawing  to  proper  paint- 
ing, which  is  distinguished  by  having  the  back-ground 
of  the  picture  filled. 

The  Greeks  were  very  careful  and  particular  in 
their  instruction  in  drawmg.  Pamphilus,  the  teacher 
of  Apelles,  wished  his  pupUs  to  remain  with  him  ten 
years.  There  were  three  stages  of  instruction :  in 
the  first,  firmness  of  hand  and  of  stroke  was  obtained* 
and  the  learners  drew  with  styles  upon  tablets  co* 
vered  with  wax ;  in  the  second,  fineness  and  deiicacr 
of  stroke  was  studied,  while  the  learner  laboured  witn 
the  style  upon  smooth  tablets,  made  of  box-wood, 
and  sometimes  upon  membranes,  or  upon  the  skins 
of  wild  beasts,  properly  prepared,  and  covered  witk 
wax.  In  the  third  stage,  freedom  and  ease  were  to 
be  acquired ;  here  the  pencil  was  used  instead  of  the 
style,  and  with  it  black  or  red  sketches  were  drawn 
upon  white  tablets,  or  white  sketches  upon  black 
tablets.  The  tablets  used  were  covered  either  with 
chalk  or  gypsum. 

Line-drawing  was  carried  to  the  highest  perfec- 
tion, and  was  tibe  glory  of  the  greatest  masters.  The 
rivalship  of  Apelles  and  Protogenes  in  such  lines, 
drawn  with  distinguished  delicacy  and  skill,  and  dis- 
playing a  master's  hand,  is  well  known.  Thb  fine- 
ness and  clearness  of  outline  is  also  the  chief  merit 
of  the  celebrated  vase  painters.  Something  hard 
and  dry  was  found  in  the  pictures  executed  on  such 
outlines,  and  it  may  well  be  maintained  that  this 
manner  of  drawing,  through  the  influence  of  the 
Byzantine  school  on  the  west  of  Europe,  gave  rise  to 
the  dry  and  meagre  style  of  the  old  Italian  as  well  as 
of  the  old  Dutch  school. 

When  we  consider  the  art  of  drawing  as  it  exists 
at  the  present  time,  we  perceive  that  there  are  three 
distinct  kinds  of  drawing — with  the  pen,  with  crayons, 
and  with  Indian  ink,  or  similar  substances.  Artists 
sometimes  employ  coloured  and  sometimes  white 
paper ;  in  the  former  case,  the  lights  are  produced 
by  white  crayons ;  but  in  the  latter  case,  they  are 
produced  by  leaving  the  paper  uncovered.  The 
drawings  with  the  pen  have  always  something  hard 
and  disagreeable,  yet  they  give  steadiness  and  ease 
to  the  hand,  and  are  peculiarly  serviceable  to  land- 
scape painters.  There  are  two  different  ways  of 
drawing  with  the  pen ;  either  the  drawing  is  dark- 
ened on  the  shaded  side  with  lines,  or  the  outline 
only  is  given  by  the  pen,  and  the  shades  are  deli- 
cately touched  m  with  Indian  ink. 

This  mode  is  peculiarly  adapted  to  architectural 
drawings.  The  crayon  drawings  are  the  most  com- 
mon, and  the  most  suitable  for  beginners,  because 
any  faults  can  be  effaced  or  covered  over.  Artists 
make  use  of  black,  as  well  as  of  red  crayons ;  and* 
when  the  ground  is  coloured,  they  produce  the  light 
by  means  of  white  crayons.  If  the  crayon  is  scraped, 
and  the  powder  rubbed  in  with  little  rolls  of  paper  or 
leather,  the  drawing  becomes  exceedingly  delicate 
and  agreeable,  though  its  outline  is  deficient  in  strict 
precision.  This  manner,  which  irom  the  French 
name  of  the  rolls  used,  is  also  called  h  I'egtompe,  ia 
peculiarly  suitable  for  large  masses,  and  shades,  and 
chiaro-BCHro,  and  for  producing  a  harmonious  effect 
of  light.    There  are  also  crayon  drawings^  where  the 
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pniici|Ml  cotouTB  of  tfafl  objects  paiftied  are  delicately 
eketdbed  with  cokmred  penctU;  these  are  peculiarly 
anitable  for  portraits.  To  this  kind  of  drawings 
belong  likewise  those  made  with  lead  and  silver  pen- 
ci]s»  upon  paper  and  parchment,  which  are  suitable 
for  the  delicate  delineation  of  small  objects.  In 
some  cases,  drawings  of  this  description  are  softly 
touched  with  diy  colours.  There  is  another  style  of 
drawing,  in  which  Indian  inh»  or  sepia  and  bistre 
intermingled  with  carmine  and  indigo,  are  used.  The 
lights  are  produced  by  leaving  the  white  surface 
uncovered.  This  mode  produces  the  finest  effect,  and 
is  very  much  used  in  the  representation  of  all  kinds 
of  subjects. 

There  are  various  classes  of  drawings,  as  sketches, 
studies,  academy  figures,  cartoons,  &c.  Sketchet 
are  the  first  ideas  of  the  subject  of  a  picture,  thrown 
off  hastily,  to  serve  as  the  basis  of  a  future  drawing. 
They  are  made  with  charcoal,  with  the  pen,  or  the 
penciL  To  the  rapidity  of  their  execution  may  be 
ascribed  the  animation  perceptible  in  the  sketches  of 
great  masters,  of  whtdr  tiiere  are  rich  collections. 
Studies  are  copies  of  single  parts  of  subfects,  made 
either  after  life  or  from  models;  as  heads,  hands, 
feet,  sometimes  also  whole  figures.  Drawings  from 
skeletons  and  anatomical  preparations,  those  of  dra- 
pery, animals,  plants,  fiowers,  scenery,  &c.,  are  also 
called  by  this  name.  Academy  figiam  are  drawn 
from  living  models,  who  stand  in  academies  of  fine 
arts  and  other  establishments,  intended  for  the  edu- 
cation of  artists.  The  models,  male  and  female,  of 
all  ages,  are  placed  in  different  situations  and  atti- 
tudes, on  an  elevated  spot,  by  lamp-light.  The  pu- 
pils stand  round  and  draw,  und«r  the  direction  of 
professors.  Experienced  painters  and  sculptors  like- 
wise continue  to  draw  from  living  models,  either  in 
private  or  in  company.  The  most  perfect  figures,  of 
course,  are  selected.  In  order  to  study  drapery,  a 
figure  of  wood,  with  moveable  limbs,  is  placed  so 
tiuit  the  student  can  draw  from  it. 

Cartooms  are  drawings  on  gray  paper,  of  the  same 
size  as  the  paintings  which  are  to  be  copied  from 
them.  These  are,  for  instance,  large  oil  paintings, 
fresco  pictures,  &c.  Artists  make  use,  also,  of  other 
means,  in  order  to  transfer  the  outlines  of  a  pabiting 
upon  anolher  canvass,  if  they  wish  to  copy  very 
fattiiftiBy.  If  the  copy  is  to  be  on  a  lar^r  or  a 
smaller  scale  than  the  original,  it  is  customary  to 
place  on  each  canvass  fhunes  of  wood,  the  space  en- 
closed by  which  is  divided,  by  means  of  threads,  in- 
to quadran^Iar  compartments.  The  compartments 
on  the  origmal  are  larger  or  smaller  than  the  others, 
as  the  case  may  be.  The  artist  then  draws  in  each 
square  of  his  canvass  what  he  finds  in  the  corre- 
sponding square  in  the  original.  If  the  copy  is  in- 
tended to  be  precisely  of  the  same  size  with  the  ori- 
ginal, the  outlines  are  often  traced  through  a  black 
gauze,  from  which  they  are  afterwards  transferred 
by  pressure  to  the  canvass  of  the  copy.  This,  it  is 
true,  does  not  give  any  distinct  forms,  but  it  indi- 
cates precisely  tiie  spot  where  every  object  is  to  be 
placed,  which  saves  much  time. 

If  the  intention  is  to  copy  the  ottHioes  of  the  ori- 
ginal exactly,  it  is  necessary  to  make  a  caique,  that 
18,  a  paper  saturated  with  varnish,  and  quite  trans- 
parent, which  is  put  on  the  painting ;  the  outlines  are 
drawn  ;  then  the  paper  is  blackened  with  crayon  on 
one  side,  put  on  the  new  canvass,  and  the  outlines 
are  followed  by  some  pointed  instrument,  and  thus 


transferred  to  the  canvass.  It  is  evident  that  it  is 
never  allowable  to  take  a  copy  in  this  way  from  very 
valuable  pictures.  The  sketches  of  great  masters  ore 
always  valued  very  highly,  because  they  show  most 
distinctly  the  fire  and  boldness  of  their  first  concep- 
tions. But  for  this  very  reason,  because  their  excel- 
lence depends  on  the  nreedom  with  which  they  are 
thrown  off,  it  is  far  more  difficult  to  make  copies 
from  them  than  from  finished  paintings.  The  great 
schools  in  painting  differ  quite  as  much  in  respect  to 
drawing  as  in  respect  to  colouring.  The  style  of 
drawing  of  the  old  Italian  school  is  as  hard,  dry,  and 
meagre  as  that  of  the  old  German  school.  The  de- 
fects of  the  former  are  more  often  redeemed  by  beau- 
tiful forms  and  just  proportions,  whilst  in  the  latter 
a  meaning  is  frequently  expressed  which  inclines 
more  to  poetry  than  to  art. 

At  a  later  period,  the  Roman  school  became,  in 
Italy,  through  the  influence  of  Raphael's  exquisite 
sense  of  the  beautiful  and  expressive  in  form,  and 
through  the  study  of  the  antique,  the  true  model  of 
beautiful  drawing.  The  Florentine  school  strove  to 
excel  the  Roman  in  this  respect,  and  lost,  by  exag- 
geration, the  superiority  which  it  might,  perhaps, 
otherwise  have  gained  from  its  anatomical  cori'ect- 
ness,  and  deep  study  of  the  art.  The  masters  of  the 
Florentine  school  often  foreshorten  too  boldly.  In 
the  Lombard  school,  delicate  drawing  appears  through 
enchanting  colouring ;  but  perhaps  it  is  more  true  to 
nature  and  feeling  than  to  scientific  rules.  The  Ve- 
nitian  school,  in  reference  to  the  other  schools  of 
Italy,  has  many  points  of  resemblance,  good  and 
bad,  with  the  Dutch  school,  in  reference  to  Ger- 
many. 

In  the  Venetian  school,  the  drawing  is  often  lost  in 
the  glow  and  power  of  the  colouring ;  and  it  is  very 
often  not  the  nobleness  of  the  figures  and  ideas  in 
the  drawing,  but  the  richness,  boldness,  and  glowing 
nature  of  the  painting,  which  delight  us.  The  French 
school  was,  in  Poussin's  time,  very  correct  in  draw- 
ing ;  and  he  was  justly  called  the  iVench  Raphael — 
At  a  later  period,  the  style  of  this  school  became 
numi&i.  David  introduced  again  a  purer  taste  in 
drawing,  and  a  deep  studv  of  the  antique.  This 
study  of  the  antique,  together  with  the  precision  of 
their  drawing,  are  the  distinguished  characteristics 
of  the  modem  French  school. 

In  Germany,  there  cannot  be  said  to  be  any  general 
style  of  drawing  peculiar  to  her  artists.  The  many 
distinguished  artists  of  that  country  have  formed 
themMlves  individually,  by  the  study  of  nature  and 
works  of  art ;  and  whilst  some  of  the  most  celebrated 
painters  are  distinguished  for  correct  drawing,  others 
are  reproached  for  want  of  it,  in  some  of  their  iSnest 
pictures.  On  the  whole,  their  drawing  is  not  so  cor- 
rect as  that  of  the  French.  Many  young  German 
artists  unfortunately  consider  the  naiveU  of  the  an- 
cient masters  of  their  country  as  beauty,  and  strive 
to  imitate  it. 

Having  thus  furnished  our  readers  with  a  brief 
view  of  the  mechanical  processes  in  drawing,  and 
an  outline  of  the  peculiar  features  of  the  principal 
schools ;  it  will  be  proper  to  examine  the  progress  of 
design,  commencing  with  simple  lines.  This  is  a 
subject  that  was  admirably  treated  by  Mr.  Reinagle, 
in  his  Lectures,  delivered  in  the  Royal  and  London 
Institutions. 

Fuseli  thus  describes  the  peculiar  features  of  this 
important  branch  of  the  fine  arts  — "  Of  design,  the 
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element  is  correctness  and  style ;  its  extinction,  in- 
correctness and  manner.     On  the  first  principle  of 
correctness,  or  the  power  of  copying  and  drawing 
■with  precision  the  proportions  of  any  object  singly, 
or  in  relation  with  others — as  it  may  be  considered 
in  the  light  of  an  elementary  qualification,  without 
which  none  should  presume  to  enter  himself  a  student 
of  the  academy — I  should  perhaps  forbear  to  speak,  did 
I  not  consider  it  as  the  baisis  of  design,  and  were  I  not 
apprehensive  that  from  the  prevalent  bend  of  the 
reigning  taste,  you  do  not  lay  on  it  all  the  stress  you 
ought ;  and  that,  if  you  neglect  the  acquisition  of  ^e 
power  to  copy  with  purity  and  precision  any  given 
object,  you  will  never  acquire  that  of  imitating  what 
you  have  chosen  for  your  model.     Our  language  ge- 
nerally confounds — or  rather  those  who  use  it,  when 
they  speak  of  the  art — ^the  two  words  copy  and  imi- 
tation, though  essentially  different  in  their  operation, 
as  well  as  their  meamng.     An  eye  geometrically 
just,  with  a  hand  implicitly  obedient,  is  the  requisite 
of  the  former,  without  all  choice,  without  selection, 
amendment,  or  omission ;  whilst  choice,  directed  by 
judgment  and  taste,  constitutes  the  essence  of  imi- 
tation, and  raises  the  humble  copyist  to  the  noble 
rank  of  an  artist.    Those  who  have  stopped  short  at 
the  acquisition  of  the  former  faculty,  have  made  a 
means  their  end,  have  debased  the  designer  to  the 
servile  though  useful  draughtsman  of  natural  history : 
and  those  who  have  aspii^d  to  the  second,  without 
gaining  the  first,  have  substituted  air  for  substance, 
and  attempted  to  raise  a  splendid  fabric  on  a  quick- 
sand: the  first  have  retarded  the  progress  of  the 
art ;  the  second  have  perverted  its  nature :  each  have 
erred,  to  prove  that  the  coalition  of  both  is  indispen- 
sable." 

Every  thing  deserving  the  title  of  beautiful,  and 
every  grand  object,  assume  an  outline  of  definite 
character ;  the  former  in  undulating  lines  of  elliptic 
curves,  and  grandeur  in  angular  dispositions  of 
figure.  Lines  of  motion,  on  the  contrary,  assume  a 
curved  direction.  The  first  means  of  combining 
straight  lines  so  as  to  please  the  eye,  without  creating 
any  geometrical  figure,  is  the  radiating  principle.  Our 
eye  not  only  can  tolerate  that  union  of  lines,  but  re- 
ceives the  impression  as  pleasing  in  character ;  while 
ail  lines  parallel  to  each  other,  being  right  lines,  and 
viewed  as  a  flight  of  steps,  or  pile  of  rods  producing 
an  opposite  e&ct  on  the  observer,  are  disagreeable. 

Upon  the  former  principle  it  is,  that  the  rays  of 
the  sun,  and  rays  of  light  generally,  are  so  attrac- 
tive and  beautiful.  It  b  from  this  circumstance  that 
right  lines,  drawn  in  an  inclined  position  to  the  plane 
of  a  picture,  derive  an  interest  from  the  angles  en- 
gendered through  the  imagination.  To  follow  up  the 
principle  by  regular  steps,  and  to  open  a  clear  view 
of  the  laws  of  beauty  in  lines,  we  may  trace  an  in- 
clined right  line,  widi  a  regular  set  of  right  angles 
upon  it,  like  the  stems  of  leaves  on  each  side.  This 
exhibits  no  sort  of  beauty,  nor  any  other  advantage 
than  mere  combinations  of  formal  angles.  We  may 
then  draw  an  inclined  line,  as  before,  with  similar 
angular  projecting  stems,  to  which  should  be  added 
elliptic  curves  on  the  upper  side  of  each  branch,  and 
the  form  of  a  leaf  is  produced.  The  next  step  is  an 
incl  ned  line,  having  oval  curves  upon  it.  Both 
these  possess  principles  approaching  to  beauty,  by 
progressive  advances  in  combination  and  onginal 
structure.  An  inclined  line,  with  the  oval  curves  upon 
it  i  to  which  are  added  elliptic  curres  on  the  upper 


side  of  each  stem.  This  addition  is  a  new  advance 
towards  beauty.  A  more  perfect  principle  of  beauty, 
having  an  elliptic  stem  witn  oval  branches  rising  from 
it,  will  readily  be  conceived  by  the  student. 

If  to  this,  the  principle  of  gjadation  be  given,  by  a 
scale  of  increase  from  the  top  to  the  bottom  of  the 
projecting  stems ;  and  if  there  be  superadded  the  ex- 
ternal contour  of  a  lengthened  egg,  like  the  form  of  a 
sage-leaf,  we  shall,  step  by  step,  advance  into  the 
region  of  beautiful  character  in  exterior  design. 

In  the  subjoined  engraving  we  give  three  forms;  in 
the  latter  is  seen  the  elliptic  stem  with  the  oval 
branches  rising  from  it,  to  which  small  serpentine 
additions  are  made,  expressing  a  leaf. 


Of  dl  the  three  diagrams  to  which  we  have  adverted, 
the  last  abounds  wiUi  the  greatest  portion  of  beauti- 
ful lines,  and  is  indisputably  the  most  agreeable  and 
beautiful.    Combinations  are  like  numericals  :  many 
of  these  forms,  placed  together  with  judgment  and 
discretion,  will  attract  u§  from  the  larger  proportion 
of  beauty  that  meets  the  eye  at  once,  like  a  head  of 
beautiful  hair :  one  hair,  however  gracefully  bent» 
cannot  impress  us  like  an  entire  lock  of  the  hair ;  nor 
will  this  curl  charm  us  as  the  whole  will  on  the  hu- 
man head.   We  owe  to  construction  and  combination 
all  our  pleasurable  feelings  of  beauty :  no  person  is 
allured  by  a  single  species  of  objects:  bat  a  diousand, 
or  a  million,  arouses  our  anxious  notice.    Thus,  the 
last  diagram  of  the  elliptic  stem,  and  foliage  upon  it, 
exhibits,  by  the  continuity  of  curved  lines,  the  great- 
est approach  to  beauty,  of  any  of  its  predecessors. 
These  preliminary  designs  open  the  way  for  richer 
combinations.     Curved  lines  of  various  quantities  of 
convex  and  concave,  drawn  at  random,  without  ex- 
pressing or  forming  any  sort  of  figure,  please  our  eye 
more  than  any  set  of  right  lines  similarly  distribute. 
Quantity  and  variety  are  absolutely  necessary  to  the 
production  of  perfect  beauty;  equalities  being  un- 
friendly to  that  symmetry  which  accords  with  nature. 
The  combinations  of  the  oval  may  be  varied  to  an 
extraordinary  extent.    The  vases  represented  in  the 
engravings,  though  ver}*  dissimilar  in  appearance,  are 
both  the  result  of  these  combinations. 

Here  it  may  be  proper  to  state,  for  the  benefit  of 
the  student,  that  the  most  perfect  collection  of  vases 
in  this  country  are  now  deposited  in  the  British  Mu- 
seum. They  are  placed  in  a  room  by  themselves, 
and  are  of  the  greatest  use  to  the  artist.  While  upon 
this  subject,  we  would  remark,  that  as  a  genend  prin« 
dple,  too  little  attention  is  given  by  our  young  stu- 
dents to  that  splendid  depository,  as  it  is  perfecUy 
cessible  to  all. 


Hw  flnt,  TeMmbUng 
!»  compowd  of  mtcii  pu 
the  foot,  or  pe- 
destal, ooe;  the 
neck  two.  The 
handles  are  re- 
gnUted  in  the 
pautioD«ndjHT>- 
jection  by  lines 
dmra  rrom  the 
bottom  of  the 
vase,  throu^ 
the  ovals  which 
the 
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compose 
outlioe  of  the 
two  sides,  snd 
passing  through 
tht  transverse 
diameter,  lluse 
handles  are 
made  from  an 
oval  that  is  the 
length  of  half 
the  line  of  the 
tt«asvene  dia- 
meter. The  ske- 
leton of  angles  that  govern  the  shape  of  this  Tase,  is  a 
very  pretty  figure  of  itself.  The  form  does  not  pro- 
ceed from  any  caprice  or  irregnlarity,  but  is  consistent 
with  rational  organization,  and  symmetrical  propor- 
tions. The  other  vase,  represent^  beneath,  exhibits 
an  Hebe  cup,  with  a  handle  which  presents  a  totally 
different  i^pearance  in  form  '    "'' 

It  is  proportioned 
by  sirnilar  principles : 
the  large  ^sc  raakea 
the  body,  inclining 
right  and  left  upon  the 
end  of  the  oval.  The 
neck  and  leg  are  both 
made  fnm  ue  smaller 
oval  disc;  the  dotted 
lines  to  the  ovals  of  the 
leg,  snffidmtly  show 
the  fact.  The  handle 
and  concave  lip  of  tlie 
cnp,  are  made  by  an 
application  of  the  same 
due.  The  altitude  con- 
tains four  parts,  the 
body  two  parts,  the  leg 
one  part,  and  the  neck 
one  other  part )  the 
handle  rises  one-eighth 
above.  Every  portion 
of  this  figure  is  created 
b^  the  two  discs  pre- 
viously named.  The 
foliage  rises  from  be- 
low and  descends  from  above,  one-fonrth  of  the 
whole  height  of  the  body  to  the  commencement  of 
the  concavity  of  the  nedi,  where  the  beading  mns 
TDund.  It  has  been  remarked,  that  by  adhering  to 
regular  proportional  quantities  of  1  and  3,  3  and  S, 
a  and  5,  7  and  3,  &c.,  and  using  elliptic  (Uses  or 
curves,  very  great  beauties  are  derived. 

The  motion  of  ships  at  sea  is  described  in  gentle 
elliptic  curves ;  the  wings  and  plumage  of  birds  as- . 
sume  the  oval  and  elliptic  curves;  all  ifae  fibres  ofl 
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their  feathers  have  that  form ;  some  flattened,  others 
more  rounded  :  the  pine-apple  and  numberless  fmlts 
have  all  an  oval  character  of  outline.  Many  take 
the  character  of  eggs,  pointed  ^t  one  end,  and  large 
and  blunt  at  theo&er  extremity.  The  leaves  of  trees 
have  the  oval  shape  more  than  any  other;  the  b  nd 
of  the  branches,  and  the  whole  external  form  of  many 
trees  it  oval.  There  b  no  form  of  created  things 
which  may  not  be  found  to  correspond  in  all  its  de- 
pendant shapes,  to  ovals  and  ellipses  of  various  discsi 
even  objects  which  at  Srst  sight  seem  to  contradict 
thepossibility  of  meeting  this  system. 

l^e  Greek  artists  so  confined  themselves  to  certain 
rules  and  principles  of  unerring  consequences,  in  tLc 
production  of  beauty,  grace,  or  grandeur  in  theit 
Ggnres,  that  all  their  compositions  depended  npoo 
the  same  species  of  role  and  order.  It  is  much  to  be 
regretted  that  ^shion  is  in  all  coantries  the  destroy 


fluttering  and  never  settle,  nor  have  a  sure  dominion. 
The  Greeks  do  not  appear  to  have  stiffered  themselves 
to  be  diverted  from  a  pure  conise  of  design  in  their 
studies,  and,  as  such,  airi  ved  at  a  very  high  degree 
of  perfection  in  moet  sdentific  pursuits,  by  following 
sure  principles  as  their  guides,  and  by  never  aban- 
doning a  path  traced  by  natore,  and  matured  by  the 
ost  sublime  philosophy. 

Pursuing  our  path  in  the  subject  of  design,  we  at 
ice  come  to  the  human  form.  The  whole  of  onr 
readers  have,  no  doubt,  seen,  in  the  elementary  trea- 
tises on  drawing,  the  series  of  curves  which  form  the 
human  structure ;  to  illustrate  this,  however,  in  the 
readiest  way,  we  may  toni  to  that  great  nuuter  of 
design,  Raphael. 


In  this  beantifol  group,  representing  the  Holy  Fa- 
mily, the  principle  of  the  circle  advancing  to  an  oval 
is  beautifully  portrayed.  In  childhood,  the  circle 
predominates,  but  at  a  later  period  of  life  the  facets 
elongated,  and  now  though  much  of  the  prettinees  be- 
gins to  pass  away,  it  Is  succeeded  by  the  markings  of 
a  higher  degree  of  intellect.  The  deeper  and  more 
powerful  workings  of  the  mind  aucceed  to  the  m- 
fantile  Nmplicity  which  marked  the  first  daffning  of 
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Id  the  bnutirul  curves  which  composed  the 
first  noticed,  the  farms  muA  of  DeceBsity  be  the 
under  all  circumstances;  hence  it  will  beobrioos  that 
the  difficulty  increaaeB  very  considerably  when  we 
come  to  the  varying  characters,  ages,  and  passlous  of 
maakiod.  The  mode  of  delineating  the  human  form, 
will,  however,  be  discoeeed   and   illustrated   under 

There  is  more  of  skiifiil  design  eBBential  to  a  right 
arraDgemeut  of  the  folds  la  the  drapery  of  a  figure 
than  the  young  artist  is  apt  to  imagine.  The  ancients 
excelled  b  pieturaqae,  but  not  in  nalmral  drapery. — 
An  example  of  the  latter  will  be  found  in  the  figure 
beneath,  ^igned  by  Flaimen. 


We  have  heard  of  Kulptors  who  design  their  dra- 
pery by  laying  layers  of  wet  and  flexible  clay  over  Uie 
figure  tber  are  about  to  eiecute,  but  by  such  a  pro- 
cess as  that,  little  of  real  excellence  could  be  pro- 
duced. The  ancient  masters  appear  to  have  arranged 
their  draperies  aa  the  upholateter  nails  his  cur 
in  faultless  form,  and  perfect  order — nothing  wa 
to  chance.  Now,  to  give  a  piece  of  drapery  the 
slightest  claim  to  a  natural  character,  ibi  whole 
arrangenieat  must  be  that  of  chance;  and  no  pen 
cat)  examine  the  simply  natural  masses,  shown 
the  above  figure,  without  at  once  observing  the  vast 
inferiority  of  the  aucieuts  under  this  head. 

We  must  not,  however,  forget  that  this  simplicity 
may  easily  degenerate  into  vulgarity,  and  poverty  of 
coDC^tion.  We  may  taite  as  an  example,  the  exqui- 
site piece  of  drapery  introduced  by  Chantrey,  in  hii 
bust  of  the  late  Sir  W.  Scott.  Now  this  has  been 
copied  by  other  inferior  artists,  and  they  havi 
tempted,  by  the  aid  of  a  small  handlterchief,  or  towel, 
to  give  the  massive  folds  and  beautiful  contour  of  the 
original,  and  the  consequence  has  been  failnre  of  the 
worst  kind.  Great  depth  of  finish  is  not  essential  tc 
good  drepety — but  just  conception,  and  an  acquaint- 
ance with  the  mechanical  character  of  different  fa- 
in proof  of  what  we  have  now  been  advancing,  w< 
inay  take  one  of  the  most  beautiful  groups  probably 
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Justice.     Cupid  and  Riychapi 

gree,  all  the  graces  of 
the  antique  school.  It 
has  in  this  respect  also 
its  peculiar  faults. 

The  waist  of  the  male 
figure  is  encircled  by  a 
double  row  of  drapery, 
forming  unbrokeu  lines 
of  small  plaits  —  now 
this  is  neither  natural, 
noryetpicturesque.  The 
drapery  of  Pscyhe  much 
rcM-mblea  Oiat  of  the  Ca- 
ryatides, and  is  as  quaint 
as  it  is  unnecessarily  in- 
delicate. Flaxman  and 
Canova,  among  modem 
sculptors,  and  Retsch 
and  Frank  Howard,  in 
the  pictorial  ait,  stand 
highest  in  the  power  of 
embodying  what  is  beau- 
tiful in  the  andmt  school 
with  the  more  natural 
character  of  real  life. 
The  dramatic  illnstrati- 
of  the  latter  form  a 
distinct  era  in  art.  (See 
GsoDPino    and     Fob-   . 

DkAWiNa  A  Pattern,  in  veorin^,  expresses  the 
preparation  of  the  figures  with  which  the  workman 
enriches  his  stuff,  or  silk,  and  which  he  copies  aftcf 
some  punter,  or  eminent  draughtsman  ;  aa  in  diaper, 
damask,  and  other  flowered  silk  and  tapestry,  and 
the  like.  We  are  now  enabled  to  manufactore  pat- 
tern goods  in  this  country,  ftilly  equal  to,  if  not  sd- 
perior  to  the  foreign  artizans.  In  undertaking  audi 
kinds  of  figured  stuffs,  it  is  necessary,  before  the  first 
stroke  of  the  shattie,  that  the  whole  design  be  repre- 
sented on  the  threads  of  the  warp ;  we  do  not  mean 
in  colours,  but  with  an  infinite  number  of  titUe  pack- 
threads, which,  being  disposed  so  as  to  raise  the 
threads  of  the  warp,  let  the  workman  see,  ftoa  time 
to  time,  what  kind  of  silk  is  to  be  put  in  the  eye 
of  the  shuttle,  for  woof.  This  metiiod  of  prepsring 
ths  woof  is  called  reading  the  design,  and  reading 
the  figure,  which  is  performed  in  the  followii^  man- 
ner :  A  paper  is  provided  considerably  vrider  than 
the  stuff,  and  of  a  length  proportionate  to  what  is  in- 
tended to  be  represented  thereon.  This  they  divide 
lengthwise,  by  as  many  black  lines  as  there  are  in- 
tended threads  in  the  warp ;  and  cross  these  lines,  by 
others  drawn  breadthwise,  which,  with  the  former, 
make  little  equal  squares :  on  the  paper  thus  squared, 
the  draughtsman  designs  his  figures,  and  hei^tens 
them  with  colonra,  as  he  see*  fit.  When  the  design 
is  finished,  a  vrorkman  reads  it,  while  another  lays 
it  on  the  simblot. 

To  read  the  design,  is  to  tell  the  peraon  who  ma- 
nages the  loom,  the  number  of  squares  or  threads 
comprised  in  the  space  he  is  reading ;  intimating,  at 
the  same  time,  whether  it  is  groond  or  figure.  To 
put  what  is  read  on  the  simblot,  is  to  fasten  little 
strings  to  tiie  several  packthreads,  which  are  to  raise 
the  breads  named ;  and  thus  they  continue  to  do  tiQ 
the  whole  design  is  read. 
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Every  piece  being  composed  of  several  repetitions 
of  the  same  design,  when  the  whole  design  is  drawn, 
the  drawer,  to  re-begin  the  design  afresh,  has  nothing 
to  do  but  to  raise  the  little  strings,  with  slip-knots, 
to  the  top  of  the  simblot,  which  he  had  let  down  to 
the  bottom ;  this  he  is  to  repeat  as  often  as  is  neces- 
sary till  the  whole  be  manufactured. 

The  ribbon  weavers  have  likewise  a  design,  bnt 
far  more  simple  than  that  now  described.  It  is 
drawn  on  paper  with  lines  and  squares,  representing 
the  threads  of  the  warp  and  woof.  But,  instead  of 
lines,  whereof  the  figures  of  the  former  consist,  these 
are  constituted  of  points  only,  or  dots,  placed  in 
certain  of  the  jittle  squares,  formed  by  the  intersec- 
tion of  the  lines.  These  points  make  the  threads  of 
the  warp  that  are  to  be  raised,  and  the  spaces  left 
blank  denote  the  threads  that  are  to  keep  their  situa- 
tion :  the  rest  is  managed  as  in  the  former. 

Dropsy  ;  a  preternatural  collection  of  serous  or  wa- 
tery fluid  in  the  cellular  substance,  or  different  cavities 
of  the  body.  It  receives  different  appellations,  accord- 
ing to  the  particular  situation  of  the  fluid. — ^When  it  is 
diffused  through  the  cellular  membrane,  either  gene- 
rally, or  partially^  it  is  called  ariasarca ;  when  it  is 
deposited  in  the  cavitv  of  the  cranium,  it  is  called 
hydrocephalus;  when  m  the  chest,  hifdrothorax,  or 
hydrops  pectoris ;  when  in  the  abdomen,  ascites ;  in 
the  uterus,  hydrometra  ;  and  within  the  scrotum,  hy- 
drocele. 

The  causes  of  these  diseases  are  a  family  disposi- 
tion thereto,  frequent  salivations,  excessive  and  long 
continued  evacuations,  a  free  use  of  spirituous  liquors 
(which  never  fail  to  destroy  the  digestive  powers), 
Bcirrhosities  of  the  liver,  spleen,  pancreas,  mesentery, 
and  other  abdominal  viscera ;  preceding  diseases,  as 
the  jaundice,  diarrhoea,  dysentery,  phthisis,  asthma, 
gout,  intermittents  of  long  duration,  scarlet  fever,  and 
some  of  the  exanthemata  ;  a  suppression  of  the  accus- 
tomed evacuations,  the  sudden  striking  in  of  eruptive 
humours,  ossification  of  the  valves  of  the  heart,  po- 
lypi in  the  right  ventricle,  aneurism  in  the  arteries, 
tumours  making  a  considerable  pressure  on  the  neigh- 
bouring parts,  permanent  obstruction  in  the  lungs, 
rupture  of  the  thoracic  duct,  exposure  for  a  length  of 
time  to  a  moist  atmosphere,  laxity  of  the  exhalants, 
defect  in  the  absorbents,  topical  weakness,  and  gene- 
ral debility. 

The  first  of  these  species  which  we  shall  describe 
i»  ascites  (from  a  sack  or  bottle  ;  so  called  from  its 
bottle-like  protuberancy),  or  dropsy  of  the  belly,  a 
tense,  but  scarcely  elastic,  swelling  of  the  abdomen 
from  accumulation  of  water.  Ascites  is  often  pre- 
ceded by  loss  of  appetite,  sluggishness,  dryness  of  the 
skin,  oppression  at  the  chest,  cough,  diminution  of 
the  natural  discharge  of  urine,  and  costiveness.  After 
the  swelling  has  commenced,  it  increases  until  the 
whole  belly  becomes  uniformly  swelled  and  tense. 
The  distension  and  sense  of  weight  vary  somewhat 
with  the  position  of  the  body,  being  greatest  on  the 
side  on  which  the  patient  lies.  As  the  collection  of 
water  becomes  more  considerable,  the  difficulty  of 
breathing  is  much  increased,  the  countenance  exhibits 
a  pale  and  bloated  appearance,  an  immoderate  thirst 
comes  on,  the  skin  is  dry  and  parched,  and  the  urine 
is  very  scanty,  thick,  and  high-coloured,  and  depo- 
sits a  lacteritious  sediment.  TTie  pulse  is  variable, 
being  sometimes  considerably  quicker,  sometimes 
slower  than  is  natural.  The  operation  of  tapping 
should  be  performed  only  where  the  distension  is 


very  gr^t,  and  the  respiration  or  other  important 
functions  impeded  ;  and  it  will  often  be  best  not  to 
draw  off  the  whole  fluid  at  once.  Great  care  must 
be  taken,  also,  to  keep  up  a  sufficient  pressure,  by  a 
broad  bandage  over  the  abdomen,  as  even  fatal  syn- 
cope has  arisen  from  neglect  of  this.  The  contrac- 
tion of  the  muscles  will  be  promoted  by  friction.  The 
remedies  for  this  disease  are  cathartics,  diuretics, 
gentle  friction  of  the  abdomen  with  oil,  &c.  Tonic 
medicines,  a  nutritious  diet,  and,  if  the  complaint 
appears  giving  way,  such  exercise  as  the  patient 
can  take  without  fatigue,  with  other  moans  of  im- 
proving the  general  health,  ought  not  to  be  neg- 
lected. 

Another  species  of  dropsy,  is  called  anaforca,     i 
is  occasioned  by  a  serous  humour,  spread  between  tht- 
skin  and  flesh,  or  rather  by  a  general  accumulation 
of  lymph  in  the  cellular  system. 

This  species  of  dropsy  shows  itself  at  first  by  a 
swelling  of  the  feet  and  ankles  towards  the  evening, 
which,  for  a  time,  disappears  again  in  the  morning.  The 
tumefaction  is  sott,  and  inelastic,  and,  when  pressed 
upon  by  the  fin^r,  retains  its  mark  for  some  time, 
the  skin  becommg  much  paler  than  usual.  By  de- 
grees, the  swelling  ascends,  and  occupies  the  trunk 
of  the  body ;  and,  at  last,  even  the  face  and  eyelids 
appear  full  and  bloated :  the  breathing  then  becomes 
^fficult,  the  urine  is  small  in  quantity,  hig^-coloured, 
and  deposits  a  reddish  sediment;  the  beUy  is  costive, 
the  perspiration  much  obstructed,  the  countenance 
yellow,  and  a  considerable  degree  of  thirst,  with 
emaciation  of  the  whole  body,  prevails.  To  these 
symptoms,  succeed  torpor,  heaviness,  a  troublesome 
cough,  and  a  slow  fever.  In  some  cases,  the  water 
oozes  out  through  the  pores  of  the  cuticle  ;  in  others, 
being  too  gross  to  pass  through  them,  it  raises  the 
cuticle  in  small  blisters ;  and  sometimes  the  skin,  not 
allowing  the  water  to  escape  through  it,  is  com- 
pressed and  hardened,  and  is,  at  the  same  time,  so 
much  distended,  as  to  give  the  tumour  a  considerable 
degree  of  firmness.  In  some  few  cases,  the  disease 
goes  off  by  a  spontaneous  crisis,  by  vomiting,  purg- 
ing, &c.  Where  the  quantity  of  fluid  collected  is 
such  as  to  disturb  the  more  important  functions,  the 
best  mode  of  relieving  the  patient,  is  to  make  a  few 
small  incisions  with  a  lancet,  not  too  near  each  other, 
through  the  integuments  on  the  fore  and  upper  part 
of  each  thigh;  the  discharge  may  be  assisted  by 
pressure. 

In  the  use  of  issues  or  blisters,  there  is  some  risk 
of  inducing  gangrene,  especially  if  applied  to  the 
legs ;  and  the  same  has  happened  from  scarifications 
with  the  cupping  instrument.  Absorption  may  be 
promoted  by  friction,  and  bandaging  the  parts,  which 
will,  at  the  same  time,  obviate  farther  effusion ;  but 
most-  powerfully  by  the  use  of  different  evacuating 
remedies,  especially  those  which  occasion  a  sudden 
considerable  discharge  of  fluids.  Emetics  have  been 
often  employed  with  advantage ;  but  it  is  necessary  to 
guard  against  weakening  the  stomach  by  the  frequent 
repetition  of  those  which  produce  much  nausea.—* 
Cathartics  are  of  much  greater  and  more  general  uti- 
lity. Diuretics  are  universally  proper.  Digitalis  is 
often  a  very  powerful  remedy.  Opium,  and  some 
other  narcotics,  have  been  occasionally  useful.  In 
the  use  of  diuretics,  the  patient  should  not  be  re- 
stricted from  drinking  freely.  It  is  very  desirable  to 
promote  evacuation  by  the  skin.  Sometimes  much 
relief  is  obtained  by  promoting  perspiration,  locally. 
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by  means  of  the  vapour  bath.    Mercury  baa  been 
much  employed. 

Regular  exercise,  such  as  the  patient  can  bear 
(the  limbs  being  properly  supported*  especially  by 
a  well-contrived  laced  stockmg),  ought  to  be  en- 
joined, or  diligent  friction  of  tibe  skin,  particularly 
of  the  affected  parts,  employed  when  the  tumefaction 
is  usually  least,  namely,  in  the  morning.  The  cold 
bath,  duly  regulated,  may  also,  when  the  patient 
is  convalescent,  materially  contribute  to  obviate  a 
relapse. — The  next  species  of  dropsy  which  we  shall 
consider  is  hfdroeephahu,  kydrwxphaUm,  kydrenee- 
phahu;  dropsy  of  the  brain,  dropsy  of  the  head. 
It  is  sometimes  of  a  chronic  nature,  when  the 
water  has  been  known  to  increase  to  an  enormous 
quantity,  effecting  a  separation  of  the  bones  of  the 
head,  and  an  absorption  of  the  brain.  Pain  in  the 
head,  particularly  across  the  brow,  stupor,  dilatation 
of  the  pupils,  nausea,  vomiting,  preternatural  slow- 
ness of  the  pulse,  and  convulsions,  are  symptoms  of 
this  disease.  Hydrocephalus  is  almost  peculiar  to 
children,  being  rarely  known  to  extend  beyond  the 
age  of  twelve  or  fourteen ;  and  it  seems  more  fre- 
quently to  arise  in  those  of  a  scorfulous  and  ricketty 
habit  than  in  others.  It  is  an  affection  which  has 
been  observed  to  pervade  families,  affecting  all  or  the 
greater  part  of  the  children  at  a  certain  period  of 
their  life ;  which  seems  to  show  that,  in  many  cases, 
it  depends  more  on  the  general  habit,  than  on  any 
local  affection,  or  accidental  cause.  The  disease  has 
generally  been  supposed  to  arise  in  consequence  either 
of  injuries  done  to  the  brain  itself,  by  blows,  falls, 
&c.,  from  scirrhous  tumours  or  excrescences  within 
the  skull,  from  original  laxity,  or  weakness  in  the 
brain,  or  from  general  debility  and  an  impoverished 
state  of  the  blood. 

With  respect  to  its  proximate  cause,  very  opposite 
opinions  are  still  entertained  by  medical  writers, 
which,  in  conjunction  with  the  equivocal  nature  of 
its  symptoms,  prove  a  source  of  considerable  embar- 
rassment to  the  young  practitioner.  When  recoveries 
have  taken  place  in  hydrocephalus,  we  ought,  proba- 
bly, to  attribute  more  to  the  efforts  of  nature  man  to 
the  interference  of  art.  It  is  always  to  be  regarded 
as  of  difficult  cure.  The  treatment  should  be  prompt 
and  active.  The  inflammatory  action  should  be  les- 
sened, and  then  absorption  promoted.  After  taking 
some  blood  by  bleeding  or  by  leeches,  the  torpid 
bowels  are  to  be  evacuated  by  some  active  cathartic, 
and  their  activity  kept  up,  in  the  progress  of  the 
complaint,  by  calomel,  or  some  other  mercurial  pre- 
paration. Mercury  also  contributes  powerfully  to 
rouse  the  absorbents. 

After  the  bowels  are  cleared,  some  evaporating  lo- 
tion is  to  be  applied  to  the  shaved  scalp,  and  the  an<- 
tiphlogistic  regimen  observed.  Sudorific  medicines 
will  generally  be  proper,  assisted  by  the  warm  bath. 
Blisters  may  be  applied  to  the  temples,  behind  the 
ears,  or  to  the  nape  of  the  neck.  If  the  progress  of 
the  disease  is  arrested,  the  strength  is  to  be  esta- 
blished by  a  nutritious  diet  and  tonic  medicines. 

DnosKY ;  a  kind  of  light,  four-wheeled  carriage, 
used  by  the  Russians.  It  is  not  covered,  and  its  side 
seats  contain  a  greater  or  less  number  of  persons. 
The  lower  wheels  are  covered  with  wings^  which 
keep  off  the  mud. 

DaosoMXTBR ;  an  instrument  for  ascertaining  the 
quantity  of  dew  which  falls.  It  consists  of  a  balance, 
uoc  end  of  which  is  furnished  with  a  plate  fitted  to 


receive  the  dew,  the  other  containing  a  wei|^  pro* 
tected  from  it. 

DaowNiMo  may  be  defined  as  death  caused  by 
immersins  the  exterior  opening  of  the  respiratory 
tube  in  a  liquid.  Actual  death  is  often  preceded  by 
apparent  death  (aaphyxia) ;  and  it  is  possible,  if  this 
state  has  not  continued  too  long,  to  resuscitate  a  per- 
son apparently  drowned.  This  circumsuince  has  led 
to  careful  investigations  of  the  nature  of  drowning, 
and  also,  in  the  neighbourhood  of  seas  and  large 
rivers,  to  the  erection  of  public  institutions  for  the 
resuscitation  of  persons  apparently  drowned.  This 
kind  of  death  furnishes,  likewise,  a  difficult  subject 
for  medical  jurisprudence,  and  gives  occasion  to  the 
inquiry,  whether  a  body  found  in  the  water  was  ac- 
tually drowned,  or  whether  life  was  lost  in  some 
other  way;  and  great  attention  has  been  paid  to  the 
marks  of  this  sort  of  death,  which  are  to  be  found 
upon  the  body.  But,  notwithstanding  all  this  pains, 
much  uncertainty  still  hanp  over  the  subject.  This 
remark  is  true,  as  well  of  the  manner  in  which  death 
is  the  consequence  of  immersion,  as  of  the  signs  of 
having  been  drowned,  and  the  means  of  resuscitating 
from  apparent  death. 

If  a  person  voluntarily  immerses  his  head  in  water, 
he  perceives  a  roaring  m  his  ears,  a  tickling  in  his 
nose,  a  pressure  upon  his  breast,  and  a  kind  of  stupid 
feeling.  Ii  a  man,  unable  to  swim,  falls  into  the 
water,  he  instinctively  makes  every  exertion  to  escape 
from  it ;  he  holds  his  breath,  moves  his  head  up  and 
backwards,  lays  hold  of  every  solid  body  which  pre- 
sents itself,  and  even  grapples  At  the  bottom  of  the 
water.  These  struggles  continue  a  longer  or  a  shorter 
time,  according  to  tibe  strength  and  presence  of  mind 
of  the  unhappy  subject :  at  last,  he  sinks,  exhausted, 
becomes  unconscious,  strives  to  breathe,  draws  in 
water,  and  life  is  gone.  When  the  body  is  taken  from 
the  water,  it  is  commonly  found  to  be  very  cold ;  the 
limbs  are  stiff,  the  countenance  distorted,  livid,  and 
often  pale,  the  eyes  half  open,  the  pupils  enlarged, 
the  mouth  filled  with  foam,  the  breast  and  region  of 
the  upper  stomach  expanded.  Sometimes  the  body 
is  stUl  warm,  though  it  cannot  be  reanimated,  the 
countenance  blue  and  distorted,  the  veins  of  the  neck 
much  swollen.  This  takes  place  when  a  person  is 
drowned  in  alcohol,  or  in  marshy  or  i^arm  water,  or 
when  in  a  state  of  intoxication,  or  with  a  full  stomach, 
or  a  heated  body,  a  person  falls  overboard.  On  open- 
ing the  body  of  a  person  who  has  been  drowned,  the 
epiglottis  is  found  to  be  raised,  bloody  foam  appears 
in  the  windpipe  and  bronchial  passages,  the  lunes 
are  soft  and  distended,  a  large  quantity  of  black  fluid 
blood  is  collected  in  the  right,  and  less  in  the  left 
cavity  of  the  heart,  a  little  water  is  in  the  stomach, 
and  Uie  vessels  of  the  brain  are  swelled  with  blood. 
Death  is  sometimes  caused  by  suffocation  and  want 
of  air,  and  sometimes  as  in  apoplexy :  in  the  latter 
case,  it  happens  very  speedily,  and  a  little  water  is 
sufficient  to  produce  it,  if  the  person  falls  upon  his 
face.  In  this  case,  when  the  body  is  opened,  the 
foam  in  the  windpipe  is  wanting,  and  the  vessels  of 
the  head  are  fuller.  The  various  constituents  of  the 
water,  such  as  irrespirable  gases,  contribute  also  to 
modify  and  complicate  the  mode  of  death. 

The  following  are  the  methods  of  treatment  re- 
commended by  the  Humane  Society  for  the  recovery 
of  persons  in  a  state  of  suspended  animation.  As 
drowning  is,  probably,  the  most  frequent  accident  by 
which  animation  is  suspended,  we  give  all  the  rules 
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of  the  society  here,  and  shall  refer  them  from  Febbz- 
iMo,  Hanging,  &c.  to  this  article. 

One  of  the  first  rules  of  the  society  is,  that  if  a 
person  be  taken  from  the  water,  apparently  drowned, 
send  quickly  for  medical  assistance ;  but  do  not  delay 
the  following  means : — Convey  the  body  carefully, 
with  the  head  and  shoulders  supported  in  a  raised 
position,  to  the  nearest  house.  Strip  the  body,  and 
rub  it  dry;  then  wrap  it  in  hot  blankets,  and  place  it 
in  a  warm  bed,  in  a  warm  chamber.  Wipe  and  cleanse 
the  mouth  and  nostrils.  In  order  to  restore  the  na- 
tural warmth  of  the  body,  more  a  heated  covered 
warming-pan  over  the  back  and  spine ;  put  bladders 
or  bottles  of  hot  water,  or  heated  bricks,  to  the  pit  of 
the  stomach,  the  armpits,  between  the  thighs,  and  to 
the  soles  of  the  feet ;  foment  the  body  with  hot  moist- 
ened flannels ;  but,  if  posuble,  immerse  the  body  in  a 
warm  bath,  as  hot  as  the  hand  can  bear  without  pam, 
as  this  is  preferable  to  the  other  means  for  restoring 
warmth ;  rub  the  body  briskly  with  the  hand ;  do  not, 
however,  suspend  the  use  of  the  other  means  at  the 
same  time.  In  order  to  restore  breathing,  introduce 
the  pipe  of  a  common  bellows  (where  the  apparatus 
of  the  society  is  not  at  hand)  into  one  nostril,  care- 
fully closing  the  other  and  the  mouth ;  at  the  same 
time  drawing  downwards,  and  pushing  gently  back- 
wards, the  upper  part  of  the  windpipe,  to  allow  a 
more  free  admission  of  air ;  blow  the  bellows  gently, 
m  order  to  inflate  the  lungs,  till  the  breast  be  a  little 
raised ;  the  mouth  and  nostrils  should  then  be  set 
free,  uid  a  moderate  pressure  made  with  the  hand 
upon  the  chest.  Repeat  this  process  till  life  appears. 
Electricity  is  to  be  employed  early  by  a  medicistl  as- 
sistant. Iigect  into  Uie  stomach,  by  means  of  an 
elastic  tube  or  syringe,  half  a  pint  of  warm  brandy 
and  water,  or  wine  and  water.  Apply  sal  volatile  or 
hartshorn  to  the  nostrils. 

If  apparently  dead  from  intense  cold,  rub  the  body 
over  with  snow,  ice,  or  cold  water.  Restore  warmth 
by  slow  degrees ;  and  after  some  time,  if  necessary, 
employ  the  means  recommended  for  the  drowned. 
In  these  accidents,  it  is  highly  dangerous  to  apply 
heat  too  early. — If  apparently  dead  from  hanging,  in 
addition  to  the  means  recommended  for  the  drowned, 
bleeding  should  early  be  employed  by  a  medical  as- 
sistant. 

If  q>parently  dead  from  noxious  yi^x>ur8,  &c.,  re- 
move the  body  into  a  cool,  fresh  air.  Dash  cold 
water  on  the  neck,  face,  and  breast,  frequentiy.  If 
the  body  be  cold,  apply  warmth  as  recommended  for 
the  drowned.  Use  the  means  as  above  recommended 
for  inflating  the  lungs.  Let  electricity  (particularly 
in  accidents  from  lightning)  be  early  employed  by  a 
medical  assistant. — If  apparently  dead  from  mtoxica- 
tion,  lay  the  body  on  a  bed  with  the  head  raised ; 
remove  the  neckcloth,  and  loosen  the  clothes.  Ob- 
tain instantly  medical  assistance,  as  the  treatment 
must  be  regulated  by  the  state  of  the  patient ;  but,  in 
the  mean  time,  apply  cloths  soaked  in  cold  water  to 
t^e  head,  and  bottles  of  hot  water,  or  hot  bricks,  to 
the  calves  of  the  legs  and  to  the  feet. 
.  If  apparently  dead  from  apoplexy,  the  patient  should 
be  placed  in  a  cool  air,  and  the  clothes  loosened,  par- 
ticularly about  the  neck  and  breast.  Bleeding  must 
be  early  employed  by  a  medical  assistant ;  the  quan- 
tity regulated  by  the  state  of  the  pulse.  Cloths 
soaked  in  water,  spirits,  or  vinegar  and  water,  should 
be  applied  to  the  head,  which  should  be  instantly 
shavccL    All  stimulants  should  be  avoided. 


In  cases  of  coup  de  90MI,  or  strokes  of  the  sun,  the 
same  means  are  to  be  used  as  in  apoplexy.  On  resto- 
ration to  life,  a  tea-spoonful  of  warm  water  should 
be  given ;  and  then,  if  the  power  of  swallowing  be  re- 
tained, small  quantities  of  warm  wine,  or  weak  brandy 
and  water,  warm ;  the  patient  should  be  kept  in  bed, 
and  a  disposition  to  sleep  encouraged,  except  in  casea 
of  intoxication,  apoplexy,  and  coup  de  soteil.  Great 
care  is  requisite  to  maintain  the  restored  vital  action, 
and,  at  the  same  time,  to  prevent  undue  excitement. 
The  treatment  recommended  by  the  society  is  to  be 
persevered  in  for  three  or  four  hours.  It  is  an  erro- 
neous opinion  that  persons  are  irrecoverable  because 
life  does  not  soon  make  its  appearance ;  and  it  is  ab- 
surd to  suppose  that  a  body  must  not  be  meddled 
with  or  removed  without  the  permission  of  a  co- 
roner. 

Drum^.  Instruments  which  produce  a  sound  by 
means  of  a  tightly  extended  skin,  are  common  in 
almost  every  part  of  the  world.  The  tambourine  is 
found  amongst  most  nations ;  the  ancients  called  it 
tympawtM,  All  these  instruments  are  used  both  for 
profane  and  sacred  purposes.  But  the  peculiar  use 
of  the  drum  for  military  purposes  seems  to  have 
been  introduced  among  the  Europeans  in  the  time  of 
the  Crusades.  There  are  very  many  different  kinds 
of  drums  in  the  East,  describeid  by  Niebuhr. 

The  kettle  drum,  the  bass  drum,  tambourine,  and 
other  kinds,  are  all  common  in  the  East.  The  drum, 
as  a  military  instrument,  is  used  both  to  beat  the 
march  and  to  give  signals.  No  man,  who  has  not 
experienced  it,  can  imagine  the  exciting  power  of  the 
drum.  The  fatigued  and  exhausted  soldier  is  at  once 
animated  by  its  sound ;  and  in  battle  it  preserves 
order,  and  mspires  courage  in  a  body  attacking  em 
cohnne.  The  French  drummers  perform  admirably, 
and,  under  Napoleon,  a  great  number  were  attached 
to  each  battalion.  A  drum  which  has  acquired  his- 
torical celebrity,  is  that  which,  by  the  order  of  Zisca, 
was  covered  with  his  own  skin,  that  he  might  still 
aid  in  battle,  where  he  had  so  often  commanded,  even 
after  he  liad  become  blind. 

Drunkbnnbss,  considered  in  a  phgaical  point  of 
view,  is  that  derangement  of  the  animal  economy^ 
whicii  is  produced  by  drinking  spirituous  or  fer- 
mented liquors. 

The  effects  of  fermented  liquor  on  the  animal  eco- 
nomy, arises  principally  from  its  $iimMlating  power, 
or  the  power  which  it  possesses  of  exciting  Uie  mus- 
cular parts  to  an  increased  rapidity  and  strength  of 
action,  as  well  as  the  nervous  and  mental  qualities  to 
an  unusual  degree  of  acuteness.  When  the  animal 
functions  are  carried  on  with  languor  and  feebleness,, 
from  whatever  cause,  the  general  sensations  of  the 
body  are  uneasiness,  sometimes  to  a  degree  of  pain^ 
Thus,  after  long  fasting,  want  of  sleep,  fatigue,  or 
disease,  this  condition  of  the  frame  exists,  and 
prompts  us  instinctively  to  the  employment  of  some 
stimulus,  as  food,  tepid,  or  fermented  drink,  the 
warm  bath,  &c.  The  immediate  effect  of  such  sti 
mula,  especially  of  fermented  liquors,  is  the  diffusion 
of  a  grateful  sensation  throughout  the  body;  the 
languor  and  hstlessness  of  the  previous  state  are  su- 
perseded by  a  general  pleasurable  feeling  of  warmth, 
energy,  and  self-command,  accompanied  by  an  in- 
describable trancjuillity  and  complacency  of  mind ; 
the  countenance  is  enlivened  with  a  glow  of  anima- 
tion, in  consequence  of  the  free  circulation  through 
the  cutaneous  blood-vessels,  and  the  renewed  energy 
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of  tlie  muscnlar  parts,  iwhich  were  before  hmgaid 
and  relaxed.  From  the  same  moderate  excitement  of 
the  circulation  and  nervous  system,  the  flow  of  ani- 
mal spirits  becomes  more  free  and  spontaneous,  giv- 
ing birth  to  lively  conversation,  to  the  flow  of  elo- 
quence, and  the  sallies  of  wit :  anxieties  and  corro- 
ding cares,  respecting  the  business  of  life,  are  laid 
aside  for  the  time ;  and  good  humour  and  cheerful- 
ness prevail.  With  those  who  are  habitually  tem- 
perate, tiiis  degree  of  excitement,  both  mental  and 
corporeal,  is  the  result  of  a  very  moderate  stimulus ; 
takmg  food  alone  is  adequate  to  produce  it,  with 
little  aid  from  fermented  liquors.  This  is  the  excite- 
ment of  nature,  is  consistent  vnth,  and  conducive 
to,  the  healthy  operations  of  the  constitution,  and 
contributes  to  cherish  the  flame  of  life  to  its  latest 
spark.    But 


-••  Know  whate*er 


Beyond  this  natatal  ferror  harriet  on 

The  fngnhie  ti<le ;  whether  the  frequent  bowl, 

Higb-seaeon'd  fkre,  or  exercise  to  tofl 

Protracted,  spun  to  its  last  stue-tir*d  Hfe, 

And  sows  the  temples  with  ununsely  snow.*'— yfrii^rof. 

If  the  heating  draught  is  continued  beyond  this 
moderate  excitement,  the  increasing  effects  of  the 
stimulation  become  obvious.  The  circulation  is  far- 
ther quickened  and  strengthened,  so  that  the  whole 
surface  glows  with  redness  and  warmth,  the  face  is 
flushed,  the  eyes,  which  were  at  first  bright,  be- 
come suffused  with  a  degree  of  redness,  from  the 
blood  bein^  carried  into  the  smaller  vessels,  which 
are  ordinarily  transparent  with  lymph  only.  The 
muscles  acquire  a  greater  power  or  action,  and  a 
greater  propensity  to  exertion  ensues,  whether  to 
dancing,  wrestling,  or  to  whimsical  ^sticulations : 
and  the  mental  faculties  are  in  a  similar  manner 
roused.  Cheerfulness  arises  to  boisterous  mirth; 
noise  and  ribaldry,  passing  with  rapidity  from  sub- 
ject to  subject,  succeed  to  the  eloquence  of  rational 
conversation  and  chaste  wit;  the  song  becomes 
louder,  and  excessive  laughter  marks  the  high  ex- 
citement of  the  mind,  llie  passions  and  disposi- 
tions are  also  elevated  beyond  their  natural  pitch. 
"  In  the  bottle,"  as  Dr.  Johnson  observes,  "  discon- 
tent seeks  for  comfort,  cowardice  for  courage,  and 
bashfulness  for  confidence."  In  a  word,  the  whole 
man,  mind,  and  bodv,  is  elevated  by  the  use  of 
vinous  liquors,  in  all  his  qualities  and  functions,  far 
above  the  accustomed  powers  naturally  inherent  in 
his  constitution. 

This  state  of  inordinate  excitement  manifests  itself 
in  various  ways,  in  different  individuals,  and  also 
under  the  influence  of  different  species  of  liquor. 
Thus,  intoxication  from  drinking  porter,  or  other 
malt  liquors,  which  contain  the  narcotic  substance 
of  the  hop,  or  other  vegetables,  together  with  much 
mucilaginous  matter,  and  require  to  be  drank  in 
large  quantities,  is  generally  accompanied  with  more 
of  stupor,  than  the  inebriation  occasioned  by  dis- 
tilled spirits  ;  and  the  same  may  be  said  of  the  hea- 
vier wines,  as  compared  with  the  lighter,  or  those 
which  contain  carbonic  acid  gas.  But  the  variety  of 
the  symptoms  of  drunkenness  depends  much  more 
on  the  natural  disposition,  and  on  the  corporeal  tem- 
perament of  the  individual,  than  on  the  species  of 
the  intoxicating  liquors.  We  thus  see  somey  in  their 
cups,  mild  and  gentle ;  while  others  are  fierce  and 
implacabte :  this  one  is  complaisant  to  his  enemy, 
and  forgetful  of  injury ;  that  is  insulting  to  his  friend, 
aad  thoughtful  of  revenge.    This  person  is  gay  and 


loquacious;  that  one  is  dull,  sullen,  and  siloit;  and 
a  third  is  turbulent  and  loud,  making  the  place  oi 
his  orgies  echo  with  oaths  and  imprecations.  As  in 
other  species  of  insanity,  the  inebriated  feel  not  the 
blush  of  shame,  and  the  habitual  drunkard  degrades 
himself  below  the  brute  which  he  imitates. 

Drt-Rot;  a  term  or  name  applied  to  a  rapid  de- 
cay of  any  vegetable  matter,  when  it  has  the  appear- 
ance of  being  tolerably  dry,  but,  in  general,  is  applied 
only  to  timber  when  in  thiett  state,  and  is  so  named 
in  contradistinction  to  the  common  mode  of  decay, 
by  being  exposed  to  the  alternate  states  of  wet  and 
dry.  Ijiere  are  a  great  number  of  causes  for  this 
species  of  decay :  some  are  quite  simple,  others  are 
very  complicated ;  yet,  whatever  may  be  the  original 
cause,  simple  or  compound,  the  effects  are  the  same, 
namely  to  render  the  timber  useless,  by  destroying 
its  elasticity  and  toughness,  rendering  it  insufficient 
to  resist  any  considerable  pressure,  and,  indeed,  for 
anv  of  the  useful  purposes  to  which  timber  is  ^plied. 
Wnen  timber  is  in  a  tolerably  dry  state,  any  meana 
which  will  absorb  or  extract  its  oxygen  from  the 
other  component  parts,  will  leave  it  in  the  state  com- 
monly called  dry  rotten. 

Moist,  warm  situations,  with  little  or  no  current  of 
air,  are  the  most  likely  to  generate  this  evil.  Tlie 
effluvia  from  timber  in  such  a  state  of  decay,  will  ra- 
pidly carry  its  effects  to  the  circumjacent  timber, 
hovirever  dry  it  may  appear ;  and  any  sort  of  timber 
will  be,  in  a  very  little  time,  rendered  quite  useless. 
When  timber  is  exposed  to  any  considerable  degree 
of  moisture  and  heat,  fungi  of  various  shapes  and 
texture,  according  to  ihe  species  of  timber,  and  other 
causes,  will  appear  upon  it ;  and  although  this  fun- 
gous matter  be  really  an  effect  of  the  dry-rot,  yet  it 
is  as  truly  a  cause  of  the  same  evil.  There  are  no 
means  of  restoring  rotten  timber  to  a  sound  state,  and 
the  dry-rot  can  only  be  cured,  as  it  is  called,  by  re- 
moving the  decayed  and  affected  parts,  clearin|^  away 
alt  the  fungi,  and  destroying  its  vegetating  principle, 
with  which  the  hard  materials,  such  as  bricks  or 
stone,  may  have  been  impregnated.  Fortius  pur- 
pose, a  strong  solution  of  iron,  copper,  or  zinc,  is  uaed 
with  advantsige.  This,  with  the  admission  of  a  large 
quantity  of  air,  b  very  advantageous. 

Many  persons  have  written  on  the  subject ;  and 
the  nostrums  proposed  are  as  numerous  as  their  au- 
thors. But  no  means  of  checking  the  evil  can  be 
depended  upon,  except  that  of  removing  the  corrupted 
and  contagious  matter,  and  admitting  a  free  circular 
tion  of  air.  Much  also  may  be  done  by  cutting  tim- 
ber in  winter,  and  properly  seasoning  it,  by  steeping 
it  in  water  for  some  time,  and  then  thoroughly  dry- 
ing it  before  it  is  used  in  building. 

One  mode  may  be  named,  which  has  been  fouiid 
very  effective.  It  consists  in  placing  the  timber  in 
an  air-tight  iron  cylinder,  and  extracting  the  moistnie 
by  means  of  an  air-pump.  As  soon  as  a  vacuum  ia 
formed,  the  moisture  in  the  wood  is  brouffht  out, 
and  timber  is  by  thb  means  better  seasoned  in  a  fiew 
hours,  than  by  exposure  for  months  in  the  open 
air.  Government  has  already  adopted  this  inventton 
on  a  large  scale 

Ducat  is  a  gold  or  silver  coin.  In  Switzerland, 
ducats  are  called  SehiUtfranken.  The  Dutch  ducats, 
which  are  coined  in  great  numbers,  are  the  most 
used  in  commerce,  and  are  to  be  found  in  all  quar- 
ters of  the  world.  In  the  northern  countries  of 
Europe,  and  particularly  in  Russia,  the  dealings  in 
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money  and  goods,  are  carried  on  mostly  by  means  of 
this  coin.  The  exportation  of  dacats  is,  therefore, 
an  important  branch  of  Dutch  commerce.  This  coin 
and  the  name  are  derived  firom  Longinus,  a  duke  of 
BLavenna,  in  ^e  6th  century :  the  first  issue  of  them 
has  also  been  ascribed  to  St.  Roger  II.  of  Aupula, 
who,  in  1140,  coined  ducats  bearing  the  figure  of 
Christ,  and  the  inscription.  Sit  tibi,  Ckn$U,  dahu, 
quern  tu  regis,  i»te  ducatns.  The  Venetians  took  his 
ducats  for  their  pattern  in  1280 :  they  were  found  to 
constitute  a  convenient  medium  of  exchange,  were 
adopted  by  Genoa,  and  thus  came  into  general  use. 
This  standard  of  coin  was  also  adopted  in  Hungary ; 
and,  for  a  long  time,  all  foreign  corns  bore  tiie  name 
of  Ongri  or  Ihmgariaai,  in  Italy,  where  iht  trade  of 
the  mrid  was,  at  this  period,  concentrated.  They 
were,  in  many  kinds  of  business,  the  favourite  stand- 
ard of  reckoning.  They  did  not  become  so  common 
in  G^many  till  a  much  later  date.  The  golden  bull 
of  Charles  IV.  gave  to  all  the  members  of  the  empire, 
the  privilege  of  issuing  gold  coins,  with  any  stamp 
tiiey  chose ;  but  these  were  only  gold  guilders,  equi- 
valent to  the  favourite  florin.  Tlie  ducats  most  gene- 
rally met  with,  are  the  old  Dutch  ducats,  bearing  the 
impression  of  an  armed  figure,  whidi  gave  way,  for 
a  short  time  only,  to  the  figure  of  Louis,  king  of 
Holland.  Tliey  circulated  almost  as  merchandise, 
but  had  been  frequently  counterfeited  in  the  Ghrisons. 
The  counterfeits  were  very  good  to  appearance,  both 
in  weight  and  sound. 

DucATOON ;  a  Dutch  gold  coin,  worth  about  20 
^orins  ;  also  an  Italian  silver  coin,  current  for 
about  1.09  dollar.  The  Dutch  gold  ducatoon  is  a 
national  coin,  only  circulating  in  the  country.  There 
is  also  a  silver  ducatoon.  Used  particularly  in  the  East 
India  trade.  There  is  likewise  a  French  silver  coin 
of  this  name,  of  nearly  the  same  value  as  the  Italian 
ducatoon. 

DucTiLiMBTBR.  This  instrument,  of  which  we 
give  an  engraving,  is  intended  to  show  with  predsion 
uie  ductility  of 
metals.  It  con- 
sists of  a  mass  of 
iron,  of  a  g^ven 
weight,  attached 
to  an  iron  lever, 
about  thirty  inch- 
es in  length.  M. 
Regnier,  the  in- 
ventor, proposes 
to  place  the  metal 
to  be  examined  on 
the  small  anvil, 
and  then,  noting 
the  angle  to  which 
it  is  elevated, 
mark  the  effect 
of  a  series  of 
blows. 

Ductility  ;  the  extensibility  and  cohesion  of  par- 
ticles, which  enables  metal  to  be  drawn  into  wire 
without  breaking.  The  ductility  of  some  bodies,  es- 
pecially of  gold,  is  very  surprising.  A  single  grain  of 
gold  may  be  stretched  under  the  hammer  into  a  leaf 
Uiat  will  cover  a  house,  and  in  that  state  it  transmits 
a  greenish  light.  But  M.  R^umur  has  shovm  the 
ductility  of  gold  to  be  still  greater.  What  is  called 
gold  wire,  every  body  knows,  is  only  silver  gilt.  The 
cylinder  of  silver,  covered  with  leaf  gold,  is  drawn 


through  the  hole  of  an  iron,  and  the  gilding  is  extended 
with  the  wire,  to  whatever  length  it  may  be  stretched. 
Now,  M.  Reaumur  shows  that,  in  die  common  way 
of  drawing  gold  wire,  acylmderof  silver,  twenty-two 
inches  long,  and  fifteen  Imes  in  diameter,  is  streCchad 
tQ  1,163,520  feet,  or  is  634,692  lines  long^  than  be- 
fore, which  amounts  to  about  ninety-seven  leagues. 
To  wind  this  thread  on  silk,  for  use,  it  is  first  flatten- 
ed, in  doing  which  it  strctdieB  at  least  one-seventh 
farther,  so  that  the  twenty-two  inches  are  now  111 
leagues ;  bat  in  the  flattening,  instead  of  one-seventh, 
it  could  be  stretched  one-fourth,  which  would  bring 
it  to  120  leagues.  This  appears  a  prodigious  exten- 
sion, and  yet  it  is  nothing  to  what  this  gentleman 
has  proved  gold  to  be  capable  of«  When  glass  is 
penetrated  with  the  heat  of  fire,  it  can  be  managed 
like  soft  wax,  and  may  be  drawn  out  into  threads  ex- 
ceedingly long  and  fine.  Ordinary  spinners  do  not 
form  &eir  tiireads  of  silk,  flax,  or  the  like,  with  half 
the  ease  and  expedition  the  glass-spinners  do  threads 
of  this  brittle  material.  Some  of  them  are  made 
into  plumes,  and  used  in  other  worics ;  they  are  made 
much  finer  than  hair,  and  bend  and  wave^  like  hahr, 
with  every  wind.  The  flexibilily  of  glass  increases  in 
proportion  to  the  fineness  of  the  threads ;  and,  proba- 
bly, had  we  the  art  of  drawing  threads  as  fine  as  a 
spider's  web,  we  might  weave  stulb  and  cloths  of 
them,  but  could  never  make  them  long  enough  to  be 
serviceable. 

Dumb  and  Dbap.  When  we  consider  how  large 
a  portion  of  our  fellow  beings  suffer  from  these  mala- 
dies, and  that  the  deprivation  of  speech  and  the 
sense  of  hearing  are  the  greatest  physical  misfortunes 
which  can  befal  a  rational  creature,  but  little  apology 
will  be  necessary  for  fully  discussing  tlieir  history, 
cause,  and  treatment.  To  do  this  effectively,  it  will 
be  necessary  for  us  to  examine,  in  the  first  instance, 
the  mechanism  of  audition.  The  sensation  which 
we  call  hearing  is  produced  by  the  vibrationB  of  the 
air  striking  on  the  tympanum,  or  drum  of  the  ear, 
and  communicated  to  the  auditory  nerve  by  means  of 
a  series  of  small  bones,  connected  in  a  very  remark- 
able manner.  When  Uie  tympanum  becomes  insen- 
sible to  these  impulses,  a  person  is  termed  det^, 
although  the  vibrations  may  still  be  communicated, 
in  some  cases,  through  the  bones  of  the  head,  by 
means  of  a  stick  placed  between  the  teeth,  or,  as  the 
Code  of  Justinian  states  to  have  been  practised  in 
the  case  of  dying  persons,  by  speaking  with  the 
mouth  close  to  the  top  of  the  head.  The  Eustadiian 
tube  extends  from  the  tympanum  into  the  mouth; 
and  sometimes  sounds  are  better  distinguished  by 
opening  the  mouth,  when  the  external  opening,  only, 
is  obstructed.  Hence  the  habit  of  *'  listening  with 
the  mouth  open."  Deafhess  occurs  in  every  degree, 
from  that  which  merely  impairs  the  accuracy  of  the 
ear  in  distinguishing  faint  or  similar  sounds,  to  that 
state  in  which  there  is  no  more  sensation  in  this  or- 
gan than  in  any  other ;  and  sound  is  felt  in  almost 
every  part  of  the  body,  as  a  mere  vibration. 

Articulation  is  acquired  by  imitating  the  sounds 
which  we  hear  uttered  by  others,  and  correcting  the 
voice,  by  means  of  the  ear,  until  tiie  imitation  is  pre- 
cise. Deafhess,  therefore,  in  every  degree,  affects  the 
distinctness  of  articulation ;  and,  if  it  is  so  great 
that  the  subject  can  no  longer  distinguish  between 
articulate  soimds,  he  is  incapable  of  acquiring  speech, 
in  the  ordinary  manner,  and  becomes  dumb  in  oonse« 
quence  of  his  deafness.    A  case  has  been  known  to 
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occur  in  which  entire  deafiiess,  taking  place  at  the 
age  of  eighteen,  so  affected  the  articulation,  that  the 
individual  was  no  longer  intelligible,  even  to  his 
friends.  This  result  will  not  be  prevented  by  any 
degree  of  hearing  leas  than  we  have  mentioned ;  for 
most  deaf  and  dumb  persons  can  hear  some  sounds ; 
and  some  can  distinguish  the  high  from  the  low,  who 
perceive  no  difference  in  articulations. 

Only  a  few  mutes  are  found  who  owe  this  defect 
to  feebleness  of  mind,  or  to  any  imperfections  in  the 
organs  of  speech.  These  remarks  show  the  fallacy 
of  the  idea,  that  the  want  of  speech  is  owing  to  the 
want  of  mental  capacity — a  prejudice  which  has 
been  cherished  by  the  usual  name  of  d/iof  and  dumb, 
which  we  hope,  for  this  reason,  as  well  as  for 
euphony,  will  be  changed  for  that  o£deitfmuie,  which 
may  be  employed  both  as  a  noun  and  an  adjective. 

The  number  of  deaf  mutes  varies  materially  in  dif- 
ferent countries,  and  situations,  and  classes  of  men. 
In  the  United  States,  partial  examination  leads  to  the 
belief  that  there  is  one  deaf  mute  for  every  2000  in- 
habitants. In  some  countries  of  Europe,  there  is  one 
for  every  1500  or  1700;  in  others,  one  for  every 
1000;  and,  in  some  locations,  the  proportion  is  three 
or  four  times  as  great  as  this,  llie  proportion  has 
been  found  greatest  in  some  districts  or  portions  of 
cities  remarkable  for  the  dampness  and  impurity  of 
the  au:.  The  greater  number  of  these  unfortunate 
persons  is  found  among  the  poorer  classes;  and 
hence  it  has  been  supposed,  thieit  the  defect  is  fre- 
quently caused  by  the  want  of  the  necessary  supplies 
and  attentions  during  infancy  or  disease. 

A  large  number  of  deaf  mutes  are  bom  deaf;  but 
it  appears  from  the  reports  of  a  large  asylum,  that 
more  than  half  the  persons  admitted  lost  their  hear- 
ing by  accidents  or  diseases,  chiefly  fevers  and  dis- 
eases of  children. 

The  immediate  causes  of  ordinary  dumbness  are 
known  to  be  various.  In  some  few  cases,  it  is  owing 
to  an  imperfection  or  injury  of  some  part  of  the  or- 
gans of  speech,  and,  of  course,  is  irremediable.  In 
other  cases,  it  seems  to  arise  from  obstructions  in  the 
external  or  internal  passage  of  the  ear.  Cures  have 
sometimes  been  effected  by  removing  these  obstruc- 
tions by  means  of  instruments  or  injections, 
especially,  of  late,  by  doctors  Itard  and  Deleau,  of 
Paris,  who  throw  injections  into  the  Eustachian  pas- 
sage, by  means  of  a  flexible  tube  passed  through  the 
nostrils.  Doctor  Deleau  is  reported,  by  a  committee 
of  the  French  Institute,  to  nave  relieved  or  cured 
several  deaf  persons,  by  injections  of  air,  long  con- 
tinued ;  but  he  does  not  estimate  the  probable  num- 
ber of  cures  in  deaf  mutes  at  more  than  one  in  ten. 
Perforation  of  the  tympanum  is  sometimes  useful  in 
rendering  it  more  easy  to  remove  obstructions  which 
may  be  discovered;  and,  for  this  purpose,  it  is  deemed 
important  to  perform  it  by  means  of  circular  discs, 
dosing  with  a  spring,  which  remove  a  portion  of  the 
membrane,  and  leave  a  permanent  opening.  In  other 
cases,  and  in  the  usual  mode,  this  operation  often 
produces  great  suffering,  and  has  not  been  generally 
useful. 

In  81  cases  of  perforation  at  Groningen,  in  Hol- 
land, only  three  were  permanently  relieved,  and  these 
in  a  very  partial  degree.  In  the  greater  proportion 
of  deaf  mutes,  no  defect  is  visible,  and  no  applications 
appear  to  be  useful.  In  a  number  of  anatomical  ex- 
aminations of  deceased  deaf  mutes,  at  Paris,  the  car 
was  fbund  perfect  in  all  its  parts.    The  inference  has 


therefore  been  made,  that  the  disease  consists  m  a 
paralysis  of  the  auditory  nerve — a  conclusion  which 
seems  to  be  sustained  by  the  fact,  that,  in  some  cases, 
a  cure  has  been  effected  by  actual  cautery  on  the  back 
of  the  head,  and  that  galvanism  has  sometimes  given 
temporary  relief.  According  to  the  estimates  we  have 
mentioned,  the  number  of  deaf  mutes  in  the  United 
States  is  about  6000,  and  in  Europe  not  less  than 
140,000 ;  all  of  whom,  by  their  deafness  (which  we  see 
b  usually  beyond  the  reach  of  remedies),  are  shut  out 
from  the  intercourse  of  society,  and  the  ordinary 
means  of  acquicing  knowledge.  The  situation  and 
character  of  such  a  large  class  of  unfortunate  persona 
are  subjects  of  deep  interest. 

The  necessity  of  communication,  and  the  want  of 
words,  oblige  the  deaf  mute  to  observe  and  imitate 
the  actions  and  expressions  which  accompany  various 
states  of  mind  and  of  feeling,  to  indicate  objects  by 
their  appearance  and  use,  and  persons  by  some  pecu* 
liar  mark,  and  to  describe  their  actions  by  direct 
imitation.  In  this  way,  he  and  his  friends  are  led  to 
form  a  dialect  of  that  universal  language  of  attitude,, 
gesture,  and  expression,  by  which  the  painter  and  the 
sculptor  convey  to  us  every  event  of  history,  and  every 
feeling  of  the  soul — ^which  becomes  a  substitute  for 
words  in  the  hands  of  the  pantomimic  actor,  and 
which  adds  force  and  clearness  to  the  finest  effiisiona 
of  the  orator — in  other  words,  the  natural  sign  Urn-' 
guage. 

The  terms  of  this  language  are  of  two  kinds — ^the 
descriptive  and  the  characteristic  or  indicative  signs. 
Descriptive  signs  involve  an  account  (more  or  le8» 
complete)  of  the  appearance,  qualities,  and  uses  of 
an  object,  or  the  circumstances  of  an  event,  for  the 
purpose  of  description  or  explanation,  and  must,  from 
their  nature,  be  varied,  like  a  painting,  only  by  the 
point  of  view  from  which  the  objects  are  describedik 
or  the  capacity  and  accuiacy  of  Uie  person  that  de- 
scribes. The  mdicative  signs,  on  the  contrary,  which 
are  employed  in  common  conversation,  are  usually 
mere  abbreviations  of  these,  involving  a  single  strik- 
ing feature  of  the  person,  or  object,  or  event ;  as  aa 
elephant  is  indicated  by  its  trunk,  a  flower  by  its 
fragrance,  or  a  town  by  a  collection  of  roofs. 

The  signs  of  persons  are  usually  conventional,  and 
derived  from  some  feature,  or  mark,  or  habit,  but 
often  from  an  accidental  circumstance  in  dress,  &C.., 
which  struck  the  deaf  mute  on  first  seeing  the  per- 
son, and  is  still  referred  to  when  it  no  longer  exists. 
It  is  obvious  that,  in  this  class  of  signs,  there  is  great 
room  for  dialects,  according  to  the  situation,  capacity,, 
and  habits  of  observation  of  the  individual,  and  that 
much  may  be  done  for  its  improvement,  by  a  proper 
selection. 

The  sign  language,  like  every  other,  varies  in  ita 
extent  with  the  intelligence,  the  wants,  and  the  circle 
of  ideas  of  those  who  use  it.  When  employed  by  aa 
insulated  deaf  mute,  it  will  usually  exhibit  only  the 
objects  of  the  first  necessity,  and  the  most  common 
impulses,  like  the  language  of  a  savage  tribe.  When 
his  ideas  expand,  from  age  or  observation,  he  will 
find  new  modes  of  expressing  them  ;  and,  when  hia 
education  is  begun,  an  intelligent  deaf  mute  will  often 
express  ideas  in  this  language,  for  which  it  is  difiScult 
to  find  expressions  in  words.  When  a  number  of 
deaf  mutes  are  brought  together  in  a  single  insti- 
tution, selections  and  combinations,  of  their  various 
dialects  are  formed ;  the  best  are  gradually  adopted 
by  all ;  and  a  new  and  more  complete*  form  of  the 
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langnage  is  the  result — as  in  nations  collected  by  ci- 
vilization. This  process,  carried  on  for  half  a  century 
in  the  institution  of  Paris,  and  some  others  in 
Europe,  under  the  observation  and  direction  of  intel- 
ligent men  possessed  of  hearing,  has  produced  a  lan- 
guage capable  of  expressing  all  the  ideas  we  convey 
by  articulate  sounds,  wiUi  clearness,  though  not 
always  with  equal  brevity,  and  which  diose  who 
value  it  least  admit  to  surpass  speech  in  the  force 
with  which  it  communicates  the  feelings  and  states 
of  mind. 

Like  painting  (as  Condillac  observes),  it  has  the 
immense  advantage  of  presenting  a  group  of  ideas  at 
once,  which  lose  much  of  their  force  and  beautv,  by 
being  detailed  in  the  successive  words  and  artifici^ 
arrangements  of  written  language.  The  eye,  the 
band,  the  whole  body,  speak  simultaneously  on  one 
subject;  the  representation  changes  every  moment, 
and  these  peculiarities,  with  the  ellipti(»I  form  of 
expression  which  is  adopted  in  conversation,  give  a 
rapidity  to  commimication  by  the  sign  language, 
wnich,  on  common  subjects,  among  tSose  fiuniliar 
with  it,  surpasses  that  of  speech.  If  we  remark  the 
new  shades  of  meaning  given  to  the  same  words,  by 
the  varying  attitude  and  general  expression  of  the 
speaker,  and  the  accuracy  with  which  a  nice  observer 
will  discover,  in  these  signs,  the  thoughts,  and  feel- 
ings and  intentions,  even  of  one  who  wishes  to  con- 
c^  them,  we  nhtdl  find  reason  to  believe  that  they 
are  capable  of  conveying  the  most  delicate  shades  of 
thought. 

Generic  and  abstract  terms,  as  their  objects  do  not 
exist  in  nature,  have  no  corresponding  terms  of  equal 
clearness  in  the  sign  language ;  and  the  abbreviated 
manner  in  which  we  express  relations  by  conjunc- 
tions, prepositions,  relatives,  and  inflections,  can  only 
be  imitated  by  adopting  similar  conventional  signs, 
which  do  not  easily  fall  in  with  the  idiom  of  the  lan- 
guage. In  these  respects,  therefore,  the  sign  lan- 
guage wants  the  algebraic  brevity  and  accuracy  which 
are  found  in  artificial  languages,  and  which  render 
these  so  invaluable  as  mediums  of  thought,  and  in- 
struments of  philosophical  investigation ;  at  the  same 
time,  it  is  capable  of  describing  what  is  conveyed  by 
these  forms,  with  an  accuracy  at  least  as  great  as 
that  of  words,  by  circumlocution  and  example. 

It  is  worthy  of  remark,  that  the  order  of  expres- 
sion, in  the  sign  language,  is  that  which  we  term 
imverted — the  subject  before  the  quality,  the  object 
before  the  action,  and,  generally,  the  thing  modified 
before  the  modifier.  This  language,  in  its  elements, 
IS  to  be  found  among  all  nations,  and  has  ever  been 
the  medium  of  communication  between  voyagers  and 
the  natives  of  newly-discovered  countries.  It  is  em- 
ployed by  many  savage  tribes  to  supply  the  paucity 
of  expression  in  their  language,  or  to  communicate 
with  other  tribes,  as  in  the  Sandwich  Islands,  and  in 
North  America.  Among  the  Indians  of  the  western 
territory  of  the  United  States,  Major  Long  found  it 
an  organised  language,  employed  between  tribes  who 
spoke  different  articulate  languages.  The  accounts 
received  from  himself,  as  well  as  his  work,  show  that 
it  corresponds,  almost  precisely,  with  that  in  use  in 
the  school  of  Paris ;  and  a  Sandwich  Islander,  who 
visited  the  American  asylum  for  deaf  mutes,  gave  a 
narrative  of  his  life  in  the  sign  language,  which  was 
perfectly  understood  by  the  pupils.  If  testimony  be 
wanting  that  it  still  retains  its  universal  character,  in 
its  cultivated  form,  we  may  state  that  an  intelligent 


writer,  who  acquired  it  in  this  form,  observes  that 
he  has  employed  it,  or.seen  it  employed,  with  success* 
in  communicating  with  an  American  Indian,'a  Sand- 
wich Islander,  a  Chinese,  and  the  deaf  and  dumb  in 
England,  Scotland,  France,  Germany,  Switzerland, 
and  Italy,^md  in  various  parts  of  the  United  States. 

The  more  lively  nations  of  Europe,  belonging  to 
the  Celtic  race,  the  French  and  Italians,  &c.  make 
great  use  of  this  language,  in  connection  with  words, 
and,  sometimes,  even  without  them.  The  more 
phlegmatic  people  of  the  Teutonic  race,  in  England 
and  G«*many,  are  so  little  disposed  to  it,  and  so 
much  less  able  to  acquire  or  understand  it,  that  they 
regard  it  as  a  species  of  affectation  or  buffoonery  in 
their  southern  neighbours ;  and  to  thb  circumstance 
it  is  probaby  owing,  that  it  has  been  so  extensively 
rejected,  among  these  nations,  as  an  auxiliary  in  the 
education  of  the  deaf  mute. 

The  natural  condition  of  the  deaf  mute  may  be 
inferred  from  the  account  we  have  given  of  his  lan- 
guage. It  is  obvious  that  the  mere  loss  of  hearing 
cannot,  in  itself,  diminish  the  natural  vigour  of  any 
other  faculty,  either  of  body  or  mind.  He  must, 
however,  be  destitute  of  all  ideas  of  sounds ;  but  these 
form  so  small  a  part  of  the  circle  of  our  ideas,  in  com- 
parison vrith  those  denved  from  sight,  that  they  can- 
not seriously  affect  him.  His  conceptions,  derived 
through  the  medium  of  sight,  are  usually  more  accu- 
rate than  ours,  his  recollections  more  vivid,  and  his 
powers  of  description  more  striking,  because  his  at- 
tention is  more  undivided.  His  discrimination  of 
feeling  and  character  is  often  intuitive,  and  he  fre- 
quently divines  the  subject  of  conversation  from  the 
appearance  of  the  speaker.  The  tremendous  part  of 
his  misfortune  is  the  interruption  of  communication 
with  his  fellow-men,  on  all  ^lubjects  except  the  pri- 
mary wants  and  impulses,  whidi  arises  from  the  im- 
perfect character  of  his  sign  language,  in  an  unedu- 
cated state.  His  ideas  are  very  much  limited  to  the 
objects  and  events  he  witnesses,  and  the  exterior  re- 
lations of  things ;  and  he  is  shut  out  from  all  the 
knowledge  derived  frt>m  history  and  tradition.  Past 
ages,  distant  countries,  a  friture  world,  a  Deity,  are 
all  beyond  his  reach.  In  regard  to  the  combination 
and  application  of  the  ideas  which  he  acquires,  he  is 
still  in  the  state  of  nations  in  the  infancy  of  society, 
and  cannot  be  aided  or  directed  by  others,  in  his  ef- 
forts to  reason. 

After  extensive  observation  and  inquiry,  we  cannot 
hear  of  or  find  a  sin|;le  instance  in  whidi  a  person, 
bom  deaf,  has  conceived  of  a  First  Cause,  from  a  view 
of  the  works  of  nature,  without  education.  They 
describe  themselves  as  looking  at  these  objects  like 
the  brutes.  Even  those  whose  friends  have  made 
great  efforts  to  communicate  religious  truths,  seldom 
have  an  idea  of  the  Deity,  as  a  Creator  or  Benefactor ; 
and  a  deaf  mute  at  Chartres,  in  France,  who  had 
been  taught  to  perform  all  the  rites  of  the  Catholic 
church,  and  was  deemed  very  devout,  on  receiving 
his  hearing,  stated  that  he  had  no  conception  of  any 
thing  but  the  external  forms  of  religion.  Conscience, 
in  them,  derives  all  its  light  from  the  observation  of 
the  conduct  of  others,  and  the  instinctive  impulses ; 
but  recognises  no  invariable  law,  and  often  leaves 
these  unfortunate  persons  to  commit  gross  crimes, 
without  any  sense  of  guilt.  In  short,  they  are  en- 
veloped in  intellectual  and  moral  darkness,  in  the 
midst  of  the  clearest  light. 
Mention  is  made  of  deaf  mutes  in  the  writings  of 
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Pliny ;  and  tbty  were  declared,  by  the  Code  of  Jui- 
tinian,  incapable  of  ciyil  acts.  No  attempti  appear 
to  have  been  made  to  give  them  inatraction,  until  the 
latter  part  of  the  15th  centory,  when  we  are  merely 
told  by  Agricola,  professor  of  philosophy  at  Heidel- 
berg»  in  Germany,  of  a  deaf  mute  who  had  been  in- 
structed. In  &e  middle  of  the  l6th  century,  Pascha, 
a  clergyman  of  Brandenburg,  instructed  a  daughter, 
who  was  a  deaf  mute,  by  means  of  fMctnres.  But 
the  first  effort  for  this  interesting  object,  of  which  we 
have  a  distinct  account,  was  made  by  Pedro  de  Ponce, 
a  Benedictine  monk,  of  the  Spanish  kingdom  of  Leon, 
who  instructed  four  deaf  mutes,  of  noble  families,  to 
write  and  speak,  in  1570. 

In  1620,  John  Bonet,  anotiier  Spaniard,  published 
the  first  book  known  on  this  subject,  containing  an 
account  of  the  method  which  he  adopted  in  a  shmlar 
course  of  instruction,  and  aecompanied  by  a  manual 
alphabet,  from  which  that  now  in  use  at  Paris  was 
derived. 

In  1659,  the  instruction  of  deaf  mutes  was  at- 
tempted, with  apparent  success,  by  Doctors  Holder 
and  Wdlis,  both  of  whom  published  accounts  of 
their  methods.  At  about  the  same  time.  Van  Hel- 
mont,  in  Holland,  published  an  ingenious  treatise  on 
the  manner  of  forming  articulate  sounds,  the  princi- 
ples of  which,  he  says,  he  had  applied  with  success 
to  the  instruction  of  a  deaf  mute.  In  1691,  John 
Conrad  Amman,  a  Swiss  physician  in  Leyden,  pub- 
lished a  similar  work ;  but  he  and  his  predecessors 
appear  to  have  devised  and  executed  their  plans  with- 
out any  knowledge  of  those  who  had  previously  at- 
tempted the  same  thing. 

In  1704,  the  methods  published  in  Spain,  England, 
and  Holhmd,  were  first  applied,  in  Germany,  by 
Kerger,  apparently  with  mudi  ingenuity  and  success, 
and  some  improvements.  He  v^as  soon  followed  by 
a  number  of  labourers  in  the  same  field,  of  whom 
Amoldi  appears  to  have  been  the  most  distinguished. 
In  1743,  the  practicability  of  instructing  deaf  mutes 
was  first  publicly  demonstrated  in  France,  by  Pereira, 
a  Spanian!,  before  the  Academy  of  Sciences,  who  gave 
their  testimony  to  its  success.  About  the  same  time, 
this  branch  of  instruction  was  attempted  in  France, 
by  several  others,  among  whom  Deechamps,  Emaud, 
and  Vanin  were  best  known.  In  1755,  Heinicke  in 
Germany,  De  TEp^  in  France,  both  of  whom  were 
led  to  feel  an  interest  in  deaf  mutes  thrown  acciden- 
tally in  their  way,  formed  each  an  independent  sys- 
tem of  instruction,  established  the  first  institutions 
for  the  education  of  deaf  mutes,  at  Paris  and  Leipsic, 
and  may  be  jusUy  regarded  as  the  founders  of  the 
two  great  schools,  into  which  the  instructors  of  the 
deaf  mutes  have  since  been  divided.  In  1764,  Thos. 
Braidwood,  of  Edinburgh,  devised  a  sirstem  of  in- 
struction, in  which,  as  in  that  of  Heinicke,  articula- 
tion was  the  diief  object.  Both  these  persons,  for  a 
long  time,  refused  to  communicate  their  inventions, 
except  for  a  compensation,  and  under  the  seal  of  se- 
crecy; and  their  principles  have  scarcely  ettended 
beyond  the  countries  in  which  they  originated. 

De  I'Ep^  devoted  his  fortune  and  his  life  to  the 
instruction  of  his  pupils,  and  the  gratuitious  commu- 
nication of  the  art  to  all  who  would  learn  it ;  and,  in 
consequence  of  his  efforts  and  instructions,  schools 
were  founded  by  Silvestri  at  Rome,  Stork  at  Vienna, 
Guyot  at  Groaingen,  and  Ulrich  in  Switzerland, 
which  still  exist  in  the  hands  of  tiieir  disciples.  The 
system  of  De  l'£p<^  was  materially  improved  by 


Sicard,  hie  pupil  and  successor  in  the  institution  of 
P^uis,  who  is  adndtted  to  have  surpawed  his  master, 
and  to  rank  with  him  as  one  of  tiie  greatest  benefac« 
tors  of  the  deaf  mute.  Towards  the  close  of  the  last 
century,  Assarotti,  of  Genoa,  established,  by  his  own 
benevolent  efforts,  an  institution  which  ranks  among 
the  fijrst  in  Europe,  and  formed  a  system  of  instruc* 
tion,  based,  indeed,  upon  that  in  Sicard's  works,  but 
involving  important  improvements,  which  entitle  him 
to  be  considered  the  founder  of  the  Italian  school. 

The  objects  to  be  accomplished  in  the  education  of 
a  deaf  mute,  are  to  teach  him  an  entire  language,  and 
to  give  htm  all  that  mass  of  moral,  religious,  and  or- 
dinary knowledge  that  is  necessary  for  him,  as  a  so* 
dal  and  immortal  being,  for  which,  in  other  children, 
12  or  15  years  of  constant  intercourse  with  society, 
and  much  study,  are  deemed  necessary ;  all  this  is 
to  be  done  in  six«  and  often  even  in  three  years.  It 
is  obvious  that,  to  accomplish  this,  some  method, 
more  rapid  in  its  results  than  the  ordinary  one,  must 
be  adopted.  The  earlier  instructors  of  Uie  deaf  mute 
usually  had  only  one,  or  a  very  few  pupils,  and  have 
given  us  kmi$  for  instruction,  rather  than  a  system. 

The  first  account  which  we  have  of  the  reduction 
of  this  art  to  a  regular  and  permanent  form,  is  in  the 
works  of  Heinicke  and  De  TEp^.  Heinicke,  like 
many  of  his  predecessors,  considered  the  want  of 
speech  as  the  great  misfortune  of  the  deaf  mute,  and 
made  it  the  great  object  of  instruction  to  teach  him 
to  articulate*  in  order  to  aid  the  progress  of  his  own 
mind,  as  well  as  to  enable  him  to  communicate  wit^ 
others  in  this  manner.  We  are  told  by  the  successor 
of  Heinicke  in  the  Liepsic  school,  that  the  following 
'*  are  and  were  the  views  and  principles  of  Heinicke 
and  his  disciples :" — that  "  we  think  in  articulate 
words,  and  cannot  think  in  written  words ;"  "  that 
written  words  can  never  lead  to  the  development  of 
ideas,  in  children  bom  deaf;"  and  that  "  no  free- 
dom in  thought,  or  in  the  use  of  language,  can  be 
produced  without  articulation,  either  by  signs  or  by 
written  language." 

If  it  were  credible  that  sounds  were  more  allied  to 
abstract  ideas  than  objects  of  sight  are ;  if  we  could 
forget  that  we  often  have  ideas  for  which  we  cannot 
easily  find  words,  the  facts  we  have  stated  concern- 
ing the  language  of  signs,  and  the  capacity  of  several 
hundred  pupils,  educated  merely  by  signs,  in  the 
English  and  American  institutions,  to  read  and  write, 
and  converse  and  reason,  prove  the  entire  fallacy  of 
these  views  ;  and  the  argument  ab  ignortaUia  cannot 
be  adduced,  at  this  day,  on  that  subject,  without 
disgrace.  Those  who  follow  this  system  admit  the 
use  of  the  sign  language  in  the  early  stages  of  in- 
struction, but  seek  to  bsunish  it  as  early  as  possible, 
considering  it  as  a  rude  language,  incapable  of  im< 
provement,  and  which  retards  tiie  expajision  of  the 
pupil's  mind,  and  renders  it  less  necessary  for  him  to 
attend  to  written  langua^.  They  adopt  the  methods 
of  the  early  instructors,  m  waiting  for  occasions  to 
teach  words  and  explain  phrases.  They  rely  upon 
repeating  the  word  or  phrase  in  the  appropriate  cir- 
cumstances, and  in  questions  and  answers,  as  the 
means  of  making  it  understood,  rather  than  on  direct 
explanation,  or  examples  presented  by  the  sign  lan- 
guage. Too  many  of  this  school  forget  one  of  the 
fundamental  maxims  of  Heinicke^-"  first  ideas,  then 
words" — and  occupy  the  pupil  for  a  long  time  with 
mere  mechanical  articulation.  In  one  school,  months 
are  passed  in  the  mere  study  of  names  attached  to 
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pictures,  without  tira  letst  attempt  to  exdte  or  en- 
lighten the  mind  by  means  of  signs ;  and  nsnally  a 
year  is  passed,  at  a  period  of  life  when  most  of  the 
mental  faculties  are  ripe  for  development,  in  the 
mere  exercise  of  memory  (in  learning  names  of  ob- 
jects, and  qualities,  and  actions),  which  only  requires 
the  powers  of  an  infant,  and  would  be  aided,  instead 
of  retarded,  by  the  expansion  of  the  mind,  as  the  ex- 
perience of  the  other  schools  fully  proves. 

Religious  instruction  is  rarely  attempted  in  this 
school  before  the  second  year,  or  until  it  can  be  given 
in  words,  from  the  belief  that  it  cannot  be  given  cor- 
rectly by  signs ;  and  in  the  school  of  Leipsic,  it  is 
even  deferred  to  the  third  year.    The  attention  of 
De  r£p^,  and  other  instructors  of  the  same  views, 
was  called  especially  to  the  intellectual  and  moral 
wants  of  the  deaf  mute ;  and  they  deemed  it  most 
important  first  to  develope  his  powers,  and  cultivate 
lus  feelings ;  and,  next,  to  give  him  such  a  know- 
ledge of  written  language  as  is  indispensable  to  the 
acquisition  of  knowledge,  and  the  communication  of 
his  wants.    They  found  the  only  medium  of  con- 
veying truth,  or  explaining  terms,  in  the  sign  lan- 
guage which  we  have  described;  and  thus  having 
formed  die  basis  of  a  permanent  system,  they  em- 
ployed it  in  its  natural  state,  to  explain  the  first 
simple  terms.    They  discovered  that  it  was  capable 
of  extension,  and  they  preserved  and  cultivated  it,  as 
we  have  mentioned,  as  a  language  intelligible  to  the 
pupil,  by  which  they  could  always  refer  to  any  ob- 
jects of  thought  or  feeling,  physical,  intellectual,  or 
moral,  and  thus  form  original  explanations  of  new 
words,  and  avoid  the  error  which  might  arise  from 
the  imperfection  of  previous  explanations.    Words 
they  considered  as  arbitrary  signs,  and  De  TEp^e 
maintained,  that  the  instruction  of  the  deaf  mute, 
like  that  of  a  foreigner,  ought  to  consist  in  a  course 
of  translation,  and  retranslation,  from  the  known  to 
the  unknown  language.    To  aid  in  this  process,  he 
added  a  series  of  methodical  and  conventional  signs, 
foimded  on  analogy,  for  the  particles  and  inflections 
of  language.    These  were  used  chiefly  in  instruction, 
in  order  to  render  the  translation  complete,  as  well 
as  to  indicate  the  character  and  meaning  of  the  con- 
nectives.   He  does  not  appear  to  have  practised  fully 
upon  his  own  principles,  but  occupied  himself  too 
exclusively  with  the  intellectual  improvement  of  his 
pupils,  and  with  single  words,  and  seems  to  have 
despaired  of  enabling  them  to  use  language,  in  its 
connection,  except  in  a  mechanical  manner. 

Sicard  endeavoured  to  complete  the  plan  of  his 
master,  by  the  improvement  of  the  signs  employed ; 
and  to  him  and  his  pupils  we  owe,  more  than  to  any 
others,  the  perfection  which  this  language  has  at- 
tained. He  also  endeavoured  to  avoid  the  error  of 
De  TEp^,  by  explaining  the  theory  of  grammar, 
and  the  formulas  of  the  various  species  of  propo- 
sitions, and,  in  this  way,  was  led  into  a  course  of 
metaphysical  and  philosophical  lessons,  which  later 
instructors  have  found  too  extensive  Kod  too  little 
practical. 

According  to  the  system  adopted  under  his  direc- 
tion, the  first  vear  was  occupied  with  a  vocabulary  of 
names,  of  adjectives,  and  of  verbs  in  three  simple 
tenses,  with  simple  religious  and  other  narratives  in 
the  sign  language.  It  was  only  in  the  second  year, 
that  words  were  shown,  in  their  connection,  in  short 
phrases ;  the  pronouns,  prepositions,  and  the  full  in- 
flection of  the  vcrbs^  were  taught,  and  religious  in- 


struction given,  in  written  language.  In  the  third 
and  fourth  years,  the  organs,  sensee,  and  operations 
of  the  mind,  and  the  theory  of  sentences^  were  ex- 
plained, original  description  and  definitions  required, 
and  in  the  fourth  year  books  were  put  into  the  hands 
of  the  pupils.  Iliroughout  the  course,  public  lec- 
tures were  given,  in  which  written  accounts  of  Bible 
history,  and  religious  truth,  were  explained  in  the 
sign  language ;  but  no  devotional  exercises  in  this 
language  were  ever  connected  with  them,  or  practised 
by  the  pupils. 

The  American  system  has  been  materially  modified 
in  the  sdiool  of  Paris  itself,  and  in  several  others  on 
the  continent  of  Europe,  which  adopt  the  same  prin- 
ciples.   As  the  American  system  of  instruction,  de- 
vised by  Mr.  Gallaadet,  wkhout  any  knowledge  of 
others,  except  that  of  Pari8»  <on  which  it  is  fouiuled, 
comprises  most  of  these  improvements,  with  some 
others  of  great  importance,  peculiar  to  itself,  we  can* 
not  do  better,  within  the  limits  allowed  us,  than  to 
describe  this  as  we  have  found  it,  in  his  own  state- 
ment, and  in  the  American  Asylum.    Mr.  Gallaudet 
has  combined  the  fundamental  principle  of  Heinicke 
— "  first  ideas,  then  words"— with  that  of  De  TEp^ 
— that  "  the  natural  language  of  signs  must  be  ele- 
vated to  as  high  a  degree  of  excellence  as  possible,  in 
order  to  serve  as  the  medium  for  giving  the  ideas 
clearly,  and  explaining  them  accurately."    He  has 
added  another  of  no  small  importance — that,    as 
words  describe  radier  the  impression,  or  states  of 
mind  produced  by  external  objects,  than  those  essen- 
tial qualities  which  are  beyond  our  reach,  the  pro- 
cess of  learning  them  would  be  facilitated  by  leading 
the  pupils  to  reflect  on  their  own  sensations  and 
ideas ;  and  he  states,  as  the  result  of  his  experience, 
that,  among  deaf  mutes  of  equal  capacities,  "  those 
who  can  be  led  to  mark  or  describe,  with  the  great* 
est  precision,  the  operations  of  their  own  mind,  uni- 
formly make  the  most  rapid  progress  in  the  acquisi- 
tion of  written  language,   and  of  religious  truth." 
A  leading  object,  therefore,  in  connection  with  the 
first  lessons,  in  which  sensible  ideas  are  presented 
and  named,  is  to  establish  a  free  communication  with 
the  pupil,  in  the  sign  language,  in  reference  to  his 
feelings  and  Hioughts,  as  excited  by  the  objects  which 
he  sees,  or  the  events  of  his  own  life.    He  easily 
comprehends  those  of  others,  and  is  thus  led  to  learn 
the  names  of  the  simple  emotions  and  acts  of  the 
mind.    Hence  he  is  brought  to  think  of  an  invisible 
agent,  which  we  term  tibe  »oml,  as  the  feeling  and 
percipient  being ;  and,  by  a  natural  transition,  is  Led, 
by  the  use  of  signs  alone,  to  the  Great  Spirit,  as  the 
first  cause ;  to  hia  character,  as  our  creator  and  be- 
ne&ctor ;  and  to  a  knowledge  of  his  law  and  our  fu- 
ture destiny.    In  this  manner,  the  deaf  mutes  in  the 
American  asyhmi  (and,  we  presume,  in  others  de- 
rived from  it)  are  made  acquainted  with  the  simple 
truths  of  religion  and  morality  in  one  year ;  a  penod 
in  which,  in  most  European  institutions,  they  are 
scarcely  advanced   beyond   the  knowledge  of   the 
sounds,  and  the  names  of  sensible  objects,  qualities, 
and  actions,  or  the  most  common  phrases. 

By  communidEkting  this  instruction  in  the  natural 
sign  language,  pupils,  whose  inferior  capacity  ot  ad- 
vanced age  would  not  allow  them  to  acquire  enough 
of  written  language  to  receive  religious  truth  through 
this  medium,  have  been  early  prepared  to  enjoy  its 
blessings  and  hopes,  and  feel  its  sanctions  as  a 
restraint  upon  their  conduct,  which .  renders  their 
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government  more  easy,  while  it  aids  diem  in  the  for- 
mation or  correct  notions. 

Another  plan,  which  is  not  known  to  have  been 
erer  employed  before  its  introduction  by  Mr.  Gralian- 
det,  in  1817,  was  to  conduct  the  daily  and  weekly 
devotional  exercises  by  signs ;  and  the  deaf  mutes 
have  been  thus  taught  to  address  the  Father  of  their 
spirits  in  their  own  natural  language,  and  have  been 
admitted  to  the  new  privilege  of  social  worship. 

In  applying  the  first  principles  to  the  course  of  in- 
struction in  language,  an  important  improvement  has 
been  made,  by  combining  words  into  phrases  as  early 
as  possible,  and  thus  teaching  the  pupil  how  to  use 
them.  The  idea  of  each  phrase  is  first  explained  by 
the  sign  language,  and  then  translated  into  vrords, 
and  then  retranslated  by  the  pupil  into  his  own  lan- 
guage. The  process  is  carried  on  for  more  difficult 
woi^s,  and  the  phrases  are  lengthened  until  they  be- 
come narratives.  The  acquisition  and  use  of  the  con- 
nectives are  aided  by  the  methodical  signs  of  De 
TEp^  and  Sicard.  Ine  pupil  is  called  upon,  at  in- 
tervals, to  express  his  own  ideas  in  writing,  and  to 
explain  by  signs  what  is  written  by  others.  An  im- 
portant additional  improvement  is  "to  employ  the 
pupil,  as  early  as  possible,  in  the  study  of  books 
wntten  in  an  easy  style,  explained  by  signs  wti^  ne- 
cessary," so  as  to  lead  him,  by  his  own  and  often  by 
his  unaided  efforts,  to  become  acquainted  with  the 
arrangement  of  words,  and  the  idioms  of  written 
language.  He  is  led  gradually  to  infer  the  rules  of 
grammar  from  a  series  of  examples,  instead  of  com- 
mitting them  to  memory ;  and  tiie  theory  of  language 
is  reserved  for  the  later  years  of  instruction,  when 
thepupil  is  familiar  with  its  practical  use. 

The  methods  of  instruction  in  the  elements  of 
arithmetic,  geography,  and  history,  do  not  differ  ma- 
terially from  those  usually  employed,  except  that 
much  aid  is  derived  from  explanatoiy  signs ;  and  ex- 
periments, made  in  some  of  the  schools  both  in 
England  and  France,  prove  that  those  may  be  use- 
fully employed  to  illustrate  various  subjects  to  per- 
sons possessed  of  hearing. 

While  the  instructors  of  the  sdiool  of  De  I'Ep^ 
and  Sicard  unite  in  denying  that  articulation  is  ne- 
cessary to  the  deaf  mute,  as  a  means  of  mental  deve- 
lopment, they  admit  its  great  value  as  a  supplement 
to  intellectuflJ  education,  if  it  be  attainable.  But 
they  differ  as  to  the  practicability  and  expediency  of 
attempting  to  teach  it  generally.  Of  its  great  prac- 
tical value  in  darkness,  or  in  cases  of  sudden  danger, 
there  can  be  but  one  opinion ;  and  it  is  certainly  im- 
portant that  every  deaf  mute  should  be  tau^t  some 
cry  of  distress,  or  perhaps  a  few  words  for  such  oc- 
casions ;  for  some  do  not  know  how  to  use  their 
voice  even  to  this  extent. 

The  power  of  articulating,  even  imperfectly,  may 
also  be  of  great  importance  to  the  deaf  mute,  where 
ignorance  in  writing  is  combined  with  a  phlegmatic 
inattention  to  signs,  in  those  among  whom  he  is  si- 
tuated. But  that  it  is  not  indispensable,  as  an  ordi- 
nary means  of  communication,  is  proved  by  the  fact, 
that  the  pupils  of  the  French  and  American  schools, 
Ind  no  difficulty  in  making  themselves  intelligible  to 
chose  around  them,  either  by  writing  or  signs,  on  all 
necessary  subjects. 

Articulation  is  learned  and  recollected  by  the  deaf 
mute,  as  a  set  of  movements  and  sensations  in  the 
organs  of  speech.  It  is  taught  by  pointing  out  to  the 
pupil  the  pcwers  of  the  vowels  and  consonants^  and 


the  position  of  the  lips,  teeth,  and  tongue,  and  by 
making  him  feel  with  his  hand,  or  a  silver  instrument, 
all  the  perceptible  movements  and  vibrations  of  the 
throat  and  interior  organs,  which  are  requisite  fot 
their  pronunciation.  He  is  then  required  to  in^itfttf 
this  position,  and  to  force  a  quantity  of  air  from  the 
lungs,  sufficient  to  produce  the  sound,  and  is  taught 
to  read  the  articulations  of  others,  by  observing  the 
petition  of  the  organs  and  the  countenance.  The  fa- 
cility of  doing  this,  will  depend  much  upon  the  plia- 
bility of  the  organ  of  speech,  and  the  nature  of  the 
language  to  be  learned.  We  observed,  as  would 
naturally  be  supposed,  that  the  soft  and  regular  lan- 
guage of  Italy,  in  a  climate  where  we  have  other  evi- 
dence of  a  superior  pliancy  of  the  vocal  powers,  was 
acquired  with  tolerable  success,  by  a  short  period  of 
daily  practice.  But  the  harsh  and  gutteral  sounds  of 
the  northern  languages,  and  the  irregularity  which 
is  found  in  the  pronounciation  of  some  of  them, 

e resent  several  additional  difficulties,  which  are  per- 
aps  increased  by  the  frequent  diseases  of  the  vocal 
organs,  produced  by  a  cold  climate.    Those  instruct- 
ors who  attempt  to  teach  all  tiieir  pupils  these  lan- 
guages, are  usualy  compelled  to  make  it  a  constant 
and  individual  exercise,  and  to  make  and  to  demand 
efforts  painful  to  the  teacher,  and  pupil,  and  specta- 
tor, with  only  a  partial  success.    Of  a  number  of 
speakers,  whom  we  have  seen  and  heard  of,  in  various 
countries,  thus  taught,  few  would  have  been  intelli- 
gible to  a  stranger  so  readily  as  by  signs ;  and  their 
tones  were  extremely  disagreeable.    On  the  other 
hand,  we  have  seen  a  few  deaf  mutes  who  are  ca- 
pable of  speaking  in  a  manner  perfectly  intelligible, 
and  of  reading  ftom  the  lips  and  countenance,  what 
was  said  by  others.    They  were  such,  however,  as 
either  retained  some  remnant  of  hearing,  or  had  been 
the  subjects  of  individual  instructions  for  a  series 
of  years.    We  presume  the  truth  lies  in  that  mid- 
dle course,  now  adopted  by  the  school  of  Paris, 
and  by  some  advocates  of  articulation,  who  have 
had    an    opportunity    of  observing   it    in    all    its 
forms.    They  believe  that,  by  that  portion  of  the 
pupils  of  every  institution,  whose  organs  are  nil* 
able,  and  who  have  some  remnant  of  sensibility, 
either    in    the    external    or    internal    ear    (those 
termed  demi  9ourd$  in  the   Paris  school),  the  ac- 
quisition may  be   made  with  a  degree  of  ease  and 
perfection,  which  renders  it  a  desirable  and  import- 
ant branch  of  instruction  for  such  portion  of  the  pu- 
pils, in  every  institution.  They  are  equally  convinced, 
that  to  attempt  to  teach  articulation  to  those  entirely 
destitute  of  sensibility   in  the  ear,  or  who  cannot 
exercise  the  organ  pf  speech  without  difficulty  or 
pain,  is  a  useless  labour,  and  may  produce  disease  in 
the  pupil ;  as  more  than  one  instance  proves.    On 
the  last  point,  some  have  maintained  that  the  exercise 
of  the  lungs  is  important  to  the  pupil,  while  oUiers 
have  declared  the  contrary.    We  believe  liere,  also, 
much-  vrill  depend  on  individual  organization,  and 
that  the  general  question  will  be  Inodified  much  by 
the  climate,  and  nature  of  the  language  to  be  taught. 
Most  of  the  schools  for  deaf  mutes  employ  a  manual 
alphabet,  for  the  more  rapid  communication  in  words^ 
in  this  country  usually  made  with  both  hands,  and 
elsewhere  with  one.    This  alphabet,  with  writing, 
on  paper  and  in  the  air,  and  the  use  of  natural  and 
conventional  signs,  are  found  adequate  means  of 
communication  for  those  who  cannot  acquire  articu- 
late language. 


DWARFS,     DYEING. 


457 


Dwarfs.  In  ages  when  knowledge  depends  mostly 
on  tnditirn,  it  is  natural  for  the  human  mind  to 
people  the  world  with  a  thousand  imaginary  beings. 
Such  are  dragons,  giants,  and  dwarfs ;  all  of  which 
have  some  foundaPtion  in  reality,  and  afford  amuse- 
ment to  the  imagination,  even  after  experience  has 
corrected  the  belief  in  the  reality  of  their  marvellous 
character.  We  need  hardljr  say,  that  the  pygmies  of 
the  ancients,  and  the  Qmmos,  whom  Commerson 
tells  us  that  he  discovered,  are  as  fabulous  as  the 
renowned  Lilliputians.  The  dwarfs  which  actually 
exist  are  deviations  of  nature  from  her  general  rule ; 
and  the  term  dwarf  b  a  vague  one,  as  we  cannot  say 
how  small  a  person  must  be,  to  be  so  called.  There 
b  no  instance  on  record  of  dwarfs  distinguished  for 
great  talents.  Their  figures  are  sometimes  perfectly 
well  proportioned.  They  have  generally  one  trait  in 
common  with  children — a  very  high  opinion  of  their 
own  little  person,  and  great  vanity. 

The  Romans  used  dwarfs  for  several  purposes; 
sometbnes  in  gladiatorial  exhibitions,  on  account  of 
the  ridiculous  contrast  which  they  afforded  to  their 
opponents.  Towards  the  end  of  the  middle  ages,  and 
even,  in  some  countries,  as  late  as  the  beginning  of 
the  last  century,  dwarfs  were  a  fashionable  q>pend- 
age  to  the  courts  of  European  princes,  and  the  fami- 
lies of  Uie  nobles.  Who  does  not  recollect  the  nu- 
merous pictures  of  those  times,  with  a  Negro  or  a 
dwarf  in  tiie  back-ground  ?  They  seem  to  have  been 
great  favourites  witii  the  ladies  of  the  family.  They 
were  sometimes,  also,  used  as  jesters.  Peter  the  Great 
carried  this  fancy  for  dwarfs  to  a  great  extent.  He 
assembled  individuals  o'  this  kind  from  all  parts  of 
his  empire,  and  ordered  die  famous  marriage  of  the 
dwarfs.  At  the  court  v  €  Constantinople  a  number 
of  dwarfs  are  always  maintained,  as  pages.  Those 
who  happen  to  be,  at  the  same  time,  deaf  and  dumb, 
and  have  been  mutilated,  are  particularly  valued,  and 
reserved  for  the  sultan. 

Dybimo  is  a  chemical  art,  and  consists  in  fixing 
upon  cloths  of  various -kinds  any  colour  which  may 
be  desired,  in  such  a  manner  as  that  they  shall  not 
easily  undergo  any  alteration,  by  the  agents  to  which 
the  doth  b  ordinarily  exposed.  The  diief  materiab 
or  stuffs  to  be  dyed  are  wool,  silk,  cotton,  and  Unen ; 
of  whidi  the  former  two  are  more  easily  dyed  than 
the  latter. 

Wool,  in  its  preparation  for  dyeing,  requires  to  be 
cleansed,  by  scounng,  from  a  &tty  substance,  called 
the  yoUc,  which  b  contained  in  the  fleece.  Thb  is 
done  by  means  of  a  weak  alkaline  solution,  which 
converts  the  yolk  into  soap.  Urine  b  commonly  em- 
ployed, on  account  of  its  cheapness ;  the  ammonia  it 
contains  being  sufficient  to  remove  tiie  grease. 

Silk,  when  taken  from  the  cocoon,  b  covered  with 
a  kind  of  vambh,  which,  because  it  does  not  easily 
yield  either  to  water  or  alcohol,  requires  also  the 
aid  of  a  slight  portion  of  alkali.  Much  care  is  ne- 
cessary, however,  in  thb  operation,  since  the  silk 
itself  b  liable  to  be  corroded  and  discoloured.  Fuie 
toap  b  commonly  used ;  but  even  thb  b  said  to  be 
detrimental ;  and  tiie  white  China  silk,  which  b  sup- 
posed to  be  prepared  without  soap,  has  a  lustre  su- 
perior to  the  European. 

The  preliminary  process  of  washmg  b  intended  to 
render  the  stuff  to  be  dyed  as  clear  as  possible,  in 
order  that  the  aqueous  fluid,  to  be  afterwards  ap- 
plied, may  be  imbibed,  and  its  contents  adhere  to  the 
minute  internal  surfoces. 

Abts  &  SciBNCBs.— -Vol.  I. 


Another  preparation,  and  one  which  constitutes,  in 
reality,  an  important  part  of  the  dyeing  process,  con- 
sists in  applymg  to  the  stuff,  a  material  to  which  it 
adheres;  and  afterwards  the  desired  colour  b  ob- 
tained by  the  application  of  another  substance.  We 
might  dye  a  piece  of  cotton  black,  by  immersing  it 
at  once  in  ink ;  but  the  colour  would  be  neither  good 
nor  durable,  because  the  particles  of  precipitated 
matter  are  not  sufficientiy  comminuted  to  enter  the 
cotton,  or  to  adhere  to  it  firmly.  But,  if  the  cotton 
be  soaked  in  an  inftision  of  galls,  then  dried,  and  af- 
terwards inmiersed  in  a  solution  of  sulphate  of  iron, 
the  acid  of  ^alls  being  everywhere  diffdsed  through 
the  fabric,  it  will  receive  ti&e  particles  of  oxide  of 
iron,  at  the  very  instant  of  their  transition  firom  the 
fluid  to  the  solid  state ;  by  whidi  means  a  perfect 
covering  of  the  black,  inky  matter  will  be  applied  in 
close  contact  with  the  surface  of  the  most  minute 
fibres  of  the  cotton. 

The  name  of  mardaid  b  applied  to  those  substances 
which  unite  with  the  different  stuflb,  and  augment 
their  affinity  for  the  various  colouring  matters.  There 
exbts  a  great  number  of  mordants ;  some,  however, 
are  very  feeble  in  their  activity,  while  others  are  at- 
tended with  too  much  expense  for  common  stuffs ; 
some  alter  the  colours  which  they  are  intended  to 
combine,  or  modify  then:  shades :  hence  it  results, 
that  there  are  but  a  small  number  which  can  be  em- 
ployed. These  are  alum,  acetate  of  ainmine,  muriate 
of  tin,  nut-galb,  &c. 

The  moidant  b  always  dissolved  in  water,  into 
which  the  stuffs  to  be  dyed  are  plunged.  If  the  mor- 
dant be  universally  applied,  over  the  whole  piece  of 
j;oods,  and  this  be  afterwards  immersed  in  the  dye, 
it  will  receive  a  tinge  over  all  its  surface ;  but  if  it  be 
applied  only  in  parts,  the  dye  will  strike  in  those 
parts  only.  The  former  process  constitutes  the  art 
of  dffektg,  properly  so  called ;  and  the  latter  the  art 
of  printing  cottons,  or  linens,  called  eaUoO'pnMting, 

In  the  art  of  printing  piece  goods,  the  mordant  b 
usually  mixed  with  gum  or  starch,  and  applied  by 
means  of  blocks  or  wood  engravings,  in  relief,  or 
of  copper  plates,  and  the  colours  are  brought  out  by 
immersion  in  vesseb  filled  with  suitable  compositions. 
The  latter  fluids  are  termed  batk$.  The  following  are 
the  processes  usually  adopted,  when  alum  b  the 
mordant  employed: 

1.  Almm  wMrdmUfor  $Uk,  Into  water  containing 
the  60th  part  of  its  weight  of  alum,  at  the  ordinary 
temperature  of  the  air,  the  silk  b  plunged,  and  al- 
lowed to  remain  for  24  hours,  when  it  b  withdrawn, 
drained,  and  washed.  If  the  liquid  b  warmed,  it  b 
found  that  the  silk  absorbs  less  of  the  mordant,  and 
that,  of  course,  it  combines  less  easily  with  the  co- 
louring matter,  besides  losing,  in  part,  its  natural 
gloss. 

3.  Akm  wtordtmi  for  wool.  When  it  b  wished  to 
combine  wool  with  thb  mordant,  after  its  deansing 
has  been  effected,  it  b  plunged  into  a  boiling  solu- 
tion, composed  of  8  or  900  parts  of  water,  and  25  oi 
alum,  where  it  b  allowed  to  remain  during  two  hours ; 
when  it  b  taken  out,  suffiered  to  drain,  and  washed. 

Frequentiy  a  littie  cream  of  tartar  b  added  in  thb 
process,  in  order  to  engage  the  excess  of  acid  in  the 
alum,  as  well  as  the  portion  arising  from  a  sli^t 
decomposition  of  the  alum  by  tiie  oiiy  matter  of  the 
wooL 

3.  Akmwu)rdMiforeot$m,  kmp  md  float.  Hits 
operation  is  effected  by  plungnig  the  irody  to  be 
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imbaed  wHli  this  mordant  into  water  slightly  wanned, 
and  which  contains  one  quarter  of  its  weight  of  alum, 
and  leaving  it  24  hours,  at  the  common  temperature 
of  the  air ;  when  it  is  withdrawn,  washed,  and  dried. 
The  cotton  will  be  sufficiently  imbued  with  the  mor- 
dant, if  allowed  to  remain  in  the  solution  only  7  or  8 
minutes,  pressing  it  a  little,  without  twisting  it,  how- 
ever, on  taking  it  out,  and  not  immersing  it  in  the 
colouring  bath  until  12  or  15  hours  after.     In  all 
alum  mordants  for  wool,  the  alum  of  commerce  may 
be  employed ;  but  when  silk  or  cotton  is  to  be  dyed, 
especially  if  the  colours  are  bright,  it  is  necessary  to 
make  use  of  the  alum  of  Rome,  or  of  that  whidi  is 
equally  pure ;  that  is  to  say,  of  alum  which  does  not 
contain  above  1 -500th  of  its  weight  of  sulphate  of 
iron;  otherwise  there  will  be  a  great  quantity  of 
oxide  of  iron  adhering  to  the  fabric,  which  will  affect 
the  shade  we  desire  to  obtain.    The  colouring  mat- 
ters to  be  transferred  to  the  various  stuffs  are  either 
soluble  or  insoluble  in  water.     When  they  are  solu- 
ble in  water,  which  is  most  generally  the  case,  they 
are  dissolved  in  it  at  a  boiling  temperature ;  and  the 
material  to  be  dyed,  alter  having  been  duly  prepared, 
and  impregnated  with  the  mordant,  is  plunged  into 
it,  where  it  is  allowed  to  remain  for  a  certain  time, 
and  at  a  temperature  varying  with  the  nature  of  the 
stuff.    When,  on  the  contrary,  the  colouring  matter 
is  insoluble  in  water,  its  solution  is  effected  in  some 
other  fluid,  and  the  article  to  be  coloured  (prepared 
as  in  the  former  case,  with  the  exception  that  the  ap- 
lication  of  the  mordant  is  omitted)  is  immersed,  and 
the  colouring  matter  is  precipitated  by  the  addition 
of  a  third  body.    Silks  are  dyed  at  a  temperature 
which  is  graduidly  increased  from  86^  to  175^  Fahr. 
If  the  bau  is  heated  above  86^,  at  the  commencement 
of  the  process,  the  effect  of  the  mordant  is  diminished, 
and  the  desined  shades  of  colour  will  not  be  pro- 
duced.    For  the  same  reason,  in  dyeing  hemp  and 
flax,  the  temperature  should  not  exceed  97^  Fahr. 
Cotton  and  woollens  may  be  dyed  at  a  boiling  heat. 

Various  mechanical  contrivances  are  made  use  of 
in  immersing  the  different  materials  to  be  dyed  into 
the  colouring  solution,  so  as  to  cause  all  their  parts 
to  be  equally  affected  at  the  same  time.  As  soon  as 
they  are  withdrawn  fh)m  the  colouring  bath,  tiiey  are 
washed  in  &  large  quantity  of  water,  in  order  to  de- 
prive them  of  those  particles  of  colouring  matter  that 
are  merely  superficial. 

The  following  are  the  dye-stuflb  used  for  producing 
foMt  colours :  1.  BlacJc.  The  cloth  is  impregnated 
with  acetate  of  iron  (iron  liquor),  and  dyed  in  a  bath 
of  madder  and  logwood.  2.  Purple,  The  preceding 
mordant,  diluted,  with  the  same  dyeing  bath.  3. 
CWfitfon.  The  mordant  for  purple,  united  with  a 
portion  of  acetate  of  alumine,  or  red  mordant,  and 
the  above  bath,  4.  Red,  Acetate  of  alumine  is  the 
mordant,  and  madder  is  the  dye-stuff.  5.  Pale  red, 
of  different  shades.  The  preceding  mordant,  diluted 
with  water,  and  a  weak  madder  bath.  6.  Brown  of 
Pompadour,  A  mixed  mordant,  containing  a  some- 
what larger  proportion  of  the  red  than  of  tiie  black, 
«uid  the  dye  of  madder.  7 »  Orange,  The  red  mordant, 
and  a  bath,  first  of  madder,  and  then  of  quercitron. 
8.  Yellow.  A  strong  red  mordant,  and  tiie  querci- 
tron bath,  whose  temperature  should  be  considerably 
under  the  boiling  point  of  water.  9*  Blue,  Indigo^ 
rendered  soluble  and  greenish-yellow  coloured,  by  pot- 
ash and  orpiment.  It  recovers  its  blue  colour  by  ex- 
posure to  air,  and  becomes  firmly  fixed  upon  the  doth. 


An  indigo  vat  is  also  made  by  diffusing  indigo  in 
water,  with  quicklime  and  copperas.     These  sub- 
stances are  supposed  to  act  by  deoxidizing  indigo, 
and,  at  the  same  time,  rendering  it  soluble.     Golden 
dye.    The  cloth  is  immersed  alternately  in  a  solution 
of  copperas  and  lime-water.    The  protoxide  of  iron, 
precipitated  on  the  fibre,  soon  passes,  by  absorption 
of  atmospherical  oxygen,  into  the  golden-coloured 
deutoxide.      Bt^.    The  preceding  substances,  in  a 
more  dilute  state.     Blue  vat,  in  which  white  spots 
are  left  on  a  blue  ground  of  cloth,  is  made  by  apply- 
ing to  these  points  a  paste,  composed  of  a  solution  of 
sulphate  of  copper  and  pipe-clay,  and,  after  they  are 
dried,  immersing  it,  stretched  on  frames,  for  a  defi- 
nite number  of  minutes,  in  the  yellowish-green  vat,  of 
one  part  of  indigo,  two  of  copperas,  and  two  of  lime, 
with  water.      Green.     Cloth  dried   blue,  and  well 
washed,  is  imbued  with  the  acetate  of  alumine,  dried, 
and  subjected  to  the  quercitron  bath.     In  most  of 
the  above  cases,  the  cloth,  after  receiving  the  mordant 
paste,  is  dried,  and  put  through  a  mixture  of  cow- 
dung  and  warm  water.     It  is  then  put  into  the  dye- 
ing vat  or  copper.    The  foregoing  colours  are  also 
produced  from  decoctions  of  the  different  colouring 
woods ;  but,  as  they  possess  but  little  fixity  when 
thus  formed,  they  are  denominated  the  fugitive  co- 
lours.    1.  Red  is  made  from  Brazil  wood  and  peach 
wood.     2.  Black,     A  strong  extract  of  galls  and 
deuto-nitrate  of  iron.     3.  Purple.     Extract  of  Log- 
wood and  the  deuto-nitrate  of  iron.    4,  Yellow.    Ex- 
tract of  quercitron  hark,  or  French  berries,  and  nitro- 
muriatc  of  tin.     5.  Blue,     Prussian  blue  and  solu- 
tion of  tin.    Fugitive  colours  are  thickened  with  gum 
tragacanth,  and  are  sometimes  sent  to  market  with 
out  be'mg  washed. 

Dynambter,  measurer  of  increase,  augomktre;  ai^ 
instrument  for  measuring  the  magnifying  power  oi 
telescopes.  It  consists  of  a  small  tube,  with  a  trans- 
parent plate,  exactly  divided,  which  is  fixed  to  the 
tube  of  a  telescope,  in  order  to  measure  exactly  the 
diameter  of  the  distinct  image  of  the  eye-glass. 

Dynamics  is  the  science  of  moving  powers,  or  of 
the  action  of  forces  on  solid  bodies,  when  the  result 
of  that  action  is  motion.  Mechanics,  in  its  most  ex- 
tensive meaning,  is  the  science  which  treats  of  quar- 
tity,  of  extension*  and  of  motion.  Now,  that  branch 
of  it  which  considers  the  state  of  solids  at  rest,  such 
as  their  equilibrium,  their  weight,  pressure,  &c.,  is 
called  statics ;  and  f^at  which  treats  of  their  motion, 
dynamics.  So  when  fluids,  instead  of  solidsi  are  the 
subjects  of  investigation,  that  branch  which  treats  ot 
their  equilibrium,  pressure,  &c.,  is  called  hydrostatics, 
and  that  which  treats  of  their  motion,  hydrodynamics, 

Dynanometbr;  an  instrument  for  ascertaining  the 
relative  muscular  strength  of  men  and  other  animab. 
That  it  would  be  desirable  to  know  our  relative 
strengths  at  different  periods  of  life,  and  in  different 
states  of  health,  will  hardly  be  denied ;  and  there 
can  be  no  doubt  but  that  it  would  be  highly  useful  to 
have  a  portable  instrument  by  which  we  could  asctf- 
tain  the  strength  of  horses  or  oxen  intended  for  the 
plough  or  the  waggon.  Such  an  instrument  was  in- 
vented many  years  ago,  by  Graham,  and  improved  by 
Desaguliers ;  but,  being  constructed  roughly  of  woocu 
it  was  too  bulky  to  be  portable,  and  therefore  it  was 
limited  in  its  use. 

M.  Leroy  constructed  a  much  more  convenient 
dynanometer  than  Graham's,  consisting  of  a  metal 
tube,  ten  or  twelve  inches  in  length,  placed  vertically 
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en  a  foot  like  that  of  a  candlestick,  and  containing 
in  the  inside  a  spiral  spring,  having  above  it  a  gradu- 
ated shank  terminating  in  a  globe.  The  shank,  to- 
gether with  the  spring,  sunk  into  the  tube  in  propor- 
tion to  the  weight  acting  upon  it,  and  thus  indicated, 
in  degrees,  the  strength  of  ue  person  who  pressed  on 
the  ball  with  his  hand. 

This  was  a  very  simpb  construction ;  but  Buffon 
and  Gueneau,  being  anxious  to  estimate  the  mus- 
cular force  of  each  limb  separately,  and  of  all  the 
parts  of  the  body,  they  employed  M.  Regnier  to 
contrive  a  new  dynanometer ;  and  the  account  which 
he  gives  of  his  attempts  to  fulfil  their  wishes,  is  cal- 
culated to  enhance  the  difficulty  of  the  attempt.  The 
instrument,  however,  which  he  constructed  is  not  of 
such  a  character  as  appears  to  have  required  any 
uncommon  skill  in  mechanics,  or  any  great  stretch 
of  thought.  It  consists  chiefly  of  an  elliptical  spring, 
twelve  inches  in  length,  rather  narrow,  and  covert 
with  leather,  that  it  may  not  hurt  the  fingers  when 
compressed  by  the  hands.  This  spring  is  composed 
of  the  best  steel  well  welded  and  tempered,  and  after- 
wards subjected  to  a  stronger  effort  than  is  likely  to 
be  ever  applied  to  it  either  by  men  or  animals,  that 
it  may  not  lose  any  of  its  elasticity  by  use. 

The  effects  of  this  machine  are  easily  explained. 
If  a  person  compresses  the  spring  with  his  hands,  or 
draws  it  out  lengthwise,  by  pulling  the  two  extremi- 
ties in  contrary  directions,  the  sides  of  the  spring  ap- 
proach towards  each  other ;  and  it  has  an  apparatus 
appended  to  it^  consisting  of  an  index  and  a  simi- 
curcular  plate,  by  the  degree  of  approach,  and  conse- 
quently of  effort,  employed,  is  ascertained  with  great 
accuracy.  There  is  a  very  full  account  of  t:iis  ma- 
chine in  the  fourth  number  of  the  Phihtophical 
Magazine, 


all  the  advantages  which  arise  from  employing  thi 
animal's  strength  in  a  natural  way. 


In  the  above  engraving  we  give  a  view  of  a  very 
useful  dynanometer,  very  similar  to  that  already  re- 
ferred to.  The  divided  arc  is  attached  to  the  upper 
portion  of  the  spring,  and  the  index  hand  is  put  in  mo- 
tion directly  the  two  plates  approach  each  other,  by 
the  short  perpendicular  rod  snown  in  the  figure. 

The  engraving  in  the  next  column  shows  the  ap- 
paratus as  it  is  employed  for  measuring  the  strength 
of  animab.  A  strong  pillar  is  inserted  m  the  ground, 
to  which  one  end  of  the  dynanometer  is  attached, 
and  the  horses  or  other  aniiaals  hooked  to  the  other: 
and  it  will  be  obvious  that  the  efforts  of  the  animal 
will  be  duly  indicated  by  the  hand  traversing  the 
arc.  There  is,  however,  a  still  more  advantageous 
mode  of  employing  it,  which  consists  in  attaching  it 
to  a  loaded  vehicle,  and  then  the  experimentalist  has 


Dtscophosis  ;  a  defect  in  the  sense  of  hearing. 

Dyscracy  ;  an  undue  mixture  of  elements  in  the 
blood  or  nervous  juice. 

Dysorbxy,  among  physicians,  denotes  a  want  of 
appetite,  proceeding  from  a  diseased  state  of  the 
stomach. 

Dyspbpsia;  difficulty  of  digestion.  The  strict 
etymology  of  the  term  implies  an  imperfect  or  disor- 
dered condition  of  the  function  of  digestion.  Syste^ 
matic  writers  have  been  not  a  little  perplexed  to  find 
an  appropriate  location  for  this  affection  in  th#ir  artir 
ficial  arrangements;  and  diis  difficulty  must  exist 
whUst  symptoms,  which  are  always  fluctuating,  arp 
admitted,  as  the  elements  of  nomenclature  and  ar- 
rangement, into  systems  of  nosology.  From  the  same 
circumstance,  different  symptoms  of  the  affection 
have  received  the  character  of  separate  diseases,  as 
apepsia,  bradypepsia  (/Spa^vc,  slow),  anorexia,  cardi* 
algia,  &c.  These  are  no  more  than  different  grades 
in  the  symptoms,  or  varieties  of  the  affection,  and  are 
not  different  diseases. 

The  disorder  of  the  digestive  function  b  the  most 
frequent  and  prevailing  of  the  ailments  that  afflict 
man  in  the  civUized  state ;  all  classes  and  all  ages 
suffer  from  its  attacks.  Few  are  so  happy  as  to  pass 
through  a  life  of  ordinary  duration,  wimout  under- 
going a  protracted  struggle  with  this  malady,  and 
experiencmg  its  torments.  Once  let  it  be  fully  esta- 
blished, and  the  comfort  of  existence  disappears,  or 
is  regained,  in  most  cases,  tediously,  and  at  the  price 
of  the  most  ascetic  self-denial. 

The  greater  prevalence  of  dyspepsia  or  indigestion, 
in  modem  times,  arises  from  the  more  frequent  injury 
done  to  the  stomach  and  its  functions,  directly,  by 
the  habits  of  luxurious  indulgence,  which  have  been 
^ceedingly  increased  and  extended ;  and,  indirectly 
by  the  multiplication  of  intellectual  and  moral  agita- 
tions, from  the  extension  of  the  commercial  and 
financial  operations  of  society,  the  greater  activity 
and  employment  of  the  intellectiial  faculties,  and  aug^ 
mentation  of  political,  social,  and  individnal  reverses. 
Something,  too,  is  to  be  ascribed  to  the  mere  chapge 
of  names. 

We  call  that  dyspepna  now,  which,  formerly,  was 
termed  Uioer  disease,  bilious  disorder,  &c.  A  large 
proportion  of  the  discomfort  produced  by  this  malady, 
arises  from  an  ignorance  of  the  digestive  fnnctions, 
leading  to  their  abuse  and  premature  derangement 
and  may  be  obviated,  to  a  great  extent,  by  instruction 
as  to  the  nature  of  these  functions,  and  their  natotal 
exercise.  A  general  view  of  the  digestive  organs  and 
functions  is,  therefore,  requisite  to  an  understanding 
of  tiieir  disorders,  the  means  to  prevent,  and  the  mei- 
thods  to  remedy  them. 

All  organized  or  animated  beings  hold  their  exist* 
ence  under  the  condition  of  renewing,  incessantijf 
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the  dements  of  their  compositioii,  by  the  appropria- 
tion to  themselves  of  exterior  matters.  The  simple 
animals  (polypi,  &c.)  find,  in  the  mediom  in  which 
they  live,  and  from  which  they  directly  receive  them, 
the  principles  serving  for  their  composition.  The 
decomposition  of  animal  and  vegetable  matter  in  the 
soil,  prepares  the  aliment  or  nutritive  principle  of 
vegetables,  which,  being  held  in  solution  bv  water,  is 
absorbed  by  their  roots.  In  all  these  beings  there 
are  no  digestive  organs  or  functions.  The  prepara- 
tion of  their  nutriment  is  effected  by  physical  opera- 
tions exterior  to  themselves,  over  which  they  have  no 
controul.  In  the  higher  or  complete  animals,  or  in  man, 
the  case  is  very  different.  Nature  does  not  present  to 
them  tiie  nutritive  elements  in  a  state  fitted  to  be  intro- 
duced, at  once,  into  the  interior  organization,  and  to  be 
employed  in  its  composition.  Their  aliment  consists 
of  the  nutritive  principles  in  a  compound  state,  inti- 
mately combined  with  other  substances,  from  which 
they  require  to  be  disengaged.  This  is  accomplbhed 
by  the  animal  itself,  w&di  is  provided  with  especial 
organs,  or  apparatus  and  functions  for  thb  purpose. 

Digestion,  then,  consists  in  the  disengagement  of 
the  nutritive  elements  from  their  combinations,  and 
their  reduction  to  the  molecular  state,  admitting  their 
introduction  into  the  vessels,  and  their  diffusion 
throughout  the  organization,  for  the  purposes  of  its 
composition.  It  is  a  process  analogous  to  the  decom- 
position of  the  aliment  of  vegetables  in  the  soil,  and  is 
effected,  like  all  decompositions,  by  analogous  or  che- 
mical operations.  In  this  class,  the  procuring  of 
the  aJiment  is  the  act  of  the  animal,  depending  on 
its  voluntary  powers,  and  is  controlled  by  a  great 
variety  of  circumstances,  affecting  the  quantity  and 
quality  of  the  food.  The  organs  composing  the  di- 
gestive apparatus  in  man  are  numerous.  They  are 
3ie  mouth,  armed  with  teeth,  for  mechanically  break- 
ing down  the  food  bv  mastication;  the  salivary 
glands,  furnishing  a  fiuid  intimately  combined  with 
the  food,  in  mastication,  and  collected  in  the  stomach, 
which  is  its  reservoir ;  the  phar^x,  a  muscular  and 
membranous  bag,  for  the  reception  of  the  masticated 
food  from  the  mouth ;  the  oesophagus,  a  muscular 
and  membranous  tube,  for  conducting  the  food  into 
the  stomach ;  the  stomach,  a  muscular  and  membra- 
nous bag,  or  enlargement  of  the  alimentary  canal, 
secreting  a  fluid  or  fluids,  and  reservoir  of  the  sali- 
vary and  other  secretory  fluids  of  the  interior  sur- 
faces, and  in  which  the  food  is  subjected  to  the  de- 
composing process,  until  reduced  to  a  pulpy  mass, 
called  cAyme,  consisting  of  the  nutritive  and  innutritivc 
elements,  in  a  state  of  mechanical  mixture ;  the  duo- 
denum, or  second  stomach,  in  which  the  chymous 
mass  is  submitted  to  the  action  of  the  biliary  and 
pancreatic  fluids,  and  in  which  the  nutritive  elements 
begin  to  separate  from  the  innutritive  matters,  and  to 
be  absorbed  by  the  lacteals,  the  roots  of  the  animal 
economy;  the  liver  and  pancreas,  furnishing  bile 
and  a  species  of  saliva,  which  are  mixed  with,  and 
act  on,  the  chyme  in  the  duodenum ;  the  jejunum 
and  ileum,  or  small  intestines,  in  the  course  of  which 
the  separation,  begun  in  the  duodenum,  is  completed, 
and  nearly  the  whole  of  the  nutritive  principles  form- 
ing chyle  are  absorbed ;  and,  lastiy,  the  lu^  intes- 
tii\e8,  a  reservoir  for  all  the  excrementitious  principles, 
and  which,  in  it,  are  converted  into  fieces.  The  whole 
of  these  organs  compose  the  apparatus  of  digestion, 
but  idl  are  not  of  equal  importance. 

The  stomach  and  duodenum  are  the  most  eminent 


organs,  and  those  whose  condition  exercises  tiM 
greatest  influence  over  the  powers  of  digestion,  lliis 
apparatus  is  intimately  connected,  and  a  natural  state 
of  each  of  its  parts,  and  a  due  exercise  of  the  func- 
tion of  each,  are  essential  to  the  healthy,  undisturbed 
performance  of  digestion.  This  connection  is  main- 
tained through  the  ganglionary  system  of  nerves, 
which  not  only  unites  tiiese  organs  together,  but 
combines  them  with  all  their  congeries,  appropriated 
to  the  perfect  elaboration  of  the  nutritive  and  sus- 
taining principles  of  the  economy. 

The  stomach  is  the  centre  of  tiie  digestive  appara- 
tus, and  may  be  regarded  in  nearly  tiie  same  view, 
for  the  whole  of  the  organs  are  connected  with  indivi- 
dual nutrition.  It  owes  this  character  to  its  intimate 
union  with  the  great  solar  plexus,  the  centre  or  brain, 
if  it  may  be  so  termed,  of  the  ganglionary  system, 
regulating  the  nutritive  functions.  It  b  also  imme- 
diately associated  with  the  brain,  through  the  me- 
dium of  the  eighth  pair,  or  pneumo-gastric  nerves, 
and  thus  is  placed  in  relation  with  the  exercise  of  the 
moral  and  intellectual  faculties.  The  stomach  is  con- 
sequentiy  exposed  to  be  disordered  in  its  functions  by 
violent  impressions  from  these  faculties,  as  they  are 
also  liable  to  be  affected  by  the  disordered  conditions 
of  the  stomach.  It  is  necessary  to  have  tiiese  diversified 
connections  pointed  out,  to  possess  a  cletfr  understand- 
ing of  the  numerous  and  very  diffierent  sources  from 
which  disturbances  reach  the  process  of  digestion. 

A  few  words  will  now  be  necessary  as  to  digestion 
itself.  It  is  not  all  substances  that  are  fitted  for  ali- 
ment, and  are  susceptible  of  digestion.  Food  is  in- 
tend^ for  the  renovation  of  the  body.  It  must  con- 
sist of  the  same  elements  as  the  animal  structure, 
and  be  capable  of  becoming  organized  and  living. 
It  must  then  contain,  at  least,  three  elementary  ani- 
mal principles — ^hydrogen,  carbon,  and  oxygen ;  and 
much  of  it  contains,  also,  a  fourth— azote.  These 
elements  form  secondary  compounds,  in  which  state 
alone  they  constitute  aliment:  such  are  albumen, 
fibrin,  gelatin,  osmazome,  oil,  engan,  fiuina,  muci- 
lage, and  other  animal  and  vegetable  compounds. 
In  all  these  substances,  the  molecules  are  easily  se- 
parable without  being  chemically  decomposed,  whidi 
IS  one  of  the  primary  requbites  of  digestibility,  and 
to  effect  which  is  the  chief  object  of  digestion.  The 
masticated  and  insalivated  food  passes  into  the  sto- 
mach. Here  it  is  macerated  in  the  saliva  collected  in 
the  stomach,  and  in  the  proper  liquid  secreted  by  the 
villi  of  the  gastric  mucous  membrane,  at  a  tempera- 
ture of  104^  Fahr.  This  liquor  is  called  gatinc  juice. 
Its  true  nature  is  not  accurately  determined,  but,  as 
far  as  examination  has  ascertamed,  it  resembles  sa- 
liva mixed  with  a  small  portion  of  lactic  or  muriatic 
acid.  The  stomach,  in  a  healthy  state,  always  con- 
tracts on  its  contents,  so  that  its  parietes,  in  diges* 
tion,  are  always  in  contact  with  the  food.  During 
digestion,  the  stomach  has  a  constant  vermicular 
motion,  its  muscular  fibres  contracting,  successively, 
from  the  smaller  to  the  larger  end.  "Hie  food  is  thus 
agitated,  acquires  a  rotatory  movement,  and  b 
mingled  with  the  fluids  of  the  stomach.  In  a  short 
time,  the  change  accomplbhed  in  the  stomach  com- 
mences; it  becomes  pulpy,  and  then  reduced  to  a 
semi-fluid  of  a  light,  ^yish  colour.  From  the  uni- 
form pressure  of  the  stomach,  the  solid  and  most 
resisting  portions  are  forced  into  the  centre,  while 
the  digested  and  more  fluid  matter  is  found  on  the 
8arlace»  and  b  gradually  carried,  by  tiie  contraction 
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4  the  miiscalar  fibres^  into  the  dnodenun.  W.  Phil- 
ip, and  others*  have  been  led  to  suppose,  from  this 
ircnmstance,  that  the  food  in  contact  with  the  pa- 
rtetcs  of  the  stomach  was  alone  digested  ;  but  it  is  a 
mere  physical  result^  as  uniform  pressure  in  every 
direction,  on  a  mass  of  different  consistency,  will 
always  drive  the  most  fluid  to  the  circumference. 

Hie  pulpy,  graybh  substance  resulting  from  the 
stomachic  digestion,  is  called  chfw^e.  When  ex- 
amined  with  the  microscope,  it  is  found  to  consist  of 
an  immense  number  of  transparent  globules,  of  va- 
rious sizes,  intermixed  with  undissolved  fragments  of 
the  fibres  of  the  alimentary  substance.  When  food 
is  masticated,  and  macerated  for  a  few  hours  in 
simple  saliva,  it  is  found  to  present  exactly  the  same 
appearances  as  the  chyme  of  the  stomach.  The 
chyme,  having  passed  into  the  duodenum,  meets 
with  Uie  pancreatic  liquor  and  the  bile.  What  are 
the  positive  changes  induced  by  these  fluids,  certainly 
is  not  accurately  known.  The  acids  of  the  chymous 
mass  are  neutralized  by  the  alkaline  principles  of  the 
bile,  the  picromel  and  colouring  matter  of  which  ap- 
pear to  coalesce  with  the  unassimiiable  principles  of 
the  food,  and  assist  in  their  conversion  into  faeces. 
A  chemical  modification,  in  some  of  the  alimentary 
elements,  may  also  be  effected.  It  is  certain  that 
chyle,  or  the  nutritive  principles  of  which  blood  is 
formed,  does  not  appear  in  the  lacteals  until  after  the 
action  of  the  bile  and  pancreatic  fluid  on  the  chyme, 
the  product  of  the  stomachic  digestion. 

The  action  of  the  stomach  on  the  food  is  that 
usually  designated  as  digntum,  and  it  is  the  derange- 
ment of  this  process  that  is  usually  expressed  by  the 
term  dy$pq^sia.  The  process  accomplished  in  the  duo- 
denum is  also  a  true  digestion,  and  the  symptoms 
rising  from  its  disordered  state  are  confounded  with 
those  of  the  stomachic  digestion,  in  the  general  ac- 
counts of  dyspepsia.  From  this  sketch  of  the  func- 
tion of  digestion,  it  is  evident,  that  its  most  im- 
portant agents  are,  1st,  the  secreted  fluids  collected 
in  the  stomach ;  2d,  the  contractile  movements  of  the 
stomach,  keeping  ihe  alimentary  mass  in  constant 
agitation,  mixing  it  with  the  fluids  as  they  are  secre- 
te, and  removing  the  portion  digested  or  reduced 
into  chyme;  3rd,  the  application  of  the  biliary 
and  pancreatic  fluids  to  the  chyme  in  the  duodenum ; 
and,  4th,  the  contractile  movements  of  this  viscus. 

Most  of  the  derangements  of  the  digestive  func- 
tions may  be  traced  inmiediately  to  a  departure  from 
a  natural  state  of  some  one  or  more  of  the  above  re- 
quisites of  digestion.  But  this  deviation  from  the 
natural  order  is,  itself,  an  effect.  The  secretions  are 
products  of  organs,  and  all  excitement  of  the  secre- 
tory organ,  beyond  the  range  of  healthy  action, 
causes  vitiation  of  the  secretion,  or  its  total  suspen- 
sion. The  action  of  the  organ,  diminished  below  the 
physiological  range,  is  attended  with  other  vitiations 
of  the  fluid,  or  the  cessation  of  its  secretion.  Indi- 
gestion, or  dyspepsia,  is  a  consec^uence  of  both  these 
conditions  of  the  organs  fumishmg  the  fluids  of  di- 
gestion. Digestion  is  a  very  stimulating  process. 
All  fimctionid  actions  are  exciting.  The  increased 
deinand  for  secreted  fluids  renders  an  augmented  ac- 
tion and  increase  of  blood  in  the  furnishing  organ, 
necessary  for  their  production.  The  presence  of  the 
food,  drinks,  9k.,  in  the  stomach,  add  to  the  stimu- 
lation of  digestion.  If  the  stomach  of  an  animal  be 
examined  in  the  act  of  digestion,  the  mucous  mem- 
brane is  found  of  a  diffused  scarlet  colour.     The 


movements  of  the  stomach,  essential  to  digestion,  de- 
pend on  its  nervous  communications,  and  especially 
on  the  integrity  of  the  eighth  pair  of  nerves.  When 
these  are  divided,  the  stomach  and  oesophagus  are 
paralyzed ;  the  food  is  no  longer  agitated  and  mixed 
up  with  the  digestive  fluids,  and  it  often  regurgitates 
from  the  stomach  into  the  oesophagus.  This  experi- 
ment proves  the  influence  of  the  contractile  motion 
of  the  stomach  in  the  act  of  digestion.  The  ganglio- 
nic nerves  are  not  less  important,  though  their  spe- 
cific influence  cannot  as  readily  be  determined. 

But  in  many  cases  of  disease  of  these  ganglions, 
vomiting,  eructations,  pain  in  the  gastric  region,  and 
impaired  digestion,  are  accompanying  symptoms. 
Through  the  nervous  system,  the  function  of  diges- 
tion is  exposed  to  numerous  disorders  from  moral 
impressions,  especially  those  of  an  agitating  charac- 
ter. From  the  preceding  principles,  it  is  evident  that 
dyspepsia  or  indigestion  is  not,  properly  speaking,  a 
disease,  but  rather  a  symptom,  attached  to  diseases 
of  the  apparatus  of  digestion,  of  very  various  and 
even  opposite  character.  No  specific  treatment  can, 
therefore,  be  laid  down  for  the  cure  of  dyspepsia,  but 
each  case  requires  to  be  managed  according  to  its 
peculiar  cause  and  nature.  The  organ  of  the  diges- 
tive apparatus,  the  most  frequently  productive  of  dys- 
peptic symptoms,  is  the  stomach,  and  the  most  usual 
cause  of  dyspepsia  is  its  irritation  and  inflammation. 

The  stomach  is  more  liable  than  any  other  organ 
to  these  states,  from  its  direct  exposure  to  so  many 
irritating  aggressions,  and  its  intimate  sympathetic 
communications,  which  make  it  participate  in  the 
irritations  of  almost  every  other  organ.  The  sub- 
acute and  chronic  forms  of  gastric  irritation  and  in- 
flammation, the  signs  of  which  have  only  of  late 
been  fully  appreciated,  are  the  disorders  that  in  seven 
or  eight  cases  out  of  ten,  are  termed  d^9p€p$ia. 
Hence  dyspepsia  so  frequently  succeeds  to  febrile 
diseases,  especially  when  treated  by  emetics,  drastics, 
and  the  improper  use  of  tonics  and  stimulants,  which, 
although  Uie  patient  escapes  the  fever,  leave  him  a 
martyr  to  the  chronic,  disorganizing  and  pertur- 
bating  irritations  of  the  gastric  mucous  membrane. 
Hence,  too,  dyspepsia  almost  inevitably  follows  con- 
tinued abuse  of  the  digestive  functions,  from  too 
hi^ly  seasoned  or  too  abundant  food,  and  stimulant 
drinks.  The  constant  stimulation  of  the  stomach 
finally  becomes  pathological  or  morbid.  The  simple 
prolongation  of  the  functional  excitement  essential 
to  diction,  continued  from  meal  to  meal,  without 
permitting  the  stomach  to  revert  to  a  state  of  repose, 
is  sufficient  to  constitute  a  morbid  state.  All  ftmc- 
tions,  for  their  perfect  performance,  require  alternate  , 
periods  of  repose  and  activity.  Incessant  action  ir- 
ritates,  inflames,  and  finally  disorganizes  the  struc- 
ture of  the  organs. 

A  second  condition  of  the  stomach,  productive  of 
dyspepsia,  is  the  congestion  of  its  mucous  tissue* 
Tliis  may  be  confined  to  the  stomach  alone,  succeed- 
ing to  an  attack  of  acute  gastritis,  or  following  on  its 
protracted  irritation ;  or  it  may  be  an  attendant  on  a 
general  congestion  of  the  whole  portal  system  invol- 
ving most  of  the  abdominal  viscera.  Every  irritation 
is  attended  with  an  afflux  of  the  circulating  fluida 
into  the  structure  where  it  is  seated,  proportioned  to 
its  intensity  and  the  vascularity  of^  the  structure. 
This  gorged  state  often  continues  after  the  subsidence 
of  the  irritation  that  provoked  it,  and  prevents  the 
resumption  of  the  healthy  functions. 
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It  is  a  state  of  passive  congestion,  and  often  ^- 
ists  in  the  mucous  membrane  of  the  stomach,  after 
attacks  of  inflammation  or  acute  irritation,  and  em- 
barrasses, its.  digestive  operations.  In  all  the  exten- 
•ivc  irritations  of  the  alimentary  canal,  especially 
-when  attOAded  with  fever,  having  a  paroxysmal  cha- 
racter»  tibte  great  portal  system  of  the  abdomen  be- 
comes loaded  with  blood,  and  congestion  of  its  radical 
vessels  ensues.  The  functions  of  the  viscera  are  then 
disordered,  the  secretions  are  defective,  and  indiges- 
tion, costiveness,  and  their  attendant  nervous  affec- 
tions, are  the  necessary  consequences  of  this  con- 
dition. 

A  third  state  of  the  stomach,  a  cause  of  dyspeptic 
symptoms,  is  precisdy  the  reverse  of  the  preckling. 
Asthenia,  or  diminution  of  vitality  and  actions  below 
^Me  healthy  degree,  occasionally  takes  possession  of 
the  stomach.  Its  circulation  is  then  deficient,  its 
Secreted  fluids  are  defective  in  quantity  or  quality, 
its  sensibility  is  impaired,  and  digestion  is  imper- 
fect. It  is  not  probable  that  gastric  asthenia  is  ever 
Erimitive.  It  succeeds  to  previous  irritation,  and 
I  often  occasioned  by  irritation  in  other  organs. 
*— Tlie  preceding  form  a  first  class  of  dyspeptic  dis- 
eases, which,  depending  entirely  on  the  stomach, 
may  be  termed  gastric  dyspepsia.  They  present  cha* 
racters  totally  different,  and  require  a  verjr  opposite 
treatment.    This  class  embraces  three  species. 

A  second  class  of  dyspeptic  diseases  is  connected 
-With  the  duodenum  and  its  functions.  This  viscus, 
similarly  constituted  to  the  stomach,  is  subject  to  the 
same  morbid  alterations.  Its  mucous  membrane  is 
the  seat  of  irritation,  in  its  various  grades,  and  pro- 
ductive of  its  usual  consequences^— augmented 'irrita- 
bility, sensibility,  perversion  of  secretions,  vitiation 
of  structure,  and  disorder  of  function.  Duodenic  ir- 
ritation most  commonly  accompanies  gastric  irrita- 
tion, and  the  symptoms  of  the  two  are  blended  toge- 
ther. It  exists,  however,  in  many  instances,  inde- 
pendently, and  then  manifests  particular  symptoms, 
Which  are  often  termed  dyspepsia.  It  is,  more  espe- 
cially, liie  chronic  irritation  of  the  duodenum,  that 
passes  for  dyspepsia. 

It  is  not  probable  that  congestion,  or  asthenia, 
ever  affect  die  duodenum  exclusively  to  the  detriment 
of  its  function.  When  these  states  prevail,  it  is  in 
conjunction  with  similar  conditions  of  the  whole  di- 
gestive apparatus.  At  least,  we  have  no  knowledge 
of  these  states  limited  to  the  duodenum. 

A  third  class  of  dyspeptic  diseases  depend  on  the 
jirrvous  organs,  which  furnish  nerves  to  the  digestive 
viscera.  The  ganglionic  system  of  nerves,  distnbuted 
on  each  side  of  the  spine,  from  the  head  to  the  pelvis, 
transmits  nerves  to  all  the  organs  connected  with  the 
auritive  function.  The  stomach,  especially,  is  largely 
•applied  from  the  solar  plexus,  and  it  receives,  Uke- 
trise,  numerous  nervous  filaments  from  the  pneumo- 
gastric,  placing  it  in  connection  with  the  functions  of 
delation. 

The  offices  of  the  ganglionic  system  are  not  ascer- 
tained with  precision.  It  is,  however,  well  deter- 
mined, that  diseases  of  the  ganglions  disorder  the 
functions  of  the  viscera  to  whidi  they  transmit  nerves. 
Hence  arises  an  order  of  dyspeptic  symptoms,  inde- 
pendent of  any  immediate  affection  of  Uie  stomach, 
but  occasioned  by  disease  in  the  great  solar,  or  other 
neighbouring  plexus.  The  disorders  of  the  digestive 
functions,  from  this  cause,  are  various.  The  sensi- 
blity  of  Uie  stomach  is  sometimes  greatly  increased^ 


constituting  gastrelgia.    At  other  times,  the  stcretfld 
fluids  of  the  stomach  are  morbidly  acid. 

The  stomach  appears,  in  other  cases,  to  be  parti- 
ally paralysed,  and  the  peristaltic  movements  neces- 
sary for  the  admixture  of  the  /bod,  and  the  gastric 
fluids,  and  the  continuous  passage  of  the  chyme  into 
the  duodenum,  are  suspended.  At  the  same  time, 
considerable  quantities  of  flatus  collect  in  and  dis- 
tend the  stomach,  preventing  its  action  on  the  food. 
Mechanical  manipulation  of  the  abdomen,  and  par- 
ticularly of  the  epigastrium,  after  a  meal,  becomes  a 
substitute  for  the  natural  motion  of  the  stomach,  ex- 
pels the  wind,  and  facilitates  digestion,  that  would 
otherwise  be  laborious  and  painful. 

Dyspepsia,  or  indigestion,  from  liiis  analysis  of  ita 
modes  of  production,  is  seen  not  to  be  a  disease  of 
uniform  character,  and  depending  on  an  identical 
state  of  the  digestive  organs.  It  is  attached,  as  a 
symptom,  rather,  to  a  variety  of  conditions,  each  of 
winch  requires  to  be  managed  in  its  appropriate  mode. 
It  is  not  possible  that  it  can  be  remedied  by  any  one 
general  mode  of  treatment,  or  by  any  set  of  specific 
remedies.  The  most  common  causes  of  dyspepsia  ar« 
excesses  of  various  kinds,  especially  in  the  quantity 
of  food  eaten.  Most  individuals,  in  this  country,  err 
in  this  respect.  Meat  at  tliree  meals,  daily,  can  be 
borne  only  by  the  most  robust  frames,  and  by  hard 
labourers.  Persons  of  a  sedentary  Itfe  require  less 
nutriment ;  the  economy  makes  less  demand  on  the 
stomach  for  supplies ;  and  if  it  be  compelled  then  to 
labour,  it  is  at  its  own  loss.  Exercise,  or  the  expen- 
diture of  the  nutritive  elements  by  the  economy,  and 
the  quantity  of  food  to  be  digested,  must  be  propor- 
tioned to  each  other,  for  the  preservation  of  health 
and  the  due  vigour  of  digestion. 

Good  cookery,  by  rendering  food  more  digestible^ 
is  one  preservative  against  dyspepsia.  The  food,  by 
being  rendered  tender  and  pulpy,  is  reduced  to  chyme 
in  a  shorter  period,  with  a  smaller  expenditure  of  the 
secreted  fluids,  and  less  excitement  of  the  stomach, 
than  when  it  is  not  properly  concocted.  The  art  of 
long  and  healthful  living  will  depend  on  a  perfect 
system  of  cooking,  and  a  rational  mode  of  eating. 

The  powers  of  the  stomach  differ,  in  individuals,  as 
much  as  the  force  of  their  muscles;  and  each  one 
must  adopt  a  mode  of  nutrition,  both  as  to  quantity 
and  quality  of  food,  suitable  to  the  wants  of  his  eco- 
nomy and  the  digestive  capacity  of  his  stomach.  The 
quality  of  food  is  a  frequent  cause  of  dyspepsia. 
Tough  and  badly  dressed  meats,  and  crude  v^tables, 
are  among  the  prominent  causes  of  this  afiliction,  as 
are  also  hot  bread  and  cakes,  heavy  and  fresh  bread, 
and  the  immoderate  use  of  hot  fluids  for  breakfkst. 
In  enumerating  the  more  common  causes  of  dyspeptic 
symptoms,  we  ought  not  to  omit  the  frequent  exa- 
cerbations of  the  malevolent  passions,  as  anger* 
hatred,  envy,  jealousy,  and,  what  is  not  often  sus- 
pected, excessive  indulgence  and  abuses  of  the  vene<- 
real  propensity  Another  fruitful  source  of  the  di- 
gestive disorders  is  found  in  the  employment  of  eme- 
tics, and  in  a  frequent  resort  to  saline  or  drastic 
cathartic  medicines.  When  a  constipated  habit  pre- 
vails, it  should  always  be  overcome,  if  possible, 
by  a  laxative  regimen,  and  the  aids  of  purgatives  be 
cautiously  and  rarely  invoked.  Above  all,  we  may 
add,  healthfbl  exercise  and  well  ventilated  apartments 
will  tend  most  materiaUy  towards  preserving  the 
health  of  those  persons  m  whom  a  disposition  to 
dyspepsia  prevailBi 
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It  is  u  state  of  passive  congntion,  and  often  ex- 
lots  in  the  mucous  membraoe  of  the  stomach,  lAei 
attacks  of  iQHammation  or  acute  irritatioD,  aad  em- 
barrasse*  its  digestive  operations.  In  all  die  eiten- 
■ivc  irritations  of  the  alimentary  canal,  especially 
when  attei^cd  with  fever,  having  a  paroxysmal  cha- 
racter, tbe  great  portal  system  of  the  abdomen  be- 
conesloadai  with  blood,  and  congestion  of  its  radical 
vessels  ensues.  The  tunctionsor  theviBcetaarethen 
disordered,  the  secretions  are  defective,  and  indiges- 
tion, costiveaess,  and  their  attendant  nervona  affec- 
tions, are  the  necessary  consequences  of  this  con- 

A  third  state  of  the  stomach,  a  canae  of  dyspeptic 
symptoms,  is  precisely  the  reverse  of  the  preceding. 
Asthenia,  or  diminntion  of  vitality  and  actions  below 
*^e  healthy  degree,  occasionally  takes  possession  of 
the  stomach.  Its  circulation  is  then  deficient,  its 
vcreted  fluids  are  defective  in  quantity  or  quality, 
its  sensibility  is  impaired,  and  digestion  is  imper- 
fect. It  is  not  probable  that  gastric  asthenia  is  ever 
Erimitive.  It  succeeds  to  previous  irritation,  and 
I  often  occasioned  by  irritation  in  other  organs. 
— T^  precnling  form  a  first  class  of  dyspeptic  dis- 
eases, which,  depending  entiitly  on  the  stomach, 
Inay  be  termed  gailrie  dyiptptin.  Tliey  present  cha> 
racters  totally  different,  and  require  a  very  opposite 
treatment,     llils  class  embraces  three  species. 

A  second  class  of  dyspeptic  diseases  is  connected 
with  the  duodenum  and  its  functions.  This  viscus, 
similarly  constituted  to  the  stomach,  is  subject  to  the 
same  morbid  alterations.  Its  mucous  membrane  is 
the  seat  of  irritatioD,  in  its  various  grades,  and  pro- 
ductive of  its  usual  consequences — aogmi 


ritation  most  commonly  accompanies  gastric  irrita- 
tion, and  the  symptoms  of  the  two  are  blended  toge- 
ther. It  exists,  however,  in  many  instances,  inde- 
pendently, and  then  manifests  particular  symptoms, 


cially,  the  chroni 
passes  for  dyspepsia. 

It  is  not  probable  that  congestion,  or  asthenia, 
ever  affect  the  duodenum  exclusivelyto  the  detriment 
of  its  function.  When  these  states  prevail,  it  is  in 
conjunction  with  similar  conditions  of  the  whole  di- 
gestive apparatus.  At  least,  we  have  no  knowledge 
of  these  states  limited  to  the  duodenum. 

A  third  class  of  dyspeptic  diseases  depend  on  tbe 
XrrvoQS  organs,  which  furnish  nerves  to  thedi^estive 
Viscera.    'Hie  ganglionic  system  of  nerves,  distributed 

<in  each  side  of  the  spine,  from  the  head  t^  *' '— - 

transmits  nerves  to  ^1  the  organs  conned 
Boritive  function.  The  stomach,  especiall 
•applied  from  the  solar  plexus,  and  it  rer 
wise,  numerous  nervous  filaments  from  t1 
gsitric,  placing  it  in  connection  with  the 
relation. 

The  offices  of  the  ganglionic  s)-stem  an 
tained  with  precision.  It  is,  however, 
mined,  that  diseases  of  the  ganglions  i 
functions  of  the  viscera  to  which  they  tram 
Hence  arises  an  order  of  dyspeptic  symp 
pendent  of  any  immediate  affection  of  it 
hut  occasioned  by  disease  in  the  great  so 
neighbouring  plexus.  The  disorders  of  t 
functions,  from  this  cause,  are  various. 
blltty  of  the  stomach  is  sometimes  greati 
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constituting  gastrelgia.     At  other  tjmea,  tiUMOri 
fluids  of  tbe  stomach  are  morbidly  acid. 

The  stomach  appears,  in  other  cases,  to  be  pub.  i 
ally  paralysed,  and  the  peristaltic  movemtnd  ma-  \ 
aary  for  the  admixture  of  the  food,  and  the  guDic  < 
fluids,  and  the  continuous  passage  of  the  diymc  nun  • 
the  duodenum,  are  suspended.  At  the  mdc  tiiK  i 
considerable  quantities  of  flatus  collect  is  ssd  ds- ' 
tend  the  stomach,  preventing  its  action  on  tlie  b^  ; 
Mechanical  manipulation  of  the  abdomen,  and  jar- 
ticnlarly  of  the  epigastrium,  after  a  meal,  becoDB  i 
mbatitnte  for  the  natural  motion  of  the  stimiid,  a. 
pels  the  wind,  and  facilitates  digestion,  thsl  utild 
otherwise  be  laborious  and  painfn). 

Dyspepsia,  or  indigestion,  from  this  anslyiii  irf  is 
modes  of  production,  is  seen  not  to  be  a  diiuK  ni  ' 

''  na  character,  and  depending  on  an  idcstial 
of  the  digestive  organs.  It  is  attachMl,  ni 
symptotn,  rather,  to  a  variety  of  conditions,  etch  of 
which  requires  to  be  managed  in  its  appropriate  moii- 
It  is  not  possible  that  it  can  be  remedied  by  ut  im 
general  mode  of  treatment,  or  by  any  set  of  ipedtt 
remedies.  The  mostcommon  causes  of  dyipepsitut 
eiceeses  of  various  kinds,  especially  in  Ox  qmotiR 
of  food  eaten-     Most  individuals,  in  this  country,  irr 

this  respect  Meat  at  tliree  meals,  daily,  cu  be 
borne  only  by  the  most  robust  frames,  and  b;  lunJ 
labourers.  Peraons  of  a  sedentary  life  require  l« 
nutriment ;  the  economy  makes  less  demand  on  tlit 
stomach  for  supplies ;  and  if  it  be  compelled  tlia  U 
labour,  it  is  at  its  own  loss.  Exercise,  or  the  etpei- 
diture  of  the  nutritive  elements  by  the  economy,  ««i 
the  quantity  of  food  to  be  digested,  must  be  pnipv- 
tioned  to  each  other,  for  tbe  preservation  of  isaH 
and  the  due  vigoor  of  digestion. 

Good  cookery,  by  rendering  food  more  ^gcttible, 

one  preservative  agunst  dyspepsia.  He  food,  b; 
being  rendered  tender  and  pulpy,  is  reduced  todiTW 
in  a  shorter  period,  with  a  smaller  expenditure  of  ^ 
secreted  fluids,  and  less  excitement  of  the  stomKh, 
than  when  it  is  not  properly  concocted.  The  sit  of 
long  and  healthful  living  will  depend  on  a  jiaktl 
system  of  cooking,  and  a  rational  mode  of  eatug. 

The  powers  of  the  stomach  differ,  in  iudividBali,> 
much  as  the  force  of  their  muscles;  and  each  M 
adopt  a  mode  of  nutrition,  both  as  to  qusotit; 
and  quality  of  food,  suitable  to  the  wants  of  histn- 
nomy  and  the  digestive  capacity  of  his  stomach.  T^ 
quality  of  food  Is  a  frequent  cause  of  ijtftf^ 
Tough  and  badly  dressed  meats,  and  crude  vegetilil0' 
are  among  the  prominent  causes  of  this  afflictico. » 
are  also  hot  bread  and  cakes,  heavy  and  fresh  bread. 
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small  bones,  wliidi  fiicilitate  the  hearing :  the  first  b 
the  malleus,  or  hammer,  so  called  from  its  shape : 
the  upper  part  of  its  round  head  rests  upon  the 
.'"oncavity  of  the  tympanum,  from  whence  the  handle 
is  extended  down,  along  the  membrane  of  the  tym- 
panum. This  bone  has  several  muscles,  which  move 
It  in  different  directions,  and  cause  it  to  stretch,  or 
brace  the  membrana  tympani,  when  we  wish  to  hear 
with  accuracy. 

Connected  with  the  malleus  is  another  small  bone 
called  the  incus,  or  anvil,  which  is  connected  with 
•Bother  called  the  stapes,  or  stirrup,  from  its  shape. 
These  two  bones  are  connected  by  a  small  oval- 
shaped  bone  called  os  orbiculare,  placed  between 
them  :  the  whole  forming  a  little  cham  of  bones. 

The  stapes,  or  sjdrrup,  nas  its  end  of  an  oval  form, 
which  fits  a  small  hole  called  fenestra  ovalis,  in  that 
part  of  the  ear  called  the  labyrinth,  or  innermost 
chamber  of  the  ear. 

The  labynnth  consists  of  three  parts :  first,  the 
vestibule,  which  is  a  round  cavity  in  a  hard  part  of 
the  OS  petrosum ;  secondly,  the  semicircular  canals, 
•o  called  from  their  shape,  which,  however,  is  not 
exactly  semicircular ;  thinlly,  the  cochlea,  wldch  is  a 
beautiftilly  convoluted  canal,  like  the  shell  of  a  snail. 
This  part  has  a  round  cavity  called  fenestra  rotunda, 
which  is  OL  vered  with  a  thin  elastic  membrane,  and 
looks  into  the  tympanum. 

The  vestible,  semicircular  canals,  and  cochlea,  the 
whole  of  which  is  called  the  labyrinth,  form  one 
cavity,  which  is  filled  with  a  very  limpid  fluid  re- 
sembling virater,  and  the  whole  lined  wim  a  fine  deli- 
cate membrane,  upon  which  the  auditory  nerve  is 
expanded,  like  the  retina  upon  the  vitreous  humour 
of  the  eye.  This  beautifid  apparatus  was  lately 
discovered  by  an  Italian  physician,  Scarpa.  The 
auditory  nerve  is  a  portion  of  the  seventh  pair,  which 
is  called  the  portio  mollis,  or  soft  portion. 

There  is  one  part  of  the  ear  still  to  be  described ; 
namely,  the  Eustachian  tube,  so  called  from  Eusta- 
chius,  the  anatomist,  who  first  described  it. 

This  tube  opens  by  a  wide  elliptical  aperture  into 
the  tympanum  behind  the  membrane ;  the  other  end, 
whi^  gradually  grows  wider,  opens  into  the  cavity 
of  the  mouth.  By  this  canal  the  inspired  air  enters 
the  tympanum  to  be  changed  and  renewed ;  it  like- 
wise serves  some  important  purpose  in  hearing,  with 
the  nature  of  which  we  are  yet  unacquainted.  It  is 
certain  that  we  can  hear  through  this  passage,  for 
if  a  watch  be  put  into  the  mouth,  and  the  ears 
stopped,  its  tickmg  may  be  distinctly  heard ;  and  in 
sevend  instances  of  deafoess  this  tube  has  been  found 
completely  blocked  up.  Though  the  use  of  the  Eu- 
stachian tube  has  been  doubted,  as  conveying  sound 
by  the  mouth,  yet  a  simple  experiment  will  convince 
us,  that  it  has  some  influence  in  this  respect ;  thus, 
if  a  deaf  person  is  to  converse  with  another,  and  a 
wire  or  other  medium  of  communication  is  made  to 
pass  to  the  mouth  of  each,  by  placing  its  extremity 
between  the  teeth,  the  deaf  person  will  hear  the  con- 
versation better  than  without  this  assistance,  which 
certainly  proves,  that'  part  of  the  vibrations  of  sound 
b  carried  along  the  wire  into  the  month,  and  applied 
to  the  ear  through  the  Eustachian  tube  in  the  throat; 
while  a  part  also  reaches  the  ear  externally,  and  is 
collected  in  the  auricle  in  the  usual  manner.  We 
have  seen  people  quite  deaf  to  outward  sounds, 
er\joy  a  concert  on  the  piano-forte,  by  means  of  a 
long  narrow  hzz  of  wood  placed  on  the  instru- 


ment, tlie  opposite  end  being  grasped  between  te 
teeth. 

We  have  now  to  notice  the  labours  of  M.  flatart, 
who  has  paid  considerable  attention  to  the  anatomy 
and  uses  of  the  tympanum. 

By  a  series  of  experiments,  which,  fortunately  for 
the  cause  of  humanity,  have  not  been  verified  in  tins 
country,  he  ascertained  that  the  membrane  of  the 
tpipanum  exactly  resembled  in  its  effects  the  vibra- 
tions of  a  drum,  or  plate.    (See  Aoonsnos.) 

That  the  membrane  of  the  tympanum  may  justly 
be  compared  with  an  ordinary  membrane  acted  upon 
by  communicated  vibrations.  Tins  was  proved,  by 
submitting  the  real  ear  to  the  following  experiment : 
— after  having  removed  the  temporal  bone,  he  made 
with  the  saw  a  section  parallel  to  the  external  sur- 
face of  the  membrane,  so  as  to  lay  it  open,  and  to  bt 
enabled  to  cover  it  with  sand :  the  sand  was  observed 
to  be  slightly  put  in  motion,  when  a  vibrating  plate 
was  brought  parallel  ¥rith  Uie  membrane,  and  very 
near  its  surface ;  but  it  was  impossible,  from  its 
limited  extent,  and  particularly  on  account  of  its 
form,  to  prove  the  existence  of  any  distinct  nodal  line. 
The  exbtence  of  the  motions  was  rendered  mudi  more 
evident,  by  substituting  for  the  human  tympanum 
the  drum  of  a  calf  s  ear. 

He  observed,  also,  that  when  the  internal  muscle  of 
the  malleous  acted,  and,  consequently,  that  when  the 
membrane  was  tightened,  it  veas  more  difikult  to  pro- 
duce evident  motions  in  the  grains  of  sand ;  so  that 
the  uses  of  thb  little  muscle  appear,  like  those  of  the 
iris,  to  consbt  in  preserving  the  organ  from  impres- 
sions too  intense,  which,  under  certain  circumstances» 
it  might  otherwise  receive. 

The  membrane  of  the  tympanum  may  be  con- 
sidered as  a  body  put  in  motion  by  the  air,  and  per- 
forming always  a  number  of  vibrations  equal  to  that 
of  the  body  which  has  produced  the  oscillations  in 
the  air;  but,  besides,  as  th^  direction  of  the  mole- 
cular motions  of  the  membranes,  and  generally  of  all 
bodies,  continually  varjr  with  the  direction  of  the 
vibrations  of  the  body  directly  put  in  motion,  it  may 
be  presumed  that  it  is  by  thb  means  that  we  are  able 
to  judge  of  the  direction  of  the  sound,  when  it  arrives 
without  having  been  reflected. 

The  following  experiment  shows,  that  if  the  audi- 
tory passage,  tiie  concha,  and  the  bell  of  the  ear, 
serve  to  render  the  aerial  oscillations  more  intense, 
they  also  are  of  use  to  reciprocate  the  vibrations  of 
the  air,  and  to  transmit  them  to  the  membrane  of  the 
tympanum,  with  the  same  degree  of  force,  whatever 
may  be  their  direction.  A  very  wide  conical  tube 
was  formed  of  thin  pasteboard,  and  to  its  smaller  end 
a  thin  and  tended  membrane  was  firmly  fastened : 
on  bringing  in  a  parallel  direction  to  the  upper  and 
external  surface  of  thb  membrane,  when  covered  with 
sand,  a  vibrating  plate,  the  grains  of  sand  were  but 
slightly  put  in  motion ;  but  on  placing  the  plate  near 
the  large  orifice  of  the  tube,  they  became  strongly 
agitated.  Another  conical  tube  was  opposed  by  its 
summit  to  the  preceding,  but  without  touchinff  the 
membrane,  and  afterwards  the  plate  was  put  m  vi. 
bration  at  the  larger  orifice  of  dch  of  the  tubes :  it 
was  observed  that  the  communicated  motions  were 
incomparably  more  energetic  when  the  aerial  undu* 
lations  arrived  through  the  tube  which  was  in  im- 
mediate contact  with  the  membrane,  than  when  they 
arrived  through  that  which  did  not  touch  it. 

Another  experiment  shows  the  important  influence 
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which  the  malleitty  fiutened  upon  the  internal  snr- 
fiice  of  the  membrane  of  the  tympanum,  exercises 
upon  the  nature  of  its  motions.  If  a  small  wooden 
rod,  reduced  at  its  edges,  be  fixed  on  a  stretched 
membrane,  so  that  it  may  extend  itself  from  the  cen- 
tre  to  the  circumference,  or  even  beyond,  the  figures 
produced  by  the  membrane  wiU  be  modified  by  the 
presence  of  the  little  rod,  and  the  latter  will  be  caused 
to  vibrate  so  strongly,  that  very  distinct  nodal  lines 
will  be  produced  in  it,  even  when  its  dimensions  are 
rather  considerable. 

It  appears  then  from  this,  that  the  malleus  fulfils 
at  the  same  time  two  distmct  functions :  first,  it 
modifies,  by  means  oi  its  muscles,  the  tension  of  the 
membrane,  in  order  to  preserve  the  or^;an  from  over- 
intense  impressions,  and  to  dispose  it  conveniently 
to  receive  the  weakest  impressions ;  and,  secondly, 
it  reciprocates  the  motions  of  the  membrane,  and 
communicates  them  to  other  parts.  Since  this  bone 
is  in  immediate  contact  with  the  incus,  and  the  incus 
communicates  with  the  lenticular  bone,  and,  by  its 
means,  wiUi  the  stapes,  it  is  evident  that  the  mem- 
brane of  the  tympanum  cannot  vibrate,  without  pro- 
ducing corresponding  oscillations  in  the  membranes 
of  the  fenestra  ovalis.  The  mechanism  which  causes 
the  tension  of  the  latter  membrane,  and  preserves 
the  soft  parts  contamed  in  the  labyrinth  from  intense 
impressions,  may  be  illustrated  by  an  experiment. 
Had  the  membranes  which  close  the  entrances  of  the 
labyrinth  been  in  immediate  contact  with  the  atmos- 
pheric air,  their  elastic  state  would  have  been  con- 
tinually influenced  by  the  changes  of  temperature  oi 
that  fluid.  It  may,  therefore,  be  presumeid,  that  the 
use  of  the  membrane  of  the  tympanum  is  to  prevent 
the  direct  contact  of  the  atmospheric  air,  and  that 
the  case  of  the  drum  and  the  mustoid  cells  form  a 
kind  of  receptacle,  in  which  the  air,  already  warmed, 
comhig  from  the  mouth  through  the  Eustachian  tube, 
acquires  the  constant  temperature  of  the  body,  in 
order  to  establish,  before  the  apertures  of  the  laby- 
rinth, an  atmosi^ae,  the  properties  of  which  are  in- 
variable :  so  that  it  is  probable  that  the  great  tem- 
poral artery,  separated  from  the  case  of  the  drum 
only  by  a  very  uiin  bony  partition,  is  of  some  im- 
portance in  the  mechanism  of  audition. 

In  deqfnem,  the  auditory  nerve  first  fails  to  detect 
the  soft  distinctions  of  sound;  vibrations  must  be 
strongir  and  stronger,  to  convey  through  the  me- 
dium of  a  thickened  ^rmpanum,  impressions  to  the 
brain.  But  while  the  mculty  of  heanng  declines,  the 
nerves  may  be  occasionally  so  much  excited,  that 
they  will  detect  sounds  with  their  wonted  acuteness. 
A  very  striking  instance  of  this  is  apparent  in  the 
case  of  a  gentleman,  so  deaf  that  he  could  cmly  hear 
the  voice  when  raised  to  its  highest  pitch,  and  yet, 
when  riding  in  a  carriage  rattling  along  the  streets, 
he  could  hear  common  conversation  without  diffi- 
culty. It  would,  by  this,  appear,  that  the  powers 
of  hearing,  although  impaired,  yet  being  greatly  ex- 
cited by  this  discordant  din,  and  the  tympanum  or 
drum  of  the  ear  placed  in  more  than  ordinary  ten- 
sion, the  sense  was  partially  restored. 

Dr.  WoUaston  discovered  the  very  singular  fact, 
that  there  were  persons  who  never  felt  any  defect  in 
their  hearing,  and  who  yet  could  not  h^  certain 
sounds,  which  others  perceive  distinctly. 

It  is  well  knovm,  that  persons  affected  with  slight 
deafoess,  hear  sharp  sounds  much  better  than  those 
whkh  are  grave  and  low.    They  distinguish  the 


voices  of  women  and  diildren,  from  their  acuteness, 
much  better  than  the  lower  tones  of  men's  voices. 
This  fact  is  acted  upon  practically,  as  it  may  be 
remarked,  that  those  accustomed  to  speak  to  deaf 
people  use  a  shriller  tone  of  voice,  rather  than  merely 
a  louder  tone  than  common. 

This  partial  deafness  may  be  artificially  produced, 
b^  shutting  the  mouth  and  nose,  and  exhausting  the 
air  in  the  Eustachian  tube,  by  a  forcible  attempt  to 
take  breath  by  expanding  the  chest.  When  this  is 
carefully  done,  so  that  the  eidiaustion  of  the  air  be- 
hind the  drum  of  the  ear  is  as  complete  as  possiUe* 
the  external  air  is  felt  strongly,  and  even  painfully, 
pressing  on  the  drum ;  and  the  ear  becomes  insensi- 
ble to  low  sounds,  though  shrill  sounds  are  as  readily 
perceived  as  before. 

After  the  ear  is  brought  into  this  state,  it  will 
remain  so  for  some  time,  without  continuing  the 
painful  effort  to  take  breath,  «id  even  without 
stopping  the  breath;  for,  by  suddenlv  discon- 
tinumg  the  effort,  the  end  of  the  tube  will  dose  like 
a  valve,  and  prevent  the  air  from  getting  into  the 
drum.  The  act  of  swallowing  will  open  Uke  closed 
tube,  and  restore  the  ear  to  its  wonted  feeling. 

When  the  ear  is  thus  exhausted,  if  we  attempt  to 
listen  to  the  sound  of  a  carriage  passing  in  the  streets 
the  rumbling  noise  cannot  be  heard,  thou^  the  rattle 
of  a  chain  or  loose  screw  remains  as  easily  heard  as 
before.  At  a  concert  the  experiment  has  a  singular 
effect :  as  none  of  the  sharper  sounds  are  lost,  and 
the  great  mass  of  the  louder  sounds  are  sum>rc»sed« 
the  shriller  ones  are  consequently  so  much  the  more 
distinctly  heard»  even  to  the  rattlmg  of  the  keys  of  a 
bad  instrument,  or  the  scraping  of  catgut  unskilfully 
touched. 

On  examining  the  external  ear  in  qitadniped»,  it  is 
found  to  resemble  the  oblique  section  oi  a  cone,  from 
near  the  i^>ex  to  the  base.  Hares,  and  other  animals 
exposed  to  danger,  and  liable  to  be  attacked  by  men, 
or  beasts  of  prey,  have  large  ears,  and  they  are  par- 
ticularly directed  backwards ;  while  their  eyes  at  the 
same  time,  full  and  prominent,  warn  them  of  any 
danger  in  front.  Rapacious  animals,  on  the  contrary, 
have  their  ears  placed  directly  forwards,  as  is  observ- 
able in  the  lion,  the  tiger,  the  cat,  and  others. 

All  animals,  as  far  as  we  know,  possess  the  sense 
of  hearing :  it  was  formerly  doubted  with  respect  to 
fishes. 

The  organ  of  hearing  in  fishes  was  first  discovered 
by  the  late  Mr.  John  Hunter ;  and  is  prosecuted  at  a 
considerable  length,  in  his  vrork  on  the  organ  of 
hearing  in  fishes,  by  the  late  Professor  Monro,  of 
Edinburgh.  Thus  Uie  modem  researches  and  dis- 
coveries in  comparative  anatomy  have  sufficiently 
established  their  possession  of  this  sense,  as  well  as 
the  other  classes.  - 

In  cray-fish,  and  the  sepise,  the  organ  is  most  sim- 
ple, consisting  of  a  small  cayity  or  vestibule,  and  a 
single  membranous  tube.  The  spinous  fishes,  in  ad- 
dition to  the  hollow  of  the  vestibule,  and  membranous 
bag  containing  the  lappilli,  are  provided  with  semi- 
circular canals;  whilst,  in  the  osseous  fishes,  the 
whole  b  enclosed  by  bone.  To  the  labyrinth  of  the 
serpent  tribe,  which  is  very  similar  to  the  internal 
ear  of  the  cartilaginous  fishes,  there  is  added  an  of- 
ficulum,  closing  &  fenestra  ovalis.  In  one  of  this 
order,  and  in  lUmost  all  the  four-footed  reptiles,  the 
membrana  tympani  is  furnished  with  this  officulum* 

In  prosecuting  our  inquiries  farther,  the  ear  has 
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been  discovered  in  insects ;  it  lies  at  the  root  of  their 
ontennse,  or  feelers,  and  can  be  distinctlv  seen  in  the 
lobster,  and  some  others  of  the  larger  kind. 

In  the  sea-tortoise,  the  frog,  and  other  amphibious 
animals,  its  structure  is  peculiar,  by  there  being  no 
external  meatus,  but  an  expanded  Eustachian  tube, 
at  the  back  part  of  the  roof  of  the  mouth,  near  where 
the  under  and  upper  jaws  articulate.  This  tube  has 
a  winding  course  behind  the  upper  jaw,  and  leads  to 
a  large  cavity,  resembling  the  cavity  of  the  human 
tympanum,  covered  by  the  skin  of  the  temple  and  a 
tough  substance.  The  latter  then  passes  into  the 
bottom  of  the  ty^mpanum,  and  next  into  a  smaller 
cavity  filled  with  a  watery  humour,  and  last  it  opens 
into  a  third  cavity,  having  three  semicircular  canals, 
and  a  sac  containing  a  soft  cetaceous  substance,  on 
the  membrane  of  which  are  distributed  the  nerves. 
Thus,  making  a  comparison  of  it  with  the  human 
ear,  the  tough  substance,  or  cartilaginous  body,  sup- 
plies the  place  of  the  small  bones  of  our  ear,  and  tne 
membrane  to  which  it  is  connected  is  analogous  to 
the  membrane  of  the  foramen  ovale.  The  sac,  and 
semicircular  canals  and  nerves,  exactly  resemble  the 
human  labyrinth,  or  internal  ear. 

Ear-trumpet.  The  mode  of  constructing  a 
trumpet  for  the  purpose  of  conveying  sounds  to  a 
distance  was  well  known  to  the  ancients.  Its  in- 
vention is,  however,  usually  ascribed  to  Sir  Samuel 
Morland,  who  called  it  the  tidfa  Stentorophonica.  An 
account  of  this  instrument  was  published  at  London 
in  1671,  in  which  the  author  relates  several  of  his 
early  experiments ;  the  result  of  which  was,  that  a 
speaking-trumpet  constructed  by  him,  five  feet  six 
inches  long,  twenty-one  inches  diameter  at  the  greater 
end,  and  two  incnes  at  the  smaller,  being  tried  at 
Deal  Castle,  was  heard  at  the  distance  of  three  miles, 
the  wind  blowing  from  the  shore.  Kircher,  in  his 
Phonurgia  Nova,  published  in  1673,  says,  that  "the 
tromba,  published  last  year  in  England,  he  invented 
twenty-four  years  before,  and  published  in  his  3ft- 
surgia  :**  he  adds,  that  " Jac.  Albanus  Ghibbisius 
and  Fr.  Eschinardus  ascribe  it  to  him;  and  that 
G.  Scottus  testifies  of  him  that  he  had  such  an  in- 
strument in  his  chamber  in  the  Roman  college,  with 
which  he  could  call  to,  and  receive  answers  from,  the 
porter. 

In  a  speaking-trumpet,  the  sound  in  one  direction 
is  usually  supposed  to  be  increased,  rather  by  the  re- 
flection of  the  sound  than  by  its  greater  intensity  in 
one  direction ;  and  as  the  real  action  of  the  instru- 
ment, or  the  true  motion  of  the  air  through  it,  is 
not  generally  understood,  different  persons,  accord- 
ing to  their  particular  conceptions  of  the  case,  have 
recommended  peculiar  shapes  for  the  construction 
of  such  trumpets :  some  suggest  a  conical  shape ; 
others,  that  which  is  formed  by  the  rotation  of  certain 
curves  round  their  axis  ;  others,  again,  have  recom- 
"mended  an  enlargement  or  two  of  the  cavity  in  the 
length  of  the  trumpet;  but  that  which  has  been  most 
commonly  recommended,  as  the  best  figure  for  such 
a  trumpet,  is  generated  by  the  rotation  of  a  parabola 
about  a  line  parallel  to  the  axis. 

The  tru6  physical  explication  of  the  speaking- 
trumpet  appears  to  have  been  first  given  by  Professor 
Leslie.  "  In  the  case  of  articulate  sounds,"  says  he, 
"  the  confining  of  the  air  does  not  affect  the  pitch  of 
voice,  but  it  augments  the  degree  of  intonation.  The 
lateral  flow  being  checked,  that  fugacious  medium 
receives  a  more  condensed  and  vigorous  impulsion. 


As  the  breath  then  escapes  more  slowly  from  the 
mouth,  it  waits  and  bears  a  fuller  stroke  from  ^e 
organs  of  speech.  But  the  speaking-trumpet  is  only 
an  extension  of  the  same  principle  ;  its  p^ormance 
does  certainly  not  depend  upon  any  supposed  reper- 
cussion of  sound  ;  repeated  echoes  might  divide,  but 
could  not  augment  the  quantity  of  impulse.  In 
reality,  however,  neither  the  shape  of  the  instrument, 
nor  the  kind  of  material  of  which  it  is  made,  seems 
to  be  of  much  consequence.  Nor  can  we  admit  that 
the  speaking-trumpet  possesses  any  peculiar  power  of 
collecting  sound  in  one  direction,  for  it  is  audible 
distinctly  on  all  sides. 

To  put  the  construction  of  tiiis  instrument  in  the 
plainest  and  simplest  point  of  view,  we  have  only  to 
suppose  the  lips  to  be  enclosed  at  A,  Fig,  2,  Plate  of 
the  Ear  and  Eye,  and,  as  such,  that  the  aerial  pulse 
is  directed  parallel  to  the  axis  of  the  tube.  If  this 
system  of  'enclosure  were  not  resorted  to,  the  air 
would  expand  itself  m  every  direction,  instead  of 
being  propelled  in  the  required  line ;  but,  the  instant 
the  wave  spreads,  it  is  received  by  tiie  reflecting  sur- 
face B,  from  whence  it  impinges  at  C,  and  thence, 
by  repeated  reflection,  to  D,  E,  and  F.  The  direction 
it  has  now  acquired  will  be  indicated  by  the  lines 
F  H,  which  are  parallel  to  the  axis  of  the  tube,  so 
that  by  this  method  a  concentration  of  sound  takes 
place,  which  could  not  be  effected  by  any  other 
means. 

The  ear-trumpet  differs  but  little  from  the  acoustical 
apparatus  just  described,  as  a  reference  to  the  diagram 
Fig.  3,  Plate  of  the  Ewr  and  Eye,  in  which  two  trum- 
pets are  seen  placed  opposite  to  each  other,  inH 
readily  show.  In  the  one  case,  the  lines  show  the 
way  in  which  the  aerial  pulses  are  propelled  from  the 
lips  in  any  required  direction ;  while,  in  the  other, 
they  are  collected,  and  received  by  the  organs  of 
hearing. 

Mr.  Gough  has  tried  several  experiments  on  ear- 
trumpets,  which  are  very  deserving  of  notice:  the  first 
experiments  were  made  with  a  view  to  determine  the 
degree  in  which  hearing  was  assisted  by  the  vibra- 
tions excited  in  the  metallic  shell  of  the  trumpet,  and 
conveyed  by  it  to  the  orifice  of  the  auditory  duct. 
The  result  of  these  experiments  was,  that  absolute 
contact  of  the  thing  producing  the  sound,  with  the 
apparatus  for  the  ear,  was  necessary,  in  order  that 
the  latter  should  produce  its  effects.  The  ticking  of 
a  watch,  the  scratching  of  a  pin,  or  even  that  of  a 
twisted  piece  of  paper,  was  conveyed  well  by  the 
instrument,  when  in  contact  with  it  (every  other 
avenue  for  sound  being  carefully  prevented),  but  the 
sound  was  no  longer  heard  when  the  watch  was 
moved  the  smallest  distance  from  the  instrument,  or 
when  the  other  noises  were  made  in  similar  circum- 
stances. 

Earth.  The  form  and  motions  of  the  planet  oh 
which  we  live,  and  on  which  is  concentrated  so  many 
of  our  enjoyments,  will  be  examined  in  this  article. 
That  it  is  a  "  fair  and  beautiful  earth  to  look  upon  *' 
must  be  admitted  by  every  unprejudiced  person,  and 
it  has,  as  far  as  we  have  any  means  of  judging  by  our 
own  feelings,  many  advantages  over  the  ot^er  planet- 
ary bodies. 

To  an  observer  who  possesses  an  unobstructed  view» 
the  earth  presents  the  appearance  of  a  cbrcular  plain, 
on  the  circumference  of  which  the  heavens  appear  to 
rest.  Accordingly,  in  remote  antiquity,  the  earth  was 
regarded  as  a  flat,  circular  body,  floating  on  the  wa- 
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t^.    But  the  great  distances  which  men  were  able  to 
travel  soon   refuted  this  limited  idea  as  an  optical 
illusion ;  and,  even  in  antiquity,  the  spherical  form 
of  the  earth  began  to  be  suspected.     On  this  suppo- 
sition alone  can  all  the  phenomena  relating  to  it  be 
explained*    A  sphere  of  such  great  magnitude  as  our 
earth,  surroimded  by  a  stratum  of  air,  or  the  visi- 
ble firmament,  must  present  to  the  eye  of  an  ob- 
server on  a  plain,  the  appearance  just  described. — 
But  how  could  the  earth  appear,  from  every  possible 
position,  as  a  surface  bounded  by  the  firmament,  if 
It  were  not  a  sphere  encircled  by  it  ?  How  else  could 
the  horizon  grow  wider  and  wider,  the  higher  the 
position  we  choose  ?    How  else  can  the  fact  be  ex- 
plained, that  we  see  the  tops  of  towers  and  of  moun- 
tains, at  a  distance,  before  the  bases  become  visible  ? 
But,  besides  these  proofs  of  the  sphericity  of  the  earth, 
there  are  many  others,  such  as  its  circular  shadow 
on  the  moon  during  an  eclipse,  the  gradual  appear- 
ance and  disappearance  of  the  sun,  the  inequality  of 
day  and  night,  the  changes  in  the  position  and  course 
of  the  stars,  and  the  gradual  disappearance  of  some 
and  appearance  of  others,  as  we  go  from  the  equator 
to  the  poles.    Finally,  if  the  earth  were  not  spherical, 
it  would  be  impossible  to  sail  round  it,  whidi  is  fre^ 
quently  done.    The  cause  of  the  earth's  sphericity  is 
very  evident^  if  we  consider  it  as  having  been,  at  first, 
a  yielding  masS)  capable  of  assuming  any  form  t  then, 
by  the  force  of  gravity,  every  particle  contained  in  it 
tending  towards  the  common  centre,  the  globular 
form  is  the  necessary  consequence.  The  earth  is  not, 
however,  an  exact  sphere,  but  is  flattened  at  the  poles. 
Philosophers  were  first  led  to  observe  this  by  the 
variations  in  the  vibrations  oi  the  pendulum,  under 
the  equator,  and  near  the  poles. 

It  was  found  that  the  pendulum  performed  its  vi- 
brations slower,  the  nearer  it  approached  the  equator, 
and  hence  was  inferred  the  variableness  of  the  force 
of  gravity.  This  was  easily  explained  on  the  theory 
just  mentioned,  because,  the  circle  of  daily  revolution 
being  greatest  at  the  equator,  all  bodies  revolve  pro- 
portionally faster  there  than  at  the  poles,  so  that  the 
centrifugal  force  is  greater,  and  the  force  of  gravity 
less,  thim  at  other  parts  of  the  earth's  surface ;  and 
because  at  the  equator,  the  centrifugal  force  is  exactly 
opposed  to  that  of  gravity,  but  towards  the  poles, 
being  oblique  to  it,  produces  less  effect.  From  these 
observations  it  was  justly  inferred,  that  the  earth  is 
a  sphere,  flattened  at  the  poles,  or  a  spheroid ;  and 
ibis  form  was  satisfactorily  accounted  for  by  the  fact 
that  the  particles  of  a  yielding  mass,  which  revolves 
on  its  own  axis,  depart  from  the  poles  and  tend  to 
the  centre,  by  which  the  poles  are,  of  course,  flattened, 
and  the  middle  elevated*  Various  measurements  have 
put  this  beyond  all  doubt.  (See  Dbobbb,  Mba- 
surbmbKt  of.) 

,  Another  important  desideratum  for  a  more  intimate 
acquaintance  with  the  earth  was,  to  fix  its  magnitude. 
Ilie  labours  of  the  ancients,  in  this  respect,  were  all 
fruitless,  owing  to  their  want  of  suitable  instruments. 
Accurate  results  were  first  obtained  in  the  year  1615, 
Willibord  Snellius,  a  Dutchman,  first  struck  into 
the  true  way,  and  measured  an  arc  of  a  meridian 
from  Alcmaar  to  Leyden  and  Bergen  op  Zoom,  by 
means  of  triangles.  After  him,  the  measurements  of 
Picard,  and  the  later  ones  of  Maupertuis,  approxi- 
mated nearer  the  truth.  These  made  the  circumference 
of  a  great  circle  of  the  earth  25,000  miles.  But  it  is 
to  be  remarked  that,  in  this  calculation,  the  earth  is  re- 
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garded  as  a  perfect  sphere*  Farther  ttieasiirements  of 
all  parts  of  the  surfiace  of  the  earth  will  be  necessary^ 
to  find  rigidly  and  accurately,  the  true  magnitude 
of  it. 

If  we  take  a  view  of  our  earth  in  its  relation  to  the 
solar  system,  astronomy  teaches  us  that,  contrary  to 
appearances,  which  make  the  sun  revolve  about  the 
earth,  the  earth  and  ten  other  planets  revolve  about 
the  sun,  and,  being  themselves  opaque  bodies,  receive 
from  the  sun  light  and  heat. 

The  earth  completes  its  revolution  round  the  sun 
in  about  365  days  and  6  hours,  which  forms  our 
common  year.  The  orbit  of  the  earth  is  an  ellipse, 
with  the  sun  in  one  of  its  foci.  Hence  the  earth  is 
not  equally  distant  from  the  sun  in  all  parts  of  the 
year :  its  least  distance  is  estimated  at  93,336,000 
miles,  and  its  greatest,  at  95,484,572,  making  a  dif- 
ference of  more  than  2,000,000  of  miles. 

In  winter,  we  are  nearest  the  sun,  and  in  summer, 
flEuthest  from  it ;  for  the  difference  in  the  seasons  is 
not  occasioned  by  the  greater  or  less  distance  of  the 
earth  from  the  sun,  but  by  the  more  or  less  oblique 
direction  of  the  sun's  rays.  The  length  oi  the  path 
travelled  over  by  the  earth  is  estimated  at  567,019,740 
mileS)  and,  as  Uiis  immense  distance  is  passed  over  in 
a  year,  the  earth  must  move  17  miles  a  second — a  ra- 
pidity so  far  exceeding  our  conceptions,  that  it  gave 
very  just  occasion  to  the  pleasant  remark  of  Lichten- 
berg,  that,  while  one  man  salutes  another  man  in  the 
street,  he  goes  many  miles  bareheaded  without  catch- 
ing cold.  Besides  this  annual  motion  about  the  sun, 
the  earth  has  also  a  daily  motion  about  its  own  axis 
(according  to  mean  time,  in  23  hours,  56  minutes 
and  4  seconds).  This  diurnal  revolution  is  the  oc- 
casion of  the  alternation  of  day  and  night.  But  as 
the  axis  on  which  the  earth  performs  its  diurnal  rota- 
tion forms,  with  its  path  about  the  sun,  an  angle  of 
23|  degrees,  the  sun  ascends,  from  March  21  to  June 
21,  about  23]  degrees  above  the  equator  towards  the 
north  pole,  and  descends  again  towards  the  equator 
from  June  21  to  September  23;  it  then  sinks  till 
December  21,  about  23i  degrees  below  the  equator, 
towards  the  south  pole,  and  returns  again  to  Uie 
equator  by  March  21.  This  arrangement  is  the 
cause  of  the  seasons,  and  the  inequality  of  daj  and 
night  attending  them,  which,  for  idl  countries  lying 
beyond  the  equator,  are  equal  only  twice  in  the  year, 
when  the  ecliptic  coincides  with  the  equator.  The 
moon,  again,  revolves  about  the  earth,  in  a  similar 
elliptical  path,  in  28  days  and  14  hours.  Coper- 
nicus first  laid  down  this  as  the  system  of  the  uni« 
verse. 

To  the  physical  knowledge  of  the  earth  belongs, 
especially,  the  consideration  of  its  surfiEU»  and  its  inte- 
rior. The  earth's  surface  contains  above  196,000,000 
square  miles,  of  which  scarcely  a  third  part  is  dry 
land ;  the  remaining  two  thirds  are  water.  Of  the 
surface  of  the  earth,  Europe  comprises  about  one 
54th  part;  Asia,  one  14th;  Africa,  a  17th]  and 
America,  a  I6th.  The  islands  of  the  Pacific,  tak&a. 
together,  are  somewhat  larger  than  Europe.  The 
population  of  the  whole  eaith  is  estimated  at  from 
800  to  1000  millions.  The  interior  of  the  earth  is 
entirely  unknown  to  us,  as  the  depth  to  which  we 
have  been  able  to  penetrate  is  nothing  in  comparison 
with  its  diameter.  Many  modem  speculators  are  of 
opinion  that  the  interior  is  composed  of  a  metallic 
mass.  Respecting  the  origin  and  gradual  formatioa 
of  the  earth,  there  are  various  hypotheses. 
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The  etrdi  has  two  motiont,  the  daily  motion  round 
its  axis,  and  the  yearly  motion  in  its  orbit  round  the 
ton.  Hie  theory  of  the  motion  of  the  earth  has  be- 
come memorable  in  the  history  of  the  human  mind, 
showing,  as  it  does,  a  marked  ability  in  man  to  resist 
the  impressions  produced  by  appearances,  and  to 
believe  the  contrary  of  that  which  had  been  be- 
lieved and  taught  for  many  centuries. 

The  theory  of  Copernicus  not  only  founded  the 
modem  system  of  astronomy,  but  made  men  eager 
to  examine  other  articles  of  their  creed,  after  they 
were  thus  convinced  that  they  had  erroneously 
taught  and  believed  the  earth  to  be  stationary  for 
6000  years.  All  the  opinions  of  the  ancients  respect- 
ing the  motion  of  the  earth  were  speculative  hypo- 
theses, arising  from  the  Pythagorean  school,  which, 
as  we  know,  considered  fire  the  centre  of  the  world, 
round  which  all  was  moving.  Thus  we  ought  to 
coqplain  the  passage  of  Aristarchus  of  Samoa,  men- 
tioned by  Anstotle  in  his  Arenario.  Aristardius,  as 
a  Pythagorean,  held  the  idea  that  the  earth  revolves 
round  its  axis,  and,  at  the  same  time,  in  an  oblique 
circle  round  the  sun ;  and  that  the  distance  of  the 
•tars  is  so  great,  that  this  circle  is  but  a  point  in 
comparison  with  their  orbits,  and  therefore  the  mo- 
tion of  the  earth  produces  no  apparent  motion  in 
them.  Every  Pythagorean  might  have  entertained 
this  idea,  who  considered  the  sun  or  fire  as  the  cen- 
tre of  the  world,  and  who  was,  at  the  same  time, 
so  correct  a  thinker,  and  so  good  an  astronomer,  as 
Aristarchus  of  Samos.  But  this  was  not  the  Coper- 
nican  system  of  the  world.  It  was  the  motions  of 
the  planets,  their  stations,  and  their  retrogradations, 
which  astronomers  could  not  explain,  and  which  led 
them  to  the  complicated  motions  of  the  epicycles, 
in  which  the  planets  moved  in  cycloids  round  the 
earth. 

Aristarchus  lived  280  B.  C,  Hipparchus,  the  great 
astronomer  of  antiquity,  150  B.  C.,  therefore  130 
years  later.  At  this  time,  all  the  writings  of  Aristar- 
chus were  extant,  and,  had  the  CSopemican  system 
been  set  forth  in  them,'  Hipparchus  would  not  have 
despaired  of  explaining  the  motions  of  the  planets. 
The  same  is  true  of  Ptolemy,  in  whose  AJmagttt,  the 
most  complete  work  of  antiquity  on  astronomy,  this 
system  is  not  mentioned  in  the  account  of  Aristar- 
chus. Every  Copemican  speaks  of  the  motion  of  the 
earth,  but  not  every  one  who  speaks  of  the  motion  of 
the  earth  is  a  Copemican.  Copernicus  was  led  to 
the  discovery  of  his  system  by  a  consideration  of  the 
complicated  motion  of  the  planets,  and,  in  the  dedi- 
cation of  his  immortal  work,  De  BeeohUumSbuM  Or^ 
hmm,  to  pope  Paul  III.,  he  says,  that  the  truth  of  his 
system  is  proved  by  the  motion  of  the  planets,  since 
their  successive  stations  and  retrogradations  are  the 
simple  and  necessary  consequence  of  the  motion  of 
the  earth  round  tiie  sun ;  and  we  need  not  take  re- 
liige  in  the  complicated  epicycles. 

Copernicus  did  not  live  to  see  the  persecutions 
which  t^e  Roman  Catholic  priests  raised  against  his 
system.  Thev  began  only  100  years  later  (about 
1610),  when  the  telescope  was  invented,  when  the 
moons  of  Jupiter  and  the  phases  of  Venus  were  dis- 
covered, and,  by  these  means,  the  zeal  for  astronomy 
had  been  hiehly  excited.  Every  city  in  Italy  was 
then  a  little  Athens,  in  which  the  arts  and  sciences 
flourished.  Galileo  obtained  high  distinction,  and 
defended  the  new  system  of  the  world.  The  Roman 
Inquisition  summoned  him  before  its  tribunal,  and 


he  was  compelled  to  abjure  this  theory.  (See  Gau- 
Lxo.)  The  genera]  sympathy  for  the  fate  of  this 
astronomer  increased  the  popularity  of  the  system, 
and  it  was  as  violently  defended  on  one  side  as  it 
was  attacked  on  the  other. 

Among  the  arguments  against  the  motion  of  the 
earth,  it  was  alleged,  that  a  stone,  foiling  from 
a  tower,  did  not  fall  westward  of  the  tower,  notwith- 
standing this  had  advanced  eastward  several  hundred 
feet  during  the  four  or  five  seconds  of  the  fall  of  the 
stone.  Copernicus  had  answered  justly :  the  cause 
of  its  remaining  near  the  tower  is,  that  it  has  the 
same  motion  eastward,  and,  in  falling,  does  not  lose 
this  motion,  but  advances  with  the  earth.  Galileo 
said  the  same,  and  asserted  that  a  stone,  falling  from 
the  top  of  the  mast  of  a  vessel,  at  full  sail,  falls  at 
the  foot  of  the  mast,  notwithstanding  the  mast  ad- 
vances, perhaps  10  or  more  feet  during  the  fall.  Gas- 
sendi  tried  these  experiments  in  the  harbour  of 
Marseilles,  and  the  stones  fell  at  the  foot  of  the  mast, 
notwithstanding  the  vessel  was  under  full  sail.  Ga- 
lileo therefore  maintained,  that  it  was  impossible  to 
draw  any  conclusion  concerning  the  motion  of  the 
earth  from  such  experiments,  since  bodies  would  fall 
on  the  earth  in  motion  precisely  the  same  as  on  the 
earth  at  rest. 

In  1643,  Galileo  died.  In  the  same  year,  Newton 
was  bora.  He  proved,  in  1679»  that  the  opinion  of 
Galileo  was  erroneous,  and  that  we  certainly  could 
try  experiments  on  the  motion  of  the  earth ;  Uiat  the 
balls  would  not  deviate  westward,  but  would  fall  a 
little  eastward  of  the  plumb-line,  about  a  half  inch  at 
the  height  of  300  feet.  The  cause  b  thb :  since  the 
top  of  me  tower  is  at  a  greater  distance  from  the  axis 
of  the  earth  than  its  base,  the  centrifugal  force  must 
be  greater  at  the  former  point  than  at  the  latter ;  the 
ball,  in  falling,  does  not  lose  this  impulse,  and,  there- 
fore, advances  before  the  plumb-line,  which  strikes 
the  foot  of  the  tower,  since  it  has  a  less  impulse  east- 
ward. This  hint,  given  by  Newton,  was  followed  by 
Hooke.  He  tried  experiments  on  the  motion  of  the 
earth,  at  a  height  of  160  feet,  and  asserts  that  he 
succeeded.  The  academy  appointed  a  committee, 
Jan.  14,  1680,  in  the  presence  of  which  he  was  to 
repeat  his  experiments.  Probably  they  were  not  sa- 
tisfactory, since  they  have  never  been  mentioned  in 
the  Phuoiophieal  ThmsaciumB,  and  were  entirely 
forgotten.  Only  112  years  later,  a  young  geometri- 
cian in  Bologna,  Guglelimini,  attempted  to  repeat 
these  experiments,  which  had  been  considered  very 
difficult  by  astronomers,  in  the  tower  Degli  Asinelli, 
in  that  city,  at  a  height  of  240  feet.  After  having 
surmounted  all  difficulties,  he  succeeded  in  causing 
the  fall  of  16  balls,  which  perceptibly  deviated  east- 
ward. But  Guglielmini,  committed  an  error  in  not 
suspending  the  lead  every  day  when  he  tried  his  ex- 
periments, of  which  he  often  made  three  or  four  in 
one  night.  He  did  not  drop  the  plummet  until  after 
he  had  finished  all  his  expenments,  and  as  it  did  not 
come  to  a  perpendicular  position  until  six  months, 
on  account  of  stormy  wecSther,  the  tower  in  the  mean 
time'was  a  little  bent,  the  point  at  which  the  plum- 
met should  have  fallen  was  altered,  and  his  experi- 
ments were  lost.  Tliis  happened  in  1792.  Benzen- 
berg,  a  Grerman,  performed  similar  experiments  in 
1804,  in  Michael's  Tower,  in  Hamburg.  He  let  fisll 
30  balls,  from  the  height  of  235  feet :  the  balls  devi- 
ated from  the  perpendicular  four  lines  eastward. 
But  they  deviated*  at  the  same  time,  1  i  line  south- 
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wtrd^probablf  owing  to  a  geoUe  draught  of  air  in  the 
lower.  He  repeated  these  experiments  in  1805,  in 
a  coalpit  at  .Schlebosch,  in  the  county  of  Mark,  at 
the  height  of  260  feet:  there  the  balls  deviated  from 
the  perpendicular  five  lines  eastward,  just  as  the 
theory  of  the  motion  of  the  earth  requires  for  the 
latitude  of  51^,  but  neither  southwai^  nor  north- 
waid.  From  these  experiments,  Laplace  calculated 
that  the  chances  are  8000  to  I,  that  the  earth  turns 
round  its  axis. 

The  invention  of  the  telescope,  by  means  of  which 
the  rotation  of  Jupiter  was  soon  observed,  but  still 
more  Newton's  discovery  of  universal  gravity,  and  of 
the  nature  of  the  celestial  motions,  established  the 
theory  of  the  motion  of  the  earth ;  and,  in  modem 
times,  no  man  of  intelligence  doubts  it  any  longer. 
The  French  General  Allix,  however,  endeavoured  to 
prove  that  the  motion  of  the  planets  could  not  depend 
on  the  law  of  gravitation. 

The  flattening  of  the  earth  (see  DsoRBB,MBA8unK- 
MBiTT  of),  and  Sie  diminution  of  ^vity  in  the  vicinity 
of  the  equator,  proved  by  the  experiments  of  Richers 
and  others  on  the  motion  of  the  pendulum  in  the 
equatorial  regions  (see  Pbndulum),  also  give  as  con- 
vincing proofs  of  the  rotation  of  the  earth,  as  the 
aberration  of  light  affords  of  the  revolution  of  the 
earUi  round  the  sun.  Thus  the  human  intellect  has 
triumphed  over  the  evidences  of  sense,  and  the  oppo- 
sition of  authority. 

£arth-bank8,  in  rwrtd  eeommf,  aro  a  kind  of 
fence,  very  common  in  the  vicinity  of  London,  and 
in  several  other  parts  of  England ;  where  stones  can- 
not easily  be  procured,  they  are  preferable  to  other 
fences,  both  for  soundness  and  durability. 

Earthquake  ;  a  shaking  of  certain  parts  of  the 
earth's  surface,  produced  by  causes  not  perceivable 
by  our  senses.  This  motion  occurs  in  very  different 
ways,  and  with  various  degrees  of  violence.  Some- 
times it  b  perpendicular,  throwing  portions  of  the 
ground  into  the  air,  and  making  others  sink.  Some- 
times it  is  a  horizontal,  undulating  motion,  and  some- 
times it  appears  to  be  of  a  whirlmg  nature.  Some- 
times it  is  quickly  over ;  sometimes  continues  long, 
or  recurs  at  intervals  of  weeks,  days,  or  months. 
At  one  time  it  is  confined  within  a  small  circle ;  at 
another  it  extends  for  many  miles.  At  one  time  it 
is  hardly  perceptible ;  at  another  it  is  so  violent, 
that  it  not  only  demolishes  the  works  of  human  art, 
but  changes  the  appearance  of  the  ground  itself. 
Sometimes  the  surface  of  the  ground  remains  un- 
broken; sometimes  it  bursts  open  into  clefts  and 
chasms ;  and  then  occasionally  appears  the  phenome- 
non of  the  eruption  of  gases,  and  also  of  flames, 
with  the  ejection  of  water,  mud,  and  stones,  as  in 
Tolcanic  eruptions. 

The  eruptions  of  proper  and  permanent  volcanoes 
are  preceded  by,  ana  proportionate  to,  the  agitations 
of  the  earth  in  their  neighbourhood.  These  observa- 
tions furnish  grounds  for  the  conclusion  that  earth- 
quakes cannot  proceed  from  external  causes,  but 
arise  from  certain  powers  operating  within  the  cir- 
cumference or  crust  of  the  earth.  Moreover,  all  the 
phenomena  of  earthquakes  bear  so  much  affinity  to 
those  of  volcanoes,  that  there  can  hardly  be  a  doubt 
tiiat  both  proceed  from  the  same  causes,  acting  dif- 
l<erently,  according  to  the  difference  of  situation,  or 
different  nature  of  the  surface  on  whidi  they  operate. 

A  volcano  differs  from  an  earthquake,  principally, 
by  having  a  permanent  crater,  and  by  the  re-appear- 
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ance  of  the  eruptions  in  the  same  place,  or  ib  ks 
immediate  vicinity.  All  the  other  phmomena  of  • 
volcano,  such  as  the  subterranean  thunder-like  noises» 
the  shaking,  raising,  and  bursting  asunder  of  tiie 
earth,  and  tiie  emission  of  elastic  fluids,  the  fire  and 
flames,  tiie  ejection,  too,  of  mineral  substances,  all 
occur,  now  and  then,  more  or  less,  in  earthquakes 
as  well  as  in  volcanic  eruptions,  even  when  at  a  dis- 
tance fh>m  active  volcanoes;  and  the  genuine  vol- 
canic eruptions  are,  as  has  been  remarked,  accom- 
panied or  announced  by  shakings  of  the  earth.  All 
our  observations  go  to  prove,  that  volcanic  eruptions, 
earthouakes,  the  heaving  of  the  ground  from  within, 
and  the  disruption  of  it  in  the  same  way,  are  pro- 
duced by  one  and  the  same  cause,  by  one  and  the 
same  chemical  process,  which  must  have  its  seat 
at  a  great  depth  beneath  the  present  surface  of  the 
earth. 

The  most  remarkable  earthquakes  of  modem  times 
are  those  which  destroyed  Lima,  in  1746,  and  Lis* 
bon,  in  1755 ;  in  the  latter,  30,000  persons  were 
killed.  It  extended  from  Greenland  to  Africa  and 
America.  A  similar  fate  befell  Calabria,  in  1783, 
the  province  of  Caracas,  in  South  America  in  1812« 
and  Aleppo,  in  Syria,  in  1838.  Several  earthquakes 
have  taken  place  quite  lately,  in  South  America,  one 
particulariy  drsadful  at  Lima.  Hie  city  of  Guate- 
mala, also,  was  nearly  destroyed  in  the  spring  of 
1830,  by  earthquakes,  which  continued  five  days 
successively. 

Earths.  The  term  earth  is  applied,  in  common 
life,  to  denote  a  tasteless,  inodorous,  dry,  uninflam- 
mable, sparingly-soluble  substance,which  is  difficultly 
fusible,  and  of  a  moderate  specific  gravity.  Several 
of  the  earths  are  found  in  a  state  of  purity  in  nature; 
but  their  general  mode  of  occurrence  is  in  intimate 
union  with  each  other,  and  with  various  acids  and 
metallic  oxides.  Under  these  circumstances,  they 
constitute  by  far  the  greatest  part  of  the  strata, 
gravel,  and  soil,  which  go  to  make  up  the  mountains, 
valleys,  and  plains  of  our  globe.  Their  number  is 
ten,  and  their  names  are  titer.,  ahtmma,  ntagnma, 
kme,  barytes,  ttnmMm,  jrireom,  ghcme,  yUria,  and 
ihorina.  The  four  first  have  long  heea  known  to 
mankind ;  the  remainder  have  been  discovered  in  our 
own  times. 

Silex  exists  nearly  pure,  m  large  masses,  forming 
entire  rocks,  as  quartz  rock,  ami  ccmstituting  the 
chief  ingredient  in  all  granitic  rocks  and  sandstones, 
so  that  It  may  safely  be  asserted  to  form  more  than 
one  half  of  the  crust  oi  the  earth.  Alumina  is  found 
pure  in  two  or  three  exceedingly  rare  minerals,  but, 
in  a  mixed  state,  is  well  known  as  forming  clays  and 
a  large  family  of  rocks,  usually  called  argillaceous. 
Lime,  an  earth  well  known  from  its  important  uses 
in  society,  occun,  combined  with  carbonic  acid,  in 
which  state  it  forms  limestone,  marble,  chalk,  and 
the  shells  of  fish.  It  exists^  also,  upon  a  large 
scale,  in  combination  vrith  sulphuric  acid,  when  it 
bears  the  name  of  gypewm.  Magnesia  is  rarely  in  a 
state,  of  purity,  but  entere  largely  into  the  composi- 
tion of  some  of  the  primary  rocks,  especially  (^  the 
limestones. 

The  remaining  eight  (if  we  except  barytes,  which, 
in  combination  with  sulphuric  acid,  is  often  met  with 
in  metallic  veins)  are  onl^  known  to  the  chemist  af 
occurring  in  the  composition  of  certain  minerab 
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iDgt  with  the  acids,  peculiar  salts,  and  resembling 
the  alkalies,  likewise,  in  their  composition.  They 
consist  of  peculiar  metals  in  combination  with  oxy- 
gen, and  compose  the  greatest  part  of  the  solid  con- 
tents of  the  globe.  The^  differ  from  the  alkalies, 
principally,  in  the  following  peculiarities:  they  are 
incombustible,  and  cannot,  in  their  simple  state,  be 
volatilized  by  heat)  with  different  acids,  especially 
the  carbonic,  they  form  salts,  insoluble,  or  soluble 
only  with  much  difficulty,  and  with  fat  oils,  soaps 
insoluble  in  water.  They  are  divided  into  two  classes, 
the  alkaline  and  simple  earths.  The  former  have  a 
greater  similarity  to  the  alkalies.  In  their  active 
state  they  are  soluble  in  water,  and  these  solutions 
may  be  crystallized.  They  change  the  vegetable  co- 
lours almost  in  the  same  way  as  alkalies,  and  their 
affinity  for  acids  is  sometimes  weaker  and  sometimes 
stronger  than  that  of  the  alkalies.  They  combine 
with  sulphur,  and  form  compounds  perfectly  similar 
to  the  sulphureted  alkalies.  With  carbonic  acid, 
they  form  insoluble  salts,  which,  however,  become 
soluble  in  water  by  an  excess  of  carbonic  acid. 

The  alkaline  earths  are  as  follow:  1.  barytes,  or 
heavy  earth,  so  called  from  its  great  weight ;  2.  stron- 
tites ;  both  these  earths  are  counted  among  the  alka- 
lies, by  many  chemists,  on  account  of  their  easy 
solubility  in  water;  3.  calcareous  earth,  or  lime, 
forms  one  of  the  most  abimdant  ingredients  of  our 
globe ;  4.  magnesia  is  a  constituent  of  several  mine- 
rals. The  proper  earths  are  wholly  insoluble  in 
water,  infusible  at  the  greatest  heat  of  our  furnaces, 
and,  by  being  exposed  to  heat,  in  a  greater  or  less 
degree,  they  lose  their  property  of  easy  solubility  in 
acids.  Some  of  them  are  incapable  of  combining 
with  carbonic  acid,  and  the  remainder  form  with  it 
insoluble  compounds.  Thev  are  the  follo¥ring:  1. 
alumine ;  3.  glucine,  whicn  is  found  only  in  the 
beryl  and  emerald,  and  a  few  other  minerals;  3. 
yttria  is  found  in  the  gadolinite,  u^  the  yttrious 
oxide  of  columbium,  &c. ;  4.  zirconia  is  found  less 
frequently  than  the  preceding,  in  the  zircon  and  hya- 
cinth; 6.  silex. 

The  earths  were  regarded  as  simple  bodies  until 
the  brilliant  researches  of  Sir  H.  Davy  proved  them 
to  be  compounds  of  oxygen  with  peciiliar  bases, 
somewhat  similar  to  those  of  the  alkdles,  potassium, 
and  sodium.  Some  of  the  heavier  of  the  earths  had 
often  been  imagined  to  be  analogous  to  the  metallic 
oxides ;  but  every  attempt  to  effect  their  decomposi- 
tion or  reduction  had  proved  unsuccessful.  After 
ascertaining  the  compound  nature  of  the  alkalies, 
Davy  submitted  the  earths  to  the  same  mode  of  ana- 
lysis by  which  he  had  effected  that  fine  discovery. 
The  results  obtained  in  his  first  experiments  were 
less  complete  than  those  afforded  with  the  alkalies, 
owing  to  the  superior  affinity  between  the  principles 
of  the  earths,  as  well  as  to  their  being  less  peifect 
electrical  conductors.  By  submitting  them  to  gal- 
vanic action,  in  mixture  with  potash,  or  vrith  me- 
tallic oxides,  more  successful  results  were  obtained ; 
and  a  method  employed  by  Berzelius  and  Pontin,  of 
placing  them  in  the  galvanic  circuit  with  quicksilver, 
terminated  very  perfec^y  in  affording  the  bases  of 
barytes  and  lime,  in  combination  with  this  metal. 
By  the  same  method.  Sir  H.  Davy  decomposed  stron- 
tites  and  magnesia;  and,  by  submitting  silex,  alu- 
mine, zircon,  and  glucine,  to  the  action  of  the  gal- 
vanic battery,  in  fusion  with  potash  or  soda,  or  in 
contact  with  iron,  or  by  fusing  them  with  potassium 


and  iron»  appearances  were  obtained  su^iently  in* 
dicative  of  their  decomposition,  and  of  the  produc* 
tion  of  bases  of  a  metallic  nature. 

Thorina,  the  last  discovered  earth,  was  decom- 
posed by  heating  the  chloride  of  Uiorium  with  potas- 
sium. The  metallic  bases  of  the  earths  approach 
more  nearly  than  those  of  the  alkalies  to  the  common 
metab,  and  the  earths  themselves  have  a  stricter  re- 
semblance than  the  alkalies  to  metallic  oxides.  View- 
ing them  as  forming  part  of  a  natural  arrangement, 
they  furnish  the  link  which  unites  the  alkalies  to  the 
metals.  Accordingly,  many  of  the  more  recent  sys- 
tems of  chemistry  treat  of  all  these  bodies  as  form- 
ing a  single  group  under  the  name  of  the  metallic 
class.  Still  (as  Doctor  Ure  justly  remarks),  what- 
ever may  be  the  revolutions  of  chemical  nomencla- 
ture, miuikind  will  never  cease  to  consider  as  earths 
those  solid  bodies  composing  the  mineral  strata, 
which  are  incombustible,  colourless,  not  convertible 
into  metab  by  all  the  ordinary  methods  of  reduction, 
or,  when  reduced  by  scientific  refinements,  posses- 
sing but  an  evanescent  metallic  existence.  (For  a 
more  particular  account  of  the  properties  of  the 
earths,  and  of  their  bases,  consult  Uie  articles  re- 
lating to  them,  respectively,  in  this  work.) 

Easbl,  in  the  Jme  arts.  The  frame  on  which  the 
picture  is  placed  during  the  progress  of  painting. 

East  ;  one  of  the  four  cardinal  points  of  the  world, 
being  the  point  of  the  horizon  where  the  sun  is  seen 
to  rise  when  in  the  equator.  In  Italy,  and  throughout 
the  Mediterranean,  the  east  wind  is  called  the  levante. 

East  India  Commeecial  Companibs.  From  the 
earliest  times,  the  commercial  enterprise  of  the  Euro- 
peans has  been  directed  towards  an  immediate  inter- 
course with  the  East  Indies;  but  the  Arabian  empire, 
and  its  mercantile  grandeur,  at  first,  and  the  domi> 
nions  of  the  Persians  and  Turks  at  a  later  period, 
presented  insurmountable  barriers.  The  commercial 
shrewdness  of  the  Italian  republics  did  not  succeed  in 
entirely  overcoming  these  obstacles ;  and  even  the 
Venetian  commerce  with  India,  extensive  as  it  was, 
could  not  be  called  direct. 

After  the  Turks  had  established  themselves  in 
Europe,  by  the  conquest  of  Constantinople,  and  in 
Africa^  by  that  of  Egypt,  the  access  to  India  was 
more  completely  shut  up,  and  the  enterprising  spirit 
of  the  merchants  of  Christendom  was  turned  to  the 
discovery  of  a  direct  channel  to  that  land  of  com- 
merce. The  west  of  Europe  was  delivered  from  the 
Saracens,  and  the  warlike  spirit  which  had  long  been 
occupied  by  the  contests  with  the  infidels,  required 
some  new  scene  of  activity.  The  great  Portuguese 
prince  Henry,  sumamed  the  Navigator,  first  direct- 
ed this  energy  towards  the  eastern  ocean ;  and  not 
half  a  century  had  elapsed  from  the  taking  of  Con- 
stantinople, when  Vasco  de  Gama  (1498)  landed  in 
Hindostan,  on  the  coast  of  Malabar,  and  the  Por- 
tuguese successfully  established  themselves  on  thoae 
distant  shores.  The  whole  commerce  of  the  East 
Indies  was  in  their  hands  for  nearly  a  century — the 
golden  age  of  Portugal.  The  efforts  of  Alphonso 
Albuqu^que,  Nuno  da  Cunha  and  Francis  Xavier — 
the  latter  witii  spiritual  weapons,  and  the  former  by 
force  of  arms — ^will  ever  be  remembered  with  admira- 
tion, even  had  they  not  been  sung  in  the  verses  of 
Camoens.  During  eighty  years,  while  the  transport- 
ation of  Indian  productions  through  Genoa,  Venice, 
and  the  Hanse  Towns,  was  constantiy  diminishing, 
Lisbon  was  the  India  of  the  north  of  Europe. 
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llie  English  and  Dutch  obtained  their  supplies  of 
Indian  spices  either  from  Lisbon  or  from  Portuguese 
merchants  in  Antwerp.  Venice  also  found  herself 
supplanted  by  the  military  power  of  the  Portuguese, 
and  the  subjection  of  her  commercial  friends,  the 
Saracens.  When,  however,  Philip  II.,  in  1580, 
united  Portugal  with  the  Spanish  Monarchy,  and 
soon  after  commenced  his  war  with  England,  against 
whose  vessels  he  closed  the  ports  of  his  empire,  the 
British  merchants  were  compelled  to  draw  their  sup- 
plies of  Indian  produce  from  the  Netherlands.  The 
Dutch  took  advantage  of  this  circumstance,  and  raised 
the  price  of  pepper  to  three  times  its  former  amount. 
But  the  revolt  of  the  Netherlands  from  Spain  induced 
Philip  II.  to  take  decided  measures  against  the  Dutch 
commerce  also,  and  the  capture  of  their  vessels  in 
the  port  of  Lisbon  compelled  the  Dutch  to  engage  in 
a  direct  trade  to  India:  the  English  soon  followed 
their  example.  Thus,  during  the  last  ten  years  of 
the  sixteentii  century,  the  foundation  was  Itud  in  Eng- 
land and  Holland,  nearly  at  the  same  time,  of  those 
great  commercial  corporations,  called  East  India 
Companies,  They  are  distinguished  from  the  Han- 
seatic  league,  and  other  earlier  unions  of  that  kind,  in 
being  merely  associations  of  individuals  uniting  for 
a  common  commercial  purpose,  with  transferable 
shares,  and  not  of  political  bodies;  and  also  by 
having  bought  their  privileges  and  rights  at  once 
from  their  own  governments,  while  those  of  the  ear- 
lier commercial  confederacies  were  obtained,  together 
with  their  political  privileges,  by  successive  treaties. 

As  such  an  extensive  commerce  in  distant  parts  of 
the  world  requires  a  political  power  to  preserve  and 
protect  it,  we  find  our  own  countrymen,  the  Dutch, 
and  other  smaller  East  India  companies,  engaged, 
soon  after  their  establishment,  in  labouring  to  form  a 
political  power  on  the  basis  of  wealth  ;  which,  even 
if  it  succeeded,  would  not  accord  with  the  politics  of 
the  mother  country,  and  would  not  be  able,  for  any 
great  length  of  time,  to  resist  the  reaction  that  would 
arise  in  the  conquered  coimtries.  I.  The  earliest  In- 
dia company  was  the  Portuguese,  although  essentially 
different,  in  its  organization,  from  the  others.  By  the 
union  of  Portugal  with  Spain,  the  connection  between 
the  distant  Portuguese  governments  in  India  and  the 
mother  country  became  less  close.  Abuses  of  every 
kind,  illicit  traffic  on  the  part  of  the  viceroys  and  of- 
ficers, smuggling,  and  piracy,  became  prevalent.  The 
Spanish  government  perceived  that  ike  East  India 
commerce,  if  continued  on  account  of  the  crown, 
would  not  only  be  unprofitable,  but  would  occasion 
an  annually  increasing  loss,  and  therefore  granted  the 
exclusive  privilege  of  the  East  India  trade,  in  1587> 
to  a  company  of  Portuguese  merchants,  in  considera- 
tion of  the  annual  payment  of  a  considerable  sum^^ 

Thb  company,  in  attempting  to  enforce  its  pri- 
vileges, became  involved  in  disputes,  equally  disad- 
vantageous to  both  parties,  with  the  Portuguese 
government  in  India,  which  was  engaged  in  the  smug- 
gling trade ;  and  the  way  for  the  enterprises  of  the 
Dutch  and  English  could  not  have  been  better  pre- 
pared than  by  tllis  weakening  of  the  Portuguese 
power.  To  thb  may  be  added  the  impatience  of  the 
Indian  nations  under  the  Portuguese  yoke,  and  the 
jealousy  and  hatred  entertained  against  both  by  the 
Arabians. 

The  English  and  Dutch  companies  found  everything 
in  that  state  of  division  which  is  favourable  to  the 
•sUbUahment  of  a  Huid  party,  by  means  which,  in 


any  other  case,  would  be  entirely  inadequate.  This 
explains  their  immediate  and  brilliant  success,  not- 
withstanding the  great  inferiority  of  their  strength. 
The  Portuguese  company,  on  the  contrary,  on  the 
breaking  out  of  open  war  between  England  and  Hol- 
land and  Spain,  soon  became  unable  to  pay  the 
annual  tribute  to  the  crown,  and  gradually  declined, 
till,  in  1640,  on  the  re-establishment  of  Portuguese 
independence  by  Kins  John  IV.,  of  the  house  of  Bra^ 
ganza,  it  was  entirely  abolished.— From  that  time 
the  insignificant  remains  of  the  Portuguese  commerce 
with  the  East  Indies  have  been  in  the  hands  of  the 
government,  if  we  except  the  unsuccessful  attempt  to 
form  a  new  company  in  1731. 

II.  Eight  years  afler  the  establishment  of  the  first 
Portuguese  company,  the  offer  of  a  Dutchman,  Cor- 
nelius Houtman,  who  had  been  taken  prisoner  by  the 
Spanish,  and  had  become  acquainted  with  the  Portu- 
guese East  India  trade,  induced  the  merchants  of 
Amsterdam,  who  had  already  made  three  imsuccess- 
ful  attempts  to  discover  a  passage  to  India  through 
the  Northern  Ocean,  to  form  a  company,  under  the 
name  of  the  Company  of  Remote  Parts,  and  send  their 
first  commercial  fleet  round  the  Cape  of  Good  Hope 
to  India,  under  the  command  of  Houtman.    Four 
small  vessels  were  equipped  with  a  capital  of  70,000 
guilders,  and  sailed  die  2nd  of  April,  1595,  from  the 
Texel.    The  example  of  Amsterdam  was  followed  in 
the  other  United  Provinces;  but  these  companies 
soon  became  aware  that  they  interfered  mutually 
with  each  other ;  and  March  '20th,  1602,  they  were 
united  by  a  charter  from  the  States  General,  conferring 
on  them  the  exclusive  privilege  of  trading  to  the  East 
Indies  for  twenty-one  years,  together  with  all  neces- 
sary civil  and  military  powers.     The  former  compa- 
nies remained,  in  some  measure,  distinct  from  each 
other,  and  the  six  cities  of  Amsterdam,  Middleburg, 
Delft,  Rotterdam,  Horn,  and  Enkhuysen,  which  had 
made  the  first  attempts,  were  allowed  to  continue  the 
commerce  from  their  ports.    This  company  began  its 
operations  with  a  capital  of  6^  millions  of  guilders  ; 
65  directors — divided  amongst  the  different  members, 
in  proportion  to  the  amount  of  shares,  so  that  Am- 
sterdam had  twenty-five,   Middleburg  twelve,   and 
each  of  the  other  cities  seven — superintended  the 
equipment  of  the  vessels  in  their  respective  ports  ;  a 
committee  of  fifteen  directors,  apportioned  in  the 
same  manner,  had  the  general  direction  of  affairs. 

In  1622,  the  subject  of  the  renewal  of  the  charter 
being  before  the  States  General,  it  appeared  that, 
during  the  twenty  years  of  its  existence,  thirty  millions 
of  guilders  (that  is,  more  than  four  times  the  amount 
of  the  original  capital)  had  been  divided  amongst  the 
stockholders ;  besides  which,  a  great  amount  of 
capital  had  been  vested  in  colonies,  fortifications, 
vessels,  and  other  property,  on  which  no  dividend 
could  be  made.  These  results  will  not  be  surprising 
if  we  consider  how  much  more  favourable  was  the 
condition  of  the  East  Indies,  in  every  respect,  for  re- 
republicans  and  Protestants  than  for  Catholic  and 
subjects  of  a  monarchy. 

The  Portuguese  acted  on  the  principle,  that  with- 
out a  strong  military  force,  and  a  religion  common 
to  the  conquered  and  ruling  nation,  no  permanent 
commercial  connection  could  be  formed ;  and  this 
system  was  pursued  for  a  century,  sometimes  with 
prudence,  but  more  frequently  with  great  inhuma- 
nity. T^e  Dutch,  on  the  contrary,  with  their  indif- 
ference to  the  moral  relations  of  nations,  and  theur 
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wiell-conducted  commerce,  were  well  calculated  to 
socceed.  Their  superiority  to  the  English,  in  their 
first  enterprises,  was  owing  not  only  to  their  supe- 
rior skill  by  sea,  their  youthful  republican  spirit, 
and  the  greater  amount  of  their  capital,  but  cnief- 
ly  to  tiieir  having  carried  on  all  tneir  operations, 
from  the  first,  with  a  common  capital,  While  our 
East  India  Company,  till  1610,  was  a  mere  asso- 
ciation, each  member  of  which  transacted  business 
on  his  own  account,  merely  conforming  to  certain 
general  rules,  such  as  the  employing  the  Company's 
ships. 

It  has  been  proved  by  subsequent  results,  that  a 
mere  money  power  cannot  be  upheld  without  an  en- 
tire disregard  of  the  claims  of  humanity ;  and  the  ex- 
ample of  the  first  Portuguese  conquerors  has  con- 
vinced enlightened  men,  tibat  the  dominion  of  Euro- 
peans m  India  remains  insecure,  if  not  founded  on  a 
certain  moral,  legal,  and  religious  community  with 
the  inhabitants  of  the  country.  The  charter  of  the 
Dutch  East  India  Company  was  continued  till  1644 ; 
Batavia  was  founded  in  a  very  favourable  situation 
for  the  traffic  with  the  Spice  Islands,  the  chief  branch 
of  the  Indian  trade ;  34—41  freighted  vessels  annually 
left  the  ports  of  Holland  for  India ;  25 — ^34  merchant 
vessels,  on  the  average,  returned. 

The  conunerce  wiu  Japan  increased  rapidly,  and 
the  extension  of  Portuguese  power  in  the  Brazils,  after 
the  accession  of  the  house  of  Braganza  to  the  throne, 
although  a  great  disadvantage  to  the  Dutch  West 
India  Company,  promoted  tilie  interest  of  the  East 
India  Company,  by  directing  the  attention  of  the  Por- 
tuguese wholly  to  America,  and  leaving  free  scope 
to  the  Dutch  in  Asia.  In  1641,  Malacca,  the  capital 
of  the  Portuguese  East  Indies,  fell  into  the  hands  of 
the  Dutch,  by  the  treason  of  the  governor. — But  the 
increasing  activity  of  the  English  and  French,  and 
the  political  and  military  establishments  of  the  Com- 
pany, diminished  their  profits,  and  it  was  difficult  to 
raise  the  1,600,000  of  guilders,  which  were  to  be  paid 
to  the  States  General,  in  1644,  for  the  extention  of 
the  charter  till  1665.  Soon  after,  however,  the  inde- 
pendence of  the  republic  of  the  United  Provinces  was 
secured  by  the  peace  of  Westphalia — an  event  which 
was  of  great  advantage  to  the  Company,  and  enabled 
them  to  found  colonies  on  the  Cape  of  Good  Hope. — 
This  was  done  in  the  course  of  20  years  (from  1650), 
at  an  expense  of  20  millions  of  guilders.  These  colo- 
nies were  a  great  assistance  to  the  intercourse  be- 
tween Europe  and  India,  and  richly  repaid  the  ex- 
penses incurred. 

In  1658  the  conquest  of  Ceylon  was  completed, 
after  a  vigorous  defence  by  the  Portuguese ;  and  the 
Tkrtar  revolution  in  China  occasioned  the  settiement 
of  30,000  Chinese,  who  would  not  submit  to  the  new 
government,  in  the  Dutch  island  of  Formosa.  These 
proved  a  valuable  accession  to  the  population.  Al- 
diough  the  direct  commerce  with  China  had  to  Strug* 
gle  i«9ih  insurmountable  difficulties,  the  indirect  com- 
munication through  these  emigrants,  who  were  well 
acquainted  with  the  country,  and  the  influx  of  Chi- 
nese productions  from  all  sides  into  Baiavia,  amply 
recompensed  the  Company.  They  were,  however, 
deprived  of  this  valuable  island  in  1661,  by  a  Chinese 
adventurer,  named  Kaxinga,  whose  family  afterwards 
ceded  it  to  the  Emperor  of  China. 

The  energy  of  uie  Company  seemed  to  be  excited 
by  this  loss.  In  1663,  the  most  valuable  settiements 
of  the  Portuguese  on  the  coast  of  Malabar  were  taken ; 


and,  in  1666,  by  the  conquest  of  Macassar,  the  ofc^ 
of  the  exertions  of  70  years,  they  obtained  the  mo- 
nopoly of  the  spice  u^e.  At  this  time  l^e  civil 
and  military  expenses  of  the  Company,  exclusive  of 
the  expenses  of  the  war,  amounted  to  3i  millions  of 
guilders. 

In  1665,  after  much  opposition,  tb^  charter  was 
renewed  till  1700,  on  condition  of  the  payment  of  a 
large  sum  into  tiie  treasury ;  and  the  report  of  tiie 
Company  showed  an  almost  inconceivable  extention 
of  conmierce. — ^Their  factories  extended  from  the 
Cape  of  Good  Hope  to  the  coasts  of  Arabia'  and  Per- 
sia. They  were  masters  of  all  the  important  settle- 
ments of  ihe  Portu|;uese,  from  Surat,  on  the  Malabar 
coast  Ceylon,  with  its  cinnamon  and  ivory;  the 
peari  fisheiy  and  cotton  trade  on  the  coast  of  Coro- 
mandel ;  Bengal  and  Orissa,  with  their  silks  and  cot- 
tons, rice,  sugar,  saltpetre,  &c.,  were  in  the  hands  of 
the  Company,  as  was  also  the  commerce  with  Pegu, 
Siam,  and  Tonquin,  only  interrupted  by  some  tempo- 
rary accidents.  They  obtained  valuable  supplks  of 
silver>  and  copper  from  Japan,  carried  on  an  exten- 
sive trade  in  spices  with  Amboyna,  the  Banda  Islands, 
and  the  Moluccas,  9ui.  Malacca,  the  principal  seat 
of  the  Portuguese  trade,  appeared,  by  this  report,  to 
be  on  the  decline,  the  expense  of  protection  bemg  dis- 
proportioned  to  the  size  of  the  place ;  and  the  Straits 
of  Sunda,  on  which  Batavia  is  situated,  had  super- 
seded .the  Straits  of  Malacca,  as  the  general  passage 
to  the  more  distant  parts  of  the  East. 

The  charter  of  the  Company  has  since  been  several 
times  renewed,  and  always  on  condition  of  the  pay- 
ment of  large  sums ;  from  1701—40 ;  then  till  1775 ; 
and  in  1776  for  30  years  more,  for  the  sum  of  two 
millions  of  guilders,  and  the  annual  payment  of 
360,000  guilders. 

Avarice  and  cruelty,  which  increased  with  the  gra- 
dual decay  of  the  republican  spirit,  and  the  decline 
of  simple  and  moderate  habits ;  a  shameless  system 
of  intrigue  towards  their  allies,  and  particulariy  their 
incapacity  to  appreciate  the  moral  and  religious  cha- 
racter €i  the  nations  of  India ;  and,  finally,  the  re- 
newed vigour  of  the  British  Company  at  the  com- 
mencement of  the  18th  century,  and  the  change  in 
the  European  demand ;  the  preference  given  to  other 
spices ; — ^these  are  the  principal  causes  of  the  decline 
of  the  Dutch  East  India  Company.  In  the  1 8th  cen- 
tury, their  annals  abound  with  relations  of  conspi- 
racies, insurrections,  and  generally  unsuccessful 
wars ;  and,  in  1781,  we  find  them  so  completely 
broken  up  by  the  war  with  England,  and  by  enor> 
mous  political  expenses,  that  the  States  General, 
notwithstanding  their  own  difficulties,  were  obliged 
to  assist  them  with  a  loan. 

In  the  first  revolutionary  war,  the  Company  lost 
most  of  their  possessions,  and  were  obliged  to  sus- 
pend the  payment  of  their  dividends  in  1796.  They 
had  scarcely  taken  possession  of  what  was  restored 
to  them  by  the  peace  of  Amiens,  1802  (this  country 
retaining  only  Ceylon),  when  every  thing  was  lost  by 
the  new  war ;  and  at  the  general  peace  they  retained 
none  of  tWir  early  East  India  possessions  bat  the 
governments  o^  Batavia  and  Amboyna,  Banda,  Ter- 
nate,  Malacca,  Macassar,  and  some  scattered  facto- 
ries on  the  coasts  of  Malabar  and  Coromandel.  The 
Cape  of  Grood  Hope  and  Ceylon  were  lost  to  them 
for  ever.  At  their  commencement,  the  Dutch  East 
India  Company  had  enjoyed  the  advantage  of  all  the 
Portuguese  establishments ;  their  forts,  magaziaea. 
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•  ardilery,  and  provisions  for  defence,  thcdr  commercial 
and  political  relations,  and  an  immense  booty  which 
the  capture  of  the  Portuguese  ships  on  every  sea 
afforded  them';  virhile,  on  the  contnuy,  the  English 
had  to  struggle  for  a  century  with  the  difficulty  of 
gradually  gaining  the  ground  on  which  to  plant  their 
commercial  lever.  But  the  very  circumstance  of 
their  slow  progress  gave  a  ^rmer  footing  to  their 
power. 

III.  The  history  of  our  own  East  India  Company 
may  be  divided  into  four  periods.  During  the  first 
fourteen  years,  its  members  were,  in  a  great  memisure, 
independent.  In  the  following  ninety-five  years, 
although  it  had  a  common  capital,  its  operations 
were  confined  by  the  superiority  of  the  Dutch  in  the 
Indian  seas,  by  the  civil  wars  at  home,  and  particu- 
larly by  the  calling  in  question  of  its  exclusive  privi- 
leges, which  vrere  merely  a  royal,  and  not  a  parlia- 
mentary grant.  For  the  succeeding  forty  years,  it 
enjoyed  all  its  rights  undisputed,  and  founded  on 
parliamentary  authority,  but  confined  to  mere  com- 
mercial transactions.  And,  finally,  during  the  sub- 
sequent seventy  years,  its  political  power  was  deve- 
loped. 

1.  Period  from  1600  to  1613.  Our  countrymen, 
m  their  first  attempts  to  reach  India,  directed  their 
course  to  the  north-west,  as  the  Dutch  did  to  the 
north-east.  John  Cabot,  in  the  employ  of  Henry 
VII.,  had  discovered  Newfoundland,  and  the  coasts 
of  North  America,  in  1497>  In  156<3,  his  son,  Se- 
bastian Cabot,  under  Edward  VI.,  engaged  in  a  second 
enterprise  of  ^is  kind.  The  king  chairtered  a  com- 
pany, which,  with  a  capital  of  6000/.  equipped  three 
vessels^  for  the  discovery  of  a  northern  passage  to 
India.  Part  of  this  expedition  was  lost  in  Uie  North- 
ern Ocean ;  another  pajrt  landed  on  the  northern  coast 
of  Russia,  and  formed  commercial  connections  which 
gave  rise  to  the  English  Russian  Company,  in  the 
same  manner  as  the  Hudson's  Bay  Company  owes 
its  establishment  to  the  attempts  to  discover  a  north- 
west passage,  which  have  been  continued  to  the  pre- 
sent day.  The  British,  at  the  same  time,  endeavoured 
to  penetrate  to  India,  directly,  by  land,  and,  at  least, 
to  rival  the  Venetians,  if  they  could  not  contend  with 
the  Portuguese.  This  was  the  main  object  of  the 
Turkish  Company,  established  in  1581,  which,  how- 
ever,  soon  became  convinced  of  the  impracticability 
of  the  attempt,  and  was  induced,  by  Sir  Francis 
Drake's  account  of  his  circumnavigation  (1591)#  to 
send  out  three  ships  to  India,  under  the  command  of 
Captain  Raymond,  on  the  route  of  the  Portuguese. 
Thia  attempt,  and  that  made  by  Robert  Dudley,  in 
1596,  failed  entirely. 

The  Spanish  war,  the  shutting  up  of  Lisbon,  and 
the  avarice  of  the  Dutch,  gave,  however,  a  new  vi- 
gour to  the  enterprise  of  the  London  merchants,  and, 
Sept.  22,  1599>  a  society  was  formed  in  London, 
which,  in  the  course  of  rather  more  than  two  centu- 
ries, has  acquired  the  greatest  power  of  any  com- 
mercial association  on  record.  The  original  capital 
amounted  to  30,133/.  sterling ;  and  Queen  Elizabeth, 
Dec.  31, 1600,  granted  to  the  Governor  and  Compa- 
ny of  Merchants  of  London  trading  to  the  East  In- 
dies, for  fifteen  years,  the  exclusive  right  of  trading 
to  all  countries  from  ihe  Cape  of  Good  Hope  east- 
ward, to  the  Straits  of  Magellan,  excepting  those 
which  were  in  the  possession  of  friendly  European 
powers. 

Unty  1613,  the  Company  consisted  merely  of  a 
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society  subject  to  particular  regulations ;  each  mem- 
ber managed  his  affairs  on  his  own  account,  and  was 
only  bound  to  conform  to  certain  general  rules. 
Notwithstanding  the  disadvantages  of  this  arrange- 
ment, the  profits  of  eight  voyages  amounted  to  I7l 
per  cent. 

2.  Period  firom  1613  to  1708.  At  this  time  (1613), 
the  capital  was  united,  and  the  constitution,  in  con- 
sequence, became  more  aristocratic;  the  largest 
stockholders  having  the  principal  management,  and 
the  great  mass  of  &e  stockholaers  having  only  a  no- 
minal control  in  the  general  meetings.  These  latter, 
in  reality,  had  only  in  view  speculation  in  the  shares. 
The  concerns  of  the  Company  were  so  prosperous, 
that,  in  the  course  of  four  years,  the  shares  rose  to 
the  value  of  203  per  cent.,  and  the  Dutch  became  de- 
sirous, though  they  did  not  succeed,  to  unitie  with  it 
against  the  Portuguese.  Its  factories  were  extended 
to  Java,  Sumatra,  Borneo,  the  Banda  Islands,  Ce- 
lebes, Malacca,  Siam,  the  coasts  of  Malabar  and  Co- 
romandel,  but  chiefly  to  the  states  of  the  Mogul, 
whose  favour  the  Company  had  very  prudently  se- 
cured. Their  success  was  such,  that,  a  new  sub- 
scription being  opened  in  1616,  the  amount  raised 
was  1,629>040/.  But,  in  1627,  complaints  were 
made  of  bad  management,  and  abuses  of  ail  kinds, 
particularly  in  regard  to  the  private  commerce  of  the 
officers,  which  has  always  been  of  the  greatest  disad- 
vantage to  all  such  companies. 

The  opposition  to  the  royal  authority  under  the 
Stuarts,  brought  into  question  the  monopoly  of  the 
Company  which  rested  on  a  royal  grant.  The  kings 
themselves  contributed  to  raise  these  doubts,  b)' 
granting  to  individuals  the  privilege  of  trading  to 
India,  much  to  the  disadvantage  of  the  Company. 
During  the  time  of  the  Commonwealth,  the  public 
opinion  became  very  strong  against  monopolies,  and 
Cromwell,  by  destroying  the  charter,  in  1655,  at- 
tempted to  make  the  East  India  trade  free.-  But  this 
was  impracticable.  To  give  up  the  Company,  was 
to  destroy  the  whole  basis  of  power  and  influence 
obtained  in  India.  After  the  restoration  of  the  royal 
family,  the  charter  which  even  Cromwell  had  been 
obliged  to  renew,  was  again  in  full  force. 

During  the  short  period  which  elapsed  from  this 
time  to  the  revolution  of  1688,  the  Company  obtain- 
ed, by  the  acquisition  of  Madras  and  Bombay,  the 
predominance  on  the  coasts  of  Malabar  and  Coro- 
mandel,  and  laid  the  foundation  for  the  extension  of 
its  possessions  into  the  interior  of  Hindostan,  and  for 
that  power  vThich  rose  on  the  ruins  of  the  empire  of 
the  great  Mogul.  The  affairs  of  the  Company  were 
not,  however,  in  a  prosperous  state ;  and,  soon  after 
the  revolution,  the  question  was  started,  whether  the 
King  could  impose  restrictions  on  commerce  by  a 
charter,  and  whether  a  sovereign,  who  possessed  the 
rights  of  sovereignty  conditionally,  cOuld  confer  them 
on  a  privileged  company.  The  'consequence  was, 
that,  the  Company  not  being  able  to  perform  their 
obligations,  on  account  of  th^  losses  occasioned  by 
wars,  infidelity  of  officers,  extravagance,'  &c..  Parlia- 
ment granted  a  charter  to  a  new  East  India  Compa- 
ny, in  1698,  on  condition  of  a  loan  of  2,000,000/: 
sterling,  at  3  per  cent.,  for  the  service  of  the  state; 
But  the  great  contentions  between  the  two  compa- 
nies soon  made  it  necessary  to  unite  them,  and  a 
union  was  effected  in  1708. 

3.  Period  from  1708  to  1748.  In  1708,  an  act  of 
pariiament  was  passed,  establishing  the  English  Ka  t 
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India  Company  on  its  present  footing,  under  the  title 
of  The  United  Company  of  Merchants  of  England 
trading  to  the  East  Indies.  Its  exclusive  privUeges 
were  granted  till  )  726,  after  which  it  was  determin- 
able upon  three  years'  notice.  The  capital  was  raised 
by  the  sale  of  the  shares :  one  share  (of  the  value 
of  500/.)  gave  the  holder  a  vote  in  the  "  General 
Court ;"  four  shares,  or  stock  to  the  amount  of 
SOOO/.,  rendered  the  holder  eligible  as  one  of  the 
twenty-four  "  directors,"  who  managed  the  govern- 
ment of  the  Company.  The  shares  being  transfer- 
rible,  the  great  mass  of  stockholders  are  constantly 
changing,  and  take  no  personal  interest  in  the  affairs 
of  the  Company,  but  merely  speculate  in  the  shares. 
The  wnole  management  is  left  exclusively  in  the 
hands  ol  the  directors,  and  all  the  numberless 
abuses  of  an  oligarchical  constitution  are  readily 
introduced. 

The  local  affairs  of  the  Company  were  intrusted  to 
the  three  councils  of  Madras,  Bombay,  and  Calcutta, 
while  the  general  direction  was  retained  in  England. 
But,  as  every  thing  depended  ultimately  on  the  local 
officers  in  India,  the  pernicious  abuse  prevailed  of  at- 
tempting to  secure  the  fidelity  of  the  superior  officers, 
by  sdlowing  them  to  appropriate  to  themselves  the 
inferior  lucrative  posts.  The  renewal  of  the  charter 
in  1732  was  not  obtained  without  great  difficulty, 
and  against  a  powerful  opposition.  The  Company 
therefore  thought  it  adviseable,  in  1744,  to  advance 
1,000,0002.  sterling,  at  3  per  cent.,  for  the  service  of 
government,  in  consideration  of  an  extension  of  their 
grant  till  1780. 

4th  Period.  The  political  power  of  the  English  in 
India  commenced  in  1748.  The  French  had  already 
set  the  example.  In  1746,  a  French  battalion  had 
destroyed  the  army  of  the  Nabob  of  the  Camatic,  and, 
soon  fliter,  the  French  officers  succeeded  in  disciplin- 
ing Indian  troops  according  to  the  European  method. 
The  inferiority  of  the  native  Indian  troops  opposed  to 
European  soldiers,  and  the  facility  of  instructing  In- 
dian soldiers,  known  by  the  name  of  Sepoys,  in  the 
European  discipline,  was  thus  proved.  Ambition 
and  avarice,  political  and  mercantile  cunning,  could 
now  act  on  a  larger  scale ;  and  the  independence  of 
the  Indian  princes  was  gone  whenever  this  trading 
company,  which  was  already  encroaching  upon  all 
the  rights,  both  of  the  rulers  and  the  people  of  those 
countries,  should  establish  a  permanent  militar}' 
force.  Thus  far,  the  military  organization  of  the 
Company  had  been  merely  on  the  defensive :  it  now 
became  able  to  act  offensively  ;  and  the  entire  differ- 
ence of  the  European  and  Indian  notions  of  law  could 
never  fail  to  furnish  opportunities  to  put  this  new 
means  of  power  into  action. 

The  rights  of  succession,  and  all  the  rights  of 
princes,  subjects,  and  families,  were  so  much  disputed 
on  the  different  principles  of  the  Indian,  Mohammed- 
an, and  British  laws,  that  the  Company  (which  often 
interposed  as  arbitrator)  easily  succeeded  in  extend- 
ing their  legal  jurisdiction.  If  called  to  account  in 
Europe  for  any  of  its  undertakings,  it  was  easy  to 
uphold  the  correctness  of  its  conduct,  politically,  on 
the  ground  of  self-defence,  which,  at  the  distance  of 
several  thousand  miles,  could  not  be  called  in  ques- 
tion ;  and,  in  legal  matters,  by  taking  advantage  of 
the  impenetrable  labyrinth  of  law.  Edmund  Burke, 
who  experienced,  in  the  case  of  Hastings,  this  im- 
pregnability of  the  Company,  accused  them  justly 
•*  7/  having  sold  every  monarch,  prinoe,  and  state  in 


India,  broken  every  contract,  and  ruined  every  prtnte 
and  every  state  who  had  trusted  them," 

The  high  officers  in  India,  whatever  great  names 
may  appear  among  them,  become  despotic  from  situ- 
ation: 1.  because  each  receives  an  inheritance  of 
injustice,  which  must  be  maintained;  2.  becanae 
public  opinion  has  no  influence ;  3.  because  no  moral 
and  religious  connection,  nor  even  that  of  language, 
exist  between  the  ruled  and  the  rulers ;  4.  because 
no  fear  of  dangerous  insurrections  can  exist,  on  ac- 
count of  the  great  division  of  the  Hindoo  and  Mo- 
hammedan classes  and  interests;  5.  because  the 
officers  of  the  Company  have  no  object  but  to  make 
money,  with  a  view  of  spending  it  in  England,  as 
soon  as  they  have  accumulated  sufficient  to  satisfy 
their  wishes,  and,  therefore,  are  not  disposed  to  make 
opposition  against  abuses. 

In  1749*  the  robberies  of  the  Coinpany  began  with 
its  protection  of  the  pretender  of  Tanjore.  Under 
pretence  of  illegitmnacy,  the  nabob  of  this  district  was 
driven  out,  for  the  purpose  of  obtaining  some  cessions 
of  territory,  and  then  restored,  on  making  farther 
concessions.  The  rapid  progress  of  the  Company  in 
the  art  of  extending  their  possessions,  appears  from 
their  treaties  with  Surrajah-Dowlah,  the  Nabob  of 
Bengal,  in  1757»  when  large  and  rich  provinces  were 
the  reward  of  their  faithless  policy.  This  enlarge- 
ment of  territory  caused  sudi  enormous  expendi- 
tures, the  difficulties  of  governing  increased  so  greatly 
with  the  increase  of  power,  the  numerous  officers 
became  so  much  more  independent,  rapacious*  and 
disobedient,  that  the  finances  of  die  Company  suf- 
fered. 

The  direction  in  London  was  now  nothing  more 
than  a  mere  control  of  the  real  govemmmt,  which 
had  its  seat  in  India.  Its  orders  were  antiquated 
before  they  reached  Calcutta*  The  governors  having 
the  advantage  of  being  on  the  spot,  it  was  to  be  ex- 
pected that  they  would  obey  only  when  personal  inte- 
rest required  it.  Thus  the  repeated  prohibition  to 
carry  on  a  traffic  in  the  interior,  with  salt,  tobacco* 
and  betel  nuts,  was  entirely  disregarded,  with  the 
express  consent  of  the  Elast  Indian  councils ;  and* 
long  after  the  directors  had  forbidden  the  officers  of 
the  Company  to  accept  presents  from  the  Indian 
princes,  it  was  proved  that  they  had  openly  received 
them,  to  the  amount  of  6,000,0002.  from  the  family 
of  the  Nabob  of  Bengal  alone.  On  this  account,  the 
internal  situation  of  the  Company  became  constantly 
worse,  and,  in  1772,  it  was  compelled  to  raise  a  loan* 
at  first  of  600,000/.,  from  the  Bank,  and  aftenprardt 
of  1,400,000  from  the  Government,  for  its  current  ex- 
penses. The  public  dissatisfaction  was  the  greater, 
as  it  had  been  expected  that  the  extension  of  BritisAi 
power  in  India  would  have  brought  much  wealth 
into  the  mother  country.  At  the  same  time,  great 
complaints  were  made  against  the  unprincipled  con- 
duct of  the  Company's  officers  towards  the  princes 
and  people  of  India ;  and,  as  the  expected  advantages 
appeared  not  to  have  been  obtained,  it  now  began  t& 
be  proclaimed,  that  the  rights  of  humanity  had  been 
trampled  upon. 

The  popular  hatred  was  unjustly  directed  against 
the  directors ;  their  power  was  to  be  limited ;  they, 
who  had  to  manage  a  disobedient  world,  were  to  be 
still  more  cramped.  Control  was  demanded ;  as  if 
a  control  which  sympathises  yn^Sti  the  oppressors, 
and  has  no  connection  with  the  oppressed,  could  avail 
any  thing ;  as  if  oppression  were  a  single  act»  whidi 
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might  be  prevented  by  superintendence,  or  punished 
like  a  crime :  and  what  would  be  the  effect  of  a  con- 
trolling power  whose  commands  would  require  more 
than  half  a  year  to  be  conveyed  to  the  spot,  and  as 
much  more  tmie  before  the  result  could  be  known  in 
Europe  ?  And,  if  the  Company  had  obtained  a  power 
by  force,  which  could  only  be  preserved  by  the  same 
means,  on  what  principle  should  the  control  act  ? — 
Burke's  famous,  but  tmsuccessful  struggle  of  seven 
years,  against  Hastings,  and  in  the  cause  of  humanity 
m  India,  proved  that  the  only  possible  control  of 
the  officers  in  India,  is  the  public  opinion  of  the 
British  nation.  One  party  asserted  that  all  would 
be  well  as  soon  as  the  Company  divided  its  power 
with  the  ministry.  Another  party  maintained  that 
all  that  was  wanting  to  the  Hindoo  was  the  benefit 
of  Briti^  law. 

Some  thought  it  would  be  sufficient  merely  to 
increase  the  difficulty  of  becoming  a  director.  Thus 
the  incomplete  reform  of  1773  took  place.  Instead 
of  500f.,  lOOOl.  was  made  necessary  to  give  the  right 
of  a  vote,  30002.  for  two  votes,  6000/.  for  three  votes, 
and  10,000/.  for  four  votes.  Only  six  directors  were 
to  be  annually  elected.  A  governor-general,  with  four 
counsellors  (at  first  named  by  Parliament,  that  is, 
by  the  minis^,  but  afterwards  by  the  directors,  for 
f^t  years),  was  to  be  placed  over  the  provinces  of 
Bengal,  Bahar,  and  Orissa ;  the  other  provinces  were 
to  be  dependent  upon  him. 

As  a  counterpoise  to  this  concentration  of  power, 
a  supreme  court  was  established  at  Calcutta,  with  a 
chief  justice  and  three  associate  judges,  who  were 
independent  of  the  Company,  and  were  appointed  by 
the  crown.  All  the  civil  and  military  correspondence 
of  the  Company  was  to  be  commumcated  to  the  mi- 
nistry. Under  the  old  system,  in  many  disputed 
cases,  conscience,  or,  at  least,  common  sense,  had 
decided;  but  now,  the  introduction  of  a  new  and 
strange  legal  constitution  occasioned  the  ruin  of  all 
legal  relations.  The  court  decided  in  the  case  of  every 
complaint  made  against  any  individual  who  was  di- 
rectly or  indirectly  in  the  service  of  the  Company, 
as  well  as  all  complaints  relating  to  contracts 
in  which  the  parties  had  submitted  to  its  juris- 
diction. 

If  we  consider  that  nothing  was  more  uncertain 
than  the  personal  condition  of  the  Indian  and  Mo- 
hammedan inhabitants  of  Hindostan ;  that  the  Com- 
pany governed  some  provinces  immediately,  others 
indirectly,  by  means  of  nabobs ;  that  the  zemindars 
were  sometimes  considered  as  the  independent  nobi- 
lity of  India,  sometimes  as  officers  of  the  Company, 
&c. — ^it  follows,  that  the  coiirt  could  take  all  cases 
into  its  own  hands,  or  decline  them  at  pleasure.  Im- 
mediately after  its  establishment,  it  gave  a  specimen 
of  the  spirit  by  which  it  was  actuated.  Nunkomar, 
who  had  accused  the  governor-general,  Hastings,  was 
convicted,  on  insufficient  grounds,  of  forgery,  and 
hanged.  On  the  whole,  die  history  of  the  British 
East  India  trade  justifies  the  assertion  tiiat,  except 
Burke,  and  the  family  of  Wellesley,  scarcely  a  single 
Englishman  has  ever  entered  completely  into  die 
spirit  of  the  people  of  India.  When  the  inefficacy  of 
tne  measures  of  1773  was  sufficiently  proved,  and 
the  finances  of  the  Company  again  suffered  by  the 
American  wtg:,  the  establishment  of  a  board  of  con- 
trol was  again  discussed  in  Pariiament,  and  on 
broader  grounds;  firom  1789  to  1784,  the  greatest 
men  of  England  were  engajped  on  this  important  sub- 


ject. The  famous  East  India  bill  of  Fox,  which  pro- 
posed seven  commissioners,  to  be  appointed  by  Par- 
liament, and  invested  with  supreme  power,  and,  as  i) 
were,  the  right  of  protection  over  India,  could  not  bs 
agreeable  to  the  court,  as  the  principal  object  of  thi 
bill  was  to  deprive  the  crown  of  all  influence  on  In* 
dian  affairs,  and  to  place  an  intermediate  power  be  • 
tween  tiie  king  and  India.  Pitt's  project,  therefore^ 
took  effect. 

A  board  of  control  was  erected,  dependent  on  tho 
crown,  authorized  to  superintend  the  civil  and  mili* 
tary  government  and  the  revenues  of  the  Company^ 
and  to  transmit  the  dispatches  of  the  directors  to  the 
different  presidencies.  The  salaries  of  the  governor- 
general,  the  president,  and  the  council  were  fixed  by 
the  king. 

We  have  thus  given  a  historical  outline  of  the  con* 
stitution  of  the  Company.  The  power  of  control  in 
England,  so  far  as  any  exists,  is  m  the  hands  of  the 
ministry ;  the  particular  direction  of  the  government 
is  subjected  to  the  Company.  It  is  certain  that,  sinct 
the  establishment  of  the  board,  much  less  is  knowv 
of  Indian  affairs  than  formerly.  The  ministers  have 
not  the  same  grounds  for  occasional  investigation; 
die  stockholders,  in  the  general  meetings  of  the  Com- 
pany, can  effect  nothing,  even  if  desirous  to  interfere; 
while  the  board  and  l£e  directors  agree ;  and  this 
agreement  is  the  more  firmly  established,  as  a  com- 
mittee  of  secrecy  exists,  consisting  of  three  directors^ 
which  can  consult  and  decide,  with  the  concurrenoa 
of  the  board,  without  any  communication  wit^ 
the  other  directors.  The  improvement  of  the  moral 
condition  of  British  India  is  impossible,  while  die 
fear  of  a  result  like  that  which  occurred  in  the  cast 
of  the  North  American  colonies,  prevents  the  regulat 
colonization  and  establishment  of  BriUsh  subjects  ic 
India.  A  race  of  Englishmen  bom  in  India  could 
alone  succeed,  in  the  course  of  time,  in  bringing  ordet 
and  harmony  into  the  jarring  interests  and  relations 
of  the  country.  The  political  importance  of  the  East 
Indies,  in  their  present  &tate,  to  England,  is  too  greaS 
to  allow  us  to  expect  any  immediate  improvement  iq 
the  condition  of,  India.  , 

A  taxable  population  of  83,000,000  of  inhabitants; 
with  40,000,000  under  dependent  native  princes ;  an 
army  of  200,000  men,  in  die  service  of  the  Company; 
about  16,000  civil  officers ;  an  annual  export  of  about 
14,000,000/.,  and  an  import  to  the  same  amounts 
from  all  parts  of  the  world,  are  objects  which  out- 
weigh all  moral  considerations.  This  gigantic  po- 
litical-mercantile association  might  exist  as  long  as  a 
small  military  power  is  sufficient  to  prevent  a  great 
nation  from  attempting  to  throw  off  the  yoke;  as 
long  as  the  system  defaire  le  commerce  en  siUtan  et  di 
/aire  la  guerre  en  marchand  can  survive ;  as  long  as 
the  pretensions  of  the  metis,  the  offspring  of  Euro- 
pean fathers  and  Indian  mothers,  do  not  increase ; 
and  the  Indians  and  Mohammedans  remain  ignorant 
of  the  real  weakness  of  their  oppressors ;  that  is,  as 
long  as  the  course  of  nature  is  reversed.  Since  1813, 
all  British  subjects  have  been  permitted  to  trade  ts 
the  East  Indies,  under  certain  conditions  advantage- 
ous to  the  Company,  which  has,  however,  claimed 
the  exclusive  commerce  in  tea.  It  appears  that  the 
revenue  of  the  British  possessions  in  India  is  greatef 
than  that  of  any  European  state,  excepting  France  and 
England.  In  1827*28,  it  amounted  to  23,035,164^ 
in  1828-29>  it  is  estimated  at  23,350,317^  Ths 
interest  on  the  debt  b  about  2,000,0()0(.  yearly ;  th 
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total  interest  on  the  debt  and  charges,  including 
fhose  paid  in  England,  and  the  expenses  of  the  is- 
land of  St.  Helena,  was  26,314,3442.  in  1827-28, 
and  23^94,503/.  in  1828-29  ;  the  surplus  of  charge 
above  revenue  was,  in  1825-26,  over  three  millions  ; 
the  estimated  surplus  revenue  in  1829,  1,318,5932. 
Before  the  Burmese  war,  there  was  a  surplus  of  re- 
venue over  expenditure  of  one  million  and  a  half;  but 
in  the  twenty  years  preceding  1828-29,  there  are  only 
six  which  show  a  surplus  revenue.  The  total  assets 
tif  the  Company,  including  property  of  every  descrip- 
tioD«  amounted  to  1 8,406,0392.  The  rate  of  dividend, 
since  1793,  has  been  lOi  per  cent.  It  is  believed  that 
the  value  of  American  imports  from  England  into 
China  amounts  to  800,000  dollars,  whilst  that  of  the 
Company  amounts  to  800,0002.  The  Company's 
tonnage  to  China  had  increased,  for  the  last  nine  or 
ten  years  5000  on  an  average. 

The  present  value  of  the  trade  possessed  by  the 
British  East  India  Company,  with  reference  to  the 
private  trade,  will  he  best  understood  by  reference  to  a 
document  printed  by  order  of  the  House  of  Commons. 

Between  India  and  China,  we  find  a  total  of 
4,229»3542.  sterling,  for  one  year.  This  Includes 
both  imports  and  exports,  out  of  which  the  Com- 
pany have  but  433,3882.,  and  the  remainder  belongs 
O  private  individuals.  The  exports  and  imports,  be- 
tween England  and  China,  on  accoimt  of  the  Com- 
pany is  rather  less  than  two  millions  and  a  half 
pounds  sterling. 

The  amount  of  the  population  of  the  British 
East  Indies  cannot,  of  course,  be  known  with  any 
thing  like  accuracy;  but  the  following  is  probably 
as  near  an  approximation  as  can  be  made: — In 
the  Bengal  presidency,  58,000,000;  Madras  presi- 
dency, 16,000,000;  Bombay  presidency,  11,000,000; 
total  British,  85,000,000 ;  subsidiary  and  dependent 
(say),  40,000,000 ;  oUtports  in  the  bay,  &c.  <8ay), 
1,000,000;  total  under  British  control,  126,000,000; 
independent  states,  but  controlled  by  the  British  arms 
(say),  10,000,000  ;  approximate  total,  not  European^ 
130,000,000 ;  total  Europeans,  about  40,000  ;  about 
one  European  to  three  thousand  four  hundred  na- 
tives, or,  where  they  have  the  whole  command  of  the 
government  and  revenue,  one  European  to  two  thou- 
sand one  hundred  and  twenty-five  natives. 

As  the  charter  of  the  East  India  Company  is  about 
to  expire,  no  doubt  every  effort  will  be  made  by  their 
friends  to  ensure  its  renewal,  and  it  is  most  probable 
that  they  will  effect  their  object ;  but  common  sense 
should  teach  those  who  legislate  for  the  commercial 
interests  of  this  country,  not  to  continue  the  whole 
of  those  oppressive  regulations  which  now  shackle 
our  trade  with  so  large  a  portion  of  the  globe.  The 
.-norality  of  the  question,  as  to  whether  we  should 
keep  a  mighty  empire  in  darkness  merely  because*^ 
they  would  break  the  bonds  which  now  fetter  them 
the  moment  they  became  intellectually  enlightened, 
requires  but  little  discussion.  The  political  power 
of  the  Company  appears  rather  beneficial  than  other- 
wise to  the  natives,  but  they  must  be  taught  to  wield 
it  with  a  different  spirit.  A  free  press,  the  only 
basis  of  free  institutions,  must  be  established,  and 
the  natives  of  this  country  must  be  allowed  to  settle 
in  the  Company's  territories,  as  they  do  in  any  other 
colonies  belonging  to  Great  Britain,  vnthout  the 
Indian  government  having  the  power,  as  in  the  case 
of  Mr.  Buckingham,  to  issue  a  species  of  leUre  de 
/Docfiei,  for  tLeir  seizure  and  removal. 


Since  writing  the  above,  we  find  that  the  charter  is 
likely  to  be  renewed,  but  in  a  modified  form.  Colo- 
nization is  to  be  permitted,  though  without  allowing 
a  free  trade  v^th  the  interior,  and  the  China  trade  is 
to  be  thrown  entirely  open. 

IV.  The  French,  Danish,  and  Swedish  East  India 
companies  have  been  of  little  importance,  even  in 
their  most  flourishing  state,  to  the  commerce  of  the 
world.  The  French,  established  in  1664,  could  not 
succeed ;  in  1796,  the  trade  was  again  thrown  open. 
A  new  company  established  in  1785,  expired  in  1791- 
The  East  India  company  in  Denmark  established  in 
1618,  and  several  times  renewed,  finally  surrendered 
its  possessions  to  the  king  in  1777>  The  company  has 
now  only  the  Chinese  trade.  The  Swedish  East 
India  Ck>m|>any  established  in  1731,  and  renewed  in 
1766  and  1786,  still  exists  at  Gottenburg.  For  every 
voyage  it  pays  75,000  dollars  in  silver  to  the  crown, 
to  which,  on  its  establishment,  it  was  obliged  to 
advance  3,000,000  dollars  in  silver,  of  which  one 
million,  not  on  interest,  is  merely  a  security,  and 
the  other  two  millions  are  considered  as  a  loan. 

East  India  Fly  (Ifftta  gygtu).  This  species  of 
cantharides  has  been  tried  in  America;  and  they 
were  found  to  be  exceedingly  active  as  vesicatories, 
and  never  failed  in  their  effect  They  produce  a  vesi- 
cation, in  general,  mach  earlier  than  the  Spanish  fiy, 
and,  from  being  found  so  much  more  active,  only  one 
half  the  quantity  is  added  in  making  the  emfiUutrum 
catUharidiM, 

Eau  db  Coloonb,  or  water  of  Cologne,  a  fragrant 
water,  made  originally,  and  in  most  perfection,  in 
Cologne.  Formerly  many  wonderful  powers  were 
ascribed  to  this  water,  but  it  was  probably  never  so 
much  in  demand  as  at  present,  in  Europe  and  Ame- 
rica, and  numberless  recipes  have  been  given  for  its 
manufacture.  It  was  invented  by  a  person  named 
Farina,  in  whose  family  the  secret,  as  they  say, 
continues  to  be  preserved,  since  chemistry  has  not 
been  able  as  yet  to  give  the  analysis  of  it.  It  is  imi-' 
tated,  however,  everywhere,  llie  consumption  of 
this  perfume  has  increased,  and  there  exist  at  pre- 
sent, fifteen  manufactories  of  it  in  Cologne,  which 
produce  several  millions  of  bottles  yearly;  much, 
also,  is  manufactured  at  Paris,  in  Saxony,  and  other 
places.  One  of  the  many  recipes  to  make  eau  de 
Cologne  is  the  following : 

Alcohol,  or  spirit  of  wine,  at  30°  .  .  2  pints. 
Oleum  neroli*        "^ 
de  cedro 


de  cedrat 

cort  aurant 

—         citri 

bergamot 

rosmarin 


> 


24  drops. 


Seed  of  small  cardamum    ....  2  drachms. 

Distil  it  in  a  sand-bath,  until  three-fourths  of  the 
alcohol  have  evaporated. 

Eau  db  Lucb  (aqua  Lucia,  or  epiritue  ealuf  ammo^ 
mad  succinatus) ;  invented  by  a  person  named  X^ice, 
at  Lille,  in  Flanders ;  a  volatile  preparation,  thus 
made :  ten  or  twelve  grains  of  white  soap  are  dis- 
solved in  four  ounces  of  rectified  spirit  of  wine,  after 
which  the  solution  is  strained,  and  a  drachm  of  recti- 
fied oil  of  amber  is  added,  and  the  whole  is  filtrated. 
Afterwards,  some  strong  volatile  spirit  of  sal  ammo- 
nia should  be  mixed  with  the  solution. 

/  Ethereal  oil  of  onngc-floiron. 


EAVE 

E^vxt ;  the  edges  of  the  roof  whxdk  overhang  a 
house. 

Ebb  ;  the  reflux  of  the  tide  toward  the  sea. 

Ebont  ;  a  kind  of  wood,  extremely  hard,  and  sus- 
ceptible of  a  very  fine  polish,  which  is  much  used  in 
mosaic,  inlaying,  and  other  ornamental  works.  Its 
colour  is  red>  black,  or  green.  The  black  is  most 
esteemed*  and  is  import^  principally  from  Mada- 
gascar and  the  Isle  of  France.  Red  ebony,  so  called, 
Siough  its  colour  is  brown,  striped  with  black,  is  less 
compact,  and  is  also  brought  from  Madagascar.  The 
green  is  softer  than  either  of  the  preceding,  yields  a 
fine  green  tincture,  which  is  employed  in  dyeing,  and 
is  brought  from  ihe  West  Indies,  particularly  from 
Tobago,  as  well  as  from  the  above-mentioned  islands. 
The  best  is  jet  black,  and  free  from  knots,  or  reddish 
veins.  Ebony  is  imitated  by  subjecting  some  hard 
kinds  of  wood,  especially  that  of  the  pear  tree,  to  a 
hot  decoction  of  galls,  and,  when  this  is  dry,  apply- 
ing ink  with  a  stSf  brush ;  a  little  warm  wax  is  then 
used  to  give  it  a  polish :  another  method  is,  by  heat- 
ing and  burning  the  wood. 

Ebullition  ;  the  act  of  boiling  up  with  heat ;  any 
intestine  violent  motion  of  the  parts  of  a  fluid.  In 
water,  under  ordinary  circumstances  the  phenomena 
of  ebullition  do  not  take  place  till  the  fluid  arrives 
at  212°. 

EccBNTRiciTY  of  the  pUmeis ;  the  distance  be- 
tween  the  sun  and  the  centre  of  the  orbit  in  which 
the  planet  moves. 

EccHYMOSis,  in  surgery.  This  term  signifies  a 
livid  or  blue  discoloration  of  the  skin,  caused  by  the 
rupture  of  vessels,  and  extravasation  of  blood.  Con- 
tusions are  always  attended  with  a  degree  of  ecchy- 
mosis. 

Ecbblon  (French;  a  ladder  or  stairway);  used 
in  military  language.  A  battalion,  regiment,  &c., 
inarches  en  Echelon,  or  par  Echelon,  if  the  divisions  of 
which  it  is  composed  do  not  march  in  one  line,  but 
€m  parallel  lines.  The  divisions  are  not  exactly  be- 
hind each  other,  but  each  is  to  the  right  or  left  of  the 
one  preceding,  so  as  to  give  the  whole  the  appearance 
of  a  stairway.  This  order  is  used  if  the  commander 
wishes  to  bnng  one  part  of  a  mass  sooner  into  action, 
and  to  reserve  the  other.  If  the  divisions  of  the 
6ehdon  are  battalions,  these  are  generally  from  100  to 
2200  steps  from  each  other. 

EcBo.  When  the  waves  of  sound  strike  against 
a  distant,  hard  surface,  they  are  reflected,  and  heard 
again  after  a  short  space ;  this  repetition  is  called 
ecAo.  If  the  sound  is  repeated  several  times,  which 
is  the  case  when  it  strikes  against  objects  at  different 
distances,  many  echoes  are  heard.  This  phenome- 
non is  not  caused  by  a  mere  repulsion  of  the  sonorous 
particles  of  air,  for  then  every  hard  surface  would 
produce  an  echo ;  but  it  probably  requires  a  degree  of 
concavity  in  the  repelling  body,  which  collects  seve- 
ral diverging  lines  of  sound,  and  concentrates  them 
in  the  place  where  the  echo  is  audible,  or,  at  least, 
reflects  them  in  parallel  lines,  without  weakening  the 
sound,  as  a  concave  mirror  collects  in  a  focus  the 
diverging  rays  of  light,  or  sometimes  sends  them  back 
parallel. — Still,  however,  the  theory  of  the  repulsion 
of  sound  is  not  distinctly  settled,  probably  because 
the  nature  of  reflecting  surfaces  is  not  sufiiciently 
known.  The  reflecting  surface  must  be  at  a  certain 
distance,  in  order  that  the  echo  may  come  to  the  ear 
after  the  sound,,  and  be  yet  distinctly  separated  from 
It.    (See  AcovsTic8.> 
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Echo,  in  mime;  the  repetinoh  of  some  part  of  an 
air  in  a  very  low,  soft,  manner,  in  imitation  of  a  real 
echo. 

Echombtbr,  in  music;  a  kind  of  scale  or  rule,  with 
several  lines  thereon,  serving  to  measure  the  duration 
and  length  of  sounds,  and  to  find  their  intervals  and 
ratios. 

Eclipsareon,  in  astronomy;  an  instrument  in- 
vented by  Mr.  Ferguson  for  exhibiting  the  duration 
and  character  of  eclipses. 

EcLiPSB.  An  Eclipse  (if  the  Moon  is  a  privation 
of  the  light  of  the  moon,  occasioned  by  an  interposi- 
tion of  the  earth  between  the  sun  and  the  moon ;  con- 
sequently, all  eclipses  of  the  moon  happen  at  fUU 
moon ;  for  it  is  only  when  the  moon  is  in  opposition, 
that  it  can  come  within  the  earth's  shadow,  which 
must  always  be  on  that  side  of  the  earth  which  is 
from  the  sun.  The  earth  being  in  the  plane  of  the 
ecliptic,  the  centre  of  its  shadow  is  always  in  that 
plane :  if,  therefore,  the  moon  be  in  its  nodes,  that 
is,  in  the  plane  of  the  ecliptic,  the  shadow  of  the 
earth  will  fall  upon  it.  This  shadow,  bebg  of  con* 
siderable  breadth,  is  partly  above  and  partly  below 
the  plane  of  the  ecliptic ;  if,  therefore,  the  moon  m 
opposition  be  so  near  one  of  its  nodes  that  its  lati* 
tude  is  less  than  half  the  breadth  of  the  shadow,  it 
will  be  eclipsed.  But,  because  the  plane  of  the  moon's 
orbit  makes  an  angle  of  more  tlum  five  degrees  with 
the  plane  of  the  ecliptic,  it  will  frequently  have  too 
much  latitude  at  its  opposition  to  allow  it  to  come 
within  the  shadow  of  the  earth. 

An  Eclipse  of  the  Sun  is  an  occultation  of  part  of 
the  face  of  the  sun,  occasioned  by  an  interposition  of 
the  moon  between  the  earth  and  the  sun ;  thus  aU 
eclipses  of  the  sun  happen  at  the  time  of  new  moon. 
The  dark  or  central  part  of  the  moon's  shadow,  where 
the  sun's  rays  are  wholly  intercepted,  is  called  the 
umbra,  and  the  light  part,  where  only  a  part  of  them 
are  intercepted,  is  called  the  penumbra;  and  it  is 
evident  that,  if  a  spectator  be  situated  on  that  part  of 
the  earth  where  the  umbra  falls,  there  will  be  a  total 
eclipse  of  the  sun  at  that  place ;  in  the  penumbra 
there  will  be  a  partial  eclipse,  and  beyond  the  pen- 
umbra there  will  be  no  eclipse.  As  the  earth  is  not 
always  at  the  same  distance  (ran  the  moon,  if  an 
eclipse  should  happen  when  the  earth  is  so  far  from 
the  moon  that  the  rays  of  light  proceeding  from  the 
upper  and  loWer  limbs  of  ti^e  sun  cross  each  other 
before  they  come  to  the  earth,  a  spectator  situated 
on  the  earth,  in  a  direct  line  between  the  centres  of 
the  sun  and  moon,  would  see  a  ring  of  light  round 
the  dark  body  of  the  moon ;  such  an  eclipse,  as  we 
stated  in  the  article  Astronomy,  is  called  annular. 
People  situated  in  the  penumbra  will  then  perceive  a 
partial  eclipse ;  and  an  eclipse  can  never  be  annular 
longer  than  12  minutes  24  seconds,  nor  total  longer 
than  7  minutes  58  seconds ;  nor  can  the  duration  of 
an  eclipse  of  the  sun  ever  exceed  2  hours. 

The  sun  being  larger  than  the  earth,  the  earth's 
shadow  is  a  cone,  whose  base  is  on  the  surface  of  the 
earth,  and  the  moon  is  eclipsed  by  a  section  of  the 
earth's  shadow.  If  the  earth  were  larger  than,  or  equal 
to,  the  sun,  its  shadow  would  either  perpetually  en- 
large, or  be  always  of  the  same  dimension  ;  but,  in 
this  ca^,  the  superior  planets  would  sometimes  come 
within  it,  and  be  eclipsed,  which  never  happens. 
Therefore  the  sun  b  larger  than  the  earth,  and  pro« 
duces  a  shadow  from  the  earth  of  a  conical  fornix 
which  does  not  extend  to  the  orbit  of  Mars.    Aju 
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eclipse  of  the  moon  is  partial  when  only  a  part  of  its 
disc  is  within  the  shadow  of  the  earth ;  it  is  total 
when  all  its  disc  is  within  the  shadow ;  and  it  is  cen- 
tral when  the  centre  of  the  earth's  shadow  falls  upon 
the  centre  of  the  moon's  disc.     Now  the  nearer  any 
Dart  of  the  penumbra  is  to  the  umbra,  the  less  light 
it  receives  from  the  sun ;  and,  as  the  moon  enters  the 
penumbra  before  she  enters  the  umbra,  she  gradually 
loses  her  light,  and  appears  less  brilliant.     The  du- 
ration of  an  eclipse  of  the  moon,  from  her  first  touch- 
mg  the  earth's  penumbra  to  her  leaving  it,  does  not 
exceed  five  hours  and  a  half.    The  moon  does  not 
continue  in  Uie  earth's  umbra  longer  than  three 
hours  and  three  quarters  in  any  eclipse,  neither  is 
she  totally  eclipsed  for  a  longer  period  than  one  hour 
and  three  quarters.    As  the  moon  is  actually  deprived 
of  her  light  during  an  eclipse,  every  inhabitant  upon 
the  face  of  the  earth  who  sees  the  moon  sees  the 
eclipse.    An  eclipse  of  the  sun,  as  we  have  said,  hap- 
pens when  the  moon,  passing  between  the  sun  and 
the  earth,  intercepts  the  sun's  light ;  and  the  sun  can 
only  be  eclipsed  at  the  new  moon,  or  when  the  moon, 
at  Its  conjunction,  is  in  or  near  one  of  its  nodes. 
For,  unless  the  moon  is  in  or  near  one  of  its  nodes, 
it  cannot  appear  in  or  near  the  same  plane  with  the 
sun,  without  which  it  cannot  i^pear  to  us  to  pass  over 
the  disc  of  the  sun.    At  every  other  part  of  its  orbit, 
it  will  have  so  much  northern  or  south^hi  latitude  as 
to  appear  above  or  below  the  sun.  If  the  moon  be  in  one 
of  its  nodes,  having  no  altitude,  it  will  cover  the  whole 
disc  of  the  sun,  and  produce  a  total  eclipse,  except  when 
Its  apparent  diameter  is  less  than  that  of  the  sun ;  if  it 
he  near  one  of  its  nodes,  having  a  small  degree  of  lati- 
tude, it  will  only  pass  over  a  part  of  the  sun's  disc, 
or  produce  a  partial  eclipse.     In  a  total  eclipse  of  the 
sun,  the  shadow  or  umbra  of  the  moon  foils  upon 
that  part  of  the  earth  where  the  eclipse  is  seen,  and 
a  spectator,  placed  in  the  shadow,  will  not  see  any 
part  of  die  sun,  because  the  moon  will  intercept  all 
the  rays  of  light  coming  directly  from  the  sun.    In  a 
partial  eclipse  of  the  sun,  a  penumbra,  or  imperfect 
shadow,  of  the  moon,  falls  upon  that  part  of  the  earth 
where  the  partial  eclipse  is  seen.    Were  the  orbit  of 
the  earth  and  that  of  the  moon  hoih  in  the  same 
plane,  there  would  be  an  eclipse  of  the  sun  every  new 
moon,  and  an  eclipse  of  the  moon  every  full  moon. 
But  the  orbit  of  the  moon  makes  an  ansle  of  five 
degrees  and  a  quarter  with  the  plane  of  tne  earth's 
orbit,  and  crosses  it  in  two  points,  called  the  node$. 
Astronomers  have  calculated  that  if  the  moon  be  less 
than  17^  2  r  from  either  node,  at  the  time  of  new 
moon,  the  sun  may  be  eclipsed ;  or  if  less  than  1 1^  34' 
from  either  node,  at  the  full  moon,  the  moon  may  be 
eclipsed ;  at  all  other  times  there  can  be  no  eclipse, 
for  the  shadow  of  the  moon  will  fall  either  above  or 
below  the  earth  at  the  time  of  new  moon ;  and  the 
shadow  of  the  earth  will  fall  either  above  or  below  the 
moon  at  the  time  of  full  moon.     Eclipses  are  now  of 
certain  calculation.    It  was,  however,  believed  by  the 
ancients  that  theii  number  depended  on  chance.    An 
eclipse  of  the  sim  begins  on  the  western  side  of  his  disc, 
and  ends  on  the  eastern;  and  an  eclipse  of  the  moon 
begins  on  the  eastern  side  of  her  disc,  and  ends  on  the 
western.    The  average  number  of  eclipses  in  a  year 
IS  four,  two  of  the  sim  and  two  of  the  moon ;  and,  as 
the  sun  and  moon  are  as  long  below  the  horizon  of 
any  particular  place  as  they  are  above  it,  the  average 
number  of  visible  eclipses  in  a  year  it  two,  one  of 
thf  sun  and  one  of  the  moon. 


ECLIPTIC. 

The  precise  character  of  this  species  of  cdipst  wn 
only  be  explained  by  reference  to  a  diagram. 


The  sun  is  represented  at  a,  and  a  ray  at  b  is  seen  to 
pass  from  the  extremity  of  the  sun's  disc.  Another 
ray  passing  from  the  centre,  or  from  the  direction 
ofc,  ends  at  tf ;  for  there  the  light  vnll  be  intercepted 
by  the  moon,  e,  and  the  same  will  also  occur  by  the 
my  bfk.  The  umbra  formed  on  the  earth's  surface 
will  thus  be  much  smaller  than  the  moon,  while  the 
petumbra,  on  the  contrary,  will  considerably  exceed 
it  in  magnitude.  The  size  of  the  umbra  is  shown  at 
h  t,  and  the  penumbra  at  g  h.  Now,  the  portion  of 
a  circle,  delineated  at  tf /,  represents  the  moon's  or- 
bit, and  it  will  be  obvious  that*  if  the  orbit  was 
always  in  the  same  relative  position  with  reference 
to  the  sun  and  earth,  eclipses  would  be  of  very  fre- 
quent recurrence;  such,  however,  is  not  Uie  fact,  as 
it  is  either  above  or  boieath  that  position  on  most 
occasions. 

Ecliptic  ;  the  sun's  path ;  the  great  circle  of  the 
celestial  sphere  in  which  the  sun  appears  to  describe 
his  annusd  course  from  west  to  east.  The  Greeks 
observed  that  eclipses  of  the  sun  and  moon  took  place 
near  this  circle ;  whence  they  called  it  the  ecliptic,  from 
eclipma.  By  a  little  attention,  we  shall  see  that  the 
sun  does  not  always  rise  to  the  same  height  in  the 
meridian,  but  seems  to  revolve  round  the  earth  in  a 
spiral.  We  likewise  observe  every  day,  at  its  rising 
and  setting,  new  stars  in  the  neighbourhood  of  the 
sun.  It  will  also  be  seen  that  the  sun  is  in  the  equator 
twice  a  year ;  about  March  22  and  September  22. 

The  points  of  ^e  equator  at  which  the  sun  is 
stationtury,  on  these  days,  are  at  the  intersection  of 
the  equator  with  the  ecliptic.  June  21,  the  sun 
reaches  its  greatest  height  in  the  heavens ;  and  De- 
cember 21,  it  descends  the  lowest  Because  the  sun 
appears  to  turn  back  at  these  points,  they  are  called 
the  tropict ;  and  the  times  at  which  the  turning  ap- 
pears to  commence  are  called  9ol$tice9  {9olHiiia,  talk 
itationcs).  At  these  points,  tiie  sun  has  attained  its 
greatest  distance  from  the  equator.  These  four  points, 
the  equinoctial  and  solstitial  points,  are  distant  from 
one  another  a  quarter  of  a  circle,  or  90  degrees. 
Each  of  these  quadrants,  or  quarters  of  a  circle,  is 
divided  into  3  equal  arcs  of  30  degrees ;  thus  the 
whole  ecliptic  is  divided  into  12  equal  an^  or  signs: 
these  receive  their  names  from  certain  constellations 
through  which  the  ecliptic  passes,  and  which  extend 
each  30  degrees,  and  are  some  of  them  of  a  very 
picturesque  character. 

The  constellations,  or  12  celestial  signs,  succeed 
one  another  in  the  following  order,  from  Uie  vernal 
equinox,  reckoned  towards  the  east  i 

T  Aries,  March  20, 

8  Tfturus,  April  20. 

n  Gemini,  May  21. 

S  Cancer,  June  21. 

SI  Leo,  July  22. 

Xlg  Virgo,  August  23. 

£h  Libra,  September  23. 

V{  Scorpio,  October  23. 
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f  Sagittarius,  November  22. 
Vf  Capricornus,  December  21. 
rs:  AquarioB,  January  19. 
^  Pisces,  February  18. 

The  days  of  the  month  amiexed  show  when  the 
sun,  in  its  annual  revolution,  enters  each  of  the 
signs  of  the  zodiac.  The  30  degrees  in  every  sign 
are  divided  into  minutes  and  seconds,  not  reckoned 
separately,  bat  after  the  signs.  An  arc  of  the  eclip- 
tic, for  example,  of  97°  15'  27",  reckoned  from 
Aries,  eastward,  is  called  3  signs,  7°  15'  27'  long,  or, 
what  is  the  same  thing,  it  terminates  in  7°  15'  27'  of 
Cancer.  In  this  way  the  longitude  of  the  stars  is  given. 

The  ecliptic,  like  all  circles,  has  two  poles,  which 
move  about  die  poles  of  the  earth  ever}'  24  hours, 
and  in  this  manner  describe  the  polar  circles.  What 
appears  to  be  the  path  of  the  sun,  however,  is,  in 
reality,  the  path  of  the  earth.  The  planets  and  the 
moon  revolve  in  different  planes ;  but  these  are  in- 
clined at  only  a  very  small  angle  to  the  plane  of  the 
ecliptic ;  hence  these  bodies  can  be  but  a  small  dis- 
tance from  the  ecliptic.  The  plane  of  the  ecliptic  is 
very  important  in  theoretical  astronomy,  because  the 
courses  of  all  the  other  planets  are  projected  upon  it, 
and  reckoned  by  it. 

By  the  obliquity  of  the  ecliptic,  we  understand  its 
inclination  to  the  equator,  or  the  angles  formed  by 
the  planes  of  these  two  great  circles.  This  angle  is 
meajBured  by  the  arc  of  a  third  great  circle,  drawn  so 
as  to  intersect  the  two  others  perpendicularly  in  the 
points  at  which  they  are  farthest  apart.  These  points 
of  intersection  are  90  degrees  distant  from  those 
points  at  which  the  equator  and  ecliptic  intersect 
each  other,  i.  e.  the  solstitial  points.  The  ancients 
endeavoured  to  measure  the  obliquity  of  the  ecliptic. 
According  to  Pliny,  it  was  first  determined  by  Anaxi- 
mander;  according  to  Gassendi,  it  had  been  ascer- 
tained by  Thales.  The  most  celebrated  measurement 
of  this  obliquity,  in  ancient  times,  was  made  by  Py- 
theas,  at  Marseilles.  He  found  it,  350  B.  C,  to  be 
23°  49'  23^*  A  hundred  years  later,  according  to 
Ptolemy,  Eratosthenes  found  it  to  be  23°  51'  20^. 
Various  measurements  have  subsequently  taken  place, 
even  down  to  our  own  time;  and  it  is  remarkable 
that  almost  every  measurement  makes  the  angle  less 
than  those  which  preceded  it.  Among  the  modem 
estimates  are  that  of  Cassini,  23°  28'  35" ;  of  La 
Caille.  23°  28'  19*;  of  Bradley,  23°  28'  18';  and  of 
Mayer,  23°  28'  16':  the  observations  of  Delambre, 
Maskelyne,  Piazzi,  Bessel,  and  others,  give  this  im- 
portant astronomical  element,  for  the  year  1800,  at 
230  27'  66*. 

In  respect  to  the  decrease  of  the  inclination  of  the 
ecliptic,  the  most  celebrated  astronomers  of  our  time, 
as  Lalande,  adopted  the  opinion  that  this  decrease 
continues  uninterruptedly.  Louville  determined  the 
annual  decrease  to  be  1',  La  Caille  44',  and  Lalande 
33'.  Several  philosophers,  of  modem  tiroes,  con- 
cluded, from  these  observations,  that  the  equator 
and  the  ecliptic  were  formerly  in  the  same  plane; 
that  the  shock  of  a  comet,  or  some  mighty  revolution 
on  the  earth,  gave  the  axis  of  our  planet  this  incli- 
nation, and  that,  for  thousands  of  years,  the  axis 
has  been  returning  to  its  original  position,  which  it 
will  reach  after  190,000  years.  Laplace,  on  the  con- 
trary, in  his  Micamique  Celeste,  showed  that  this  could 
never  take  place,  but  that  the  decrease  of  the  angle 
between  the  planes  of  the  equator  and  the  ecliptic 
depends  merely  upon  a  periodical  effect,  arising  from 


the  action  of  the  other  planets ;  that,  after  a  certain 
time,  it  will  increase  again,  and  that  the  limits  of 
variation  are  narrow  and  fixed.  A  very  long  space  of 
time  will  be  required  to  make  satisfactory  observa- 
tions respecting  this  fact.  The  inclination  of  the 
ecliptic,  or,  which  is  the  same  thing,  the  inclination 
of  the  axis  of  the  earth  towards  the  ecliptic,  is  sub- 
ject to  another  change,  which  makes  it  mcrease  and 
decrease,  alternately,  for  nine  years,  during  which 
time  the  greatest  difference  amounts  to  18'. 

Eddies  are  irregular  movements  of  water  or  of 
wind,  or  those  deviations  from  the  principal  direction 
of  the  whole  stream  which  are  occasioned  by  obsta- 
cles of  any  kind.  When  these  irregular  motions 
become  rotary  or  circular  about  a  certain  centre,  they 
assume  the  title  of  whirlpools.  (See  Whirlpool  and 
Whirlwind.) 

Edulcoration  ;  the  process  of  freeing  a  diffi- 
cultly soluble  substance  from  one  that  is  easily  solu- 
ble, by  means  of  distilled  water.  It  differs  little  from 
lixiviation,  except  that  the  former  term  respects  the 
insoluble  residue,  and  the  latter  the  soluble  portion. 
Thus  we  say,  to  lixiviate  wood  ashes,  because  the  ob- 
ject of  the  process  is  to  procure  the  soluble  alkaline 
ingredient  separate  from  the  earth  and  other  impuri- 
ties  with  which  it  is  mixed ;  and,  on  the  other  hand, 
we  say,  to  edulcorate  the  precipitate  from  alum, 
when  the  intention  of  the  operation  is  to  obtain  the 
earth  quite  pure  from  soluble  matter. 

Effervescence,  in  chemistry,  is  a  rapid  disengage- 
ment of  gas  taking  place  within  a  liquid ;  in  conse- 
quence of  this  numerous  bubbles  rise  to  the  surface, 
forming  a  head  of  froth,  and  bursting  with  a  hissing 
noise.  There  is'  some  resemblance  between  efferves- 
cence and  fermentation;  the  latter,  although  the 
source  of  the  gas,  in  process  is  very  different.  Hence 
chemists  formerly  applied  the  term  fermentation  to 
all  the  phenomena  which  are  at  present  denoted  by 
effervescence.  Gas  produced  by  effervescence  is  by 
means  of  single  or  double  elective  affinity;  in  the 
one  case  it  is  generally  carbonic  acid  gas,  in  the  other 
it  is  either  nitrous  gas  or  hydrogen.  Gas  can  have 
but  little  affinity  with  the  fluid  in  which  it  is  im- 
mersed, in  order  to  produce  effervescence.  Thus, 
carbonic  and  muriatic  acids  are  both  gases,  and  are 
both  extricated  from  alkaline  combinations  by  sulphu- 
ric acid ;  yet  a  solution  of  carbonate  of  potash  in  water 
will  produce  a  vehement  effervescence  with  sulphuric 
acid,  while  muriate  of  potash  in  the  same  circum- 
stances will  occasion  none  at  all,  the  carbonic  acid 
having  a  very  slight  affinity  for  water  acidulated  by 
sulphuric  acid,  while  the  muriatic  acid  will  combine 
with  the  same  very  readily. 

Efflorescent,  in  chemistry;  a  term  applied  to 
those  crystals  which,  by  parting  with  a  portion  of 
their  water  by  exposure  to  air,  crumble  as  though 
pulverized. 

EiDooRAPH.  A  very  ingenious  drawing  instru- 
ment, under  this  title,  has  been  invented  by  Profes- 
sor Wallace,  and  described  by  Sir  David  Brewster. 
It  is  a  fact  well  known,  that  artists  of  various  de- 
scriptions, who  have  frequent  occasion  to  imitate 
original  designs,  have  long  felt  the  want  of  a  conve- 
nient mathematical  instrument,  by  which  a  copy  may 
be  made  with  neatness  and  expedition,  that  shall 
have  any  given  proportion  to  the  original.  The  pan- 
tograph is  the  only  instrument  that  has  been  success- 
fully employed ;  but,  although  correct  and  plausible  in 
theory,  in  practice  it  is  found  to  be  so  very  impeifect, 


480 


ELAIN,    ELASTICITY. 


that  the  artist  hardly  ever  thinks  of  making  use  of  it. 

A  consideration  of  the  essential  service  that  would 
be  rendered  to  the  graphic  art,  b^  a  copying  instru- 
ment which  should  be  at  once  simple  m  its  theory 
and  easy  in  its  application,  induced  Mr.  Wallace  to 
turn  his  atteatiou  to  the  subject ;  and,  in  the  summer 
of  1821,  he  produced  a  model  of  a  copying  instru- 
ment, which  he  has  denominated  an  eidograph.  The 
instrument,  and  its  application  to  the  copying  of  a 
very  great  variety  of  subjects,  has  been  shown  to  en- 
gineers, engravers,  and  other  competent  judges  in 
London  and  in  Edinburgh,  and  their  opinion  of  its 
utilitv  has  been  such  as  to  leave  no  doubt  of  its  com- 
pletely fulfilling  the  views  of  the  inventor. 

The  instrument  is  represented  in  the  accompanying 
figure. 


The  principal  or  central  beam,  which  is  made  of 
mahogany,  slides  backward  and  forward  in  a  socket 
in  the  centre;  the  socket  turns  on  a  vertical  axis, 
supported  by  a  fulcrum,  which  stands  on  a  table. 
There  is  a  slit  in  the  beam,  through  which  the  axis 
of  the  socket  passes,  so  that  when  the  beam  slides 
in  the  socket  a  portion  of  it  passes  on  each  side 
of  the  axis.  There  are  two  equal  wheels,  below  the 
beam,  which  turn  on  axes  that  pass  through  pipes 
fixed  at  a,  b,  near  its  extremities ;  and  a  steel  chain 
passes  over  the  wheels  as  a  band,  by  which  a  motion 
of  rotation  may  be  communicated  from  the  one  to 
the  other.  There  are  two  arms,  /,  /,  which  slide  in 
sockets  along  the  lower  face  of  the  wheels,  just  under 
their  centres  :  at  the  extemity,  g,  of  one  arm,  there 
18  a  metal  tracer,  with  a  handle  attached  to  it,  by 
which  its  points  may  be  carried  over  the  lines  i?i  any 
design ;  and  at  h,  the  extremity  of  the  other  arm, 
there  b  a  black-lead  pencil  fixed  in  a  metal  tube, 
wl^ich  is  ground  to  fit  so  exactly  into  a  pipe  as 
just  to  slide  up  or  down*  In  using  the  instrument, 
the  pencil  in  its  tube  is  raised  by  a  thread  which 
passes  over  a  pulley,  and  it  descends  again  by  a 
weight  with  which  it  is  loaded. 

From  the  perfect  equality  of  the  wheels,  it  is  easy 
to  see  that,  if  the  arms  attached  to  them  be  placed 
parallel  in  any  one  position,  they  will  retain  their 
parallelism,  although  one  of  the  wheels,  and  conse- 
quently both,  be  turned  on  their  centres.  Supposing, 
now,  that  6,  c,  and  a,  c,  the  parts  into  which  the 
axis  is  divided  at  the  centre,  have  any  proportion 
whatever  to  each  other,  if  the  distances  of  the  tracing 
point,  g,  and  pencil  point,  h,  from  the  centres  of 
their  wheels  have  the  very  same  proportion,  then  it 


follows,  from  the  eleopenti  of  geometry,  that  the 
tracing  point  g,  the  centre  c,  and  the  pencil  point  k, 
will  be  in  a  straight  line;  and  farther,  that  c,  g, 
and  c,  h,  the  distance  of  these  points  from  the  cen- 
tre, will  have  to  each  other  the  constant  proportion 
of  e,  b,  to  e,  a,  or  of  e,  g,  to  o,  h.  Such  being  the 
gieometrical  property  of  the  eidograph,  if  any  sub- 
ject to  be  copied  be  fixed  to  the  table  on  which  the 
instrument  stands,  and  the  tracing  point  be  carried 
over  every  line  of  the  design,  &e  pencil  point  will 
trace  a  copy  in  all  respects  similar  to  the  original. 
To  facilitate  the  adjustment  of  the  instrument,  so 
that  the  copy  may  have  any  given  ratio  to  the  origi- 
nal, there  are  scales  of  equal  parts  on  the  beam  and 
the  two  arms.  By  these  and  verniers,  both  halves  of 
the  beam,  and  equal  lengths  on  the  arms,  are  each  di- 
vided into  one  thousand  equal  parts,  and  at  certain 
intervals  corresponding  numbers  are  marked  on  them. 
By  means  of  the  scales,  when  any  ratio  is  assigned, 
the  adjustment  is  made  without  the  least  difficulty. 

To  avoid  any  derangement  by  the  chain  slipping 
on  the  wheels,  there  are  clamps  provided,  which  hold 
it  fast  to  the  wheels  at  points  where  it  never  quits 
them.  They  are  slackened  when  the  instrument  is 
adjusted. — Scientific  Gazette,  * 

Elain  ;  the  oily  principle  of  fat,  obtained  by  sub- 
mitting fat  to  the  action  of  boiling  alcohol,  allowing 
the  stearin  to  crystallize,  and  then  evaporating  the 
alcoholic  solution;  or,  by  the  simple  process  of  pres- 
sing any  oily  or  fatty  substance  between  folds  of 
bibulous  paper,  the  oily  matter  or  elain  is  absorbed, 
while  the  stearin  remains.  The  paper  being  then 
soaked  in  water,  and  pressed,  yields  up  the  elain. 
It  possesses  much  the  appearance  and  properties  of 
vegetable  oil,  is  liquid  at  the  temperature  of  60^ 
Fahr.,  and  has  an  odour  derived  from  the  solid  fat 
from  which  it  has  been  extracted.  It  is  readily 
soluble  in  alcohol,  and  forms  soaps  with  alkalies ;  ia 
doing  which,  however,  it  undergoes  decomposition, 
and  is  converted,  according  to  Chevreul,  into  a  pecu- 
liar acid,  called  by  him  oleic  acid,  which  combines 
with  the  alkali  employed.  This  acid  is  obtained  by- 
submitting  the  soap  formed  by  the  action  of  potash 
on  hog's  lard  to  the  action  of  boiling  water;  the 
solution,  on  cooling,  deposits  a  sediment,  consisting 
of  the  margarate  of  potash,  while  the  oleate  of  potash 
remains  in  solution.  The  oleate  of  potash  b  decom- 
posed by  tartaric  acid,  again  combined  with  potash, 
and  again  decomposed  by  tartaric  acid,  when  the 
oleic  acid  rises  to  the  top  in  the  condition  of  an  oily- 
like  fluid.  It  is  insoluble  in  water,  soluble  in  alcohol, 
reddens  litmus,  and  combines  with  the  different  sali- 
fiable bases,  forming  compounds  somewhat  analo- 
gous to  soaps.  At  a  temperature  of  35^  Fahr.  it 
congeals  into  crystalline  needles. 

Elasticity  ;  the  peculiar  property  of  bodies,  by 
virtue  of  which  the  particles  of  which  they  are  com- 
I>osed,  when  moved  out  of  their  positions  by  an 
external  force,  or  pressed  into  a  narrower  space,  tend 
to  return  to  their  former  position,  as  soon  as  the 
external  force  ceases  to  act.  A  bow,  bent  by  the 
tension  of  the  string,  recovers  its  previous  form 
when  the  tension  is  relaxed. 

Let  an  ivory  ball  fall  upon  a  plate  of  marble,  it  is 
partially  flattened  by  the  impulse,  but  becomes  im- 
mediately round  again  as  soon  afi  the  force  of  the 
blow  is  destroyed.  Here  we  see  the  cause  of  its 
rebounding  from  the  hard  surface.  This  property  of 
elasticity  is  particularly  ob9ervaMe  in  atmospheric 
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■ir.  If  it  is  enclosed  m  a  Tessel,  and  pressed  with  a 
piston,  as  soon  as  the  force  b  removed  from  the 
piston,  the  air  throws  it  up  violently.  This  is  the 
principle  of  the  air-gun.  There  is  an  important 
difference  between  the  elasticity  of  solids  and  fluids : 
the  former  tend  to  recover  their  previous  form ;  the 
latter  to  expand  into  a  greater  space,  whence  the 
term  txpaiMility  is  applied  to  them.  For  the  sake 
of  distinction,  the  elasticity  of  solid  bodies  may  be 
termed  attractive,  and  that  of  fluids  expansive.  The 
degree  of  it  is  very  different  in  different  bodies,  and 
in  many  it  is  increased  by  art.  Those  bodies  in 
which  it  cannot  be  perceived  at  all  are  called  vn- 
elastic. 

The  elasticity  of  a  solid  body  is  greater  the  more 
its  particles  are  expanded.  If  all  the  particles  of 
a  body  are  so  far  expanded  that  their  elasticity  is 
just  equal  to  the  expansive  power,  the  expansion  can 
be  carried  no  farther  without  separating  the  parti- 
cles. The  weights  necessary  to  produce  a  given 
degree  of  extension  must  be  proportionate  to  the 
extension  already  existing.  If  three  cords,  of  the 
same  size  and  substance,  stretched  in  proportion 
to  the  numbers  1,  2,  3,  are  to  receive  each  a  given 
amount  of  additional  extension,  the  weights  neces- 
sary to  produce  this  extension  are  as  1,  2,  3. 

The  laws  of  elasticity  in  fluids  are  different  from 
those  in  solids.  In  heavy  elastic  fluids,  the  inferior 
layers  support  the  weight  of  the  superior ;  in  a  cy- 
lindrical vessel,  therefore,  the  bottom  suffers  the 
pressure  of  the  whole  mass  of  elastic  fluid,  and  the 
lower  strata  are  sensibly  denser  than  the  upper.  A 
difference  is  made,  too,  between  absolute  and  spe- 
cific elasticity.  By  the  former  is  understood  the 
peculiar  property  of  bodies  to  repel  a  pressing  force, 
in  itself,  and  without  regard  to  temperature  and 
density.  This  must  be  always  equal  to  the  pressing 
force.  But,  as  different  kinds  of  matter  may  press 
with  equal  force  under  unequal  densities  and  tempe- 
ratures, that  is  called  specifically  most  elastic  which 
with  a  less  density  presses  with  a  force  equally 
strong,  and  with  an  equal  density  stronger.  In  all 
elastic  fluids,  the  specific  elasticity  increases  with 
the  temperature ;  it  is  likewise  augmented  by  greater 
density :  if  air  is  confined,  and  made  more  dense,  its 
specific  elasticity  is  greater  in  proportion  to  its  in- 
crease of  density. 

Elbow,  in  anatomy,  is  the  joint  formed  between 
the  humerus,  radius,  and  ulna. 

Elbow  is  also  used  by  masons,  architects,  &c., 
for  an  obtuse  angle  of  a  wall,  building,  or  road, 
which  diverts  it  from  its  right  line. 

Elder  ;  a  name  given  to  the  different  species  of 
the  genus  sambucus.  The  uses  of  the  elder  are  more 
numerous  than  those  of  most  other  shrubs.  There 
is  scarcely  any  part  of  it  which  has  not  been  advan- 
tageously employed  in  some  way  or  other.  The 
wood  is  yellow,  and  in  old  trees  becomes  so  hard 
that  it  will  receive  a  polish  almost  as  well  as  box, 
and  indeed  is  often  used  as  a  substitute  for  box-wood. 
It  is  likewise  employed  by  turners.  Sir  J.  E.  Smith 
has  remarked  that  this  tree  is,  as  it  were,  a  whole 
magazine  of  physic  to  rustic  practitioners,  and  is 
not  quite  neglected  even  by  professional  men.  Oint- 
ments bave  been  made  of  the  green  inner  bark,  and  of 
the  leaves.  The  dried  flowers,  infused  in  water,  are 
used  in  fcmentations  or  as  tea,  and,  mixed  with  bnt- 
tetmilk,  have  sometimes  been  used  as  a  wash  for  the 
face.  An  infusion  of  the  leaves  is  sometimes  sprinkled 


by  gardeners  over  the  buds  of  such  flowers  as  they 
wiflh  to  preserve  from  caterpillars.  Elder  flowers 
have  an  agreeable  flavour,  which  they  impart  in  dis- 
tillation to  water ;  they  are  likewise  used  to  give  a 
flavour  to  vine^.  Tlie  berries  are  poisonous  to 
poultry,  but  their  juice,  properly  fermented,  makes  a 
pleasant  and  wholesome  wine,  and  in  Germany  a 
very  pure  and  strong  spirit  is  distilled  from  them. 
The  juice  of  elder  berries  is  sometimes  employed  to 
give  a  red  colour  to  raisin  or  other  sweet  wines.  The 
^oung  shoots  of  this  shrub  are  filled  with  an  exceed- 
mgly  light  pith,  which  is  cut  into  balls  for  electrical 
experiments,  and  is  also  made  into  toys  for  the 
amusement  of  children.  The  elder  will  thrive  in  al- 
most any  soil  and  situation ;  and  every  part  of  it 
has  an  unpleasant  narcotic  smell,  which  ought  to 
render  people  cautious  not  to  sleep  under  its  shade, 
since,  in  such  case,  it  might  prove  of  serious  injury 
to  them. 

ELBCikMPANB  is  a  plant  inhabiting  the  Eastern 
continent,  and  now  naturalized  and  frequent  in  many 
parts  of  the  United  States,  where  it  grows  along  road- 
sides, waste  places,  &c.  This  root  possesses  a  bitter 
aromatic  and  somewhat  acrimonious  taste,  and  has 
been  celebrated  in  disorders  of  the  breast  and  lungs ; 
it  is  useful  to  promote  expectoration,  and  is  also 
sudorific. 

Elbctric  Column,  or  aerial  electroscope ;  an  in- 
strument composed  of  a  great  number  of  small  cir- 
cular and  very  thin  plates  (about  the  diameter  of  a 
sixpenny  piece  of  silver)  of  paper  and  of  zinc,  alter- 
nately arranged,  forming  a  column,  the  two  ends  of 
which  are  made  to  approximate,  and  at  each  of  them 
is  attached  a  small  bell ;  a  metallic  clapper  is  then 
hung  between  them,  and  the  whole  apparatus  is  in- 
sulated by  being  fix^  on  glass  stands.  One  end  of 
the  column  is  observed  to  become  electrified  plus,  as 
it  is  termed,  and  the  other  minus ;  consequently,  one 
of  the  bells  becomes  electrified  plus  or  positive,  and 
the  other  minus  or  negative:  and  the  metallic  clapper 
moving  rapidly  from  one  to  the  other,  to  equalize  the 
two  electricities,  a  pulsation  is  produced,  and  the 
bells  ring.  Neither  the  heat  nor  cold,  dryness  nor 
moisture,  of  the  atmosphere,  appears  to  have  any  con- 
siderable influence  on  the  action  of  this  instrument ; 
but  it  is  considerably  altered  by  peculiarities  in  the 
electric  state  of  the  atmosphere.  The  prevalence  of 
cirri  ramifying  about  the  sky  in  various  directions, 
and  accompanied  often  by  other  modifications,  by 
dry,  easterly,  and  changeable  winds,  and  by  numerous 
small  meteors  of  an  evening,  which  appear  to  indi- 
cate a  disturbance  in  the  atmospherical  electricity, 
is  found  to  be  accompanied  by  an  irregular  action 
of  the  electric  column. 

Electrical  Eel  ;  a  fish  possessing  the  extraor- 
dinary property  of  communicating  a  sensation  similar 
to  an  electrical  shock,  when  touched  with  the  hand, 
or  an  electric  conductor.  The  seat  of  the  organs 
which  produce  this  curious  effect  is  along  the  under 
side  of  the  tail.  They  are  composed  of  four  bundles 
of  parallel  membraneous  laminse,  placed  very  near 
each  other,  and  nearly  horizontally,  extending  firom 
the  skin  to  the  central  medial  plane  of  the  body,  con- 
nected together  by  numeious  vertical  lamins,  ar- 
ranged transversely.  The  little  cells,  or  rather  the 
small  prismatic  and  transverse  canals,  intercepted  by 
these  two  kinds  of  laminse,  are,  according  to  Cuvi^, 
filled  with  a  gelatinous  substance ;  and  the  whole  ap- 
paratus is  abundantly  supplied  with  nerves. 
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Electrieal  eels  are  of  several  species,  the  most 
celebrated  of  whidi  is  the  gymmhu  eleciricui,  found 
in  the  rivers  of  South  America.  It  is  said  to  possess 
power,  when  in  full  vigour,  sufficient  to  knock  down  a 
man,  and  benumb  the  limb  affected,  in  the  most  pain- 
ful manner,  for  several  hours  after  communicating  the 
shock.  By  frequent  use  of  this  faculty  it  becomes 
impaired,  and  a  considerable  interval  of  rest  is  re- 
quired to  recruit  its  electrical  properties.  Through 
^e  medium  of  water,  it  is  able  to  destroy  small 
fishes  at  a  considerable  distance,  directing  the  power 
at  pleasure.  Some  authors  aver  that  the  gymnotuB 
IS  found  so  large  and  powerful  as  to  benumb  a  horse, 
and  to  drown  men  while  bathing,  by  the  violence  of 
the  shock. 

A  specimen  of  the  gymnotut,  which  was  conveyed 
alive  to  England  some  years  since,  afforded  the 
curious  an  opportunity  of  verifying  the  reports  of 
travellers  as  to  its  electric  property.  Since  that  period, 
numerous  specimens  have  been  examined,  and  the 
preceding  observations  confirmed.  The  property  of 
communicating  electrical  shocks  is  common  to  some 
other  fishes,  of  the  same  subdivision.  Specimens  of 
the  gymnotus  eUeiriciu  are  reported  to  attain  the  length 
of  six  or  seven  feet,  but  ordinarily  they  are  about 
three  and  a  half  or  four  feet  long.  The  flesh  is  eat- 
able, and,  in  appearance  and  flavour,  is  said  to  resem- 
ble that  of  an  eel. 

Elsctbicitt;  a  branch  of  natural  philosophy, 
which  investigates  the  attractions  and  repulsions,  the 
production  of  light,  and  the  elevation  of  tempera- 
ture, as  well  as  the  explosions  and  other  phenomena 
attending  the  friction  of  vitreous,  resinous,  and  me> 
tallic  suHaces,  and  the  heating,  cooling,  evaporation, 
and  mutual  contact  of  a  great  number  of  bodies.  Its 
name  is  derived  from  the  Greek  word  for  amber,  in 
which  substance  its  phenomena  were  first  observed. 
The  knowledge  which  the  ancients  were  possessed  of, 
concerning  this  interesting  and  now  very  extensive 
branch  of  science,  consisted  in  little  more  than  the 
fact  that  amber  acquired  the  power  of  attracting  to 
itself  light  bodies,  on  being  rubbed,  ascribed  by 
Thales,  of  Miletus,  to  an  inherent  soul  or  essence, 
which,  awakened  by  friction,  went  forth,  and  brought 
back  the  light  particles  floating  around. 

In  the  year  1600,  Dr.  Gilbert,  an  English  physi- 
cian, published  a  treatise  upon  the  magnet,  in  which 
he  remarked  that  several  other  bodies  besides  amber 
can,  by  friction,  be  made  to  attract  light  bodies. 
The  observations  of  Boyle,  Otto  Von  Guericke,  New- 
ton, and  a  few  other  phUosophers  of  the  same  period, 
contributed  somewhat  to  the  extension  of  our  know- 
ledge of  electricity ;  but  it  was  not  before  the  middle 
of  the  18th  century,  that  the  most  important  dis- 
coveries and  generalizations  of  the  phenomena  be- 
fore known  upon  this  subject  were  made. 

The  order  we  shall  adopt  in  the  present  article 
will  be  the  following :  I.  A  general  aiaiement  qf  elec- 
trical phenomena,  independent  qf  all  theory,  2.  The 
theories  which  have  been  proposed  for  explaining  these 
phenomena.  3.  Electrical  machines.  4.  J^ects  qf 
electrical  attraction  and  repulsion.  5.  Distribution  of 
electricity.  6.  Ti'aintference  qf  electricity.  7.  Lay>s 
of  induction.  8.  Motion  of  electricity.  9.  Chemical 
effects  of  electricity,  10.  Effects  of  electricity  upon 
Uoing  bodies.  U.  Electricity  developed  by  changes  of 
iemprrature  and  of  form,  from  contact,  compression, 
and  other  changes  in  bodies.  12.  Electricity  qf  the 
atmosphere. 


1.  A  dry  glass  rod,  or  a  piece  of  amber  or  sealing* 
wax,  when  rubbed  rapidly  with  a  dry  woollen  cloth, 
and  immediately  presented  to  light  bodies,  such  as 
fragments  of  paper,  thread,  cork,  straw,  cotton,  or 
gold  leaf,  will  first  attract  and  then  repel  them.  The 
bodies  which  have  thus  acquired  this  attractive  and 
repulsive  power  are  said  to  be  excited.  All  sub- 
stances, however,  are  not  capable  of  being  easily  ex- 
cited ;  hence  the  distinction  of  bodies  into  classes — 
electrics,  and  non-electrics. 

The  principal  electric  substances  may  be  thus  enu- 
merated :  amber,  gum -lac,  resin,  sulphur,  glass,  the 
precious  stones,  silk,  the  fur  of  most  quadrupeds^ 
and  almost  all  vegetable  substances  which  have  been 
thoroughly  deprived  of  moisture,  as  baked  wood, 
and  dry  paper.  If  the  light  bodies  which  have  been 
repelled  from  an  excited  electric  be  again  presented 
to  it,  they  will,  provided  they  have  touched  no  other 
body,  continue  to  be  driven  off.  Some  substances 
remai^i  in  contact  with  the  electric  -  longer  than 
others ;  fibres  of  cotton  adhere  some  time,  while 
metallic  bodies  are  repelled  the  instant  after  contact. 
Two  bodies,  which  have  both  been  in  contact  with 
the  same  electric,  mutually  repel  each  other. 

If  a  glass  tube  of  considerable  diameter,  and  two 
or  three  feet  in  length,  be  employed  for  the  experi- 
ment, we  notice  in  a  dark  room,  during  the  friction, 
flashes  of  light,  of  a  bluish  tinge,  extending  over 
every  part  of  the  tube ;  and  sparks,  attended  with  a 
sharp  snapping  sound,  will  be  seen  to  dart  out  in 
every  direction.  If  we  present  to  it,  afler  rubbing, 
a  round  metallic  ball,  sparks  will  be  obtained  as  the 
ball  approaches  the  tube  ;  and,  if  the  knuckle  be  pre- 
sented mstead  of  the  ball,  the  same  effect  takes  place, 
accompanied  with  a  pricking  sensation. 

If  a  metallic  ball  be  suspended  in  the  air  by  silk, 
thread,  or  fibres  of  worsted  or  hair,  or  a  rod  of  glas  , 
and  rubbed  while  in  this  situation  by  an  electric,  it 
will  exhibit  the  same  properties  of  attraction  and  re- 
pulsion as  if  it  had  been  itself  an  electric.  That 
the  ball  should  thus  be  cut  off  from  contact  with 
any  substance,  except  the  air  and  the  electric  which 
sustains  it,  is  essential  to  the  success  of  the  expe- 
riment. 

Should  an  excited  electric  be  placed  near  a  light 
pith  ball  suspended  by  silk,  the  ball  will,  in  the  first 
place,  approach  the  electric,  but  after  contact  will 
recede  from  it.  If  now,  uncovering  the  electric,  we 
present  to  the  ball  which  has  thus  touched  it  a  se- 
cond ball,  similarly  suspended,  but  which  has  had  no 
previous  communication  with  any  electric,  we  shall 
find  that  these  two  balls  will  attract  one  another,  and 
come  into  immediate  contact.  The  same  results  are 
repeated  between  this  second  ball  and  a  third,  which 
may  be  presented  to  it,  and  so  on  in  succession,  with 
a  continued  diminution,  however,  in  the  rapidity  of 
the  movements,  indicative  of  a  diminished  power,  in 
consequence,  as  it  would  seem,  of  its  being  distri- 
buted among  a  number  of  bodies. 

From  these  facts  we  infer  that  the  electric  imparts 
to  the  balls,  suspended  as  above,  properties  exactly 
similar  to  those  which  had  been  excited  in  itself  by 
friction.  By  repeated  contact  with  a  number  of 
bodies,  an  excited  electric  is  found  to  lose  its  electri- 
cal powers,  in  the  same  degree  as  these  powers  have 
been  acquired  by  the  bodies  themselves ;  and  fresh 
excitation  alone  can  renew  them.  It  is  evident, 
therefore,  that  electricity  is  capable  of  being  trans- 
ferred, in  the  same  sense  as  caloric,  of  which  we 
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speak  as  being  communicable,  and,  like  caloric,  it  is 
weakened  by  diffusion  among  a  number  of  bodies. 
If  an  electrified  ball  be  toncb^  with  the  finger  or  by 
a  rod  of  metal,  it  will  be  deprived  of  the  whole  of  its 
electricity,  which  will  pass  to  the  finger  or  rod  touch- 
ing it ;  the  ball  being  left  in  its  original  or  natural 
state,  and  again  becoming  susceptible  of  being  at- 
tracted, either  by.  an  excited  electric,  or  by  another 
body  to  which  electricity  has  previously  been  com- 
municated. If  a  rod  of  glass  be  applied,  instead  of 
the  finger  or  metallic  rod  as  above,  the  body  touched 
remains  unaffected,  notwithstanding  the  contact. 

We  are  thus  led  to  conclude  that  some  substances, 
such  as  glass,  are  incapable  of  conducting  electricity; 
while  odiers,  such  as  metals,  and  the  human  body, 
readily  conduct  it.  And  it  is  found  that  all  eUctncB 
are  non^eonducturs,  while,  on  the  contrary,  eondMeton 
are  wm-^edrict.  The  permanence  of  electricity  in 
metallic  bodies,  suspended  in  the  air  by  silken  thr^uls, 
proves  that  the  air,  as  well  as  silk,  b  a  non-con- 
ductor, from  which  circumstance  bodies  surrounded 
by  it,  except  on  one  side,  and  this  side  being  in  con- 
tact with  a  non-conductor,  are  said  to  be  tiiM/a/ed. 
If  this  condition  be  not  observed,  that  is,  if  a  body  be 
in  contact  with  conducting  substances  which  com- 
municate with  the  earth,  its  electricity  will  escape 
through  them  to  the  earth,  which  may  be  regarded 
as  the  great  reservoir  both  for  the  absorption  and 
supply  of  this  fluid. 

Ilie  insulating  power  of  the  atmosphere  depends 
upon  its  density  and  its  dr3mes8.  In  proportion  as 
the  air  is  rarened  by  the  removal  of  the  superin- 
cumbent pressure,  its  power  of  confining  electricity 
diminishes,  till  at  length,  when  the  rarefaction  is 
very  great,  it  opposes  scarcely  any  resistance  to  the 
pawage  of  electricity.  The  presence  of  moisture  in 
the  air  also  diminishes  its  insulating  power. 

Water  is  a  good  conductor  of  electricity ;  accord- 
ingly, any  portion  of  it  suspended  in  the  air  tends 
to  carry  off  electricity  from  bodies  charged  with  it, 
and  which  are  immersed  in  such  an  atmosphere. 
Moisture  also  easily  attaches  itself  to  glass  and  other 
electrics,  depriving  them  of  the  power  of  insulation. 
Hence  we  discover  the  reason  why  experiments  which 
succeed  in  a  clear,  dry  day,  will  often  fail  in  damp 
weather,  and  the  utility  of  drying  all  the  instru- 
ments employed  in  electrical  experiments,  in  order 
to  exclude,  as  much  as  possible,  the  interference 
arising  from  die  presence  of  condensed  moisture. 

The  conducting  powers  of  most  bodies  are  influ- 
enced by  changes  of  temperature,  and  also  of  form. 
Thus  water,  in  its  liquid  state,  b  a  good  conductor ; 
but  when  in  the  state  of  ice,  at  a  temperature  of  13^ 
Fah.,  it  is  a  non-conductor,  and  capable  of  being 
excited  by  friction  like  any  other  electric.  Reducing 
substances  to  powder  has  an  effect  upon  their  pow- 
ers of  conducting  electricity.  Snow  conducts  less 
readily  than  ice  at  the  same  temperature ;  but  glass, 
as  well  as  sulphur,  on  the  contrary,  acquire  some 
conducting  power  by  being  pulverized. 

Vegetable  and  animal  substances  lose  their  con- 
ducting powers  when  made  thoroughly  dry.  No 
substance  with  which  we  are  acquainted  can  be  said 
to  be  wholly  impervious  to  electricity ;  nor,  on  the 
other  hand,  b  there  any  body  which  opposes  no 
resistance  to  the  transmission  of  electricity. 

The  following  table  presents  a  view  of  the  princi- 
pal classes  of  bodies,  arranged  in  a  series,  be^ning 
with  those  possessed  of  the   fTeatest  conducting 


power,  and  tenmnating  with  those  that  have  the 
least.  The  order  in  which  they  possess  the  power 
of  insulating  b,  of  course,  the  reverse  of  thb : — 


The  perfect,  or  least  ox- 
idable  metab. 

The  more  oxidable  me- 
tab. 

Charcoal  prepared  from 
the  harder  woods,  and 
recently  ignited. 

Plumbago. 

The  concentrated  mine- 
ral acids. 

Dilute  adds. 

Solutions  of  metallic 
salts. 


Dry  metallic  oxides. 

Oib. 

Vegetable  ashes. 

Anunal  ashes. 

Ice  below  13^  Fah. 

Phosphorus. 

Lime. 

Dry  chalk. 

Caoutchouc. 

Camphor. 

Silicious  and  argilla« 
ceous  stones,  in  pro- 
portion to  their  hard- 
ness. 

Porcelain. 

Baked  wood. 

Dry   atmospheric    air. 


Metallic  ores. 

Animal  fluids. 

Water. 

Snow. 

Living  vegetables. 

Living  animals. 

Smoke. 

Steam. 

Rarefied  air. 

Earths  and  stones  in 

their  natural  state. 
Pulverized  glass. 
Flowers  of  sulphur. 


and  other  gases. 
White  sugar. 
Dry  parchment. 
Cotton. 
Feathers. 
Hair,  especially  that  of 

a  living  cat. 
Silk. 

Transparent  gems. 
Diamond. 
Glass. 
Fat. 
Wax. 
Sulphur. 
Resins. 
Amber. 
Gum-lac. 


Although  the  exact  point  in  the  above  scale  which 
forms  the  separation  between  conducting  i^id  insu- 
lating bodies  cannot  be  precisely  marked,  yet  we 
have  indicated  it  by  a  division.  The  laws  which 
regulate  the  gradual  dissipation  of  electricity  from 
imperfectly  insulated  bodies  have  been  carefully  in- 
vestigated by  M.  Coulomb. 

The  causes  which  operate  in  these  circumstances 
are,  1.  the  imperfection  of  the  insulating  property  in 
the  solids  by  which  they  are  supported ;  2.  the  con- 
tact of  successive  portions  of  air,  every  partide  of 
which  carries  off  a  certain  quantity  of  electricity ;  3. 
the  deposition  of  moisture  upon  the  surface  of  the 
insulating  bodies,  which  establbhes  communications 
between  their  opposite  ends,  and  may  be  considered 
as  virtually  increasing  the  conducting  power.  Still 
another  circumstance,  which  materially  affects  the 
dissipation  of  electridty,  is  the  shape  of  the  body  in 
which  it  b  accumulated.  The  form  most  favourable 
for  its  retention  b  that  of  a  sphere ;  next,  a  cylinder 
terminated  at  both  extremities  by  a  hembphere.  On 
the  other  hand,  electridty  escapes  most  readily  (torn 
bodies  of  a  pointed  figure,  especially  if  the  point  pro- 
jects to  a  distance  from  the  surface.  In  such  bodies^ 
it  b  scarcely  possible  to  retain  any  accumulation  ol 
the  dectric  fluid;  whereas  pointed  bodies  receive  elec- 
tridty more  readily  than  those  of  any  other  form. 

Electric  exdtation  in  different  bodies  exhibits  dif- 
ferent phenomena.  We  have  seen  that  ligla  sub- 
stances excited  by  glass  repel  one  another,  and  aiv 
likewise  repelled  by  the  exdted  glass.  The  same  thing 
also  happens  >vith  respect  to  (wdics  which  have  rt;- 
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ceived  their  electricity  from  excited  sulphur  or  seal- 
ing-wax. But,  on  examining  the  action  of  any  of  the 
bodies  of  the  former  class  upon  any  of  those  belong- 
ing to  the  latter,  we  find  that,  instead  of  repelling, 
they  attract  each  other ;  and,  what  is  still  more  re- 
markable, the  instant  these  bodies  come  in  contact, 
provided  they  have  both  been  electrified  in  an  equal 
degree,  they  cease  at  once  to  exhibit  any  signs  of  elec- 
trical excitement,  the  electricity  in  the  one  appearing 
to  neutralize  that  in  the  other. 

Thus  we  seem  to  have  evidence  of  two  kinds  of 
electricity ;  and  as  these  were  first  noticed,  the  one 
in  glass  and  the  other  in  resinous  bodies,  they  were 
named  vitreous  and  rennous  electricity.  Their  mode 
.  of  action  on  matter  has  been  expressed  by  the  follow- 
ing general  law,  viz. :  Bodies  charged  with  either  spe- 
cies of  electricity  repel  bodies  charged  with  the  same 
species,  but  attract  bodies  charged  with  the  other  species  ; 
and,  at  equal  distances,  the  attractive  power  in  the  one 
case  is  exactly  equal  to  the  repulsive  power  in  the  other. 
Accordingly,  we  learn  the  kind  of  electricity  with 
which  a  given  body  is  charged,  by  approaching  it  to 
an  insulated  pith  ball,  which  has  previously  been 
touched  either  with  excited  glass,  or  with  excited 
sealing-wax  It  is  known,  moreover,  that,  when  two 
electrics  are  rubbed  against  one  another,  the  one  ac- 
quires, always,  one  kind  of  electricity,  the  other  the 
opposite;  and  both  are  produced  in  equal  degrees, 
llius,  when  glass  is  rubbed  by  silk  or  flannel,  just  as 
much  resinous  electricity  is  produced  by  the  silk  or 
flannel  as  there  is  vitreous  electricity  produced  in 
the  glass ;  and  consequently,  as  they  are  endowed 
with  opposite  electricities,  there  should  be  an  attrac- 
tion existing  between  the  excited  surfaces  of  the  bo- 
dies rubbed. 

The  above  fact  is  easily  proved  by  the  simple  and 
familiar  experiment  of  the  ribbons.  If  a  white  and 
black  ribbon,  of  two  or  three  feet  long,  and  perfectly 
dry,  be  applied  to  each  other  by  their  smooth  sur- 
faces, and  then  drawn  repeatedly  between  the 
finger  and  thumb,  so  as  to  rub  against  each  other, 
they  will  be  found  to  adhere  together,  and,  if  pulled 
asunder  at  one  end,  will  rush  together  with  gi:eat 
quickness ;  while  united,  they  exhibit  no  sign  of  elec- 
tricity, because  the  operation  of  the  one  is  just  the 
reverse  of  that  of  the  other,  and  their  power  is  neu- 
tralized and  inoperative.  If  completely  separated, 
however,  each  will  manifest  a  strong  electrical  power, 
the  one  attracting  those  bodies  which  the  other  re- 
pels. 

The  causes  that  determine  the  species  of  electricity 
excited,  in  the  respective  bodies  of  which  the  surfaces 
are  made  to  rub  against  each  other,  have  not  been 
satisfactorily  ascertained.  The  mechanical  configu- 
ration of  the  surfaces  appears  to  have  more  influence 
on  the  result  than  the  nature  of  the  substances  them- 
selves. Thus  smooth  glass  acquires  vitreous  electri- 
city by  friction  vrith  almost  every  substance,  except 
^e  back  of  a  cat,  which  induces  the  resinous  electri- 
city ;  but  roughened  glass>  if  rubbed  with  the  same 
substances,  becomes  chargeable  with  resinous  elec- 
tricity, while  the  rubbing  bodies  acquire  the  vitreous. 
Silk,  rubbed  by  resin,  takes  the  vitreous,  but  polished 
glass  the  resinous  electricity. 

The  following  is  a  list  of  several  substances  which 
acquire  vitreous  electricity  when  rubbed  with  any 
of  those  which  follow  them,  ra  the  order  in  which  they 
arc  set  down;  and  resinous  electricity,  if  rubbed 
with  any  of  those  which  precede  : — 


Paper. 
Silk. 

Gum-lac. 
Roughened  gl; 
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The  back  of  a  cat. 
Polished  glass. 
Woollen  cloth. 
Feathers. 
Wood. 


In  the  experiment  above  mentioned  of  the  silk  rib> 
bons,  the  black  ribbon  exhibited  the  vitreous  and 
the  white  one  the  resinous  electricity.  But  when, 
the  ribbons  are  differently  excited,  as  the  one  being 
drawn  lengthwise  and  at  right  angles  over  a  part  of 
the  other,  the  one  which  has  suffered  friction  in  its 
whole  length  acquires  vitreous,  and  the  other  resin- 
ous electricity.  Indeed  the  slightest  difference  in  the 
conditions  of  these  and  similar  experiments,  or  the 
species  of  electricity  arising  from  friction,  will  be 
often  sufficient  to  produce  opposite  results. 

Another  important  observation,  with  regard  to 
electrical  phenomena,  requires  to  be  stated  previously 
to  our  conclusion  of  the  present  head.  Whenever  a 
body  is  charged  with  electricity,  although  it  be  per- 
fectly insulated,  it  tends  to  produce  an  opposite  elec- 
trical state  in  all  the  bodies  in  its  vicinity,  and  this 
with  greater  energy  in  proportion  as  the  distance  is 
smaller.  This  effect  b  termed  the  induction  of  elec> 
tricity.  In  consequence  of  this  law,  if  an  electrified 
body,  charged  with  either  species  of  electricity,  be 
presented  to  an  unelectrified  or  neutral  body,  the 
electrical  condition  of  the  different  parts  of  the  neu- 
tral body  is  disturbed.  The  electrified  body  induces 
a  state  of  electricity  contrary  to  its  own  in  that  part 
of  the  neutral  body  which  is  nearest  to  it,  and  con- 
siequently  a  state  of  electricity  similar  to  its  own  in 
the  remote  part.  Hence,  the  neutrality  of  the  second 
body  is  destroyed  by  the  action  of  the  first ;  and  the 
adjacent  parts  of  the  two  bodies,  having  now  opposite 
electricities,  will  attract  each  other.  It  thus  appears 
that  the  attraction  which  is  observed  to  take  place 
between  electrified  bodies  and  those  that  are  unelec- 
trified is  merely  a  consequence  of  the  altered  state 
of  those  bodies,  resulting  directly  from  the  law  of  in- 
duction. 

II.  The  h^'pothesis  which  naturally  suggests  itself 
for  the  explanation  of  the  phenomena  above  stated  is 
that  of  a  very  subtle,  imponderable,  and  highly  elastic 
fluid,  pervading  all  natural  bodies,  and  capable  of 
moving  with  various  degrees  of  facility  through  the 
pores  or  actual  substance  of  different  kinds  of  matter. 
In  some,  as  in  those  we  call  conductors  or  non-electrics, 
it  moves  without  any  apparent  obstructions ;  while 
in  others,  as  in  those  we  call  non-conductors  or  e&c* 
tries,  it  moves  with  difficulty. 

As  the  phenomena  appear  to  indicate  the  agency 
of  two  kinds  of  fluid,  we  shall,  for  the  present,  assume 
the  existence  of  two  species,  and  shall  speak  of  these 
under  the  names  of  the  vitreous  and  the  remote*  elee- 
tricities.  They  must  each  have,  when  separate,  the 
same  general  properties  as  have  already  been  enume- 
rated above ;  while,  in  relation  to  each  other,  there 
must  be  a  complete  contrariety  in  their  nature,  so 
that,  when  combined  together,  their  action  on  the 
bodies  In  their  immediate  vicinitv  shall  cease.  And 
it  is  when  existing  in  this  state  of  union  or  neutrality 
that  bodies  are  said  to  be  in  their  natural  state  as 
respects  electricity.  We  shall  now  proceed  to  com- 
pare the  suppositions  we  have  made  with  the  facts, 
as  presented  to  us  by  natiire,  and  developed  by  ex- 
periment. 

Facts  connected  with  excitation*    From  various 
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caoftes  (of  which  the  friction  of  Bur&ces  is  one); 
the  state  of  union  in  which  the  two  electricities  exist 
in  bodies,  is  disturbed :  the  vitreous  electricity  is  im- 
i»elled  in  one  direction,  while  the  resinous  is  trans- 
i^red  to  the  opposite ;  and  each  manifests  its  peculiar 
powers.  When  accumulated  in  tfny  body,  each  fluid 
acts  in  proportion  to  its  relative  quantity,  that  is,  to 
the  quantity  which  is  in  excess,  above  that  which  is 
still  retained,  in  a  state  of  inactivity,  by  its  union  with 
electricity  of  the  opposite  kind.  Ilius,  when  glass  is 
rubbed  with  a  metallic  amalgam,  a  portion  only  of 
the  electricities  at  the  two  surfaces  is  decomposed : 
the  vitreous  electricity  resulting  from  this  decompo- 
sition attaches  itself  to  the. glass;  the  resinous  to 
the  amalgam.  What  remains  in  each  surface  unde- 
composed,  continues  to  be  quite  inert. 

Facts  connected  with  distrtbuHon,  Both  of  these 
fluids  being  highly  elastic,  their  particles  repel  one 
another  wiUi  a  force  which  increases  in  proportion  as 
their  distance  is  less ;  and  this  force  acts  at  all  dis- 
tances, and  is  not  impeded  by  the  interposition  of 
bodies  of  any  kind,  provided  they  are  not  themselves 
in  an  active  electrical  state.  It  has  been  deduced 
from  the  most  careful  analysis  that  this  force  fol- 
lows the  same  law  with  that  of  gravitation :  viz. 
that  its  intensity  is  inversely  as  the  square  of  the 
distance. 

The  mode  in  which  the  electricity  imparted  to  a 
conducting  body,  or  to  a  system  of  conductors,  is 
distributed  among  their  different  psurts,  is  in  exact 
conformity  to  the  results  of  this  law,  as  declared  by 
mathematical  investigation.  While  the  particles  of 
each  fluid  repel  those  of  the  same  kind,  they  exert  an 
equally  strong  attraction  for  the  particles  of  the 
oUier  species  of  electric  fluid.  This  attraction,  in 
like  manner,  increases  with  a  diminution  of  dis- 
tance, and  follows  the  same  law  as  to  its  inten- 
sity :  viz.  that  of  the  inverse  ratio  of  the  square  of 
the  distance.  This  force,  also,  is  not  affected  by  the 
presence  of  any  intervening  body. 

Facts  connected  with  iransferrence.  Since  the  two 
electricities  have  this  powerful  attraction  for  each 
other,  they  would  always  flow  towards  one  another, 
and  coalesce,  were  it  not  for  the  obstacles  thrown  in 
their  way  by  non-conductors.  When,  instead  of 
these,  conducting  substances  are  interposed,  they  en- 
ter into  union  with  great  velocity,  producing,  in  their 
transit  and  confluence,  several  remarkable  effects. — 
When  once  united,  their  powers  remain  dormant, 
until  again  called  into  action  by  the  renewed  separa- 
tion of  the  fluids. 

Facts  relating  to  attraction  and  repuUion,  The 
repulsion  which  is  observed  to  take  place  between 
bodies  that  are  insulated,  and  charged  with  any  one 
species  of  electricity,  and  other  bodies  similarly 
charged,  is  derived  from  the  repulsive  power  which 
the  particles  of  this  fluid  exert  towards  those  of  their 
own  species ;  and  the  attractions  between  bodies 
differently  electrified  is  derived  from  the  attractive 
power  of  the  vitreous  particles  for  those  of  the  oppo- 
site kind.  In  all  cases  the  movements  of  electrified 
bodies  represent  the  forces  themselves  which  actuate 
the  particles  of  the  developed  electricities  they  contain. 

Facts  relating  to  induction.  Wherever  one  of  the 
electricities  exbts  in  an  active  state,  it  must  repel  all 
the  particles  of  the  same  electricity  in  all  surround- 
ing bodies,  and  attract  those  of  the  opposite  species. 
Thus  the  law  of  induction  is  seen  to  be  a  direct  con- 
sequence of  the  hypothesis  we  are  considering. 


Thus  far  wq  have  proceeded  upon  the  hypothesis 
of  two  distinct  electric  fluids.  It  was,  however,  dis- 
covered by  Franklin  that  it  is  equally  easy  to  account 
for  these  phenomena,  on  the  supposition  of  their 
resulting  from  the  agency  of  a  single  electric  fluid. 
This  theory  supposes  that  the  single  agent  in  ques- 
tion, and  which  we  shall  call  the  electric  fluid,  is 
highly  elastic,  or  repulsive  of  its  own  particles, — the 
repulsion  taking  place  with  a  force  varying  inversely 
as  the  square  of  the  distance ;  that  its  particles  attract 
and  are  attracted  by  the  particles  of  ail  other  matter, 
following  the  same  law  of  the  inverse  square  of  the 
distance ;  that  this  fluid  is  dispersed  through  the 
pores  of  bodies,  and  moves  through  them  with  various 
degrees  of  facility,  i^cording  as  they  are  conductors 
or  non-conductors. 

Bodies  are  said  to  be  in  their  natural  state,  with 
regard  to  this  fluid,  when  the  repulsion  of  the  fluid 
they  contain  of  a  particle  of  fluid  at  a  distance  is 
exactly  balanced  by  the  attraction  of  the  matter  in 
the  body  for  the  same  particle ;  and,  under  these  cir- 
cumstances, they  exhibit  no  electrical  phenomena. 
But  if  subjected  to  certain  operations,  as  friction,  the 
equilibrium  is  destroyed,  and  they  acquire  more  or 
less  than  when  in  their  natural  state.  Whenever 
they  acquire  a  quantity  of  fluid  greater  than  in  their 
natural  state,  they  are  said  to  be  positively  electrified, 
or  electrified  plus,  and  present  the  phenomena  ascribed 
to  what  was  called  vitreous  electricity.  When,  on 
the  other  hand,  there  is  a  quantity  less  than  what  is 
required  in  order  to  be  in  their  natural  state,  they  are 
said  to  be  negatively  electrified,  or  to  be  electrified 
minus,  in  which  case  they  correspond  with  the  state 
of  resinous  electricity. 

The  state  of  positive  electricity,  then,  consists  in  a 
redundance  of  the  electric  fluid,  or  in  matter  over- 
saturated  with  this  fluid ;  that  of  negative  electricity, 
in  a  deficiency  of  fluid,  or  in  matter  under-saturated, 
or,  what  may  be  considered  the  same  thing,  in  redun- 
dant matter.  In  considering  the  mutual  electrical 
actions  of  bodies,  the  portions  in  which  the  matter 
and  the  fluid  mutually  saturate  each  other  need  not 
be  taken  into  account,  since  their  actions,  as  we  have 
seen,  are  perfectly  neutralized ;  and  we  need  only  at- 
tend to  those  of  the  redundant  fluid  and  the  redundant 
matter. 

When  a  body  contains  more  than  its  natural  pro- 
portion of  electric  fluid,  the  surplus  will,  by  the  re- 
pulsive tendency  of  its  particles,  overflow  and  esciq>e, 
unless  prevented  by  insulation,  until  the  body  is  re- 
duced to  its  neutral  state. 

When  under-saturated,  the  redundant  matter  will 
attract  fluid  from  all  quarters  from  which  it  can 
receive,  until  it  is  again  brought  to  its  natural  state. 
The  mutual  recession  of  two  positively  electrified 
bodies  is  a  direct  consequence  of  the  redundance  of 
the  electric  fluid  contained  in  each,  this  fluid  being 
attracted  to  the  matter  by  its  attraction  for  it  in  both 
bodies  ;  and,  the  fluid  iq  one  being  repulsive  of  the 
fluid  in  the  other,  the  bodies  are  necessarily  impelled 
in  the  direction  of  the  repulsion.  In  the  same  man- 
ner, the  mutual  attraction  between  two  bodies,  one 
of  which  is  electrified  plus  and  the  other  minus,  is  the 
immediate  effect  of  the  attraction  of  the  redundant 
fluid  in  one  for  the  redundant  matter  in  the  other,  and 
vice  versd  ;  for  thb  attraction  is  mutual. 

The  mutual  recession  of  two  bodies,  negatively 
electrified,  does  not  appear  to  be  accounted  for  upon 
the  Franklinian  theory.  In  order  to  do  this,  therefonr. 
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it  has  been  found  necessary  to  append  to  it  the  fol- 
lowing provision  ;  that  particles  of  simple  matter,  or 
bodies  unsaturated  with  the  electric  fluid,  are  mutually 
repulsive.  Without  this  provision,  indeed,  we  are 
unable  to  explain  the  want  of  action  between  two 
neutral  bodies ;  for,  the  repulsion  of  the  fluids  in 
both  bodies  being  balanced  by  the  attraction  of  the 
fluid  in  the  one  for  the  matter  in  the  other,  the  re- 
maining attraction  of  the  fluid  in  the  second  body  for 
the  matter  in  the  first  would  be  uncompensated  by 
any  repulsion,  and  the  forces  would  not  be  held  in 
equilibrium,  as  we  find  they  really  are. 

The  law  of  electrical  induction  is  an  immediate 
consequence  of  the  Franklinian  theory.  When  a  body 
charged  with  electricity  is  presented  to  a  neutral  body 
the  redundant  fluid  of  the  former  exerts  a  repulsive 
action  on  the  fluid  of  the  latter  body ;  and,  if  this 
happens  to  be  a  conductor,  it  impels  a  certain  portion 
of  that  fluid  to  the  remote  end  of  this  body,  which 
becomes  at  that  part  positively  electrified  ;  while  its 
nearer  end,  which  the  same  fluid  has  quitted,  is  con- 
sequently in  the  state  of  negative  electricity.  If  the 
first  body  had  been  negatively  electrified,  its  unsatu- 
rated matter  would  have  exerted  an  attractive  force 
on  the  fluid  in  the  second  body,  and  would  have 
drawn  it  nearer  to  itself,  producing  an  accumulation 
or  redundance  of  fluid  at  the  adjacent  end,  and  a  cor- 
responding deficiency  at  the  remote  end ;  that  is,  the 
former  would  have  been  rendered  positive,  and  the 
latter  negative.  All  this  is  exactly  confonnable  to 
observation. 

The  facts  with  regard  to  transference  are  easily 
explicable  up6n  this  hypothesis,  and  they  arise  from 
the  destruction  of  the  equilibrium  of  forces,  which 
confined  the  fluid  to  a  particular  situation  or  mode 
of  dbtribution.  Indeed,  Uiere  is  hardly  any  fact  that  b 
explained  on  the  hypothesis  of  two  fluids  which  is  not 
equally  explicable  on  the  FVanklinian  theory;  and 
the  explanations  by  the  first  are  easily  converted  into 
those  of  the  second  by  substituting  the  expressions  of 
po»Uive  and  negative  for  those  of  vitreaui  and  re&inoua 
eleetrieUies,  The  principal  advantage  of  Franklin's 
system  is  its  superior  simplicity.  When  viewed  as  a 
mere  hypothesis,  calculated  to  facilitate  our  compre- 
hension of  the  phenomena  and  of  their  connections, 
it  is  a  matter  of  indifference  which  we  employ,  since 
they  will  either  of  them  answer  the  purpose.  For 
the  future,  however,  we  shall  more  generally  employ 
the  Franklinian  theory,  on  account  of  its  greater  con- 
venience. 

III.  Electrical  Machines,  The  esuential  parts  of 
an  instrument  for  procuring  large  supplies  of  electri- 
city, for  the  purposes  of  experiment,  are  the  electric, 
the  rubber,  the  prime  conductor,  the  insulator,  and 
the  machinery  for  setting  the  electric  in  motion.  The 
electric,  by  the  excitation  of  which  the  electricity  is 
to  be  developed,  may  be  made  of  various  substances. 
Polished  glass  has,  however,  received  the  preference* 
Its  form  is  that  of  a  hollow  x^linder,  or  of  a  flat  cir- 
cular plate,  revolving  upon  a  horizontal  axis.  The 
cushion  is  usually  made  of  soft  leather,  generally  basil 
skin,  stuffed  with  hair  or  wool,  so  as  to  be  as  hard  as 
the  bottom  of  a  chair,  but  yet  sufiiciently  yielding  to 
accommodate  itself,  without  much  pressure,  to  the 
surface  of  the  glass  to  which  it  is  applied  The  prime 
conductor  is  a  cylindrical  tube,  each  end  terminating 
in  a  hemisphere.  There  is  no  advantage  in  its  being 
made  solid,  for  the  electricity  is  only  contained  at  the 
surfaces.    It  may  be  nuule  of  thin  sheet  brass,  or 


copper,  or  tin,  or  of  pasteboard  covered  with  gold 
leaf  or  tin-foil.  Care  must  be  taken  that  its  surface 
be  free  from  all  points  and  asperities ;  and  the  per- 
forations which  are  made  in  it,  and  which  should  be 
about  the  size  of  a  quill,  for  the  purpose  of  attaching 
wires  and  other  kinds  of  fixtures,  should  have  theu 
edges  well  rounded  and  smoothed  off.  In  order  to 
render  the  arrangement  of  these  parts  nK>re  intelligi- 
ble, we  will  describe  one  of  the  simplest  and  best  of 
the  cylindric  machines.  The  glass  cylinder  a  b,  JTy. 
4,  Plate  I.  Electricity,  is  from  8  to  16  mches'in  diame- 
ter, and  from  1  to  2  feet  long,  supported,  for  the  pur- 
pose of  insulation,  on  two  upright  pillars  of  glass, 
which  are  fixed  to  a  firm  wooden  stand.  Two  hollow 
metallic  conductors,  equal  in  length  to  the  cylinder, 
and  about  one-fourth  of  its  diameter,  are  placed 
parallel  to  it,  one  on  eadi  side,  upon  two  insulating 
pillars  of  glass,  which  are  cemented  into  two  separate 
pieces  of  wood,  that  slide  across  the  base  so  as  to  al- 
low of  their  being  brought  within  different  distances 
from  the  cylinder.  To  one  of  these  conductors  the 
cushion  is  attached,  which  is  of  the  same  length  with 
the  conductor  e.  Its  pressure  against  the  cylinder  is 
regulated  by  an  adjusting  screw  adapted  to  the 
wooden  base  at  e,  on  which  the  glass  pillar  that  sup- 
ports the  conductor  is  fixed.  From  the  upper  edge  of 
the  cushion  there  proceeds  a  flap  of  thin  oiled  silk,  d, 
which  is  sewed  on  the  cushion  abouf  a  quarter  of  an 
inch  from  its  upper  edge.  It  extends  over  the  upper 
surface  of  the  glass  cylinder  to  within  an  inch  of  a 
row  of  metallic  points,  proceeding,  like  die  teeth  of  a 
rake,  from  a  horizontal  rod,  which  is  fixed  to  the  ad- 
jacent side  of  the  opposite  conductor.  The  motion  ot 
the  cylinder,  which  is  given  by  a  single  handle  or  by 
a  multiplying  wheel,  must  aiways  be  given  ia  the 
direction  of  &e  silk  flap. 

That  part  of  the  cushion  which  comes  in  contact 
with  the  glass  cylinder  should  be  coated  with  an 
amalgam  of  tin,  zinc,  and  mercury,  applied  by  means 
of  hog's  lard.  The  amalgam  should  be  placed 
uniformly  over  the  cushion,  until  level  with  the  line 
formed  by  the  seam  which  joins  the  silk  flap  to  the 
face  of  the  cushion.  No  amalgam  should  b^  placed 
over  this  line,  nor  on  the  silk  flap ;  and  it  is  even  re- 
quisite to  wipe  the  silk  flap  clean  whenever  the  con- 
tinued motion  of  the  machine  shall  have  soiled  it  by 
depositing  dust  or  amalgam  on  its  surface. 

The  b^t  amalgam  is  formed  by  melting  together 
one  ounce  of  tin  and  two  ounces  of  zinc,  which  are  to 
be  mixed,  vriiile  fluids  with  six  ounces  of  mercury, 
and  agitated  in  an  iron  or  thick  wooden  box  until 
cold.  It  is  then  to  be  reduced  to  very  fine  powder  in 
a  mortar,  and  mixed  with  a  sufficient  quantity  of 
hog's  lard  to  form  it  into  a  paste. 

The  mode  in  which  the  electrical  machine  just  de- 
scribed acts  will  readily  be  understood.  Hie  friction 
of  the  cushion  against  the  glass  cylinder  produces  a 
transfer  of  electric  fluid  firom  the  former  to  the  latter; 
that  is,  the  cushion  becomes  negatively  and  Ihe  glass 
positively  electrified.  The  fluid,  which  Uius  adheies 
to  the  glass,  is  carried  round  by  the  revolution  of  the 
cylinder,  and  its  escape  is  at  first  prevented  by  the 
silk  flap  which  covers  the  cylinder,  until  it  comes  to 
the  immediate  vicinity  of  the  metallic  points,  which, 
being  placed  at  a  small  distance  from  the  cylinder, 
absorb  nearly  the  whole  of  the  electricity  as  it  passes 
near  them,  and  transfers  it  to  the  prime  conductor. 
Positive  electricity  is  thus  accumulated  in  the  prime 
conductor,  while  the  conductor  connected  with  the 
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cushion,  being  deprived  of  this  electricity,  is  negatively 
electrified,  and  light  balls  suspended  by  threi^  at  / 
being  oppositely  electrified  will  attract  each  other.  If 
both  these  conductors  are  insulated,  thb  action  will 
soon  have  reached  its  limit ;  for,  when  the  cushion  and 
its  conductor  have  been  exhausted  of  their  fluid  to  a 
certain  degree,  they  cannot,  by  the  same  force  of  ex- 
citation, supply  any  further  quantity  to  the  glass.  In 
order  to  enable  it  to  do  so,  we  must  replenish  it,  or 
restore  to  it  a  quantity  equal  to  what  it  has  lost. 
This  b  done  by  destroying  the  insulation  of  the 
cushion  through  the  means  of  a  metallic  chain  or 
wire,  extending  from  it  to  the  earth,  which  is  the 
great  reservoir  of  the  electric  fluid.  The  prime  con- 
ductor will  now  be  supplied  with  a  constant  stream 
of  positive  electricity.  If  it  be  our  object,  on  the 
other  hand,  to  accumulate  negative  electricity  by  the 
same  instrument,  we  have  only  to  insulate  the  con- 
ductor to  which  the  cushion  is  attached,  and  to  con- 
nect the  prime  conductor  with  the  ground,  in  order 
to  allow  the  fluid  to  escape  from  it  as  soon  as  it  is 
collected  from  the  cylinder.  The  fluid  will  thus  con- 
tinue to  be  drawn,  without  interruption,  from  the 
negative  conductor,  as  it  now  meets  with  no  impedi- 
ment to  its  discharge  on  the  opposite  side  of  the  ma- 
chine. 

That  the  quantity  of  positive  electricity  produced 
in  one  conductor  is  exactly  equal  to  that  of  the 
negative  electricity  in  the  other  is  proved  by  the  fact, 
that,  if  the  two  conductors  are  connected  by  a  wire, 
no  signs  of  electricity  are  obtained  in  any  of  the 
conductors  on  turning  the  machine. 

A  person  standing  on  a  stool  with  glass  legs  is 
thereby  insulated  ;  and  if,  in  this  situation,  he  touch 
the  prime  conductor,  either  with  his  hand  or  through 
the  medium  of  a  metallic  rod  or  chain,  he  may  be 
considered  as  forming  part  of  the  same  system  of 
conductors.  When  the  machine  is  worked,  therefore, 
he  will  partake,  with  the  conductor,  of  its  charge  of 
electricity,  and  spafks  may  be  drawn  from  any  part 
of  his  body  by  the  knuckle  of  any  other  person  who 
is  in  communication  with  the  ground. 

IV.  The  effect  of  electrical  attraction  and  repulsion 
may  now  be  exhibited  much  more  distinctly  with  the 
aid  of  those  considerable  accumulations  of  electricity 
which  we  are  enabled  to  form  by  the  electrical 
machine.  A  pith  ball,  or  a  fragment  of  gold  leaf,  is 
very  strongly  and  immediately  attracted  by  the  elec- 
trified conductor ;  and,  the  instant  after  it  has  come 
into  contact  with  it,  it  is  repelled ;  but  it  is  now  at- 
tracted by  the  other  bodies  in  its  neighbourhood,  to 
which  it  communicates  its  own  electricity,  and  Uien 
is  again  in  a  state  to  be  influenced  by  the  conductor, 
and  to  be  again  attracted;  and  this  alternation  of 
effects  will  continue  as  long  as  the  conductor  remains 
charged.  This  alternation  of  attractions  and  repul- 
sions accompanying  the  transferring  electricity  by 
movable  conductors  is  also  illustrated  by  the  motions 
of  a  ball  suspended  by  a  silk  thread,  and  placed  be- 
tween two  bells,  of  which  the  one  is  electrified  and 
the  other  communicates  with  the  ground.  The  alter- 
nate motion  of  the  ball  between  the  two  bells  will 
keep  up  a  continual  ringing.  This  amusing  experi- 
ment has  been  applied  to  give  notice  of  changes  taking 
place  in  the  electrical  state  of  the  atmosphere. 

The  mutual  repulsion  of  bodies  that  are  similarly 
electrified  gives  rise  to  many  interesting  experiments. 
A  small  figure  in  the  shape  of  a  human  head,  covered 
with  hair,  when  placed  upon  the  conductor  and  elec- 
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trified,  will  exhibit  the  appearance  of  terror  from  the 
bristling  up  and  divergence  of  the  hair. 

Advantage  is  taken  of  the  repulsive  property  of 
electrified  bodies  for  the  construction  of  an  instru- 
ment adapted  to  measure  the  intensity  of  the  electri- 
city they  may  contain.  This  instrument  is  called  an 
eUfcirometer,  That  invented  by  Henley  consists  of  a 
slender  rod  of  very  light  wood,  serving  as  an  index, 
terminated  by  a  small  pith  ball,  and  suspended  from 
the  upper  part  of  a  stem  of  wood,  which  is  fitted  to 
a  hole  in  the  upper  surface  of  the  conductor.  An 
ivory  semicircle  or  quadrant  is  affixed  to  the  stem« 
having  its  centre  coinciding  with  the  axis  of  motion 
of  the  rod,  for  the  purpose  of  measuring  the  angle  of 
deviation  from  the  perpendicular,  which  the  repulsion 
of  the  ball  from  the  stem  produces  in  the  piovable 
rod.  The  number  of  degrees  which  is  described  by 
the  index  affords 
some  evidence  of  ^ 

the  quantity  of 
electricity  with 
which  the  appa- 
ratus is  charged, 
though  the  instru- 
ment cannot  be 
viewed  as  afford- 
ing an  exact  mea- 
sure of  its  inten- 
sity. Two  of  these 
are  shown  in  the 
accompanying  en« 
graving ;  the  first 

on  the  prime  conductor  of  the  machine,  the  other  oa 
a  stand. 

The  gold  Uaf  electrometer  of  Bennet,  or  rather 
electroscope,  is  a  very  delicate  instrument,  and  is 
much  employed  for  detecting  the  presence  of  electri- 
city. It  consists  of  two  narrow  slips  of  gold  leaf, 
suspended  parallel  to  each  other  in  a  glass  cylinder 
(which  secures  them  from  disturbance  by  the  air), 
and  attached  to  the  end  of  a  small  metallic  tube,  ter- 
minating above  cither  in  a  flat  surface  of  metal  or  a 
metallic  ball.  Two  slips  of  tin-foil  are  pasted  to  the 
inside  of  the  cylinder,  on  opposite  sides,  in  a  vertical 
position,  and  so  placed  as  that  the  gold  leaves  may 
come  in  contact  with  these,  when  their  mutual  repul- 
sion is  sufficiently  powerful  to  make  them  diverge  to 
that  extent.  These  slips  of  tin-foil  terminate  in  the 
foot  of  the  instrument,  and  dius  are  in  commtmica- 
tion  with  the  earth.  A  very  minute  charge  of  elec- 
tricity, communicated  to  the  upper  end  of  the  tube, 
is  immediately  transmitted  to  the  gold  leaves,  which 
are  thus  made  to  repel  each  other ;  but,  if  the  repul- 
sion is  such  as  to  make  them  strike  against  the  tin- 
foil, their  insulation  ceases,  and  their  electricity  is 
carried  off,  and,  becoming  neutral,  they  resume  tiieir 
original  position.  We  may  here  notice  the  elec- 
trometer invented  by  Coulomb,  and  called  by  him 
the  tornon  balance.  It  consists  of  a  cylindrical  glass 
jar,  covered  at  the  top  by  a  circular  glass  plate, 
with  a  hole  in  its  centre,  through  which  descends, 
nearly  to  the  bottom  of  the  jar,  a  single  fibre  of  the 
web  of  the  silk- worm,  with  a  needle  of  gum-lac  or  a 
piece  of  straw  coated  by  sealing-wax,  affixed  to  its 
lower  extremity.  The  needle  b  terminated  at  one  end 
by  a  small  pith  ball,  and  at  the  other  by  a  disc  of 
varnished  paper,  to  serve  as  a  counterpoise  to  the 
ball.  Tlie  upper  end  of  the  silk  fibre  b  attadied  to  a 
kind  of  button,  having  a  small  index,  and  capable  of 
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being  turned  round  upon  a  circular  plate  divided  into 
degrees.  One  side  of  the  jar  is  perforated  towards  its 
bottom,  to  allow  of  the  insertion  of  a  short,  horizon- 
tal bar,  having  a  small  metallic  sphere  at  each  of  its 
Olds,  the  one  being  within  and  the  other  upon  the 
outside  of  the  jar,  and  the  former  being  so  situated 
as  just  to  allow  the  ball  of  the  suspended  needle  to 
come  in  contact  with  it  in  the  course  of  its  revolution. 
By  turning  the  button,  or  the  index,  the  needle  may 
be  brought  into  this  or  any  other  required  position 
with  regard  to  the  ball. 

It  is  found  by  experiment  that  the  angle  of  torsion 
of  the  silk  fibre  is,  within  a  certain  range  of  distance, 
very  nearly  in  the  direct  ratio  of  the  force  which  acts 
in  producing  the  torsion ;  and  therefore,  if  the  two 
balls  be  placed  in  contact  by  turning  the  button,  and 
then  similarly  electrified,  the  distance  to  which  they 
are  repelled  by  the  angular  motion  of  the  suspended 
ball  affords  a  measure  of  the  repulsive  force  exerted. 
In  like  manner,  the  distance  which  the  suspended 
ball  is  made  to  move,  when  it  b  attracted  by  the  fixed 
ball,  when  the  two  have  opposite  electricities,  gives 
accurate  measures  of  the  attractive  forces. 

V.  It  had  long  been  observed  that  the  quantity  of 
electricity  which  bodies  are  capable  of  receiving  does 
not  follow  the  proportion  of  their  bulk,  but  depends 
chiefly  upon  the  extent  of  their  surface.  It  was 
found,  for  example,  that  a  metallic  conductor,  in  the 
form  of  a  globe  or  cylinder,  contains  just  as  much 
electricity  when  hollow  as  it  does  when  solid,  from 
which  it  was  inferred  that  electricity  does  not  extend 
throughout  the  mass  of  a  body,  but  resides  altogether 
at  its  surface.  By  the  application  of  mathematical 
calculations  to  the  theory,  the  most  exact  information 
with  regard  to  the  distribution  of  the  electric  fluid  in 
bodies  of  different  shapes  has  been  obtained ;  and 
"Whenever  a  comparison  has  been  instituted,  even  in 
•cases  of  the  most  complicated  kind,  between  the  re- 
sults of  experiment  and  of  theory,  the  most  perfect 
-agreement  has  been  observed  between  them. 

For  the  purpose  of  measuring  the  proportional 
quantities  of  electricity,  with  which  different  parts  of 
the  same  or  of  different  bodies  are  charged,  no  in- 
strument is  so  well  fitted  as  the  balance  of  Coulomb. 
Such  is  its  extreme  sensibility,  that  a  force  only  equal 
to  the  270th  of  a  grain  is  sufficient  to  make  the  needle 
perform  an  entire  revolution ;  the  360th  part  of  this 
force,  therefore,  or  less  than  the  100,000th  of  a  grain, 
is  capable  of  being  estimated  by  each  degree  of  its 
angular  motion.  • 

It  would  be  inconsistent  with  the  limits  of  the 
present  article  to  go  into  a  detail  of  the  delicate  me- 
thods of  research  adopted  in  the  investigation  of  this 
subject.  The  following  are  among  some  of  the  most 
interesting  results  deduced  from  them.  In  a  solid 
body,  having  the  form  of  a  perfect  sphere,  and 
charged  with  positive  electricity,  the  whole  of  the 
fluid  is,  in  consequence  of  the  repulsion  of  its  own 
particles,  which  is  every  where  directed  from  the 
centre  outwards,  accumulated  in  a  thin  stratum,  at 
the  very  surface  of  the  sphere.  If  the  body  be 
charged  with  negative  electricity,  the  deficiency  of 
fluid  will  take  pi£u:e  only  in  the  superficial  stratum  of 
matter.  If,  instead  of  being  spherical,  the  body  have 
any  other  form,  the  electricity  will  be  chiefly  confined 
to  the  surface ;  and,  if  it  have  an  elongated  form, 
there  will  be  a  greater  charge  in  the  remoter  parts 
than  in  those  nearer  to  the  middle. 

This  result  of  theor)',  respecting  the  limitation  of 


electricity  to  the  mere  surface,  is  confirmed,  in  the 
most  decisive  manner,  by  the  experiments  of  Cou- 
lomb. A  conducting  body,  of  a  spheroidal  shape, 
with  small  pits  in  various  parts  of  its  surface,  half 
an  inch  in  diameter,  and  one- tenth  of  an  inch  in 
depth,  was  electrified,  and  examined  by  the  torsion 
balance.  The  bottoms  of  these  pits  afforded  no  in- 
dications of  having  received  any  electricity,  while 
the  even  surface  exhibited  strong  electrical  excite- 
ment. We  may  conclude,  both  from  theory  and 
experiment,  therefore,  that  although,  strictly  speak- 
ing, the  electricity  must  reside  within  the  substance 
of  conducting  bodies,  it  extends,  in  fact,  to  a  depth 
so  small  as  to  be  inappreciable  by  any  known  me- 
thods of  observation. 

The  effect  of  an  expansion  of  surface  m  lessening 
the  intensity  of  electricity,  while  its  absolute  quan- 
tity remains  the  same,  is  illustrated  by  the  following 
experiment:  around  an  insulated  cylinder,  movable 
on  an  horizontal  axis,  and  turned  by  an  insulating 
handle,  is  wound  a  thin  lamina  of  any  metal,  the 
end  of  which  is  semi  circular,  and  has  attached  to 
it  a  silk  thread.  The  whole  apparatus  communicates 
with  an  electrometer,  fprmed  of  two  linen  threads, 
each  terminating  in  a  pith  ball.  On  communicating 
a  charge  of  electricity  to  the  cylinder,  the  threads 
and  balls  of  the  electrometer  attached  to  it  diverge. 
Upon  taking  hold  of  the  silk  thread,  and  unrolling 
the  metallic  lamina  from  the  cylinder,  the  balls  gra- 
dually collapse,  thus  indicating  a  diminution  in  the 
intensity  of  electrical  repulsion.  But,  on  winding 
up  the  lamina,  by  turning  the  insulating  handle,  the 
electricity  is  restored,  and  the  balls  diverge  to  the 
same  extent  as  before,  allowance  being  made  for  the 
small  dissipation  of  electricity,  from  the  contact  of 
the  air  during  the  experiment. 

In  the  case  of  a  long  and  slender  lamina  of  con- 
ducting matter,  charged  with  electricity.  Coulomb 
found  that  its  intensity  continued  nearly  uniform, 
from  the  middle  of  the  lamina  to  within  a  short  dis- 
tance from  the  ends;  at  that  part  it  rapidly  increased; 
and,  at  the  very  extremity,  it  became  twice  as  much 
as  at  the  middle  part.  He  also  found  that  in  a  cy- 
linder 30  inches  long,  and  2  in  diameter,  the  intensity 
of  the  electricity  at  the  ends  was  to  its  intensity  in 
the  middle,  or  at  any  part  more  than  2  inches  from 
the  extremity,  as  23  to  1.  From  which  instances  we 
infer  that,  if  a  conducting  substance  be  drawn  out 
into  a  point,  the  intensity  of  the  electricity  at  that 
point  will  be  exceedingly  great,  and  that  the  point 
will  accordingly  absorb  and  draw  into  itself  nearly 
the  whole  of  the  electricity  that  is  contained  in  the 
body.  This  great  concentration  of  electricity  is  found 
actually  to  take  place  in  all  points  that  project  be- 
yond the  general  surface.  The  pressure  excited  by 
the  electric  fluid  against  a  non-conducting  medium, 
such  as  the  air,  which  opposes  an  obstacle  to  its  es- 
cape, is  in  a  ratio  compounded  of  the  repulsive  force 
of  its  own  particles  at  the  surface  of  the  stratum  of 
fluid,  and  or  the  thickness  of  that  stratum ;  but,  as 
one  of  these  elements  is  always  proportional  to  the 
other,  the  total  pressure  must,  in  every  point,  be 
proportional  to  the  square  of  the  thickness.  If  this 
pressure  be  less  than  the  resistance,  or  coercive  force 
as  it  has  been  called,  of  the  air,  the  electricity  is  re- 
tained ;  but,  the  moment  it  exceeds  that  force  in  any 
one  point,  the  electricity  suddenly  escapes,  just  as  a 
fluid  confined  in  a  vessel  would  rush  out,  if  it  were 
to  burst  open  a  hole  in  the  side  of  a  vessel. 
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it  acqalres  a  blue  tint,  and 
passes  to  a  violet  and  purple  as  the  condensation  of  the 
air  ia  increased.  In  making  these  experiments,  it  is 
found  that  in  proportion  as  the  medium  is  more  rare 
its  conducting  power  increases,  and  a  smaller  inten- 
sity of  electricity  is  required  for  the  production  of 
light  In  the  ordinarjr  vacuum  of  the  air-pump,  the 
passage  of  electricity  is  rendered  sensible  by  streams 
or  columns  of  diffused  li^ht  occasionally  varylog  in 
their  breadth  and  intensity,  and  exhibiting  move- 
ments which  give  them  a  marked  resemblance  to  the 
coruscations  of  the  aurora  borealis. 

It  was  at  first  imagined  that  the  light  which  ap- 
pears during  the  passage  of  electricity  was  actually 
the  electric  fluid  Itself,  become  luminous  from  its  high 
degree  of  accumulation.  But,  since  we  know  that 
conuniHi  atmospheric  air  becomes  liuninous  by  viiJent 
compression,  and  we  must  also  presume  that  elec- 
tricity exerts  a  very  sudden  and  powerful  pressure 
upon  the  air  by  its  passage  through  that  resisting 
medium,  we  are  certainly  justified  in  drawing  the 
inference  that  the  same  phenomena  proceed,  in  both 
cases,  from  the  »ame  cause.  The  sound  which  ac- 
companies the  various  modes  of  transference  is  sub- 
ject to  modifications  dependent  upon  the  degree  and 
suddenness  of  the  impulses  given  to  the  air.  The 
ftiU,  short,  and  undivided  spark  is  attended  with  a 
loud  explosion ;  the  more  lengthened  spark  with  a 
diarper  snap,  which  becomes  more  broken  and  rat- 
tlins  in  proportion  to  the  distance  it  has  to  traverse. 

I^e  great  increase  of  intensity  which  the  electric 
fluid  acquires  at  the  extremities  of  all  elongated  con- 
ducting bodies,  and  especially  the  indefinite  augmenta- 
tion of  this  intensity  at  the  apex  of  all  projecting 
pointi,  baa  been  alluded  to  above-  This  intensity 
will  necessarily  be  accompanied  vrith  a  powerful  dis- 
position in  the  fluid  to  escape—a  circnmstance  which 
furnishes  a  natural  and  exact  explanation  of  the  rapid 
dissipation  of  electricity  which  takes  place  from  all 
bodies  of  a  slender  and  pointed  form. 

The  illustration  of  these  positions  is  se«n  in  bring> 
ing  metallic  rods  of  different  forms  near  the  prime 
conductor  of  a  machine  charged  with  either  species 
of  electricity,  the  conductor  being  furnished  with  a 
pair  of  pith  balls,  suspended  by  a  fine  wire,  whose 
divergence  indicates  the  presence  and  degree  of  the 
electricity  in  the  conductor :  if  the  metallic  rod  have 
a  bell  at  the  end  which  is  brought  near  the  charged 
conductor,  the  pith  balls  will  be  but  slightly  affected ; 
whereas,  if  it  terminate  in  a  sharp  point,  and  the 
point  be  presented  to  the  conductor  at  the  same  dis- 
tance as  the  ball  was  in  the  former  case,  the  diver- 
gence of  the  balls  will  immediately  cease,  showing 
that  the  electrical  charge  has  wholly  disappeared. 

Currents  of  air  always  accompany  the  discharge 
of  electricity  from  pointed  bodies  i  for  each  particle  of 
air,  as  soon  as  it  has  received  its  electricity  from  the 
point,  is  immediately  repelled  by  the  body.  Many 
amuatng  experiments  are  foundal  on  this  principle. 
Let  two  cross  wires,  bent  at  right  angles  near  the 
ends,  which  terminate  in  points,  and  pointing  in  a 
similar  direction  with  respect  to  the  axis,  be  support- 
ed at  their  centre  upon  a  fine  point,  and  electrified  by 
being  placed  npontJie  prime  conductor  of  a  machine  j 
each  of  the  points  will  give  off  a  stream  of  electricity, 
and  the  wurei  will  revolve  backward  with  considerable 
"ty.  Aoapparatnaconustingofwirestenninat- 
pomt*,  sjid  having  balls  annexed  to  thein,  to 
tvpTMcnt  the  plaoete.  may  be  conatnicted  so  u  to  re* 
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volfe  when  electrified^  and  thus  to  imitate  the  planet- 
ary motions.  Such  an  apparatus  has  been  called  an 
eUarwU  orrery,  and  is  shown  in  Plate  2,  Elec- 

tRICITT. 

When  the  transfer  of  electricity  takes  place  be- 
tween smooth  surfaces  of  a  certain  extent,  no  differ- 
ence can  be  perceived  in  the  nature  and  appearance 
of  the  spark,  whichever  be  the  position  of  the  nega- 
tive surface.  But,  in  the  passage  of  electricity  through 
points,  the  effect  is  considerably  modified  by  the  spe- 
cies of  electricity  with  which  the  bodies  are  charged ; 
or,  in  other  words,  by  the  direction  in  which  the 
fluid  moves.  '\Yhen  the  electric  fluid  is  escaping  out 
of  a  pointed  conductor,  the  luminous  appearance  is 
that  of  diverging  streams,  forming  what  is  termed  a 
pencil  of  light,  and  resembling  the  fllaments  of  a 
brush.  When,  on  the  contrary,  the  electric  fluid  is 
entering  into  the  pointed  body,  the  light  is  much- 
more  concentrated  at  the  point  itself,  having  a  re- 
semblance to  a  star,  in  which  if  any  streams  appear 
they  are  disposed  like  radii,  and  equally  so  in  all  di- 
rections. This  difference  in  these  two  appearances 
may  be  employed,  on  many  occasions,  as  a  useful 
criterion  of  the  species  of  electricity,  at  least,  which 
is  passing  from  one  conductor  to  another,  if  not  of 
the  absolute  direction  of  its  motion.  For,  if  a  needle 
be  presented  to  an  electrified  body,  the  appearance  of 
a  star  on  the  needle  will  show  that  the  electricity 
of  that  body  is  positive ;  while,  on  the  contrary,  a 
luminous  brush  on  the  needle  will  indicate  that  the 
body  is  negative. 

Tliese  observations  seem  to  indicate  the  emanation 
of  some  material  fluid  from  the  positive  and  its  recep- 
tion by  the  negative  point.  It  has,  accordingly,  been 
urged  as  an  argument  in  favour  of  the  Franklinian 
theory.  The  diverging  lines  on  one  side,  and  their 
inflections  on  the  other,  represent  exactly  the  paths 
of  particles  flowing  out  as  from  a  pipe,  and  urged 
forward  by  a  force  which  gives  them  such  a  projectile 
velocity  as  to  prevent  their  spreading  out  beyond  a 
certain  distance  from  the  direct  line  of  projection. 
But  this  very  velocity  will  carry  the  particles  that 
happen  to  have  deviated  most  somewhat  beytmd  the 
pomt  to  which  they  are  attracted ;  while  the  attrac- 
tion to  this  latter  point  will  tend  to  deflect  them  from 
the  line  of  their  path,  and  gradually  turn  them  back, 
so  that  they  will  arrive  at  the  point  of  attraction  by 
very  different  paths,  and  some  even  by  a  retrograde 
motion.  Hence,  while,  in  the  former  case,  they  form 
a  diverging  cone  of  rays,  in  the  latter  they  must  be 
distributed  on  all  sides  of  the  point,  like  the  rays  of 
a  star. 

VI.  Active  electricity,  existing  in  any  substance, 
tends  always  to  induce  the  opposite  electrical  state 
in  the  bodies  that  are  near  it.  Now,  it  is  impossible 
to  induce  one  electrical  state  in  any  body  without,  at 
the  same  time,  producing  the  opposite  state  in  the 
same  body,  or  in  the  one  which  is  immediately  con- 
tiguous. It  follows,  therefore,  that  if  the  bodies  sub- 
jected to  the  inductive  influence  are  non-conductors, 
although  the  tendency  to  produce  the  opposite  elec- 
tricity exists,  yet,  in  consequence  of  the  immobility 
of  the  fluid,  it  can  produce  no  visible  change. 

In  proportion  as  the  body  opposes  less  resistance 
to  the  passage  of  electricity,  the  operation  of  the 
disturbing  force  becomes  sensible.  For  example, 
in  the  case  of  a  positively  charged  electric,  acting 
by  induction  on  an  insulated  conducting  body,  the 
redundant  fluid  in  the  former  must  tend  to  repel  all 


the  fluid  contained  in  the  latter ;  a  pottton  of  this 
fluid  must,  therefore,  be  driven  from  the  side  adjacent 
to  the  first  body,  towards  the  remoter  side.  The  ad- 
jacent side  wiU  thus  be  rendered  negative ;  the  re- 
moter side  positive.  But  this  will  take  place  to 
a  certain  extent  only ;  for  there  is  a  limit  at  whi(^ 
the  repulsion  of  the  fluid  accumulated  at  tiie  remote 
end  will  just  balance  the  repulsion  of  the  fluid  in 
the  electric,  added  to  the  attraction  of  the  under-aiKtu- 
rated  matter,  in  the  near  end ;  and,  when  the  limit 
has  been  attained,  the  flow  of  electric  fluid  from  ^ 
near  to  the  remote  end  of  the  body  will  cease,  and 
an  equilibrium  will  be  established.  Experiment  Aiily 
confirms  this  theory,  as  may  be  seen  by  bringing  a 
cylinder  of  metal  of  some  length,  with  rounded  eaSbi, 
near  an  electrified  globe  of  glass,  taking  care  that 
it  be  not  sufficiently  near  .to  receive  any  quantitjr 
of  electricity  by  transference. 

By  means  of  the  electrometer  of  Coulomb,  we  per- 
ceive that  the  part  of  the  conductor  nearest  to  the 
electric  is  negative,  and  the  part  most  remote  is  posi- 
tive ;  while,  about  the  middle  of  the  cylinder,  the 
body  is  in  a  neutral  state.  The  electricity  is  found 
to  diminish  as  we  proceed  from  dther  extremity 
towards  this  point  of  neutrality. 

These  j^markable  effects  are  solely  the  result 
of  the  action  of  electricity  at  a  distance ;  for  they 
take  place  in  an  equal  degree  whatever  non-con- 
ducting substance  may  be  interposed  between  the 
bodies  exerting  this  influence  on  one  another.  But 
in  an  experiment  vdiere  the  acting  body,  instead  of 
being  an  electric,  is  a  conducting  body,  the  electrical 
state  which  the  globe  induces  on  the  cylinder  must 
re-act  upon  its  own  electricity. 

The  negative  electricity,  that  is,  the  under-satu- 
rated matter  at  the  nearer  end  of  tiie  cylinder,  must 
exert  a  tendency  to  induce  positive  electricity  in  the 
globe,  and  more  especially  upon  the  side  next  the 
cylinder ;  that  is,  it  will  tend,  by  its  attraction  for 
the  fluid,  to  draw  it  to  that  side,  and  thus  render 
it  still  more  highly  positive  than  it  wbb  before. 
This  can  only  be  done  at  the  expense  of  the  other 
side,  from  which  the  fluid  must  be  taken,  and  which 
is  therefore  rendered  less  charged  with  fluid,  that  is» 
less  positive,  than  before.  But  this  new  distributicm 
of  the  electric  fluid  in  the  globe,  by  increasing  the 
positive  state  of  the  side  next  the  cylinder,  tends 
to  augment  its  inductive  influence  on  the  fluid  in 
the  cylinder,  that  b,  to  drive  an  additional  quantity 
of  fluid  from  the  negative  to  the  positive  end.  This 
must  be  followed  in  turn  by  a  corresponding  reaction 
on  the  globe,  and  so  on*  constituting  a  series  of 
smaller  adjustments,  until  a  perfect  equilibrium  is 
established  in  every  part.  Tliis  reasoning  is  fully 
established  by  experiment.  All  that  is  required  for 
its  illustration  is  simply  to  furnish  the  metallic  globe, 
insulated  and  charged  with  positive  electricity,  with 
electroscopes  upon  its  opposite  surfaces.  No  sooner 
do  we  bring  near  to  it  a  conducting  body  than  the 
balls  of  the  electroscope,  at  the  side  most  distant  firom. 
that  body,  begin  to  collapse,  while  those  at  the 
nearer  side  diverge  to  a  greater  degree  than  before ; 
thus  showing  the  nature  of  the  reflex  operation  of 
the  induced  electricity  of  the  conductor  uoon  the 
body  from  which  the  induction  originated. 

In  all  the  changes  thus  alluded  to,  there  has  been 
no  transfer  of  electricity  from  either  of  the  bodiiaa 
to  the  otiier,  as  is  most  satisfactorily  proved  1^. 
the   circumstance  that  the  mere   removal  of  ue 
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bodies  to  *  &tance  from  one  another  is  sufficient 
to  restore  etch  of  them  to  its  original  state.  The 
globe  remains  as  perfectly  electrified  as  before ;  the 
cylinder  returns  to  its  condition  of  perfect  neutraiity ; 
wad  the  experiment  may  be  repeated  as  often  as 
we  please,  without  any  variation  in  the  phenomena. 
This  would  not  be  the  case,  however,  if  the  cylinder 
were  divided  in  the  middle,  and  one  or  both  of  the 
parts  were  removed  separately,  while  they  still  re- 
mained  under  the  influence  of  the  globe.  The  return 
of  the  electric  fluid  from  the  positive  to  the  negative 
end  being  thus  prevented,  each  part  will  retain,  after 
its  separation,  the  electricity  which  had  been  induced 
upon  it ;  the  nearer  portion  will  remain  negative, 
the  remoter  one  positive.  If  the  division  had  been 
in  three  parts,  the  middle  part  only  would  have  been 
neutral. 

It  is  found  by  experiment  that  the  effects  of  induc- 
tion on  a  conductor  are  augmented  by  increasing  its 
length;  and  they  become  as  great  as  possible  by 
placing  the  conductor  in  communication  with  the 
earth,  which  carries  off  all  the  fluid  the  electrified 
body  is  capable  of  expelling  from  the  nearest  end. 
A  conductor  under  the  influence  of  induction,  be- 
tween which  and  the  earth  a  communication  has 
been  made,  by  touching  the  remote  end  with  a 
metallic  rod  held  in  the  hand,  possesses  but  one 
kind  of  electricity,  namely,  the  one  opposite  to  that 
of  the  electrified  body  which  is  acting  upon  it*  The 
part  touched  is  brought  into  a  state  in  which  it 
appears  to  be  neutral,  as  long  as  it  remains  in  the 
vicinity  of  the  electrified  body ;  but  it  really  contains 
less  fluid  than  its  natural  share  $  and  this  will  imme- 
diately become  apparent  if  the  conductor  that  has 
been  touched  be  again  insulated,  and  then  removed 
from  the  influence  of  the  body  producing  the  in- 
duction. 

This  peculiar  condition  of  a  body,  in  which  its 
parts  are  really  undercharged  or  overcharged  with 
fluid,  altiioug^  from  the  action  of  electric  forces  de- 
rived from  bodies  in  its  vicinity,  a  state  of  equili- 
brium is  established,  and  no  visible  effect  results, 
has  been  denominated  by  Biot  disguised  electriciiy. 
We  have  hitherto  supposed  the  acting  body  to  be 
positively  electrified ;  but  precisely  the  same  effects 
would  happen  with  regard  to  the  degree,  although 
opposite  as  to  the  species  of  electricity,  if  it  had  been 
negatively  electrified*  Our  knowledge  of  the  induc- 
tion of  electricity  enables  us  to  understand  why  bo- 
dies between  which  it  takes  place  should  attract 
one  another.  For  the  action  of  the  adjacent  sides 
which  are  brought  into  opposite  electrical  states  b 
greater  than  the  action  of  those  sides  which  are  in 
the  same  electrical  states,  and  which  are  more  dis- 
tant ;  hence  the  attractive  force  always  exceeds  the 
repulsive. 

The  most  convenient  mode  of  obtaining  an  accu- 
mulation of  electricity  arising  from  induction  is  by 
the  employment  of  coated  glass,  that  is,  of  a  plate  of 
glass  on  each  side  of  which  is  pasted  a  sheet  or 
coating  of  tin-foil.  Care  must  be  taken  to  leave  a 
0ufllcient  margin  of  glass  uncovered  with  the  metal 
for  preventing  the  transfer  of  electricity  from  one 
coating  to  the  other,  round  the  edge  of  the  glass ; 
and  all  sharp  angles  or  ragged  edges  in  the  coatings 
•hould  be  avoided,  as  they  nave  a  great  tendency  to 
dissipate  the  charge. 

The  form  of  coated  glass  best  adapted  to  experi- 
laeiita  Is  that  of  a  cylindric  jar ;  this  is  coated,  with- 


in and  without,  nearly  to  the  top.  The  cover  consists 
of  baked  wood,  and  is  inserted  with  sealing  wax,  to 
exclude  moisture  and  dust.     A  metallic  rod,  rising 
two  or  three  inches  above  the  jar,  and  terminated  at 
the  top  in  a  brass  knob,  is  made  to  descend  through 
the  cover  till  it  touches  the  interior  coating.    The 
name  of  the  Leyden  phial,  or  jar,  is  applied  to  this 
instrument.    It  is  used  in  the  following  manner :  the 
outer  coating  being  made  to  communicate  with  the 
ground,  by  holding  it  in  the  hand,  the  knob  of  the 
jar  is  presented  to  the  prime  conductor  when  the 
machine  is  in  motion ;  a  succession  of  sparks  will 
pass  between  them,  while,  at  the  same  time,  nearly 
an  equal  quantity  of  electricity  will  be  passing  out 
from  the  exterior  coating,  through  the  body  of  the 
person  who  holds  it,  to  the  ground.    The  jar,  on 
bein^  removed,  is  said  to  be  charged ;  and  if  a  com- 
mumcation  is  made  between  the  two  coatings,  by  a 
metallic  wire,  extending  from  the  external  one  to  the 
knob,  the  electric  fluid  which  was  accumulated  in 
the  positive  coating  rushes,  with  a  sudden  and  vio- 
lent impetus,  along  the  conductor,  and  passes  into 
the  negative  coating;  thus  at  once  restoring  an  al- 
most complete  equilibrium.    This  sudden  transfer  of 
a  large  quantity  of  accumulated  electricity  is  a  real 
explosion ;  and  it  gives  rise  to  a  vivid  flash  of  light, 
corresponding  in  intensity  to  the  magnitude  of  the 
charge.     The  effect  of  its  transmission   is   much 
greater  than  that  of  the  simple  charge  of  the  prime 
conductor  of  the  machine ;  and  it  imparts  a  sensa- 
tion, when  passing  through  any  part  of  the  body,  of 
a  peculiar  kind,  which  is  called  tne  electric  sliock. 

The  arrangement  of  the  parts  in  a  Leyden  jar,  as 
well  as  the  mode  of  charging  and  discharging  it,  is 
shown  in  several  figures  of  Plate  2,  Electricity. 
It  may  be  proper  to  state,  that  talc  or  nUca  is  as  well 
fitted  for  electrical  purposes  as  glass ;  and,  owing  to 
the  extreme  thinness  of  its  lamina,  it  is  more  readily 
put  in  operation.    It  is  also  more  durable. 

In  the  construction  of  the  Leyden  jar,  the  thick- 
ness of  the  glass  is  an  important  consideration.  The 
thinner  the  glass  the  greater  will  be  the  power  of 
taking  a  charge  ;  but  the  power  of  retaining  it  will 
be  less,  on  account  of  the  diminished  resistance  which 
the  glass  will  oppose  to  the  electricity  through  it.  If 
the  charge  be  higher  than  what  the  jar  will  bear,  the 
glass  will  be  broken  by  the  violence  with  which  the 
electric  fluid  forces  a  passage  through  its  substance. 
Another  limit  to  the  charge  which  a  jar  is  capable  of 
retaining  arises  from  the  liability  of  the  electricity 
to  pass  from  one  coating  to  the  other,  round  the 
edges  of  the  glass.  The  deposition  of  moisture,  also, 
on  the  glass,  will  occasion  a  spontaneous  discharge, 
since  it  forms  a  chain  of  conducting  particles,  in  the 
very  line  which  the  electricity  has  a  tendency  to  take. 
Hence,  in  order  to  preserve  the  uncoated  part  of  the 
glass  in  as  drv  a  state  as  possible,  it  is  usually 
covered  with  a  layer  of  sealing-wax,  or  some  other 
resinous  varnish. 

By  uniting  together  a  sufficient  number  of  jars,  we 
are  able  to  accumulate  an  enormous  quantity  of  elec- 
tricity :  for  this  purpose,  all  the  interior  coatings  of 
the  jars  must  be  made  to  communicate  by  metallic 
rods,  and  a  similar  union  must  be  established  among 
the  exterior  coatings.  When  thus  arranged,  the 
whole  series  may  be  charged,  as  if  they  formed  but 
one  jar ;  and  the  whole  of  the  accumulated  electricity 
may  be  transferred  fVom  one  system  of  coatings  to 
the'  other,  by  a  general  and  simultaneous  discharge* 
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Ad  Mrangemect  of  this  description  ia  represented 
above,  in  which  twelve  jars  are  united  in  one  boi, 
•nd  the  whole  Kriea  connected  together  by  wires 
and  balls. 

For  the  purpose  of  making  a  direct  commanica' 
tioQ  between  the  inner  and  outer  coating  of  a  jar  or 
battery,  by  which  a  discharge  is  effected,  an  iustru- 
tnent  calied  the  diMcliarging  rod  is  employed.  It 
consists  or  two  bent  metallic  rods,  terminated  at  one 
end  by  brass  balls,  and  coouected  at  the  other  by  a 
joint,  which  is  fixed  to  the  cud  of  a  glass  handle, 
and  which,  acting  like  a  pair  of  compasses,  allowa 
of  the  balls  being  separated  at  different  distances. 
When  opened  to  the  proper  degree,  one  of  the  baits 
is  made  to  touch  the  exterior  coating,  and  the  other 
bail  is  thea  quickly  brought  into  contact  with  the 
knob  of  the  jar,  and  thus  a  discharge  is  effected, 
while  the  glass  handle  secures  the  person  holding 
it  from  the  eff^ects  of  the  shock. 

If  we  wish  to  send  the  whole  charge  of  electricity 
through  any  particular  substance  which  may  be  the 
•abject  of  eiperiment,  we  must  so  arrange  the  con- 
necting conductors  as  that  the  substance  shall  form 
a  necessary  part  of  the  circiuf  (if  Iht  rleetridh/,  as 
it  is  termed.  With  this  view,  we  must  place  it 
between  two  good  conductors,  one  of  which  is  in 
eommnuication  with  the  outer  coating;  and  the 
circuit  may  then  be  completed  by  connecting  the 
other  conductor  with  the  inner  coating,  by  means 
of  a  discharging;  rod,  to  one  branch  of  which,  if  ne- 
cessary, a  flexible  chain  may  be  added.  A  very 
useful  apparatus  of  this  kind  is  shown  beneath. 

VII.  In   fonn- 
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pass  through  Uie  beat  conductors,  although  they 
may  be  more  circuitous,  in  preference  to  those  which 
are  more  direct  but  have  inferior  conducting  power ; 
and  it  must  also  be  recollected  that,  when  different 
paths  are  open  for  its  transmission  along  conductors 
of  equal  power,  the  electricity  will  always  take  that 
which  is  the  shortest.  Thus,  if  a  person,  holding  a 
wire  between  his  hands,  discharges  a  jar  by  means  of 
jt,  the  whole  of  the  Bnid  will  pus  through  the 


wire,  without  aCecting  Uni  bot.  if  »  piece  ot 
dry  wood  be  snbMttnted  for  the  wire,  he  wilt 
feel  a  shock ;  for,  the  wood  being  a  worse  con- 
ductor than  his  own  body,  the  chai^  will  pass 
through  the  latter,  as  being  the  easier,  although  the 
longer  circuit.  During  its  transit  throngh  the  human 
body,  in  like  manner,  the  shock  is  felt  only  in  the 
parts  situated  in  the  direct  line  of  communication ; 
and  if  the  charge  be  made  to  pass  throng^  a  number 
of  persons,  who  take  one  another  by  the  hand,  and 
form  part  of  the  circuit  between  the  inner  and  outer 
coatings  of  the  jar,  each  will  feel  the  electric  shock  in 
the  some  manner  and  at  the  same  instant;  the  sen- 
sation reaching  from  hand  to  hand,  directly  acroas 
the  breast.  By  varying  the  points  of  contact,  how- 
ever, the  shock  may  be  made  to  pass  in  other  direc- 
tions, and  may  either  be  confined  to  a  small  part  erf' 
a  limb,  or  be  made  to  traverse  the  whole  length  of 
the  body,  from  bead  to  foot. 

By  accurate  experiments  it  appears  that  the  force 
of  the  electric  shock  is  weakened,  i.  e.  its  effects  are 
diminished,  b]r  employing  a  conductor  of  great 
length  for  making  the  discharge.  But  it  is  difficult 
to  assign  a  limit  to  the  number  of  persons  through 
whom  even  a  small  charge  of  electricity  may  be  sen^ 
BO  that  all  shall  experience  the  shock,  or  to  the  div 
tance  along  which  it  may  be  conveyed  by  good 
conductors.  The  abb^  Nollet  passed  an  electrical 
shock  through  180  of  the  French  guards,  in  die 
presence  of  Uie  king;  and  the  sensation  was  felt  at 
'  e  same  moment  by  all  the  persons  composing  tbt 

An  eiperiment  was  made  near  London,  at  a  time 
when  the  gronnd  was  remarkably  dry,  to  ascertain 
if  any  loss  of  time  accompanied  the  passage  of  the 
(laid,  when  transmitted  through  considerable  dis- 
tances. It  was  made  to  perform  a  circuit  of  foor 
miles  ;  being  conducted  for  two  miles  along  wires 
supported  on  baked  sticks,  and  for  the  remaining' 
distance  through  the  dry  ground.  As  lar  ••  could  be 
sacertained,  by  the  most  careful  observation,  the  time 
which  the  discharge  was  transmitted  along  that 
imense  circuit  was  perfectly  instantaneous,  ft  may 
be  proper  to  state  that  Mr.  Wheatstoue  has  lately 
iventral  a  very  ingenious  instrument,  which  po»- 
sses  the  power  of  measuring  the  velocity  with 
which  electricity  is  transmitted. 

A  retardation  in  the  passage  of  electricity  doea 
take  place  if  the  conductor  be  not  of  a  sufficient 
size  j  and  when  this  is  the  case,  as  well  as  in  those 
instances  where  the  conductor  is  not  a  good  one,  the 
discharge  will  not  be  effectedso  instantaneously  or  so 
completely.  Under  these  circumstances,  also,  there  is 
a  tendenc]'  in  the  fluid  to  diverge  from  the  ifirect  line 
of  its  course,  and  to  fly  off  to  different  objects  in  the 
vicinity,  as  is  often  exemplified  in  the  case  of  li^t- 
ning,  which,  on  striking  a  building,  is  apt  to  take  a 
•ry  irregular  and  seemingly  capricious  route,  dart- 
ig  towards  conducting  bodies  which  may  happen  to 
:trBct  it,  although  at  some  distance  from  the  imme- 
diate direction  it  was  pursuing.  The  notion  of  elec- 
tricity through  perfect  conductors  is  attended  with 
no  perceptible  alteration  in  the  mechanical  proper- 
ties of  uie  conducting  bodies,  provided  they  be  ot 
sufficient  size  for  the  charge  of  the  electric  Buid 
transmitted.  On  the  contrary,  very  considerable 
effects  are  produced  when  a  -  powerful  charn  is 
sent  through  a  wire  which  is  too  small  to  alloer 
the  whole  quantity  ta  pass  with  perfect  freedon,  « 
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through  an  impei^Mt  conductor,  though  of  a  large 
fiize,  as  b  proved  when  a  tree  is  struck  by  lightning. 
A  piece  of  dry  writing  paper,  as  well  as  pieces  of 
dry,  porous  wood,  are  easily  torn  in  pieces  by  an 
electric  charge. 

There  is  a  mode  of  charging  a  series  of  jars,  which 
m  small  batteries  might  be  practised  with  advantage. 
A  series  of  three  jars  is  shown  at  F^g,  8,  Plate  2. 
The  electricity  is  supplied  by  the  prime  conductor,  P, 
which  passes  from  the  end.  A,  to  the  inner  coating  of 
the  jar  T.  The  jars  are  supported  by  the  rings  and 
stands  ab  c.  The  external  surface  of  the  jar  a,  to 
become  negatively  electrical,  must  discharge  a  por- 
tion of  its  electricity  to  the  inner  coating  q,  of  the 
next  jar,  and  so  on  through  the  series.  If  these  be 
afterwards  separated,  and  the  whole  of  the  balls 
united  together,  a  perfect  battery  must  result. 

The  simple  bent  discharging  rod,  for  restoring  the 
dectrical  equilibrium  without  the  operator  receiving 
the  charge  of  the  jar,  is  shown  at  Fig,  7,  Plate  2,  in 
which  £  represents  the  insulating  handle,  and  A  the 
ring  of  brass  reaching  from  the  ball  to  the  external 
coating. 

VIII.  Electricity  exerts  a  most  extensive  and 
important  influence  in  effecting  changes  in  the  tem- 
perature and  chemical  composition  of  bodies.  The 
Ignition  and  fusion  of  metals  by  the  electric  charge, 
are  phenomena  which  have  been  long  observed.  Thus, 
by  passing  a  strong  charge  through  slender  iron  wires, 
or  the  finest  flatted  steel,  called  pendulum  wire,  they 
are  ignited,  and  partly  melted  into  globules,  and  at 
the  same  time  partially  oxidated.  If  a  slip  of  gold 
or  silver  leaf  be  placed  on  white  paper,  and  a  strong 
shock  passed  through  it,  the  metal  will  disappear 
with  a  bright  flash,  and  the  impulse  with  which 
its  particles  are  driven  against  the  paper  will  produce 
a  permanent  stain  of  a  purple  or  gray  colour.  The 
colours  produced  in  this  way  have  been  applied 
to  impress  letters  or  ornamental  devices  on  silk  and 
on  paper.  For  this  purpose,  the  outline  of  the 
required  figure  should  be  first  traced  on  thick  draw- 
ing  paper,  and  afterwards  cut  out  in  the  manner  of 
stencil  plates.  The  drawing  paper  is  then  placed  on 
the  silk  or  paper  intended  to  be  marked;  a  leaf 
of  gold  is  laid  upon  it,  and  a  card  over  that ;  the 
whole  is  then  placed  in  a  press  or  under  a  weight, 
and  a  charge  from  a  battery  sent  through  the  gold 
leaf.  The  stain  is  confined,  by  the  interposition  of 
ihe  drawing  paper,  to  the  limit  of  the  design,  and  in 
this  way  a  profile,  a  flower,  or  any  other  outline 
figure,  may  be  very  neatly  impressed. 

There  is  an  instrument  contrived  by  the  late  Mr. 
Cuthbertson,  which  is  well  fitted  for  exhibiting  this 
and  other  effects  of  a  similar  character.  It  is  repre- 
sented at  ^^.  9,  Plate  2,  Electricitt,  and  consists  of 
a  base^  H,  supporting  an  upright  pillar  of  glass,  E.  The 
beam,  A  B,  revolves  on  an  axis,  or  fulcrum,  C,  and 
above  all  is  placed  the  electrometer,  Jc.  A  Leyden 
jar  is  shown  at  M,  provided  with  a  communicating 
wire,  m,  which  unites  it  with  the  ball  a,  supported  by 
the  glass  leg,  D.  Another  glass  column,  F,  is  pro- 
vided with  a  brass  ball,  b,  and  rod,  L,  leading  to  the 
interior  of  the  jar.  If  we  now  suppose  the  object  of 
the  experimentalbt  be  to  strike  a  figure  or  flower  by 
electricity,  it  is  only  necessary  to  make  it  part  of  the 
circuit,  and  when  ihe  jar  is  charged  so  high  that  its 
repulsive  power  will  cause  the  ball  B,  to  ascend,  a 
wire  concealed  within  keeps  up  the  communication 
with  h,  and  the  other  extremity  of  the  balance.  A,  by 


dropping  to  a,  makes  the  commuhtcation  complete. 
Inflammable  bodies  may  also  be  fired  by  the  tubes 
shown  at  m. 

The  heat  evolved  by  electricity,  like  most  other  of 
its  effects,  is  in  proportion  to  the  resistances  opposed 
to  its  passage.  A  rod  of  wood,  of  considerable 
thickness,  being  made  part  of  the  circuit,  has  its 
temperature  sensibly  raised  by  a  very  few  discharges. 
Most  combustible  bodies  are  capable  of  being  in- 
flamed by  electridty.  Thus  alcohol,  ether,  camphor, 
powdered  resin,  phosphorus,  or  gunpowder  may  be 
set  on  fire.  And  the  sparks  taken  from  a  piece 
of  ice  are  as  capable  of  inflaming  bodies  as  those 
firom  a  piece  of  red-hot  iron.  The  oxidation  of 
metals,  through  which  accumulated  electricity  has 
been  passed,  is  rather  to  be  ascribed  to  the  tendency 
which  they  are  known  to  possess  of  combining  with 
the  oxygen  of  the  atmosphere  when  heated,  than 
to  any  peculiar  agency  of  electricity.  A  reverse 
process,  however,  is  found  to  attend  electrical  dis- 
charges through  metallic  oxides,  extricating  their 
oxygen,  and  restoring  them  to  their  metallic  state. 

When  a  succession  of  electric  discharges  from 
a  powerful  electric  machine  are  sent  through  water, 
a  decomposition  of  that  fluid  takes  place,  and  it 
is  resolved  into  its  two  elements  of  oxygen  and 
hydrogen,  which  immediately  assume  the  gaseous 
form.  When  this  experiment  is  conducted  in  a 
suitable  apparatus,  and  a  shock  is  transmitted 
through  the  mixed  gases  thus  obtained,  they  are 
instantly  kindled ;  a  reunion  of  the  elements  takes 
place ;  and  precisely  the  same  quantity  of  water 
is  reproduced  as  was  decomposed  to  furnish  the 
gases. 

It  may  appear  somewhat  paradoxical  that  the 
same  agent  should,  in  the  course  of  the  same  experi- 
ment, produce  at  one  time  decomposition,  and  at 
another  combination,  of  the  same  elements.  The 
simplest  way  of  reconciling  this  apparent  discordance, 
is  to  suppose  that  the  combination  of  the  gases  is 
the  effect  of  the  heat  evolved  during  its  forcible 
transit  through  an  aeriform  fluid  that  opposes  consi- 
derable resistance  to  its  passage ;  while  the  decom- 
position of  the  liquid  is  the  direct  consequence  of 
the  agency  of  electricity  in  its  chemical  character, 
when  not  interfered  with  by  heat. 

When  a  solution  of  sulphate  of  copper  is  sub- 
jected to  the  action  of  electricity  by  means  of  slender 
conducting  wires  terminating  in  the  vessel  containing 
the  solution,  the  copper  is  revived,  or  precipitated  in 
a  metallic  state,  around  the  negative  wire;  but, 
upon  reversing  the  direction  of  the  current  of  electri- 
city, so  that  &e  same  wire  now  becomes  positively 
electrified,  the  copper  which  has  collected  around  it 
is  redissolved,  and  a  similar  deposit  takes  place  on 
the  opposite  wire,  which  now  becomes  the  negative 
one.  Similar  experiments,  made  with  other  metallic 
solutions,  are  attended  with  similar  results;  and 
solutions  of  neutral  salts  with  alkaline  and  earthy 
bases  obey  the  same  law,  being  separated  into  their 
constituent  parts,  the  ingredient  containing  oxygen 
always  appearing  at  the  positive  wire,  and  the  base 
at  the  negative  wire;  but  as  these  are  a  class  of 
effects  which  have  been  more  particularly  investi- 
gated by  that  mode  of  agency  denominated  galvamtm, 
we  shall  reserve  a  more  full  account  of  them  for  that 
article. 

IX.  Having  seen  the  effects  of  electricity  on 
inanimate  matter,  we  now  proceed  to  describe  the 
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agtncy  it  exerts  over  living  bodies.  Its  passage 
through  living  plants  immediately  destroys  the  vita- 
lity ot  the  parts  through  which  it  passes.  A  very 
small  shock,  sent  through  the  stem  of  a  balsam, 
causes  its  leaves  to  droop  in  a  few  minutes,  and 
finally  extinguishes  its  vitality.  The  approach  of 
an  electrified  conductor  to  the  sensitive  plant  (ntimoso 
pudica)'  produces  no  effe6t  upon  it ;  but  when  sparks 
are  taken  from  it,  the  leaves  collapse,  just  as  they  are 
accustomed  to  do  from  concussions  of  a  mechanical 
nature* 

When  the  energetic  effects  of  the  shock  from  the 
Leyden  jar  upon  the  animal  system  were  first  made 
known,  high  expectations  were  raised  that  electricity 
would  prove  a  remedial  agent  of  extrordinary  power. 
It  was  supposed  that,  as  a  stimulant,  it  would  have 
many  advantages  over  other  remedies ;  for  it  can  be 
administered  in  various  degrees  of  intensity,  which 
may  be  regulated  with  great  exactness;  and  its 
application  can  be  directed  especially  to  the  organ 
we  wish  to  affect.  Accordingly,  we  find,  at  one 
period,  it  was  employed  in  a  great  number  of  cases ; 
but  at  present  it  is  confined  to  a  very  few  ;  such  as 
palsy,  contractions  of  the  limbs,  rheumatism,  St. 
Vitus's  dance,  some  kinds  of  deafhess,  and  impaired 
vision. 

A  very  good  electrical  machine  for  medical  pur- 
poses is  represented  at  Figs.  2  and  3,  Plate  1,  Elbc- 
TRiciTY.  An  end  view  of  the  machine  b  given  in  F^g. 
2,  and  a  front  view  at  Fig.  3.  F  represents  the 
plate,  and  A  the  frame  of  the  machine.  The  handle 
is  shown  at  I,  and  the  prime  conductor  at  O.  H  G, 
is  the  jar  for  communicating  shocks  to  the  patient, 
the  amount  being  regulated  by  the  discharger  K. 
The  whole  machine  is  held  down  to  the  table  by  the 
clamp  N,  which,  resting  on  the  board  B  C,  ensures 
stability  to  the  whole. 

There  is  another  form  of  the  electrical  machine 
which  is  much  used  in  this  country.    It  consists  of  a 

Slate  of  glass,  placed  vertically,  and  is  represented  at 
V^.  1,  Plate  1,  of  Electbicitt.  The  apparatus  is 
supported  by  the  mahogany  base  A  A,  provided  with 
upnghts,  C,  supporting  a  cross  plate  at  D.  The  plate 
H  K  is  pressed  by  the  cushions,  g  g,  which,  with  the 
rod  M,  also  support  the  flaps  of  silk,  a  a.  The  prime 
conductor  proceeds  from  the  front  of  the  machine, 
and  is  placed  horizontally  at  I.  Directly  we  give 
motion  to  the  plate,  the  electricity  is  excited  by  the 
friction  of  the  rubbers,  and,  being  collected  by  the 
points  in  the  prime  conductor,  serves  to  charge  jars 
and  perform  a  variety  of  amusing  experiments. 

Although  the  effects  of  ordinary  shocks  upon  living 
animals  are  familiar  to  most  persons,  still  a  short 
account  of  these  shocks,  as  they  have  been  adminis- 
tered out  of  the  common  course  may  not  be  uninter- 
esting. If  a  person  who  is  standing  receive  a  charge 
through  the  spine,  he  loses  his  power  over  the  mus- 
cles to  such  a  degree,  that  he  either  drops  on  his 
knees,  or  falls  prostrate  on  the  ground.  A  strong 
charge  passed  through  the  head  gives  the  sensation 
of  a  violent  but  universal  blow,  and  is  followed  by  a 
transient  loss  of  memory  and  indistinctness  of  vision. 
If  the  diaphragm  be  included  in  the  circuit  of  a  coated 
surface  of  two  feet  in  extent,  fully  charged,  the  sud- 
den contraction  of  the  muscles  of  respiration  will  act 
so  violentiy  upon  the  air  in  the  lungs,  as  to  occasion 
a  loud  and  involuntary  shout ;  but  if  the  charge  be 
small,  a  fit  of  convulsive  laughter  is  induced,  pro- 
ducing a  most  ludicrous  scene  to  the  by-stander. 


Small  animals,  such  as  mice  and  sparrows,  are  !■«' 
stantly  killed  by  a  shock  from  30  square  inches  of  glass* 

X.  There  are  several  mineral  bodies,  which,  from 
being  in  a  neutral  state  at  ordinary  temperatures, 
acquire  electricity  simply  by  being  heated  or  cooled, 
This  property  is  confined  to  crystaliized  minerals ; 
and  of  these  the  most  remarkable  are  the  tourmaline 
and  boracite.  In  the  former  of  these,  it  is  best  ob- 
served in  the  regularly  terminated  crystab.  When 
one  of  these  is  heated  from  100^  to  212^  Fahr.  the 
extremity  terminated  by  the  greatest  number  of 
planes  becomes  charged  with  positive  electricity, 
while  the  other  extremity  is  negative.  When  the 
crystal  is  of  considerable  size,  flashes  of  light  may  be 
seen  along  its  surface. 

A  large  number  of  substances  become  electrified  on 
passing  from  the  liquid  to  the  solid  form.  This  hap- 
pens to  sulphur,  gum -lac,  bees- wax,  and,  in  general, 
all  resinous  bodies.  The  conversion  of  bodies  into  the 
state  of  vapour,  as  well  as  the  condensation  of  vapour, 
is  generally  attended  by  some  alteration  of  their  elec- 
trical condition.  Thus,  if  a  red-hot  platina  crucible  be 
placed  upon  the  gold  leaf  electrometer,  and  water  be 
dropped  into  it,  at  the  moment  the  vapour  rises,  the 
leaves  of  the  electrometer  diverge  with  negative  elec- 
tricity. 

Electricity  is  evolved  by  the  contact  of  different 
metals.  Thus,  if  two  discs,  the  one  of  copper,  the 
other  of  zinc,  rather  more  than  two  inches  in  dia- 
meter, and  furnished  with  insulating  handles,  be 
brought  into  contact,  and  then  separated  and  exa- 
mined by  an  electroscope,  the  copper  disc  is  found  to  be 
charged  with  negative,  and  the  zinc  disc  with  positive 
electricity.  While  the  contact  of  the  metals  is  pre- 
served, neither  of  them  gives  any  indication  of  its 
electrical  state,  the  electricity  being  disguised  until 
the  separation  takes  place.  This  observation  has  an 
important  relation  to  the  theory  of  that  mode  of  elec- 
trical excitement  called  galvanism,  under  which  head 
it  will  be  resumed. 

There  are  some  bodies  which  are  rendered  electrical* 
by  pressure.  Thus,  if  a  crystal  of  calcareous  spar 
or  arragonite  be  pressed  for  a  few  moments  between 
the  fingers,  it  exhibits  a  decided  attraction.  The 
same  thing  happens  with  regard  to  cork,  paper,  and 
wood.  Many  mineral  substances,  when  reduced  to 
powder,  exhibit  electricity,  if  made  to  fall  upon  an 
insulated  metallic  plate,  a  mode  of  excitation  which 
is  to  be  considered  as  a  species  of  friction. 

The  most  important  circumstance  in  this  inquiry 
is  the  connection  between  electricity  and  the  chemiod 
properties  of  matter,  first  pointed  out  by  Sir  H.  Da- 
vy. Most  of  the  substances  that  act  distinctly  upon 
each  other  electrically,  are  likewise  such  as  act  che- 
mically, when  their  particles  have  freedom  of  motion. ' 
This  is  the  case  with  the  different  metals,  witii  sul- 
phur and  the  metals,  with  acids  and  the  alkaline  sub- 
stances. Of  two  metals  in  contact,  the  one  which 
has  the  greatest  chemical  attraction  for  oxygen  ac- 
quires positive  electricity,  and  the  other  the  negative. 

XI.  The  resemblance  between  the  electric  spark, 
and  more  especially  the  explosive  discharge  of  the 
Leyden  jar,  and  atmospheric  lightning  and  thunder, 
struck  the  mind  of  Doctor  Franklin  with  so  much 
force,  that  he  was  determined,  if  possible,  to  verify 
their  identity  by  experiment. 

Having  constructed  a  kite,  by  stretching  a  large 
silk  handkerchief  over  two  sticks  in  the  form  of  a 
cross,  on  the  appearance  of  an  approaching  stontt* 
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Imi  v^t  into  a  field  ia  the  vicinity  of  Philadelphia, 
aad  raised  it»  taking  care  to  insulate  it  by  a  silken 
Qord  attached  to  a  key*  with  which  the  hempen  string 
terminated.  No  sooner  had  a  dense  cloud,  appa- 
Itntly  charged  with  lightning,  passed  over  the  spot 
on  which  ho  stood,  than  his  attention  was  arrested 
by  the  bristling  up  of  some  loose  fibres  on  the  hempen 
string :  ho  immediately  presented  his  knuckle  to  the 
key,  and  received  an  electric  spark.  The  rain  now 
fell  in  torrents,  and,  wetting  the  string,  rendered  it 
conducting  in  its  whole  length ;  so  that  electric  spai'ks 
were  now  collected  from  it  in  great  abundance. 

This  celebrated  experiment  was  made  in  June, 
1752 ;  and  although  the  same  idea  which  led  Frank- 
lin to  institute  it  had  occurred  to  other  philosophers, 
yet  to  him  belongs,  exclusively,  the  credit  of  the  dis- 
covery. The  discovery  of  Franklin  immediately  en- 
gaged the  attention  of  European  philosophers;  one 
of  whom,  professor  Richmann,  of  St.  Petersburg, 
fell  a  victim  to  his  attempt  to  draw  down  the  electric 
fluid  from  the  clouds.  He  had  constructed  an  appa- 
ratus for  observations  on  atmospherical  electricity, 
and  was  attending  a  meeting  of  the  Academy  of  Sci- 
ences, when  the  sound  of  distant  thunder  caught  his 
ear.  He  immediately  hastened  home,  taking  with 
him  his  engraver,  Sokolow,  in  order  that  he  might 
delineate  the  appearances  that  should  present  them- 
selves. While  intent  upon  examining  the  electro- 
meter, a  large  globe  of  fire  flashed  from  the  conduct- 
ing rod,  which  was  insulated,  to  the  head  of  Rich- 
mann, and,  passing  through  his  body,  instantly  de- 
prived him  of  life.  A  red  spot  was  found  on  his 
forehead,  where  the  electricity  had  entered ;  his  shoe 
was  burst  open,  and  part  of  his  clothes  singed.  His 
companion  was  struck  down,  and  remained  senseless 
for  some  time ;  the  door-case  of  the  room  was  split, 
and  the  door  itself  torn  off  its  hinges. 

The  atmosphere  is  very  generally  in  an  electrical 
state.  This  is  ascertained  by  employing  a  metallic 
rod,  insulated  at  its  lower  end,  elevat^  at  some 
height  above  the  ground,  and  communicating  with 
an  electroscope.  In  order  to  collect  the  electricity  of 
the  higher  regions  of  the  air,  a  kite  may  be  raised,  in 
the  string  of  which  a  slender  metallic  wire  should  be 
interwoven.  The  atmosphere  is  almost  invariably 
found  to  be  positively  electrified ;  and  its  electricity 
is  stronger  ip  the  winter  than  in  the  summer,  and 
diuing  vie  day  than  in  the  night.  From  the  time  of 
sunrise,  it  increases  for  two  or  three  hours,  and  then 
decreases  towards  the  middle  of  the  day,  being  ge- 
nerally the  weakest  between  noon  and  four  o'clock. 
As  the  sun  declines,  its  intensity  is  again  augmented, 
till  about  the  time  of  sunset,  after  which  it  diminishes, 
and  continues  feeble  during  the  night. 

In  cloudy  weather,  the  electrical  state  of  the  at- 
jBOBphere  is  much  more  uncertain ;  and  when  there 
are  several  strata  of  clouds,  moving  in  different  di- 
rections, it  is  subject  to  great  and  rapid  variations, 
changing  backwards  and  forwards  in  the  course  of  a 
very  few  minutes.  On  the  first  appearance  of  fog, 
rain,  snow,  hail,  or  sleet,  the  electricity  of  the  air 
is  geneially  negative,  and  often  highly  so;  but  it 
afterwards  undergoes  frequent  transitions  to  opposite 
states.  On  the  approach  of  a  thunder-storm,  these 
alternations  of  the  electric  condition  of  the  air  suc- 
ceed one  another  with  remarkable  rapidity.  Strong 
sparks  are  sent  out  in  great  abundance  from  the  con- 
ductor ;  and  it  becomes  dangerous  to  prosecute  ex- 
periments with  it  in  its  insoUted  state.    Thunder  is 


merely  the  noise  produced  by  the  motion  of  the 
lightning. 

The  mode  of  protecting  buildings  from  the  effects 
of  lighting  will  be  best  shown  by  a  diagram. 


It  represents  a  small  wooden  model  of  a  house, 
from  the  top  of  which  a  rod  descends  attached  to  a 
chain  passing  to  the  external  coating  of  a  J^yden 
jar.  A  similar  chain  connects  the  internal  coating 
with  a  metal  rod  supported  by  a  glass  pillar.  If  we 
now  suppose  the  jar  to  be  charged  by  the  action  of  a 
machine,  the  upper  rod  will  represent  a  cloud  posi- 
tively electrified,  and  if  no  break  occurs  in  the  con- 
ductor the  electrical  equilibrium  will  be  restored.  In 
the  figure  a  small  interruption  occurs  in  the  circuity 
and  at  that  point  an  explosion  happens,  so  that  the 
brick  is  thrown  out.  Models  of  this  description  are 
sometimes  provided  with  a  receptacle  for  holding 
powder  or  other  mflammable  matter,  which  is  ignited 
by  the  passage  of  the  electric  fluid. 

The  protection  of  buildings  from  the  destructive 
effects  of  lightning  is  the  most  important  practical  ap- 
plication of  the  Uieory  of  electricity.  The  conduc- 
tors, for  this  purpose,  should  be  formed  of  metallic 
rods,  pointed  at  the  upper  extremity,  and  placed  so 
as  to  project  a  few  feet  above  the  highest  part  of  the 
building  the^  are  intended  to  secure ;  they  should  be 
continued  without  interruption  till  they  descend  into 
the  ground  below  the  foundation  of  the  house.  Cop- 
per is  preferable  to  iron  as  the  material  for  their  con- 
struction, being  less  liable  to  destruction  by  rust,  or 
by  fusion,  and  possessing  also  a  greater  conducting 
power.  The  size  of  the  rods  should  be  from  half  an 
inch  to  an  inch  in  diameter,  and  the  point  should  be 
gilt,  or  m&de  of  platina,  that  it  may  be  more  effec- 
tually preserved  from  corrosion. 

An  important  condition  in  the  protecting  conductor 
is,  that  no  interruption  should  exist  in  its  continuity 
from  top  to  bottom ;  and  advantage  will  result  from 
connecting  together  by  strips  of  metal  all  the  leaden 
water-pipes,  or  other  considerable  masses  of  metal 
in  or  about  the  building,  so  as  to  form  one  continu- 
ous system  of  conductors,  for  carrying  the  electricit}' 
by  different  channels  to  the  ground.  The  lower  end 
of  the  conductors  should  be  carried  down  into  the 
earth,  till  it  reaches  either  water,  or  at  least  a  moist 
stratum. 

For  the  protection  of  ships,  chains,  made  of  a 
series  of  iron  rods  linked  together,  are  most  conve- 
nieD\  on  account  of  their  flexibility.  They  should 
extf  d  from  the  highest  point  of  the  mast  some  way 
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uto  the  Bea,  and  the  lower  part  should  he  removed 
to  Bome  distance  from  the  side  of  the  ship,  by  a 
wooden  spar  or  outrigger. 

Elbctbical  Conobnsbr.  In  cases  of  electrical 
investigation  in  which  the  intensity  is  very  low,  the 
condenser  becomes  a  valuable  adjunct  to  tiie  electro- 
meter. It  is  shown  at  Fig,  5,  Plate  2,  Elbctrioitt, 
and  consists  of  a  disc  of  brass  attached  to  a  delicate 
electrometer,  in  the  front  of  which  is  placed  another 
moveable  plate.  Volta  appears  to  have  been  the  first 
electrician  who  constructed  an  apparatus  of  this  de- 
scription. His  condenser  of  electricity  consisted  of  a 
flat  and  smooth  metal  plate,  furnished  with  an  insulat- 
ing handle,  and  a  semi-conducting  or  imperfectly  insu- 
lating plane.  The  principle  on  which  the  action  of  this 
apparatus  depends,  is  that  the  metal  plate,  whilst 
standing  contiguous  to  the  semi-conducting  plane, 
will  both  absorb  and  retain  a  much  greater  cjuantity 
of  electricity  than  it  can  either  absorb  or  retam  when 
separate,  its  capacity  being  increased  in  the  former, 
and  diminished  in  tne  latter  case. 

This  condenser  has  been  greatly  improved  by  Mr. 
Cavallo,  who  employed  a  small  metallic  plate  about 
the  size  of  a  shilling,  having  affixed  to  it  a  glass  han- 
dle covered  with  sealing-wax.  When  the  latter  plate 
appeared  so  slightly  electrified  by  the  communicated 
electricity  as  not  to  effect  the  electrometer,  he  then 
placed  the  small  plate  on  the  plane,  and  touched  it 
with  the  edge  of  the  large  one,  holding  the  latter  in 
an  almost  vertical  position ;  the  small  plate  was  thus 
found  to  indicate  a  very  sensible  degree  of  electricity. 

Elbctbical  Doublbb.  This  instrument  bears 
some  analogy  to  the  one  we  have  already  described. 
It  is  shown  in  its  simplest  form  at  Fig,  5,  Plate  1, 
Electricity.  In  the  centre  is  placed  a  brass  ball  sup- 
ported by  a  glass  leg.  There  are  two  brass  plates  or 
discs,  A  C,  which  are  stationary,  and  a  moveable  one 
which  is  made  to  revolve  with  a  handle.  The  precise 
mode  of  operation  can  however  only  be  understood 
by  referring  to  another  view  of  the  instrument.  A  C, 
Fig,  6,  represents  the  same  discs  as  in  the  former 
figure,  and  the  moveable  plate  is  shown  at  B.  The 
insulating  handle  is  indicated  at  L  P.  M  represents 
the  top  of  the  stand  on  which  the  whole  apparatus 
revolves,  and  G  and  U  two  projecting  arms.  Small 
wires  also  project  at  E  F.  If  we  suppose  a  faint  de- 
fpree  of  electricity  communicated  to  the  disc  B,  and 
It  b  brought  opposite  A,  the  stratum  of  air  between 
operates  Tike  a  plate  of  glass,  and  by  induction  A 
becomes  negatively  charged,  and  will  receive  electri- 
city, but  on  withdrawing  B,  the  plate  A  will  give  a 
powerful  spark.  This  is  given  between  ^  and  G.  A 
similar  effect  is  found  to  occur  between  F  H,  each 
time  the  effect  being  encreased.  D  forms  a  species 
of  prime  conductor. 

Electbombtbb  Gold  Lbaf.  We  have  already 
described  several  instruments  for  measuring  the  in- 
tensity of  electrified  bodies,  and  have  fully  examined 
the  principle  of  their  construction.  But  the  one  con- 
trived by  Mr.  Singer  is  so  valuable  for  its  simplicity 
and  delicacy  of  construction  as  to  warrant  a  particu- 
lar notice.  The  instrument  is  shown  at  Figs,  3  and 
4,  Plate  2,  Elbctbicity.  The  first  represents  the  ex- 
ternal form,  and  the  latter,  the  internal  construction. 
The  following  brief  description  will  suffice  to  convey 
a  correct  idea  of  it.  It  is  formed  of  a  glass  cylinder 
surmounted  by  a  broad  cap  of  either  wood  or  metal. 
The  insulation  depends  on  a  glass  tube  of  four 
inches  long,  and  one  fourth  of  an  inch  w  diaoieter. 


covered  on  both  sides  with  aedm^-wax,  and  tunHag 
a  brass  wire  of  a  sixteenth  of  an  mdi  thick  and  five 
inches  long,  passing  through  its  axis,  so  as  to  be  per* 
fectly  free  from  contact  with  any  psirt  of  the  tube  in 
the  middle  of  which  it  is  fixed  by  a  plug  of  silk«  which 
keeps  it  m  a  c(mcentric  position  with  the  internal  dia^ 
meter  of  the  tube.  A  brass  cap  is  screwed  upon  the  up- 
per part  of  this  wire ;  it  serves  to  limit  the  atmosphere 
from  free  contact  vrith  the  outside  of  the  tube,  and 
at  the  same  time  to  defend  its  inside  from  dust.  To 
the  lower  part  of  the  wire  the  gold  leaves  are 
fastened.  The  glass  tube  passes  tlm)ugh  the  centre 
of  the  cap  of  the  electrometer,  and  is  cemented  there 
about  the  middle  of  its  length.  When  tiiis  construc- 
tion is  considered,  it  will  be  evident,  that  the  insula- 
tion of  the  wire,  and  also  of  the  gold  leaves,  will  be 
preserved,  until  the  inside  as  well  as  the  outside  of 
the  glass  tube  becomes  coated  with  moisture ;  but 
so  effectually  does  the  arrangement  preclude  this, 
that  some  of  these  electrometers  have  remained  for 
years,  without  being  either  warmed  or  wiped,  and 
have  still  appeared  to  retain  the  same  insulating 
power  as  at  first. 

Elbctbophobus.  This  is  a  very  cheap  piece  of  ap» 
paratus,  and  is  frequently  employed  as  a  substitute 
for  the  electrical  machme.  It  is  represented  at  Fig.  6, 
Plate  2,  Elbctbicity.  The  construction  is  exceed* 
ingly  simple  and  may  be  easily  understood.  Procure 
two  circular  plates  of  metal,  or  of  wood  covered  with 
tin-foil,  careMly  rounded  at  the  edges ;  these  are  the 
conductors ;  between  them  is  placed  a  resinous  plate, 
formed  by  melting  together  equal  parts  of  shell-lap, 
resin,  and  Venice  turpentine,  and  pouring  the  mix- 
ture, whilst  in  a  fluid  state,  into  a  hoop  formed  of  tin 
of  the  required  size,  placed  on  a  marble  table,  from 
which  the  plate  may  be  easily  separated  when  cold. 
This  plate  should  be  about  half  an  inch  in  thickness ; 
it  is  sometimes  made  by  pouring  the  mixture  on  one 
of  the  conductors,  which  is  then  formed  with  a  rim 
for  tiiat  purpose.  In  the  centre  of  the  upper  con- 
ductor is  fixed  a  glass  handle.  A,  that  it  may  be  lifted 
without  drawing  off  its  electricity,  and  when  the 
electric  state  of  the  lower  conductor  is  to  be  examined, 
the  whole  apparatus  must  be  placed  on  an  insulating 
stand. 

To  use  the  electrophorus  the  upper  surface  of  the 
resinous  plate  must  be  excited  with  a  piece  of  dry  far, 
and  it  will  be  electrified  negatively.  Place  the  upper 
conductor,  c,  upon  it,  and  then  raise  the  same  by  its 
insulating  handle ;  it  will  be  found  to  exhibit  very 
faint,  if  any,  electrical  signs.  Replace  the  conductor, 
and  whilst  it  lies  on  the  surface  of  the  excited  plate, 
touch  it  vrith  a  finger  or  any  other  uninsulated  con* 
ductor,  and  then  raise  it  again  by  its  handle.  It  wiU 
now  be  positively  electrified,  and  afford  a  spark  at  B. 
If  it  be  then  placed  on  the  resinous  plate,  touched 
and  again  raised,  another  spark  will  be  procured* 
and  this  process  may  be  repeated  for  a  considerable 
time  without  any  perceptible  diminution  of  effect. 

The  facility  vrith  which  infiammable  air  is  lighted 
by  even  a  moderate  electric  spark,  suggested  to  VoUa 
the  construction  of  an  infiammable  air  lamp :  it  con- 
sists of  a  reservoir  filled  with  hydrogen  gas  subject  to 
the  constant  pressure  of  a  column  of  water,  and  con- 
fined by  a  stop-cock,  which,  when  opened,  permits  it 
to  escape  in  a  slender  stream  from  a  small  aperture. 
In  a  box  beneath  the  vessel  of  gas  an  electrophorus  is 
placed,  and  a  wire  passes  through  a  ^lass  tube  from 
the  upper  part  of  tnis  box  to  the  opening  of  the  stop* 
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codt.  The  cover  of  tlieelectrop^nisk  connected  by 
a  tilk  string  widi  the  handle  of  the  stop-cock*  so  that 
the  same  motion  that  opens  the  cock  raises  the  cover 
of  the  electrophoros,  and  the  spark  that  passes  fiom 
it  is  conveyed  by  the  insulated  wire  to  the  stream  of 
gas,  which  it  inflames. 

Elbctro-Magitbtisii  ;  the  name  applied  to  a 
very  interesting  class  of  facts,  principally  developed 
by  Sir  Humphry  Davy,  Professor  Faraday,  and  Pro- 
fessor Oersted,  of  Copenhagen.  The  power  of  light- 
ning in  destroying  and  reversing  the  polarity  of  a 
magnet,  and  of  communicating  magnetic  influence  to 
iron  previously  not  magnetic,  had  long  been  observed, 
and  had  led  to  the  supposition  that  similar  effiects 
might  be  produced  by  die  common  electrical  or  gal- 
vanic apparatus.  The  first  observation  of  Professor 
Oersted  wbb,  that  an  dectrical  current,  such  as  is 
supposed  to  pass  ftom  the  positive  to  the  negative 
pole  of  a  voltiuc  battery,  along  a  wire  which  con- 
nects them,  causes  a  magnetic  needle,  placed  near  it, 
to  deviate  from  its  natural  position,  and  to  assume  a 
new  one,  tiie  direction  of  which  depends  upon  the 
mode  of  conducting  the  experiment.  The  metallic 
wire  to  be  made  use  of,  in  this  experiment,  should  be 
two  or  three  feet  in  length,  in  order  to  allow  of  its 
being  bent  or  turned  by  the  hands  in  various  direc- 
tions, and  is  called  the  eot^tmctive  wire.  When  the 
vrire  is  extended  liorizontaliy  in  the  line  of  the  mag- 
netic meridian,  with  a  freely  suspended  oompass 
needle,  whose  centre  is  directiy  under  the  wire,  the 
needle  instantiy  deviates  from  uie  magnetic  meridian, 
and  declines  towards  the  west,  under  that  part  of 
the  conjunctive  vrire  which  is  nearest  the  negative 
electric  pole,  or  the  copper  end  of  the  voltaic  appa- 
ratus, the  amount  of  declination  depending  upon  the 
strength  of  the  electricity,  and  the  sensibility  of  the 
needle.  If  we  change  tiie  direction  of  the  conjunc- 
tive wire  out  of  the  magnetic  meridian  towards  the 
east  or  the  irest,  no  chai^  in  the  above  result  takes 
place,  except  tiiot  of  its  amount.  But  if  the  vrire  be 
disposed  horizontally  beneath  the  needle,  the  effects 
take  place  in  an  inverse  manner  i  i.  e.  the  pole  of  the 
Beedle,  under  which  is  placed  the  portion  of  the  con- 
junctive vrire,  which  receives  the  negative  electricity 
of  the  battery,  declines  towards  the  east. 

When  the  conjunctive  vrire  is  stretched  alongside 
of  the  needle  in  the  same  horizontal  plane*  it  occa- 
aions  no  declination,  ^ther  to  the  east  or  vrest;  but 
it  causes  it  merely  to  incline  in  a  vertical  line,  so  that 
the  pole  adjoining  the  negative  influence  of  the  bat- 
tery on  the  vrire,  dips  wiien  the  vrire  is  on  its  west 
aide,  and  rises  v^en  it  is  on  the  east.  If  we  stretch 
the  conjunctive  vrire,  either  above  or  beneath  the 
needle,  in  a  plane  pert>endicular  to  the  magnetic  me- 
ridian, it  remains  at  rest,  unless  the  vrire  be  very 
near  the  pole  of  the  needle ;  in  which  case  it  rises 
vdien  the  entrance  takes  i^ace  by  the  west  part  of  the 
wire,  and  sinks  when  it  takes  place  by  the  east  part 
When  we  dispose  tixe  conjunctive  vrire  in  a  vertical 
line  opposite  the  pole  of  th»  needle,  and  make  the 
upper  extremity  of  the  wire  receive  the  electricity  of 
the  negative  end  of  the  battery,  the  pole  of  the 
needle  moves  towards  the  east ;  but  if  we  place  the 
vrire  opposite  a  point  betwixt  the  pole  and  the  middle 
of  the  needle,  it  moves  to  the  west.  The  phenomena 
are  presented  in  an  inverse  (»der,  when  the  upper  ex- 
tremity of  the  conjunctive  wire  receives  the  electricity 
of  the  positive  side  of  the  apparatus. 

Tha  foregoing  observarions  induced  professor  Oer- 


sted to  believe  that  Urn  electrie  adkiB  is  not  fawloaecl 
within  the  conducting  wire»  but  that  it  has  a  pretty 
extensive  sphere  of  actirity  around  it.  He  also  con* 
eluded  that  this  influence  acts  by  revolution;  ibi; 
without  such  a  supposition,  it  is  impossible  to  con- 
ceive how  the  same  portion  of  wire,  which,  placed 
beneath  the  magnetic  pole,  carries  the  needle  towards 
the  east,  should,  when  placed  above  tiiis  pole,  carry 
it  towards  the  west.  Such  was  the  nature  of  tiie  first 
discovery  in  electro-magnetism.  It  was  no  sooner 
announced,  than  the  experiments  were  repeated  and 
varied  by  philosophers  in  all  parts  of  the  world ;  and 
a  multitude  of  new  facts  were  soon  brou^t  to  light 
through  the  labours  o*f  Davy,  Faraday,  Ampere,  and 
Biot 

Two  very  important  facts  were  ascertained  by  Am- 
p^e  and  Davy, — ^that  the  conjunctive  wire  bec<Hnea 
Itself  a  magnet  and  that  magnetic  properties  might 
be  communicated  to  a  steel  needle  not  previously 
possessing  them,  by  placing  it  in  ^  electric  current. 
The  former  of  these  facts  is  proved  by  throwing  some 
iron  filings  on  paper,  and  bringing  them  under  the 
wire,  when  they  will  immediately  mlhere  to  it,  form- 
ing a  tuft  round  it  ten  or  twelve  times  the  diameter  of 
the  vrire  :  on  breaking  the  connection  vrith  the  bat- 
tery, however,  they  immediately  fall  off,  proving  that 
the  magnetic  effect  depends  entirely  on  the  passage 
of  the  electricity  through  the  vrire.  Hie  degree  of 
force  of  this  magnetic  property  thus  communicated 
to  the  uniting  wire  was  imagined,  by  Sir  H.  Davy,  to 
be  proportional  to  the  quantity  of  electricity  trans- 
mitted through  it.  Hence  the  finer  the  wire,  tiie  more 
poweritdly  magnetic  vras  it  rendered;  and  hence, 
also,  a  battery  of  very  large  plates,  such  as  is  used 
for  producing  intense  heat  and  light*  was  found  to 
give  the  strongest  magnetism  to  the  wire  connecting 
its  poles.  Accordingly  we  find  that  the  calorimoter 
of  Dr.  Hare,  a  galvanic  arrangement,  in  which  the 
pUtes  are  nearly  two  feet  square,  exhibits  the 
strongest  magnetic  effects,  and  this,  notwithstimding 
the  powerful  heating  effects  that  accompany  its  ac- 
tion ;  the  heat  excit^  not  diminishing  or  interfering 
with  the  magnetism,  but  apparentiy  increasing  it; 
for  a  fine  platina  wire,  so  intensely  ignited  as  to  be 
near  the  point  of  fusion*  is  observed  to- attract  larger 
quantities  of  iron  filings  than  when  at  a  lower  tem- 
perature. 

To  communicate  magnetic  properties  to  steel  nee- 
dles, which  before  did  not  exhibit  them,  it  is  neces- 
sary merely  to  place  them  in  contact  with,  or  near 
to,  the  conjunctive  vrire.  The  position  in  which  they 
are  to  be  placed,  vrith  regard  to  the  vrire,  b  im- 
portant, as  the  permanence  of  their  magnetic  quality 
depends  upon  it.  If  they  are  placed  parallel  with  it» 
they  lose  their  magnetism  when  the  connection  with 
the  battery  is  broken,  which  shows  that  their  magnet- 
ism arose  only  from  their  forming  part  of  the  electric 
circuit*  like  tne  connecting  wire  itself.  But  if  they 
are  placed  across  the  wire,  they  become  permanently 
magnetized  and  retain  their  power  equally  with  nee- 
dles prepared  in  the  ordinary  way.  The  polarity  is 
different,  however,  according  as  the  needle  is  placed 
above  or  below  the  vrire. 

When  a  needle  is  placed  under  the  uniting  wire, 
the  positive  end  of  the  battery  being  on  the  right 
hand  of  the  operator,  the  end  of  the  needle  next  to 
him  becomes  tiie  nortii  pole,  and  the  other  end  the 
south  pole.  On  the  contrary,  when  a  needle  is  held 
above  the  wire,  the  reverse  of  this  takes  place  i  the 
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•ad  MKt  to  Um  obMnro'  bteoiet  t&e  sovth,  and  tile 
ctbtr  tbt  north  pole.  E^ka  the  aftme  oppoeition  is 
obeerrad  when  needlet  are  placed  in  a  perpendicnlar 
poeition*  on  different  sidea  of  tho  wire  $  in  thoae  on 
one  aide,  all  the  lower  enda  are  found  to  be  north 
polea,  while,  in  thoae  on  the  oppoaite  aide  of  the  wira, 
the  vpper  enda  are  ail  north  poles,  and  the  lower  ex- 
tremitiea  all  aonth  polea. 

Direet  contact  of  the  steel  needles  with  the  con- 
jaactive  wire  is  not  necessary,  for  they  become  in- 
atantly  magnetic  when  bron^t  near  it,  even  though 
^ck  plates  of  glaaa  are  ioterposed.  As  was  remarked 
with  regard  to  uie  connecting  i/irire,  galvanic  batteries, 
conaiating  of  large  plates,  are  most  powerful  in  com- 
municating the  magnetic  influence. 

When  the  conjunctive  wires  of  two  distinct  gal- 
vanic arrangements  are  made  to  approach  each  other, 
we  observe  magnetic  attractions  and  repulsions. — 
Two  wires  of  Copper,  silver,  or  any  other  metal,  con- 
necting the  extremities  of  two  galvanic  troughs, 
being  placed  parallel  to  each  other,  and  suspended  so 
aa  to  move  fireely,  inmiediately  attract  and  repel  each 
other,  according  as  the  directions  of  the  currents  of 
electricity  flowing  through  them,  are  the  same  or 
diffierent.  When  both  the  negative  or  both  the  posi- 
tive extremities  of  the  troughs  are  turned  to  the  same 
Quarter,  so  that  the  electric  current  passes  along  each 
wire  in  the  same  direction,  the  two  wires  attract  each 
other ;  but  when  the  position  of  one  of  the  troughs 
is  reversed,  so  that  the  electric  currents  in  the  two 
vnrea  flow  in  opposite  directions,  the  vnres  repel  each 
other. 

Upon  this  experimmt  is  founded  the  most  plausible 
theory  of  magnetism,  viz.,  that  it  arises  from  the  at- 
tractions and  repulsions  of  currents  c^  electricity, 
constantly  circulating  round  every  magnet.  This  is 
conceived  to  explain  the  reason  why  the  magnetic 
needle  places  itself  at  right  angles  to  a  wire  conduct- 
ing electricity,  namely,  that  the  electric  current  pass- 
ing along  the  wire  may  coincide  with  that  circulating 
round  the  magnet.  The  magnetic  effects  produced 
by  galvanic  arrangements  are  obtained  also  by  elec- 
tncity  evolved  from  the  common  machine,  and  still 
more  from  this  power  concentrated  in  Hie  Leyden 
jar ;  the  magnetism  communicated  agreeing  in  ever^ 
respect  as  to  the  permanence  of  the  polarity,  tht 
variations  when  the  needle  is  placed  above  or  bdow 
tiie  Wire,  &c.,  vnth  that  produced  by  the  voltaic  pile. 

Magnetism  is  communicated  to  needles  m  a  differ- 
ent manner  from  that  of  placiog  them  across  the 
conjunctive  v^ire.  The  wire  is  fbrmed  into  a  hollow 
screw,  or  helix,  by  rolling  it  round  a  solid  rod,  and 
the  needle  to  be  magnetized,  vnrapped  m  a  paper,  or 
put  into  a  glass  tube,  is  placed  m  the  centre  of  it,  and 
the  communication  with  the  galvanit  battery  estab- 
Hriied.  This  arrangement  (accorulog  to  the  theory 
of  M.  Amp^)  oonveya  the  electric  current  by  the 
spiral  convolutions,  round  and  round  the  needle,  and 
communicates  to  it,  or  developes  in  it,  the  electric 
circulation  constituting  magnetism.  By  this  contri- 
vance it  is  fotmd  that  a  maximum  effect  is  obtained 
in  a  shorter  time  than  by  anv  other  method.  The 
position  of  the  north  and  aoutn  pole  varies  according 
as  either  end  of  the  helix  is  connected  with  the  posi- 
tive or  the  negative  pole,  which  shows  that  the  electric 
oorrent  flows  along  the  uniting  wire  from  the  posi- 
tive or  zinc  extremity  to  the  negative  or  copper  end 
of  the  pile.  The  electricity  of  a  common  machine 
produces  the  same  effect. 


Hafvmg  allodad  to  the  prmeSiml  lacta  rakti!^  Ip 
dtfotre-magnetie  phenomana*  the  ingenious  theory  </ 
M.  Ampere,  by  whidi  they  are  explained  more  ex* 
tensively  and  with  more  {Hrecision  than  by  any  other 
hitherto  advanced*  deserves  to  be  stated.  U  is  the 
more  deserving  of  attention,  as  having  led  its  author 
to  the  discovery  of  aome  of  the  most  remarkable  facta 
detailed  above ;  and  if  future  researches  shall  coa«- 
tinue  to  increase  its  probability,  it  will  no  doubt  be 
regarded  as  one  of  the  finest  instances  of  correct  in*- 
duction,  supported  by  minute  experiment,  which  the 
history  of  any  science  can  exhibit.  The  first  principle 
of  this  theoiy  has  been  already  stated ; — that  two 
currents  of  electricity  attract  when  they  move  parallel 
to  each  other  and  in  the  same  direction,  and  repd 
when  they  move  parallel  to  eadi  other  in  contrary 
directions.  This  &ct  is  directly  the  reverse  of  tha 
usually  observed  phenomena  of  electricity ;  for  it  ia 
well  known  that  bodies  in  the  same  state  of  electri- 
city repel  each  other,  and  in  opposite  states  attract. 
Hence  M.  Ampere  infers,  that  these  results  are  not 
produced  by  electricity  in  its  known  and  common 
state  of  tension,  but  are  dependent  on  properties  be- 
longing to  electricity,  previously  unsuspected,  and 
peculiar  to  it  when  in  motion,  or  flowing  in  cur** 
rents.  Electricity,  when  accumulated,  has  £he  power 
of  causing  certain  effects,  particularly  attractions  and 
repulsions,  which  are  familiar  to  ns,  and  are  called 
electrical;  but  when  moving  in  currents,  it  exert* 
new  powers,  and  these  constitate  magnetism. 

Rcfvievring  the  various  experiments  which  have 
been  enumerated,  we  find,  that  the  connecting  wirea 
of  two  batteries  attract  and  repel  each  other,  accord- 
ing to  the  direction  of  the  electric  currents  flowing 
through  them ;  that  the  magnetic  needle  is,  exactly 
in  the  same  manner,  attracted  and  repelled  by  a 
connecting  vdre,  according  to  the  direction  of  the 
current  of  electricity  moving  through  the  wire ;  that 
the  position  of  the  needle  may  be  varied,  in  almost 
any  degree,  by  changing  the  position  of  the  connect- 
ing wire ;  that  whenever  the  electric  circuit  is  broken* 
this  influence  on  the  needle  ceases,  and  is  renewed 
whenever  the  communicatkm  between  the  poles  of 
the  battery  is  restored ;  that  the  connecting  wire,  of 
whatever  metal  it  may  consist,  becomes  a  perfect 
magnet,  aa  long  as  the  current  flows  along  it,  so  as  to 
attract  iron  filings  and  small  steel  needfles,  without 
attracting  copper  filings,  or  any  other  metal  but  iron; 
tiiat  steel  needles  may  be  converted  into  permanent 
magnets,  by  simply  placing  them  across  the  connect«> 
ing  wire ;  that  the  electric  currents  having  this  mag<>. 
netizing  power  are  not,  like  accumulated  electricity^ 
confined  by  glass,  or  other  non-conductors,  but  pass 
through  all  bodies  vrith  facility,  aa  magnetism  vraa 
before  known  to  do ;  diat  the  magnetizing  power  ia 
exerted  by  electricity^  whether  procured  by  a  galvanic 
apparatus,  or  a  common  machine;  that  poweiful 
magnets  may  be  formed,  by  conducting  electric  cur- 
rents round  steel  vrires,  as  in  the  helix,  and  that  the 
position  of  the  north  and  south  poles  of  these  mag- 
nets depends  upon  the  direction  in  which  the  currents 
are  made  to  move  round  them. 

These,  and  a  great  number  of  other  facts,  it  is  con- 
ceived, clearly  demonstrate  the  perfect  resemblance, 
or  rather  identity,  of  electricity  and  magnetiam.-^ 
Magnetic  phenomena  are  thus,  in  fact,  a  series  of 
electrical  phenomena;  and  magnetism  may,  with 
propriety,  form  a  branch  of  electricity,  under  the 
head  of  EUntrieai  Omhreni$.    Though  tiua  iirtimate 
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figialioii  or  ideatity  (m  adnutted,  it  is  aot  so  olmoQs 
how,  by  it,  the  proportiet  of  the  common  magnet  are 
exptained.  Currents  of  electricity,  according  to  the 
theory,  are  essential  to  the  prodluction  of  magnetic 
phenomena ;  but  these  are  not  obvious  in  a  common 
magnet  M.  Amp^  has  suggested  their  existence, 
however,  and  has  so  arranged  them  theoretically,  as 
to  account  for  a  great  proportion  of  magnetic  ap^ 
pearances.  A  magnet  he  conceives  to  be  an  assem- 
blage of  as  many  electrical  currents,  moving  round  it 
in  planes  perpendiculai*  to  its  axis,  as  there  may  be 
imagined  lines,  which  virithout  cutting  one  another, 
form  closed  curves  round  it.  Magnetixaticm,  he  says, 
is  an  operation  by  which  there  is  given  to  the  partides 
of  steel  (which,  of  the  more  common  metals,  appears 
to  be  the  only  one  capable  of  being  permanently  im- 
pressed with  this  power)  an  electro-motive  energy, 
which  causes  a  circulation  of  these  currents  to  be  con* 
tinned  round  them. 

Hie  excitation  and  continuance  of  this  electro^mo- 
tive  action  is  rendered  less  improbable,  when  we 
consider  the  electric  power  developed  in  the  tourma- 
line and  boracite  by  heat  alone,  and  when  we  find, 
as  in  the  electrical  columns  of  De  Luc  and  Zamboni, 
that  electricity  may  be  generated  for  years  without 
ceasing  or  diminishmg,  by  a  small  and  simple  i^ppa- 
ratus.  Such,  then,  is  the  constitution  of  a  perma- 
nent magnet.  It  is  a  mass  of  iron  or  steel,  round  the 
axis  of  which  electric  currents  are  constantly  circu- 
lating, and  these  currents  attract  all  other  electric 
currents  flowing  in  the  same  direction,  and  repel  all 
others  which  are  moving  in  an  opposite  <Krection« 

From  these  attractions  and  repulsions  another  ef- 
fect follows,  that  the  currents  of  one  magnet  have 
always  a  tendency  to  move  any  other  magnet  near  it, 
till  the  currents  in  the  second  shall  coincide  in  direc- 
tion vrith  those  of  the  first.  It  is  from  this  cause, 
as  will  presently  be  explained,  that  the  magnetic 
needle  always  turns  to  the  meridian,  and  that  the 
needle  in  Oersted's  experiments  settled  at  right  an^ 
gles  to  the  connecting  wire.  One  important  circum- 
stance is  always  to  he  kept  in  view,  uiat  the  electric 
currents  flow  round  every  magnet  in  the  same  direc- 
tion in  reference  to  its  poles.  If,  for  instance,  we 
place  a  magnet  with  its  north  pole  pointing  to  the 
north,  in  the  usual  position  of  the  magnetic  needle> 
the  current  of  electricity  flows  round  it  ih>m  west  to 
east;  or,  on  the  eastern  side  of  the  magnet,  it  is 
moving  downwards,  and  on  the  western  side  up- 
wards ;  on  the  upper  side,  from  west  to  east,  and  on 
the  lower  side,  from  east  to  west.  This,  it  is  found, 
is  a  uniform  law. 

On  these  principles  the  phenomena  of  magnetism 
are  easily  accounted  for.  Thus,  to  take  one  of  the 
most  obvious  and  well  known  facts,  that  of  two  mag- 
nets attracting  when  their  opposite  poles  are  ap- 
proached to  one  another,  as  the  north  of  one  to  the 
south  pole  of  the  other.  Let  us  suppose  a  ma^et  in 
the  position  which  has  just  been  stated,  with  its 
north  pole  directed  to  the  north ;  and  let  a  second 
magnet  be  placed  beyond  it,  and  in  a  line  with  it, 
with,  its  north  pole  also  pointed  to  the  north.  Then, 
it  b  obvious  that  the  south  pole  of  the  second  mag- 
net will  be  next  to  the  north  pole  of  the  first ;  and 


rents  must  be  flowing  in  the  same  direction,  or,  in 
both  of  them,  from  west  to  east :  hence,  as  currents 
moving  in  the  same  direction  attract,  these  opposite 
poles,  if  within  a  certain  dbtance,  ought  to  attract 


eadi  otlMf,  wUcb,  mocatdxf^y,  wiU  be  fo\md  to  W 
the  case.  Now,  kt  the  second  magnet  be  reversed  i 
let  its  south  pots  be  directed  to  the  north,  and  ite 
north  pole  approached  to  the  north  pole  of  the  first 
magnet;  the  electric  currents  will  flow  round  the 
magnet  in  the  same  manner  as  before ;  but  in  refiu'T 
ence  to  the  first  magnet  and  to  the  meridian,  their 
direction  vrill  be  reversed :  their  direction  will  now 
be  from  east  to  west,  upwards  on  the  eastern  side^ 
and  downwards  On  the  western ;  consequently,  the 
currents  in  the  two  magnets  being  now  opposite, 
will '  repel,  or  the  two  north  poles  will  repel  eadi 
other. 

In  the  experiments  of  Frctfessor  Oersted,  it  wae 
found,  as  has  been  stated,  that  when  the  extraneous 
mfluenoe  of  the  magnetism  of  the  earth  was  counter-* 
balanced,  the  t^idency  of  a  magnetic  needle  always 
was  to  place  itsdf  at  right  angles  to  the  vrire  con^ 
necting  the  poles  of  the  galvanic  battery.  The  rem* 
son  of  this  is  easily  explained  upon  the  present  hy^ 
pothesis.  In  the  needle,  the  currents  flow  round  its 
axis  from  end  to  end ;  but  in  the  connecting  vrirt 
there  is  no  circulation  round  the  axis,  but  a  constant 
stream  from  one  end,  namely,  the  negative,  to  the 
other,  the  positive  extremity :  hence,  for  the  current 
along  the  wire  to  coincide  with  the  current  across 
and  round  the  magnet,  it  is  necessary  that  the  kytter 
shall  stand  across  the  former ;  and  as  it  appears,  that 
from  the  attractions  and  repulsions  which  these  eke* 
trie  currents  exert,  they  are  able  to  move  one  or  both 
of  the  nu^etic  bodies  (according  as  they  are  light 
and  mobue),  till  they  cmncide,  the  needle  movee  if 
the  wire  is  fixed  till  it  stands  at  right  angles  to  the 
wire ;  and  if  the  magnet  is  fixed,  and  the  wire  movt-> 
able,  the  reverse  happens.  The  other  phenomena,  of 
the  needle  turning  to  the  west  when  placed  below  the 
wire,  to  the  east  whm  placed  above  it>  &c.,  may 
with  facility  be  explained  m  the  same  manner  by  th« 
principles,  that  currents  flowing  in  the  samedk-eetion 
attract;  and  tiiat  in  every  magnet  they  move  in  • 
constant  current,  which  is,  when  the  north  p<^e  is 
turned  to  the  north,  from  west  to  east,  or  upwards 
on  the  west  side,  and  downwaids  on  the  east  side. 

The  developem^t  of  permanent  magnetism  in  rteel 
needles  when  placed  across  the  win,  while  it  b  oi^ 
temporary  when  they  are  ihstened  parallel  with  it; 
depends  on  the  same  cause :  in  the  ktter  case,  ii 
arises  merely  from  the  transmbsion  of  electipicity 
from  end  to  end,  whik,  in  the  former,  the  electro- 
motive energy  of  the  particles  b  developed  and  called 
into  action,  which,  when  set  in  motion,  seems  16 
have  i^e  power  of  continuing  itself.  These  electriif 
currents  have  the  power,  which  accumulated  electric 
city  has  not,  of  penetrathig  all  substances,  as  was 
before  known  respecting  magnetism.  This  is  proba^- 
biy  owing,  to  their  low  state  of  tension ;  and,  in  con- 
formity with  this,  large  plates,  which  evolve  electri- 
city in  but  a  slight  intensity,  produce  magnetic  ef^ 
fects  most  distinctly.  The  agency  of  galvanism,  and 
that  of  common  electricity,  are  equidly  capable  of 
giving  rise  to  magnetism  when  flowing  in  currents, 
which  adds  another  to  the  proof  that  these  are  tM 
same  power. 

To  complete  the  view  of  Amp^re^s  doctrine,  it  rc- 


from  their  position  it  follows,  that  the  electric  cur-   mains  only  to  explain  the  influence  of  the  earth  on 


the  magnet,  by  which  the  needle  is  kept  always  in 
one  position,  neariy  coinciding  with  the  meridian. 
He  asserts,  that  currents  of  electricity,  analagous  to 
those  which  circolate  round  every  magnet  are  con- 
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•laiifly  flowing  round  the  globe«  as  the  ourent  of 
electricity'  in  a  galyanic  apparatos  moyes  in  an  un- 
broken circnit  from  the  negative  to  Uie  positive  pole, 
and  from  it,  by  the  connecting  wire,  nmnd  again  to 
the  negative  pole.  The  direction  of  these  currents  he 
infers  to  be  tiie  same  as  has  been  stated  with  artifi- 
cial magnets ;  and  it  is  simply  by  the  attractions  and 
repulsions  of  these  terrestrial  currents,  bringing  die 
currents  round  the  needle  to  coincide  with  tiiem,  that 
the  latter  always  points  to  the  north. 

To  detect  these  currents,  and  to  exhibit  their  in- 
fluence without  the  aid  of  any  common  magnet,  M. 
Ampere  contrived  a  small  electric  apparatus,  which 
was  distinctly  affected  by  the  magnetic  influence  of 
the  globe.  It  consisted  merely  of  a  copper  wire  bent 
mto  a  circle,  with  the  two  extremities  brought  near 
to  each  other.  It  was  supported  so  as  to  move  with 
the  greatest  facility ;  and  tiie  points  were  immersed 
in  basons  o^  mercury,  with  which  the  wires  of  a  gal- 
vanic battery  were  connected. 

When  the  communication  vras  established  so  as 
to  cause  a  current  of  electricity  to  pass  through  the 
circle,  it  immediately  began  to  move,  and,  after  some 
oscillations,  placed  itself  nearly  at  right  angles  to  the 
meridian,  or  east  and  west,  or  so  that  the  electric 
current  passed  downwards  on  the  eastern  side,  and 
upwards  on  the  western  side.  This,  it  has  been 
stated,  is  exactly  the  direction  in  which  the  currents 
in  every  magnet  move  (supposing  it  placed  with  its 
north  pole  to  the  north).  The  circle  may,  therefore, 
be  regarded  as  a  section  across  the  axis  of  a  magnet, 
or  as  representing  one  of  the  currents  flowing  round 
it ;  and  if  a  number  of  these  circles  were  placed  one 
beyond  another,  the  farthest  would  point,  like  the 
end  of  the  needle,  to  the  north  pole,  and  the  nearest 
to  the  south  pole.  However  the  experiment  was  va- 
ried, the  circle  always  placed  itself  east  and  west :  if 
the  galvanic  current  was,  by  reversing  the  connecting 
wires,  made  to  flow  in  an  opposite  direction,  the  cir^ 
ele  turned  round  a  semicircle,  and  still  stood  east  and 
west,  and  so  that  the  electric  current  should  always 
flow  downwards  on  the  eastern  side,  and  upwards  on 
the  western  side  Here,  then,  are  distinct  marks  of 
mametism,  particularly  that  most  characteristic  one 
of  the  axes  pointing  always  to  the  north,  which  can 
be  attributed  only  to  the  combined  influence  of  elec- 
tric currents  momg  round  the  earth. 

The  annals  of  philosophy  contain  many  highly 
interesting  papers  on  the  subject  of  electro-magnet- 
ism ;  but  the  only  work  published  in  this  country 
which  fully  combines  the  experimental  with  the 
theoretical  branch  of  the  subject  is  from  tiie  pen 
of  Mr.  Watkins,  Curator  of  Philosophical  Appara* 
tus  to  the  University  of  London.  From  tins  work 
we  may  select  a  few  of  the  most  striking  experi« 
ments. 

We  have  already  alluded  to  the  revolution  which 
may  be  produced  in  an  electrified  wire.  Fig.  1, 
Plate  1,  Elbctro-Maonbtism,  represents  an  appa- 
ratus for  illustrating  this  phenomenon.  It  consists 
of  a  glass  cylinder,  mounted  upon  an  iron  wire, 
affixed  to  a  wooden  support,  and  having  a  copper 
wire  loop  passed  through  the  centre  of  its  top,  and 
a  metal  cup  to  contain  mercury  above  the  wire  loop. 
The  soft  iron  wire  of  the  support  prqjects  above  the 
bottom  of  the  glass  cylinder,  and  is  rounded  at  its 
top.  Mercury  is  placed  within  the  lower  part  of  the 
glass  cylinder,  and  also  in  another  cup,  formed  in  the 
wooden  support    A  platinum  wire>  having  a  loop 


fonned  at  its  upper  end,  b  loosely  hvag  to  tiie  loop 
above,  and  touches  the  surface  of  the  mercury  within 
the  glass  cylinder.  Upon  making  a  communication 
with  a  voltaic  battery,  by  means  of  two  connecting 
wires  placed  in  the  mercury  in  the  upper  and  lower 
cups,  and  bringing  a  magnet  into  contact  with  tl^ 
lower  part  of  the  iron  wire,  which  projects  below  the 
wooden  support  for  that  purpose,  the  effects  of  thf 
electro-magnetic  action  will  be  observed  by  the  revo- 
lutions of  the  platinum  wire  round  the  iron  wire, 
which  is  a  magnet,  whilst  the  real  magnet  is  kept  in 
contact  with  it.  llie  wire  generates  the  surface  of  a 
cone,  its  lower  extremity  the  circumference  of  its 
base ;  hence  the  point  of  suspension  is  the  vertex, 
and  the  iron  wire  magnet  is  in  the  centre  of  the 
base. 

Fig.  2,  represents  an  apparatus  to  show  the  vibra- 
tory motion  communicated  to  an  electrified  wire, 
from  the  effects  of  a  magnet.  It  consists  of  a  wooden 
basis,  upon  which  is  affixed  a  bent  brass  standard, 
having  at  its  upper  end  a  vertical  wire  screwed  into 
it,  which  wire  supports  a  cup  to  contain  mercury* 
and  has  at  its  lower  end  soldered  a  piece  of  platinum 
wire  formed  into  a  loop.  To  this  loop  is  fre^y  hung 
a  lig^t  platinum  wire,  the  lower  end  of  which  touches 
the  surface  of  some  mercury,  which  is  contained  in 
a  trough  formed  in  the  wooden  basis.  Another  cup 
to  contain  mercury  is  also  affixed  to  another  wire, 
which  passes  through  the  basis  into  tiie  mercury  in 
the  trough.  On  making  a  communication  with  a  vol- 
taic battery  by  means  of  two  connecting  wires»  aa 
usual«  the  current  is  made  to  pass  along  the  loose 
platinum  wire,  and  the  circuit  is  thus  complete; 
but  no  motion  of  the  platinum  wire  in  here  percepti- 
ble,  until  a  powerful  horseshoe  magnet  is  placed  in  a 
horizontal  position  on  the  basis,  with  its  poles  in- 
closing the  pendent  wire,  when  that  wire  uuBtantiy 
acquires  a  vibratory  motion.  On  reversing  the  sitoa* 
tions  of  the  connecting  wires,  or  of  the  poles  of  the 
magnet,  the  vibrations  will  be  in  an  opposite  direc- 
tion. 

J^.  3,  exhibits  an  i^pparatos  which,  when  adapted 
to  a  fixed  stand,  illustrates  the  directive  property 
of  the  freely  suspended  electrified  wire.  It  con- 
sists of  a  slender  copper  wire,  bent  into  a  flat  spiral 
coil,  its  upper  end  terminating  in  a  reversed  hook 
findy  pointed,  and  its  lower  end  pendent  in  a  line 
coinciding  with  tiie  pointed  part  of  the  reversed 
hook,  llie  wire  coil  is  secured  to  a  circular  disc  of 
card,  the  wire  from  the  central  coil  passing  through 
the  card  and  descending  below  it.  When  the  straight 
wire  is  removed  from  the  apparatus  and  the  flat 
spiral  coil  arranged  with  the  point  of  the  reversed 
hook  inserted  in  the  top  cup,  and  its  lower  extre- 
mity dipping  into  the  mercury  contained  in  the 
trough,  the  two  ends  being  previously  amalgamated, 
and  the  coil  having  free  motion  about  its  vertical 
axis ;  upon  transmitting  electricity  from  a  voltaic 
battery  through  the  spiral  coil  of  copper  wire,  it  has 
a  tendency  to  range  itself  in  a  plane  perpendicular 
to  the  magnetic  meridian,  and  is  also  very  obedient 
to  the  ma^et. 

Fig.  4, 18  a  view  of  an  apparatus  to  show  the  con- 
trary rotation  of  two  electrified  wires,  each  about 
its  respective  aTus,  by  the  joint  effects  of  electricity 
and  magnetism.  It  consists  of  a  horseshoe  magnet, 
firmly  screwed  to  a  wooden  basis  or  support,  two 
helical  coils  of  copper  wire,  having  slender  bars 
across  their  tops,  with  needle  points  in  their  centrea* 
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torning  in  conical  holes  drilled  in  the  ends  of  the 
magnet,  and  aboTe  the  points  two  small  platinnm 
cnps,  to  hold  a  globule  of  mercury  in  each.  Two 
wooden  cisterns  are  attached  by  screws  on  the  lower 
parts  of  the  magnet,  having  bent  arms  fixed  in  them. 
To  the  lower  ends  of  the  helical  coils  are  soldered 
•lender  pointed  wires*  bent  so  as  to  enter  slightly 
into  mercury  placed  in  the  two  larger  caps,  mercury 
being  also  placed  in  the  small  cups.  A  brass  stand- 
ard affixed  to  the  basis  of  the  apparatus  has  a  forked 
piece  attached  to  it,  widi  two  points  descending  into 
the  two  platinum  cups  upon  the  tops  of  the  coils ; 
and  there  is  also  another  cup  placed  upon  the  forked 
piece  to  contain  mercury.  The  voltaic  circuit  is 
completed  by  placing  wires  in  the  mercury  contained 
in  the  small  side  cups,  and  connected  with  the  cop- 
per parts  of  the  batteries ;  and  other  wires  communi- 
cating with  the  zinc  parts  are  placed  in  the  cup  on 
the  top  of  the  apparatus.  When  the  electric  stream 
flows  through  tLs  apparatus,  the  helical  coils  revolve 
rapidly  in  contrary  directions ;  but  on  changing  the 
disposition  of  the  ronnecting  wires,  the  revolutions 
of  the  wires  will  be  reversed.  The  points  of  the 
various  wires  must  be  very  dean  or  amalgamated, 
and  the  mercury  in  the  cisterns  and  cups  free  from 
dirt. 

Fig.  5,  represents  an  i^paratus  constructed  to  ex- 
hibit the  rotation  of  electrified  wires  about  the  poles 
of  a  horseshoe  magnet,  independent  of  a  separate 
voltaic  battery.  It  consists  of  a  horseshoe  magnet, 
firmly  affixed  to  a  metal  foot  at  its  bent  part ;  its  two 
ends  being  made  rounding,  and  having  a  small  hole 
in  the  centre  of  each,  at  die  bottom  of  which  hole 
an  agate  cup  is  placed,  and  in  which,  pointed  wires 
affixed  to  the  parts  hereafter  to  be  described  are  made 
to  revolve.  A  double  cylindrical  copper  vessel,  having 
a  bent  metal  wire  affixed  to  the  top  of  its  innermost 
cylinder,  with  a  vertical  vrire  pointed  at  both  ends, 
affixed  in  the  middle  of  that  bent  wire,  is  hung  upon 
the  upper  end  of  each  pole  of  the  magnet,  the  lower 
points  of  the  vertical  vrires  of  each  vessel  entering 
the  holes  formed,  as  above  described,  in  the  magnet 
for  that  purpose.  Two  hollow  c^lhiders  of  zinc, 
each  furnished  vrith  similar  bent  wires,  having  holes 
made  in  the  underside  of  each,  are  then  placed 
within  the  double  copper  vessds ;  the  holes  in  die 
hent  wires  being  hung  upon  the  uppermost  pointed 
ends  of  the  v^cal  wires  before  mentioned.  Di- 
luted acid  being  then  poured  into  the  space  between 
the  two  copper  cylinders,  the  voltadc  action  com- 
mences, and  presents  the  phenomena  of  the  whole  of 
the  four  cylinders  revolving  upon  their  axes ;  the 
copper  vessels  revolving  in  opposite  and  contrary  di- 
rections, and  the  zinc  cylinder  turning  in  opposite 
directions  to  them ;  the  rapidity  of  their  revolutions 
depending  upon  the  strength  of  the  diluted  add,  and 
the  delicacy  of  their  suspension.  It  is  evident  that 
a  single  pair  of  cylinders  may  be  hung  upon  one  end 
of  a  straight  or  bar  magnet  -placed  vertically,  and 
will  perform  in  a  similar  manner ;  their  rotation  be- 
ing reversed  on  changing  the  poles  of  the  magnet. 
Or  a  single  pair  of  cylinders  may  be  hung  upon  either 
end  of  a  horseshoe  magnet  if  preferred. 

JPlg,  6,  represents  an  apparatus  to  exhibit  the  ro- 
tation of  two  compound  rectangular  metallic  frames 
about  the  poles  of  the  magnet,  by  the  mutual  in- 
fluence of  a  thermo-dectric  current  of  magnetism. 
It  consists  of  a  horseshoe  magnet  supported  in  a  ver- 
tkal  positioB^  upon  a  brass  foot;  throng  a  fade 


made  in  the  curved  part  of  ivhldi,  «  wire  paaaea 
from  the  foot,  and  supports  a  spirit  lamp.  Intha 
centre  of  each  upper  end  of  the  magnet  an  agate  cup 
is  cemented,  in  which  turns  a  vertically  pointed  wire, 
to  the  upper  end  of  which  two  crossing  rectangles^ 
or  light  compound  wire  frames,  are  united,  composed 
dther  of  silver  and  platinum,  or  platinum  and  cop- 
per; and  are  united  bdow  to  wire  circles,  which 
surround  the  arms  of  the  magnet.  When  the  lamp 
is  lighted,  the  fla;ae  heats  the  lower  comers  of  the 
rectangles  ncAt  to  it,  or  rather  within  it:  a  thermo- 
electric current  is  thereby  established  in  these  rec- 
tangles, and  by  its  action  causes  them  to  rotate  in 
opposite  and  contrary  directions. 

There  is  one  more  experimental  arrangement  of 
the  magnetic  with  the  galvanic  apparatus,  which  so 
fully  illustrates  the  identity  of  magnetbm  with  gal- 
vanism and  li§^t  as  to  warrant  peculiar  attention. 
This  apparatus  is  now  (April,  1833)  exhibiting  in 
die  National  Qallery  of  Saence.  The  magnet  is  of 
the  horseshoe  form,  and  is  composed  of  twdve  shear 
steel  plates,  each  twenty-eight  inches  in  length  from 
the  poles  to  the  centre  edge,  tiiree  inches  wide,  and 
forming  together  a  thickness  of  four  inches.  The 
"  keep^'  or  **  bar"  is  made  of  the  purest  soft  iron. 
Around  the  middle  of  the  '*  keeper,"  and  occupying 
with  its  lower  section  the  space  between  the  polea* 
is  a  wooden  *'  winder,"  having  about  one  hundred 
yards  of  common  threaded  bomiet-wire,  frt»m  which 
the  two  ends,  composed  of  four  lengths  of  the  wire 
twisted  together,  are  carried  out,  -whk  a  vertical 
curve  of  about  three-fourths  of  a  cirde ;  one  of  these 
twisted  ends  passes  beyond  each  end  of  the  "  keeper/' 
and  rests  upon  die  respective  poles  of  the  magnet. 
A  small  wooden  lever  is  so  fixed  in  a  frame,  to  the 
''  vrinder"  and  "  keeper,"  as  to  admit  of  their  being 
suddenly  forced  up  from  the  magnet  by  a  sharp 
stroke ;  and  a  very  beautiful  and  brilliant  spark  is 
invariably  elicited  at  whidiever  end  of  the  wire  the 
separation  takes  place.  This  spark  is  capable  of  ig* 
nitm|  gunpowder. 

With  regard  to  the  cause  of  the  electric  currents 
inferred  to  be  constantiy  circulating  round  the  globe, 
it  is  as  yet  in  obscurity.  They  are  supposed  to  move 
at  riffht  angles  to  the  magnetic  merictian,  or  nearly 
paraUel  with  the  equator,  on  the  eastern  side  of  the 
earth  moving  from  us,  and  on  the  virestem  side  flow- 
ing towards  us.  These  currents  may  be  compared  to 
that  which  flows  from  die  negative  pole  of  a  voltaic 
battery  in  action,  to  the  positive  pole,  and,  by  the 
medium  of  the  uniting  wire,  round  again  to  the 
negative  pole.  It  is  conjectured,  that  die  arrange- 
ment of  the  materials  of  the  globe  may  be  such  as  to 
constitute  a  battery,  existing  like  a  girdle  round  the 
earth,  which,  though  composed  ol  comparativdy 
weak  elonents,  may  be  suffidenUy  extensive  to  pro- 
duce the  effects  of  terrestrial  magnetism.  Its  irregu- 
larity, and  the  changes  which  it  may  acddentally  or 
periodically  suffer,  may  explain  the  phenomenon  of 
the  variation  of  the  compass ;  or  the  general  action 
producing  the  currents  of  electridty  may  be  affected 
by  different  causes,  as  the  earth's  motions,  currents 
of  the  atmosphere,  evaporation,  or  die  solar  heat. 
It  is  supposed  that  much  of  the  variaticm  depends  on 
the  progress  of  oxidation  in  die  continental  regions 
of  the  globe.  What  is  called  the  diurnal  variation 
may  be  conceived  to  be  produced  by  the  diurnal 
dumge  of  temperature  in  the  superfidal  layers  of  the 
earthy  which  poeocn  dectro^motm  energy. 
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EiMCftVAMY.  Sl^etiuunes  are  medicines  chiefly 
composed  of  poiwden  of  Tarious  kinds,  mixed  up 
with  syrup  or  honey  mto  such  a  consistence,  that 
the  powders  may  «M)t  separate  by  keeping.  The 
iBgredieats  of  eledbnaries  are  chiefly  the  milder  drugs, 
those  which  may  be  taken  a  good  deal  ad  Ubitum, 
such  as  the  milder  aperients,  or  aromatics  and  alter- 
atives, in  which  a  certain  latitude  may  be  allowed 
m  the  quantity  without  material  risk. 

Elbmbnt  ;  a  term  applied  in  chemistry  to  a  body 
whidi  has  not  yet  been  decomposed.  The  elements 
of  the  ancients  were  bodies  which  they  supposed  to 
he  absolutely  simple,  and  capable  of  forming  all  other 
bodies  by  their  mutual  combination ;  whereas  the 
elements  oi  the  modems  are  regarded  as  aimple, 
merely  in  respect  to  the  present  state  of  the  art  oif 
analysing  bodies.  The  progress  of  diemical  science, 
for  several  centuries  past,  has  mainly  consisted  in 
carrying  still  farther  the  analysis  of  bodies,  and  in 
proving  those  to  be  compound,  which  had  before 
been  thought  elementary. 

Elbmi,  in  eotmmerce;  a  resin  obtained  from  the 
AmuriB  ^emifkra,  a  tree  growmg  in  various  districts 
of  America,  Turkey,  Ike    It  is  obtained  by  wound- 
ing the  bark  in  ixy  weather,  the  juice  being  left  to 
thicken  in  t^M  sun.    Its  colour  is  a  pale  3peUow,  semi- 
transparent  ;  at  first  softidi,  but  it  hardens  by  keep- 
mg.    Its  taste  is  slightly  bitter  and  pungent    its 
soD^,  which  is,  at  first,  strong  and  fragrant^  gradu- 
aliy  diminishes.    It  formerly  arrived  in  diis  comitry 
in  long  roundish  cakes,  vrrapped  in  flag  leaves,  but  it 
is  n6w  usually  imported  in  mats  and  chests. 
'  ,EijiPHATfTiASi8 ;  a  disease  so  called  from  the  lege 
of  people  affected  with  it  growing  scaly,  rough*  and 
large,  at  an  advanced  period,  like  the  legs  of  an  efe- 
^lul.    The  disease  attacks  the  wh<de  body,  but 
moatly  affects  the  feet,  whidi  i^ppear  somewhat  like 
those  of  the  elephant    It  b  known  by  the  ddn  being 
titiek,  rough,  wrinkled,  uncttous,  and  void  of  hair^  and 
mostly  vrithout  the  sense  of  feeing.    It  is  said  to  be 
contagious.     Cullen  makes  it  a  genus  of  disease  in 
tile  class  oadtmm,  and  order  xmfBtipim,    Elephesi- 
tiasis  has  generally  been  supposed  to  arise  in  coose^ 
qoeace  of  some  slight  attack  of  fsver,  on  theeessation 
of  which  the  morbtd  matter  falls  on  the  leg,  and  oc- 
casions a  distension  and  tunefection  of  Uie  limb, 
whidi  is  afterwards  overspread  with  uneven  lumpa, 
and  deep  fissures.    By  some  authors  it  has  been  con- 
sidered as  a  species  of  leprosy ;  but  it  often  subsists 
for  many  years  without  being  accompanied  widi  anv 
of  the  symptoms  which  diaraeterize  that  disease.    It 
sometimes  comes  on  gradually,  without  much  pre- 
vious indisposition ;  but  more  generally,  tlie  person 
is  seized  with  a  coldness  and  shivering,  pains  in  the 
head,  bade  and  loins,  and  some  degree  of  nausea.    A 
slight  fbver  then  ensues,  and  a  severe  pain  is  felt  in 
one  of  the  inguinal  glands,  wluch,  after  a  short  time, 
becomes  hard,  swelled,  and  inflamed.    No  suppura- 
tion, however,  ensues;   but  a  red  streak  may  be 
obsenred  running  down  the  thigh  from  the  swelled 
gland  to  the  leg.    As  the  inflammation  increases  in 
all  tiie  parts,  the  fever  gradually  abates,  and,  perhaps, 
alter  two  or  diree  days'  contmuance,  goes  off.     It, 
however,  returns  again  at  uncertain  periods,  leaving 
the  kg  greatly  swelled  witii  varicose,  tmrgid  veins, 
the  skin  rough  and  rugged,  and  a  thick^ied  laem- 
firana  eeJhtoaa,    Scales  iq)pear  also  on  the  surface, 
which  do  not  fall  e^  but  are  enlarged  by  the  in- 
creasing thicknesaof  tim  meoribfmMs ;  uneven  lumps. 


with  deep  fissures,  are  formed,  and  the  leg  and  fbot 
become  at  last  of  an  enormous  size. 

A  person  may  labour  under  this  disease  many 
years  without  finding  much  alteration  in  his  general 
health,  except  during  the  continuance  of  the  attacks ; 
and  perhaps  the  chief  inconvenience  he  will  expe- 
rience is  die  enormous  bulky  leg  which  he  drags 
about  with  him.  The  incumbrance  has,  indeed,  in- 
duced many  who  have  laboured  under  this  disease  to 
submit  to  an  amputation ;  but  the  operation  seldom 
proves  a  radical  cure,  as  the  other  leg  frequently 
becomes  affected.  Hilary  observes,  that  he  never 
saw  both  legs  swelled  at  the  same  time.  Instances 
where  they  have  alike  acquired  a  frightful  and  prodi- 
gious size,  have,  however,  frequently  fallen  under  the 
observation  of  other  physicians. 

ELixia,  is  the  name  of  several  medicines,  con- 
sisting of  wine  or  spirits  of  wine  and  various  re- 
sinous, bitter,  vegetable  substances.  The  vrord, 
however,  is  almost  gone  out  of  use,  and  its  place  sup- 
plied by  tmeture.  Elixirs,  indeed,  differ  from  tinc- 
tures, by  having  a  thicker  and  more  opaque  consist- 
ence, and  by  containing  less  spirit  "Hie  stomach 
elixirs  of  Frederic  Hoffmann  and  Stoughton  are  well 
known.  The  former  (elix.  PUeeraU,  Er.  Hqfmami) 
is  prepared  by  dissolving  in  Malaga  or  Hungary  wine 
the  extract  of  card,  b^,  cent  min.,  cort  aurant., 
cort  Chinse.,  myrrh,  aq.,  and  adding  to  die  solution 
a  little  tittct.  caryophjll.  aromat.  and  tinct  crocL 
Stoughton's  elixir  consists  of  absynth.,gentian.rubr., 
rhubarb,  caacarilk  and  cort  anrant,  steeped  in  spi- 
rits of  wine. 

Ell  ;  a  measure  vrhich  is  found  under  different  dev 
nominatioBs,  in  most  countries,  whereby  doths,  stuffs, 
linens,  nlks,  Ike,  are  usually  measured.  The  dl 
Englidi  is  S  quarters,  or  45  inches ;  the  ell  Flemish, 
3  quarters,  or  27  inches.  In  Scotkmd,  an  ell  con- 
tains 3/  2-10  indms  En^iah. 

Ellipsis,  in  mathematicg;  one  of  the  conic  sec- 
tions. Kepler  discovered  that  the  planets  describe 
sorii  a  curve  in  revolving  about  the  sun.  It  presents 
to  the  eye,  at  once,  variety  and  regularity,  and  is, 
therefore,  preferred  by  painters  to  &  cirde  for  the 
outline  of  dieir  pictures.  Two  points  in  the  longest 
diameter  have  this  peculiarity:  the  sum  of  two 
straight  lines  drawn  from  them  to  any  point  in  the 
drcumferenee  is  always  the  same,  to  whatever  pomt 
they  are  drawn.  An  ellipsis  may,  therefore,  be 
formed  by  taking  two  points  upon  a  plane,  attaching 
to  tiiem  a  ring  of  thread,  and  following  it  round  with 
a  pencil,  keeping  it  extended  in  the  form  of  a  trian- 
gle. The  points  ythBit  the  thread  is  fixed  are  called 
theyba. 

Elonoatioit,  m  astronomy;  the  ang^e  under 
which  we  see  a  planet  from  the  sun,  when  reduced 
to  the  ecliptic ;  or  it  is  the  angle  formed  by  two  lines 
drawn  from  the  earth  to  the  sun  and  planet,  when 
reduced  as  above. 

Emanatioit;  a  series  of  philosophical  systems 
which,  like  most  of  the  ancient,  do  not  adopt  a  spon- 
taneous creation  of  the  umverse  by  a  Supreme  Being. 
This  doctrine  came  from  the  East.  Traces  of  it  are 
found  in  the  Indian  mythology,  and  in  the  old  Per- 
sian or  Bactro-  Median  doctrine  of  Zoioaster.  It  had 
a  powerful  influence  on  the  aneiettt  Greek  philoso- 
phy, as  may  be  seen  in  Pythagoms* 
.  Emasculatx  ;  to  deprive  a[  virility.  This  is  an 
operation  rarely  employed  on  the  human  race  in  our 
qttarter  of  the  glpbe^  thoogh  most  animab  kept  for 
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domestic  piirpo9e8  are  made  to  submit  to  it.  An 
entire  change  in  the  habits  and  tone  of  voice  is  the 
certam  result.  Emasculated  persons  fetch  a  very 
high  price  in  the  east. 

Embalming;  to  embahn.  to  fill  and  surround  vnth 
aromatic  and  desiccatiye  substances  any  bodies^  par- 
ticularly corpses,  in  order  to  preserve  them  from  cor- 
ruption. The  ancient  Egyptians  were  tSie  inventors 
of  this  art.  Other  people,  for  example,  the  Assyrians, 
Scj^thians,  and  Persians,  followed  them,  but  by  no 
means  equalled  them  in  it.  The  art  has  degenerated 
very  much  from  the  high  degree  of  perfection  at 
which  it  stood  among  the  ancients ;  perhaps  because 
the  change  in  religious  opinions  and  customs  has 
made  the  embalming  of  the  dead  less  frequent.  In 
modem  times,  only  distinguished  individuals  are  oc- 
casionally embalmed ;  but  this  process  does  not  pre- 
vent corruption. 

The  intestines  are  taken  out  of  the  body,  and  the 
brains  out  of  the  head,  and  the  cavities  filled  up  with 
a  mixture  of  balsamic  herbs,  myrrh  and  others  of  the 
same  kind  ;  the  large  blood-vessels  and  other  vesseb 
are  injected  with  bsJsams  dissolved  m  spirits  of  wine; 
the  body  is  rubbed  hard  with  spirits  of  the  same 
kind,  &c.  (See  Mummies.)  The  ancient  Egyptians 
removed  the. viscera  from  the  large  cavities,  and 
replaced  them  with  aromatic,  saline,  and  bituminous 
substances,  and  also  enveloped  the  outside  of  the 
body  in  cloths  impregnated  with  similar  materials. 
Tliese  were  useful  in  preventing  decomposition,  and 
excluding  insects,  until  perfect  dryness  took  place. 
In  later  times,  bodies  have  been  preserved  a  long  time 
by  embalming,  especially  when  they  have  remained 
at  a  low  and  uniform  temperature,  and  have  been 
protected  from  the  air.  The  body  of  Edward  I.  was 
buried  in  Westminster  Abbey  in  1307#  and  in  1770 
was  found  entire.  Canute  died  in  1036 ;  his  body  was 
found  very  fresh  in  1776,  in  Winchester  Cathedral. 
The  bodies  of  William  die  Conqueror  and  of  Matilda 
his  wife  were  found  entire  at  Caen,  in  the  sixteenth 
century.  Similar  cases  are  not  unfrequent.  In  many 
instances,  bodies  not  embalmed  have  been  preserved 
from  decay  merely  by  the  exclusion  of  the  air  and  the 
lowness  of  the  temperature.  Impregnation  of  the 
animal  body  with  corrosive  sublimate  appears  to  be 
the  most  effectual  means  of  preserving  it,  except  im- 
mersion in  spirits.  The  impregnation  is  performed 
by  the  injection  of  a  strone  solution,  consisting  of 
about  four  ounces  of  bichlonde  of  mercury  to  a  pint 
of  alcohol,  into  the  blood-vessels,  and,  after  the  viscera 
are  removed,  the  body  is  immersed  for  three  months 
in  the  same  solution,  after  which  it  dries  easily,  and 
is  almost  imperishable.  Wet  preparations,  or  those 
immersed  in  alcohol  or  oil  of  turpentine,  last  for  an 
indefinite  time.  A  strong  solution  of  muriate  of  am- 
monia is  now  mudi  employed. 

Embargo,  in  commerce;  an  arrest  on  ships  or 
merchandise,  by  public  authority ;  or  a  prohibition 
of  state,  commonly  on  foreign  ships  in  time  of  war,  to 
prevent  their  going  out  of  port,  sometimes  to  prevent 
their  coining  in,  and  sometimes  both  for  a  limited  time. 

Embatbd  ;  the  situation  of  a  ship  when  she  is  en- 
closed between  two  capes  or  promontories.  It  is  par- 
ticularly applied  when  the  wind,  by  blowing  strongly 
into  any  bay  or  gulf,  makes  it  extremely  difficult,  and 
perhaps  impracticable,  for  the  vessel  thus  enclosed  to 
draw  off  from  the  shore,  so  as  to  weather  the  capes 
aad  gain  the  offing. 

Embossing,  or  Imbossino,  in  trekUeeturt  and 
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scniptwre;  the  forming  or  fadixming  works  in  Klievo, 
whether  cut  with  a  chisel  or  otherwise.  Embossed 
glass,  made  by  the  action  of  fluoric  add,  is  used  for  a 
variety  of  purposes. 

Embryo  ;  the  first  rudiments  of  the  animal  in  the 
womb,  before  the  several  members  are  distinctly 
formed,  aft^  which  it  is  called  the/osfn^.  The  time 
necessary  to  produce  this  is  different  in  different  spe- 
cies. The  human  embryo  is  visible  in  three  weeks : 
at  the  end  of  four,  a  pulsation  is  perceptible,  which 
is  known  to  be  the  beating  of  the  heart.  It  is  now 
about  the  size  of  an  ant  or  fiy,  and  retains  its  trans- 
parency, which,  however,  gradually  diminishes,  and, 
at  the  end  of  two  months,  disappears :  the  eyes,  nose, 
mouth,  ears,  and  all  the  members,  are  distinguishable  " 
it  is  as  large  as  a  bee.  In  three  months,  every  thing 
becomes  more  distinct,  the  sex  becomes  evident,  and 
the  foetus  grows  until  it  is  ushered  into  the  world  as 
a  child. 

Embrt  is  chiefly  fbund  in  shapeless  masses,  and 
mixed  with  other  minerals.  It  contabs  about  8^ 
parts  in  100  of  alumine,  and  a  small  portion  of  iron, 
IS  usually  opaque,  and  about  four  times  as  heavy  as 
water.  The  best  emery  is  brought  from  the  Levant^ 
and  diiefly  from  Naxos,  and  odier  islands  of  the 
Grecian  archipelago.  It  is  also  fbund  in  some  parts 
of  Spain,  and  is  obtained  from  a  few  of  the  iron 
mines  in  Great  Britain.  In  hardness,  it  is  nearly 
equal  to  adamantine  spar,  and  this  property  has  ren- 
dered it  an  object  of  great  request  in  various  arts. 
It  is  employed  by  lapidaries  in  the  cutting  and  po- 
lishing of  precious  stones ;  by  opticians,  in  smooth- 
ing the  surface  of  the  finer  kinds  of  glass,  prepara- 
tory to  their  bemg  polished ;  by  cutlers  and  other 
manufacturers  of  iron  and  steel  instruments;  by  ma- 
sons in  polishing  of  marble ;  and,  in  their  respective 
businesses,  by  locksmiths,  glaziers,  and  numerous 
other  artisans.  For  all  these  purposes,  it  is  pulver- 
ized in  large  iron  mortars,  or  m  steel  mills ;  and  the 
powder,  whidi  is  rough  and  sharp,  is  carefully 
washed,  and  sorted  into  five  or  six  different  degrees 
of  fineness,  according  to  tiie  description  of  work  in 
which  it  is  to  be  employed. 

Embtic  ;  any  medicine  which  is  capable  of  ex- 
citing vomiting,  independently  of  any  effect  arising 
from  the  mere  quantity  of  matter  introduced  into  the 
stomadi,  or  of  any  nauseous  taste  or  fiavour.  The 
Busceptibilfty  of  vomiting  is  v«y  different  in  different 
individuals,  and  is  often  considerably  varied  by  dis- 
ease. Emetics  are  employed  in  many  diseases. 
When  any  morbid  affection  depends  upon,  or  is 
connected  with,  over  distention  of  the  stomach,  or 
the  presence  of  acrid,  indigestible  matters,  vomiting 
gives  speedy  relief.  Hence  its  utility  in  impaired  iq). 
petite,  acidity  in  the  stomach,  in  intoxication,  and 
where  poisons  have  been  swallowed.  In  the  differ- 
ent varieties  of  febrile  affections,  much  advantage  is 
derived  from  exciting  vomiting,  especially  in  the  very 
commencement  of  the  disease. 

In  high  inflammatory  f^r  it  is  considered  as  ^m- 
gerous,  and  in  the  advanced  stage  of  typhus  it  is 
prejudicial.  Emetics,  given  in  such  doses  as  only  to 
excite  nausea,  have  been  found  useful  in  restraining 
hsmorrhage.  Different  species  of  dropsy  have  been 
cured  by  vomiting,  from  its  having  excited  absorption. 
To  the  same  effect,  perhaps,  is  owing  the  dispersion 
of  various  swellings,  which  has  occasionally  resulted 
from  this  operation.  The  operation  of  vomiting  is 
dangerous  or  hurtftd  in  the  following  cases  •  where 
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there  U  a  determihatioii  of  the  blood  to  the  head,  es- 
pecially in  plethoric  habits ;  in  viBceral  inflammation ; 
in  the  advanced  state  of  pregnancy ;  in  hernia  and 
prolapsus  uteri ;  and  wherever  there  exists  extreme 
general  debility.  The  frequent  use  of  emetics  weak- 
ens the  tone  of  the  stomach.  An  emetic  should  al- 
ways be  administered  in  the  fluid  form.  Its  opera- 
tion may  be  promoted  by  drinking  any  tepid  diluent 
or  bitter  infusion. 

Emetin.  This  principle  was  discovered  by  Ma- 
jendie  and  Pelletier,  as  existing  in  the  root  of  ipeca- 
cuanha, and  being  apparently  the  matter  in  which 
its  emetic  power  resides.  This  principle  they  pro- 
cured by  digesting  the  ipecacuanha  in  sulphuric 
ether,  which  removes  the  oily  and  odorous  matter, 
and  afterwards  digesting  the  ipecacuanha  in  alcohol. 
This  tincture  is  then  evaporated  to  dryness,  a  por- 
tion of  solid  matter  is  obtamed,  and  water  is  digested 
on  this;  it  affords  by  evaporation  emetin  nearly 
pure.  It  may  be  farther  purified  by  adding  acetate 
of  lead,  which  throws  down  the  emetin  combined 
with  oxide  of  lead.  By  passing  sulphuretted  hydro- 
gen through  this  solution,  the  oxide  of  lead  is  preci- 
pitated, and  the  emetin  remains  in  solution. 

Emetin  is  inodorous,  with  a  bitter  and  somewhat 
acrid  taste.  At  the  heat  of  boiling  water  it  remains 
unchanged ;  at  a  higher  temperature  it  swells  and 
decomposes  without  melting.  It  appears  to  be  a 
ternary  compound  of  carbon,  hydrogen,  and  oxygen ; 
it  is  scarcely  affiected  by  exposure  to  the  air,  except 
a  slight  deliquescence  in  humid  air.  It  is  very  solu- 
ble in  water  and  alcohol,  but  not  in  sulphuric  ether. 
Sulphuric  acid  decomposes  and  clears  it.  Nitric 
acid  dissolves  it,  formmg  a  red-coloured  solution, 
which,  after  a  disengagement  of  nitric  oxide  gas, 
yields  crystals  of  oxalic  add.  Muriatic,  acetic,  and 
phosphoric  acids  dissolve  it;  from  these  solutions  an 
alkali  precipitates  it  unchanged.  The  vegetable  and 
animal  principles  exert  scarcely  any  action  on  it. 

Emetin  is  powerfully  emetic,  one  grain  being  suf- 
ficient to  occasion  a  yiolent  vomiting.  Its  chemical 
properties  are  not  very  distinctive. 

Empiric,  in  meduxU  history ;  an  appellation  as- 
sumed by  a  sect  of  physicians,  who  contended,  that 
all  hypothetical  reasoning  respecting  the  operations 
of  the  animal  economy  was  usieless,  and  that  obser- 
vation and  experience  alone  were  the  foundation  of 
the  art  of  medicine.  Empiric,  in  modem  medicine, 
IS  applied  to  a  person  who  sells  or  administers  a  par- 
ticular drug,  or  compound,  as  a  remedy  for  a  given 
disorder,  without  any  consideration  of  its  different 
stages,  or  degrees  of  violence,  in  different  constitu- 
tions, climates  or  seasons. 

Emulsions  ;  a  term  applied  to  the  imperfect  solu- 
tions of  the  fixed  vegetable  oils  in  water.  They  are 
obtained  by  rubbing  the  seeds  affording  these  oils 
with  water  to  which  a  little  sugar  has  been  added. 

Enamslling  ;  the  art  of  variegating  with  co- 
lours laid  upon  or  into  another  body ;  also,  a  mode 
of  painting,  with  vitified  colours,  on  gold,  silver, 
copper,  &c.,  and  of  melting  these  at  the  fire,  or  of 
making  curious  works  in  uem  at  a  lamp,  lliis  art 
is  of  so  great  antiquity,  as  to  render  it  difficult  or 
impossible  to  trace  it  to  its  origin.  It  was  evidently 
practised  by  the  Egyptians,  from  the  remains  that 
nave  been  observed  on  the  ornamented  envelopes  of 
mummies.  From  Egypt  it  passed  into  Greece,  and 
afterwards  into  Rome  and  its  provinces,  whence  it 
was  probably  introduced  into  Great  Britain^  as  va* 


rious  Roman  antiquities  have  been  dug  up  in  differ- 
ent parts  of  the  island,  particularly  in  the  Barrows, 
in  which  enamels  have  formed  portions  of  the  orna- 
ments. The  gold  cup  given  by  King  John  to  the 
coporation  of  Lynn,  in  ISiorfolk,  proves  that  the  art 
was  known  among  the  Normans,  as  the  sides  of  the 
cup  are  embellished  with  various  figures,  whose  gar- 
ments are  partly  composed  of  coloured  enamels. 
Enamels  are  vitrifiable  substances,  and  are  usually 
arranged  into  three  classes ;  namely,  the  transparent, 
the  semitransparent,  and  opaque.  The  basis  of  all 
kinds  of  enamel  is  a  perfectly  transparent  and  fusible 
glass,  which  is  rendered  either  semitransparent  or 
opaque,  by  the  admixture  of  metallic  oxides.  Hie 
art  of  colouring  glass  seems  to  be  of  nearly  the  same 
antiquity  as  the  invention  of  making  it ;  which  is 
proved,  not  only  from  written  documents,  but  like- 
wise by  the  variously  coloured  glass  corals,  with 
which  several  of  the  Egyptian  mummies  are  deco- 
rated. 

White  enamels  are  composed  by  melting  the  oxide 
of  tin  with  glass,  and  aading  a  small  quantity  of 
manganese,  to  increase  the  brilliancy  of  the  colour. 
The  addition  of  the  oxide  of  lead,  or  antimony,  pro- 
duces a  yellow  enamel ;  but  a  more  beautiful  yellow 
may  be  obtained  from  the  oxide  of  sihrer.  Reids  are 
formed  by  an  intermixture  of  the  oxides  of  gold  and 
iron,  that  composed  of  Uie  former  being  the  most 
beautiful  and  permanent.  Greens,  violets,  and  blues 
are  formed  from  the  oxides  of  copper,  cobalt,  and 
iron ;  and  these,  when  intermixed  in  diffierent  pro- 
portions, afford  a  great  variety  of  intermediate  co- 
lours. Sometimes  the  oxides  are  mixed  before  they 
are  united  to  the  vitreous  basis.  All  the  colours  may 
be  produced  by  the  metallic  oxides. 

The  principal  quality  of  good  enamel,  and  that 
which  renders  it  fit  for  being  applied  on  baked  earthen- 
ware, or  on  metab,  is  the  facility  with  ^*hich  it 
acquires  lustre  by  a  moderate  heat,  or  cherry-red 
heat,  more  or  less,  according  to  the  nature  of  the 
enamel,  without  entering  into  complete  fusion.  Ena- 
mels applied  to  earthenware  and  metals  possess  this 
quality.  Enamels  are  executed  upon  the  surface  of 
copper  and  other  metals,  by  a  method  similar  to 
painting.  Enameling  on  plates  of  metal,  and  paint- 
ing with  vitrified  colours  on  glass,  are  practised  with 
great  success  in  England. 

One  of  the  most  curious  and  useful  branches  of 
this  art  consists  in  the  manufacture  of  watch  dials. 
The  accompanying  account  gives  the  process  em- 
ployed at  the  present  time  in  the  best  manufactories 
m  Paris.    . 

"  The  dial  plates  of  clocks  and  watches  are  made 
in  a  variety  of  ways.  In  general  they  are  composed 
of  enamell  upon  a  single  plate  of  copper,  unless  they 
are  more  than  a  foot  in  diameter :  larger  ones  are 
made  in  separate  pieces,  which  are  afterwards  joined 
together ;  or  they  are  made  of  glass,  placed  upon  a 
white  ground.  Some  dial  plates  are  made  of  silver, 
gold,  and  silvered  or  gilt  brass. 

"  The  enamelled  dial  plates  are  formed  of  a  thin 
plate  of  copper,  enamelled  upon  both  sides,  and  hav- 
ing hours  and  minutes  paintied  upon  the  ground.  To 
make  one  of  these  dial  plates,  a  thin  plate  of  copper, 
of  the  requisite  size,  is  taken,  and  hammered  upon 
a  slightly  concave  anvil  of  hard  wood,  with  a  convex- 
headed  hammer,  which  speedily  reduces  it  to  the 
proper  convexity :  a  hole  is  then  made  in  the  middle, 
which  is  enlarged  with  a  tool  put  into  it  from  the 
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concave  nae,  in  order  to  form  a  ndge  round  the  hole 
on  the  convex  side,  to  retain  the  enamel  when  in  a 
melted  state.  The  copper  plate  is  then  placed  upon 
the  platine  of  the  works,  fitted  to  it  by  passing  a  tool 
through  the  centre  holes  of  each,  and  being  kept  in 
its  place  by  a  vice,  the  holes  for  the  screws  by 
which  the  dial-plate  is  to  be  fastened  to  the  rest  of 
the  works,  and  that  by  which  the  key  is  to  be  intro- 
duced, are  made ;  which  last  is  to  have  a  ridge  round 
it,  for  the  same  purpose  as  that  round  the  central 
hole.  Copper  wires  are  then  forced  into  the  holes  by 
which  it  18  to  be  attached  to  the  works,  and  cut  to 
the  proper  length,  after  which  thev  are  soldered. 
The  plate  is  cut  of  such  a  size,  that  the  edge  may  be 
hammered  up  to  form  a  similar  ridge  round  the  whole 
ftce. 

'^  The  copper  plate  being  thns  manufactured^  it  is 
cleansed,  by  being  left  a  short  time  in  water  sharp- 
ened with  a  little  aqua-fortis,  until  the  surface  is  per- 
fectly clean ;  it  is  then  dipped  in  common  water,  and 
browed  with  a  brush  of  brass  wires. 

"  The  enamel  used  ought  to  be  very  white :  it  is 
imported  and  sold  by  the  ironmongers  in  flat  cakes. 
The  cakes  are  broken  in  a  hardened  steel  mortar,  and 
reduced,  for  the  most  part,  into  small  pieces,  about 
the  size  of  small  grains  of  sand,  as  nearly  equal  as 
possible.  These  are  first  washed  in  very  clear  water, 
and  the  milky  liquor  poured  off,  and  left  to  settle,  by 
which  the  finer  powder  is  separated.  The  grains  of 
enamel  are  then  washed  again  several  times  with  a 
clear  water,  and  the  settlings  of  the  water  that  is 
poured  off,  kept  as  before,  for  enamelling  the  under 
fforfaces  of  the  plate. 

*'  The  grains  of  enamel  being  thus  well  washed, 
they  are  put  into  a  glass  vessel,  and  aqua-fortis  is 
poured  on  them,  so  as  to  float  them  about  a  quarter 
of  an  inch.  The  whole  is  stirred  with  a  glass  or 
spatula,  and  the  acid  left  on  the  enamel  for  twelve 
hours,  in  order  to  dissolve  away  the  metallic  parti- 
cles it  has  rubbed  off  the  steel  mortar,  and  which 
would  foul  the  whiteness  of  the  enamel  when  ap- 
plied on  the  face  of  the  plate.  The  nitric  acid  b  then 
poured  off^  and  the  enamel  washed  again  with  water, 
nntil  all  the  acid  is  got  rid  of;  after  which  it  is  again 
covered  with  clean  water,  and  kept  under  it  to  pre- 
serve its  cleanness  and  whiteness. 

"  Not  only  the  convex  face  of  the  dial-plate,  or 
that  on  which  the  hours  and  minutes  are  to  be 
painted,  is  enamelled,  but  also  the  concave  face. 
This  counter-enamelling,  as  it  is  called,  is  necessary, 
lest,  when  the  enamel  of  the  upper  face  is  melted, 
the  action  of  it  on  a  plate,  while  hot,  should  change 
its  curvature;  upon  whidi  account  both  faces  are 
enamelled  at  one  and  the  same  time. 

"  The  enamel  is  first  put  on  the  concave  or  under 
face,  which  is  done,  as  has  been  just  said,  vrith  the 
fine  settlings  obtained  in  washing  the  granular  ena- 
mel. For  this  purpose,  a  tool  is  put  into  the  centre 
hole,  and  the  water  being  poured  off  the  settlings,  it 
is  taken  up  with  a  steel  spatula,  and  spread  as  equally 
and  as  thm  as  possible  over  the  concave  surface ;  the 
tool  is  then  taken  out,  and  there  is  put  in  its  place  a 
bit  of  clean  linen,  which  draws  and  absorbs  the 
water ;  if  this  precaution  were  not  taken,  the  conn- 
ter-enamalling  would  fall  off  when  the  dial-plate  was 
turned  over. 

"To  enamel  the  convex  face  the  plate  is  turned  over, 
a  tool  put  in  the  centre  hole,  and  there  is  spread  over 
tt^  whole  surface  a  layer  of  the  bruised  enamel,  as 
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evenly  as  possible,  taking  care  to  cover  well  the  edges 
of  the  dial-plate,  and  those  of  the  various  holes,  to 
prevent  the  heat  from  burning  them.  To  draw  off 
the  water  which  adheres  to  the  enamel,  a  piece  of 
fine  linen  is  put  round  the  edge  of  the  plate,  which 
draws  out  nearly  all  the  moisture ;  and,  m  order  that 
the  particles  of  the  enamel  may  arrange  themselves 
properly,  and  be  packed  as  close  as  possible,  a  few 
slight  strokes  are  given  to  the  tool  in  the  centre  hole. 
The  neatness  with  which  this  is  executed  is  essen- 
tial ;  for  to  this  is  owing  the  beauty,  polish,  and  glassy 
surface  of  the  dial-plate,  by  reason  that  the  enamel 
becoming  well  packed,  there  are,  when  it  melts,  no 
hollows  below  the  surface,  and  hence  the  surface 
remains  perfectly  smooth.  In  order  to  be  sure  that 
no  water  remains  in  the  enamel,  the  dial-plates  are 
dried  upon  a  square  sheet  of  iron  turned  up  on  the 
edges  on  three  sides,  and  placed  over  a  chafing-dish, 
where  it  has  its  temperature  raised. 

"  The  preparation  of  the  dial-plate  being  finished, 
it  is  introduced  by  degrees  under  a  mufiSe  placed  in 
a  furnace,  in  order  that  it  may  be  heated  gradually. 
The  furnace  used  in  London  for  this  purpose  has 
some  peculiarities  in  its  construction  :  but  any  muffle 
furnace,  if  it  be  well  made,  will  suffice  for  the  pur- 
pose. It  is  left  in  this  state,  until  the  enamel  is  per- 
ceived to  begin  to  melt,  when  the  sheet  of  iron,  on 
which  the  plate  is  placed,  is  turned  round  very  gently, 
in  order  that  the  heat  may  effect  every  part  of  the 
dial-plate  equally.  When  the  polish  of  the  surface 
shows  that  the  enamel  is  melted,  the  plate  is  slowly 
withdrawn  from  the  furnace,  and  left  for  some  time 
at  the  mouth  of  the  muffle,  in  order  that  the  enamel 
may  cool  very  slowly,  as  otherwise  it  would  crack 
and  split  off  the  plate  of  copper. 

"  After  the  first  firing,  the  plate  is  again  cleaned, 
as  before,  with  water  sharpened  with  aqua-fortis; 
and  the  under  surface  is  examined,  and  if  necessar}', 
retouched  with  the  settlings,  as  before.  A  fine  layer 
of  enamel  is  also  spread  over  the  convex  face,  and  the 
plate  is  again  exposed  to  the  fire,  with  the  same  pre- 
cautions as  before :  a  third  layer  of  the  finest  and 
whitest  enamel  is  again  spread  on  the  upper  or  con- 
vex surface,  and  fired  in  the  same  manner ;  by  which 
means  the  dial-plate  receives  all  the  beauty  of  which 
it  is  capable. 

"The  hours  and  minutes  are  then  enamelled 'on  a 
convex  face  with  a  black,  soft  enamel,  made  for  this 
purpose.  It  is  ground  very  fine,  in  an  agate  mortar, 
with  a  pestle  of  the  same  substance,  along  with  oil  of 
spike,  and  spirit  of  turpentine.  It  is  considered  neces- 
sary that  the  enamel  should  be  reduced  to  an  impal- 
pable powder,  and  therefore  a  half  day  is  usually 
employed  in  grinding  a  single  Troy  drachm.  More  c* 
of  spike  is  then  added,  to  render  it  sufficiently  thin 
to  flow  from  the  pencil. 

"The  place  where  the  hour  of  twelve  is  to  be 
placed  having  been  marked  from  the  first  by  a  slight 
touch  of  the  file,  the  dial-plate  is  then  placed  on  a 
flat  surface,  and,  by  means  of  a  pair  of  compasses, 
with  one  point  blunt,  and  placed  truly  on  the  centre, 
and  with  the  other  bearing  a  black-lead  pencil,  the 
lines  between  which  the  hours  and  minutes  are  to  be 
placed,  are  slightly  traced  on  the  surface.  In  order 
to  divide  these  circles,  a  protractor  with  a  moveable 
limb  is  used,  and  the  place  of  the  hours  and  minutes 
traced  with  black  lead :  these  are  then  painted,  and 
when  thoroughly  dry,  the  dial-plate  is  again  fired  in 
the  same  manner  as  before,  and  is  then  finished. 
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The  dial-plates  of  clocks,  when  they  do  not  ex- 
ceed twelve  or  fifteen  inches  in  diameter  are  enameU 
ted  in  the  same  way ;  but  larger  dial-plates  are  made 
in  separate  pieces,  generally  as  many  as  there  are  hours 
on  the  face,  and  then  joined  together."— Par/m^/on'tf 
Scientific  Gaztette. 

Encaustic  Painting.  Painting  in  encaustic  is 
executed  with  the  operation  of  fire.  Ancient  authors 
often  mention  this  species  of  painting,  which,  if  it 
had  been  described  simply  by  the  word  eticauBtic, 
which  signifies  executed  by  fire,  might  be  supposed  to 
have  been  a  species  of  enamel  painting.  But  the 
expressions  encausto  pingere,  pictura  encausiica,  ceri$ 
pingere,  picturam  inurere,  by  Pliny  and  other  ancient 
writers,  showthat  another  species  of  painting  is  meant 
We  have  but  few  ancient  pictures  of  this  descrip- 
tion, and,  therefore,  the  precise  manner  adopted  by 
the  ancients  is  not  completely  developed,  though 
many  modems  have  closely  investigated  the  subject, 
and  described  their  processes.  This  species  of 
painting  appears  to  have  been  practised  in  the  4th 
and  5th  centuries. 

Count  Cayhis,  and  M.  Bachelier,  a  painter,  were 
the  first  of  modern  times  who  made  experiments  in 
this  branch  of  art,  about  the  year  1749.  Pliny,  in  a 
passage  relating  to  encaustic  painting,  distinguishes 
three  species :  1.  that  in  which  the  artists  used  a 
style,  and  painted  on  ivory  or  polished  wood  (eestro 
in  ebore),  for  which  purpose  they  drew  the  outlines 
on  a  piece  of  the  aforesaid  wood  or  ivory,  previously 
soaked  or  imbued  with  some  colour ;  the  point  of 
the  style  or  stigma  served  for  this  operation,  and  the 
broad  end  to  scrape  off  the  small  filaments  that  arose 
from  the  outlines  :  and  they  continued  forming  out- 
lines with  the  point  till  they  were  finished.  3.  The 
next  manner  appears  to  have  been  one  in  which  the 
wax,  previously  impregnated  with  colour,  was  spread 
over  Uie  surface  of  the  picture  with  the  style,  and 
the  colours  thus  prepared  were  formed  into  smaU 
cylinders  for  use.  Bv  the  side  of  the  painter  was  a 
brasier  for  keeping  the  styles  continually  hot,  with 
the  points  of  which  they  laid  on  the  colours  when 
the  outlines  were  finished,  and  spread  them  smooth 
with  the  broad  end ;  and  thus  they  proceeded  till  the 
picture  was  finished.  3.  The  third  manner  of  paint- 
ing was  with  a  pencil,  in  wax  liquefied  by  fire. 

By  this  method  the  colours  acquired  a  considerable 
hardness,  and  could  not  be  damaged^  either  by  the 
heat  of  the  sun  or  the  effects  of  sea  water.  In  this 
manner  ships  were  painted,  with  emblems  and  other 
pictures,  and  therefore  obtained  the  name  of  ship 
painting.  Few,  of  late  years,  have  made  more  expe- 
riments in  this  mode  of  painting  that  an  English 
lady,  Mrs.  Hooker,  who,  for  her  very  successful 
exertions  in  this  branch  of  the  polite  arts,  was  pre- 
sented with  a  gold  palette  by  the  Society  for  the  En- 
couragement of  Arts,  &c.  Her  account  is  printed  in 
the  10th  volume  of  the  Society's  Transactions,  for 
1792,  when  she  was  Miss  Emma  Jane  Greenland. 
This  subject  has  also  been  deeply  investigated  by  the 
Chevalier  Lorgna,  in  a  small  but  valuable  tract,  called 
Un  Diacorso  suUa  Cera  Punica, 

As  the  thin^  chiefly  regarded  in  encaustic  painting 
was  the  secunng  of  permanence  and  durability,  by 
the  application  of  fire,  the  word  encaustic  has  been 
applied,  in  a  very  general  sense,  to  other  processes,  in 
which  both  the  material  and  the  mode  of  applying  the 
heat  are  entirely  different  from  the  ancient  materiab 
and  modes.    The  word  has  been  used,  not  only  of 


I  wax-painting  on  wood,  stone  and  ivory,  but  alio  foi 
painting  on  earthen  vesseb,  of  works  in  metal,  where 
gold  and  silver  were  inlaid,  melted,  or  laid  on,  and  of 
every  thing  which  was  gilt  or  silvered  byfire ;  which 
was  called  gold  or  fi&er  encauatic.  The  moderns 
have  also  used  the  term  for  painting  on  por- 
celain, and  work  in  enamel ;  and  in  the  same  way  it 
was  given  to  the  painting  on  glass  of  the  middle  ages, 
such  as  is  now  seen  in  Uie  windows  of  some  Gothic 
churches.  It  is  evident,  that  all  these  have  nothing 
to  do  with  the  wax- painting  of  the  ancients. 

Professor  Reinagle  has  a  painting  of  Cleopatra 
executed  in  encaustic,  which  is  valued  at  two 
thousand  pounds. 

Enoimic.  This  name  is  often  applied  to  diseases 
which  attack  the  inhabitants  of  a  particular  district 
or  country,  and  have  their  origin  in  some  local  cause^ 
as  the  physical  character  of  the  place  where  they 
prevail,  or  in  the  employments,  habits,  and  mode  oi 
living  of  the  people.  Every  part  of  the  world,  every 
climate,  and  every  country,  has  its  peculiar  endemics. 
Thus  the  tropical  and  warm  climates  are  subject  to 
peculiar  cutaneous  disorders,  and  eruptions  of  various 
kinds,  because  the  constant  heat  keeps  up  a  strong 
action  of  the  skin,  and  draws  the  humours  to  the 
surface  of  the  body.  In  northern  climates,  erup- 
tions of  the  skin  occur,  but  they  are  of  a  different 
kind.  Thus  in  all  the  north  polar  countries,  especi- 
ally in  Norway,  a  kind  of  leprosy,  the  radeaj^ge,  is 
prevalent,  arising  from  the  coldness  and  humidity  of 
the  climate,  which  dispose  the  skin  to  sud»  db- 
orders. 

Hot  and  moist  countries  generate  the  most  violent 
typhus  and  putrid  fevers ;  tbe  West  Indies  and  some 
of  the  American  seaports,  for  instance,  produce  the 
yellow  fever.  Places  in  a  more  dry  and  elevated 
situation,  northern  countnes  particularly^  are  pecu- 
liarly subject  to  inflammatory  disorders.  In  coun- 
tries and  districts  very  much  exposed  to  currents  of 
wind,  especially  in  mountainous  places,  we  find  at 
all  seasons  of  the  year,  rheumatisms,  catarrhs,  and 
the  whole  train  of  complaints  which  have  their 
origui  in  a  sudden  stoppage  of  the  fknctions  of  the 
skin.  In  large  and  populous  towns,  we  meet  with 
the  most  numerous  instances  of  pulmonary  consump- 
tion. In  places  that  are  damp,  and  at  the  same  time 
not  warm,  as  in  marshes  and  larger  rivers,  intermitteBt 
fevers  are  prevalent.  In  cold  and  damp  countries, 
like  England,  Sweden,  and  Holland,  the  most  fre- 
quent eases  of  croup  occur.  Diseases  which  are  en- 
demic in  one  country,  may  also  appear  in  others, 
and  become  epidemical,  if  the  weather  and  other  phy- 
sical influences  resemble  those  which  are  the  causes 
of  the  endemic  in  the  former  frface ;  the  climate  being 
for  a  time  transferred,  as  it  were,  from  one  to  the 
other.  Thus»  for  instance,  we  find  the  croup  some- 
times, during  wet  and  cold  weather,  appearing  in 
high  situations;  intermittent  fevers  sometimes  in 
places  where  they  occur  rarely  for  years,  and  then 
again  attack  great  numbers;  putrid  and  malignant 
typhus  fevers  rage  in  all  countries  occasionally ;  and 
so  of  the  rest. 

Endemic  disorders,  in  some  circumstances,  become 
contagious,  and  thereby  spread  to  other  persons,  and 
may  be  transplanted  to  other  places,  the  situation 
and  circumstances  of  which  preidispose  them  to  re- 
ceive these  disorders.  This  is  known  by  the  sad  expe- 
rience of  the  migrations  of  diseases,  the  spreading  of 
the  leprosy  from  the  Oriental  countries  to  Europe,  rc 
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It  it  oaeAil  to  inquire  into  the  endemical  circum- 
stances of  countries^  districts^  and  even  cities 
and  towns ;  some  precautions  may  be  therebv  sug- 
gested to  escape  the  sickness,  or  to  obviate  the  un- 
wholesomeness  of  the  situation  of  the  place  in  ques- 
tion. As,  for  instance*  the  physician  of  Pope  Clement 
XI.  Landni,  procured  the  drainmg  and  drying  of  the 
marshes  about  Pesaro ;  and  the  diseases  which  had 
arisen  from  the  eihalations  of  these  marshes  imme- 
diately ceased.  It  is  also  very  favourable  to  the  cure 
of  obstinate  disorders,  for  the  invalid  to  remove  to  a 
climate  opposed  to  his  particular  complaint. 

Enfiladb,  in  the  mtUiafy  nit,  is  used  in  speaking 
of  trenches  or  positions,  which  may  be  scoured  by 
the  enemy's  shot  along  their  w)iole  length.  In  con- 
ducting the  approaches  at  a  siege,  care  must  be  taken 
that  t^  trenches  be  not  enfiladed  from  any  work  of 
the  place.  In  tiie  celebrated  battle  of  Zomdorf,  a 
shot  from  a  Prussian  battery,  enfilading  a  Russian 
square,*killed  or  disabled  30  men. 

Enguvb  ;  a  combination  of  machinery  fitted  to 
perform  vtuious  mechanical  offices.  Engineering  has 
BOW  become  a  very  important  civil  profession ;  and 
amongst  military  men  tiiey  hold  the  highest  station 
in  the  army.  The  commercial  importance  of  the 
steam  engine  warrants  our  giving  it  a  distinguishjng 
feature  under  that  head,  when  we  purpose  frumishing 
a  complete  account  of  the  various  modes  of  employ- 
ing elastic  vapour  in  the  construction  of  steam  en- 
gines. Water  engines  will  be  examined  under  Hy- 
Deostatics  and  Htoraulics. 

Enobayino  is  the  art  of  representing^  by  means 
of  lines  and  pbints  produced  on  a  metallic  surface  by 
cutting  or  corrosion,  the  figures,  lights,  and  shades  of 
objects,  in  order  to  multiply  them  by  means  of  print- 
ing: The  engraver  is  to  the  painter  what  the  trans- 
lator is  to  Uie  author.  As  it  is  impossible  to  give  a 
spirited  translation  of  a  work  of  genius  without  a  por- 
tion of  the  author's  fire,  so  it  is  essential  to  a  good 
engraver  that  he  should  feel  and  understand  the  cha- 
lacter  of  his  original,  and  be  initiated  into  the  secrets 
of  drawing,  that  his  copy  may  be  at  once  correct  and 
spirited. 

The  art  of  engraving  on  copper  was  invented  in 
Europe  in  the  firat  half  of  the  15th  century.  The 
Chinese  seem  to  have  been  acquainted  with  it  long 
before.  The  Duteh,  the  Italians,  and  the  Germans 
compete  for  the  honour  of  its  invention  in  Europe.—- 
It  b  known  that  the  art  was  exercised  by  the  Italian 
Ftniguerra  as  early  as  1460.  The  inventors  of  it  were 
tiie  goldsmiths,  who  were  in  the  habit  of  making  de- 
vices on  their  wares ;  and  these,  being  often  executed 
with  much  elegance,  excited  the  desire  to  multiply 
c^es  by  transferring  them  to  paper.  Engraving 
differs  from  printing  in  having  its  subjects  cut  into  a 
hard  surface,  instead  of  being  raised  above  it,  as  is 
the  case  with  types  and  wooid  cats.  Many  metals 
and  alloys  have  been  employed  for  the  purpose  of 
engraving.  The  most  common  is  copper,  which  is 
soft  enough  to  be  cut  when  cold,  and  hard  enough  to 
resist  the  action  of  the  press. 

We  shall  now  proceed  to  explain  the  methods  of 
executing  different  descriptions  of  en^ving.  The 
graver,  an  instrument  of  steel,  is  principally  used  in 
engraving  on  copper ;  it  is  square  for  cutting  of  broad 
lines,  and  lozenge  for  the  finest,  and  must  be  tem- 
pered to  that  exact  state,  which  will  prevent  the  point 
from  breaking  or  wearing  by  its  action  on  the  metaL 
The  graver  is  inserted  in  a  handle  of  hard  wood,  re- 


sembling a  pear  with  a  Iqngtitudinal  slice  cut  off,  which 
is  to  enable  the  artist  to  use  it  as  flat  on  the  plate  as 
hiB  fingers  and  thumb  will  permit.  This  instrument 
is  used  for  removing  the  imperfections  discoverable 
in  etchings,  and  exclusively  in  engraving  writing.  In 
working,  this  instrument  is  held  in  the  palm  of  the 
hand,  and  pushed  forward  so  as  to  cut  out  a  portion 
of  the  copper.  The  scraper  is  a  long,  triangular  piece 
of  steel,  tepering  gradually  from  the  handle  to  the 
pomt ;  the  three  ^ges  produced  by  this  form,  bein^ 
sharpened  on  the  oU-stone,  are  used  for  scraping  off 
the  roughness  occasioned  by  the  graver,  and  erasing 
erroneous  lines.  The  burtUsher  b  a  third  instrument 
of  steel,  hard,  round,  and  higlily  polished,  for  rubbing 
out  punctures  or  scratehes  in  the  copper.  The  oil- 
stone has  been  already  mentioned.  To  these  may  be 
added  the  needle,  or  dry  point,  for  etching,  and 
making  those  extremely  fine  lines,  which  cannot  be 
made  with  the  graver.  It  b  held  in  the  fingers  in  the 
same  way  as  a  pen  or  pencil.  Various  kinds  of  var- 
nish, resin,  wax,  charcoal,  and  mineral  acids  are  also 
employed  in  different  parts  of  the  operation,  ac-* 
cording  to  the  subject,  and  the  style  of  engraving 
which  is  adopted.  The  first  which  we  shall  describe  b 

Line  Engraving.  To  trace  the  design  intended  for 
engraving  accurately  on  the  plate,  it  b  usual  to  heat 
the  latter  sufficiently  to  melt  white  wax,  with  which 
it  must  be  covered  equally  and  l^n,  and  suffered  to 
cool ;  the  drawing  is  then  copied  in  outlines,  with  a 
black-lead  pencil,  on  paper,  which  b  laid  with  the 
pencilled  side  upon  the  wax,  and  the  back  rubbed  gen- 
tly with  the  bumbher,  which  will  transfer  the  lead  to 
the  wax.  The  design  must  next  be  traced,  with  an  etch- 
ing needle,  through  the  wax  on  the  copper,  when,  on 
wiping  it  clean,  it  will  exhibit  all  the  outlines  ready 
for  the  graver.  The  table  intended  for  engraving  on 
should  be  perfectly  steady.  Great  care  is  necessary  to 
carry  the  hand  with  such  steadiness  and  skill,  as  to 
prevent  the  end  of  the  line  from  bemg  stronger  and 
deeper  than  the  commencement ;  and  sufficient  space 
must  be  left  between  the  lines  to  enable  the  artist  to 
make  those  stronger,  gradually,  which  require  it. 

The  roughness  or  burr  occasioned  by  the  graver 
must  be  removed  by  the  scraper,  the  lines  filled  by 
the  oil-rubber,  and  the  surface  of  the  copper  cleansed, 
in  order  that  the  progress  of  the  work  mav  be  ascer- 
tained. If  any  accident  should  occur,  by  tne  slipping 
of  the  graver  beyond  the  boundary  required,  or  lines 
are  found  to  be  placed  erroneously,  they  are  to  be 
effaced  by  the  bnrnbher,  which  leaving  deep  indent- 
ings,  these  must  be  levelled  by  the  scraper,  rubbed 
with  charcoal  and  water,  and  finally  polbhed  lightly 
with  the  bumbher.  As  the  uninterrupted  light  of 
the  day  causes  a  glare  upon  the  surface  of  the  copper, 
hurtful  and  dazzling  to  the  eyes,  it  b  customary  to 
engrave  beneath  the  shade  of  silk  paper,  stretohed  on 
a  square  frame,  which  b  placed  reclining,  towards 
the  room,  near  the  sill  of  a  window.  Such  are  the 
directions  and  means  to  be  employed  in  engraving 
hbtorical  subjects :  indeed,  the  graver  is  equidly  ne- 
cessary for  the  remedying  of  imperfections  in  etehing; 
to  which  must  be  added  the  use  of  the  dry  point  in 
both,  for  making  the  faintest  shades  in  the  sky,  archi- 
tecture, dnq>ery,  water,  &c.,  &c. 

SHppUng,  The  second  mode  of  engraving  is  that 
called  HtppUng,  or  engraving  in  dote.  This  resem- 
bles the  last-mentioned  method  in  ito  processes, 
except  that,  instead  of  lines,  it  b  finbhed  by  minute 
pointe  or  excavations  m  the  copper.    These  punc- 
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tures,  when  made  with  the  dry  point,  are  circnlar : 
when  made  with  the  graver,  Uiey  are  rhomhoidal 
or  triangular.  The  variations  and  progressive  mag- 
nitude of  these  dots  give  the  whole  effect  to  stippled 
engraving.  This  styU  of  work  is  always  more  slow, 
laborious,  and,  of  course,  more  expensive,  than  en- 
graving in  lines.  It  has,  however,  some  advantages 
in  the  softness  and  delicacy  of  its  lights  and  shades, 
and  approaches  nearer  to  the  effect  of  painting  than 
the  preceding  method.  A  more  expeditious  way  of 
multiplying  the  dots  has  been  contrived  in  the  instru- 
ment called  a  roulette,  a  toothed  wheel,  fixed  to  a 
handle  which,  by  being  rolled  forcibly  along  the 
copper,  produces  a  row  of  indentations.  This  me- 
thod, however,  is  less  manageable  than  the  other, 
and  generally  produces  a  stiff  effect. 

Engraving  of  Mezzotintos  differs  entirely  from  the 
manner  above  described.  This  method  of  producing 
prints  which  resemble  drawings  in  India  ink,  is 
said  by  Evelyn,  in  his  history  of  chalcography,  to 
have  been  discovered  by  Prince  Rupert.  Some  ac- 
counts say  that  he  learned  the  art  from  an  officer 
named  Siegen,  or  Sichera,  in  the  service  of  Hesse- 
Cassel.  It  was,  some  years  past,  a  very  favourite 
way  of  engraving  portraits  and  historical  subjects ; 
of  the  former,  the  large  heads  of  Fry  are  of  superior 
excellence.  The  tools  required  for  this  easy  and 
rapid  mode  of  proceeding  are,  the  grounding-tool, 
the  scraper,  and  the  burnisher. 

The  copper-plate  should  be  prepared  as  if  intended 
for  the  graver,  and  laid  flat  upon  a  table,  with  a 
piece  of  flannel  spread  under  it,  to  prevent  the  plate 
from  slipping ;  the  grounding-tool  is  then  held  per- 
pendicularly on  it,  and  rocked  with  moderate  pressure 
backwards  and  forwards,  till  the  teeth  of  the  tool 
have  equally  and  regularly  marked  the  copper  from 
side  to  side ;  the  operation  is  afterwards  repeated  from 
end  to  end,  and  from  each  comer  to  the  opposite; 
but  it  is  necessary  tu  observe,  that  the  tool  must 
never  be  permitted  to  cut  twice  in  the  same  place ; 
by  this  means  the  surface  is  converted  into  a  rough 
chaos  of  intersections,  which,  if  covered  with  ink 
and  printed,  would  present  a  perfectly  black  impres- 
sion upon  the  paper.  This  is  the  most  tedious  part 
of  the  process.  The  rest,  to  a  skilful  artist,  is  much 
easier  than  line  engraving  or  stippling.  It  consists 
in  pressing  down  or  rubbing  out  the  roughness  of 
the  plate,  by  means  of  the  burnisher  and  scraper,  to 
the  extent  of  the  intended  figure,  obliterating  the 
ground  for  lights,  and  leaving  it  for  shades.  Where 
a  strong  light  is  required,  the  whole  ground  is 
erased.  For  a  medium  light,  it  is  moderately  bur- 
nished, or  partially  erased.  For  the  deepest  shades, 
the  ground  is  left  entire. 

Care  is  taken  to  preserve  the  insensible  gradations 
of  light  and  shade,  upon  which  the  effect  and  har- 
mony of  the  piece  essentially  depend.  Engraving  in 
mezzotinto  approaches  more  nearly  to  the  effect  of 
oil-paintings  than  any  other  species.  It  is  well  cal- 
culated for  the  representation  of  obscure  pieces,  such 
as  night  scenes,  &c.  The  principal  objection  to  the 
method  is,  that  the  plates  wear  out  speedily  under 
the  press,  and,  of  course,  yield  a  comparatively  small 
number  of  impressions. 

Etching,  Of  engravings  which  require  the  aid  of 
aqua-fortis,  the  principal  is  etching.  He  that  would 
excel  in  this  branch  of  the  arts  must  be  thoroughly 
acquamted  with  drawing.  The  ground  used  in  etch- 
ing is  a  combination  of  asphaltom,  gum  mastic,  and 


virgin  wax.  Tlie  proportions  of  the  ingicdienti 
should  be  obtained  by  experiment.  The  copper- 
plate is  hammered  to  a  considerable  degree  of  hard- 
ness, polished  as  if  intended  for  the  graver,  and 
heated  over  a  charcoal  fire;  the  ground  is  then 
rubbed  over  it,  till  every  part  is  thmly  and  equally 
varnished.  The  varnish  is  then  blackened  by  the 
smoke  of  a  lamp,  that  the  operator  may  see  the  pro- 
gress and  state  of  his  work.  The  next  object  is  to 
transfer  the  design  to  the  ground,  which  may  be 
done  by  drawing  it  on  thin  white  paper  with  a  black- 
lead  pencil,  and  having  it  passed  through  the  copper- 
plate printer's  rolling  press ;  the  lead  will  be  con- 
veyed firmly  to  the  ground,  which  will  appear  in 
perfect  outlines  on  removing  the  paper. 

Another  method  is,  to  draw  the  design  reversed 
from  the  original :  rub  the  back  with  powdered  white 
chalk,  and,  laying  it  on  the  ground,  trace  the  lines 
through  with  a  blunt  point ;  Uiis  operation  requires 
much  precaution,  or  the  point  will  cut  the  ground. 
After  tiie  plate  is  prepared,  the  operator,  supporting 
his  hand  on  a  ruler,  begins  his  drawing,  talong  care 
always  to  reach  the  copper.     Every  line  must  be 
kept  distinct,  throughout  the  plate,  and  the  most  dis- 
tant should  be  closer  and  more  regular  than  those  in 
the  foreground,  and  the  greater  ti^e  depth  of  shade, 
the  broader  and  deeper  must  the  lines  be  made.  When 
the  etching  of  the  plate  is  completely  finished,  the  edges 
of  it  must  be  surrounded  by  a  high  border  of  wax,  so 
well  secured  that  water  will  not  penetrate  between  the 
plate  and  it.  The  best  aqua-fortis  must  then  be  diluted 
with  water,  and  poured  upon  the  plate« which  undergoes 
a  chemical  action  wherever  it  has  been  Idid  bare  by  the 
needle,  while  the  remainder  of  the  surface  is  defended 
by  the  varnish.    The  bubbles  of  fixed  air,  and  the 
saturated  portions  of  metal,  are  carefully  brushed 
away  with  a  feather.    After  the  operator  thinks  the 
acid  has  acted  long  enough,  he  pours  it  off,  and  exa- 
mines the  plate.    If  the  light  shades  are  fol^ld  to  be 
sufficiently  bit  in,  they  are  covered  with  yamidi,  or 
stopped  out.    The  biting  is  then  continued  for  the 
second  shades,  which  are  next  stopped  out :  and  so 
on.    After  the  process  is  completed,  the  varnish  is 
melted  and  wiped  off,  the  plate  cleaned  with  oil  of 
turpentine,  and  any  deficiencies  in  the  lines  remedied 
wiUi  the  graver.    As  the  acid  cannot  be  made  to 
act  with  perfect  regularity,  etchings  will  always  be 
rough  in  comparison  witn  line  engravings.     This 
very  circumstance,  however,  fits  etching  for  the  re- 
presentation of  coarse  objects  in  nature,  such  as 
trunks  of  trees,  broken  ground,  Ike,  especially  on  a 
large  scale.    In  landscape  engraving,  we  generally 
find  a  mixture  of  methods,  the  coarser  parts  being 
etched,  the  more  delicate  cut  with  a  graver.    Letters 
and  written  characters  are  mostly  cut,  and  seldom 
etched. 

Steel  Engraving  was  introduced  by  Mr.  Perkins. 
The  steel  plate  is  softened  by  being  deprived  of  a 
part  of  its  carbon ;  the  engraving  is  then  made, 
and  the  plate  hardened  again  by  the  restoration  of 
the  carbon.  The  great  advantage  of  steel  plates 
consists  in  their  hardness,  by  which  they  are  made- 
to  yield  an  indefinite  number  of  impressions ;  whereas 
a  copper  plate  wears  out  after  2000  or  3000  impres- 
sions, and  even  much  sooner  if  the  engraving  be  fine. 
An  engraving  on  a  steel  plate  may  be  transferred,  in 
relief,  to  a  softened  steel  cylinder  by  pressure ;  this 
cylinder,  after  being  hardened,  may  again  t/anfer  the 
design,  by  being  rolled  upon  a  fresh  steel  plate ;  thus 
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the  design  may  be  multiplied  at  pleasure.    Steel 
plates  ma^  also  be  etched. 

Engravmg  on  precunu  8t<me$  is  accomplbhed  with 
the  diamond  or  emery.  The  diamond  possesses  the 
peculiar  property  of  resisting  every  body  in  nature, 
and,  though  the  hardest  of  all  stones,  it  may  be  cut 
by  a  part  of  itself,  and  polished  by  its  own  particles. 
In  order  to  render  thb  splendid  substance  fit  to  per- 
form the  operations  of  the  tool,  two  rough  diamonds 
are  cemented  to  the  ends  of  the  same  number 
of  sticks,  and  rubbed  together  till  the  form  is  ob- 
tained for  which  they  are  intended ;  the  powder  thus 
produced  is  preserved,  and  used  for  polishing  them 
m  a  kind  of  mill  furnished  with  a  wheel  of  iron ;  the 
diamond  is  then  secured  in  a  brazen  dish,  and  the 
dust,  mixed  with  olive-oil,  applied  ;  the  wheel  is  set 
in  motion,  and  the  friction  occasions  the  polished 
surface  so  necessary  to  give  the  lustre  due  effect. 
Other  stones,  as  rubies,  topazes,  and  sapphires,  are 
cut  into  various  anglps  on  a  wheel  of  copper ;  and  the 
material  for  polishiDg  those  is  tripoli  diluted  with 
water. 

A  leaden  wheel,  covered  with  emery  mixed  with 
water,  is  preferred  for  the  cutting  of  emeralds,  ame- 
thysts, hyacinths,  agates,  granites,  &c.,  &c. ;  and 
they  are  polished  on  a  pewter  wheel  with  tripoli ; 
opal,  lapis  lazuli,  fcc,  are  polished  on  a  wheel  made 
of  wood.  Contrary  to  the  method  used  by  persons 
who  turn  metals,  in  which  the  substance  to  be 
wrought  is  fixed  in  the  lathe,  turned  by  it,  and  the 
tool  held  to  the  substance,  the  engraver  of  the  crystal, 
li4)is  lazuli,  &c.,  fixes  his  tools  in  the  lathe,  and 
holds  the  precious  stone  to  them,  thus  forming  vases, 
or  any  other  shape,  by  interposing  diamond  dust 
mixed  with  oil,  or  emery  and  water,  between  the  tool 
and  the  substance,  as  often  as  it  is  dispersed  by  the 
rotary  motion  of  the  former. 

The  engraving  of  armorial  bearings,  single  figures, 
devices,  dec,  on  any  of  the  above  stones,  after  they 
are  polished,  is  performed  through  the  means  of  a 
small  iron  wheel,  the  ends  of  the  axis  of  which  are 
received  vithin  two  pieces  of  iron,  in  a  perpendicular 
position,  that  may  be  closed,  or  otherwise,  as  the 
operation  requires ;  the  toob  are  fixed  to  one  end  of 
the  axb,  and  screwed  firm ;  the  stone  to  be  engraved 
is  then  held  to  the  tool,  the  wheel  set  in  motion  by 
the  foot,  and  the  figure  gradually  formed.  The  ma- 
terial of  which  the  toob  are  made  is  generally  iron, 
and  sometimes  brass:  some  are  flat,  like  chisels, 
gouges,  ferules,  and  others  have  circular  heads. 
After  tiie  work  is  finished,  the  polishing  is  done  with 
hair  brushes  fixed  on  wheeb  and  tripoh. 

Engraoing  m  Wood  has  been  practised  for  several 
centuries,  and  originally  with  tolerable  success;  it 
languished  for  a  great  part  of  the  18th  century,  but 
revived  towards  tlie  close,  and  is  still  practised  in  a 
manner  which  reflects  credit  on  the  ingenuity  of  the 
age.  The  lines,  instead  of  being  cut  into  the  sub- 
stance, are  raised,  like  the  letters  of  printing  types, 
and  printed  in  the  same  manner.  The  wood  used  for 
thb  purpose  is  box,  which  is  preferred  for  the  hard- 
ness and  closeness  of  its  texture.  The  surface  must 
be  planed  smooth,  and  the  design  drawn  on  it  with  a 
black-lead  pencil ;  the  graver  b  then  used,  the  finer 
excavations  from  which  are  intended  for  white  in- 
terstices between  the  black  lines  produced  by  leaving 
the  box  untouched,  and  the  greatest  lights  are  made 
by  cutting  away  the  wood  entirely,  of  the  intended 
form»  length,  and  breadth;  but  the  deepest  shadas 


requure  no  engravmg.  Mndi  of  the  beauty  of  thb 
kind  of  engravmg  depends  upon  the  printing.  Wood 
engraving  has  now  attained  a  very  high  degree  of 
excellence  in  thb  country,  so  much  so,  indeed,  that 
the  Germans,  who  were  themselves  the  earliest  wood 
engravers  send  to  thb  country  for  cuts.  Mr.  Bonner 
b  at  the  head  of  this  walk  of  art.  Wood  engravings 
have  tibis  advantage,  that  they  may  be  inserted  in  a 
page  of  common  types,  and  printed  without  sepa- 
rate expense.  They  are  very  durable,  and  may  be 
multiplied  by  the  process  of  stereot3rping. 

Coloured  Engravings,  Coloured  engravings  are 
variously  executed.  The  most  common  are  printed 
in  black  outline,  and  afterwards  painted  separately  in 
water-colours.  Sometimes  a  surface  b  produced  by 
aquatinta,  or  stippling,  and  different  colours  applied 
in  printing  to  different  parts,  care  being  taken  to 
vripe  off  the  colours  in  opposite  directions,  that  they 
may  not  interfere  with  each  other.  But  the  most 
perfect  as  well  as  most  elaborate  productions,  are 
those  which  are  first  printed  in  colours,  and  after- 
wards finished  by  hand. 

Engravers,  modem.    Among  modem  nations,  the 
Italians,   French,   Germans,  and  Englbh  have  ri- 
valled each  other  in  producing  great  works  in  the 
department  of  engraving ;   but,   on  the  whole,  the 
superiority   seems   to  belong  to  the  Italians    and 
French,  at  least  for  the  number  of  their  produc* 
tions;  but  more  particularly  for  the  excellence  of 
their  impressions.     Many  great  works,  executed  m 
Germany,   are  sent  to  Paris  to  be  struck  off.     In 
Germany,  Frederic  von  Muller,  whose  Madonna  di 
S.  Sbto  b  still  a  jewel  in  collections,  died  too  early 
for  the  art.    C.  Rahl  dbtinguished  himself  by  hb  en- 
graving of  Fra  Bartolomeo's  Presentation  of  Christ 
in  the  Temple,  and  of  Raphael's  St.  Margaret.     K. 
Hess,   Reindel,   Umer    (lately  deceased),   Leybold, 
Lutr,  and  A.  Kessler,  have  produced  fine  cabinet- 
pieces.    John  in  Vienna,  Kobell  in  Munich,  Barth, 
Amsler,  and  Rushweyh  in  Rome,  are  distingubhed  in 
different  branches.    Chodowiecki,  Bause,  Bolt,  Cle- 
mens, Gmelin,  and  many  others,  have  contributed 
much  to  advance  the  art  of  engraving.     In  general, 
it  may  be  mentioned  as  a  favourable  sign  of  the  times, 
that  idl  the  first  artists  in  Grermany  apply  their  talents 
to  great  works,  whibt  the  taste  for  souvenir  engrav- 
ings  seems  rapidly  dying  aviray.     Those  engravers 
who  have  produced  the  best  plates  for  scientific  works, 
so  very  important  a  branch  of  the  art,  and  those  in 
the  department  of  geography,  would  deserve  to  be 
mentioned,  if  we  had  room.    France  has  maintained 
her  early  fame,  in  the  art  of  engraving,  down  to  the 
most  recent  times.    The  engravings  of  A.  Boucher- 
Desnoyers  (for  instance,  the  Madonna  di  Foligno, 
La  Vierge,  dite  La  Belle  Jardiniere,  Francb  I.  and 
Margaret  of  Navarre,  Phfedre  and  Hippolyte,   the 
portrait  of  the  Prince  de  Benevento)  are  acknow- 
ledged masterpieces.    Lignon's  St.  Cecilia  from  Do- 
menichino,  his  Atala,  his  portrait  of  Mademoiselle 
Mars ;  Massard's  St.  C^secilb  of  Raphael,  and  Apollo 
with  the  Muses  of  Giulio  Romano;   Richomme's 
Dien's,  Girodet's,  Gudin's,  Audouin's  plates,  no  less 
magnificently  than  carefully  executed ;  Jazet's  large 
pieces  in  aquatinta  (for  instance,  from  ths  paintings 
of  Vemet) — all  manifest  how  rich  France  b  in  great 
engravers.    Neither  ought  we  to  forget  the  magnifi- 
cent literary  works,  almost  constantly  published  in 
France,  which  owe  their  ornaments  to  the  skill  of 
French  engravers* 
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In  the  most  recent  prodnotions  of  the  French  en- 
gravers, an  imitation  of  the  school  of  Morghen  is  ob- 
servable; whilst  some  young  Italian  and  German 
artists  have  aimed  at  something  higher  than  even 
Morghen's  productions.  Since  the  art  of  painting  has 
ceas^  to  produce  many  works  worthy  of  multipli- 
cation by  me  burin  of  the  first  engravers,  these  have 
occupied  themselves  chiefly  with  ancient  master- 
pieces, and  engraving  has  taken  a  higher  station 
among  the  fine  arts.  Morghen,  the  pupil  of  Volpato, 
and  those  who  have  followed  him,  have  produced 
works  before  unequalled.  The  Milanese  school  of  en- 
gravers, in  particular,  has  reached  a  degree  of  perfec- 
tion, through  Anderloni  and  Longhi,  which  no  other 
country  can  probably  equal.  Longhi's  Sposalizio  is 
as  yet  the  greatest  production  in  the  art  of  engraving. 

Toschi,  of  Parma,  has  acquired  immortality  by  his 
Entrance  of  Henry  IV.  into  Paris  (from  Gerard),  in 
1826;  Schiavone,  by  his  Ascension  of  the  Holy 
Virgin  (from  the  painting  of  Titian),  which  may  be 
called  perfect,  in  regard  to  its  picture-like  effect. 
Bettelini,  fionato^  Gandolffi,  Garavaglia,  Fontana 
Rosapina,  Benoglio,  Giberti,  Palmerini,  Poporati, 
Favon  (by  birth  a  Spaniard,  however),  Rainaldi  and 
Rampoldi  have  produced  beautifully  finished  engrav- 
ings; and  Luigi  Rossini  and  Pinelli  have  etched 
scenes  full  of  iSe.  Splendid  works,  in  which  typo- 
graphy and  chalcography  unite  their  attractions, 
have  appeared  at  Florence,  Venice,  Rome,  and  Milan. 
But  £ngland  is  richer  in  such  works,  as  our  topo- 
graphy forms  a  peculiar  and  very  important  branch 
of  the  productions  of  the  art.  Some  of  these  works, 
however,  exhibit  an  exaggerated  delicacy,  i>ordering 
on  affectation;  while  others  neglect  details,  and 
betray  too  much  effort  for  effect.  But  the  produc- 
tions of  Earlom,  Pether,  Dixon,  Green,  &c.  must  not 
be  confounded  with  the  works  just  referred  to.  The 
plates  of  Raphael's  cartoons,  in  Hampton  Court,  on 
which  Thomas  HoUoway  and  Webber  were  en- 
gagecl>  are  praised  as  the  highest  specimens  of  the 
art.  In  these  engravings,  the  masterly  etching,  which 
often  permits  them  to  allow  the  etchings  themselves 
to  remain,  is  worthy  of  admiration.  Smith,  Middi- 
man,  Byrne,  James  Mason,  James  and  Charles  Heath, 
William  WooUet,  William  Sharp,  John  Burnet,  and 
John  Browne,  are  known  to  all  collectors.  Their 
works  are,  comparatively,  seldom  seen  on  the  Euro- 
pean continent,  because  of  their  high  prices. 

What  Lasinio  is  for  Italy,  Moses  aims  to  be  for 
England,  by  his  delicate  sketches :  among  his  other 
productions  are  his  imitations  of  Retsch's  illustrations 
of  Gothe's  Faust.  But  his  copies  of  foreign  masters 
are  often  deficient  in  correctness.  Martin,  Finden, 
Robmson,  and  RoUes  deserve  mention  among  dis- 
tinguished English  engravers. 

With  the  EKitch,  the  burin  is,  at  present,  not  very 
successful,  if  we  compare  their  present  artists  to  the 
former  school  of  Pontius  and  Edelinck.  But  for  pic- 
turesque etchmgs  and  productions  by  the  needle,  the 
skill  formerly  displayed  has  been  preserved  by  Troost- 
VTyk  Van  Os,  Gverbeck,  Jansen,  Chalon,  and  others. 
For  more  highly  finished  productions,  m  which  the 
burin  and  needle  must  unite,  in  order  to  produce  a 
tone,  as  in  the  engravings  of  Rembrandt's  pictures, 
Claessens  and  De  Frey  are  acknowledged  masters. — 
What  Russia,  Denmark,  and  the  Netiierlands  have 
produced  in  Uiis  branch,  is  not  unworthy  of  'notice. 
The  engravings  of  Switzerland,  mostly  in  Aberii's 
manner,  form  a  class  by  themselves* 


In  the  United  States,  engraving  has  been  cultivated 
with  more  success  than  any  oth^  department  of  the 
fine  arts,  though  it  cannot  be  expected  that  a  country 
so  young,  and  so  distant  from  the  numerous  produc- 
tions of  former  ages,  should  rival  the  great  works  of 
the  art  in  Europe.  But  small  engravings,  particularly 
on  steel,  for  souvenirs,  have  b^n  pro^iced,  which 
may  bear  comparison  with  ETiropean  productions  of 
the  kind.  Among  American  engravers,  Longacre, 
Kelly,  Dnrandt,  Danforth  (now  in  London),  Cheney, 
Grallaudet,  Ellis,  Hatch,  and  others,  well  deserve  to 
be  engaged  on  subjects  of  more  permanent  interest 
than  souvenir  engravings. 

After  the  art  of  engraving  in  mezzotinto  v^as  intro- 
duced into  England,  by  Prince  Rupert,  it  was  earned 
to  much  perfection.  John  Smi&,  who  lived  towards 
the  end  of  the  I7th  century,  has  left  more  than  500 
pieces  in  this  style.  He  and  (George  White  formed 
a  new  epodi  in  the  art,  which  the  latter  particularly 
improved,  by  first  etching  the.  plates,  whereby  they 
acquired  more  spirit.  Of  late  years,  many  artists  in 
England  have  devoted  themselves  to  this  branch: 
among  these  are  M'Ardell,  Houston,  Eariom,  Pether, 
Green,  Watson,  Dickinson,  Dixon,  Hudson,  J.  Smith, 
Ike. 

Enharmonic,  in  music;  the  epithet  given  by  the 
ancient  Greeks  to  that  of  their  three  genera,  which 
consisted  of  quarter  tones  and  major  thirds.  They, 
however,  had  originally  another  kind  of  enharmonic, 
more  simple  and  easier  of  execution  than  this,  and 
upon  which  the  quarter  tones  or  dieses  were  con- 
sidered, by  the  theorists  of  the  old  school,  as  inno- 
vations too  refined  and  artificial. 

Ensbmblb.  This  term  is  used  in  the  fine  arts  to 
denote  the  general  effect  of  a  whole  work,  without 
reference  to  the  parts.  Thus  we  sp^Uc  of  the  efueM- 
ble  of  a  picture,  when  we  consider  the  effect  of  the 
whole  representation  on  the  mind  of  the  spectator.— 
A  thing  may  be  excellent  in  its  parts,  as,  for  instance, 
a  comedy,  if  the  different  characters  are  well  drawn ; 
yet  it  may  be  deficient  in  its  eiuemble,  that  is,  as  a 
whole.  Rousseau  uses  this  word,  in  the  same  mean- 
ing, in  music ;  but,  at  present,  etuemble  is  used  for  a 
composition  of  several  voices,  in  which  ihe  chief 
voices  are  independent  of  each  other,  as  the  quintette 
and  finales  in  operas  and  oratorios. 

Ensign.  Enrigfi-'bearer,  commonly  called  entign, 
is  the  lowest  commissioned  officer  in  the  English 
army.  In  the  French  army  under  Napoleon^  iht 
oldest  and  most  distinguished  Serjeants  bore  the 
colours.  Napoleon  ordered  that  tiiose  Serjeants 
who  could  not  write,  and  who  had  distinguished 
themselves,  should  be  preferred,  "  because  t^ey  could 
not  be  properly  promoted  farther,  and  yet  deserved 
some  distinction  on  account  of  their  bravery."  (See 
Las  Cases), — In  naval  language,  ensign  is  a  large 
standard  or  banner,  hoisted  on  a  long  pole,  erected 
over  the  poop,  and  called  the  ewsign-^tcff.  It  is  more 
commonly  called  flag, 

Entablaturb.  In  those  buildings  whidi  are  pro- 
vided with  columns,  the  entablature  forms  a  con- 
tinuous line  immediately  above  the  capitals,  and  it  is 
frequently  made  the  vehicle  for  very  highly  enridied 
ornaments. 

ENTBliiTis ;  inflammation  of  the  mtestines.  It  is 
known  by  the  presence  of  fever,  fixed  pain  in  the  ab- 
domen, costiveness,  and  vomiting.  The  causes  are 
acrid  substances,  indurated  feces,  long-continued  and 
obstinate  costiveness,  spasmodic  chohc,  and  a  stran- 
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gnlatton  of  any  part  of  the  mtestinai  canal ;  but  an- 
other very  general  cause  is,  the  application  of  cold  to 
tiie  lower  extremities,  or  to  the  belly  itself.  It  is  a 
disease  which  is  most  apt  to  occur  at  an  advanced 
period  of  life,  and  is  very  liable  to  a  relapse.  It 
comes  on  with  an  acute  pain,  extending,  in  general 
over  the  whole  of  the  abdomen,  but  more  especially 
round  the  navel,  accompanied  with  eructations,  sickness 
at  the  stomach,  a  vomiting  of  bilious  matter,  obstinate 
coetiveness,  thirst,  heat,  great  anxiety,  and  a  quick 
and  hard,  small  pulse.  After  a  short  time,  the  pain 
becomes  more  severe,  the  bowels  seem  drawn  together 
by  a  kind  of  spasm,  the  whole  region  of  the  abdomen 
is  highly  painful  to  the  touch,  and  seems  drawn 
toge^er  in  lumpy  contractions;  invincible  costiveness 
prevails,  and  the  urine  is  voided  with  great  difficulty 
and  pain.  The  inflammation  continuing  to  proceed 
vdth  violence,  terminates  at  last  in  gangrene;  or, 
abating  gradually,  it  goes  off  by  resolution. 

Enteritis  is  always  attended  with  considerable 
danger,  as  it  often  terminates  in  gangrene,  in  the 
vjpnce  of  a  few  hours  from  its  commencement.  The 
treatment  must  be  begun  by  taking  blood  freely  from 
the  arm,  as  far  as  the  strength  of  the  patient  will 
allow ;  but,  the  disease  occurring  more  frequently  in 
persons  raUier  advanced  in  years,  and  of  a  constitu- 
tion somewhat  impaired,  it  becomes  more  important 
to  limit  this  evacuation,  and  rely,  in  a  great  measure, 
on  the  effects  of  a  number  of  leeches  applied  to  the 
abdomen.  Another  very  useful  step  is,  to  put  the 
patient  into  a  hot  bath,  which  may  presently  induce 
iaintness;  or,  where  this  cannot  be  procured,  foment- 
ing the  abdomen  assiduously.  When  the  symptoms 
are  thus  materially  relieved,  an  ample  blister  should 
be  applied.  It  becomes  also,  of  the  first  importance 
to  clear  out  the  bowels.  After  the  disease  is  removed, 
care  should  be  taken  to  guard  against  accumulation 
of  faeces,  exposure  to  cold,  or  any  thing  else  likely  to 
occasion  a  relapse. 

Epacts,  in  chronology :  the  excesses  of  fhe  solar 
month  above  the  lunar  synodical  month,  and  of  the 
solar  year  above  the  lunar  year  of  twelve  synodical 
months ;  or  of  several  solar  months  above  as  many 
synodical  months,  and  several  solar  years  above  as 
many  dozen  of  synodical  months.  The  epacts,  then, 
are  either  anwual  or  menstrual, 

Mmttrual  Epacts  are  the  excesses  of  the  civil  or 
calendar  month  above  the  lunar  month.  Suppose, 
for  example,  it  were  new  moon  on  the  first  day  of 
January ;  since  the  lunar  month  is  29  days,  1 2  hours, 
44  minutes,  3  seconds,  and  the  month  of  January 
contains  31  days,  the  menstrual  epact  is  1  day,  11 
hours,  15  minuted,  57  seconds. 

AnmuU  Epacts  are  the  excesses  of  the  solar  year 
above  the  lunar.  Hence,  as  the  Julian  solar  year  is 
365  days,  6  hours,  and  the  Julian  lunar  year  354 
days,  8.  hours,  48  minutes,  38  seconds,  the  annual 
epact  will  be  10  days,  21  hours,  11  minutes,  22  se- 
conds, that  is,  nearly  11  days.  Consequently,  the 
epact  of  2  years  is  22  days  ;  of  3  years,  33  days,  or 
rather  30,  since  30  days  make  an  embolismic  or  inter- 
calary month.  Thus  the  epact  of  4  years  is  14  days, 
and  so  of  the  rest ;  and  thus,  every  19th  year,  the 
epact  becomes  30,  or  0 ;  consequently,  the  20th  year, 
the  epact  is  11  again;  and  so  the  cycle  of  epacts 
expires  with  the  golden  number,  or  lunar  cycle  of 
19  years,  and  begins  with  the  same ;  these  are  Julian 
epacts :  the  Gregorian  dep^pd  upon  the  same  prin- 
aplcs,  allowing  only  for  the  difference  of  the  respec- 


tive years.  As  the  new  moons  are  the  same,  that  h, 
as  they  fall  on  the  same  day  after  every  19  years^ 
so  the  difference  between  the  lunar  and  solar  years 
is  the  same  after  every  19  years.  And,  because  the 
said  difference  is  always  to  be  added  to  the  lunar 
year,  in  order  to  adjust  or  make  it  equal  to  the  solar 
year,  therefore  the  said  difference  respectively  belong- 
ing to  each  year  of  the  moon's  cycle,  is  called  the 
epact  of  the  said  year,  that  is,  the  number  to  be 
aidded  to  the  same  year,  to  make  it  equal  to  the  solar 
year. 

Ride  to  find  the  Gregorian  Epact,  The  difference 
between  the  Julian  and  Gregorian  years  being  equal 
to  the  difference  between  the  solar  and  lunar  year, 
or  11  days,  therefore  the  Gregorian  epact  for  any 
year  is  the  same  with  the  Julian  epact  for  the  pre- 
ceding year ;  and  hence  the  Gregorian  epact  will  be 
found  by  subtracting  1  from  the  golden  number, 
multiplying  the  remainder  by  11,  and  rejecting  the 
30's..  This  rule  will  serve  till  the  year  1900;  but, 
after  that  year,  the  Gregorian  epact  will  be  found  by 
this  rule :  Divide  the  centuries  of  the  given  year  by 
4,  multiply  the  remainder  by  1 7  ;  then  to  this  pro- 
duct add  43  times  the  quotient,  and  also  the  number 
86,  and  divide  the  whole  sum  by  25,  reserving  the 
quotient:  next  multiply  the  golden  number  by  11, 
and  from  the  product  subtract  the  reserved  quotient, 
and  the  remainder,  after  rejecting  all  the  30's  con- 
tained in  it  will  be  the  epact  sought.  The  following 
table  contains  the  golden  numbers,  with  their  corres- 
ponding epacts,  till  the  year  1900. 

Table  of  Gregorian  Epacts. 


N?ilS  «P-t- 

Golden 
Number. 

1 

Bpacti. 

Golden 
Number. 

Epacts. 

I. 

0 

VIII. 

17 

XV. 

4 

II. 

11 

IX. 

28 

XVI. 

15 

III. 

22 

X. 

9 

XVII. 

26 

IV. 

3 

XI. 

20 

i  XVIII. 

7 

V. 

14 

XII. 

1 

XIX. 

18 

VL 

25 

XIII. 

12 

I. 

0 

VII. 

6 

XIV. 

23 

1 

Epaulbhent,  in  fortification,  is  a  kind  of  breast- 
work, to  cover  the  troops  in  front,  and  sometimes  in 
flank.  This  term  is  frequently  used  for  any  work 
thrown  up  to  defend  the  flank  of  a  post,  or  any 
other  place. 

Epaulbttb  (the  French  diminutive  of  epaule, 
shoulder)  signifies  a  military  ornament,  worn  on  the 
shoulder.  It  originated  in  the  time  of  Louis  XIV. 
from  the  riband  by  which  the  belt  sustaining  the 
sword  was  kept  from  slipping  from  the  shoulder. 
In  some  armies,  every  officer  wears  them,  as  in 
the  Prussian;  but  there  is  a  sufficient  difference 
between  those  worn  by  different  ranks,  to  enable 
a  lieutenant  or  a  captain  to  be  distinguished  imme- 
diately from  a  major  or  a  colonel,  and  these  again 
from  the  generals — ^a  circumstance  sometimes  of 
great  importance  in  battles.  This  means  of  distinc- 
tion has  this  advantage,  that  it  is  not  obvious  to  the 
enemy,  as  white  plumes,  &c.,  are.  In  the  Russian 
and  Prussian  armies,  every  officer  has  two  epaulettes ; 
in  the  French  army,  this  is  not  the  case,  but  the 
shoulder  on  which  tiie  epaulette  is  worn  distinguishes 
a  captain  or  lieutenant.     Many  troops  in  the  French 
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service  wear  wooUen  epaulettes;  for  instance,  the 
grenadiers ;  and  Napoleon  thought  them  an  efficient 
protection  of  the  shoulder  against  the  blows  of 
swords.  Many  of  his  cavalry  and  infantry  had 
epaulettes.  Epaulettes  have  been  introduced  into 
the  English  nav^,  and,  in  our  service,  the  following 
are  the  gradations  of  rank,  as  distinguished  by 
them.  Masters  and  commanders  have  one  epaulette 
on  the  left  shoulder ;  post-captains,  under  three  years, 
one  epaulette  on  the  right  shoulder,  afterwards  two 
epaulettes  ;  rear-admirals  have  one  star  on  the  strap  of 
the  epaulette,  vice-admirals  two  stars,  and  .admirals 
three  stars.  Epaulettes  are  also  worn  by  man^  civil 
officers  on  the  continent  of  Europe,  when  in  uniform. 

EpHBMBRiDBS,  iu  ottnmomf  J  tables  calculated 
by  astronomers,  showing  the  present  state  of  the 
heavens,  for  every  day  at  noon ;  that  is,  the  places 
wherein  all  the  planets  are  found  at  that  time.  It 
is  from  these  tables  that  the  eclipses,  conjunctions, 
and  aspects  of  the  planets  are  determined,  horo- 
scopes or  celestial  schemes  constructed,  &c. 

Epictcls,  in  the  ancient  astronomy,  was  a  subor- 
dinate orbit  or  circle,  which  was  supposed  to  move 
on  the  circumference  of  a  larger  one,  called  the  (l(f- 
ferent ;  by  means  of  which  one  motion,  apparently 
irregular,  was  resolved  into  two  that  were  circu- 
lar and  uniform.  And,  when  the  observed  motion 
W8S  so  irregular  and  complicated  as  not  to  be  resolved 
with  one  epicycle,  others  were  added,  till  a  nearer 
approximation  was  obtained.  This  system  owed  its 
origin  to  a  prejudice  that  seems  to  have  been  extremely 
ancient,  in  favour  of  circular  motion;  and  the 
problem  that  principally  engaged  the  attention  of 
astronomers,  in  those  times,  was  to  assign  the  proper 
proportion  of  ^e  diflTerent  and  epicycle  which  should 
approximate  nearest  to  absolute  observation. 

Epicycloid,  in  geometry,  is  a  curve  generated  by  a 
point  in  one  circle  which  revolves  about  another 
circle,  either  on  the  concavity  or  convexity  of  its 
circumference,  and  thus  differs  from  the  common 
cycloid,  which  is  generated  by  the  revolution  of  a 
circle  along  a  right  line ;  though  the  latter  has  some- 
times been  assimilated  with  the  former,  by  consider- 
ing the  right  line  as  the  circumference  of  a  circle  the 
diameter  of  which  is  infinite.  The  invention  of 
epicycloids  is  ascribed  to  M.  Roemer,  the  celebrated 
Danish  astronomer. 

Epidemic,  or  Epidbmic  Disbasb,  signifies  a  state 
of  sickness  which  prevails  in  a  place  or  tract  of 
country  only  for  a  temporary  period.  An  epidemic 
alwavs  originates  in  transient  external  influences, 
which  gradually  produce  such  changes  in  the  bodily 
system,  as  finally  bring  on  the  sickness.  Thus  many 
diseases  appear  to  arise  from  some  peculiar  morbid 
matter  in  the  atmosphere,  brought  by  particular 
winds  ;  e.  g.,  the  influenza,  and  other  diseases :  also 
poor  or  scanty  food,  unwholesome  mixtures,  he, 
may  occasion  epidemics. 

Seasons  of  scarcity,  which  compel  men  to  have 
recourse  to  unusual  means  of  subsistence  (as,  for 
example,  in  Norway  and  Sweden,  to  the  bark  of  trees 
instead  of  corn),  often  occasion  epidemics.  The  ergot 
in  rye  is  supposed  to  be  the  cause  of  raphania.  Bad 
barley,  or  much  mixture  of  bearded  darnel  {lolium  fe- 
muieii/tfiii),  makes  the  beer  which  is  prepared  from  it 
unwholesome,  and  produces  sickness  in  those  who 
partake  of  it.  Causes  producing  a  disturbed  state  of 
mind,  such  as  war,  sieges,  earthquakes,  dec,  by  their 
effects  on  the  nervous  system,  may  very  much  favour 


tiie  production  of  epidemic  diseases,  or,  mt  least, 
der  them  more  malignant. 

Epidemics  sometimes  begin  with  a  few,  sometinct 
attack  great  numbers  at  onoe,  as  commonly  happens 
in  a  great  and  sudden  change  of  wind  or  weather.  If, 
for  instance,  after  a  long  continuance  of  a  west  or 
south-west  wind,  with  warm  weather,  it  suddenly 
changes  to  an  east  or  north-east  wind,  we  hear  peo- 
ple complaining  directly  of  coughs,  colds,  rheuma- 
tisms, &c.  An  epidemic,  at  its  commencement,  is 
usually  mild,  and  becomes  more  dangerous  as  it 
spreads ;  as  it  goes  off,  it  for  the  most  ps^  aaaomes  a 
inild  character  again.  It  frequently  terminates  as 
gradually  as  it  be^m,  but  sometimes  suddenly.  Many 
persons  are  not  at  all  affected  by  the  prevailing  epi- 
demic. The  cause  probably  lies  m  their  bodily  habit, 
which  is  opposed  to  the  prevailing  influences,  and 
makes  them  capable  of  resisting  Uiem  longer  than 
other  persons.  Thus  it  often  happens  that  men  with 
chronic  complaints,  hjrpochondriacs,  9tz.,  remain  firee 
from  epidemic  disorders.  , 

Epidemics  are  often  confounded  with  conta|;ioiis 
disorders.  The  former  originally  are  not  contagious ; 
their  origin  and  propagation  depend  on  general  influr 
ences,  and  they  commonly  generate  no  contagious 
matter,  producing  the  same  disease  in  another  body 
by  contact  with  it.  It  is  only  in  particular  circum- 
stances, especially  if  the  disoider  is  a  violent  one  and 
many  patients  are  crowded  into  a  narrow  room,  tiiat 
a  contagious  matter  can  be  generated,  forming  a  cor- 
rupt atmosphere  about  the  sick,  and  capable  of 
exciting  the  disease  in  persons  who  come  near  it. 
Even  under  these  circunuBtances,  contagion  does  not 
necessarily  take  place,  and  the  ignorant  generally 
conceive  a  hasty  and  groundless  fear  of  contagion. 
Thus,  for  instance,  that  is  frequently  ascribed  to  con- 
tagion which  is  only  the  consequence  of  a  violent 
shock  of  the  nervous  system  at  the  sight  of  a  sick 
person,  perhaps  in  a  loathsome  state,  whereby  the 
disease,  to  which  the  body  was  already  disposed,  is 
more  quickly  developed. 

Epidbrmis  ;  the  scarf-skin. 

Epigastric  That  part  of  the  abdomen  that  lies 
over  the  stomach  is  called  the  epigoitrie  reffum.  It 
reaches  from  the  pit  of  the  stomach  to  an  imaginary 
line  above  the  navel,  supposed  to  be  drawn  frcoi  one 
extremity  of  the  last  of  the  false  ribs  to  the  other. 

Epiglottis  ;  the  cartilage  at  the  root  of  the  tongue 
that  falls  upon  the  glottis,  or  superior  opening  of  the 
larynx ;  upper  part  of  the  windpipe.  Its  figure  is 
nearly  oval ;  it  is  concave  posteriorly  and  convex  an- 
teriorly. Its  apex  or  superior  extremity  is  loose,  and 
is  always  elevated  upwards  by  its  own  elasticity. 
While  the  back  of  the  tongue  b  drawn  backwards  m 
swallowing,  the  epiglottis  is  put  over  the  aperture  of 
the  larynx ;  hence  it  shuts  up  the  passage  from  the 
mouth  into  the  larynx.  The  base  of  the  epiglottis  is 
fixed  to  the  thyroid  cartilage,  the  os  hyoides,  and 
the  base  of  the  tongue,  by  a  strong  ligament. 

Epilepsy  ;  a  nervous  disease,  depending  on  various 
causes,  often  exceedingly  complicated,  and  incapable 
of  being  removed  ;  hence  so  often  an  incurable  peri- 
odical disease,  appearing  in  single  paroxysms.  It,  for 
the  most  part,  is  preceded  by  a  cold  vapour  creeping  up 
from  the  foot  or  hand  to  the  breast  and  head ;  but 
sometimes  there  are  no  precursive  symptoms.  The 
patient  suddenly  falls,  commonly  with  a  cry,  the 
thumbs  are  convulsed,  other  parts  are  agitated  more 
or  less    entire  insensibility  succeeds,  the  breath  b 
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Aunt  and  quicks  broken,  and  accompanied  with 
groans,  the  mouth  foams,  the  face  is  convulsed,  the 
teeth  gnash  together,  the  eyes  are  distorted,  the  urine 
and  otiier  evacuations  are  discharged  involuntarily, 
the  eyes  are  wide  open  and  staring,  and  insensible  to 
the  h^U  The  paroxysm  is  usually  over  in  ten  or 
twenty  minutes.  The  patient  awakes  as  from  a  deep 
sleep,  entirely  unconscious  of  what  has  passed ;  he 
feels  nothing  unpleasant,  except  fatigue,  and  a  little 
pain  in  his  limbs.  Sometimes  the  paroxysms  occur 
nine  or  ten  times  in  an  hour,  or  oftener ;  sometimes 
only  once  a  month,  at  the  change  of  the  moon,  or 
every  six  months,  or  at  still  longer  periods.  During 
the  paroxysm,  all  that  is  to  be  attended  to  is  to  pre- 
vent the  patient  from  injuring  himself.  All  other 
attempts,  such  as  forcing  open  the  thumbs,  and  the 
like,  are  of  no  avail,  except  to  terminate  the  paroxysm 
sooner,  but,  at  the  same  time,  occasion  a  quicker  re 
torn  of  it,  and  render  the  disease  more  difficult  to  cure. 

£f£OUVbttk;  the  name  of  an  instrument  for 
ascertaining  the  strength  of  fired  gunpowder,  or  for 
comparing  the  strength  of  different  kinds  of  gunpow- 
der. One  of  the  l^t,  for  the  proof  of  powder  in 
artillery,  is  that  contrived  by  Dr.  Hutton.  It  con- 
sists of  a  smAll' brass  gun,  about  2i  feet  long, 
suspended  by  a  metallic  stem,  or  rod,  turning  by  an 
axis  on  a  firm  and  strong  frame,  by  means  of  which 
the  piece  oscillates  in  a  circular  arch.  A  little  below 
the  axis,  the  stem  divides  into  two  branches,  reaching 
down  to  the  gun,  to  which  the  lower  ends  of  the 
branches  are  &Led,  the  one  near  the  muzzle,  the  other 
near  the  breech  of  the  piece.  The  upper  end  of  the 
stem  is  firmly  attached  to  the  axis,  which  turns  very 
freely  by  its  extremities  in  the  sockets  of  the  sufiport- 
ing  frame,  by  which  means  the  gun  and  stem  vibrate 
together  in  a  vertical  plane,  with  a  very  small  degree 
of  friction.  The  piece  is  charged  with  a  small  quan- 
tity of  powder  (usually  about  two  ounces),  without 
any  ball,  and  tiien  fired ;  by  the  force  of  the  explosion 
the  piece  is  made  to  recoil  or  vibrate,  describing  an 
arch  or  angle,  which  will  be  greater  or  less  according 
to  the  quantity  or  strength  of  the  powder. 

Epsom  Salt  (sulphate  of  magnesia,  cathartic  salt) 
appears  in  capillary  fibres  or  acicular  crystals;  some- 
times presents  prismatic  crystals.  The  fibres  are 
sometimes  collected  into  masses ;  and  it  also  occurs 
in  a  loose,  mealy  powder;  its  colour  is  white,  gray- 
ish, or  yellowish ;  it  is  transparent,  or  translucent, 
with  a  saltish,  bitter  taste.  It  is  soluble  in  its  own 
weight  of  cold  water,  and  effloresces  on  exposure  to 
the  air.  It  is  composed  of  water,  sulphuric  acid,  and 
magnesia.  It  is  found  covering  Uie  crevices  of  rocks, 
in  caverns,  old  pits,  kc,  in  the  vicinity  of  Jena,  on 
tiie  Harz,  in  Bohemia,  &c.,  in  mineral  springs,  in  se- 
veral lakes  in  Asia,  and  in  sea-vrater.  It  is  obtained 
for  use  from  these  sources,  or  by  artificial  processes, 
and  is  employed  in  medicine  as  a  purgative.  The 
English  name  is  derived  from  the  circumstance  of  its 
having  been  first  procured  from  the  mineral  waters  at 
Epsom.  A  person  of  the  name  of  Grisenthwaite  has 
taken  out  a  patent  for  this  medicine.  The  new  pro- 
cess by  which  Epsom  salts  are  to  be  produced  is  by 
mixing  togeUier  magnesia,  sulphate  of  lime,  or 
plaster  of  Paris,  with  carbonic  acid  and  water,  which 
will  form  a  sulphate  of  magnesia.  The  magnesia  is 
to  be  obtained  either  by  precipitation  from  sea- water, 
or  by  the  common  earthy  precipitations,  or  from  the 
magnesian  limestone.  The  same  modes  of  evapora- 
tion and  crystallization  are  to  be  employed  as  are 


usually  practised  by  diemists.  The  patentee  claims 
to  be  the  first  who  has  used  sulphate  of  lime,  and 
carbonic  acid,  for  the  production  of  the  above  salt. 
(See  Maonksia.) 

Equation,  in  algebra,  b  the  expression  of  the 
equality  of  different  indications  of  the  same  mag- 
nitude ;  as,  for  instance,  9  and  2  are  equal  to  11, 
in  maUiematical  characters  is  expressed  thus:-* 
9+2=11 ;  or,  3  from  4  leave  1,  is  4 — 3=1.  An 
equation  may  contain  known  quantites  and  unknown 
quantities.  The  latter  are  usually  indicated  by  the 
last  letters  of  the  alphabet ;  and  it  is  one  of  the  main 
objects  of  mathematics  to  reduce  all  questions  to 
equations,  and  to  find  the  value  of  the  unknown  quan- 
tities by  the  known,  which  is  sometimes  a  difficult, 
but,  at  the  same  time,  interesting  operation ;  because 
X,  or  the  unknown  quantity,  may  be  given  under  so 
involved  a  form  as  to  require  the  greatest  tact  to 
determine  its  value.  The  work  of  Meier  Hirsch, 
already  mentioned  in  a  previous  article  is,  perhaps, 
the  best  collection  of  equations  for  solution.  There 
must  always  be  as  many  eouations  as  there  are 
unknown  quantities ;  and  it  is  not  always  easy  to 
form  these  from  the  question  proposed.  The  equa- 
tion is  called  simple,  quadratic,  aibie,  bicubic,  qf  the 
^th,  dec.  degree,  according  to. the  exponent  of  the 
unknown  quantity;  for  instance  {x*-~Acdg'\-xp) 
«*  zszpq — sin  4p,  is  an  equation  of  the  sixth  degree. 

Equation  of  Payments,  in  arithmetic,  is  tiie 
finding  the  time  to  pay  at  once  several  debts  due  at 
different  times,  and  bearing  no  interest  till  after  tbe 
time  of  payment,  so  that  no  loss  shall  be  sustained 
by  either  party.  The  rule  commonly  given  for  ti^is 
purpose  is  as  follows : — Multiply  each  sum  by  tiie 
time  at  which  it  is  due ;  then  divide  the  sum  of  the 
products  by  the  sum  of  the  payments,  and  the  quo- 
tient will  be  the  time  required.  Thus,  for  example, 
A  owes  B  190I.,  to  be  paid  as  follows;  viz.  50/.  at 
6  months,  60I.  at  7  months,  and  80/.  at  10  months : 
what  is  the  equated  time  at  which  the  whole  ought 
to  be  paid,  that  no  loss  may  arise^  either  to  debtor 
or  creditor  ?    By  the  rule, 

50  X    6=300 

60  X    7=420 

80  X  10=800 

190         )  1520  (8  months,  equat. 

1520  time. 

This  rule,  however,  is  founded  on  a  supposition  that 
the  interest  of  the  several  debts  which  are  payable 
before  the  equated  time,  from  their  terms  to  that 
time,  ought  to  be  equal  to  the  sum  of  the  interest  of 
the  debts  payable  after  the  equated  time,  from  that 
time  to  their  terms  respectively,  which,  however, 
is  not  correct,  as  it  is  the  discount  that  b  to  be  con- 
sidered, and  not  the  interest,  in  the  latter  sums.  In 
most  cases,  however^  that  occur  in  business,  the 
error  is  so  trifling,  that  the  popular  rule  will  probably 
always  be  made  use  of,  as  being  by  far  the  most 
eligible  and  expeditious  method  tnat  we  could 
suggest 

Equation  of  Time,  in  aetronomy,  derbtes  the 
difference  between  mean  and  apparent  time,  or  the 
reduction  of  the  apparent  unequal  time,  or  motion 
of  the  sun  or  a  planet,  to  equable  and  mean  time  or 
motion.  If  the  earth  had  only  a  diurnal  motion, 
without  an  annual,  any  given  meridian  would  revolve 
from  the  sun  to  the  sun  again  in  the  same  space 
of  time  as  from  any  star  to  the  same  star  again. 
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because  the  sun  would  never  change  his  place  with 
respect  to  the  stars.  But  as  the  earth  advances 
almost  a  degree  eastward  in  its  orbit  in  the  time  that 
it  turns  eastward  round  its  axis,  whatever  star  passes 
over  the  meridian  on  any  day  with  the  sun,  will  pass 
over  the  same  meridian  on  the  next  day,  when  the 
sun  is  almost  a  degree  short  of  it,  that  is,  3  minutes, 
56  seconds  sooner.  If  the  year  contained  only  360 
days,  as  the  ecliptic  docs  360  degrees,  the  sun's 
apparent  place,  so  far  as  his  motion  is  equable, 
would  change  a  degree  every  day,  and  then  the 
sidereal  days  would  be  4  minutes  shorter  than  the 
solar.  The  mean  and  apparent  solar  days  are  never 
equal,  except  when  the  sun's  daily  motion  in  right 
ascension  is  5^ ;  which  is  nearly  the  case  about  the 
15th  of  April,  the  15th  of  June,  the  1st  of  September, 
and  24th  of  December,  when  the  equator  is  0',  or 
nearly  so;  and  it  is  at  its  greatest  about  the  1st  of 
November,  when  it  is  16'  14  . 

Equator.  By  the  celelestial  equator  is  understood 
that  imaginary  great  circle  in  the  heavens,  the  plane 
of  which  is  perpendicular  to  the  axis  of  the  earth ; 
it  is  every  where  90^  distant  from  the  poles  of  the 
earth,  which  are  therefore  its  poles,  and  its  axis  is 
the  axis  of  the  earth.  It  divides  the  celestial  sphere 
into  the  northern  and  southern  hemispheres.  Dur- 
ing his  apparent  yearly  course,  the  sun  is  twice 
in  the  equator,  at  the  beginning  of  spring  and 
of  autumn.  Then  the  day  and  night  are  equal, — 
whence  the  name  of  equator.  The  situation  of  the 
stars,  with  respect  to  the  equator,  is  determined  by 
their  declension  and  right  ascension.  The  equator, 
or  equinoctial,  called  by  mariners  simply  the  line,  is 
that  great  circle  of  our  globe,  every  point  of  which  is 
90  degrees  from  the  poles,  which  are  also  its  poles, 
and  its  axis  is  the  axis  of  the  earth.  It  is  m  the 
plane  of  the  celestial  equator.  All  places  which  are 
on  it,  have  invariably  equal  days  and  nights.  (See 
Day.)  Our  earth  is  divided  by  it  into  the  northern 
and  southern  hemispheres.  The  diurnal  revolution 
of  the  earth  is  in  the  direction  of  it.  It  crosses  the 
centre  of  Africa,  the  islands  of  Sumatra,  Borneo, 
Celebes.  &c.,  in  Asia,  then  traverses  the  Pacific 
ocean,  and  crosses  South  America,  in  Colombia, 
thence  proceeds  through  the  Atlantic  back  to 
Africa.  To  cross  the  line,  in  navigation,  is  to  pass 
over  the  equator.  The  equatorial  regions  are  subject 
to  long  calms,  alternating  with  frightful  hurricanes. 

As  equal  or  mean  time  is  estimated  by  the  passage 
of  arcs  of  the  equator  over  the  meridian,  it  frequently 
becomes  necessary  to  convert  parts  of  the  equator 
into  time,  and  the  converse^  which  is  performed  by 
the  following  analogy,  viz. — as  15*^ :  1  hour  :  :  any 
arc  of  the  equator :  the  time  it  has  been  in  passing. 
Or,  conversely,  1  hour  :  15°  :  .  any  given  time  :  to 
the  arc  of  the  equator. — From  this  circle  is  reckoned 
the  latitude  of  places,  both  north  and  south,  in  de- 
grees of  the  meridian.     (See  Latitude  and  Lonqi- 

TUOB.) 

Equatorial,  Universal,  or  Portable  Obser- 
vatory, is  an  instrument  intended  to  answer  a  num- 
ber of  useful  purposes  in  practical  astronomy,  inde- 
pendent of  any  particular  observatory.  It  may  be 
employed  in  any  steady  room  or  place,  for  perform- 
ing many  useful  problems.    (See  Astronomy.) 

Equinoctial,  in  astronomy;  a  great  circle  of  the 
sphere,  under  which  the  equator  moves  in  its  diurnal 
motion.  It  is  the  same  as  the  celestial  equator. 
(See  Equator.) 


Equinoctial  Gales;  storms  which  are  observed 
generally  to  take  place  about  the  time  of  the  sun's 
crossing  the  equator  or  equinoctial  line,  at  which 
time  there  is  equal  day  and  night  throughout  the 
world. 

Equinoctial  Points  are  the  two  points  wherein 
the  equator  and  ecliptic  intersect  each  oUier:  the 
one,  being  in  the  first  point  of  Aries,  is  called  the 
vernal  point ;  and  the  other,  in  the  first  point  of 
Libra,  the  autumnal  point. 

Equinox  is  that  time  of  the  year  when  the  day 
and  night  are  equal :  the  length  of  the  day  is  thtn 
12  hours;  the  sun  is  ascending  6  hours,  and  de- 
scending the  same  time.  This  is  the  case  twice  a 
year,  in  the  spring  and  in  autumn,  when  the  sun  is 
on  the  equator.  When  the  sun  is  in  this  situation, 
the  horizon  of  every  place  is,  of  course,  divided  into 
two  equal  parts  by  the  circle  bounding  light  and 
darkness ;  hence  the  sun  is  visible  every  where  12 
hours,  and  invisible  for  the  same  time  in  each  24 
hours.  (See  Day.)  The  vernal  equinox  marks  the 
beginning  of  spring,  the  autumnal  that  of  autumn : 
at  all  other  times,  the  lengths  of  the  day  and  of  the 
night  are  unequal,  and  their  difference  is  the  greater 
the  more  we  approach  either  pole,  and  in  the  same 
latitude  it  is  every  where  the  same.  Under  the  line, 
this  inequality  entirely  vanishes :  there,  during  the 
day,  which  is  equal  to  the  night,  the  sun  always  as- 
cends 6  hours,  and  descends  6  hours.  In  the  opposite 
hemisphere  of  our  earth,  the  inequality  of  the  days 
increases  in  proportion  to  the  latitude:  the  da3rs 
increase  there,  while  they  diminish  with  us,  and 
vice  versd.  The  points  where  the  ecliptic  comes  in 
contact  with  the  equator  are  called  equinoctial 
points. 

The  vernal  equinoctial  point  was  formerly  at  the 
entrance  of  the  constellation  of  Aries ;  hence  the  next 
30  degrees  of  the  ecliptic,  reckoned  eastward  from  it, 
have  been  called  Aries  ;  but  this  point  long  ago  de- 
serted the  constellation  of  Aries,  and  now  stands 
under  Pisces ;  for  it  is  found  by  observation,  that  the 
equinoctial  points  of  the  ecliptic  are  continually 
moving  backward,  or  westward ;  which  retrograde 
motion  of  the  equinoctial  points  is  what  is  called  the 
precession  of  the  equinoxes,  (See  Precession.)  It  ap- 
pears from  the  result  of  calculations,  that  the  path 
of  either  of  the  poles  is  a  circle,  the  poles  of  which 
coincide  with  those  of  the  ecliptic,  and  that  the  pole 
will  move  along  that  circle  so  slowly  as  to  accomplish 
the  whole  revolution  in  about  25,791  years,  nearly. 
The  diameter  of  this  circle  is  equal  to  twice  the  in- 
clination of  the  ecliptic  to  the  equator,  or  about  47 
degrees.  Now,  as  the  ecliptic  is  a  fixed  circle  in  the 
heavens,  but  the  equator,  which  must  be  equidistant 
from  the  poles,  moves  with  the  poles,  therefore  the 
equator  must  be  constantly  changing  its  intersection 
with  the  ecliptic.  And  firom  the  best  observations, 
it  appears,  that  the  equator  cuts  the  ecliptic  every 
year  50  seconds  .25,  more  to  the  westward  than  it 
did  the  year  before  ;  hence,  the  sun's  arrival  at  the 
equinoctial  point  precedes  its  arrival  at  the  same  fixed 
point  of  the  heavens  every  year,  by  20  minutes  23 
seconds  of  time,  or  by  an  arc  of  50  seconds  .25.— 
Thus,  by  little  and  little,  these  equinoctial  points 
will  cut  the  ecliptic  more  and  more  to  the  westward, 
till,  after  25,791  years,  they  return  to  the  same 
point. 

Ergot  is  an  important  article  in  materia  medica ; 
has  been  found  capable  of  exerting  a  very  powerful 


ERMIN 

tnd  specific  action  upon  the  ntenis,  and  is  adminis- 
tered in  small  doses  m  certain  extreme  cases. 

Ermine,  in  commerce;  a  species  of  for  which  pro- 
duces a  very  high  price.  The  finest  comes  from  Asia, 
and  a  dress  frequently  costs  from  one  to  two  hundred 
pounds. 

Eruption,  in  medicine;  a  sudden  and  copious 
excretion  of  humours,  and  the  same  with  exanthema, 
or  breaking  out ;  as  the  pustules  of  the  plague,  small- 
pox, measles,  dec. 

Erysipelas.  This  disease  is  an  inflammatory  af- 
fection, principally  of  the  skin,  when  it  makes  its  ap- 
pearance externally,  and  of  the  mucous  membrane, 
when  it  is  seated  Intemally ;  and  is  more  liable  to 
attack  women  and  children,  and  those  of  an  irritable 
habit,  than  those  of  a  plethoric  and  robust  constitu- 
tion. Erysipelas  sometimes  returns  periodically,  at- 
tacking the  patient  once  or  twice  a  year,  or  even  once 
every  month ;  and  then,  by  its  repeated  attacks,  it 
often  gradually  exhausts  the  strength,  especially  if 
the  patient  be  old  and  of  a  bad  habit.  Every  part  of 
the  body  is  equally  liable  to  it;  but  it  more  fre- 
quently appears  on  the  face,  legs,  and  feet,  than  any 
where  else,  when  seated  externally.  It  is  brought  on 
by  all  the  causes  tiiat  are  apt  to  excite  inflammation, 
such  as  injuries  of  all  kinds,  the  external  application 
of  stimulants,  exposure  to  cold,  and  obstructed  per- 
spiration ;  and  it  may  likewise  be  occasioned  by  a 
certain  matter  generated  within  the  body,  and  thrown 
out  on  its  surface.  A  particular  state  of  the  atmos- 
phere seems  sometimes  to  render  it  epidemical.  A 
species  of  erysipelatous  inflammation,  which  most 
usually  attacks  the  trunk  of  the  body,  is  that  vul- 
garly known  by  the  name  of  shtnglesj  being  a  corrup- 
tion of  the  French  word  cei$igle,  which  implies  a  belt. 
Instead  of  appearing  a  uniform  inflamed  surface,  it 
consists  of  a  number  of  little  pimples  extending  round 
the  body  a  little  above  the  umbilicut,  which  have  ve- 
sicles formed  on  them  in  a  short  time.  Little  or  no 
danger  ever  attends  this  species  of  erysipelas. 

Escalade,  in  war;  a  fiirious  attack  of  a  wall  or  a 
rampart,  carried  on  with  ladders,  to  pass  the  ditch 
or  mount  the  rampart,  without  proceeding  in  form, 
breaking  ground,  or  carrying  on  regular  works  to 
secure  Uie  men. 

Escapement  ;  that  portion  of  a  clock  which,  by 
giving  motion  to  the  pendulum,  serves  to  regulate  the 
operations  of  the  wheel-work.  It  consists  of  the 
pallets,  swing-wheel,  and  crutch:  the  latter  con- 
nects the  escapement  with  the  pendulum.  Under  the 
article  Watch,  the  various  species  of  escapement 
belonging  to  that  machine  will  be  described. 

EsciTTCHSON,  in  hertUdnf,  is  derived  from  the 
the  French  ^cuiwn,  and  that  from  the  Latin  scutum. 
It  signifies  the  shield  whereon  coats  of  arms  are  re- 
piesented. 

Esplanade,  m  fort^ication ;  the  sloping  of  the 
parapet  of  the  covered  way  towards  the  open  country ; 
the  same  with  glacis. 

Esquire  ;  anciently,  the  person  that  attended  a 
knight  in  the  time  of  war,  and  carried  his  shield. 
Those  to  whom  the  title  of  esquire  is  now  due  in 
England,  are,  all  noblemen's  younger  sons,  and  the 
eldest  sons  of  such  younger  sons ;  the  eldest  sons  of 
knights,  and  their  eldest  sons ;  the  officers  of  the 
king's  court,  and  of  his  household ;  counsellors  at 
law,  justices  of  the  peace,  &c.,  though  the  latter  are 
only  esquires  in  reputation :  besides,  a  justice  of  the 
peace  holds  this  title  no  longer  than  he  is  in  commis 
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sion,  in  case  he  is  not  otherwise  qualified  to  bear  it ; 
but  a  sheriff  of  a  county,  who  is  a  superior  officer, 
retains  the  title  of  esquire  during  life,  in  consequence 
of  the  trust  once  reposed  in  him.  The  heads  of 
some  ancient  families  are  e'lqnires  by  right  of  pre- 
scription. 

Essential  Oils.  This  name  is  applied  to  those 
volatile  fluids  usually  obtained  from  aromatic  plants, 
b^  subjecting  them  to  distillation  with  water.  The 
oil  is  volatilized  with  the  aqueous  vapour,  and  is 
easily  condensed ;  a  small  portion  of  it  is  retained  in 
solution  by  the  water ;  but  the  greater  part  separates, 
and  is  obtained  pure  from  the  difference  in  their  spe- 
cific gravity.  In  some  instances,  as,  for  example,  in 
the  rind  of  the  orange  and  lemon,  the  oil  exists  in 
distinct  vesicles,  and  may  be  obtained  by  expression. 

The  principal  volatile  or  essential  oils  are  those  of 
turpentme,  aniseed,  nutmeg,  lavender,  cloves,  cara- 
way, peppermint,  spearmint,  sassafras,  camomile, 
and  citron.  The  taste  of  those  oils  is  acrid  and  burn- 
ing ;  and  their  odour  very  pungent,  generally  resem- 
bling the  taste  and  smell  of  the  vegetables  affording 
them.  They  are  generally  fluid,  and  remain  so  even 
at  a  low  temperature ;  but  some  congeal  at  a  very 
moderate  degree  of  cold,  and  others  are  naturally 
concrete.  They  are  extremely  volatile,  and  boil  at 
a  temperature  considerably  above  that  of  boiling 
water;  thus  oil  of  turpentine  boils  at|315°.  Tliey 
are  very  soluble  in  strong  alcohol,  but,  on  adding 
water  lar^ly,  are  precipitated.  They  are  soluble  in 
ether  in  hke  manner,  but  do  not  form  soaps  with  the 
alkalies,  by  which  they  are  distinguished  from  the 
fixed  oils.  They  are  readily  inflamed  by  strong  nitric 
acid ;  especially  with  the  precaution  of  adding  a  little 
sulphuric  acid  to  render  the  former  more  concen- 
trated. Exposed  to  the  action  of  the  air,  they  un- 
dergo an  alteration  in  consequence  of  the  absorption 
of  oxygen,  become  thickened,  and  gradually  chsuoge 
into  a  solid  matter,  resembling  the  true  resins.  When 
digested  with  sulphur,  they  unite  vrith  it,  forming 
what  have  been  called  balsams  of  sulphur. 

One  of  the  most  useful  and  abundant  of  the  es- 
sential oils  b  that  of  turpentine,  commonly  callfd 
spirit  of  turpentine.  It  is  obtamed  by  distilling  tur- 
pentine and  water,  in  due  proportions,  from  a  copper 
alembic.  It  is  perfectly  limpid  and  colourless,  has  a 
strong  smell,  a  bitterish  taste,  boils  at  315^,  and  is 
extremely  inflammable.  It  is  the  solvent  employed 
in  making  a  variety  of  varnishes ;  but  for  purposes 
of  nicety,  it  requires  to  be  rectified  by  a  second  dis- 
tillation. In  general,  the  volatile  oils  are  used  in  the 
practice  of  medicine,  or  as  perfumes.  Those  ap- 
plied to  the  latter  use,  as  the  essence  of  rose,  of 
jasmine,  violet,  dec,  are  possessed  of  a  more  feeble 
odoui,  and,  being  obtained  from  the  flowers  of  their 
respective  plants,  require  much  care  in  their  prepa- 
ration. This  is  done  by  spreading  upon  white  wool, 
impregnated  with  olive  oil,  the  pe^s  of  the  flowers, 
•and  leaving  them  for  some  time,  covered  over  with  a 
woollen  cloth,  upon  which  flowers  are  also  scattered. 
The  flowers  are  renewed  fix)m  time  to  time,  until  the 
olive  oil  employed  appears  to  be  saturated  vrith  the 
oil  of  the  flowers,  when  this  last  b  separated  by  di- 
gesting the  wool  in  alcohol. 

Ether  ;  a  very  subtle  fluid.  As  the  class  of  bodies 
known  under  this  name  are  of  great  importance  in 
chemistry,  we  ma^  notice  them  somewhat  in  detail. 

I  They  differ  in  their  qualities  as  produced  by  different 
adds ;  but  they  agree  in  the  possession  of  certain 
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generml  pfoperties ;  they  are  hig^y  volatile,  odorous, 
pungent  and  inflammable ;  miacible  widi  water,  and 
capaple  of  combination  with  alcohol  in  every  propor- 
tion. 
Solphoric  ether,  produced  by  the  action  of  sol- 

{>huric  acid  on  alcohol,  is  the  one  which  has  been 
ongest  known  to  chemists.  To  prepare  solphoric 
ether,  solphoric  acid  is  poored  on  an  eqoal  weight  of 
alcohol  in  a  retort ;  and,  after  they  are  thorooghly 
mixed  by  gradoal  agitation,  heat  is  applied  by  the 
mediom  of  a  sand-bath,  a  large  receiver  being  adapted 
to  the  retort,  carefolly  loted,  and  kept  cool  by  water. 
Distillation  commences  when  the  temperatore  b 
raised  to  208^,  and  a  coloorless  liqoid  condenses  in 
the  receiver.  When  it  amounts  to  about  half  the 
quantity  of  alcohol  that  had  been  employed,  the  heat 
is  withdrawn.  The  residual  liquid  is  of  a  dark  brown 
or  black  coloor.  If  a  fresh  portion  of  alcohol,  not 
more  than  half  of  the  first  qoantity,  be  added  to  it 
when  it  is  cold,  an  additional  portion  of  ether  will  be 
procored  by  a  new  distillation. 

The  ether  condensed  in  the  receiver  by  this  process, 
is  weak  ^rum  the  intermixture  of  water,  and  is  osoally 
also  impore  from  the  presence  of  a  portion  of  sulphu- 
rous acid.  It  is  rectified  by  agitating  it  vrith  sub- 
carbonate  of  potash,  or  muriate  of  lime,  and  distilling 
it  a  second  tmie  by  a  verjr  gentle  heat,  putting  into 
the  retort  from  which  it  is  distilled  a  small  quantity 
of  black  oxide  of  manganese. 

Sulphuric  ether  is  a  fluid  extremely  light ;  its  spe- 
cific gravity,  when  it  is  highly  rectified,  being  so  low 
as  .716.  It  is  colourless  and  transparent,  has  a  pun- 
gent taste,  and  a  penetrating,  rather  fragrant  odour. 
It  is  highly  volatile,  evaporating  rapidly  at  natural 
temperatures.  It  boils  under  the  usual  atmospheric 
pressure  at  98^,  and,  ta  vacuo,  at  a  temperature 
even  below  32^.  In  its  spontaneous  evaporation,  it 
absorbs  a  considerabte  quantity  of  caloric,  so  as  to 
produce  much  cold.  It  congeals  at  47^.  It  is 
inflammable,  bums  with  a  clear  white  flame,  and 
without  smoke,  producing  by  its  combustion  water 
and  carbonic  acid.  Its  vapour,  diflTused  in  atmosphe- 
ric air  or  oxygen  gas,  explodes  when  kindled. 

Sulphuric  ether  is  soluble  in  water,  requiring  about 
10  parts  for  its  solution.  It  dissolves  in  alcohol  in 
every  proportion.  On  the  fixed  alkalies  or  earths  it 
exerts  no  action ;  with  ammonia  it  combines  by  dis- 
tillation. It  dissolves  sulphur  and  phosphorus  in 
small  proportions ;  and  it  resembles  alcohol  in  the 
solvent  operation  it  exerts  on  a  number  of  the  vege- 
table proximate  principles. 

Nitric  ether  is  formed  by  the  action  of  metric  acid 
on  alcohol ;  but,  from  the  violence  of  this  action,  the 
process  is  difficult,  and  requires  to  be  conducted  with 
much  caution.  Various  methods  have  been  employed; 
that  of  Woolfe  is  generally  preferr^.  It  consists  in 
adding  to  four  parts  of  nitre  in  coarse  powder  in  a 
retort,  a  mixture,  in  successive  small  portions,  of  four 
parts  of  sulphuric  acid,  -and  rather  more  than  three 
parts  of  alcohol,  connecting  the  retort  with  a  range 
of  receivers,  kept  cool ;  nitric  ether  is  formed  and 
volatilized  without  the  application  of  heat,  and  Lb 
condensed  bv  passing  the  gaseous  product  through 
water,  or  through  a  solution  of  muriate  of  soda 
in  the  receivers.  It  floats  above  the  liquor,  and  is 
purified  from  any  free  acid  by  agitation  with  lime, 
and  a  second  distillation  with  a  gentle  heat. 

Nitric  ether  has  an  odour  strong,  but  less  fragrant 
than  that  of  bulphuric  ether ;  it  is  light,  volatile,  and 


inflammable.  When  pure  and  highly  rectified,  its 
levity  is  such  that  it  floats  on  water ;  and  its  volatility 
is  so  great  that  it  instantly  evaporates  when  poured 
from  a  bottle,  and  it  boils  at  70^,  under  the  usual 
atmospheric  pressure ;  it  requires  50  parts  of  water 
for  its  solution,  but  combines  with  alcohol  in  every 
proportion.  (See  Phospbohic  and  Mumatic  ETnaa.) 

Etching  on  Glass.  The  process  of  etching  as  ap- 
plied to  copperplate  enormnng,  will  be  found  unckr 
that  article ;  but  that  which  is  effected  by  fluoric  acid 
on  glass,  is  so  curious  as  to  deserve  a  particular  de- 
scription. The  original  invention  of  this  beautiful  art 
appears  to  belong  to  the  beginning  of  the  last  century. 
In  an  old  German  work,  entitled  Bredawer's  CoU 
leciiom,  is  the  following  notice : — "  The  discovery 
of  a  powerful  acid,  by  means  of  which  every  imagia- 
able  lund  of  figures  may  easily  be  etched  upon  glass. 
Take  spiritus  nitri  per  distillationem,  put  it  into  a 
retort,  and  apply  a  strong  heat.  When  it  has  passed 
over  into  the  receiver,  throw  into  it  some  povrdered 
green  Bohemian  emerald  (which,  when  heated, 
shines  in  the  dark),  otherwise  called  phosphrous. — 
This  being  done,  place  the  receiver,  containing  die 
mixture,  on  a  heated  sand-bath,  for  about  four-and- 
twenty  hours,  and  it  will  be  fit  for  the  purpose.  To  use 
this  corrossive  acid,  take  a  pane  of  glass  of  any  kind, 
clean  it  well,  and  free  it  from  grease,  by  washing  it 
with  ley,  and,  when  dry,  trace  out  upon  it,  with  sul- 
phur and  varnish,  whatever  you  choose.  Put  a  bor- 
der of  bees- wax  round  it,  about  an  inch  high,  and 
then  pour  the  corrossive  acid,  prepared  as  before  di- 
rected, carefully  over  the  whole  surface  of  the  glass, 
and  let  it  stand  undisturbed  for  some  time — the  longer 
the  better.  The  glass  will  become  corroded,  and  all 
you  have  traced  before  will  now  appear  as  if  raised 
or  elevated  above  the  surface  of  the  glass,  in  a  very 
distinct  and  pleasing  manner/'  (See  FLuoaic  Acid.) 

EucHLOEiNB.  This  gas  was  discovered  in  1811,  by 
Sir  H.  Davy,  and  described  by  him  in  the  Phiio$fh' 
phieal  TranaacHona  for  that  year  under  this  name. 
It  is  made  by  the  action  of  muriatic  acid  on  chlorate 
of  potash ;  and  its  production  is  explicable  by  the 
fiict,  that  muriatic  and  chloric  acids  mutually  de- 
compose each  other.  When  muriatic  acid  and  chlo- 
rate of  potash  are  mixed  together,  part  of  the  mu- 
riatic acid  unites  with  the  potash  of  the  salt,  and 
thus  sets  chloric  acid  free,  which  instantly  re-acts  on 
the  free  muriatic  acid.  The  result  of  the  re-action 
depends  on  the  relative  quantity  of  the  substances. 
If  chlorate  of  potash  be  mixed  with  excess  of  concen- 
trated muriatic  acid,  the  chloric  acid  undergoes  com- 
plete decomposition.  The  best  proportion  of  the 
ingredients  is  two  parts  of  chlorate  of  potash,  one  of 
strong  muriatic  acid,  and  one  of  water ;  and  the  re- 
action of  the  materials  should  be  promoted  by  heat 
sufficient  to  produce  moderate  effervescence.  The 
gases  should  be  collected  over  mercury,  which  com- 
bines with  the  chlorine,  and  leaves  the  protoxide  of 
chlorine  in  a  pure  state.  Protoxide  of  chlorine  has  a 
yellowish  green  colour,  similar  to  that  of  chlorine, 
but  considerably  more  brilliant,  which  induced  Sir 
H.  Davy  to  give  it  the  name  of  euchlorine.  Its  odour 
is  like  tnat  of  burnt  sugar.  Water  dissolves  eight  or 
ten  times  its  volume  of  the  gas,  and  acquires  a  colour 
approaching  to  orange.  It  bleaches  vegetable  sub- 
stances, but  gives  the  blue  colours  a  tint  of  red  be- 
fore destroymg  them.  It  does  not  unite  with  alka- 
lies, and  therefore  is  not  an  acid.  It  is  explosive  in 
a  high  degree.    Protoxide  of  chlorine  is  easily  ana- 
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lyzed  by  heatb^;  a  known  quantity  of  it  in  a  strong 
tabe  orer  mercury.  An  explosion  takes  place ;  and 
50  measores  of  the  gas  expand  to  60  measures,  of 
which  20  are  oxygen,  about  40  chlorine. 

EuDioMETKE ;  an  instrument  for  ascertaining  the 
purity  of  air,  or,  rather,  the  quantity  of  oxygen  con- 
tained in  any  given  bulk  of  elastic  fluid.  Dr.  Priest- 
ley's f^iscovery  of  the  great  readiness  with  which 
nitrous  gas  combines  with  oxygen,  and  is  precipitated 
in  the  form  of  nitric  acid,  was  the  basis  upon  whidi 
he  constructed  the  first  instrument  of  this  kind.  It 
consisted  of  a  glass  vessel,  containing  an  ounce  by 
measure.  This  was  filled  with  the  air  to  be  examined, 
which  was  transferred  from  it  to  a  jar,  of  an  inch  and 
a  half  diameter  inverted  in  water ;  an  equal  measure 
of  fresh  nitrous  gas  was  added  to  it,  and  the  mixture 
was  allowed  to  stand  two  minutes.  If  the  absorp- 
tion were  very  considerable,  more  nitrous  gas  was 
was  added,  till  all  the  oxygen  appeared  to  be  ab- 
sorbed. Ilie  residual  gas  was  then  transferred  into 
a  glass  tube,  two  feet  long  and  one-third  of  an  inch 
w^e,  graduated  to  tenths  and  hundredths  of  an  ounce 
measure ;  and  thus  the  quantity  of  oxygen  absorbed 
was  measured  by  the  diminution  that  had  taken 
place.  Other  eudiometrical  methods  were  employed 
by  other  chemists.  Vdta  had  recourse  to  the  deto- 
nation of  air  with  hydrogen  gas.  For  this  purpose, 
two  measures  of  hydrogen  gas  are  introduced  into  a 
graduated  tube,  vrith  three  of  the  air  to  be  examined, 
and  fired  by  the  electric  spark.  The  diminution  of 
bulk  observed  after  the  vessel  had  returned  to  its  ori- 
ginal temperature,  divided  by  three,  gives  the  quan- 
tity of  oxygen  consumed.  The  action  of  liquor  pre- 
pared from  sulphur  and  potash,  or  sulphur  and  lime, 
boiled  in  water,  and  the  slow  combustion  of  phos- 
phorus, have,  likewise,  been  employed  in  eudiometry. 
Dobereiner  has  sugg^ted  the  use  of  little  balls  of 
spongy  platina,  for  the  purpose  of  detecting  minute 
portions  of  oxygen  in  a  gaseous  mixture,  m  which 
hydrogen  is  also  present.  Its  effect  is  immediati^  and 
ccmiplete.  The  moment  the  substance  rises  above  the 
surfiux  of  the  mercury,  in  the  tube  containing  the 
mixture,  the  combination  of  the  oxygen  and  hydro- 
gen begins,  and  in  a  few  minutes  is  completed.  So 
energetic  is  it  in  its  action,  that  it  enables  hydrogen 
to  take  1  of  oxygen  from  99  of  nitrogen.  See  the 
various  gases  in  their  alphabetical  order. 

EvAPOEATiON  is  the  conversion  of  liquid  and  solid 
bodies  into  elastic  fluids,  by  the  influence  of  caloric. 
Expose,  for  instance,  water  to  heat,  bubbles  at  first 
adhere  to  the  sides  of  the  vessel,  which,  by  degrees, 
ascend  to  the  surface,  and  burst.  These  bubbles  rise 
the  more  rapidly  in  proportion  to  the  heat.  Water 
is  evaporated  by  the  heat  of  tiie  sun  merely,  and  even 
without  this  in  the  open  air,  and  the  vapour,  rising 
into  the  air,  is  condensed  into  clouds.  The  general 
cause  of  evaporation  is  caloric ;  but  different  sub- 
stances require  different  degrees  of  it.  Water  is  par- 
ticularly subject  to  evaporation.  It  evaporates  at  a 
very  low  temperature,  and,  from  the  immense  quan- 
tity which  is  spread  over  the  earth,  it  may  be  in- 
ferred, with  great  probability,  that  the  most  import- 
ant changes  in  our  atmosphere  are  occasioned  by  it. 
Instruments  have  been  invented  to  measure  the  eva- 
poration of  water  (see  HToaoMmTRT),  but  the  results 
are  uncertain.  If  we  assume,  as  experiments  justify, 
that  the  annual  evaporation  averages  30  inches  (i.  e. 
that  the  vapour,  if  reconverted  into  water,  would  cover 
Ihe  surface  from  whidi  the  evaporation  took  place. 


to  a  height  of  30  inches),  then,  the  surface  of  all  the 
waters  on  our  earth  being  assumed  at  128,000,000  of 
geographical  miles,  60,000  cubic  miles  of  water 
would  be  annually  changed  into  vapour;  and  the 
amount  will  be  still  greater,  if  we  add  to  it  the  eva- 
poration from  moist  earth  and  from  the  watery  parts 
of  the  vegetable  and  animal  kingdoms.  In  summer, 
evaporation  b  generally  much  greater  than  in  vrinter; 
yet  it  is  not  so  inconsiderable  in  cold  weather  as  we 
might  suppose  from  the  small  quantity  of  caloric  then 
sensible.  Even  in  the  polar  circles,  it  does  not  en- 
tirely cease ;  for  ice  evaporates  in  the  open  air.  To 
account  for  the  phenomenon  of  evaporation,  two  hy- 
potheses have  been  formed ;  that  it  is  a  conversion  of 
fluids  into  elastic  vapour  by  their  union  with  caloric, 
or  that  it  is  a  real  solution  of  the  fluids  in  the  air. 
The  latter  theory  has  been  opposed,  particularly  by 
De  Luc.  He  maintains  that,  in  evaporation,  water 
combines  with  caloric,  without  being  dissolved  in  the 
air.  The  principal  argument  in  support  of  this  theory 
is,  that  cold  is  generated  by  the  evaporation  of  a 
liquid.  Cold  is  only  the  absence  or  consumption  of 
caloric.  If  now,  in  evaporation,  caloric  is  consumed, 
i.  e.  is  combined  with  the  evaporated  water,  this 
consumption  must  generate  a  sensible  cold.  De  Luc 
farther  maintains,  that  the  air,  so  far  from  contri- 
buting to  evaporation,  prevents  it  by  pressure.  If 
this  pressure  is  removed,  the  same  quantity  of  water 
requires  far  less  caloric  to  evaporate  it ;  for  experi- 
ments show  that  water  evaporates  more  rapidly  in  a 
vacuum  than  in  the  air,  and  Saussure  says,  that  at 
the  same  degree  of  the  thermometer  and  hygrometer, 
the  evaporation  on  mountains,  where  the  air  is  of 
three  times  less  density,  is  more  than  double  that  in 
the  valleys.  Later  experiments  render  it  still  more 
evident  that  a  dissolving  power  of  air  b  not  neces- 
sary to  change  water  into  an  elastic  vapour,  since, 
otherwise,  it  could  not  be  produced  in  a  vacuum. 
Such  a  dissolving  power  in  the  air,  however,  is  ab- 
solutely required  to  effect  a  uniform  mixture  of  thb 
vapour  with  air;  otherwise,  from  the  difference  of 
the  specific  gravities  of  the  two  fluids,  a  separation 
must  ensue,  of  which  we  have  no  experience ;  and  we 
find  ourselves  compelled  to  regard  the  union  of  the 
expansive  vapour  with  the  air  as  a  true  solution  of 
the  one  in  the  other.    (See  Perspiration.) 

Artificial  Evapmraiiom  b  a  chemical  process,  usu- 
ally performed  by  applying  heat  to  any  compound 
substonce,  in  order  to  separate  the  volatile  parts.  It 
differs  from  distillation,  its  object  being  chiefly  to 
preserve  the  more  fixed  matters,  while  the  volatile 
substances  are  allowed  to  escape.  Accordingly,  the 
vessels  in  which  these  two  operations  are  performed 
are  different ;  evaporation  being  commonly  made  to 
take  place  in  open,  shallow  vesseb,  and  distillation 
in  an  apparatus  nearly  closed  from  the  external  air. 

There  is  a  most  important  improvement  in  the 
process  of  artificial  evaporation,  which  must  be 
noticed  here.  We  are  indebted  to  Mr.  Perkins  for 
this  discovery,  which  is  now  in  operation  on  one  of 
the  large  rail  roads,  and,  as  it  b  the  subject  of  a  pa- 
tent, the  apparatus  may  be  thus  briefly  descnbed :  It 
consists  of  a  boiler  furnished  with  a  casbg,  or  inner 
boiler.  On  applying  fire  beneath,  the  vapour  rises^ 
carrying  with  it  a  considerable  portion  of  the  water. 
The  power  of  the  current  to  put  in  motion  other  bodies 
is  most  extraordinary — masses  of  sand,  and  even  flint 
stones,  are  by  thb  means  driven  along  in  rapid  sno* 
cession. 
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The  direction  of  the  cmrentU  shown  in  the  engraTJug  ing  100,000  pula  in  bnik  of  water  from  43^.5  to  33^, 
by  that  of  the  airowi.  they  were  cooverted  to  100,031  parti. 

The  eipansioD  of  water  is  the  same  for  any  num- 
ber of  degrees  above  or  beiow  the  maxlntum  of  den- 
sity. Thn»,  if -we  beat  water  10°  above  42°.5,  it  oc- 
cupies precisely  the  same  bulk  as  it  does  when  cooled 
down  to  10  degrees  below  42°.S.  Therefon  the 
density  of  water  at  33°  and  at  53°  is  precisely  the 
same.  Dalton  coaled  water  to  the  temperature  of  5° 
without  IVeeiing,  or  37°.5  below  the  maximum  point 
of  density ;  and,  during  the  whole  of  that  range,  its 
bulk  precisely  corresponds  with  the  bulk  of  water  the 
same  number  of  degrees  above  4S°.6.  The  prodigious 
force  with  which  water  expands  in  the  act  of  freezing, 
'  shown  by  glaii  bottles  filled  with  water,  which  an 
commonlybrokeniu  pieces  when  thewater  freezea.  A 
brass  ^obe,  whose  cavity  is  an  inch  in  diameter,  may 
be  burst  by  filling  i(  with  water  and'freeiing  it ;  and 
the  force  necessary  for  this  effect  is  37,720lbs.  weight. 
The  expansive  force  of  freezing  water  may  be  explained 
by  supposing  it  the  consequence  of  a  t^ideucy  which 
water,  in  consoUdating,  is  observed  to  have  to  arrange 
its  particles  Ln  one  determinate  manner,  ao  as  to  fonn 
prismatic  crystals,  crossing  each  other  at  angles  of 
60°  and  130°.  The  force  with  which  they  arrange 
themselves  in  this  manner  must  be  enormous,  since 
enables  small  quantities  of  water  to  overcome  so 
great  mechanical  pressures.  This  observation  is 
conspicuously  illustrated  by  observing  the. crystals  of 
a  piece  of  water  exposed  to  the  action  of  the 
frosty  weather ;  or  upon  a  pane  of  glass  in  a 
window  of  a  room  without  a  fire,  at  the  same  seaaon. 
Various  methods  have  been  tried  to  ascertain  the 
ipecific  gravity  of  ice  at  33°  i  that  which  succeeded 
best  was  to  dilute  spirits  of  wine  with  water  till  a 
d  ice  put  into  it  remained  in  any  part  of 
the  liquid  without  abking  or  rising.  The  specific 
gravity  of  such  a  liquid  is  0.93,  which,  of  course,  is 
Uie  specific  gravity  of  ice,  supposing  the  specific  gnu 
vity  of  water  at  60°  to  be  1.  This  is  an  expansion 
much  greater  than  water  experiences  even  when 
heated  to  313°,  its  boiling  point.  We  see  firom  thia 
•ater,  when  converted  into  ice,  no  longer  ot>- 
that  equable  expansion  measured  by  DaltoDi 
but  undergoes  a  very  rapid  and  considerable  augmen- 
tation of  bulk. 

ExPECTOBANTB,  in  pkomtacy ;  medicines  which 
promote  expectoration.  Such  are  the  stimulating 
gums  and  resins,  squills.  Sec. 

Expbctdbation;  the  act  of  evacuating,  or  bring- 
ing up  phlegm,  or  other  matters,  out  of  the  trachea 
and  lungi,  by  coughing,  &c. 

ExPEKiMBNTAL  Pbilobophv  is  tlkat  wluch  de- 
duces the  laws  of  nature,  the  properties  and  powen 
of  bodies,  and  their  actions  upon  each  other,  from 
sensible  experiments  and  observations.  In  our  in- 
quiries into  nature,  we  are  to  be  guided  by  thoM 
rules  and  maxims  which  arc  found  genuine,  and 
consonant  to  a  just  method  of  physical  reasoning; 
and  these  rules  are,  by  Sir  Isaac  Newton,  reckoned 
four,  viz.  First.  More  causes  of  natural  thinga  are 
to  be  admitted  than  are  true,  and  sufficient  to 
explain  the  phenomenal  for  nature  is  simple,  and 
does  nothing  in  vain.  Second.  Tlierefore,  of  natural 
effects  of  the  same  kind,  the  same  causes  are  to  be 
ligned,  as  far  as  it  can  be  done ;  as  of  respiration 
man  and  beasts,  of  the  descent  of  stones  in  Europe 
j  and  America,  of  tight  in  a  culinary  fire  and  L 
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bular  boiler  shown  in  the  narrow  section.  Now  oni 
of  the  principal  advantages  is,  that  this  species  of 
boiler  requires  less  fuel,  as  all  the  caloric  is  at  once 
absorbed  by  the  water.  And  another,  and  scarcely 
leu  important  advantage.  Is  found  to  arise  from  the 
boiler  needing  no  cleaning,  as  the  constant  circula- 
tion, like  that  of  the  veins  and  arteries  in  the  hu- 
man body,  keeps  the  whole  of  the  surfaces  in  a  clear 

EzANTHiiiATA ;  diseases  of  the  akin,  joined  with 
fever,  hence  catted  aeule,  hot  eruptions,  to  distinguish 
them  from  cAmaico^  eruptions,  which  are  only  inci- 
dentally accompanied  with  fever  (called,  in  medical 
language,  impttiginei.)  They  include  the  small-pox, 
measles,  scarlet-fever,  rash,  &c.  Each  has  its  pecu- 
liarities, relating  to  the  manner  of  its  origin,  to  the 
Alnn  and  position  of  the  eruption,  and  to  the  conti- 
nuance of  the  disorder.     (See  Smaix-Pox,  Sic.) 

Excise  DcTT ;  an  impost  laid  on  various  commodi- 
ties as  they  are  consumed  in  retail.  As  a  great 
change  is  promised,  and  likely  to  take  place  in  the 
laws  which  now  place  every  dealer  in  exciseable  arti- 
cles under  the  iaquisitorial  powen  of  the  servants 
connected  with  this  branch  of  the  revenue,  we  pur- 
pose entering  fully  into  the  subject  under  Taiation. 

ExPAKSioN,  in  phyiici,  is  the  enlargement  or  in- 
crease in  the  bulk  of  bodies,  in  conaeqaeuce  of  a 
change  in  their  temperature.  This  is  one  of  the  most 
general  effects  of  heat,  being  common  to  all  bodies 
whatever,  whether  solid  or  fluid.  The  expansion  of 
solid  liodies  is  determined  by  the  pyrometer,  and  that 
i.'f  fluids  by  the  thermometer.  (See  those  articles.)  Tlic 
expansion  of  fluids  varies  considerably;  but,  in  gene- 
ral, the  denser  the  fluid,  the  less  the  expansion ;  thus 
water  expands  more  than  mercury ;  and  spirits  of 
wine  more  than  water ;  and,  commonly,  the  gre&ter 
the  heat,  the  greaterthe  expansion ;  but  this  is  not 
universal,  for  there  are  cases  in  which  expansion  is 
produced,  not  by  an  increase,  but  by  adiminuationof 
temperature.  Water  furnishes  us  with  the  most 
remarkable  instance  of  this  kind.  Ila  maximum  of 
density  correspouds  with  43°.5,  of  Fohrenheit^s  ther- 
mometer ;  when  cooled  down  below  43°.S  it  under- 
goes an  expansion  for  every  degree  of  temperature 
which  it  loses ;  and  at  33°,  the  expansion  amounts 
lo  ,Jg  of  the  whole  expansion  which  water  undergoes  j 
when  heated  from  42°,5  to  312°.     With  this  r 
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the  other  planets.  Third.  The  qualities  of  natural 
bodies,  which  cannot  be  increased  or  diminished, 
and  agree  to  all  bodies  on  which  experiments  can  be 
made,  are  to  be  reckoned  as  the  qualities  of  all  bodies 
whatever ;  thus,  because  extension,  divisibility,  hard- 
ness, impenetrability,  mobility,  the  m  inertia,  and 
gravity,  are  found  in  all  bodies  under  our  inspection, 
we  may  conclude  that  they  belong  to  all  bodies  what- 
ever, and  are  the  original  and  universal  properties  of 
them.  Fourth.  In  experimental  philosophy,  propo- 
sitions collected  from  the  phenomena  by  induction, 
are  to  be  deemed  (notwithstanding  contrary  hypo- 
theses) either  exactly,  or  very  nearly  true,  till  other 
phenomena  occur,  by  which  they  may  be  rendered 
more  accurate,  or  liable  to  exception.  This  ought  to 
be  done,  lest  arguments  of  induction  should  be  de- 
stroyed by  hypotheses,  and  logical  series  be  super- 
sedeid  by  conjectures. 

Explosion,  in  nahtral  pMlosophy ;  a  sudden  and 
violent  expansion  of  an  aerial  or  other  elastic  fluid, 
by  which  it  instantly  throws  off  any  obstacle  in  its 
way.  Explosion  differs  from  expansion  in  this, — 
that  the  latter  is  a  gradual  power,  acting  uniformly 
for  some  time,  whereas  the  former  is  momentary. 
The  expansions  of  solid  substances  do  not  terminate 
in  violent  explosions,  on  account  of  their  slowness, 
and  the  small  space  through  which  the  expanding 
substance  moves.  Thus  we  find,  that,  though 
wedges  of  wood,  when  wetted,  will  cleave  solid 
blocks  of  stone,  they  never  throw  them  to  any  dis- 
tance, as  gunpowder  does.  On  the  other  hand,  it  is 
seldom  that  Uie  expansion  of  any  elastic  fluid  bursts 
a  solid  substance,  without  throwing  the  fragments 
of  it  to  a  considerable  distance.  The  reasons  of  this 
may  be  comprised  in  these  particulars :  First.  The 
immense  velocity  with  which  the  aerial  fluids 
expand,  when  affected  by  a  considerable  degree  of 
heat.  Second.  Their  celerity  in  acquiring  heat,  and 
being  affected  by  it,  which  b  much  superior  to  that 
of  solid  substances.  Thus  air,  heated  as  much  as  iron 
when  brought  to  a  white  heat,  is  expanded  to  four  times 
its  bulk ;  but  the  metal  itself  will  not  be  expanded 
the  500th  part  of  that  space.  In  the  case  of  gun- 
powder, the  velocity  with  which  the  flame  moves  is 
calculated,  by  Mr.  Robins,  to  be  no  less  than  7000 
feet  in  a  second,  or  little  less  than  70  miles  per 
minute.  Hence  the  impulse  of  the  fluid  is  incon- 
ceivably great,  and  the  obstacles  on  which  it  strikes 
are  carri^  off  with  vast  velocity,  though  much  less 
than  that  just  mentioned ;  for  a  cannon-ball,  with 
the  greatest  charge  of  powder,  does  not  move  at  a 
greater  rate  than  2400  feet  per  second,  or  little  more 
than  27  miles  per  minute.  The  velocity  of  the  ball 
again  is  promoted  by  the  sudden  propagation  of  the 
h«at  through  the  whole  body  of  the  air,  as  soon  as  it 
is  extricated  from  the  materials  of  which  the  gun- 
powder is  made,  so  that  it  is  enabled  to  strike  all  at 
once,  and  thus  greatly  to  augment  the  movements  of 
the  ball.  We  may  conclude,  upon  these  principles, 
that  the  force  of  an  explosion  depends^  first,  on  the 
quantity  of  elastic  fluid  to  be  expended ;  second,  on 
the  velocity  it  acquires  by  a  certain  degree  of  heat ; 
and,  third,  on  the  celerity  with  which  the  degree  of 
heat  affects  the  whole  of  the  expansile  fluid.  These 
three  take  place  in  the  greatest  perfection  where  the 
electric  fluid  is  concerned,  as  in  lightning,  earth- 
quakes, and  volcanoes.     (See  Steam). 

KxpONKNT,  in  mathemalict,  is  the  index  of  a  root 
or  power.    For  instance,  if  a  quantity  is  multiplied 
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by  itself  any  number  of  times,  instead  of  rcpeatmg 
the  factor  so  many  times,  we  place  over  it,  on  the 
right,  a  figure  denoting  how  often  the  number  or 
magnitude  has  been  multiplied  by  itself;  e.  g.  o*  = 
aaaa^a,  a,  a,  a,  9*=9X 9X9=729. 

Extension,  in  philosophy ;  one  of  the  common 
and  essential  properties  of  body,  or  that  by  which  it 
possesses  or  takes  up  some  part  of  universal  space. 

Extinguisher.  The  instrument  commonly  em- 
ployed for  extinguishing  the  light  of  a  candle  may 
have  its  value  very  materi- 
ally increased,  and  indeed 
may  be  made  self-acting, 
by  a  very  small  addition  to 
its  cost.  The  arrangement 
is  shown  in  the  accompa- 
nying engraving.  It  is 
placed  on  the  candle  and 
firmly  fastened  with  a  clip, 
held  together  by  a  small 
ring,  and  a  wire  or  needle 
thrust  into  the  tallow  is 
made  to  support  the  ex- 
tinguisher. As  soon  as 
the  candle  bums  sufll- 
ciently  low  to  permit  the 
escape  of  the  pin,  the  ex- 
tinguisher falls,  and.,  by 

entirely  closing  every  passage  for  the  admission  of^ 
air,  extinguishes  the  light. 

Extract  (extractum) .  When  chemists  use  this 
term,  they  generally  mean  the  product  of  an  aqueous 
decoction.  In  pharmacy,  it  includes  all  those  prepa- 
rations from  vegetables  which  are  separated  by  the 
agency  of  various  liquids,  and  afterwards  obtained 
from  such  solutions,  in  a  solid  state,  by  evaporation 
of  the  menstruum.  It  also  includes  those  substances 
which  are  held  in  solution  by  the  natural  juices 
of  fresh  plants,  as  well  as  those  to  which  some  men- 
struum IS  added  at  the  time  of  preparation.  Now, 
such  soluble  matters  are  various,  and  mostly  com- 
plicated, so  that  chemical  accuracy  is  not  to  be 
looked  for  in  the  application  of  the  term.  Some 
chemists,  however,  have  affixed  this  name  to  one  par- 
ticular modification  of  vegetable  matter,  which  has 
been  called  extractive,  or  extract,  or  extractive  prim- 
dple ;  and,  as  this  forms  one  constituent  part  of 
comnK>n  extracts,  and  possesses  certain  characters, 
it  will  be  proper  to  mention  such  of  them  as  may  in- 
fluence its  pharmaceutical  relations.  The  extractive 
principle  has  a  strong  taste,  differing  in  different 
plants :  it  is  soluble  in  water,  and  its  solution  spee- 
dily runs  into  a  state  of  putrefaction,  by  which  it  is 
destroyed.  Repeated  evaporations  and  solutions 
render  it  at  last  insoluble,  in  consequence  of  its  com- 
bination with  oxygen  from  the  atmosphere.  It  is 
soluble  in  alcohol,  but  insoluble  in  ether.  It  unites 
with  alumine,  and,  if  boiled  with  neutral  salts 
thereof,  precipitates  them.  It  precipitates  with 
strong  acids,  and  with  the  oxides  from  solutions  of 
most  Bietallic  salts,  especially  the  muriate  of  tin. 
It  readily  unites  with  alkalies,  and  forms  compounds 
with  them,  which  are  soluble  in  water.  No  part, 
however,  of  this  subject,  has  been  hitherto  suffici- 
ently examined.  In  the  preparation  of  all  tht 
extracts,  the  London  Pharmacopoeia  requires  that 
the  water  be  evaporated,  as  speedily  as  possible,  in  a 
broad,  shallow  dish,  by  means  of  a  water-bath,  until 
they  have  acquired  a  consistence  proper  for  making 
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pills ;  and,  towards  the  end  of  the  bspissation,  that 
they  should  be  constantly  stirred  with  a  wooden 
rod. 

These  general  roles  require  minute  and  accurate 
attention,  more  particularly  in  the  immediate  evapo- 
ration of  the  solution,  whether  prepared  bv  expres- 
sion or  decoction,  in  the  manner,  as  weU  as  the 
degree,  of  heat  by  which  it  is  performed,  and  the 
promotion  of  it  by  changing  the  surface  by  constant 
stirring,  when  the  liquor  begins  to  thicken,  and  even 
by  directing  a  strong  current  of  air  over  its  surfiftce, 
if  it  can  convenienUy  be  done.  It  b  impossible  to 
regulate  the  teinpeniture  if  a  naked  fire  be  used ; 
and,  to  prevent  the  extract  from  burning,  the  use  of 
a  water*bath  b,  therefore,  absolutely  nscessary. 

ExTaACToa,  in  midw\fety;  an  instrument,  or  for- 
ceps, for  extrioUing  children  by  the  head. 

ExraADos  ;  the  outline  of  an  arch. 

ExTaAVASATioN,  iu  contusions,  and  other  acci- 
dents of  the  cranium,  is  when  one  or  more  of  the 
blood-vessels  distributed  on  the  dmra  mater  are  bro- 
ken, whereby  there  is  such  a  discharge  of  blood  as 
oppresses  the  brain,  frequently  bringing  on  violent 
pains,  and  at  length  death  itself,  unless  the  patient 
IS  timely  relieved. 

ExTasMiTias.  This  term  is  applied  to  the  limbs, 
as  distini;uishing  them  from  the  other  divisions  of 
the  animal,  the  head  and  trunk.  The  extremities 
are  four  in  number,  divided,  in  man,  into  upper  and 
lower ;  in  other  animals,  into  anterior  and  posterior. 
Each  extremity  is  divided  into  four  parts ;  the  upper 
into  the  shoulder,  the  arm,  the  fore-arm,  and  the  hand ; 
the  lower  into  the  hip,  the  thigh,  the  leg,  and  the  foot. 

Era.  Of  all  our  coporeal  senses  that  of  vision 
may  be  considered  as  the  most  obviously  essential  to 
the  acquirement  of  knowledge. 

The  eye,  though  the  most  wonderful,  and  at  the 
first  view  the  most  complicated  part  of  animal  ana- 
tomy, is  in  reality  noming  more  than  a  camera- 
obscura ;  the  various  humours  forming  one  powerful 
lens  of  an  exceeding  short  focal  distance  on  one  side, 
while,  on  the  other,  it  is  allowed  to  embrace  a  very 
considerable  space,  and  diis  is  called  the  field  of 
vision. 

In  order  that  we  may  properly  understand  the  na- 
ture of  vision,  it  will  be  necessary  to  furnish  a  brief 
anatomical  description  of  the  eye;  which  is  com- 
posed of  several  coats  or  cases,  one  within  the  other, 
and  filled  with  transparent  humours  of  difierent  de- 
grees of  density.  The  outer  coat  of  the  eye  is  called 
the  sclerotica.  It  is  exceedingly  strong,  and  the 
muscles  that  move  the  eye  are  attached  to  it.  What 
is  called  the  white  of  the  eye  is  a  part  of  tiiis  coat. 
The  cornea  bulges  out  a  little  from  the  eyeball ;  it  is 
circular,  and  exceedingly  transparent.  Ine  next  coat 
to  the  sclerotica  is  called  the  cnoroides,  which  serves 
as  a  lining  to  it.  It  is  of  a  dark  colour  in  the  human 
eye,  but  white  in  cats  and  owls,  and  green  in  most 
animals  that  live  on  grass  and  vegetables.  Its  tex- 
ture is  soft  and  pulpy,  and  too  weak  to  be  suscep- 
tible of  muscular  motion,  except  at  its  extremities 
towards  the  front  of  die  eye.  Like  the  sclerotica,  it 
is  distinguished  into  two  parts ;  the  fore  part  being 
called  the  iris,  while  the  hinder  part  retains  the  name 
of  the  choroides.  The  iris  commences  immediately 
under  the  commencement  of  the  cornea.  It  there 
attaches  itself  more  strongly  to  the  sclerotica  by  a 
cellular  substance,  forming  a  kind  of  white,  narrow, 
circular  rim,  odled  the  ciliary  circle.    The  iris  b  that 


remarkable  circle  which  gives  the  e3re  its  character 
as  to  colour ;  it  b  composed  of  two  sets  of  muscular 
fibres ;  tiie  one  tending,  like  radii,  towards  the  centre 
of  the  circle,  and  the  other  forming  a  number  of  con« 
centric  circles  round  the  same  centre.  The  central 
part  of  the  iris  b  perforated,  and  the  aperture,  which 
IS  called  the  pupit  b  always  round,  but  varied  in 
diameter  by  the  action  of  the  two  sets  of  muscular 
fibres  composing  the  iris.  When  a  very  luminous 
object  b  viewed,  the  circular  fibres  contract,  the  ra- 
dial are  relaxed,  and  thus  the  size  of  the  pupil  b 
diminbhed;  on  the  other  hand,  when  the  objects  are 
dark  and  obscure,  the  radial  fibres  of  the  iris  contract, 
the  circular  are  relaxed,  and  the  pupil  b  enlarged,  so 
that  it  admits  a  greater  quantity  of  light.  By  can- 
dle-light, the  contraction  and  dilation  of  the  pupil 
may  be  very  distinctly  observed,  with  the  assbtance 
of  a  looking-glass.  If,  with  our  eyes  directed  to  the 
mirror,  we  bring  the  candle  close  to  our  face,  we  shall 
find  the  pupil  b^me  very  small ;  if  the  candle  be  re- 
moved, and  completely  shaded  for  about  a  minute,  and 
then  brought  to  its  former  place,  it  will  be  found  that 
the  pupil  has  greatly  dilated,  and  that  it  again  con- 
tracts as  the  li^t  draws  nearer :  if  the  light  shine 
much  more  strongly  on  one  eye  than  the  other,  the 
pupil  of  tiie  shaded  eve  will  not  contract  so  much  as 
the  other.  The  whole  of  the  choroide  membrane  b 
opaque,  by  which  means  no  light  can  enter  the  eve 
but  what  passes  through  the  pupil :  but  to  render  the 
chamber  of  the  eye  still  darker,  the  posterior  surface 
of  thb  membrane  is  covered  with  a  dark-coloured 
mucus,  called  the  pigmentum.  Under  die  iris,  there 
is  a  prolongation  of  Sie  choroides,  which  forms  a  cir- 
cular band  of  radial  fibres,  turning  inwards  towards 
the  centre  of  the  eye,  ajad  filled  up  between  vrith 
a  black  mucus,  giving  it  the  appearance  of  a  mem- 
brane. Thb  circular  band  b  called  the  ligamentum 
ciliare,  or  ciliary  ligament.  The  third  and  Uut  coat 
of  the  eye  b  called  the  retina.  Thb  b  a  fine  and 
delicate  membrane,  being  an  expansion  of  the  optic 
nerve,  which  proceeds  from  the  brain.  It  b  spread, 
like  a  net  of  exqubite  delicacy,  all  over  the  concave 
surfiice  of  the  cluMtHdes,  and  terminates  at  the  cili- 
ary ligament.  It  receives  the  images  of  objects, 
whidi  are  depicted  upon  it  by  the  rays  of  li^t  that 
enter  at  the  pupiL  It  b  of  itself  transparent,  and  of 
an  ash-coloured  white,  but  appears  black  on  account 
of  tile  dark-coloured  pigmentum  behind  it.  Hie 
optic  nerve,  which  passes  through  a  small  hole  in  the 
bony  cavity  containing  the  eye,  and  conveys  to  the 
sensorium  the  impressions  made  on  the  retina,  b  not 
in  the  centre  of  the  eye,  but  a  little  on  one  side,  m- 
dining  towards  the  nose. 

The  tunica  choroides  b  described  by  some  anthora 
as  consisting  of  two  lamiiw.  Thb  description,  how* 
ever  applies  much  more  accurately  to  the  eyes  of  some 
animals,  particulariy  to  those  of  sheep,  than  to  those 
of  man.  Those  who  suppose  the  choroides  to  consbt 
of  two  laminae,  describe  the  external  one  as  terminat- 
ing at  the  ciliary  ligament,  and  the  internal  one  as 
extending  fiuther,  to  form  the  iris.  The  iris  b  de- 
scribed as  consisting  of  two  lamins,  and  it  b  very  cer- 
tain that  two  sets  of  fibres  may  be  observed.  These 
are  supposed  to  be  muscular,  and  from  the  mobility 
of  the  iris,  there  seems  no  reason  to  doubt  of  their 
being  really  so.  Some  of  the  fibres  are  orbicukM*, 
and  Ue  round  the  pupil ;  others  are  straight,  and  ex- 
tend from  the  circumference  of  the  iris  to  its  centre. 
We  have  seen  that  the  urb  hat  motions  of  such  m 


Bmtnre,  dial  the  pu^dl  u  contncted  on  tkt  ■pproacb 
of  t  strong  li^ht  and  is  dilated  in  proportion  as  thi 
li^t  LI  leu  Tirid.  Bf  this  admirable  ^t  simple  cun^ 
tnTanc«,  the  e^  adapts  itself  to  the  different  propor- 
tions of  light  to  which  it  is  eiposed.  If  the  iria  wai 
always  as  much  contracted  as  it  is  when  eipoaed  to 
the  light  of  noon-dajr,  a  weaker  light,  snch  as  that  of 
the  moon,  could  not  be  admitted  in  sufficient 
to  answer  an;  useful  purpose.  On  the  contrary,  if 
the  pupil  was  immovably  dilated,  we  might  bike 
advantage  of  the  scattered  ravs  of  light,  but  shonld 
be  distrnaed  and  blinded  by  the  bright  efFulgence  of 
the  mid-day  bud.  When  a  strong  light  ancceeds  to 
daibesa,  we  are  under  tbe  necessity  of  dosing  the 
eyelids,  or  of  turning  away  the  head,  till  the  pupil  has 
been  accommodated  to  the  change  by  the  contractile 
powen  of  the  iris.  Cats,  and  some  other  ■nimnt. 
which  prey  wSiet  night-fall,  have  the  greatest  power 
of  changing  tbe  siie  of  the  pupil,  though  it  is  an  er- 
roneous opinion  to  suppose  that  they  can  see  in  the 
dark.  Nearly  the  whole  of  tbe  curtain  of  the  eye  can 
be  drawn  back  to  accommodate  Itself  to  a  rery  dilnle 
ray,  but  without  light  they  cannot  see. 

The  three  transparent  substances  inclosed  by  the 
coats  of  the  cye,arc  called  the  aqueous,  crystalline,  and 
ritreoos  hamours.  They  are  shown  in  the  sectian 
Plait  Eab  and  Eve,  Jig.  4.  The  first  of  these, 
ofneoM  humour,  resembles  water,  whence  Its  nan 
It  pves  a  protuberant  figure  to  the  cornea,  filling 
tbe  two  cavities  between  the  cornea  and  ciliary 
luament,  which  cavities  communicate  by  the  pu- 
pil. The  refractive  power  of  tbe  ■^a«o<i>  t>i>- 
moBT  is  similar  to  that  of  water. — Thi 
or  trjifaUiae  honunir,  is,  like  the  former,  trans- 
parent, in  which  it  exceeds  that  of  the  purest 
tal ;  it  has  the  consistence  of  a  hard  jelly,  growmg 
somewhat  softer  from  the  middle  towijds  die  edges. 
Its  form  is  that  of  a  donble  convex  lens,  but  more 
convex  on  the  interior  than  tbe  exterior  surface. — 
Resembling  a  lens  in  its  form,  it  also  resembles  one 
in  its  use ;  it  converges  the  ra^s  which  pass  throu^ 
it  from  every  visible  object  to  its  focus  on  the  retina. 
It  isinclosediAafinetiansparent  cover,  or  membrane, 
which  is  attached  to  the  ligameotum  dliaie,  and 
by  tbat  means  it  is  suspuided.  The  radial  fibres  of 
the  ligamentam  ciliare  have  the  power  of  contracting 
and  dilating  occaaionalty,  by  which  means  they  alter 
tlw  shape  or  convexity  of  this  natoial  lens,  and  shift 
it  a  little  backward  or  forward  in  the  eye,  so  as  to 
ftdapt  its  focal  distance  from  the  retina  to  the  different 
distances  of  objects.  Without  this,  or  some  equiva- 
bnt  arraogemeni,  we  should  only  see  those  objects 
distinctly  that  were  at  one  distance  from  the  eye. — 
At  the  backofthe  crystalline  liesthe  third,  or  vitieous 
humour,  llie  n'freoai  bnmour  was  so  called  from  a 
aapposed  reaemblancc  to  malted  glass ;  it  is  a  clear 
and  gelatinous  fluid,  very  much  resembliug  the  white 
of  an  ^g.  It  fills  about  three-fourths  of  the  globe 
of  die  eye,  and  eitenda  from  the  posterior  part  if  the 
ey«  as  far  as  the  dliary  ligament  It  is  contained  in 
a  Sim  aansparent  capsule,  or  membiaoe,  and  when 
flweiiyiv  removed  f^m  the  globe  of  the  eye,  prcaerves 
it*  consistence  for  some  time,  bdng  supported  by  its 
ca^twle,  but  afterwards  ran*  off,  and  the  capsula  di- 
aiini*ba  in  lire.  The  thin  capsule  which  snrroands  the 
vitreous  humour  sends  off  a  number  of  membTanins 
cesses  into  the  vitreous  substance,  where  they 
n  cells,  which  commaoicate  with  eadi  other,  and 
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of  the  human  eye.  as  vrell  as  the  relative  measures  of 
those  bodies ;  and  as  tbe  results  differ  from  those  of 
Dr.  Woliaston  and  others,  who  had  previously 
eiamined  the  subject,  they  may  be  considered  of 
considerable  importance  in  the  anatomy  as  well  as 
the  optical  properties  of  that  organ.  Taking  the  re- 
fractive power  of  water  at  1.33G8,  the  following  table 
will   convey  the   result   of  Dr.   Brewster's  ezperi- 

Hefractive  power  of  the  aqueous  humour  1 .33S6 

vitreous  humour  I.33'J4 

outer  coat  of  crystalline  1.376r 
middle  coat  of  ditto  .  1.3785 
central  partofditto  .  1.3990 
whole  crystalline     .     1.3839 

Diameter  of  the  crystalline 0.3^8 

cornea 0.400 

Thickness  of  the  crystalline 0.172 

coroea 0.042 

Tbe  direct  action  of  light  on  the  retina  may  easily 
be  illustrated.  If  we  suppose  a  pencil  of  rays  radiat-  .' 
ing  from  a  luminous  surface,  those  which  impinge 
on  the  opaque  sclerotica  are  reflected,  and  have  no 
concern  in  the  production  of  vision,  while  those  which 
by  falling  very  obliquely,  form  a  very  considerable 
angle  with  the  cornea,  are  also  reflected  without  pe- 
netrating into  the  aqueous  humour.  The  rays,  which 
fall  within  an  angle  of  about  48  d^rees.  pass  dirough 
this  membrane,  undergoing  a  obtain  refraction,  by 
which  they  are  brought  nearer  to  the  line  of  the  A\i'a 
of  the  cornea  ;  and,  if  pmduced,  would  converge  iiilu 

focal  point  beyond  the  bottom  of  the  eye.  From  the 
cornea,  the  rays  |>ass  into  the  aqueous  humour. — 
Hiey  are  there  divided  by  the  dispersive  powers  of 
this  fluid,  so  that,  if  continued  in  the  same  medium, 
they  would  not  only  converge  beyond  the  back  of 
the  eye,  but,  on  accotmt  of  the  aberration  caused  by 
their  different  refrangibility,  would  pioduce  a  confused 
and  coloured  image. 

The  ri^s  collected  by  the  cornea  pass  through  tb* 

papil.     Thoae  which  come  in  an  unfavonrabla  dircc- 

eilher  reflected  by  the  iris,  or  absorbed  by 

_  nentnm  on  its  porterior  surface.     The  pupu 

admits  only  those  rays  which  are  nearest  to  the  axis 

ofvbion.  Iliey  then  meet  with  the  crystalline,  which, 

by  its  refractive  povrer,  collects  them,  and  brings 

them  i«to  fod,  after  passing  through  the  Jess  refru- 
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tiTe  ipedivm  of  the  Yitreous  hnmonr  on  the  concave 
surface  of  the  retina.     See  Plate  Ear  and  Eyb, 

They  do  not  nnpart  a  correct  perception  of  the 
body  which  reflects  them,  unless  they  fall  on  the  re- 
tina precisely  in  the  order  in  which  they  are  detached 
from  that  body.  To  produce  this  effect,  it  is  neces- 
sary that  all  the  rays  which  proceed  from  any  one 
point,  should  be  collected  in  one  point  of  the  retina ; 
and  that  all  the  points  of  union  Uius  formed,  should 
be  disposed  in  die  same  manner  as  in  the  body,  of 
which  they  form  an  image. 

The  cone  of  rays  which  proceeds  from  any  lumi- 
nous point  to  the  cornea  fbrms  another  cone,  the 
apex  of  which  falls  on  the  retina.  These  two  cones 
have  their  axes  almost  in  a  straight  line.  That 
which  is  perpendicular  to  the  middle  of  the  crystal- 
line proceeds  directly  to  the  bottom  of  the  eye ;  that 
which  comes  from  above  falls  inferiorly ;  that  on  the 
left  proceeds  to  the  right,  and  so  on  with  respect  to 
the  others ;  thus  an  inverted  image  is  formed  on  the 
retina. 

There  are  five  natural  methods  by  which  we  judge 
of  the  distance  of  objects  from  the  eye.  First,  by  the 
angle  which  is  made  by  the  optic  axes ;  for  want  of 
this  direction,  it  has  been  observed,  that  persons  who 
are  blind  of  one  eye,  frequently  make  a  slight  mistake 
*  as  to  the  situation  of  objects.  Secondly,  by  the  ap- 
parent magnitude  of  the  objects.  By  depending 
upo.a  this  method,  we  are  frequently  deceived  in  our 
estimates  of  distance  by  any  extraordmary  large  ob- 
jects ;  as  in  approachmg  a  large  city,  or  edifice,  we 
fancy  them  nearer  than  t^y  really  are..  This  fur- 
nishes us  with  a  reason  why  animals  and  other  small 
objects  seen  contiguous  to  large  mountains  appear 
exceedingly  small ;  for  we  imagine  the  mountain  to 
be  nearer  to  us  than  it  actually  is.  When  we  look 
down  also  from  a  high  buildine,  the  objects  beneath 
us  appear  much  smaller  than  they  would  at  the  same 
distance  on  the  level  |;round ;  the  reason  is,  plainly, 
because  we  have  no  distinct  idea  of  distance  in  that 
direction,  and  therefore  judge  by  the  impressions 
upon  the  retina,  whereas  custom  has  cornKrted  our 
judgment  in  the  other  case.  The  third  method  of 
determinmg  the  distance  of  objects  is  by  tiie  force 
and  vividness  of  the  colours ;  ami  the  fourth  is  ana- 
logous to  it ;  namelt%by  the  different  appearance  of 
the  minute  parts.  When  these  appear  distinct,  we 
judge  the  object  to  be  near ;  and  the  contrary,  when 
they  appear  fiiint  and  confused.  Fifthly,  we  are 
assisted  in  judging  of  the  distance  of  any  particular 
object  by  the  other  objects  which  are  interposed. 
On  this  account  distances  upon  uneven  ground  do 
not  appear  so  great  as  upon  plain ;  for  the  valleys, 
fivers,  and  other  objects  that  lie  low,  are  many  of 
them  lost  to  the  sight.  This,  too,  is  the  reason  why 
the  banks  of  a  river  appear  contiguous  when  the 
river  lies  low  and  is  not  seen. 

Though  every  object  that  is  before  our  eyes  has 
its  image  in  both  or^;ans,  yet  objects  are  not  seen 
double;  because,  havmg  previously  ascertamed,  by 
help  of  the  touch,  that  such  an  object  was  single, 
at  the  same  time  that  each  optic  axis  was  directed 
towards  it,  and  its  image  was  painted  in  the  corres- 
ponding parts  of  each  retina,  we  have  connected  the 
idea  of  unity  vnth  the  sentiment  of  those  impressions, 
and  have  accustomed  ourselves  to  identify  two  sen- 
sations, which,  so  to  speak,  are  in  unison  vrith  one 
another.    But  if  the  two^  optic  axes  no  longer  concur 


towards  the  same  point,  as  when  we  slightly  preaa 
one  eye  sideways  with  the  hand,  the  object^  appears 
double,  and  it  is  evident  that  the  two  images  do  not 
then  ffdi  on  the  corresponding  parts  of  the  retina. 

It  has  often  been  a  subject  of  inquiry,  why  we  see 
objects  in  their  true  position,  though  the  image  on  the 
retina  is  inverted,  but  no  satisfactory  solution  of  the 
difficulty  has  ever  been  given.  And  we  should  be  as 
little  likely  to  receive  an  answer,  if  we  were  to  ask, 
why  we  do  not  preceive  every  object  bent,  because 
the  image  of  it  is  depicted  upon  a  concave  surface. 
It  is  certain,  that  unless  distinct  images  are  painted 
on  the  retina,  objects  cannot  be  clearly  perceived* 
If,  from  too  little  light,  remoteness,  or  any  other 
cause,  a  picture  is  indistinctly  painted  on  the  retina, 
an  obscure  or  indistinct  idea  of  the  object  is  conveyed 
to  the  mind.  The  picture  on  the  retina  is,  therefore, . 
so  far  the  cause  of  vision,  tiiat  our  ideas  of  visible, 
objects  vary  as  it  varies,  and  when  it  is  not  formed, 
nothing  is  seen.  Yet  we  may  fairly  conclude  thai 
the  mind  does  not  look  upon  the  image  on  the  retina; 
for  in  cases  of  the  gutta  serena,  a  di^rder  which  af- 
fects only  the  optic  nerve,  the  pictures  on  the  retina  are 
as  perfSectly  formed  as  in  die  best  eyes,  although  the 
patient  is  afflicted  with  incturable  blmdness.  It  is  the 
optic  nerve,  therefore,  which  conveys  the  impressions 
made  on  the  retina  to  the  brain ;  but  how  they  are 
communicated  to  the  mind,  is  screened  from  the  view 
of  man.  It  has  been  supposed  that  we  acquire  by 
experience  the  habit  of  seeing  objects  erect ;  but  there 
are  many  striking  &cts  to  prove  the  contrary :  per- 
sons who  have  been  blind  from  infancy/  and  who 
have  been  suddenly  restored  to  sight  by  a  surgical 
operation,  have  not  been  led  into  the  smallest  mis- 
take. In  fact,  no  reason  can  be  given  why  the  mind 
should  not  perceive  as  accurately  the  position  of 
bodies,  when  the  rays  reflected  from  the  upper  part 
of  those  bodies  fall  upon  the  lower  parts  of  Uie  eye, 
as  if  die  contrary  took  place. 

The  impressions  of  light  on  the  retina  appear  to  be 
always  in  a  certain  degree  permanent,  and  the  more 
so  as  the  light  is  stronger ;  but  it  is  uncertain  whe. 
ther  the  retina  possesses  this  property  merely  as  a 
pho^horescent  body,  or  in  consequence  of  its  pecu* 
liar  organization,  llie  duration  of  the  impression 
is  usually  limited  to  less  than  half  a  second :  hence, 
a  luminous  object  revolving  in  a  circle,  makes  a  lucid 
ring :  and  a  shooting  star  kaves  a  train  of  light  be- 
hind it,  which  is  not  always  reaL  If  the  object  is 
painfully  bright,  it  generally  produces  a  permanent 
spot,  which  continues  to  pass  through  various 
changes  of  colour  for  some  time,  and  then  gradually^ 
vanii&es.  Dr.  Roget,  in  an  ingenious  paper  pub- 
lished in  the  Transactions  of  the  Royal  Society,  has 
farther  illustrated  this  subject  by  reference  to  the  re- 
volution of  a  wheel  made  to  revolve  behind  a  series 
of  perpendicular  bars,  which  change  in  appearance 
firom  radical  spbkes  to  curved  lines.  This  effect  may, 
however,  be  better  illustrated  by  reference  to  fig.  fl, 
PJole  Ear  and  Etb. 

It  may  now  be  advisid>le  to  examine  another,  and 
no  less  important  part  of  the  anatomy  of  this  organ, 
or  the  ammgement  made  for  its  protection  from  any 
inconvenience  that  may  arise  from  the  attacks  of  in- 
sects, or  the  particles  of  dust  which  are  continually 
floating  in  the  air.  This  is  effected  by  the  effeUdi, 
which,  like  two  substantial  curtains,  protect  and  co- 
ver the  eyes  when  we  are  asleep ;  and,  while  waking, 
they  diQuse,  by  their  motion,  and  by  peculiar  secret- 


FACAD 
hig  organ*,  a  flaid  ortr  the  eye,  whkb  clean*  and 
poliahM  it. 

The  tyfbroKs  also  -lefend  the  eye  from  the  rays  of 
light  which  might  otherwise  prove  too  atroDg  for  the 
optic  nerve ;  and  that  the  eytUd  may  ehat  with  greater 
exactneM,  each  edge  i»  etiffbDe4<  by  a  cartilaginous 
arch,  from  which  proceed  the  eyelashes,  thae  serving 
to  warn  the  eye  of  dangers,  while  it  piotecta  it  from 
the  stTB^ling  mote. 

The  more  we  investigate  the  works  of  nature,  the 
greater  reason  have  we  to  admii«  the  wisdom  of  its 
Author ;  and  that  wonderfal  adaptation  of  our  oi^ana, 
in  the  minutest  particulars,  to  the  general  laws  which 
pervade  the  universe.  The  mechanalm  of  the  eye  af- 
fords a  striking  illustration  of  this  remark.  We  have 
hitherto  supposed  the  eye  to  be  a  lens  possessing  the 
povrer  only  of  enlarging  and  contracting  rtft  dimen- 
sions i  and  from  the  previoas  description  gtVen  of  the 
rays  of  lig^t,  it  may  be  considered  aa  incapable  of 
obviating  the  confasion  which  must  arise  from  Aeir 
Afferent  degrees  of  refrangibility.  Bat  here  the  use 
of  that  wonderful  stmctuic  of  [Hirts,  and  the  different 
flnids  in  the  eye,  is  clearly  seen.  lie  eye  is,  in  t»tt, 
m  compound  lens  ;  each  fluid  has  its  proper  refran- 
gible power.  The  shape  of  the  lenses  is  altered  at 
will,  according  to  the  distance  of  the  object ;  and  the 
three  substances  having  the  proper  powers  of  reftau- 

S'bility,  the  effects  of  an  achromatic  glass  are  without 
fficultf  produced  by  the  eye. 

TTie  eyes  of  fish  differ  very  much  in  form  from 
tiiose  we  have  been  now  describing.  The  crystalline 
lens  is  round,  instead  of  being  flattened,  as  in  the 
human  eye.  ITiiB  arrangeraenl  ia  necessary  from  the 
circnmstance  that  they  view  all  objects  through  a 
much  denser  medium,  and  as  such  they  require  a 
greater  magnifying  power.  But  one  of  the  most  ex- 
traordinary exceptions  to  the  ordinary  laws  of  nature 
in  this  respect,  will  be  found  in  the  common  house 
fly,  of  which  an  example  is  given  beneatii.  Hun- 
dreds of  eyes,  or  distinct  organs  for  the  purposes  of 
vision,  are  here  congregated  together,  and  the  little 
insect  is  thus  enabl^  to  see  distinctly  any  approach- 
ing danger,  without  rooviug  its  body. 
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and  correspondent  to  the  character  or  atyt*  of  tin 
edifice. 

F&cb;  thefront  part  of  the  head,  the  seat  of  most 
of  the  senses,  is  composed  of  the  forehead,  ttie  eye- 
lids  and  eyebrows,  the  eyes,  the  nose,  the  cheeka,  the 
mouth,  the  lips,  the  jaws,  the  teeth.  Beneath  the 
skin,  which,  in  the  face,  is  more  delicate,  more  soft, 
sensitive  and  clear  than  in  other  parts,  are 
numerous  muscles,  by  which  the  motions  of  the  skin 
are  produced.  They  are  enveloped  in  fat.  There 
are,  also,  a  greater  number  of  veasels  and  nerves  in 
the  face  than  in  any  other  external  part.  Under- 
neath these  is  the  bony  basis,  which,  exclusive  of 
the  teeth,  is  composed  of  14  bones,  called,  in  anatomy, 
the  bonei  of  the  face.  The  anterior  part  of  the  skull 
(osfrtmlu)  also  forms  an  important  feature  of  the 
face.  Of  all  Ihese  bones,  the  lower  jaw,  only,  is 
movable,  being  arttcnlated  with  the  basis  of  the  skull. 
The  Other  bones  are  firmly  joined  together,  and  inca- 
pable of  motion.  The  cnaracter  of  each  individual 
IS  strongly  marked  by  the  conformation  of  the  coun- 
tenance. <See  PHTsioeitouY.)  The  face  also  ac- 
quires ita  eipresaion  from  bodily  habits  and  actions, 
and  particularly  from  diseases.  The  form  of  the 
bones  produces  a  great  difference  in  the  external 
appearance  of  the  face,  in  brutes  and  in  men.  Tia 
jaws  of  the  former  are  more  projecting,  so  as  to  form 
an  acute  angle  with  the  forehead ;  those  of  the  latter 
recede  in  proportion  to  the  prevalence  of  the  human. 
formation  and  beauty.  On  thu  relation  of  the  jaw 
to  the  forehead  is  founded  the  &cial  line  described 
under  Cb&niok. 

Facial  Abtebt,  in  aaetomf,  is  synonymous  with 
the  external  maxillary. 

Facino,  in  ihip  carjtmtrf,  is  letting  one  piece  of 
timber  into  another  with  a  rabbet. 

Fac  Sinilb;  an  imitation  of  an  original  in  all  its 
traits  and  peculiarities  ;  a  copy  as  accurate  as  pos- 
sible. Hus  fac  similes  ofold  manuscripts,  or  of  the 
handwriting  of  famous  men,  or  of  interesting  docu- 
ments, are  made  in  engraving  or  litbogn^ihic  prints. 
The  oliject  of  fac  similies  is  various  ;  in  the  case  of 
old  manuscripts,  they  are  intended  to  show  the  age 
of  the  MS.  by  the  nature  of  the  characters. 

Factob,  in  arithmeHc,  is  any  number  which  is 
multiplied  by  another :  thus  7  and  4  are  the  factors 
of  28.  They  ore  divided  into  simple  and  composite. 
A  simple  factor  is  one  which  is  divisible  onlr  bv 
itaelf.  ^ 

In commercea/aetorisan agent, employed  bymer- 
cfaanta  residing  ia  other  places,  to  buy  and  sell,  and 
to  negociate  bills  of  exchange,  or  to  transact  other 
business  on  their  account.  Establishments  for  trade, 
in  foreign  parts  of  the  world,  are  called  faciorin. 

Fadkw  I  a  German  measure  correspotidlog  to  the 
falkom,  equal  to  a  klafter,  or  six  feet. 

Faience,  imitation  porcelain  i  a  kind  of  fine  pot- 
tery, superior  to  the  common  pottery  in  its  glaiing, 
beauty  of  form,  and  richness  of  painting.  It  de- 
-—- '   -'1  name   from   the  town  of  Faensa,   in  Ro- 

_  where  it  is  said  to  have  been  invented  in 
1299.  A  fine  sort  of  pottery  was  manufactured  there 
Faf  ADS  is  the  outside  or  external  aspect  of  an  at  that  period,  which  me  Italians  called  Mmaliea,  pro- 
edifice.  As  inpiost  edifices  only  one  side  is  conspi-  bably  from  its  inventor.  .  Some  pieces  were  painted 
,  that  which  faces  the  street,  and  usually  by  the  great  artists  of  the  period,  Raphael,  Giulio 
contains  the  principal  entrance,  this  has  been  deno-  Romano,  Titian,  and  others,  which  are  highly  vattMd, 
minated,  par  entamce  the  fa^>de.  As  a  worii  of  I  as  monuments  of  eariy  art.  The  Jtfaiofiea  reached 
architecture,  it  must  form  a  whole,  of  which  all  the  its  highest  perfection  between  1530  and  1560.  Tba 
cartsare  properly  related  and  symmetricallyarranged,  |  King  of  Wiirtemberg  possesses  a  rich  collection  of  iL 
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fhe  modern  Fatente  appears  to  hare  been  invented, 
bout  the  middle  of  the  I6th  century,  at  Faenza, 
and  obtained  its  name  in  France,  where  a  man  from 
Faienza,  having  discovered  a  similar  kind  of  clay  at 
at  Nevers,  had  introduced  the  manufacture  of  it. 
Towards  the  end  of  the  17th  century,  the  city  of 
Delft,  in  Holland,  became  famous  for  the  manufac- 
ture of  Faience,  which  was  called  also  Delft-vxare, 
It  does  not,  however,  resist  fire  well.  Our  own  stone 
ware,  made  of  powdered  flint,  has  some  external 
resemblance  to  the  Faience,  but  is,  in  reality,  en- 
tirely different. 

Fair,  in  comaierce;  a  greater  kind  of  market 
granted  to  a  town,  by  privilege,  for  the  more  speedy 
and  commodious  buying  and  selling,  or  providing 
such  thbgs  as  the  place  stands  in  need  of.  These 
fairs  are  usually  held  twice  a  year ;  in  some  places 
only  once  a  year ;  and,  by  statute,  they  shall  not  be 
held  longer  than  they  ought  by  the  lords  thereof,  on 
pain  of  their  being  seized  into  the  king's  hands,  &c. 
Also  proclamation  is  to  be  made,  how  long  they  are 
to  continue ;  and  no  person  shall  sell  any  goods  after 
the  fair  is  ended,  on  forfeiture  of  double  the  value, 
one  fourth  to  the  prosecutor,  and  the  rest  to  the  king. 
There  is  a  toll  usually  paid  at  fairs,  for  the  privilege 
of  erecting  stalls,  from  which  to  sell  goods,  as  well 
as  booths,  either  for  entertainment  or  pastime. 

The  most  important  fairs  now  held  are,  probably, 
those  of  Germany,  and  particularly  the  Leipsic  fairs. 
In  German,  a  fair  is  called  ilfejte,  which  also  signi- 
fies a  mass.  High  masses,  on  particular  festivals, 
collected  great  numbers  of  people,  and  thus,  pro- 
bably, beoBime  the  origin  of  markets,  and,  at  a  later 
period,  of  fairs,  which,  as  we  have  already  said,  are 
only  privileged  markets.  The  three  chief  fairs  of 
Crermviy  are  those  of  Leipsic,  Frankfort  on  the 
Maine,  and  Brunswick,  llie  Leipsic  book-fair  is 
unique.  The  Leipsie  fair,  beginning  January  1,  is 
-railed  NeW'-year't  fair :  the  Easter  fair,  or  Jubilee 
Aiir,  begins  on  Jubilee  Sunday,  and  Saint  Michael's 
fair,  on  the  Sunday  after  September  29*  Each  lasts 
three  weeks,  but  only  the  two  last  are  important. 
The  Easter  fair  is  the  most  important.  Frankfort 
oik  the  Maine  has  the  Easter  fair  and  Autumn  fair, 
and  BrvMMck,  the  Candlemas  fair  and  St.  Law- 
rence's fifidr.  Important  fairs  are  ^|so  held  at  Ales- 
sandria and  Sinigaglia  in  Italy,  at  Lyons  and  Beau- 
caire  in  France,  Bolzano  in  Uie  Tyrol,  Zurzach  in 
Switzerland,  Niznel- Novgorod  in  Russia,  Warsaw 
in  Poland,  &c.  But  fairs  cannot  now  have  the  im- 
portance which  they  formerly  had,  because  the  com- 
munication between  different  parts  of  a  country  has 
become  so  easy  that  merchandise  is  much  oftener 
ordered  directly  than  formerly. 

Fairy  Circlb,  or  Ring  ;  a  phenomenon  Arequent 
in  the  fields,  dec,  supposed  by  ttxe  vulgar  in  England 
to  be  traced  by  the  fairies  in  their  dances.  There  are 
two  kinds :  one  of  about  seven  yards  in  diameter, 
containing  a  round,  bare  path,  a  foot  broad,  with 
ffreen  grass  in  the  middle  of  it.  The  other  is  smaller 
m  size,  encompassed  with  a  circumference  of  grass, 
greener  and  fresher  than  that  of  the  middle.  Some 
attribute  them  to  lightning,  and  others  to  a  kind  of 
fungus  which  breaks  and  pulverizes  the  soil. 

^KB ;  one  of  the  circles  or  windings  of  a  cable  or 
hawser,  as  it  lies  disposed  in  a  coil.  The  fakes  are 
greater  or  smaller,  in  proportion  to  the  extent  or 
space  which  a  cable  is  allowed  to  occupy  where  it 


Faix  of  Bodibs.  All  bodies  on  the  earth,  by 
virtue  of  the  attraction  of  gravitation,  tend  to  tl.e 
centre  of  the  earth.  If  this  tendency  acts  freely,  the 
body  falls  towards  the  earth ;  if  it  is  opposed  by 
some  obstruction,  pressure  ensues ;  if  the  tendency 
is  partly  checked  aiid  partly  efficient,  pressure  and 
descent  both  ensue.  A  ball,  held  in  the  hand, 
presses  downward ;  if  dropped,  it  descends  perpen 
dicularly ;  if  placed  on  an  inclined  plane,  it  rolls 
down ;  in  doing  which  it  presses  the  plane  with 
part  of  its  weight.  The  laws,  according  to  which 
this  motion  takes  place,  were  formerly  the  subject  ot 
the  most  erroneous  theories. 

According  to  the  physics  of  Aristotle,  the  velocity 
of  the  fall  of  bodies  is  in  proportion  to  their  weight. 
Consequently  any^  body  should  fall  with  ten  times 
more  velocity  than  anoUier,  which  is  only  one  tenth 
part  as  heavy.  This  error  Galileo  attacked,  while  a 
student  in  Pisa.  Soon  after  his  appointment  to  a 
professorship,  he  declared  himself  against  this  and 
other  maxims  of  die  Peripatetic  philosophy.  He 
ascended  the  cupola  of  the  lofty  tower  at  that  place, 
and  dropped  bodies  of  very  unequal  weight,  which^ 
if  their  specific  gravity  did  not  differ  too  much,  were 
found  to  reach  the  ground  at  nearly  the  same  time. 
Galileo  eventually  proved,  when  professor  in  Padua, 
the  correctness  of  hia  position,  by  means  of  two  pen- 
dulums, of  equal  length,  and  very  unequal  weight, 
which,  nevertheless,  performed  their  vibrations  with 
equal  velocity.  Equally  erroneous  hypotheses  have 
been  grounded  on  the  fact,  that  the  velocity  of  the 
descent  increases  in  proportion  to  the  space  passed 
through.  The  Aristotelians  said,  that  all  bodies  had 
a  natural  tendency  to  the  centre  of  the  earth,  and 
hastened  towards  it  with  more  velocity  the  nearer 
they  approached  it.  Others  explained  the  accelerated 
rapidity  of  the  descent  by  the  augmented  pressure  of 
the  atmosphere ;  and  the  general  opinion  was  that 
the  velocity  increased  in  the  same  pipportion  as  the 
space  passed  through,  and^  consequently,  that  a 
body,  after  falling  Ave  fathoms,  would  have  ^vt 
times  the  velocity  it  had  after  falling  through  one 
&thom — an  opinion,  which,  notwithstanding  its  great 
simplicity  and  plausibility,  involves  an  absolute  im- 
possiUility.  Galileo,  at  length,  arrived  at  the  true 
opinion,  that  the  velocity  of  falling  bodies  must  in- 
crease in  pro^rtion  to  the  time ;  and  he  proved  that, 
as  bodies  can  never  be  destitute  of  gravity,  they  must 
every  instant  receive*  a  new  impulse,  which  unites 
with  the  effect  of  the  former.  From  this  law,  it 
moreover  follows,  that  the  spaces  passed  through,  by 
bodies  falling  freely,  are  in  proportion  to  the  square 
of  the  times. 

Experiments  have  shown  that,  in  the  first  second, 
the  fall  amounts  to  a  little  more  than  16  feet.  In 
order  to  ascertain,  therefore,  the  space  A,  through 
which  a  body  would  fall  in  any  other  number  of 
seconds  i,  we  have  the  equation  1 :  /> : :  16  :  A.  Sup- 
posing, for  example,*^^  ==;  3,  we  have  k  =:  144  ;  i.  e. 
m  three  seconds,  the  body  falls  through  144  feet. 

Fali^pian  Tubbs,  in  anaiomy,  are  two  ducts  aris- 
ing in  the  womb,  one  on  each  side  of  the  fundus,  and 
thence  extended  to  the  ovaries.  These  are  called 
tubet,  from  their  resemblance  to  a  trumpet,  and 
FaUopioM  from  Gabriel  Fallopiu8,'a  physician  ot 
Italy,  in  the  l6th  century,  who  is  reported  to  have 
first  ascertained  their  use  and  office. 

l*  allow  Land  is  ground  that  has  been  left  nntilled 
for  a  time  in  order  that  it  may  recover  itself  froc? 
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«B  exhauated  state  ;  but  to  render  a  barren  soil  fertile, 
it  ought  to  be  frequently  turned  up  to  the  air,  and  to 
have  mixed  with  it  manures  of  animal  dungs,  decayed 
vegetables,  lime,  marl,  sweepings  of  streets,  &c.  In 
turning  over  the  soO,  the  chief  implements  of  the 
gardener  are  the  spade,  the  hoe,  and  the  mattock ;  and 
those  of  the  fiurmer  are  the  plough,  die  harrow,  the 
roller,  the  scythe,  and  the  sickle.  As  a  succession  of 
the  same  crops  tends  to  impoverish  the  soil,  a  ro- 
tation of  different  crops  is  necessary.  Potatoes,  grain, 
and  white  crops  are  exhausting ;  but,  after  them,  the 
soil  is  ameliorated  by  tares,  turnips,  and  green  or 
plant  crops. 

False,  in  mmnc ;  an  epithet  applied  by  theorists  to 
certain  chords,  called /obe,  because  they  do  not  con- 
tain all  the  intervals  appertaining  to  those  chords  in 
their  perfect  state :  as  a  fifth,  consisting  of  only  six 
semitonic  degrees,  is  denominated  a  faUe  fifth. 
Those  intonations  of  the  voice  which  do  not  truly 
express  the  intended  intervals  are  also  called  falae, 
as  well  as  all  ill-adjusted  combinations ;  and  those 
strings,  pipes,  and  other  sonorous  bodies  which,  from 
the  ill  disposition  of  their  parts,  cannot  be  accurately 
tuned.  Certain  clo»e$  are  likewise  termed  faUe,  in 
contradistinction  to  the  full  or  final  close. 

Falsbtto;  that  species  of  voice  in  a  man,  the 
compass  of  which  lies  above  his  natural  voice,  and  is 
produced  by  artificial  constraint. 

FANFAaa  ;  a  short,  lively,  loud,  and  warlike  piece 
of  music,  composed  for  trumpets  and  kettle-drums. 
Also  small,  hvely  pieces,  performed  on  hunting 
horns,  in  the  chase.  From  its  first  meaning  b  de- 
rived/ai|/aroii,  a  boaster,  and  fan/arfmade,  boasting. 

Fantasia  ;  the  name  generally  given  to  a  species 
of  composition  supposed  to  be  struck  off  in  the  heat 
of  imagination  and  in  which  the  composer  is  allowed 
to  give  free  range  to  his  ideas,  and  to  disregard  those 
restrictions  by  which  other  productions  are  confined. 
Some  writers  limit  the  application  of  this  term  to 
certain  extemporaneous  flights  of  fancy;  and  say, 
that  the  moment  they  are  written,  or  repeated,  they 
cease  to  be  fmUanaa.  This,  they  add,  forms  the 
only  distinction  between  the/oa/ona  and  the  caprido. 
The  capricio,  though  wild,  is  the  result  of  premedita- 
tion, committed  to  paper,  and  becomes  permanent ; 
but  the  fantasia  is  an  impromptu,  transitive  and 
evanescent,  exists  but  while  it  is  executing,  and, 
when  finished,  b  no  more. 

Fabina;  the  most  important  part  of  vegetable 
food.  A  patent  has  lately  been  obtained  for  procur- 
ing nutritious  food  of  this  description,  which  b  ex- 
ceedingly economical. 

The  patentee  proposes  to  prepare  from  carrots, 
turnips,  beetroot,  mangelwurzle,  or  potatoes,  or  any 
other  roots  of  that  kind  which  may  be  conveniently 
obtained,  a  fine  white  and  nutritious  farinaceous 
substance,  capable  of  being  converted  to  the  best 
white  bread,  and  to  all  the  purposes  of  fine  wheaten 
flour ;  and  also  into  sugar. 

Tlie  roots  are  to  be  washed  perfectly  clean,  or 
deprived  of  their  skins,  and  are  to  be  cut  into  ihin 
slices,  and  then  submitted  to  the  action  of  a  solution 
of  acid  in  water ;  sulphuric  acid  b  to  be  preferred, 
but  any  of  the  other  acids  will  answer  the  purpose. 
The  quantity  of  acid  to  be  employed  will  depend 
upon  the  roots  to  be  acted  upon :  from  two  to  ten 
pounds  of  acid  will  be  required  for  every  hundred 
weight  of  roots ;  carrots  will  require  the  smallest 
cniantity  of  acid,  potatoes  the  greatest. 
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Thb  steeping  of  the  roots  in  the  solution  of  acid, 
will  perfectly  diange  their  characters  and  taste,  and 
when  they  are  sufficiently  acted  upon,  the  acid  and 
other  matters  held  in  solution,  are  to  be  removed 
from  the  slices  of  the  roots,  by  washing  them  repeat- 
edly with  pure  water.  They  may  be  afterwards 
dried  by  exposure  to  the  air  and  sun,  or  by  a  kiln  at 
a  low  temperature ;  and  when  the  mixture  has  been 
evaporated,  and  the  slices  of  the  roots  brought  to 
perfect  dryness,  Aey  maybe  submitted  to  the  opera- 
tion of  a  mill,  and  ground  into  farina  or  white  flour 
in  the  ordinary  way. 

The  slices  of  roots  thus  prepared  will  retain  their 
nutritious  properties  unimpaired  for  any  length  of 
time,  and  m  any  climate,  if  not  exposed  to  damp ; 
and  the  flour  obtained  from  grinding  them  will  have 
exactly  the  same  properties,  appearance,  and  flavour, 
as  wheaten  flour. 

In  preparing  sugar  from  the  said  roots,  they  ars 
to  be  washed  and  sliced,  and  submitted  to  the  action 
of  the  add  in  the  way  above  described,  and  then 
reduced  into  farina,  as  a  first  part  of  the  process. 
The  £uina  b  then  to  be  boiled  with  a  solution  of 
add,  in  the  proportion  of  about  two  pounds  of  the 
acid  to  one  hundred  weight  of  the  farina.  A  saccha- 
rine matter  is  produced  by  this  operation,  which  may 
be  crystalttred  or  granulated  into  sugar,  by  the  ordi- 
nary  mode  of  evaporating  cane  juice,  or  other  ve- 
getable extracts  from  which  sugar  b  commonly 
made. 

Instead  of  reducing  the  roots  to  a  farinaceous  pow* 
der,  as  last  described,  for  die  production  of  sugar, 
they  may  be  steeped  in  their  raw  state  in  a  solution 
of  acid,  m  the  proportion  of  ten  pounds  of  acid  to 
every  hundred  weight  of  roots;  and  after  having 
been  acted  upon  by  the  acid  for  about  three  days, 
the  saccharine  matter  will  be  produced,  which  may 
be  treated  as  before  described,  and  sugar  obtained 
therefrom. 

Fabthing  ;  the  fourth  part  of  a  penny;  originally 
the  fowih  thing,  or  the  fourtii'  in  the  integer  one 
penny.  - 

Fascbts,  in  glan  making;  the  irons  thrust  into 
the  mouths  of  the  bottles  when  employed  to  remove 
them  into  the  annealing  oven. 

Fascinbs  ;  bundles  of  boughs,  twigs,  &c.,  sixteen 
feet  in  length,  and  usually  one  foot  in  diameter.  They 
are  made  on  trestles,  or  any  kind  of  support  placed 
about  two  feet  asunder.  The  twigs  are  placed  on 
this  machine,  drawn  tightly  together  by  a  cord ;  the 
bands  are  then  passed  round  them  at  the  distance  of 
two  feet  from  eaich  other.  The  twigs  which  exceed  a 
given  length  are  cut  off  or  bent  back,  and  the  ends 
are  bound  into  the  bundle.  Fascines  are  used  in 
sieges,  hydraulic  constructions,  ice.  Very  long,  thia 
ones  are  used  in  constructing  batteries,  whence  they 
are  called  9auci$8on$,  or  battefy^sausagei. 

Fashion  Pieces  ;  the  aftmost  or  hindmost  tim- 
bers of  a  ship,  which  terminate  the  breadth,  and 
form  the  shape  of  the  stem,  lliey  are  united  to  the 
stem  post,  and  to  the  extremity  of  £he  wing  transom 
by  a  rabbet,  and  a  number  of  strong  naib  or  spikes 
driven  from  without. 

Fat  of  Animals.  Animal  oib  and  fats,  as  they 
differ  only  in  the  fluidity  of  the  former  at  commoa 
temperatures,  while  the  latter  are  generally  concrete, 
will  be  treated  of  toother  in  the  present  article.  Of 
animal  oils,  whale  oil  and  sperm  oil  are  mpst  gene- 
rally known  in  thb  country ;  and  among  the  princ:- 
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ptu  varieties  of  fat  are,  apermaceti,  butter,  tallow, 
hu^,  and  suet.  Whale  oil,  or  train  oil,  is  extracted 
from  the  blabber  of  the  whale  (principally  the  balm- 
na  m^sticetua).  Originally  it  is  a  firm,  soUd  fat.  To 
obtain  the  oU,  the  blubber  b  melted  in  large  copper 
vessels.  A  large  quantity  of  water  separates,  and  on 
the  surface  there  floats  a  solid  matter,  called  /enk$, 
which  is  probably  coagulated  albumen.  The  more 
moderate  Uie  heat,  and  the  shorter  its  duration,  the 
paler  and  better  is  the  oil ;  but  this  is  attended  with  a 
diminution  in  its  quantity.  The  deep  colour  is  owing 
partly  to  too  great  heat  in  the  boiling,  and  partly  to 
blood  and  other  impurities,  which  are  unavoidably 
mixed  with  it.  What  is  carefully  extracted  in  Green- 
land is  perfectly  pale  and  limpid,  and  free  from  smell, 
and  bums  with  a  pure  and  bright  flame. 

Whale  oil  requires  to  be  kept  in  close  vessels,  to 
prevent  the  action  of  the  air.  It  is  rendered  more 
fluid  and  combustible  by  adding  to  it  a  little  cold- 
drawn  linseed  oil ;  but  it  cannot,  by  any  treatment, 
be  made  so  fit  for  burning  in  icunps  as  spermaceti 
oil.  The  best  way  of  using  it  b  found  to  bie  by  con- 
verting it  into  gas.  It  may  be  deprived  of  its  offen- 
sive odour,  however,  by  the  use  of  chloride  of  lime. 
Its  specific  gravity  b  0.9191.  It  boib  at  640^  Fahr., 
and  may  be  distilled ;  bat  its  properties  are  then 
materially  altered,  or,  rather,  it  becomes  ajiew  sub- 
stance, its  specific  gravity  being  diminished  to  0.868, 
its  boiling  point  lowered,  and  its  inflammability  much 
increased.  Whale  oil  consists  of  carbon  6S,S7,  oxy- 
gen 16.10,  and  hydrogen  15.03. 

Sperm  oil,  or  spermaceti  oil,  forms  part  of  the 
oily  substance  found  in  the  cranium  of  the  spermaceti 
whale,  or  phyBeterwiacrocephaku,  The  oil  is  separated 
by  putting  the  mass  into  a  woollen  bag  and  pressing 
it,  by  which  the  fluid  b  made  to  run  out,  and  the 
solid  residue,  when  washed  with  a  weak  alkaline  ley, 
affords  spermaceti.  Thb  kmd  of  oil  is  much  purer 
than  train  oil,  and  bums  away  without  leaving  any 
charcoal  on  Uie  wicks  of  lamps.  In  composition  it 
differs  but  slightly  from  whale  oil,  ponsbting,  accord- 
ing to  Doctor  Ure,  of  carbon  78,  oxygen  10.20,  and 
hydrogen  1 1 .80.  The  &t  of  animab,  or  more  solid  ani- 
mal oib,  may  be  separated  from  the  membranous  and 
other  substances  with  which  it  b  united  by  melting 
it  at  a  gentle  heat,  with  the  addition  of  a  small 
quantity  of  water.  Fat  thus  prepared  is  called  lard, 
when  of  a  soft  consbtence,  and  talUno  when  harder. 
It  b  insipid,  and  sometimes  free  from  smell;  at 
others,  it  has  a  dbtinct  and  peculiar  odour.  It  b 
apt  to  become  rancid,  however,  by  keeping — a  change 
connected  with  the  absorption  of  oxygen.  It  is  in- 
soluble in  water  or  in  alcohol.  It  melts  at  90^  or 
100^  Fahr. ;  by  raising  the  heat  it  is  rendered  more 
acrid,  and  exhales  a  pungent  vapour.  In  close  ves- 
sels it  is  decomposed,  and,  among  other  products, 
yields  a  large  quantity  of  olefiant  gas.  It  b  inflam- 
mable, and  afikrds,  by  combustion,  water  and  car- 
bonic acid. 

The  acids  act  chemically  on  fat.  Sulphuric  acid 
chars  it.  Nitric  ftcid,  mixed  with  it  in  a  small  quan- 
tity, gives  it  a  firmer  consistence,  and  renders  it 
soluble  in  alcohol.  In  this  state  it  has  been  called 
oxygenated  fat.  The  a^mal  oib  and  fats  combine 
with  the  alkalies,  and  form  with  these  perfect  soaps. 
With  some  of  the  earths,  and  metallic  oxides  also, 
they  form  saponaceous  compounds.  They  even  fa- 
cilitate the  oxidation  of  some  of  the  metals,  as  copper 
apd  mercury,  by  the  atmospheric  air.    Animal  fat  b 


not  homogenous,  but  consists  of  two  different  prox* 
imate  principles,  called  stearme  and  elame ;  tiie  former 
of  a  firm  consistence,  resembling  suet  or  tallow,  the 
other  more  soft  or  liquid,  and  analogous  to  vegetable 
oib.  (For  an  account  of  the  mode  of  separating  these 
principles,  and  their  properties  when  separate,  see 
DTBABiNE ;  and  for  a  view  of  the  theory  of  signifi- 
cation, see  Soap.) 

Fata  Morgana:  a  singular  aerial  phenomenon 
seen  in  the  straits  of  Messina.  When  the  rising  sun 
shines  from  that  point  whence  its  incident  ray  forms 
an  angle  of  about  45^  on  the  sea  of  Reggio,  and  tiie 
bright  surface  of  the  water  in  the  bay  is  not  disturbed 
either  by  the  wind  or  current,  when  the  tide  b  at  its 
height,  and  the  waters  are  pressed  up  by  currents  to 
a  great  elevation  in  the  middle  of  die  channel,  the 
spectator  being  placed  on  an  eminence,  with  hb 
back  to  the  sun  and  his  face  to  the  sea,  the  moun- 
tains of  Messina  rising  like  a  wall  behind  it,  and 
forming  the  back  ground  of  the  picture-— on  a  sudden 
there  appear  in  the  water,  as  in  a  catoptric  theatre, 
various  multiplied  objects — ^numberless  series  of  pi- 
lasters, arches,  castles,  well-delineated,  regular  co- 
lumns, lofty  towers,  superb  palaces,  with  balconies 
and  windows,  extended  alleys  of  trees,  delightful 
plains,  with  herds  and  flocks,  armies  of  men  on  foot, 
on  horseback,  and  many  other  things  in  their  natural 
colours  and  proper  actions,  passing  rapidly  in  succes- 
sion along  the  surface  of  the  sea,' during  the  whole  of 
the  short  period  of  time  while  the  above-mentioned 
causes  remain. 

All  these  objects,  which  are  exhibited  in  the  Fata 
Morgana,  are  proved  by  the  accurate  observations  of 
the  cpast  and  town  of  Reggio,  by  P.  Minasi,  to  be 
derived  from  objects  on  shore.  If,  in  addition  to  the 
circumstances  we  before  described,  the  atmosphere  be 
highly  impregnated  with  vapour,  and  dense  exhala- 
tions, not  previously  dispersed  by  the  action  of  the 
wind  and  waves,  or  rarified  by  the  sun,  it  then  hap- 
pens, that,  in  thb  vapour,  as  in  a  curtain  extended 
along  the  channel  to  the  height  of  above  forty  palms, 
and  nearly  down  to  the  sea,  the  observer  will  behold 
the  scene  of  the  same  objects  not  only  reflected  from 
the  surface  of  the  sea,  but  likewbe  in  the  air,  thou^ 
not  so  dbtinctly  or  well  defined  as  the  former  objects 
from  the  sea.  Lastly,  if  the  air  be  slightly  hazy  and 
opaque,  and  at  the  same  time  dewy,  and  adapted  to 
form  the  iris,  then  the  above-mentioned  objects  will 
appear  only  at  the  surface  of  the  sea,  as  in  the  first 
case ;  but  all  vividly  coloured  or  fringed  with  red« 
green,  blue,  and  other  prbmatic  colours.  As  the  day 
advances,  the  fairy  scene  gradually  disappears. 

A  very  smgular  instance  of  atmospherical  refrac- 
tion b  described  in  the  PkUosophical  TVansacHons,  as 
having  taken  place  at  Hastings.  The  coast  of  Picar- 
dy,  which  b  between  40  and  50  miles  distance  from 
that  of  Sussex,  appeared  suddenly  close  to  the  Eng- 
lish shore,  llie  sailors  and  fishermen  crowded  down 
to  the  beach,  scarcely  believing  their  own  eyes ;  but 
at  length  they  began  to  recognise  several  of  the 
French  cliffis,  and  pointed  out  places  they  had  been 
accustomed  to  visit.  From  the  summit  of  the  east- 
em  cliff  or  hill,  a  most  beautiful  scene  presented  it- 
self :  at  one  glance  the  spectators  could  see  Donge- 
ness,  Dover  cliffs,  and  the  French  coast,  all  along  from 
Calais  to  St.  Vallery ;  and,  as  some  affirmed,  as  far 
to  the  westward  even  as  Dieppe.  By  the  tdescope, 
the  French  fishing-boats  were  plainly  seen  at  ancbcvr  ^ 
and  the  different  colours  of  the  land  on  the  heights 
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With  the  bnUdings,  were  perfectly  dbcemible.  Tliis 
refractive  power  of  the  atmosphere  was  probably  pro- 
duced by  a  diminntion  of  the  density  of  its  lower 
stratum,  in  consequence  of  the  increase  of  heat  com- 
municted  to  it  by  the  rays  of  the  son,  pbwerftilly  re- 
flected from  the  surface  of  the  earth.  (See  Miraob.) 
Similar  appearances  occur  also  in  the  great  sandy 
plains  of  Persia,  of  Asiatic  Tkrtary,  in  Lower  Egypt, 
on  the  plains  of  Mexico,  in  North  America,  &c.  ' 

Fathom  ;  a  measure  of  six  feet,  used  to  regulate 
the  length  of  the  cables,  rigging,  &c.,  and  to  divide 
the  lead  (or  sounding)  lines,  &c. 

Faux  Jour,  or  faUe  light ;  an  expression  in  the 
fine  arts.  If  a  picture  is  placed  so  that  the  light 
lalls  upon  it  from  a  different  side  from  that  from 
which  the  painter  intended  to  represent  the  light  in 
the  picture  as  falling  upon  objects,  or  if  the  pictul^  is 
placed  so  that  it  is  covered  with  a  bright  glare,  and 
nothing  can  be  distinguished,  the  picture  is  said  to 
be  in/aiix  jbttr. 

Feeder,  in  canaUhniding.  In  order  that  water 
may  not  be  wanting  in  any  part  of  a  canal*  built  on 
different  levels,  a  supply  is  insured  at  the  highest 
level,  and  thus  gradually  passes  off,  through  the 
locks,  to  the  lowest.  The  streams,  which  fbmish  the 
water  at  this  and  other  points,  are  called /ee«^«. 

Fbblihg  ;  one  of  the  five  external  senses,  by  which 
we  obtain  the  ideas  of  solid,  hard,  soft,  rough,  hot, 
cold,  wet,  dry,  and  other  tangible  qualities.  It  is 
the  most  universal  of  all  the  senses.  We  see  and 
hear  with  small  portions  of  our  bodies,  but  we  feel 
with  all.  Nature  has  bestowed  that  general  sensa- 
tion wherever  there  are  nerves,  and  they  are  every 
where,  where  there  is  life.  Were  it  otherwise,  the 
parts  divested  of  it  might  be  destroyed  without  our 
knowledge.  It  seems  that,  upon  this  account,  na- 
ture has  provided  that  this  sensation  should  not  re- 
quire a  particular  organization.  The  structure  of  the 
nervous  papilla  is  not  absolutely  necessary  to  it. 
The  lips  of  a  fresh  wound,  the  perioiteuiH,  and  the 
tendons,  when  uncovered,  are  extremely  sensible 
without  them.  These  nervous  extremities  serve  only 
to  the  perfection  of  feeling,  and  to  diversify  sensatian. 

Like  every  other  sense*  feeling  is  capable  of  the 
greatest  improvement :  thus  we  see  that  persons  born 
without  arms  acquire  the  nicest  feeling  in  their  toes ; 
and,  in  blind  people,  this  sense  becomes  so  much  de- 
veloped, that  individuals  born  blind,  and  acquiring 
the  faculty  of  sight  in  after-life,  for  a  long  time  de- 
pend rather  on  their  feeling  than  on  their  sight, 
because  they  receive  clearer  ideas  through  the  former 
sense.  A  person  in  this  condition,  who  could  not 
remember  the  difference  of  thiuffs,  if  he  only  saw 
them,  as  soon  as  he  touched  them,  distinguished 
them  perfectly  well.  Feeling  is  the  most  common  of 
all  the  senses,  as  it  exists  in  all  creatures,  which  have 
any  sense  at  all :  even  some  plants  show  a  sensibility 
to  touch.  Many  animals  have  no  sense  but  that  of 
feeling. 

Fbldspar.    (See  Natural  History  .) 

Fbllob  ;  the  circular  wooden  rim,  which,  with 
the  addition  of  a  knave  and  spokes,  makes  the  wheel 
of  a  carriage. 

Fellowship  ;  the  name  of  a  rule  in  arithmetic, 
useful  in  balancing  accounts  between  traders,  mer- 
chants, ficc. ;  as  also  in  the  division  of  common  land, 
pnze-money,  and  other  cases  of  a  similar  kind.  Fel- 
lowslup  is  of  two  kinds,  single  and  double ;  or  fel- 
towthip  without  time,  and  fellowship  with  time* 
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Siitgle  FeUowsk^  is  when  all  the  moneys  have  been 
employed  for  the  same  time;  and  therefore  the 
shares  are  directly  as  the  stock  of  each  partner.  The 
rule  in  this  case  b  as  follows : — ^As  the  whole  stock  : 
the  whole  gain  or  loss  :  :  each  man's  particular 
stock  :  his  particular  share  of  the  gain  or  loss.— 
Example,  A  bankrapt  is  indebted  to  A  1000/.  to  B 
2000/.  to  C  3000/. ;  whereas  his  whole  effects  sold 
but  for  1200/. :  required  each  man's  share.  Here 
the  whole  debt  is  6000/. ;  therefore 

/ 1000  :  200/.  A's  share. 

As  6000  :  1200  :  :  i  2000  :  400/.  B's  share. 

(3000  :  600/.  C's  share. 

Domble  Fellowship  is  when  equal  or  different  stocks 
are  employed  for  different  periods  of  time.  Tlie  rule 
in  this  case  is  as  follows  : — Multiply  each  person's 
stock  by  the  time  it  is  engaged ;  then  say.  As  the 
sum  of  the  products  :  the  whole  gain  or  loss  :  : 
each  particular  product  :  the  corresponding  share  of 
the  gain  or  loss. — Example.  A  had  in  trade  50/.  for 
4  months,  and  B  60/.  f5r  5  months,  with  which  they 
gained  24/. :  required  each  person's  particular  share. 
50X4=200 
60x6=300 

C  300  :  14/.    68.  B  s  gain. 

Fbllino  op  Timber,  in  rural  economy.  In  tbv 
perfbrmance  of  this  operation,  attention  should  in  the 
first  place  be  paid  to  the  season  of  the  year,  es- 
pecially where  the  timber  is  of  the  oak  kind  or  such 
as  is  to  be  peeled  for  the  bark,  as  it  will  only  peel, 
or  what  the  workmen  term  run,  at  a  particular  pe- 
riod,  which  is  generally  in  the  spring  months,  just 
before  the  leaves  expand.  With  many  other  sorts  of 
timber  trees,  this  is  not,  however,  necessary  to  be 
regarded ;  but  they  should,  in  general,  be  cut  down 
previously  to  the  leaves  appearing. 

In  the  work  of  felHng  there  is  considerable  art  to 
make  them  fall  in  the  best  way,  which  is  only 
known  by  those  woodmen  who  have  had  much  expe- 
rience. Where  a  large  fall  is  therefore  to  be  made, 
it  is  of  much  advantage  to  have  men  of  this  kind  to 
undertake  the  business.  The  price  of  felling  is  regu- 
lated by  a  variety  of  different  circumstances,  as  the 
kind  of  wood,  the  size  of  the  trees,  the  nature  of  the 
situation,  &c ;  but  the  work  is  often  done  by  the 
tree,  or  at  a  fixed  price  for  a  certain  number  of  trees. 

Fbltino.  The  texture  of  modem  hats,  which  are 
made  of  fur  and  wool,  depends  upon  the  process  of 
fehing,  which  b  similar  to  that  of  fulling.  Hie 
fibres  of  these  substances  are  rough  in  one  direction 
only,  as  may  be  perceived  by  passing  a  luur  through 
the  fingers  in  opposite  directions.  Thb  roughness 
allows  the  fibres  to  glide  among  each  other,  so  that 
when  the  mass  is  agitated,  the  anterior  extremities 
slide  forward  in  advance  of  the  body,  or  posterior 
half  of  the  hair,  and  serve  to  entangle  and  contract 
the  whole  mass  together.  The  materials  commonly 
used  for  hat-making,  are  the  furs  of  the  beaver,  seal, 
rabbit,  and  other  animals,  and  the  wool  of  sheep. 
The  furs  of  most  animab  are  mixed  with  a  longer 
kind  of  thin  hair,  which  is  obliged  first  to  be  pulled 
out,  after  which  the  fur  is  cut  off  with  a  knife. 

The  materials  to  be  felted  are  intimately  mixed 
together  by  the  operation  of  bowing,  whidi  depends 
on  the  vibrations  of  an  elastic  string;  the  rapid 
alternations  of  its  motion  being  peculiarly  weil 
adapted  to  remove  all  irregular  knots  and  adhesions 
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among  the  fibres,  and  to  dispose  t&em  in  a  very  light 
and  uoiform  arrangement.  This  texture,  when 
pressed  onder  cloths  and  leather,  readily  unites  into  a 
mass  of  some  firmness.  This  mass  is  dipped  into  a 
liquor  containmg  a  little  sulphuric  acid ;  and,  when 
intended  to  form  a  hat,  it  is  first  moulded  into  a  large 
conical  figure,  and  this  is  afterwards  reduced  in  its 
dimensions  by  working  it  for  several  hours  with  the 
hands.  It  is  then  formed  into  a  fiat  surfiice,  with 
several  concentric  folds,  which  are  still  farther  com- 
pacted in  order  to  make  the  brim  and  the  circular 
part  of  the  crown,  and  forced  on  a  block,  which 
serves  as  a  mould  for  the  cylindrical  part. 

The  nap,  or  outer  portion  of  the  fur,  is  ndsed  with 
a  fine  wire  brush,  and  the  hat  is  subsequently  dyed, 
and  stiffened  on  the  inside  with  glue.  An  attempt 
has  been  made,  and  at  one  time  excited  considerable 
expectation  in  England,  to  form  woollen  cloths  by 
the  process  of  feltmg,  without  spinning  or  weaving. 
Perfect  imitations  of  various  cloths  were  produced, 
but  they  were  found  deficient  in  the  firnmess  and  du- 
rability which  belongs  to  woven  fabrics. 

Cloth  has  lately  been  made  from  the  Bweepings  of 
the  cotton  factories  by  felting. 

Fblucca  ;  a  little  vessel  with  oars,  common  in  the 
Mediterranean. 

Femoralis  Akteria,  in  anatomy;  a  continuation 
of  the  external  iliac  along  the  thigh. 

Femur,  in  anatowy ;  Sie  thigh,  or  thigh-bone,  a 
long  cylindrical  bone  situated  between  the  pthn$  and 
tibia. 

Fenestra,  in  anatomv;  a  name  given  to  two  small 
holes  which  appear  in  me  cavity  of  the  tympanum, 
and  which  are  distinguished  from  each  other  by  the 
epithets  rotunda  and  ovalu. 

Fence,  in  agriculture;  a  term  signifying  any  sort 
of  construction  raised  for  the  purpose  of  enclosing 
land,  such  as  a  bank  of  earth,  a  ditch,  hedge,  wall, 
railing,  paling,  or  any  similar  kind  of  erection. 

It  seems  evident  that  fences  only  became  known, 
and  were  recurred  to,  as  the  pastoral  state  of  society 
disappeared ;  and  that  during  that  of  the  feudal  sys- 
tem they  were  but  little  necessary.  The  materials 
which  are  most  commonly  employed  in  the  rais- 
ing of  fences  are,  earthy  substances,  living  plants  of 
various  kinds,  stones,  bricks,  and  wood  of  different 
sorts.  Iron,  and  even  rope,  or  cord,  are  likewise  oc- 
casionally made  use  of  for  forming  fences. 

Fennel;  a  common  plant,  the  seeds  of  which,  by 
cultivation,  acquire  an  agreeable  flavour;  they  are 
carminative,  and  are  frequently  employed  in  medi- 
cine. In  Italy,  the  voung  sprouts  are  eaten  as  a 
salad,  and  also  in  soups.  Fennel  seed  is  extensively 
exported  from  France  to  Great  Britain,  and  is  said 
to  be  employed  in  this  country  in  the  manufacture 
of  gin. 

Fermentation  ;  the  spontaneous  changes  which 
vegetable  matter  undergoes  when  exposed  to  ordi- 
nary atmospherical  temperture.  So  long  as  vegetable 
substances  remain  in  connection  vrith  the  living 
plants  by  which  they  were  produced,  the  tendency 
of  their  elements  to  form  new  combinations  is  con-** 
trolled  ;  but,  as  soon  as  the  vital  principle  is  extinct, 
they  become  subject  to  the  unrestrained  influence  of 
chemio&l  affinity.  Owing  to  the  difference  in  the 
constitution  of  different  vegetable  compounds,  how- 
ever, they  are  not  all  equally  prone  to  fermentation; 
nor  is  tiie  nature  of  the  change  the  same  in  all  of 
them.   Thus  alcohol,  oxalic,  acetic,  and  benzoic  acids. 


I  may  be  kept  indefinitely  without  altemtioii; 

I  others,  such  as  gluten,  sugar,  stardi^  and  mucilagin- 
ous substances  are  very  liable  to  decomposition.  In 
like  manner,  the  spontaneous  change  sometimes  ter- 
minates in  the  formation  of  sugar ;  at  another  time, 
in  that  of  alcohol ;  at  a  third,  in  that  of  acetic  acid ; 
and,  at  a  fourth,  in  the  total  dissolution  of  the  sub- 
stance. This  has  led  to  the  division  of  the  fermen- 
tative processes  into  four  distinct  kinds,  viz.,  the  mc- 
ckarine,  the  vinous,  the  acetous,  and  the  piUrrfactivc 
fermentation.  When  starch  is  kept  moist  for  a  con- 
siderable length  of  time,  a  change  gradually  ensues, 
and  a  quantity  of  sugar  equal  to  iU>out  half  the  wei|^t 
of  starch  employed  b  generated.  Exposure  to  the 
atmosphere  is  not  necessary  to  this  change,  though 
the  quantity  of  sugar  is  increased  by  the  access  of  air. 

The  concutions  requisite  for  establi^ng  the  vinous 
fermentation  are  the  following,  viz.,  the  presence  of 
sugar,  vTater,  yeast,  and  a  certain  temperature.  To 
observe  the  chemical  changes  which  occur,  we  must 
dissolve  Ave  parts  of  sugar  in  about  twenty  of  water, 
adding  a  little  yeast,  and,  introducing  the  mixture 
into  a  glass  flask,  furnished  with  a  bent  tube,  the 
extremity  oC  which  opens  under  an  inverted  jar  foil 
of  water  or  mercury,  apply  a  temperature  of  60^  or 
7(p  Fahr.,  to  the  materials.  In  a  short  time,  we 
shall  observe  the  syrup  to  become  muddy,  and  a 
multitude  of  air  bubbles  to  form  around  the  ferment; 
these  unite,  and,  attaching  themselves  to  particles  of 
the  yeast,  rise  along  with  it  to  the  surface,  forming  a 
stratum  of  froth.  The  yeasty  matter  wiU  Uien  dis- 
engage itself  from  the  air,  fall  to  the  bottom  of  the 
vessel,  to  acquire  buoyancy  a  second  time,  and  so 
on.  The  fermentation  vrill  continue  for  two  or  three 
da3rs,  when  it  will  terminate,  leaving  the  impurities 
to  subside,  and  the  liquor  clear  and  transparent. 

The  only  appreciable  changes  which  are  found  to 
have  occurred  during  the  process,  are  the  disappear- 
ance of  the  sugar,  and  the  formation  of  alcohol  (which 
remains  in  the  flask),  and  of  carbonic  acid  which  is 
collected  in  the  inverted  jar.  The  yeast  appears  to 
have  operated  only  by  bringing  on  the  fermentation, 
without  farther  contributing  to  the  products.  The 
atmospheric  air,  having  been  excluded  by  the  nature 
of  the  apparatus,  can  have  exercised  no  effect  upon 
the  result.  The  true  theory  of  the  process  is  founded 
on  the  fact,  that  the  sugar,  which  disappears,  is 
precisely  equal  to  the  united  weighte  of  the  alco- 
hol and  carbonic  acid;  and  hence  the  former  ia 
supposed  to  be  resolved,  during  the  process,  into  the 
two  latter.  Though  a  solution  of  pure  sugar  is  not 
susceptible  of  the  vinous  fermentetion,  without  being 
mixed  with  yeast„yet  the  saccharine  juices  of  plants 
do  not  require  the  addition  of  that  substance ;  or,  in. 
other  words,  they  contain  some  principle,  which,  like 
yeast,  excites  the  fermentative  process.  Thus  the 
juice  of  the  grape,  of  the  apple,  ficc,  ferments  spon- 
teneously,  but  not  without  enjoying  access  to  the  air; 
from  which  it  would  appear,  uiat  it  must  contain  a 
principle  which  is  convertible  into  yeast,  or,  at  least, 
into  a  compound,  which  acquires  the  characteristic 
property  of  that  substance,  by  absorbing  oxygen. — 
The  various  kinds  of  stimulating  fluids,  prepared  by 
means  of  the  vinous  fermentation,  are  divisible  into 
wines,  which  are  formed  from  the  juices  of  saccha- 
rine fruits,  and  the  various  kinds  of  ale  and  beer  pro- 
duced from  a  decoction  of  the  nutritive  grains  pre- 
viously malted. 

llie  juice  of  the  grape  is  superior,  for  the  purpose 
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€f  nakmg  wme,  to  thai  of  all  other  finiits,  not  merely 
m  oontainiiig  a  larger  proportion  of  saccharine  matter, 
since  tibia  deficiency  may  be  supplied  artificialiv»  but 
in  ^e  nature  of  its  acid.  The  chief  or  only  acidulous 
principle  of  the  mature  grape,  ripened  in  a  warm  cli- 
mate, such  as  Spain,  Portugal,  or  Madeira,  is  the 
bitartrate  of  potash.  As  this  salt  is  insoluble  in  al- 
cohol, the  greater  part  of  it  is  deposited  during  the 
▼inous  fermentation ;  and  an  additional  quantity  sub- 
sides, constituting  the  tnut,  during  the  progress  of 
wine  towards  its  point  of  highest  perfection.  The  juices 
of  other  fruits,  on  the  contrary,  such  as  the  f;oosebernr 
or  currant,  contain  the  malic  or  citric  acids,  which 
are  soluble  both  in  water  and  alcohol,  and  of  which, 
therefore,  they  can  never  be  deprived.  Consequently, 
these  wines  are  only  rendered  palatable  by  the  pre- 
sence of  free  sugar,  whidi  conceals  the  taste  of  the 
acid ;  and  hence  it  is  necessary  to  arrest  the  progress 
of  the  fermentation  long  before  the  whole  of  the  sac- 
charine matter  is  consumed.  For  the  same  reason, 
these  wines  do  not  admit  of  being  long  kept ;  for  as 
soon  as  the  free  sugar  is  converted  into  alcohol,  by 
the  slow  fermentative  process,  which  may  be  retarded 
by  the  addition  of  brandy,  but  cannot  be  prevented, 
the  liquor  acquires  a  strong  sour  taste. 

Ale  and  beer  differ  from  wines,  in  containing  a 
large  quantity  of  mucilaginous  and  extractive  matters, 
derived  from  the  malt  with  which  they  are  made. — 
From  the  presence  of  these  substances,  they  always 
contain  a  free  acid,  and  are  greatly  disposed  to  pass 
into  the  acetous  fermentation.  The  sour  taste  is  con- 
cealed! partly  by  free  sugar,  and  partly  by  the  bitter 
flavour  of  the  hop,  the  presence  of  which  diminbhes 
the  tendency  to  die  formation  of  an  acid.  The  fer- 
mentative process  which  takes  place  in  dough  mixed 
vrith  yeast,  and  on  which  depends  the  formation  of 
good  bread,  has  been  supposed,  by  some,  to  be  of  a 
peculiar  kind,  and  accordingly  designated  by  the 
name  of  the  panary  fermeiUaium,  More  recent  re- 
searches upon  this  subject,  however,  leave  little 
doubt  that  the  phenomena  are  to  ascribed  to  the 
saccharine  matter  of  the  flour  undergoing  the  vinous 
fermentetion,  by  which  it  is  resolved  into  alcohol  and 
carbonic  acid.  When  any  liquid  has  undergone  the 
vinous  fermentation,  or  even  pure  alcohol,  dilated 
with  water,  is  -mixed  with  yeast,  and  exposed  in  a 
warm  place  to  the  open  air,  the  acetous  fermentation 
takes  place.  This  change  b  attended  with  an  intes- 
tine movement,  and  the  developement  of  heat  and 
carbonic  acid  gas ;  the  fluid,  at  the  sam»  time,  be- 
coming turbid,  from  the  deposition  of  a  peculiar  fila- 
mentous matter.  Thb  process  goes  on  tardily  below 
60^  Fahr. ;  at  50^,  b  very  sloggbh ;  and  at  32^,  is 
wholly  arrested.  On  the  contrary,  when  the  tem- 
perature is  as  high  as  S(P,  it  proceeds  with  vigour. 

It  b  necessary  to  dbtingubh  between  the  mere 
formation  of  acetic  acid,  and  the  acetous  fermenta- 
tion. Most  vegetable  substances  yield  acetic  acid, 
when  they  undergo  spontaneous  decomposition ;  and 
inferior  kinds  of  ale  and  beer  are  known  to  acquire 
acidity  in  a  short  time,  even  when  confined  in  well- 
corked  bottles.  These  processes,  and  a  variety  of 
others,  however,  are  qmte  different  from  the  proper 
acetous  fermentation,  above  described,  being  unat« 
tend^  with  vbible  movement  in  the  liquid  with  the 
mbsorption  of  oxygen  from  the  air,  or  the  evolution 
of  carbonic  acid.  The  true  acetous  fermentation 
consbte  in  the  conversion  of  alcohol  into  acetic  acid, 
tiie  quantity  of  the  latter  being  precisely  proportional 
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to  that  of  the  former.    Hie  nature  of  the  diemicaa 
action  b,  however,  at  presents  obscure. 

It  has  been  imagined  that  pure  alcohol  contains  a 
greater  proportionid  quantity  of  carbon  and  hydio- 
gen  than  acetic  acid ;  that  the  oxygen  of  the  atmos* 
phere,  the  presence  of  which  b  mdispensable,  ab- 
stracte  so  much  of  those  elemento,  by  giving  rise  to 
the  formation  of  carbonic  acid  and  water,  as  to  leave 
the  remaining  carbon,  hydrogen,  and  oxygen  of  the 
alcohol,  in  the  precbe  ratio  for  forming  acetic  acid. 
The  acetous  fermentation  b  conducted  on  a  large 
scfale,  for  yielding  the  common  vinegar  of  commerce. 
In  France,  it  b  prepared  by  exposing  weak  wines  to 
the  air  during  warm  weather.    In  this  country,  it  b 
made  from  a  solution  of  brown  sugar  or  molasses,  or 
an  infusion  of  malt.     The  vinegar  thus  obtained, 
however,  alwa3rs  contains  a  large  quantity  of  muci- 
laginous and  other  vegetable  matters,  the  presence  of 
which  renders  it  liable  to  several  ulterior  changes. 
The  putrefactive  fermentation  b  confined  to  those 
vegetable  substances,  in  which  the  oxygen  and  hy- 
drogen exbt,  in  a  proportion  to  form  water ;  and  in 
such,  particularly,  as  contain  nitrogen.    Those  prox* 
imate  principles,  in  which  carbon  and  hydrogen  pre- 
vail, such  as  the  oils,  resins,  and  alcohol,  do  not 
undergo  the  putrefactive  fermentation ;  nor  do  acids, 
which  contain  a  considerable  excess  of  oxygen,  mani- 
fest  a  tendency  to  suffer  this  change.    The  conditions 
requbite  for  enabling  the  putrefactive  process  to 
commence,  are  moisture,  air,  and  a  certliin  tempera- 
ture.   The  temperature  most  favourable  b  between 
60^  and  100^  Fahr.    The  producte  of  the  process 
may  be  divided  into  the  solid,  liquid,  and  gaseous. 
The  liquid  are  chiefly  water,  together  with  a  little 
acetic  acid  and  oil.    The  gaseous  producte  are  light, 
carbureted  hydrogen,    carbonic  acid,    and,    when 
nitrogen  is  present,  ammonia.     Pure  hydrogen,  and, 
probably,  nitrogen,  are  sometimes  disengltged.    An- 
other elastic  principle,  supposed  to  arise  from  putre- 
fying vegetable  remains,  b  the  noxious  miaamata  of 
marshes.    The  origin  of  these,  however,  b  exceed- 
ingly obscure.    The  solid  product  is  a  dark,  pulveru- 
lent substance,    consisting  of  charcoal,    combined 
with  a  little  oxygen  and  hydrogen,  which,  when 
mixed  with  a  proper  quantity  of  earth,  b  called 
vegetable  moM. 

FnaRBTTo,  in  the  glam  mam^adwre,  a  substance 
employed  to  colour  glass.  This  is  made  by  the 
simple  calcination  of  copper,  but  it  serves  for  several 
colours.  There  are  two  ways  of  making  itj  the  first 
is  as  follows :  take  thin  plates  of  copper,  and  place 
them  on  a  layer  of  powdered  brimstone,  in  the 
bottom  of  a  crucible ;  over  these  lay  more  brim- 
stone, and  over  that  another  layer  of  the  plates,  and 
so  on  alternately  till  the  pot  b  full.  Cover  the  pot, 
lute  it  well,  place  it  in  a  wind-fhmace,  and  make  a 
strong  fire  about  it  for  two  hours.  When  it  is  taken 
out  and  cooled,  the  copper  will  be  found  so  cal- 
cined that  it  may  be  crumbled  to  pieces  between  the 
fingers  like  a  friable  earth ;  it  vrill  be  of  a  reddbh, 
and  in  some  parte  of  a  blackbh  colour.  This  must 
be  powdered  and  sifted  fine  for  use.  The  other  way 
is  less  easy,  but  it  makes  a  more  valuable  ferretto. 
It  is  thb :  make  a  number  of  stratifications  of  plates 
of  copper  and  powdered  vitriol,  alternately,  in  a 
crucible,  which  place  on  the  floor  of  the  glass  fur- 
nace near  the  eye,  and  let  it  stand  there  three  days ; 
then  take  it  out,  and  make  a  new  stratification  with 
more  fresh  vitriol,  and  calcine  it  again  as  befofc ; 
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ivpeat  this  operation  sli  times,  and  a  most  valnaUe 
ferretto  is  produced. 

Pbrbuoinous,  is  appHed  to  any  thing  partaking 
of  the  properties  of  iron,  or  containing  particles 
of  that  metal.  It  b  particularly  applied  to  certain 
mineral  springs,  whose  water,  in  their  passage  along 
the  strata  of  the  earth,  meets  with  the  ore  of  this 
metal,  or  with  pyrits  containing  it,  part  of  which 
they  wash  off,  and  carry  with  them,  and  thus  be- 
come impregnated  with  the  principles  thereof.  Such 
are  what  we  call  chalybeate  waten. 

Fbrruoo  ;  the  rust  of  iron,  or  a  kind  of  calx 
found  upon  its  surface.  The  rust  of  iron  is  as- 
stringent  ;  it  is  applied  medicinally. 

Fbssb,  in  heraldry ;  one  of  the  nine  honourable 
ordinaries  of  the  escutcheon,  which  it  dirides  hori- 
zontally in  the  middle,  and  separates  the  chief  from 
the  point.  It  is  supposed  to  represent  a  broad  girdle 
or  belt  of  honour,  such  as  those  with  which  knights 
at  arms  were  anciently  girded.  It  possesses  the 
centre  of  the  escutcheon,  and  contains  in  breadth 
one  third  part  thereof.  When  the  fesse  takes  up  less 
than  its  proper  breadth,  it  is  called  a  bar.  Fesse- 
point  is  the  exact  centre  of  the  escutcheon. 

Fbstoon,  in  arehUectwe ;  an  ornament  of  carved 
wood,  in  manner  of  wreathes  or  garlands  hanging 
down,  which  was  anciently  used  at  the  gates  of  tem- 
ples and  other  edifices. 

Fbvbr  ;  a  disease  characterized  by  an  increase  of 
heat,  an  accelei^ted  pulse,  a  foul  tongue,  and  an 
impaired  state  of  several  functions  of  the  body.  The 
varieties  are  numerous.  The  principal  divisions  are 
into  continued  and  intermittent  fevers. 

Continued  fevers  have  no  intermission,  but  exacer* 
bations  come  on  usually  twice  in  one  day.  Th» 
genera  of  continued  fevers  are :  1.  Synocha,  or  in- 
Sammatory  fever,  known  by  increased  heat ;  pulse 
frequent,  strone  and  hard ;  urine  high  coloured ; 
senses  not  mUcn  impaired :  2.  7\fphtt8,  or  putrid- 
tending  fever,  which  is  contagious,  and  is  charac- 
terized by  moderate  heat ;  quick,  weak,  and  small 
pulse ;  senses  much  impaired,  and  great  prostration 
of  strength :  3.  Synochus,  or  mix^  fever.  Inter- 
mittent fevers  are  known  by  cold,  hot,  and  sweat- 
ing stages,  in  succession,  attending  each  parox3rsm, 
and  followed  by  an  intermission  or  remission.  There 
are  three  genera  of  intermitting  fevers,  and  several 
varieties:  1.  Quoiidiana;  a  quotidian  ague.  The 
paroxysms  return  in  the  momintr,  at  an  interval  of 
about  twenty-four  hours.  2.  Taiiana;  a  tertian 
ague.  The  paroxysms  commonly  come  on  at  mid- 
day, at  an  interval  of  about  forty-eight  hours.  3. 
Quartana;  a  quartan  ague.  The  paroxysms  come 
on  in  the  afternoon,  with  an  interval  of  about  se- 
venty-two hours.  The  tertian  ague  is  most  apt  to 
prevail  in  the  spring,  and  the  quartan  in  autumn. 

When  these  fevers  arise  ba  the  spring,  they  are 
called  vernal;  and  when  in  the  autumn,  they  are 
known  by  the  name  of  autumnal,  Intermittents  often 
prove  obstinate,  and  are  of  long  duration  in  warm 
climates ;  and  they  not  unfrequently  resist  every 
mode  of  cure,  so  as  to  become  very  distressing  to 
the  patient,  and,  by  the  extreme  debility  which  they 
thereby  induce,  often  give  rise  to  other  chronic  com- 

J>taint8.  It  seems  to  be  pretty  generally  acknow- 
edged,  that  marsh  miasmata,  or  the  effluvia  arising 
from  stagnant  water,  or  marshy  ground,  when  acted 
upon  by  heat,  are  the  most  frequent  exciting  cause 
«f  this  fever.    A  watery  poor  diet,  great  fatigue. 


kmg  watdiing,  grfef^  much  aiudety»  exposon  to  cold. 
lying  in  damp  rooms  or  beds,  wearing  damp  lineo, 
uie  suppression  of  some  long  accustomed  evacuation* 
or  the  recession  of  eruptions,  have  been  ranked 
among  the  exciting  causes  of  intermittents ;  but  it  is 
more  reasonable  to  suppose  that  these  circumstances 
act  only  by  inducing  tiiat  state  of  the  bodv  which 
predisposes  to  these  complaints.  One  peculiarity  of 
this  fever  is  its  great  susceptibility  of  a  renewal  from 
very  slight  causes,  as  from  the  prevalence  of  an 
easterly  wind,  even  without  the  repetition  x>f  the 
original  exciting  cause.  In  this  circumstance,  inter- 
mittents differ  from  most  other  fevers^  as  it  is  well 
known  that,  after  a  continued  fever  has  once  oc- 
curred, and  been  remcfved,  the  person  so  affected  is 
by  no  means  so  liable  to  a  fresh  attack  .of  the  dis- 
order, as  one  in  whom  it  had  never  taken  place. 
We  have  not  yet  attained  a  certain  knowledge  of  the 
proximate  cause  of  an  intermittent  fever,  &t  a  de- 
raoj^  state  of  the  stomach  and  prime  vie  is  tliat 
which  is  most  generally  allied. 

Each  paroxysm  of  an  intermittent  fever  is  divided 
into  three  difl^rent  stages,  whidi  are  odled  the  cold, 
the  hat,  and  the  mpeatiMg  9tage$,  or  JU$.  Ihe  cold 
stage  commences  with,  languor,  a  sense  of  debility 
and  sluggishness  in  motion,  firequent  yavming  and 
stretching,  and  an  aversion  to  food.  The  face  and 
ertremtties  become  pale,  the  features  shrink,  the  bulk 
of  every  external  part  is  diminished,  and  the  skin 
over  the  whole  body  i^pears  constricted,  as  if  cold 
had  been  applied  to  it.  At  length  the  patient  feels 
very  cold,  and  universal  rigours  come  on,  witl^paina 
in  the  head,  back,  loins,  and  joints,  nausea  and 
vomiting  of  bilious  matter ;  the  respiration  b  smalls 
frequent,  and  anxious ;  the  urine  is  almost  colour* 
less ;  sensibility  is  greatly  impaired ;  the  thoughts  are 
somewhat  conmsed ;  and  the  pulse  is  small,  frequent* 
and  often  irregular.  In  a  few  instances,  drowsiness 
and  stupor  have  prevailed  in  so  high  a  degree  as  to 
resemble  coma  or  apoplexy ;  but  this  b  by  no  means 
usual. 

These  symptoms  abating  after  a  short  time,  tht 
second  stage  commences  with  an  increase  of  heat 
over  the  whole  body,  redness  of  the  hce,  dryness  of 
the  skin,  thirst,  pain  in  the  head,  throbbing  in  the 
temples,  anxiety,  and  restlessness ;  the  respiration  is 
fultor  and  more  free,  but  still  frequent ;  the  tongue  is 
fhrred,  and  the  pulse  has  become  regular,  hard,  and 
full.  If  the  attack  has  been  very  severe,  then,  per- 
haps, delirium  wiW  arise.  When  these  symptoms 
have  continued  for  some  time,  a  moisture  breus  out 
on  the  forehead,  and,  by  degrees,  becomes  a  sweat, 
and  this,  at  length,  extends  over  the  whole  body. 
As  this  sweat  continues  to  flow,  the  heat  of  the  body 
abates,  the  thirst  ceases,  and  most  of  the  functions 
are  restored  to  their  ordinary  state.  This  constitutes 
the  third  stage. 

When  intermittents  continue  for  any  length  of 
time,  they  are  apt  to  induce  other  complaints,  such 
as  a  loss  of  appetite,  flatulency,  scirrhus  of  the  liver, 
dropsical  swellings,  and  general  debility,  which,  in 
the  end,  now  and  then  prove  fatal,  particularly  in 
warm  climates  ;  and,  in  some  cases,  they  degenerate 
into  continued  fevers.  Relapses  are  very  common  to 
this  fever  at  the  distance  of  ^ve  or  six  months,  or 
even  a  year.  Autumnal  intermittents  are  more  diffi- 
cult to  remove  than  vernal  ones,  and  quartans  more 
so  than  the  other  types.  It  is  always  desirable  to 
suspend  a  paroxym,  if  possible,  not  only  to  prevent 
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inisdiieC  but  also  thftt  tliere  mxy  be  more  time  for 
the  use  of  the  most  effectual  remedies.  When,  there- 
fore, a  fit  is  commencing,  or  shortly  expected,  we 
may  try  to  obviate  it  by  some  of  those  means  which 
excite  movements  of  an  opposite  description  in  the 
system :  an  emetic  will  generally  answer  the  pur- 
pose, determining  the  blood  powerfully  to  the  surface 
of  the  body ;  or  a  Aill  dose  of  opium,  assisted  by  the 
pediluvium,  &c. ;  ether  also,  and  various  stimulant 
remedies,  will  often  succeed ;  but  these  may  perhaps 
aggravate,  should  they  not  prevent  the  fit ;  the  cold 
badi,  violent  exercise,  strong  impressions  on  the 
mind,  &c.,  have  likewise  been  occasionally  employed 
with  effect.  Should  the  paroxysm  have  already  come 
on,  and  the  cold  stage  be  very  severe,  the  warm  bath, 
and  cordial  diaphoretics  in  repeated  moderate  doses* 
may  assist  in  bringing  warmth  to  the  surface :  when, 
on  the  contrary,  great  heat  prevails,  the  antiphlogis- 
tic plan  is  to  be  pursued.  In  the  intermbsions,  in 
conjunction  with  a  generous  diet,  moderate  exercise, 
and  other  m^ans  calculated  to  improve  the  vigour  of 
the  system,  tonics  are  the  remedies  especially  relied 
upon.  At  the  head  of  these  we  must  certainly  place 
the  cinchona,  which,  taken  largely  in  substance,  will 
seldom  fail  to  cure  the  disease,  where  it  is  not  com- 
plicated with  visceral  affection. 

Febris  tynocka ;  inflammatory  fever ;  a  species  of 
continued  fever,  characterized  by  increased  heat; 
pulse  frequent,  strong,  hard ;  urine  high-coloured ; 
senses  not  impaired.  This  fever  is  so  named  from  its 
being  attended  with  symptoms  denoting  general  in- 
flammation in  the  system,  by  which  we  shall  always 
be  able  readily  to  distinguish  it  from  either  the  ner- 
vous or  putrid.  It  makes  its  attack  at  all  seasons  of 
the  year,  but  is  most  prevalent  in  the  spring ;  and  it 
seizes  persons  of  all  ages  and  habits,  but  more  par- 
ticularly those  in  the  vigour  of  life,  with  strong  elas- 
tic fibres,  and  of  a  plethoric  constitution.  It  b  a 
species  of  fever  almost  peculiar  to  cold  and  temperate 
dimates,  being  rarely,  if  ever,  metvnth  in  very  warm 
ones,  except  among  for^gners  lately  arrived ;  and, 
even  then,  the  inflammatory  stage  is  of  very  short 
duration,  as  it  very  soon  assumes  either  the  nervous 
or  putrid  type.  The  exciting  causes  are  sudden 
transitions  from  heat  to  cold,  shallowing  cold  liquors 
when  the  body  is  much  heated  by  exercise,  too  free 
a  use  of  vinous  and  spirituous  liquors,  great  intem- 
perance, violent  passions  of  the  |nind,  the  sudden 
suppression  of  habitual  evacuations,  and  the  sudden 
repulsion  of  eruptions. 

It  may  be  doubted  if  this  fever  ever  originates  from 
personal  uifection ;  but  it  is  possible  for  it  to  appear 
as  an  epidemic  among  such  as  are  of  a  robust  habit, 
from  a  peculiar  state  of  the  atmosphere.  It  comes 
on  with  a  sense  of  lassitude  and  inactivity,  succeeded 
by  vertigo,  rigours  and  pains  over  the  whole  body, 
but  more  particularly  in  the  head  and  back ;  which 
symptoms  are  shortly  followed  by  redness  of  the 
face  and  eyes,  great  restlessness,  intense  heat,  and 
unquenchable  thirst,  oppression  of  breathing,  and 
nausea.  The  skin  is  diy  and  parched ;  the  tongue  is 
of  a  scarlet  colour  at  the  sides,  and  furred  with  white 
in  the  centre ;  the  ufine  is  red  and  scanty ;  the  Body 
is  costive ;  and  there  is  a  quickness,  with  a  fulness 
and  hardness  in  the  pulse,  not  much  affected  by  any 
pressure  made  on  the  artery.  If  the  febrile  symp- 
toms run  very  high,  and  proper  means  are  not  used 
at  an  early  period,  stupor  and  delirium  come  on,  the 
imagination  becomes  much  disturbed  and  hurried. 


and  the  patient  raises  violently.  The  disease  usually 
goes  through  its  course  in  about  fourteen  days^  and 
terminates  in  a  crisis,  either  by  diaphoresis,  diarr- 
hoea, haemorrhage  from  the  nose,  or  the  deposit  of  a 
copious  sediment  in  the  urine ;  which  crisis  is  usu- 
ally preceded  by  some  variation  in  the  pulse. 

The  chief  indication  in  synocha  is  to  lessen  the  ex- 
cessive vascular  actions  by  evacuations,  and  the  an- 
tiphlogistic regimen.  Of  the  former,  by  far  the  most 
important  fs  blood-letting.  Purging  is  next  in  ef- 
ficacy. As  the  disease  advances,  however,  we  must 
attempt  to  promote  the  other  discharges,  particularly 
that  by  the  skin.  The  antiphlogistic  regimen  con- 
sists in  obviating  stimuli  of  every  kind,  so  far  as  this 
can  be  done  safely ;  impressions  on  the  senses,  par- 
ticularly the  sight  and  hearing,  bodily  and  mental 
exertion,  &c.,  must  be  guarded  against  as  much  as 
possible.  The  diet  should  be  of  the  most  sparing  ] 
kind.  The  stimulus  of  heat  must  be  especially  ob- 
viated by  light  clothing,  or  even  exposing  the  body 
to  the  air,  ventilating  tiie  apartment,  sprinkling  the 
floor  with  vinegar  and  water,  ficc.  When  the  head 
is  much  affected,  besides  the  general  treatment,  it 
will  be  proper  to  take  blood  locally,  have  the  head 
shaved  and  cooled  by  some  evaporating  lotion,  ap- 
ply a  blister  to  the  neck,  and,  perhaps,  stimulate  the 
lower  extremities.  In  like  manner  any  other  organ, 
being  particularly  pressed  upon,  may  recjuire  addi- 
tional means  to  be  used  for  its  relief,  which  will  be 
different  in  different  cases. 

T\fpltu8 ;  a  species  of  continued  fever,  characterized 
by  great  debility,  a  tendency  in  the  fluids  to  putre- 
faction, and  the  ordinary  symptoms  of  fever.  *  It  is 
to  be  readily  distinguished  from  the  inflammatory  by 
the  smallness  of  the  pulse,  and  the  sudden  and  great 
debility  which  ensues  on  its  first  attack,  and  in  its 
more  aidvanced  stage,  by  the  petechise',  or  purple  spots, 
which  appear  on  various  parts  of  the  body,  and  the 
fetid  stools  which  are  discnarged ;  and  it  may  be  dis- 
tinguished from  the  nervous  fever  by  the  great  vio- 
lence of  all  its  symptoms  on  its  first  coming  on.  The 
most  general  cause  that  gives  rise  to  this  disease  is 
contagion,  applied  either  immediately  from  the  body 
of  a  person  labouring  under  it,  or  conveyed  in  clothes 
or  merchandise,  &c. ;  but  it  may  be  occasioned  by 
the  eflluvia  arising  from  either  animal  or  vegetable 
substances,  in  a  decayed  or  putrid  state ;  and  hence 
it  is,  that,  in  low  and  marshy  countries,  it  is  apt  to 
be  prevalent  when  intense  and  sultry  heat  quickly 
succeed  any  great  inundation.  A  want  of  proper 
cleanliness  and  confined  air,  are  likewise  causes 
of  this  fever ;  hence  it  prevails  in  hospitab,  jails, 
camps,  and  on  board  of  snips,  especially  when  such 
places  are  much  crowded,  and  the  strictest  attention 
b  not  paid  to  a  free  ventilation  and  due  cleanliness. 
A  close  state  of  the  atmosphere,  with  damp  weather, 
b  likewise  apt  to  give  rise  to  putrid  fever.  Those  of 
lax  fibres,  and  who  have  been  weakened  by  any  pre- 
vious debilitating  cause,  such  as  poor  diet,  long  fast- 
ing, hard  labour,  continued  want  of  sleep,  &c.,  are 
most  liable  to  it.   • 

On  the  first  coming  on  of  the  disease,  the  person 
is  seized  with  languor,  dejection  of  spirits,  great 
depression,  and  loss  of  muscular  strength,  universal 
weariness  and  soreness,  pains  in  the  h^,  back,  and 
extremities,  and  rigours ;  the  eyes  appear  full,  heavy, 
yellowish,  and  often  a  little  inflamed ;  the  temporal 
arteries  throb  violently,  thr  tongue  is  dry  and  parched, 
respiration  b  commonly  laborious,  and  interrupted 
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with  deep  sighing  j  ti&e  breath  it  hot  tnd  offensive* 
the  uiine  is  cnide  and  pale,  the  body  b  costive,  and 
the  pnlse  is  usually  quick,  small,  and  hard,  and  now 
and  then  fluttering  and  unequal.  Sometimes  a  great 
heat,  load,  and  pain  are  felt  at  the  pit  of  the  stomach, 
and  a  vomiting  of  bilious  matter  ensues.  As  the 
disease  advances,  the  pulse  increases  in  frequency 
(beating  ottsn  from  100  to  130  in  a  minute) ;  there 
is  vast  debility,  a  great  heat  and  dryn^s  in  the 
(kin»  oppression  at  tb%  breast,  vnth  anxiety,  sigh- 
ing, and  moaning ;  the  thirst  is  greatly  increased ;  the 
tongue,  mouth,  lips,  and  teeth  are  covered  over  with 
a  brown  or  black  tenacious  fur;  the  speech  is  in- 
articulate, and  scarcely  intelligible;  the  patient 
mutters  much,  and  delirium  ensues.  The  fever  con- 
tinuing to  increase  still  more  in  violence,  symptoms 
of  putrefaction  show  themselves ;  the  breath  becomes 
highly  offensive;  the  urine  deposltes  a  black  and 
fetid  sediment ;  the  stools  are  dark,  offensive,  and 
pass  off  insensibly;  hnmprrhages  issue  from  the 
gums,  nostrils,  mouth,  and*  other  parts  of  the  body ; 
uvid  spots  or  petechise  appear  on  its  surface ;  me 
l>ulse  mtermits  and  sinks;  the  extremities  grow 
lold ;  hiccoughs  ensue ;  and  death  at  last  closes  the 
icene. 

When  this  fever  does  not  terminate  fatally,  it  ge- 
nerally begins,  in  cold  climates,  to  diminish  about 
the  commencement  of  the  third  week,  and  goes  off 
gradually  towards  the  end  of  the  fourth,  without  any 
very  evident  crisis ;  but  in  warm  climates  it  seldom 
continues  above  a  week  or  ten  days,  if  so  long.  Our 
opinion,  as  to  the  event,  is  to  be  formed  by  the  de- 
gree of  violence  in  the  symptoms,  particularly  tSter 
petechia  appear,  although  in  some  instances  recoveries 
have  been  effected  under  the  most  unpromising  ap- 
pearances. An  abatement  of  febrile  heat  and  £irst, 
a  gentie  moisture  diffused  equally  over  the  whole 
surface  of  the  body,  loose  stoob,  turbid  urine,  rising 
of  the  pulse,  and  the  absence  of  delirium  and  stupor, 
may  be  regarded  in  a  favourable  light.  On  the  con- 
trary, petechise,  with  dark,  offensive,  and  involuntary 
discharges  by  urine  and  stool,  fetid  sweats,  hsemorr- 
'ha^s  and  hiccoughs  denote  the  almost  certain  disso- 
lution of  the  patient.  The  appearances  usually  per- 
ceived on  dissection  are  inflammations  of  the  brain  and 
viscera,  but  more  particularly  of  the  stomach  and 
intestines,  which  are  now  and  then  found  in  a  gan- 
grenous state.  In  the  muscular  fibres  there  seems 
likewise  a  strong  tendency  to  gangrene. 

In  the  very  early  period  of  typhus  fever,  it  is  often 
possible,  by  active  treatment,  to  cut  short  the  disease 
at  ^nce ;  but  where  it  has  established  itself  more 
firmly,  we  can  only  employ  palliative  measures  to 
diminish  its  violence,  that  it  may  run  safely  through 
its  course.  Among  the  most  likely  means  of  accom- 
plishing the  first  object  is  an  emetic.  Attention 
should  next  be  paid  to  clear  out  the  bowels  by  some 
sufliciently  active  form  of  medicine ;  and,  as  tne  dis- 
ease proceeds,  we  must  keep  up  this  function,  and 
attempt  to  restore  that  of  the  skin,  and  the  other 
secretions,  as  the  best  means  of  moderating  the  vio- 
lence of  vascular  action.  The  general  antiphlogistic 
regimen  is  to  be  observed  in  the  eariy  part  of  the  dis- 
ease, as  explained  under  synocha.  In  cases  where 
the  skin  is  uniformly  hot  and  dry,  the  abstraction  of 
caloric  may  be  more  actively  mside  by  means  of  the 
cold  affusion,  that  is,  throwing  a  quantity  of  cold 
water  on  the  naked  body  of  the  patient;  which 
measure  has  sometimes  arrested  the  disease  in  its 


first  stage ;  and,  when  the  power  of  the  ayaletn  la 
less,  sponging  the  body  occasionally  with  cold  wtier, 
medicated,  perhaps,  with  a  litUe  salt  or  vinegar*  mpy 
bfe  substituted  as  a  milder  proceeding.     But,  wherv 
the  evolution  of  heat  is  even  defictent,  budi  means 
would  be  highly  improper ;  and  it  may  be  oomettmes 
advisable  to  employ  the  tepid  bath,  to  promote  the 
operation  of  the  diaphoretic  medicines.     If,  undex 
ihe  use  of  the  measures  already  detailed,  calculated 
as  they  are  to  lessen  the  violence  of  vascular  action^ 
the  vital  powers  should  appear  materially  falling  off, 
recourse  must  then  be  had  to  a  more  nutritious  diet, 
with  a  moderate  quantity  of  vnne,  and  cordial  or 
tonic  medicuies. 

There  is  generally  an  aversion  to  animal  food, 
whence  the  mucilaginous  vegetable  substances,  as 
arrow-root,  &c.,  rendered  palatable  by  spice  or  a  lit- 
tle wine,  or  sometimes  mixed  witii  milk,  may  be 
directed  as  nourishing  and  easy  of  digestion.  If, 
however,  there  be  no  marked  septic  tendency,  and 
the  patient  cloyed  vrith  these  articles,  the  lighter 
animal  preparations,  as  calves-foot  jelly,  veal-brotil, 
&c.,  may  be  allowed.  The  extent  to  which  wine  may 
be  carried,  must  depend  on  the  urgency  of  the  case, 
and  the  previous  habits  of  the  individual ;  but  it  will 
commonly  not  be  necessary  to  exceed  half-a-pint, 
or  a  pint  at  most,  in  the  24  hours ;  and  it  should  be 
given  in  divided  portions,  properiy  diluted,  made, 
perhaps,  into  negus,  whey,  &c.,  according  to  the 
liking  of  the  patient.  The  preference  should  always 
be  given  to  that  which  b  of  the  soundest  quality, 
if  agreeable ;  but  where  wine  cannot  be  afforded, 
good  malt  liquor,  or  mustard  whey,  may  be  substi- 
tuted. 

Some  moderately  stimulant  medicines,  as  am- 
monia, aromatics,  serpentaria,  ficc,  may  often  be 
used  with  advantage,  to  assist  in  keeping  up  the  cir- 
culation ;  also  those  of  a  tonic  quality,  as  columba, 
cusparia,  cinchona,  &c.,  occasionally  in  their  lighter 
forms ;  but  more  especially  fiie  acids.  These  are,  in 
several  respects,  useful :  by  promoting  the  secretions 
of  the  primse  viae,  8cc.,  they  quench  thirst,  remove 
irritation,  and  manifestly  cool  the  body ;  and  in  the 
worst  forms  of  typhus,  where  the  putrescent  tendency 
appears,  they  are  particularly  valuable  from  their  an- 
tiseptic power ;  tney  are  aUo  decidedly  tonic,  and. 
indeed,  uiose  from  the  mineral  kingdom  powerfhliy 
so.  These  may  ba  given  f^ly  as  medicines,  the 
carbonic  acid  also  in  the  form  of  brisk  fermenting 
liquors ;  and  the  native  vegetable  acids,  as  they  exist 
in  ripe  fruits,  being  generally  very  gratefhl,  may 
constitute  a  considerable  part  of  the  diet.  In  the 
mean  time,  to  obviate  the  septic  tendency,  great 
attention  should  be  paid  to  cleanliness  and  ventila- 
tion, and  keeping  the  bowels  regular  by  mild  aperi- 
ents, or  clysters  of  an  emollient  or  antieieptic  nature ; 
and  where  aphthae  appear,  acidulated  gargles  should 
be  directed.  If  the  disease  inclines  more  to  the  ner- 
vous form,  with  much  mental  anxiety,  tremors,  and 
other  irregular  affections  of  the  muscles,  or  organs  of 
sense,  the  antispasmodic  medicines  may  be  employed 
with  more  advantage,  as  ether,  camphor,  musk,  ic, 
but  particutarly  opium,  which  should  be  given  in  a 
full  dose,  sufficient  to  procure  sleep,  provided  there 
be  no  appearances  of  determination  of  blood  to  the 
head ;  and  it  may  be  useful  to  call  a  greater  portion 
of  nervous  energy  to  the  lower  extremities  by  the 
pediluvium,  or  otiier  mode  of  applying  warmth,  or 
occasionally  by  synapisms,  not   allowing  these  to 
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prodaoe  wtlcaHoB.  fiat  if  fhere  sboold  be  much 
uicm»ed  vaacoUr  action  in  the  brain,  more  active 
means  will  be  required ;  eren  the  local  abstraction  of 
blood,  if  the  strength  will  permit;  and  it  will  be 
always  right  to  have  the  head  shaved,  Bnd  kept  cool 
by  some  evaoorating  lotion,  and  a  blister  applied  to 
the  back  of  ue  neck.  In  like  manner,  other  miport- 
•nt  parts  may  occasionally  require  local  means  of 
relief.  Urgent  vomiting  may,  perhaps,  be  checked 
by  the  effervescing  mixture ;  a  troublesome  diarrhcea 
by  small  doses  of  opium,  assisted  by  aromatics, 
chalk,  ond  other  astringents,  or  sometimes  by  small 
doses  of  ipecacoanha ;  profuse  perepirations  by  the 
it^umm  rorm,  a  cooling  regimen,  8cc. 

NarvouM  Fever;  a  variety  of  the  iypkut  miiior  of 
CuUen,  but  by  many  considered  as  a  distinct  disease. 
It  mostly  begms  with  loss  of  appetite,  increased  heat 
and  vertigo;  to  which  succeed  nausea,  vomiting, 
great  languor,  and  pain  in  the  head,  which  is  va- 
riously described,  by  some  like  cold  water  pouring 
over  the  top ;  by  others,  a  sense  of  weight.  The 
pulse,  before  little  increased,  now  becomes  quick, 
febrile,  and  tremulous ;  the  tongue  is  covered  witii  a 
white  crust,  and  there  is  great  anxiety  about  the 
pnecordia.  Towards  the  seventh  or  eighth  day,  the 
vertigo  b  increased,  and  tinnitus  aurium,  cojuiosis, 
delirium,  and  a  dry  and  tremulous  tongue  take 
place.  The  disease  mostly  terminates  about  the 
fourteenth  or  twentieth  day. 

Dmgue  Fever.  This  name  has  been  given  to  a  dis- 
ease which  appeared  in  the  yean  1827  and  1628,  in 
the  West  Indies,  and  in  the  southern  States  of  North 
America.  It  has  also  been  called  the  diwgee,  the 
demga,  the  damAf,  the  hwqnei,  and  the  hutM  fever. 
This  disease  was  remarkable  for  the  suddenness  of  its 
attack,  the  great  numbere  affected,  the  severity  of 
the  symptoms,  and  the  rareness  of  death  from  it. 
It  would  seem,  from  the  reports  of  those  who  have 
seen  most  of  this  disease,  and  whose  judgment  may 
be  relied  on,  that  the  dengwe  has  some  affinities  with 
the  yellow  fever.  The  symptoms,  as  noticed  in  the 
Havanna,  were  first  great  languor,  chilliness,  and 
pain  in  the  tendons  of  the  smaller  joints :  following 
tiiese  were  burning  heat  and  redness  of  the  skin, 
pains  in  the  muscles  of  the  limbs,  or  pain  in  the* 
forehead,  and  a  loathing  or  vomiting  of  whatever 
was  taken  into  the  stomach.  The  fever  continued 
for  one,  two,  or  three  days,  and  tiien  usually  termi- 
nated with  a  free  sweating,  whidi  freed  the  patient, 
likewise,  from  his  pains.  But  many,  after  leaving 
their  beds,  suffered  by  a  renewal  of  their  pains, 
which,  in  some,  have  become  chronic ;  othera  have 
also  had  a  renewed  attack  of  the  fever.  "The  most 
usual  mode  of  attack,  however,"  says  Dr.  Stedman,  of 
Santa  Cruz,  "which  appeare  not  a  little  singular, 
was  the  following :  A  person  ii^perfect  health  would 
suddenly  feel  a  stiffness,  amounting  almost  to  pain. 
in  one  of  his  fingere,  and  most  frequentiy  his  littie 
finger.  Tlie  stiffness  increased,  and  was  atfcompanied 
with  an  intense  degree  of  pain,  which  spread  rapidly 
over  the  whole  hand,  and  up  the  arm  to  the  shoulder. 
The  fingere  in  both  hands,  in  a  few  houre,  became 
swelled,  stiff,  and  pa*nftil,  preventing  all  attempts  at 
bending  the  joints.''  To  this  succeeded  restiessness, 
depression  of  spirits,  nausea,  vomiting,  shivering, 
great  heat,  intense  headache,  and  most  acute  pain  m 
every  joint.  The  most  distressing  symptoms  were 
intense  pain  in  the  eye-balls  and  b^k,  the  eyes  seem- 
ing to  tne  patient  enlarged,  filling  the  sockets,  and  as 


if  ready  to  burst.  Quite,  a  remarkable  s3rmptom  was 
the  feeling  of  intense  cold,  while,  at  the  same  time, 
the  skin  was  intensely  hot  These  symptoms  conti- 
nued from  24  to  3o  houn.  The  patient  now  re- 
mained languid,  irritable,  and  restiess  for  about  three 
days,  when  it  was  not  uncommon  for  a  new  attack  to 
come  on,  accompanied  by  an  efflorescence,  beginning 
at  the  palms  of  the  hands,  and  extending  thence  over 
the  whole  body.  Secondary  symptoms,  consisting 
principally  in  pain  and  stiffness  of  the  limbs  and 
body,  followed,  which,  in  many  cases,  continued  even 
weeks,  and  made  the  patient  most  uncomfortable. 
Sometimes  there  was  distressing  itching;  and,  in 
some  cases,  there  was  swelling  of  the  prepuce  and 
scrotum,  and,  in  othere,  a  diadiarge  from  the  ure- 
thra, resembling  gonorrhoea.  Dr.  Stedman  considere 
the  disease,  contagious.  The  treatment  was,  for  the 
most  part,  antiphlogistic.  Such  means  were  used  as 
would  hasten  the  sweating  stage,  evacuate  the  bow- 
els, and  render  the  patient  most  comfortable.  Where 
these  means  failed,  the  more  active  depleting  means 
were  resorted  to,  and  much  relief  of  local  suffering 
was  afforded  by  the  use  of  blistera  and  stimulating 
embrocations,  mustard  poultices,  and  the  like.  The 
latter  was  applied  to  the  temples,  to  relieve  the  pain 
in  the  eye-balls,  to  the  back,  the  back  of  the  neck,  8cc., 
as  indicated,  and  always  with  advanta|;e.  Dr.  Sted- 
man found  benefit  from  blood-letting,  m  some  severe 


Sffmoehme;  a  mixed  fever;  a  species  of  continued 
fever,  commencing  with  symptoms  of  synocha,  and 
terminating  in  typhus,  the  former  beinc'  apt  to  pre- 
ponderate at  its  commencement,  and  uie  latter  to- 
wards its  termination.  Every  thing  which  has  a 
tendency  to  enervate  the  body  may  be  looked  upon 
as  a  remote  cause  of  this  fever ;  and,  accordingly,  we 
find  it  often  arising  from  great  bodily  fatigue!  too 
great  an  indulgence  in  sensual  pleasures,  violent  ex- 
ertions, intemperance  in  drinking,  and  errore  in  diet, 
and  now  and  then  likewise  from  the  suppression  of 
some  lon^  accustomed  discharge.  Certain  passions 
of  the  nund  (such  as  grief,  fear,  anxiety,  and  joy) 
have  been  enumerated  among  the  causes  of  fever, 
and,  in  a  few  instances,  it  is  probable  they  may 
have  given  rise  to  it ;  but  the  concurrence  of  some 
other  powere  seems  generally  necessary  to  produce 
this  effect.  • 

The  most  usual  and  universal  cause  of  this  fever 
is  the  application  of  cold  to  the  body ;  as,  for  in- 
stance, when  the  body  is  deprived  of  a  part  of  its 
accustomed  clothing,  or  a  paiticular  part  is  exposed 
while  the  rest  is  kept  at  its  usual  warmth,  or  a  sud- 
den and  general  exposure  to  cold  takes  place  when 
the  body  Is  heated  much  above  its  usual  temperature. 
Another  frequent  cause  of  fever  seems  to  be  breath- 
ing air  contaminated  bv  the  vapoun  arising  either 
directiy  or  originally  from  the  body  of  a  person 
labouring  under  the  disease.  A  peculiar  matter  is 
supposed  to  generate  in  the  body  of  a  person  affected 
with  fever,  and  this,  fioating  in  the  atmosphere,  and 
being  applied  to  one  in  health,  will,  no  doubt,  often 
cause  fever  to  take  place  in  him ;  which  has  induced 
many  to  suppose,  that  this  infectious  matter  is  pro- 
duo^  in  all  fevere  whatever,  and  that  tiiey  are  all 
more  or  less  contagious.  The  effluvia  arising  from 
the  human  body,  if  long  confined  to  one  place,  with- 
out being  diffused  in  the  atmosphere,  will,  it  is  well 
knovm,  acquire  a  singular  virulence,  and  will,  if 
applied  to  the  bodies  of  men,  become  the  cause  of 
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ftrer.  Exhalations,  ansmg  from  animal  or  vege- 
table substances  in  a  state  of  putrefaction,  have  baen 
looked  npon  as  another  general  cauae  of  fever ;  mar- 
shy or  moist  grounds,  acted  npon  bf  heat  for  any 
length  of  time,  usually  send  forth  exhalations,  which 
prove  a  never-failing  source  of  fever,  particularly  in 
warm  climates. 

An  attack  of  this  fever  is  generally  marked  by  the 
patient's  being  seized  with  a  considerable  degree  of 
umguor  or  sense  of  debility,  together  with  a  slug- 
gishness in  motion,  and  frequent  yawning  and 
stretching ;  the  face  and  extremities  at  the  same  time 
become  pale,  and  the  skin  over  the  whole  surface  of 
the  body  appears  constricted ;  he  then  perceives  a 
sensation  of  cold  in  his  back,  passing  from  thence 
over  his  whole  frame ;  and,  this  sense  of  cold  conti- 
nuing to  increase,  tremours  in  the  limbs  and  rigours 
of  the  body  succeed.  There  is  also  a  loss  of  ^pe- 
tite, want  of  taste  in  the  mouth,  slight  pains  in  the 
head,  back,  and  loins,  with  small  and  frequent  respira- 
tions. The  sense  of  cold  and  its  effects,  after  a  little 
time,  become  less  violent,  and  are  alternated  with 
flusl^ngs ;  and  at  last,  going  off  altogether,  they  are 
succeeded  by  great  heat  diffused  generally  over  the 
whole  body ;  the  face  looks  flushed,  the  skin  is  dry, 
as  likewise  the  tongue ;  universal  restlessness  pre- 
vails, with  a  violent  pain  in  the  head,  oppression  at 
the  chest,  sickness  at  the  stomach,  and  an  inclination 
to  vomit.  There  is  likewise  a  great  thirst  and  cos- 
tiveness,  and  the  pulse  is  full  and  frequent,  beatuig, 
perhaps,  90  or  100  strokes  in  a  minute.  When  the 
symptoms  run  very  high,  and  there  is  a  considerable 
determination  of  blood  to  the  head,  delirium  will 
In  this  fever,  as  well  as  most  others,  there  is 
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generally  an  increase  of  symptoms  towards  evening. 

As  a  fever  once  produced  will  go  on,  although  its 
cause  be  entirely  removed,  and  as  the  continued  or 
Aresh  application  of  a  cause  ot  fever  will  neither  in- 
crease that  which  is  already  produced,  nor  occasion 
a  new  one,  there  can  be  no  certainty  as  to  the  dura«- 
tion  of  fever;  and  it  is  only  by  attending  to  certain 
appearances  or  changes  which  usually  take  place  on 
the  approach  of  a  crisis,  that  we  can  form  any  opi- 
nion or  decision.  The  symptoms  pointing  out  the 
approach  of  a  crisis,  are,  the  pulse  becoming  soft, 
moderate,  and  near  its  natural  speed;  the  tongue 
losing  its  fur,  >md  becoming  clean,  with  an  abate- 
ment of  thirst ;  the  skin  being  covered  witli  a  gentle 
moisture,  and  feeling  soft  to  the  touch ;  the  secretory 
organs  performing  their  several  offices ;  and  the  urine 
depositing  flaky  crystals  of  a  dirty  red  colour,  and 
becoming  turbid  on  being  allowed  to  stand  any  time. 
»  A  simple  continued  fever  terminates  always  by  a 
regular  crisis,  in  the  manner  before  mentioned,  or, 
from  the  febrile  matter  falling  on  some  particular 
parts,  it  excites  inflammation,  abscess,  eruption,  or 
destroys  the  patient.  This  disease  being  of  a  mixed 
nature,  the  treatment  must  be  modified  accordingly. 
In  the  beginning,  the  same  plan  is  to  be  pursued  as 
in  synocha,  except  that  we  must  be  more  sparing  in 
the  use  of  the  lancet,  in  proportion  as  there  is  less 
power  in  the  system  to  maintain  the  increased  action 
of  the  heart  and  arteries ;  although,  if  any  important 
part  should  be  much  affected,  we  must  act  more  vi- 
gorously,  to  prevent  its  disorganization,  and  the  con- 
sequent destruction  of  life.  When  the  character  of 
the  disease  is  changed,  -the  remedies  will  be  such  as 
arepointed  out  under  the  head  of  T\fphu8, 

FiBaa,  m  anatomy;   a  simple  filament  which  is 
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supposed  to  consist  of  earthv  partidte^  toooeeted  to- 
gether by  an  intermediate  graten.  Fibres  aredUtin- 
guished,  according  to  their  position  and  course,  iote 
direct,  transverse,  and  oblique ;  and  by  their  different 
arrangement  are  formed  tiie  membranes,  muscles, 
vessels,  nerves,  &c.  Those  fibres  which  compose 
muscles  are  called  muscular;  those  which  form 
nerves,  nervous ;  the  rest  are  distinguished  into  car* 
neoKf  or  fleshy,  and  osteous  or  bony. 

FianiN ;  a  peculiar  organic  compound,  found  both 
in  vegetables  and  animals.  It  is  a  soft  solid,  of  a 
greaay  appearance,  insoluble  in  water,  which  softens 
in.  the  air,  becoming  viscid,  brown,  and  semi-trans- 
parent On  hot  coals  it  melts,  throws  out  greasy 
drops,  cradles,  and  evolves  the  smoke  and  o£ar  of 
roasting  meat.  It  is  procured,  in  its  most  chaiacter- 
iatic  state,  from  animal  matter.  It  exists  in  chyle; 
it  enters  into  the  composition  of  blood ;  and  it  forms 
the  chief  part  of  muscular  flesh ;  and  hence  it  must 
be  regarded  as  the  most  abundant  constituent  of  the 
soft  solids  of  animals.  According  to  the  analysis  of 
MM.  Gay-Lussac  and  Th^nard,  it  is  composed  d 
carbon  53.36,  nitrogen  19.934,  oxygen  19*685,  and 
hydrogen  7.021 

Fibula,  in  anatomy;  a  long  bone  of  the  leg  situ- 
ated on  the  outer  side  of  the  tibia,  and  forming,  at 
its  lower  end,  the  outer  ancle. 

FiBuui,  in  Murgery;  a  needle  with  which  wounds 
are  sewed  together. 

Fibula,  in  arekUeeiure;  an  iron  cramp  vrith  which 
square'Stones  are  held  toother. 

Fid  ;  an  instrument  for  supporting  the  upper  mast 
of  a  ship,  by  means  of  levers  adapted  to  frames  or 
carriages  of  iron,  attached  to  the  upper  cross-treesv 
The  contrivance  we  have  represented  beneath  has 
been  tue  source  of  a  large  fortune  to  its  inventor. 


The  heel  of  the  topmast  is  shown  at  a,  and  d  repre- 
sents the  levers,  on  the  shorter  arms  of  which  the  fid- 
plate,  c,  rests.  The  top  of  the  lower  mast  is  shown 
at  b.  When  the  mast  is  to  be  lowered,  the  longer 
arms  of  the  levers  are  pressed  downwards  and  the 
fid-plate  removed. 

FiBLD,  in  heraldrfi ;  the  whole  surface  of  the  shield 
or  escutcheon;  so  called,  probably,  because  it  bore  the 
achievements  which  were  worn  in  the  field  of  battle. 

Field  Pibcbs  ;  small  cannons,  from  3  to  12  pound- 
ers,  carried  with  an  army.  Field  staff;  a  staff  car- 
ried by  the  gunners^  about  the  length  of  a  halbert, 
with  a  spear  at  one  end,  having  on  each  side  ears 
screwed  on,  like  the  cock  of  a  matchlock,  into  which 
the  bombardiers  screw  lighted  matches  when  they  are 
upon  command ;  and  then  the  field  staffs  are  said  to 

be  armed. 

Field  Works,  in  fortification,  are  those  thrown 
up  by  an  army  in  besieging  a  fortress,  or  by  the  be- 
sieged  to  defend  the  place ;  as  ^e^  fortifications  of 
camps,  highways,  &c. 

FiFB ;  a  wind  instrument  of  the  martial  kind,  con- 
sisting of  a  short,  narrow  tube,  vrith  holes  dispoaed 
along  the  side,  for  the  regulation  of  its  tones. 


FIFTH- 

FtVTH,  in  Amhh!  ;  tt  dislmnoe  compmiDg  fom  dia- 
tonic intemOs,  that  U,  three  tones  uid  a  half.  Ffflk 
•ilarp  U  an  interval  c«Daiating  of  eight  semitones. 

FievBATB  NuHBBBS ;  an  arithmetics,!  amasement 
mneh  in  vogue  at  the  beginning  of  the  seventeenth 
century,  Jac.  Bemouilli,  and  particulnrly  Wallis  in 
his  Arilh.  InfiMt.,  and  L'Hoilier,  in  his  Algebra, 
have  made  it  a  subject  of  investigation,  Hiese  num- 
bers are  formed  by  th;  tenns  of  arithmetica]  series,  of 
all  sorts,  in  which  the  first  member  is  always  unity. 
For  example : — 

1.— 1,  a,  3,      4,  5,  6,  Ice. 

II.— 1,  3,  6, ,  10,  15,  21,  he. 

III.— 1,  4,  9,     16.  35,  36,  &c. 

IV.— 1,  6,  13,     33,  35,  51,<tc. 

Hmm  in  the  second  row  ant  called  triaagKiar  num- 
bva,  becaosB  their  units  may  be  arranged  in  pure 
cqvilateral  triangles ;  the  members  of  the  third  row 
are  called  iqaart  numbers ;  those  of  the  fourth  pmia- 
foaoi,  fcc.  1  and  so  there  are  also  hexagonal,  heplago- 
aol,  and,  in  general,  paJjr^onaJ  oombers.  If  the  terms 
of  the  polygonal  series  are  again  added,  in  succession, 
yre  obtain  other  ordere,  as  the  members  of  each  of 
the  rows  are  called ;  thus, 

0.-1.  3,  6,  10,  15,  31,  ate. 

b. — 1,  4,  10,  SO,  35,  56,  &c. 

c— 1.  5,  14,  30,  55,  91.  &c. 

if.— 1,  6.  18,  40,  75,  126,  &c., 

in,  because,  by  placing  <nei 
l1  numbers  in  Qie  order  in  which 
they  aie  added,  so  that  the  smaller  come  over  the 
next  larger  of  the  same  sort,  regular  pyratmids  are 
formed.  Thus  the  membere  of  the  row  a  form  tri- 
angular, of  the  row  b  quadrangular,  and  of  the  row  e 
pentagooal  pyramids. 

FiLAHBiTTB,  in  oaotosijr ,'  the  small  fibres  or 
threads  which  compose  the  texture  of  the  moscba. 

FiLB,  in  keraldry ;  the  straight  tine  in  a  label,  from 
which  the  several  points  issue, 

FiLB,  in  mililiay  language ;  any  number  of  men 
drawn  np  in  a  straight  Ime  behind  each  other. 

FiLueaae  Wokk  ;  a  kind  of  ornamental  woii  in 
Kold  or  silver,  wrought  delicately,  in  the  manner  of 
little  threads  or  gtsiss,  or  of  both  intennixed.  In 
Sumatra  mana&ctnres  of  this  kind  ate  carried  to  very 
great  perfection,  though  the  tools  made  use  of  an 
very  coarae  and  clomsy.  the  worlnnen  melt  th« 
gold  in  a  crucible  of  their  own  forming,  and,  instead 
of  bellows,  they  blow  with  their  mouths  through  a 
piece  of  bamboo.  They  draw  and  flatten  the  irire  in 
a  manner  similar  to  that  adopted  by  Eoropeuia.  It 
is  then  twisted,  and  thus  a  flower,  or  the  shape  of  a 
flower,  is  formed.  A  pattern  of  tlis  flowcia  or  foli- 
age is  prepared  on  paper,  of  the  size  of  the  gold  phrie 
on  which  the  fillagree  is  to  be  laid.  According  to  this 
they  b«$^n  to  dispose  on  the  plate  the  larger  com- 
partments of  the  foliage,  for  which  they  use  plain 
flat  wire  of  a  larger  size,  and  fill  them  up  with  the 
leaves.  A  gelatinoos  substance  is  used  to  fix  the 
work,  and,  after  the  leaves  have  been  placed  in  order, 
and  stuck  on,  bit  by  bit,  a  solder  is  prepared  of  gold 
filings  and  borax,  moistened  with  water,  which  is 
strewed  over  the  plate  ;  and,  after  being  put  into  the 
fire  a  short  time,  the  whole  becomes  united.  When 
the  fillagree  is  finished,  it  is  cleansed  with  a  scdution 
of  salt  and  alum  in  water.     The  Chinrsn  mskn  mo**- 


-F  1  L  T  E  B. 


535 


of  their  fillagre  of  Bili({r,  which  looks  very  well,  but 
has  not  the  eitraonUnary  delicacy  of  Malay  work. 

FiLLXT,  in  orcAtfacfart,  is  a  small  square  or  flat 
moulding.     (See  AncRiTSCtoaa.) 

FiLTXB.  The  very  great  utility  of  filters  for  do- 
mestic purposes  roust  be  evident,  as  a  fluid  fit  for 
culinary  'Use  can  through  their  means  be  obtained 
from  any  source,  however  muddy  oi  impure,  and  it 
roust  be  a  desideratum  In  such  contrivances  to  com- 
bine the  cheap,  the  durable,  and  Che  efficacious  ; — to 
thia  end  a  vMt  variety  have  been  invented,  many 
possessing  great  advantages.  The  filter  in  most  ge- 
neral use  is  a  basin  formed  of  some  porous  kind  of 
stone,  and  supported  over  any  convenient  vessel  to 
catch  the  percolating  fluid,  like  foul  water,  being 
poured  ioto  the  basin,  insinnatei  itself  by  slow  de- 
grees through  the  minute  pores  of  the  stone,  and  is 
collected,  drop  by  drop,  in  the  receptacle  placed  be- 
neath. This  apparatus  answers  the  purpose  perfectly 
well  for  a  time,  but  has  its  defects ;  the  constant  ac- 
cumulation of  the  impurities,  after  a  little  while, 
chokes  up  the  pores  of  tha  stone,  and,  although  at 
first  this  may  be  amended  by  washing,  yet  ultimately 
the  fine  particles  insensibly  sink  down  into  the  stone, 
the  pores  become  filled,  and  no  water  passes.  There 
is  also  an  error  noticeable  in  the  form  of  the  vessel, 
which  is  in  general  hemispherical ;  in  this  Qie  pres- 
sure of  the  fluid  i*  greatest  at  the  lowest  points, 
and  gradually  diminishes  in  every  other  put ;  so 
that,  unless  the  pressure  ia  greater  at  the  centre  than 
it  ought  to  be,  scarcely  any  water  will  pass  through 
the  other  parts.  A  more  eligible  form  would  he  that 
of  a  cylinder,  formed  either  of  earthenvrare  or  metal, 
with  a  circular  plate  of  the  filtering  stone  cemented 
into  the  middle  ;  by  this  means  the  pressure  on  all 
parts  would  be  equal :  it  would  possibly  possess  an- 
othar  advantage,  that  of  cleansing  itself;  for,  when 
the  water  ceased  to  flow  with  freedom  on  the  oat 
lide,  it  might  be  inverted,  and  then  the  mere  act  of 


One  of  the  simplest  modes  of  constructing  a  u 
fot  filter  is  shown  in  the  diagram  beneath. 


It  consists  of  a  tube,  a  b  e,  bent  like  a  syphon,  hut 
inverted.  In  thisisplacedaquantity  of  sand,  through 
which  the  Gltrationoccurs.  Byitagravity  it  desceiMs 
~  -"  6,  and.  m^  fluids  always  have  a  tendency  to 
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ft  data  ot  eqnilibriam,  fl  rues  m  the  opposite  urn  of 
the  bent  tnbe,  whence  it  pusei  out  in  «  pure  state. 
A  small  piece  of  wood,  with  holes  pierced  throogh  It, 
should  be  placed  on  the  sand  at  the  larger  eod. 

A  vaj  clean  and  useful  patent  filtir  may  now  b< 
described.  One  of  the  leading  features  of  tlua  inven- 
tioD  appears  to  be  the  construction  of  tcsscIe  which 
are  to  be  employed  for  fllteriof  water  for  domestic 
uses,  by  contblning  slabs  of  slate,  and  the  other  is 
passing  the  water  upwards  in  a  ligzag  course  through 
layers  or  beds  of  sand  and  other  punfyiDg  i 

Tliese  slabs  of  slate  are  to  be  cemented  together  at 
the  joints,  by  a  mixture  of  white  lead,  or  a  strong 
mortar  made  of  lime ;  and  the  slabs  are  to  be  farther 
supported  and  braced  tc^ether,  to  prevent  their  sepa- 
rating, by  rods  of  iron  passed  through  the  Vessel,  and 
•ecnred  by  nntt  screwed  on  the  ontsides. 

The  fonn  of  the  vessel  is  proposed  to  be  sqnare, 
at  least  rectang;atar,  and  twice  as  high  as  the  breadth 
of  the  base,  the  internal  part  being  divided  into  five 
compartments,  by  gratings  or  perforated  plates.  The 
water  is  to  be  introduced  into  the  lowest  compart- 
ment, by  a  pipe  leading  from  a  reservoir  placed  in  an 
elevated  situation,  in  order  that  the  pressure  from 
above  may  cause  the  water  to  rise  through  the  filter 
to  the  top. 

The  lowest  compartment,  or  receiving  vessel,  ii 
covered  by  a  grating,  'upon  which,  occupying  the  se- 
cood  compartment,  a  quantity  of  sand  ia  placed. 
The  water  is  therefore  to  percolate  through  the  sand 
npword,  and  deposit  any  foul  matter  with  which  it 
may  be  impregnated  in  the  bed  of  sand.  Above  the 
•ecood  compartment  a  plate  is  fixed,  with  conical 
I  holes  in  the  centre,  through  which  the  vrater  is  made 
to  pass,  by  the  upvrard  pressure,  into  the  third  com- 
partment, which  is  likewise  filled  with  sand.  The 
part  above  this  third  compartment  ia  perforated 
towards  one  side  only,  so  that  the  water,  m  passing 
upwards,  hss  to  proceed  through  the  bed  of  sand 
partly  in  a  horizontal  direction. 

Hie  fourth  compartment  is  occupied  with  sand  and 
carbonaceous  matter,  such  as  broken  pieces  of  char- 
coal, burnt  brick,  or  noglaied  pottery  ware,  which 
not  only  takes  up  the  foul  matter  mechanically,  but 
also  acts  chemically  upon  the  water,  to  sweeten  and 
purify  it  from  any  animal  matter  which  it  mav  con- 
tain. The  plate  above  the  compartment  is  perforated 
with  conical  holes  towards  the  opposite  sides  of  the 
lower  plate,  for  the  purpose,  es  before  stated,  of 
causing  the  water  to  percolate  through  the  bed, 
partl;^  lo  B  borizootal  direction,  and,  by  thus  giving 
It  a  ligzag  course,  to  bring  it  in  contact  vrith  a  more 
extended  bed  of  the  purifying  material  than  it  would 
be  exposed  to  if  it  passed  directly  upwards. 

The  fifth  compartment  contains  broken  pieces  of 
slag  from  the  foundry ;  and  from  this  compartment, 
which  is  at  the  top  of  the  filtering  vessel,  the  porified 
water  is  to  be  drawn  off  for  use. 

In  constructing  a  filtering  apparatus  of  large  capa- 
city, it  is  proposed  to  make  its  sides  with  brick,  or  in 
•ome  cases  with  iron,  properly  secured  together ; 
but  the  plan  of  a  slate  fiaina  secured  by  external 
bars  of  iron  is  by  far  the  most  cleanly  uat  can  be 

A  process  for  filtering  water  on  the  large  scale  has 
been  tome  time  employed  on  the  banks  of  the 
Seine,  for  the  use  of  Paris ;  and  an  arrangement  pro- 
ducing similar  results,  though  on  a  comparatively 
toall  acale,  is  now  going  on  at  Uanuneramith.    We 


The  wall  a  serves  to  separate  the  water  to  be  filtetta 
from  the  reservoir  holding  the  pure  water.  The  fluid, 
descending  at  b.  enters  beneath  the  arches  c.  Theae 
serve  to  support  an  extensive  frame-work,  either  of 
wood  or  metal,  on  which  are  placed  large  fragmmts 
of  stone.  The  pieces  are  diminished  in  site  in  as- 
cending towards  the  npper  strata,  till,  on  arriving  st 
about  e,  sand  takes  the  place  of  larger  masses.  A 
second  frame-work,  or  sheet  of  canvass,  separates  the 
filtering  materials  from  the  pure  water  at/. 

FiNAi-a ;  the  concluding  part  of  a  musical  compo- 
sition ;  for  instance,  of  a  quartetto,  of  a  sTmphooy, 
of  any  act  of  an  opera,  of  a  ballet,  Ice.  It  couists 
of  compositions  of  various  characters.     The  finale, 

instiiimeatal  pieces,  has  mostly  a  character  of  vi- 
vacity, and  requires  a  quick  movement  and  tivtiy 
performance.  In  the  opera,  the  fin^e  mostly  conusls 
of  a  series  of  compositions  for  many  voices,  and  of 
different  character  and  different  time  and  movemenL 

FiHB  Abtb.     See  Arts,  Fma. 

FinaBa-BoABD;  that  thin,  black  covering  of  wood 

Id  over  the  neck  of  a  violin,  violoncello,  &c.,  and  on 
which,  in  performance,  the  strings  are  pressed  by  thefia- 
gers  of  the  left  hand,  while  the  right  manages  tbebow. 

FiifaaaiNSi  disposing  ofthe  fingers  in  a  convenient, 
natural,  and  apt  manner  in  the  performance  of  any 
instrument,  but  more  especially  the  organ  and  piano 
forte.  Qood  fingering  is  one  of  the  first  things  to 
which  a  judicious  master  attends.  It  is,  indeed,  to 
this  that  the  pupil  must  took  as  the  means  for  acqoir- 
ing  a  facile  and  giacafiit  execution,  and  the  power  at 
giving  passage*  with  articulation,  accent,  and  expres- 
sion. Easy  passages  may  be  rendered  dii&cult,  and 
difficult  ones  impracticable,  by  bad  fingering;  and, 
though  there  are  many  arrangements  of  notes  «hi(^ 
admit  of  various  fingering,  still,  even  in  these,  there  is 
always  one  best  way  of  dJaposiuK  of  the  hand,  cither 
with  regard  to  the  notes  themselves,  or  those  which 
precede  or  follow  them,  lint  there  are  an  infinits 
number  of  possible  dispositions  of  notes,  which  can 
only  be  fingered  in  one  particular  way ;  and  every 
attempt  at  any  other  is  but  endangering  the  establish- 
ment of  some  awkwordneas.  which  ue  piactitiona 
will  have  to  unlearn  before  he  can  hope  to  attain  the 
true  fingering.  Hence  it  is  obvious  tl^t  no  qualifica- 
tion requisite  to  good  performance  is  of  more  VB.' 
portauce  to  the  learner  than  that  of  jort  fingeriat 
and  that,  whatever  talents  and  assiduity  may  be  oW 
to  achieve  independent  of  instruction,  in  Uii*  giest 
particular  the  directions  of  a  skilAil  master  are  indls* 

Ftitnay;  the  furnace  in  which  the  operation  ol 
refining  met&ls  is  performed. 

FiitiTB,  in  awtieMafto;   an  epithet  fbr  a  serisi. 
line,  ttC;  which  is  bounded  or  limited  ii 
rntion,  Itc,  ii 
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Firs.  The  aU^consnming  energjr  of  fire,  the  first 
and  most  important  agent  of  civilization,  the  simi- 
larity of  its  effects  to  those  of  the  sun,  its  intimate 
connection  with  light,  its  terrible  and  yet  beneficent 
power,  the  beauty  of  the  constantly  changing  flame, 
its  many  colours  and  shapes,— -esisily  explain  how  it 
happened  that,  in  times  when  cause  and  effect,  form 
and  essence,  were  not  yet  distinctly  separated,  fire  be- 
came an  object  of  religious  veneration,  a  distinguished 
element  in  mythology,  an  expressive  symbol  in  poetry, 
and  an  important  agent  in  the  systems  of  cosmogony. 
It  obtained  a  place  among  the  elements,  and  was  for 
a  long  time  considered  to  be  a  constituent  part  in  the 
composition  of  all  bodies,  and  to  require  only  the 
concurrence  of  favourable  circumstances  to  develope 
its  activity.  It  was  early  thought  that  fire  showed 
itaelf  in  its  elementary  form  in  electrical  phenomena. 
At  a  later  period,  it  was  believed  to  be  the  source  of 
all  chemical  action*  and,  as  such,  was  called  pUogu- 
Iffne.  It  was  finally  ocmfounded  with  light,  and  be- 
came, as  it  were,  the  principal  agent  of  tiie  universe. 
Those  agents,  differing  in  uieir  qualities  from  other 
bodies,  and  sometimes  called  mponderable  agents, 
under  whatever  light  they  may  be  viewed,  open  a  vast 
field  for  speculation;  and  it  is  not  surprising  that 
some  philosophers  should  have  seen  only  different 
modifications  of  the  same  matter,  where  others  have 
thought  to  recognise  the  influence  of  different  kinds 
of  matter ;  thus  the  effects  of  fire  have  been  attributed 
to  a  vibratory  motion  of  the  particles  of  matter,  or  to 
the  uadulations  of  ether.  When  natural  philosophy 
was  treated  in  the  schools,  theories  were  adopted  to 
which  little  attention  is  paid  in  the  present  age,  when 
all  science  is  founded  on  facts  and  observations. 
Caloric,  be  it  a  material  agent  or  the  consequence  of 
vibratory  motion,  is  at  present  considered  the  cause 
of  the  phenomena  which  were  formerly  ascribed  to 
fire.  Nevertheless,  the  nature  of  the  one  is  as  un- 
known to  us  as  that  of  the  other  was  to  the  ancients. 
The  substitution  of  one  of  these  terms  for  che  other 
has,  however,  introduced  a  greater  precision  of  lan- 
guage, and  cause  and  effect  are  no  longer  confounded 
under  the  same  name.  (See  Caloric  and  Combus- 
tion.) 

The  word  jire,  with  different  epithets,  or  ignii 
(Latin),  has  been  used  for  the  spontaneous  or  casual 
combustion  of  gaseous  substances.  Such  is  the  ignU 
fahmt,  the  Jack-with-the-lantern,  or  WUl-with-Uie- 
wisp,  observed  in  places  where  animal  matter  is  in  a 
fltaie  of  putrefaction.  Such  are  also  the  exhalations 
called  ftre-damps,  which  is  indeed  a  most  unphiloso- 
phical  term,  as  there  is  no  damp  in  the  matter.  They 
are  frequently  seen  in  coal  mines,  and  are  kindled 
by  the  approach  of  flame,  and  produce  terrible  ex- 
plosions, which  may  be  prevented  by  currents  of 
air,  or  more  completely  by  Sir  Humphry  Davy's 
aafety-lamp.  The  former  phenomenon  is  attributed 
to  phosphureted  hydrogen  gas,  which  takes  fire  on 
exposure  to  the  atmosphere,  and  the  latter  to  carbu- 
reted hydrogen  gas,  which,  when  mixed  with  a 
certain  proportion>of  atmospheric  air,  and  brought  into 
contact  with  burning  bodies,  explodes.    (See  Minb.) 

The  warm  springs,  the  existence  of  extinct  volca- 
noes, the  effects  of  those  still  in  activity,  and  the  fact 
that  the  temperature  of  the  earth  becomes  warmer  the 
deeper  we  descend,  have  induced  many  philosophers 
to  adopt  the  idea  of  subterranean  fires,  or  of  a  central 
fire.  According  to  the  former  hypothesis,  there  are 
combustible  materials,  in  a  state  of  ignition,  in  the 
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bowela  of  the  earth,  which  prpduce  the  heat  indis- 
pensable for  the  production  of  the  above-mentioned 
phenomena.  The  latter  hypothesis  supposes  that  the 
globe  was  once  in  a  state  of  igneous  fusion,  that  the 
surface  has  gradually  become  solid  by  cooling,  and 
that  the  interior  of  the  earth  is  still  liquid  and  hot, 
and  may  remain  so  for  ever,  if  the  heat  received  from 
the  sun  should  continue. 

Firb-Bali^.  It  is  a  fact  that  has  been  long 
known,  that  clays  and  also  several  other  incombus- 
tible substances,  when  mixed  with  sea-coal  in  certain 
proportions,  cause  the  coal  to  give  out  more  heat  in 
its  combustion  than  it  can  be  made  to  produce  when 
it  is  burned  pure  or  unmixed ;  but  the  cause  of  this 
increase  of  heat  does  not  appear  to  have  been  yet  in- 
vestigated with  that  attention  which  so  extraordi- 
nary and  important  a  circumstance  seems  to  demand. 

Daily  experience  teaches  us  that  all  bodies,  those 
which  are  incombustible  as  well  as  those  which  are 
combustible  and  actually  burning,  throw  off  in  all  di- 
rections heat,  or  rather  calorific  (heat-making)  rays, 
which  generate  heat  wherever  they  are  stopped  or 
absorbed ;  but  common  observation  was  hardly  suffi- 
cient to  show  any  perceptible  difference  between  the 
•quantities  of  calorific  rays  thrown  off  by  different 
bodies  when  heated  to  t1^  same  temperature,  or  eX'^ 
posed  in  the  same  fire,  although  the  quantities  so 
thrown  off  might  be,  and  probably  are,  very  different. 

It  has  lately  been  ascertained  that  when  the  sides 
and  back  of  an  open  chimney  fire-place  in  which 
coals  are  burned  are  composed  of  fire-bricks,  and 
heated  red  hot,  they  throw  off  into  the  room  incom- 
parably more  heat  tiian  all  the  coals  that  could  pos- 
sibly be  put  into  the  grate,  even  supposing  them  to 
bum  with  the  greatest  possible  degree  of  brightness. 
Hence  it  appears  that  a  red-hot  burning  coal  does 
not  send  off  near  so  many  calorific  rays  as  a  piece  of 
red-hot  brick  or  stone  of  the  same  form  and  dimen- 
sions ;  and  this  interesting  discovery  will  enable  us 
to  make  some  very  important  improvements  in  the 
construction  of  our  fire-places,  and  also  in  the  ma- 
nagement of  our  fires. 

Tlie  fuel,  instead  of  being  employed  to  heat  the 
room  directly  or  by  the  direct  rays  from  the  fire, 
should  be  so  disposed,  or  placed,  as  to  heat  the  back 
and  sides  of  the  grate,  which  must  be  always  con* 
structed  of  fire-brick  or  fire-stone,  and  never  of  iron 
or  of  any  other  metal.  Few  boals,  therefore,  when 
properly  placed,  make  a  much  better  fire  than  a  larger 
quantity ;  and  shallow  grates,  when  they  are  con- 
structed of  proper  materials,  throw  more  heat  into  a 
room,  and  with  a  much  less  consumption  of  fuel,  thaft 
deep  grates ;  for  a  large  mass  of  coals  in  the  grate 
arrests  the  rays  which  proceed  from  the  back  and  sides 
of  the  grate,  and  prevents  their  coming  into  fine 
room ;  or,  as  fires  are  generally  managed,  it  prevents 
the  back  and  sides  of  the  grftte  from  ever  being  suffi- 
ciently heated  to  assist  much  in  heating  the  room* 
even  though  they  be  constructed  of  good  materials, 
and  large  quantities  of  coals  be  consumed  in  them« 

It  is  possible,  however,  by  a  simple  contrivance, 
to  make  a  good  and  economical  fire  in  almost  any 
grate,  though  it  would  always  be  advisable  to  con- 
struct fire-places  on  good  principles,  or  to  improve 
them  by  judicious  alterations,  rataer  than  to  depend 
on  the  use  of  additional  inventions  for  correcting  their 
defects. 

To  make  a  good  fire  in  a  bad  grate,  the  bottom  of 
the  grate  must  first  be  covered  with  a  single  layer  of 
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balls,  niide  of  goodfire-brickt,  or  wtiflcial  flrc-»tone, 
well  burnt,  sich  ball  being  perfectly  gLobalar,  and 
about  3)  or  3j  inches  In  diameter.  On  this  layer  of 
balls  the  fire  is  to  be  kindled,  and,  in  filling  the  grate, 
more  balls  are  to  be  added  with  the  coals  that  an 
laid  OD  ;  care  must,  however,  be  taken  in  this  open- 
tion  to  mix  the  coals  with  the  balls  well  together 
otherwise,  ifa  number  of  the  balls  should  get  tt^ethei 
ID  a  heap,  they  will  cool,  uot  bebg  kept  red-hot  by 
the  combustion  of  the  surrounding  fuel,  and  the  ' 
will  appear  dull  in  that  part ;  but  if  no  more  ths 
due  proportion  of  the  balls  are  used,  and  if  they 
properly  mixed  with  the  coals,  they  will  alt,  except  it 
be  those  perhaps  at  the  bottom  of  the  grate,  become 
red  hot,  and  the  fire  will  not  only  be  very  beautiful, 
but  it  will  send  off  a  vast  quantity  of  rwiiant  heat  inta 
the  room,  and  will  continue  to  give  out  heat  for  s 
gnat  length  of  time.  It  is  the  opinion  of  several 
persons,  who  have  for  a  considerable  time  practised 
this  method  of  making  their  firea,  that  more  than  one- 
third  of  the  fuel  usually  consumed  may  be  saved  by 
this  simple  contrivance.  It  is  very  probable  that, 
with  carefnl  and  judicious  management,  the  saving 
woold  amount  to  one-half,  or  fifty  per  cent. 

As  these  balls,  made  in  moulds  and  burnt 
would  cost  very  little,  and  as  a  set  of  them  wonld  last 
a  long  time,  probably  several  years,  the  saving  of 
pense  in  beating  rooms  by  chimney  fires  with  bad 
grates,  in  this  way,  is  obvious  ;  but  still  it  should  be 
remeiabered  that  a  saving  quite  as  great  may  be  made 
by  altering  the  grate,  and  making  it  a  good  fire-place. 

In  nsing  these  balls,  care  must  be  taken  to  prevent 
their  accumulating  at  the  bottom  of  the  grate ;  as 
the  coals  go  on  to  consume,  the  balls  miied  with 
them  will  naturally  settle  down  towards  the  bottom 
of  the  grate,  and  the  tonga  must  be  used  occasionally 
to  lilt  them  up.  And,  as  the  fire  becomes  low,  it  will 
be  proper  to  remove  a  part  of  them,  and  not  to  re- 
place Uiem  in  the  grmte  till  more  coals  are  introduced: 
a  little  experience  will  show  how  a  fire  made  in  this 
manner  can  be  managed  to  the  greatest  advantage,  and 
with  the  least  trouble. 

Balls  made  of  aoy  kind  of  well-bomt  hard  brick, 
though  not  eqnalty^nible  with  lire- brick,  will  answer 
very  well,  provided  they  are  made  perfectly  round  ; 
bnt,  if  they  are  not  quite  globular,  their  fiat  sides  will 
get  tt^ther,  and,  by  obstructing  the  free  passa^ 
of  the  air  amongst  them  and  amongdt  the  coals,  will 
preveut  the  fire  from  burning  clear  and  bright. 

He  best  composition  for  making  these  balls,  when 
Aey  are  formed  in  moulds,  and  afterwards  dried  and 
bnmt  in  a  kiln,  is  pounded  crucibles,  mixed  up  with 
moistened  Stourbridge  clay ;  bnt  good  balls  may  be 
made  with  any  very  bard  bomt  common  bricks, 
reduced  to  a  coarse  powder,  and  mixed  with  Stour* 
bridge  clay,  or  even  with  common  clay,  llie  baUs 
should  always  be  made  so  targe  as  not  to  paaa  through 
between  the  fhint  bars  of  a  grate. 

These  balls  have  one  advantage  which  is  peculiar 
to  them,  end  which  might  perhaps  reconunend  the 
use  of  them  to  the  curious,  even  in  fire-places  con- 
structed on  the  best  principles ;  they  cause  ciuders  to 
be  consumed  almost  entirely, — and  even  the  very  ashes 
may  be  burnt,  or  made  to  disappear,  if  care  be  taken 
to  throw  them  repeatedly  upon  the  lire  when  it  bums 
with  intenae  heat.  It  is  not  difficult  to  account  for 
this  effect  in  a  satisfactory  manner;  and  in  accouDt- 
bg  for  it  we  shall  explain  a  circumstance  on  which 
is  probable  that  the  great 
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apta  Bre,  where  these  balls  are  used,  avty  in  aooie 
measure  depend.  The  small  particles  of  cinder  which, 
in  a  common  fire,  fall  throngb  the  bottom  of  the 
grate  and  escape  combustion,  when  these  balls  are 
used,  can  hardly  fail  to  fall  and  lodge  on  some  of 
them ;  and,  as  they  are  intensely  hot,  these  small 
bodies  which  alight  upon  them  in  their  fall,  are  soon 
heated  red  hot,  and  disposed  to  take  fire  and  bum ; 
and  as  fresh  ait  from  tielow  the  grate  is  continually 
making  its  way  upwards  amongst  the  balls,  every 
cii«nmstance  is  highly  favourable  to  the  rapid  and 
complete  combustion  of  these  small  inflammable  bo- 
dies. But,  if  these  smalt  pieces  of  coal  and  cinder 
should  in  their  fall  happen  to  ali^t  on  the  metallic 
bars  which  form  the  Irattom  of  the  grate  (as  these 
bars  are  oondactors  of  beat,  and  on  account  of  that 
circumstance  as  well  as  of  their  situation  below  tike 
tire,  they  never  can  be  madeveryhot),  any  small  par* 
tide  of  fuel  that  happens  to  come  in  contact  with 
them  not  only  cannot  take  fire,  but  would  cease  to 
'   im  should  it  arrive  in  a  state  of  combustiou. 

Fibs-Dbbbs  ;  a  new  invention  of  the  Chevalier 
Aldini,  which  is  stated  to  be  an  effectual  protection 
against  fire,  in  the  reports  of  committees  of  the 
highest  respectability  appointed  to  examine  it  *t 
Paris.  It  enables  the'  wearer  (as  has  been  demon- 
strated by  public  experiments)  to  approach  with  im- 
''  ',  or  even  to  past  through  a  fierce  flame,  to 
lives  or  portable  valuable  property,  or  to  use 
.  for  the  extinction  of  fire.  It  consists  of  an 
>r  light  armour  of  metallic  gaute,  and  of  an 
covering  of  a  material  which  is  a  slow  can- 
dnctor  of  heat.  Amongst  flexible  fibrous  substances 
c^wble  of  being  spun  and  woven  into  tissues,  the 
asbestos  possesses  pre-eminently  the  property  of 
ilowly  conducting  heat ;  hut  the  other  fibrous  mat- 
ers in  common  use  for  the  purpose  of  clothing,  sodk 
IS  wool,  cotton,  &c.,  may,  by  immersion  in  certain 
saline  solutions,  be  rendered  very  imperfect  con- 
ductoiB,  so  as  to  fit  them  very  sufficiently  for  prevent- 
ing the  transmission  of  injurioas  beat  to  the  body, 
during  a  temporary  exposure  of  some  minutes  to  the 
action  offlame  on  Uie  outward  covering  of  wire  gaoze. 

Firk-Enqimbs  are  a  species  of  forcing  pomps,  in 
which  the  water  is  subjected  to  pressure  sufficiently 
raise  it  to  the  reqoired  height.     A  fire 
engine  of  the  tiest  form  is  shown  bene^h. 


le  of  the  heat  of  an 


In  order  to  remedy  the  intermission  of  die  jets 
which  would  result  from  the  simple  forcing  pomp, 
and  to  produce  the  discharge  of  a  continuous  stream, 
vessel  filled  with  ajr  is  att»:hed  to  the  engine.  Tbe 
'ater  is  forced  into  this  vessel  by  two  forcing  pampa, 
id  the  air  contained  therein  being  condensed,  it 
reacts  on  the  water  with  a  power  propOTtioni--d  to  tba 
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condensation.  Thus,  if  the  air  is  condensed  one-third, 
its  elasticity  will  be  three  times  greater  than  that  of 
the  atmosphere,  and  it  will  raise  water  in  a  tnbe  to 
the  height  of  66  feet.  The  sponting  pipe  for  direct- 
ing the  water  upon  the  fire  proceeds  from  the  com- 
moi?  air  vessel.  The  handles  are  so  disposed  that 
while  the  piston  of  one  pump  is  up,  that  of  the 
other  is  down ;  and  they  are  elongated  for  the  pur- 
pose of  enabling  a  great  number  of  men  to  work 
them  at  the  same  time,  so  that  they  may  throw  a 
large  quantity  of  water.  In  Newsham's  engines,  two 
cylinders,  constructed  like  forcing  pumps,  are  worked 
by  the  reciprocating  motions  of  transverse  levers,  to 
which  the  handles  are  attached.  In  this  waj  tiie 
water  is  forced  into  the  aur  vessel,  from  which  it 
afterwards  spouts  through  a  moveable  pipe,  In  some 
engines,  a  single  cylinder  is  used,  the  piston  rod 
passing  through  a  tight  collar,  and  alternately  re- 
ceiving and  expelling  the  water  at  each  end  of  the 
cylinder.  In  Rowntree's  engine,  and  some  others,  a 
part  of  the  inside  of  a  cylinder  is  traversed  by  a  par- 
tition like  a  door  hinged  upon  tiie  axis  of  the  cylin- 
der, which  drives  the  water  successively  from  each 
side  of  the  cylinder  into  the  air-vessel.  The  Jioee,  a 
long  flexible  tube,  made  of  leather,  is  of  great  use 
in  carrying  the  spouting  orifice  near  to  the  flames, 
and  thus  preventmg  the  water  from  being  scattered 
too  soon.  It  also  serves  an  important  purpose  in 
bringing  water  from  distant  reservoirs,  by  suction 
created  in  the  pumps  of  the  engine. 

Having  described  several  forms  of  the  fire-engine, 
we  may  now  direct  the  reader's  attention  to  an  external 
view  of  the  one  usually  employed.  It  consists  of  two 
cylinders  concealed  in  a  box,  and,  as  is  shown  in  the 
previous  page,  piovided  with  pistons  fitting  air-tight. 
The  hose  is  seen  to  pass  from  beneath,  and  the  jet- 
pipe  is  a  long  tube  for  directing  the  water.  It  is 
•hown  on  the  ground. 


The  steam  fire-engine  by  Mr.  Braithwaite  is  of 
recent  invention.  It  is  an  ingenious  application  of 
<3ie  moving  power  of  steam  to  tiie  working  of  fire- 
engines.  The  mechanical  arrangement  consiste  of 
two  cylinders,  the  one  of  7  inches  diameter,  being 
the  steam  cylinder,  and  the  other  of  64  inches  di- 
ameter, being  the  water  pump.  By  the  horizontal 
position  of  the  two  cylinders,  the  parallel  motion  is 
easily  produced.  The  boiler  is  on  the  construcUon 
and  principle  of  Braithwaite  and  Ericson's  patent 
steam  generator.  This  engine  will  deliver  about 
9000  gallons  an  hour  to  an  elevation  of  90  feet, 
through  an  adjutage  of  I  inch.  The  time  of  getting 
the  machine  into  action,  from  the  moment  of  igniting 
the  fuel  (the  water  being  cold),  is  18  minutes.  As 
aoon  as  an  alarm  is  given,  the  fire  b  kindled,  and  the 
bellows,  attached  to  the  engine,  are  worked  by  hand. 
Df  the  time  the  horses  are  harnessed  in*  the  fuel  is 


thoroogfaly  ignited,  and  the  bellows  are  then  worked 
by  the  motion  of  tlie  wheels  of  the  engine.  By  the 
time  of  arriving  at  the  fire,  preparing  the  horses,  &c., 
the  steacm  is  r^y.  The  expense  of  fuel  is  stated  to 
be  sixpence  per  hour. 

Piax,  Gebbk,  was  invented  in  the  7th  century* 
When  Uie  Arabs  besi^ed  Constantinople  in  668,  the 
Greek  ardiitect  Caliinicus  of  Heiiopolis  deserted  from 
the  caliph  to  the  Greeks,  and  took  with  him  a  com- 
position which,  by  its  wonderful  effects,  struck  terror 
into  the  enemy,  and  forced  them  to  take  to  flight. 
Sometimes  it  was  wrapped  in  flax  attached  to  arrows 
and  javelins,  and  so  thrown  into  the  fortificatbns 
and  other  buildings  of  the  enemy,  to  set  them  on 
fire.  At  other  times,  it  was  used  in  throwing  ston 
balls  from  iron  or  metallic  tubes  against  the  enemy. 
The  use  of  this  fire  continued  at  least  until  the  end 
of  the  13th  century :  but  no  contemporary  writer  has 
handed  down  to  us  any  accurate  account  of  its  oomr 
position.  To  judge  from  ito  effecto,  neither  naphtha, 
sulphur,  nor  rosin,  was  a  principal  ingredient ;  but 
saltpetre  probably  was.  It  does  not  appear,  from 
the  accounts  of  the  anciente,  that  it  burned  tmder 
water,  as  has  be^i  supposed,  but  merely  that  it 
burned  upon  it.  Cardian  mvented  a  species  of  fire  of 
this  description.  According  to  a  notice  in  the  Maga^ 
tin  der  EffindMmgw  (Magazine  of  Discoveries),  the 
Baron  Von  Aretin  of  Munich  has  discovered  in  a 
Latin  MS.  of  the  13th  century,  in  the  central  library 
in  diat  city,  a  dissertation  on  the  Greek  fire,  whicJs 
contains  the  receipt  for  its  composition,  so  long  sup* 
posed  to  be  lost. 

FiaS'EscAPB*  Among  the  various  expediente  for 
facilitating  the  escape  of  persons  in  danger  from  fire, 
one  of  the  earliest  appears  to  have  been  the  employ  •• 
ment  of  ladders.  But,  unfortunately,  it  too  often  bap* 
pens,  that  when  they  are  wanted,  nobody  remembers 
where  they  are,  or  will  take  Uie  trouble  to  fetch  them. 

About  the  year  1810,  Mr.  Davis  invented  a  veir 
excellent  machine  on  the  ladder  principle,  for  which 
he  was  deservedly  rewarded  by  the  Society  of  Arte 
with  a  donation  of  50  guineas.  It  consisted  of  three 
ladders,  of  moderate  length,  sliding  into  each  other, 
and  supported  perpendicularly  on  a  low  carriage  with 
four  wheels.  By  the  mechanical  arrangemente  of 
the  machine,  these  ladders  were  capable  of  being  in* 
dined  at  any  required  angle,  and  projected  with  great 
facility  one  above  the  other,  so  as  to  form  a  single 
ladder,  of  sufficient  length  to  reach  the  upper  win* 
dows  of  ordinary  houses.  For  the  greater  security  . 
of  persons  descending  the  ladders,  they  were  fur- 
nished with  hand-rails  on  each  side,  and  at  the  up* 
per  extremity  of  the  machine  a  pulley  and  ropes  were 
fixed,  by  which  either  persons  or  goods  might  be 
lowered  in  a  basket.  Another  advantage  connected 
with  this  apparatus  was,  that  it  would  enable  the 
firemen  to  elevate  the  engine^hose,  and  direct  the 
branidi  korizontdUy  at  any  required  height  by  means 
of  guide-ropes,  so  that  the  whole  force  of  the  stream 
might  be  brought  to  bear  upon  the  flames  in  an  up- 
per apartment,  instead  of  the  mere  force  of  descent 
which  the  water  exerte,  under  ordinary  circum* 
stances,  by  ite  fall  from  the  apex  of  the  parabolic 
curve  described  by  the  jet. 

Several  improvements  were  subsequently  made  on 
this  invention  by  Mr.  Gregory,  and  it  was  still  far- 
ther simplified  by  Mr.  Hudson,  the  philanthropic 
projector  of  the  Society  for  Preventing  the  Loss  of 
Life  by  Fire. 
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Mr.  Doyle  haa  adapted  a  series  of  intersecting  le- 
vers to  the  construction  of  a  fire-escape.  The  prin- 
ciple upon  which  this  machine  is  constructed,  is  iden- 
tical with  that  of  an  instrument  known  by  the  name 
of  the  lazy  longs.  The  instrument  consists  of  a  com- 
bination of  levers  of  the  first  kind,  crossing  each 
other  like  the  two  sides  of  a  pair  of  scissors,  and 
moving  on  joints  at  their  extremities  and  at  the 
points  of  intersection.  The  effect  of  this  arrange- 
ment is,  that  when  the  handles  or  lower  arms  of  the 
system  of  levers  are  fully  extended,  the  instrument  is 
contracted  into  a  very  small  compass,  but  is  extend- 
ed to  a  considerable  length  when  the  handles  are 
brought  together.  In  Mr.  Doyle's  fire-escape  two 
such  instruments  as  we  have  described  were  con- 
nected by  transverse  bars,  so  as  to  form  a  kind  of 
open  frame- work,  which  supported  a  railed  platform. 
I'he  whole  apparatus  may  be  placed  on  a  small  car- 
riage, but  by  simply  turning  a  handle,  the  platform 
can  in  a  moment  be  projected  to  an  altitude  of  about 
forty  feet. 

A  fire-escape  of  a  very  simple  construction  has 
been  suggested  by  Mr.  Charles  M.  Willich,  to  the 
Society  of  Arts.  The  idea  is  not  new,  as  blankets 
have  been  often  used  with  success  ;  but  if  the  plan 
pointed  out  by  Mr.  W.  were  adopted,  and  a  system 
established,  many  lives  might  be  saved.  It  consists 
of  a  horse-hair  net,  about  14  feet  long,  by  8  wide. 
He  recommended  that  every  police  station  should  be 
furnished  with  one,  which  on  an  alarm  of  fire  should 
be  immediately  brought  to  the  spot.  The  manner  of 
using  the  net  is  self-evident.  There  are  alwavs  a 
sufficient  number  of  persons  present,  who  would  hold 
it  extended.  Horse-hair  is  recommended,  on  ac- 
count of  its  durability  and  elasticity.  A  fire-escape 
must  be  always  perfect,  and  at  hand  speedily,  or  it  is 
useless. 

Firb-Placb.  We  often  see  old  fire-places  of  an 
enormous  size,  capable  of  containing  seats,  and  hav- 
ing the  sides  at  right  angles  with  the  back,  which  is 
perpendicular.  This  construction  was  attended  with 
very  great  loss  of  heat,  as  the  size  of  the  mouth  oc- 
casioned a  great  current  of  air  up  the  chimney,  and, 
consequently,  into  the  room ;  and  almost  all  the 
radiated  and  conducted  heat  was  carried  off.  The 
application  of  modem  practical  science  to  the  com- 
fort of  common  life  has  been  of  the  greatest  benefit 
in  this  respect.  Wood  is  still  the  principal  fuel  in  the 
United  States ;  but  coal  is  in  some  districts  now  coming 
into  general  use.  The  arrangement  need  not  be  essen- 
tially different  whichever  kind  of  fuel  is  employed.  It 
is  advantageous  to  make  the  perpendicular  height  of 
the  fuel  as  great  as  is  consistent  with  safety.  A  stra- 
tum of  coals,  or  ignited  wood,  will  radiate  more  heat 
into  the  lower  part  of  the  room,  if  placed  vertically, 
than  if  laid  horizontally.  The  fuel  should  also  be  so 
divided  as  to  be  easy  of  ignition,  and  so  placed  as  to 
give  free  access  of  the  air  to  all  its  parts,  as  the  smoke 
is  then  more  likely  to  be  burnt. 

FrankUn's  stoves  are  cast-iron  fire-places,  and, 
"when  executed  according  to  the  inventor's  directions, 
are  a  very  economical  contrivance.  Most  of  the  ar- 
ticles, however,  now  sold  under  this  name,  are  very 
different  from  the  original  plan.  Underneath  and 
behind  the  fire-place  is  an  air  chamber,  into  which 
the  air  is  admitted  from  without  the  house,  by  an 
opening  through  the  wall,  and  which  is  discharged 
into  the  apartment  by  lateral  openings,  after  being 
heated  by  contact  with  the  fire-place.    The  smoke. 
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being  carried  off  by  a  circuitous  fl«c,  which  pastes 
upwards  to  the  top  of  the  fire-place,  and  then  de- 
scends to  the  floor,  also  parts  with  much  of  its  heat 
before  it  escapes  by  the  main  chimney. 

The  Rumford  fire-place  is  a  common  fire-place, 
constructed  with  a  narrow  throat  to  the  chimney,  for 
the  purpose  of  diminishing  the  current  of  air,  an 
advanced  back  to  throw  the  fire  farther  forward,  and 
oblique  sides  (at  an  angle  of  about  135  degrees  with 
the  back),  which  radiate  the  heat  more  completely 
into  the  room. 

The  double  fire-place  is  an  ingenious  modification 
of  a  Franklin  stove.  It  is  formed  by  setting  a  small 
stone  fire-place  into  the  chimney,  leaving  an  air 
chamber,  as  in  the  Franklin  stove,  behind  and  be- 
neath it,  which  communicates  with  the  external  air, 
and  opens  into  the  apartment.  This  fire-place  is  so 
constructed,  as  to  unite  the  advantages  of  the  Rum- 
ford  fire-place  with  those  of  a  Franklin  stove.  The 
air  to  be  heated  should  be  taken  from  without  the 
house ;  for  if  taken  from  an  entry  or  cellar,  the  tem- 
perature of  those  places  would  be  ver}*  much  reduced. 
The  air  chamber  should  be  from  four  to  seven  inches 
in  diameter,  as  more  heat  will  be  conducted  from  the 
stone,  and  a  great  quantity  of  air  moderately  heated 
is  better  than  a  small  quantity  made  ver}'  hot,  which 
is  apt  to  render  the  air  of  the  apartment  disagreeable. 
(See  Gratb,  Stovb,  and  Furnace.) 

Firb-Ships  are  generally  old  vessels  filled  with 
combustibles  fitted  with  grappling-irons,  to  hook 
enemies'  ships  and  set  them  on  fire.  The  following 
is  a  description  of  the  fire-ships  which  were  of  such 
essential  service  to  the  Greeks  in  their  late  struggle 
with  Turkey :  "  The  vessels  usually  employed  for 
this  service,"  says  Mr.  Emerson,  "  are  old  ships 
purchased  by  the  government. 

**  Their  construction,  as  fire-ships,  is  very  simple ; 
nothing  more  being  wanted  than  active  combustion. 
For  this  purpose  the  ribs,  hold,  and  sides  of  the  ves- 
sel, after  being  well  tarred,  are  lined  with  dried  furze, 
dipped  in  pitch  and  lees  of  oil,  and  sprinkled  with 
sulphur ;  a  number  of  hatchways  are  then  cut  along 
the  deck,  and  under  each  is  placed  a  small  barrel  of 
gunpowder ;  so  that  at  the  moment  of  conflagration* 
each  throws  off  its  respective  hatch,  and,  giving 
ample  vent  to  the  flames,  prevents  the  deck  being  too 
soon  destroyed  by  the  explosion.  A  train  which 
passes  through  every  part  of  the  ship,  and  communi- 
cates with  every  barrel,  running  round  the  deck,  and 
passing  out  at  the  steerage  window,  completes  the 
preparation  below;  whilst  above,  every  rope  and 
yard  is  well  covered  with  tar,  so  as  speedily  to  con- 
vey the  flames  to  the  sails ;  and  at  the  extremity  ol 
each  yardarm  is  attached  a  wickered  hook,  whidi, 
being  once  entangled  with  the  enemy's  rigging, 
renders  escape,  after  coming  in  contact,  almost  a 
matter  of  impossibility. 

The  train,  to  prevent  accidents,  is  never  laid  till  the 
moment  of  using  it ;  when,  all  being  placed  in  order, 
and  the  wind  favourable,  with  every  possible  sail  set* 
so  as  to  increase  the  flames,  she  bears  down  upon 
the  enemy's  line,  whUst  the  crew,  usually  twenty-five 
or  thirty  in  number,  have  no  other  defence  than 
crouching  behind  the  after  bulwarks.  When  close 
upon  the  destined  ship,  all  hands  descend  by  the  stem 
into  a  launch  fitted  out  for  the  purpose,  with  high 
gunwales  and  a  pair  of  small  swivels ;  and  at  the 
moment  of  contact,  the  train  is  fired  by  the  captain, 
and  every  hatch  being  thrown  off,  the  flaraet  burst 
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fbrth  at  the  same  indtant  from  stem  to  stern  ;  and» 
ascending  by  the  tarred  ropes  and  sails,  soon  com- 
municate with  the  rigging  of  the  enemy's  vessel, 
who  have  never  yet  in  one  instance  been  able  to  ex- 
tricate themselves.  In  fact,  such  was  the  terror  with 
which  they  inspired  the  Turks,  that  they  seldom 
made  the  slightest  resistance.  On  the  distant  ap- 
proach of  the  iire-ship,  they  maintain  for  some  mo- 
ments, an  incessant  random  cannonade ;  but  at 
length,  long  before  she  comes  in  contact,  precipitate 
themselves  into  the  sea,  and  attempt  to  reach  the 
other  vessels,  scarcely  one  remaining  to  the  last  mo- 
ment to  attempt  to  save  the  devoted  ship. 

"  Sometimes,  however,  armed  boats  are  sent 
off  from  the  other  vessels  of  the  fleet;  but  they 
have  never  yet  been  able,  either  to  prevent  the  ap- 
proach of  the  fire-ship,  or  seize  on  the  crew  whilst 
making  their  escape ;  and,  though  fire-ships  are  in 
other  countries  considered  a  forlorn  hope,  such  is  the 
stupidity  and  terror  of  the  Turks,  that  it  is  rarely 
that  one  of  the  brulottiers  is  wounded,  and  very 
seldom  indeed  that  any  lose  their  lives.  The  service, 
however,  from  the  rislc  to  which  it  is  exposed,  is  re- 
warded with  higher  pay  than  the  ordinary  seamen ; 
and,  on  every  occasion  of  their  success,  each  brulot- 
tier  receives  an  additional  premium  of  100  or  150 
piasters." 

FiR«- Works.     See  PYROTECHmr. 

Firkin,  in  commerce;  a  measure  containing  eight 
gallons  of  ale,  and  nine  of  beer. 

FiRLOT,  in  commerce;  a  dry  measure  used  in 
Scotland. 

FiRMAMBNT,  in  the  Ptolemaic  astronomy;  the 
eighth  heaven  or  sphere,  with  respect  to  the  seven 
spheres  of  the  planets  which  it  surrounds.  It  is  sup- 
posed to  have  two  motions,  a  diurnal  motion,  given 
to  it  by  the  primum  mobile,  from  east  to  west,  about 
the  )K)les  of.  the  ecliptic ;  and  another  opposite  mo- 
tion, from  west  to  east,  which  last  it  finishes,  ac- 
cording to  Tycho,  in  25,412  years ;  according  to 
Ptolemy,  in  36,000 ;  and  according  to  Copernicus, 
in  25,800 ;  in  which  time  the  fixed  stars  return  to 
the  same  points  in  which  they  were  at  the  beginning. 
This  period  is  commonly  called  the  Platonic  year,  or 
the  great  year. 

Fishery  ;  a  place  where  great  numbers  of  fish 
are  caught.  The  principal  fisheries  for  salmon,  her- 
ring, mackarel,  pilchards,  &c.,  are  along  the  coast  of 
England,  Scotland,  and  Ireland;  for  cod,  on  the 
banks  of  Newfoundland ;  for  whales,  about  Green- 
land ;  and  for  pearls,  in  the  East  and  West  Indies. 

FUhery  denotes  also  the  commerce  of  fish,  more 
particularly  the  catching  them  for  sale.  Were  we 
to  enter  into  a  very  minute  and  particular  considera- 
tion of  fisheries,  as  i^t  present  established  in  this 
kingdom,  this  article  would  swell  beyond  its  proper 
bounds ;  because  to  do  justice  to  a  subject  of  that 
concernment  to  the  British  nation,  requires  a  very 
ample  and  distinct  discussion.  We  shall,  however, 
observe,  that  since  the  coasts  of  Great  Britain  and 
Ireland  abound  with  the  most  valuable  fish ;  and 
since  fisheries,  if  successful,  become  permanent  nur- 
series for  rearing  expert  seamen ;  it  is  a  du<-y  we  owe 
to  our  country*,  for  its  natural  security,  to  extend  this 
trade  to  the  utmost.  No  nation  can  have  a  navy, 
where  there  is  not  a  fund  of  business  to  breed  and 
employ  seamen,  withoht  any  expense  to  the  public, 
and  no  trade  is  so  well  calculated  for  training  up 
Uiesc  useful  members  of  society,  as  fisheries. 
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The  situation  of  the  British  coast  is  the  most  ad* 
vantageous  for  catching  fish  in  the  world  ;  the  Scot- 
tish islands,  particularly  those  to  the  north  and  west, 
lie  most  commodious  for  carrying  on  the  fishing 
trade  to  perfection:  for  no  countr)^  in  Europe  can 
pretend  to  compete  with  Scotland  in  the  abundant 
supply  of  the  finest  fish,  with  which  its  various 
creeks,  bays,  rivers,  lakes,  and  coasts  are  replenished. 
King  Charles  I.  was  so  sensible  of  the  great  advantage 
to  be  derived  from  fisheries,  that  he  began  the  expe- 
riment, together  with  a  company  of  merchants ;  but 
the  civil  war  soon  occasioned  that  project  to  be  set 
aside.  King  Charles  II.  made  a  like  attempt,  but 
his  pressing  wants  made  him  withdraw  what  money 
he  had  employed  in  the  establishment  of  the  fisheries, 
and  the  merchants  that  joined  with  him  did  the 
same.  Since  the  Union,  several  attempts  have  been 
made  to  retrieve  the  fisheries,  and  a  corporation  was 
formed  for  that  purpose,  entitled  the  Royal  British 
Fishery. 

In  die  year  1750,  the  Parliament  of  Great  Britain 
taking  the  state  of  the  fisheries  into  consideration, 
an  act  was  passed  for  the  encouragement  of  the  white 
herring  fishery,  also  granting  a  charter,  whereby  a 
corporation  was  created,  to  continue  21  years,  by  the 
name  of  the  Society  of  the  Free  British  Fishery,  to 
be  under  the  direction  of  a  governor,  president,  vice- 
president,  council,  &c.,  who  were  to  continue  in  office 
the  space  of  three  years,  with  power  to  make  by-laws,. 
&c.,  and  to  raise  a  capital  of  500,000/.  by  way  of 
subscription.    And  "any  number  of  persons,  who,  in 
any  part  of  Great  Britain,  shall  subscribe  10,000/. 
into  the  stock  of  this  society,  under  the  name  of  the  . 
Fishing  Chamber,  and  carry  on  the  said  fishery  on 
their  own  account  of  profit  and  loss,  shall  be  entitled 
to  the  same  bounty  allowed  to  the  society."    llie 
bounty  is  30«.  the  tun,  to  be  paid  yearly,  for  four- 
teen years,  besides  three  per  cent,  for  the  money  ad- 
vanced by  each  chamber.    The  act  contains  other 
proper  regulations  relative  to  the  nets,  marks  on  the 
herring-barrels,   number  of  hands,  the  quantity  of 
salt  that  is  entitled  to  the  bounty,  &c.    It  is  then 
by  the  encouragement  originally  given  by  this  act,  that 
we  see  a  laudable  emulation  prevailing  all  over  the 
kingdom,  and  fishing  vessels  fitted  out  from  almost 
every  part,  in  order  to  repair  to  the  Shetland  Islands, 
where  the  herring  fishery  is  carried  on  with  an  ar- 
dour  becoming    so  important  a  branch  of  trade. 
Scotland,  which  suffered  incredibly  from  the  neglect 
of  this  valuable  and  natural  produce  of  the  seas,  has 
not  been  backward  to  join  in  a  scheme  that  tends  so 
evidently  to   its  own  advantage;  for  the  cities  of 
Edinburgh  and  Glasgow,  the  towns  of  Montrose, 
Dundee,  Perth,  Inverness,  and  some  other  boroughs, 
have  raised  the  proper  sum,  and  chambers  have  been 
erected  in  each  of  them ;  the  gentlemen  of  landed 
property  adjoining  to  the  respective   places  above 
mentioned,  liberally  contributing  with  the  merchants 
towards  the  prosecution  of  an  undertaking  so  visibly 
tending  to  the  good  of  their  country  in  general. 

Fishery,  cod.  There  are  two  kinds  of  cod  fish, 
the  one  green  or  white  cod,  the  other  dried  or  cured 
cod,  though  it  is  all  the  same  fish  differently  pre- 
pared ;  the  former  being  sometimes  salted  and  bar- 
relled, then  taken  out  for  use ;  and  the  latter  having 
laid  some  considerable  time  in  salt,  dried  in  the  sun 
or  smoke.  We  shall  therefore  speak  of  each  of  these 
separately. 

Fishery,  yreen  cod.    The  chief  fisheries  for  green 
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cod  are  in  the  bty  of  Canada,  on  the  great  bank  of 
Newfoundland,  and  on  the  Isle  of  St.  Peteri  and  the 
tele  of  SabeU  to  which  places  vessels  resort  from 
different  parts,  both  of  Europe  and  America.  They 
are  from  100  to  150  tons  burthen,  and  will  catch  be- 
tween thirty  and  forty  thousand  cod  each.  The  most 
essential  part  of  the  fishery,  is  to  hate  a  master  who 
Is  skilful  in  cutting  up  the  fish,  and  above  all  a  good 
Salter,  on  which  the  preserving  them,  and  conse- 
quently the  success  of  the  voyage,  depends.  The  best 
season  is  from  the  beginning  of  February  to  the  end 
of  April ;  the  fish,  which  in  the  winter  retire  to  the 
deepest  water,  coming  then  on  the  banks,  and  are 
then  easily  taken.  What  are  caught  from  March  to 
June  keep  well,  but  those  taken  in  July,  August,  and 
September,  when  it  is  warm  on  the  banks,  are  apt  to 
spoil  soon.  Eveq^  fisher  takes  but  one  at  a  time ; 
the  most  expert  will  take  from  350  to  400  in  a  day, 
but  that  is  the  most,  the  weight  of  the  fish,  and  the 
great  coldness  of  tiie  air,  on  the  bank  very  much 
fiitiguing  the  men.  As  soon  as  the  cod  are  caught, 
the  head  is  taken  off ;  they  are  opened,  imd  the  intes- 
tines withdrawn ;  the  salter  then  stows  them  in  the 
bottom  of  the  hold,  head  to  tail,  in  beds ;  laying  lay- 
ers of  salt  and  fish  alternately,  but  never  mixing  fish 
caught  on  different  days.  When  they  bsve  lain  thus 
three  or  four  days  to  drain  off  the  water,  they  are 
replaced  in  anodier  part  of  the  ship,  and  salted 
again ;  where  they  remain  till  the  vessel  is  loaded< 
Sometimes  they  are  cut  in  thick  pieces,  and  put  up 
in  barreb  for  the  convenience  of  carriage. 

FUhery,  dry  cod.  The  principal  fishery  for  dry 
cod  is  from  Cape  Rose  to  the  Bay  des  Exports, 
along  the  coast  of  Placentia,  there  being  many  con- 
venient inlets  or  small  ports  for  the  fish  to  be  dried 
in.  These,  though  of  the  same  kind  with  the  fresh 
cod,  are  much  smaller,  and  therefore  fitter  to  keep, 
as  the  salt  penetrates  more  easily  into  them,  llie 
fishery  of  bodi  is  nmch  alike,  only  this  latter  is  more 
expensive,  as  it  takes  up  more  time,  and  employs 
more  hands,  and  yet  scarce  half  as  much  salt  is  spent 
in  this  as  in  the  other.  Tht  bait  is  herrings,  of 
which  great  quantities  are  taken  on  the  coast  of 
Placentia.  When  several  vessels  meet,  and  intend 
to  fish  in  the  same  part,  he  whose  shallop  first 
touches  ground,  becomes  entitled  to  the  qudity  and 
privileges  of  admiral ;  he  has  the  choice  of  his  sta^ 
tion,  and  the  refusal  of  all  the  wood  on  the  coast  at 
his  arrival.  As  fast  as  the  masters  arrive,  they  unrig 
all  their  vessels,  leaving  nothing  but  the  shrouds  to 
sustain  the  masts,  and  in  the  mean  time  the  mates 
provide  a  tent  on  shore,  covered  with  branches  of 
trees,  and  sails  over  them,  with  a  scaffold  of  great 
trunks  of  pines,  twelve,  fifteen,  sixteen,  and  ofben 
twenty  feet  high,  commonly  from  forty  to  sixty  feet 
long,  and  about  one-third  as  much  in  breadth.  While 
the  scaffold  is  preparing,  the  crew  are  fishing,  and  as 
fast  as  they  catch  they  bring  their  fish  on  shore ; 
open  and  salt  them  upon  moveable  benches,  but  the 
mam  salting  is  performed  on  the  scaffold.  When 
the  fish  have  taken  salt,  they  wash  and  hang  them  to 
drain  on  rails;  when  drained,  they  are  laid  on 
stages,  which  are  small  pieces  of  wood  laid  across, 
and  covered  with  branches  of  trees,  having  the  leaves 
stripped  off  for  the  passage  of  the  air«  On  these 
stages  they  are  disposed,  head  against  tail,  with  the 
back  uppermost,  and  are  turned  carefully  four  times 
etery  twenty-four  hours.  When  they  begin  to  dry, 
they  are  laid  in  heaps  ten  or  twelve  thick,  in  order  to 


retain  their  warmth;  and  every  dajr  the  heaps  are 
enlarged,  till  they  become  double  their  original  bulk ; 
when  two  heaps  are  joined  together,  which  they  turn 
every  day  as  before ;  lastly,  they  are  salted  again, 
beginning  with  those  first  salted,  and  being  laid  in 
huge  piles,  they  remain  in  that  situation  till  they  are 
carried  on  board  the  ship,  where  they  are  laid  on  the 
branches  of  trees  disposed  for  that  purpose,  upon  the 
ballast^  and  round  the  ship,  with  mats  to  prevent 
thiir  contracting  any  moisture.  There  are  four  dis- 
tinct articles  of  commerce  drawn  from  cod,  viz.,  the 
zounds,  the  tongues,  the  roes,  and  the  oil  extraicted 
from  the  liver.  The  first  is  salted  at  the  fishery,  to- 
gether with  the  fish,  and  put  up  in  barrels  of  frx>m  600 
to  700  lbs.  The  tongues  are  prepared  in  a  similar 
manner,  and  brought  in  barrels  containing  frx)m  400 
to  500  lbs.  The  roes  are  also  salted  in  barrels,  and 
serve  to  cast  into  the  sea  to  draw  fish  together,  and 
particularly  pilchards.  The  oil  comes  in  barrels 
of  from  400  to  520  lbs.  and  b  used  in  dressing  lea- 
ther. The  Scotch  catch  a  small  kind  of  cod  on  the 
coast  of  fiuchan,  and  all  along  the  Murray  Firth  cm 
both  sides ;  as  also  in  the  Firth  of  Forth,  Clyde,  &c., 
which  is  much  esteemed.  They  salt  and  dry  them 
in  the  sun  upon  rocks,  and  sometimes  in  the  chim- 
ney. They  also  cure  skait,  and  other  smaller  fish  in 
the  same  manner,  but  most  of  these  are  for  home 
consumption. 

FUhery,  herring.  Herrings  are  chiefly  found  in 
the  "North  Sea.  They  are  a  fish  of  passage,  and  com- 
monly go  in  shoals,  being  very  fond  of  following  fire 
or  light.  About  the  beginning  of  June,  an  incr^ible 
shoal  of  herrings,  probably  much  larger  than  the 
land  of  Qreat  Britian  and  Ireland,  come  from  the 
north  on  the  surface  of  the  sea ;  their  approach  is 
known  bv  the  hovering  of  sea-fowl  in  expectation  of 
prey,  and  by  the  smoothness  of  the  water ;  but  where 
they  breed,  or  what  particular  place  they  come  from, 
cannot  be  easily  discovered.  As  this  great  shoal 
passes  between  the  shores  of  Greenland  and  the  North 
Cape,  it  is  probably  confined,  and  as  it  reaches  the 
shores  of  Great  Britain,  is  necessarily  divided  into 
two  parts.  For  we  find  one  part  of  the  herrings 
steering  west,  or  south-west,  and  leaving  the  islands 
of  Shetland  and  Orkney  to  the  left,  pass  on  towards 
Ireland,  where  being  interrupted  a  second  time,  some 
keeping  the  shore  of  Britain,  pass  away  south,  down 
St.  George's  Cha^mel ;  while  the  other  part,  edging 
off  to  the  south-west,  coast  the  Western  Ocean,  till 
they  reach  the  south  shore  of  Ireland,  and  then  steer- 
ing south-east,  join  the  rest  in  St.  George's  Channel. 
The  other  part  of  the  first  division  made  in  the  north, 
parting  a  little  to  the  east  and  south-east,  pass  by 
Shetland,  and  then  make  the  point  of  Bnchanness, 
and  the  coast  of  Aberdeen,  filling  as  they  go  all  the 
bays,  firths,  creeks,  &c.,  with  their  innumerable  muU 
titudes.  Hence  they  proceed  forward,  pass  by  Dun- 
bar, and  rounding  the  high  shores  of  St.  Abb's  Head 
and  Berwick,  are  seen  again  off  Scarborough ;  and 
even  then  not  diminished  in  bulk,  till  they  come 
to  Yarmouth  Roads,  and  from  thence  to  the  mouth 
of  the  Thames,  after  which,  passing  down  the  British 
Channel,  they  seem  to  be  lost  in  the  Western  Ocean. 

The  vast  advantage  of  this  fishery  to  this  country 
is  obvious,  when  we  consider  that,  though  herrings 
are  found  upon  the  shores  of  North  America,  they 
are  never  seen  there  in  such  quantities  as  with  us, 
and  that  they  are  not  to  be  met  with  in  considerable 
numbers  in  any  of  the  southern  kingdoms  of  Europe^ 
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as  Spain,  Portugal,  or  fhe  sonthem  parts  of  France ; 
on  the  side  of  the  ocean,  or  in  the  Mediterranean,  or 
on  the  'tMist  of  AfHca.  There  are  two  seasons  for 
fishing  herring,  the  first  from  June  to  the  end  of  Au- 
gust, and  the  second  in  autumn,  when  the  fogs  become 
very  favourable  to  this  kind  of  fishing.  There  is  no- 
thing particular  in  the  manner  of  fishing.  The  nets 
in  wh^  the  fish  are  drawn  should  regulady  have 
their  meshes  an  inch  square,  to  let  all  the  lesser  fry 
go  through. 

The  commerce  in  herrings,  white  or  pickled,  and 
red,  is  very  considerable.  The  white  Dutch  herrings 
are  the  most  esteemed,  being  distinguished  into  four 
sorts,  according  to  dieir  sizes ;  and  the  best  are  those 
that  are  iat,  fleshy,  firm,  and  white,  salted  the  same 
day  they  are  taken  with  good  salt,  and  well  barrelled. 
The  British  herrings  are  little  inferior,  if  not  equal  to 
the  Dutch ;  for,  in  spite  of  all  their  endeavours  to 
conceal  the  secret,  their  method  of  curing,  "lasting," 
or  casking  the  herrings,  is  now  well  known. 

FUherjf,  mackarel.  The  mackarel  are  found  in 
large  shouls  in  the  ocean,  but  especially  on  the  French 
and  English  coasts.  They  enter  the  English  channel 
in  April,  and  proceeding  as  the  summer  advances, 
about  June  they  are  on  the  coast  of  Cornwall,  Sus- 
sex, Normandy,  Picardy,  &c.,  where  the  fishery  is 
most  considerable.  They  are  taken  either  with  a  line 
or  nets :  the  latter  b  preferable,  and  is  usually  per- 
formed in  the  night  time.  They  are  pickled  two  ways, 
first  by  opening  and  gutting  them,  and  cramming 
their  bellies  as  hard  as  possible  with  salt,  by  means 
of  a  stick,  and  then  laying  them  in  rows  at  the  bot- 
tom of  the  vessel,  strewing  salt  between  each  layer. 
The  second  way  is  putting  them  directly  into  tubs 
full  of  brine,  made  of  salt  and  fresh  water,  and  leav- 
ing them  to  steep  till  they  have  taken  salt  enough  to 
keep.  After  this,  they  are  barrelled  up  and  pressed 
close  down. 

Fishery,  pilchard.  The  chief  pilchard  fisheries  are 
along  the  coasts  of  Dalmatia,  on  the  coast  of  firetag^e, 
and  along  the  coasts  of  Cornwall  and  Devonshire. 
That  of  Dalmatia  is  very  plentiful;  that  on  the 
coast  of  Bretagn^  employs  about  300  ships.  The 
pilchards  caught  on  our  coasts,  though  larger,  are 
not  so  mudi  valued  as  those  on  the  coast  of  France, 
owing  principally  to  their  not  being  so  thoroughly 
cured.  They  naturally  follow  the  light,  which  con- 
tributes much  to  the  facility  of  the  fishery ;  the  season 
is  from  June  to  September.  On  the  coasts  of  France 
they  make  use  of  the  roes  of  cod  fish,  as  a  bait, 
which,  thrown  into  the  sea,  makes  them  rise  from  the 
bottom  and  run  into  the  nets ;  on  our  coasts  there  are 
persons  posted  ashore,  who,  ascertaining  by  the  colour 
of  the  water  where  the  shoals  are,  make  signs  to  the 
boats  to  go  among  them  to  cast  their  nets.  When 
taken,  they  are  brought  on  shore  to  a  warehouse, 
where  they  are  laid  up  in  broad  oiles  supported  with 
backs  and  sides,  and  as  they  are  >ied  they  salt  them 
with  bay  salt,  in  which  lying  to  soak  twenty  or  thirty 
days,  they  run  out  a  deal  of  blood,  with  dirty  pickle 
and  bittern ;  then  they  wash  them  clean  in  salt-water, 
and,  when  dry,  barrel  and  press  them  hard  down  to 
squeeze  out  the  oil,  which  issues  out  of  a  hole  in  the 
bottom  of  the  cask.  The  Comishmen  observe  of  the 
pilchard,  that  it  is  the  least  fish  in  size,  most  in  number 
and  greatest  for  gain,  of  any  they  take  out  of  the  sea. 

Fiihery,  mlmm.  The  chief  salmon  fisheries  in 
Europe  are  in  England,  Scotland,  and  Ireland,  in  the 
rivers  and  sea-coasts  adjoining  to  the  mouths  of  rivers 


Those  most  distinguished  for  salmon  in  Scotlind^  are 
the  river  Tweed,  the  Clyde,  the  Tay,  the  Dee,  the 
Don,  the  Spey,  the  Ness,  the  Bewley,  &:c.  The  chief 
rivers  in  England  for  salmon  are  the  Tyne,  the  Trent, 
the  Severn,  and  the  Thames.  The  fishing  is  not  al  - 
lowed  to  commence  in  Scotland  before  the  first  of 
February,  and  it  must  be  closed  by  the  fourteenth  of 
September.  The  fishing  b  performed  with  nets,  and 
sometimes  with  movable  locks  or  wears  made  on 
purpose,  which  in  certain  places  have  iron  or  wooden 
grates  so  dbposed,  in  an  angle,  that,  .being impelled 
by  any  force  in  a  contrary  direction  to  the  course  of 
of  the  river,  they  may  give  way  and  open  a  little  at 
the  point  of  contact,  and  immediately  shut  again, 
closing  the  angle.  The  salmon  therefore,  coming  up 
into  the  rivers,  are  admitted  into  these  gates,  which 
open,  and  suffer  them  to  pass  through,  but  shut  again 
and  prevent  their  return.  Salmon  are  also  caught 
with  a  spear,  which  they  dart  into  the  fish  when  they 
see  him  swimming  near  the  surface  of  the  water.  It 
is  customary  likewise,  to  catch  them  with  a  candle 
and  lanthom,  or  wUp  of  straw  set  on  fire ;  for  the 
fish  naturally  following  the  light,  are  struck  with  the 
spear,  or  taken  in  a  net  prepared  for  that  purpose,  and 
lifted  wit|^  a  sudden  jerk  from  the  bottom.  We  make 
no  mention  of  the  method  of  catching  salmon  with  a 
line  or  hook,  because  it  is  much  the  same  with  trout 
fishing. 

Curing  aalmoh.  When  the  salmon  are  taken,  they 
open  them  along,  take  out  the  intestines,  &c.,  and  cut 
out  the  greatest  part  of  the  bones,  endeavouring  to 
make  the  inside  as  smooth  as  possible,  then  salt  the 
fish  in  large  tubs  for  the  purpose,  where  they  remain 
a  considerable  time  soaking  in  brine,  and  about  Oc- 
tober they  are  packed  close  in  barreb,  and  sent  to 
London,  or  exported  up  the  Mediterranean.  .Tliey 
have  also  in  Scotland  a  great  deal  of  salmon  salted 
in  the  conmion  way,  which,  after  soaking  in  brine  a 
competent  time,  is  well  pressed,  and  then  dried  in 
smoke  :  thb  is  called  kipper,  and  is  chiefly  made  for 
home  consumption,  and,  if  properly  cured  and  pre- 
pared, is  reckoned  very  delicious. 

Fishery,  sturgeon.  The  greatest  sturgeon  fishery 
IS  in  the  mouth  of  the  Volga,  on  the  Caspian  Sea, 
where  the  Russians  employ  a  great  number  of  hands, 
and  catch  them  in  a  kind  of  inclosure,  formed  by  huge 
stakes,  representing  the  letter  Z,  repeated  several 
times.  These  fisheries  are  open  on  the  side  next  the 
sea,  and  close  on  the  other,  by  which  means  the  fish 
ascending  up  the  river  are  embarrassed  in  these  nar- 
row angular  retreats,  and  thus  are  easily  killed  with 
a  harpoon.  Sturgeons,  when  fresh,  eat  deliciously ; 
and,  in  order  to  rnake  them  keep,  they  are  salted  or 
pickled  in  large  pieces,  and  put  up  in  kegs  containing 
from  30  to  50  pounds.  But  the  great  object  of  thb 
fishery  is  the  roe,  of  which  the  Russians  are  extremely 
fond,  and  of  which  is  made  the  cavia  or  kavia»  so 
much  esteemed  by  the  Italians. 

Fishery,  whale.  Whales  are  chiefly  caught  in 
the  North  Sea:  the  largest  sort  are  found  about 
Greenland,  or  Spitzbergen.  At  the  first  discovery  of 
this  country,  whales  not  bebg  used  to  be  disturbed, 
frequently  came  into  the  very  bays,  and  were  ac- 
cordingly killed  almost  close  to  the  shore,  so  that  the 
blubber  being  cut  off,  was  immediately  boiled  into 
oil  on  the  spot.  The  ships,  in  those  times,  took  in 
nothing  but  the  pure  oil  and  fins,  and  all  the  business 
was  executed  in  the  country,  by  which  means,  a  ship 
could  bring  home  the  product  of  many  more  whales 
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than  iIm  can  according  to  Uie  present  mode  of  con- 
ducting this  trade.  The  fishery  also  was  then  so 
plenti^t  that  they  were  obliged  sometiines  to  send 
other  sidps  to  fetch  off  the  oil  they  had  made,  the 
i(uantity  being  more  than  the  fisning  ships  could 
bring  away.  But  time  and  change  of  circumstances 
have  shifted  the  situation  of  this  trade.  The  ships 
coming  in  such  numbers  from  Holland,  Denmark, 
Hamburgh,  and  other  northern  countries,  all  intrud- 
ers upon  the  English,  who  were  the  first  discoverers 
of  Greenland,  disturbed  the  whales,  and  gradually, 
as  other  fish  often  do,  forsaking  the  place,  were  not 
to  be  killed  so  near  the  shore  as  before ;  but  are  now 
generally  found  in  the  openings  and  spaces  among 
the  ice,  where  they  have  deep  water,  and  where  they 
go  sometimes  a  great  many  leagues  from  the  shore. 

The  whale  fishery  begins  in  May,  and  continues 
all  June  and  July ;  but,  whether  the  ships  have  good 
or  bad  success,  they  must  come  away  and  get  clear 
of  the  ice  about  the  close  of  August,  so  that  in  the 
month  of  September  they  may  be  expected  home; 
but  a  ship  that  meets  with  a  fortunate  and  early 
fishery  in  May,  may  return  in  June  or  July. 

The  manner  of  taking  whales  at  present  is  as  fol- 
lows :  as  soon  as  the  fishermen  hear  the  vidmle  blow, 
they  cry  out  Fall !  fall !  and  ever^  ship  gets  out  its 
boat,  in  each  of  which  there  are  six  or  seven  men. 
These  boats  are  peculiarly  formed,  combining  speed 
with  great  steadiness.  We  give  an  engraving  of  one 
employed  in  the  South  Seas. 


Tkey  row  till  they  come  pretty  near  the  whale, 
when  the  harpooner  strikes  it  with  his  harpoon.  This 
requires  great  dexterity,  for  through  the  bone  of  the 
head  there  is  no  striking,  but  near  his  snout  there  is 
a  soft  piece  of  flesh,  into  which  the  iron  sinks  with 
ease.  As  soon  as  he  is  struck  they  take  care  to  give 
him  rope  enough,  otherwise  when  he  goes  down, 
which  he  frequently  does,  he  would  inevitably  sink 
the  boat:  this  rope  he  draws  with  such  violence, 
that  if  it  were  not  well  watered,  it  would,  by  its  fric- 
tion against  the  sides  of  the  boat,  be  soon  set  on  fire. 
The  line  fastened  to  the  harpoon  is  many  fathoms  long, 
and  is  called  the  fore-runner :  it  is  made  of  the  finest 
and  softest  hemp,  that  it  may  slip  the  easier ;  to  this 
thev  join  a  heap  of  lines  of  90  or  100  fathoms  each, 
ana  when  there  are  not  enough  in  one  long  boat, 
they  borrow  from  another,  llie  man  at  the  helm 
observes  which  way  the  rope  goes,  aift  steers  the 
boat  accordingly,  that  it  may  run  exactly  out  before ; 
for  the  whales  run  away  with  the  line  with  such  ra- 

Eidity,  that  it  would  overset  the  boat  if  it  were  not 
ept  straight.  When  the  whale  is  struck,  another 
long  boat  rows  before  and  observes  which  way  the  line 
stands,  and  sometimes  pull  it ;  if  they  feel  it  stiff,  it 
is  a  sign  the  whale  still  pulls  in  strength,  but  if  it 
hangs  loose,  and  the  boat  lies  equally  high  behind 
and  before  upon  the  water,  they  pull  it  in  gently, 
but  take  care  to  coil  it  so  that  the  whale  may  have  it 
again  easily  if  he  recovers  strength.  They  are  careful,' 
however,  not  to  give  him  too  much  line,  because  he 
sometimes  entangles  it  about  a  rock,  and  pulls  out 
the  harpoon.  The  fat  whales  do  not  sink  as  soon  as 
dead,  but  the  lean  ones  do,  and  come  up  some  days 
afterwards.    As  long  as  they  see  whales  they  lose  no 


time  in  cutting  up  what  they  have  takca^  bat  keep 
fishing  for  others  >  when  they  see  no  more,  or  have 
taken  enough,  they  begin  with  taking  off  the  fat  in 
the  following  manner :  the  whale  being  lashed  along- 
side, they  lay  it  on  one  side,  and  put  two  ropes,  one 
at  the  head,  and  the  other  in  the  place  of  the  tail, 
whidi,  together  with  the  fins,  is  struck  off  as  aoon  as 
he  is  taken,  to  keep  those  extremities  above  vrater. 
On  the  off  side  of  the  whale  are  two  boats  to  receive 
the  pieces  of  flEtt,  utensib,  and  men,  that  might  other- 
wise fall  into  the  water  on  that  side.  These  precau- 
tions being  taken,  three  or  four  men,  with  irons  at 
their  feet  to  prevent  slipping,  get  on  the  whale,  and 
begin  to  cut  out  pieces  of  about  three  feet  thick  and 
eight  long,  which  are  hauled  up  at  the  capstan  or 
windlass.  When  the  fat  is  all  got  off,  they  cut  off 
the  whiskers  of  the  upper  jaw  with  an  axe.  Before 
the^  are  cut  they  are  all  lashed  to  keep  them  firm, 
which  also  faciHtates  the  cutting,  and  prevents  them 
from  falling  into  the  sea ;  when  on  board,  five  or  six 
of  them  are  bundled  together  and  properly  stowed, 
and  after  all  b  got  off,  the  carcase  is  turned  adrift, 
and  devoured  by  the  bears  and  sharks,  who  are  very 
fond  of  it.  In  proportion  as  the  large  pieces  of  fat 
are  cut  off,  the  rest  of  the  crew  are  employed  in  slic- 
ing them  smaller,  and  picking  out  all  the  lean.  When 
this  is  prepared,  they  stow  it  under  the  deck,  where 
it  lies  till  the  fat  of  all  the  whales  is  on  board  ;  then, 
cutting  it  still  smaller,  they  put  it  up  in  tubs  in  the 
hold,  squeezing  them  very  close.  Nothing  now  re- 
mains but  to  sail  homewards,  where  the  fat  is  to  be 
boiled  and  melted  down  into  train  oil.  In  some 
cases,  however,  the  boiling  is  done  on  the  spot. 

It  is  unnecessary  to  spcAk  in  this  place  of  the  ad- 
vantages that  are  derived  to  Great  Britain  from  the 
whale  fishery. 

Besides  these  fisheries,  there  are  several  others 
both  on  the  coast  of  Great  Britain  and  in  the  North 
Seas,  which  although  not  much  the  subject  of  mer- 
chandize, nevertheless  employ  great  numbers  both  of 
ships  and  men;  as  1.  The  oyster  fishery  at  Col- 
chester, Feversham,  the  Isle  of  Wight,  in  the  Swales 
of  the  MedWay,  and  in  all  the  cr^ks  between  South- 
ampton and  Chichester,  from  whence  they  are  carried 
to  be  fed  in  pits  at  Wevenloe,  and  also  to  many  other 
places. 

2.  The  lobsters  are  caught  along  the  British  Chan- 
nel, the  Firth  of  Edinburgh,  on  the  coast  of  Nor- 
thumberland,  and  on  the  coast  of  Norway,   from 
whence  great  quantities  are  brought  to  London.   The 
fishing  for  the  pot-fish,   fin-fish,  sea-unicorn,  sea- 
horse, and  the  seal,  or  dog-fish,  are  very  valuable  to 
this  country;   besides  which  it  may  be  especially    ; 
noticed,  that  the  horn  of  the  sea-unicorn  is  as  esti-    ^ 
mable  as  ivory,  and  the  skins  of  the  seals  are  parti-    { 
cularly  useful  in  various  branches  of  commerce. 

FiTCHBB,  in  heraldry;  an  epithet  for  a  cross  that    ] 
ends  in  a  sharp  point.     It  is  supposed  to  have  taken 
its  rise  from  the  practice  of  Christians  formerly 
carrying  the  cross  with  them  wherever  they  went, 
which  they  fixed  in  the  ground  as  they  stopped. 

Fixation,  in  alchemy ;  the  making  any  volatile 
spirituous  body  endure  the  fire,  and  not  fly  away 
either  by  repeated  distillations  or  sublimations. 

FixEn  Air  ;  a  name  formerly  applied  to  carbonic 
acid  gas. 

Fixed  Oils.  There  are  two  species  of  oil  in 
vegetables,  agreeing  in  the  common  properties  of 
unctuosity  and  .inflammability,  but  essentially  differ* 
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CMt  in  many  of  tlieir  diemkal  quaUtiee.  The  one 
being  capable  of  being  Tolatilized  without  decompo- 
aition,  b  named  voiatne  oil,  the  other  is  denominated 
fated  oil.  The  latter  is  generally  contained  io  the 
aeeds  and  fraits  of  vegetables,  and  varies  in  its  pro- 
perties, according  to  the  plants  by  which  it  is  afforded. 
The  fixed  oils  are  extracted  by  pressure,  and  accord- 
ingly are  frequently  called  expresaed  oU$.  When  the 
process  is  aided  by  heat,  the  action  of  which  is  to 
render  the  oil  more  fluid,  the  product  is  esteemed 
less  pure.  The  purest  oils  are  those  expressed  from 
the  fruit  of  the  olive,  or  the  seeds  of  the  almond ; 
others,  less  pure,  come  from  flax-seed  and  hemp-seed. 
These  oils  are  usually  fluid,  but  of  a  somewhat  thick 
consistence,  and  liable  to  congeal  at  very  moderate 
colds;  palm-oil  is  even  natuially  concrete.  When 
fluid,  they  are  transparent,  of  a  yellow  or  yellowish 
green  colour,  and  capable  of  being  rendered  quite 
transparent  by  the  use  of  animal  charcoal.  They 
are  inodorous  and  insipid,  at  least  if  they  have  been 
obtained  with  due  care ;  and  free  from  the  mucilagin- 
ous and  extractive  matter  of  the  plants  from  whence 
they  come ;  are  lighter  than  water,  with  which  they 
do  not  unite,  and  are  very  sparingly  soluble  in  al- 
cohol, with  the  exception  of  castor-oil. 

At  a  temperature  below  600°  Fahrenheit,  they  re- 
main unchanged.  In  the  neighbourhood  of  this 
temperature,  however,  they  begin  to  boil,  and  to  dis- 
engage an  inflammable  vapour;  but  Uie  oil  thus 
condensed  is  altered  in  its  properties;  it  loses  its 
mildness,  becomes  more  limpid  and  volatile,  a  por- 
tion of  carbon  being  likewise  deposited.  Transmitted 
through  an  ignited  tube,  fixed  oil  is  converted  into 
carbcmic  acid  and  carbureted  hydrogen,  with  a  small 
portion  of  acid  liquor,  and  a  residuum  of  charcoal. 
In  the  open  air,  it  bums  with  a  clear  white  light, 
and  formation  of  water  and  carbonic  acid  gas.  Ac- 
cordingly, the  fixed  oils  are  capable  of  being  em- 
ployed for  the  purposes  of  artificial  illumination,  as 
weU  in  lamps  as  for  the  manufacture  of  gas.  Fixed 
oils  undergo  considerable  change  by  exposure  to  the 
air.  The  rancidity  which  then  takes  place  is  oc- 
casioned by  the  mucilaginous  matters  which  they 
contain  becoming  acid.  From  the  operation  of  the 
same  cause,  they  gradually  lose  their  limpidity,  and 
some  of  them,  which  are  hence  called  dtytnff  oils,  be- 
come so  dry,  that  they  no  longer  feel  unctuous  to  the 
touch,  nor  give  a  stain  to  paper.  This  property,  for 
which  lins^-oil  is  remarkable,  may  be  communi- 
cated quickly,  by  heating  the  oil  in  an  open  vessel. 
The  drying  oils  are  employed  for  making  oil-paint, 
and,  mixed  with  lamp-black,  constitute  printers'  ink. 
During  the  process  of  drying,  oxygen  is  absorbed  in 
considerable  quantity.  This  absorption  of  oxygen 
is,  under  certain  circumstances,  so  abundant  and 
rapid,  and  accompanied  with  such  a  free  disengage- 
ment of  caloric,  that  light,  porous,  combustible  ma- 
terials, such  as  lamp-black,  hemp  or  cotton-seed  may 
be  kindled  by  it.  Many  instan^bs  of  spontaneous 
combustion  have  occurred  from  this  cause ;  and  par- 
ticularly in  the  Russian  arsenab,  where,  at  length,  a 
tteries  of  experiments  was  instituted  to  ascertain  the 
accompanying  circumstances.  It  appears  from  these 
investigations,  that  if  hemp,  flax,  or  linen  cloth, 
steeped  in  Ibseed  oil,  lie,  in  a  heap,  and  be  somewhat 
pressed  together  and  confined,  its  temperature  rises, 
a  smoke  issues  from  it,  and,  at  length,  sometimes 
within  twenty  four  or  even  twelve  hours,  it  takes  fire. 
The  same  thing  happens  with  mixtures  of  oil  and  fine 


charcoal,  and  with  lamp-black  wrapped  up  in  linen ; 
frt>m  whence  it  is  conjectured,  that  many  extensive 
fires,  which  have  broken  out  in  cotton  manufactories, 
and  for  which  no  cause  could  be  assigned,  must  have 
arisen  from  thb  spontaneous  inflammability  of  oib. 

Fixed  oib  unite  with  the  common  metallic  ox- 
ides. Of  these  compounds,  the  most  interesting 
b  that  with  the  oxide  of  lead.  When  linseed-oil 
is  heated  with  a  small  quantity  of  litharge,  a  liquid 
results  which  is  powerfully  drying,  and  is  em- 
ployed as  oil  varnbh.  Olive-oil,  combined  with  half 
its  weight  of  litharge,  forms  the  common  diachy' 
hn  plaster.  The  fixed  oib  are  readily  attacked  by 
alkalies.  With  ammonia,  they  form  a  soapy  liquid, 
to  which  the  name  of  volatile  liniment  is  applied. 
They  are  oxidated  by  a  number  of  the  acids.  Sul- 
phuric acid  soon  renders  them  black ;  the  oxygen  of 
the  acid  attracting  part  of  the  hydrogen  of  the  oil, 
and  causing  the  deposition  of  charcoal ;  and  if  heat 
is  applied,  a  large  portion  of  sulphurous  acid  is  db- 
engaged,  and  even  sulphur  is  evolved.  Nitric  acid 
renders  them  thick ;  if  heat  b  applied,  the  action  b 
more  rapid,  and  a  yellow  colour  is  communicated, 
the  oil  being  rendered  concrete.  Chlorine  thickens 
oil,  and  renders  it  white.  When  boiled  in  sulphur, 
a  compound  is  formed  of  a  brown  colour,  a  very 
fetid  smell,  and  acrid  taste.  It  likewise,  when  heated, 
dissolves  phosphorus,  formmg  a  liquid  which  be- 
comes luminous  when  exposed  to  the  air.  Olive- 
oil,  according  to  the  analysis  of  Gay-Lussac  and 
Th^nard,  consbts  of  carbon  77*213,  oxygen  9.427, 
and  hydrogen  13.360. 

Fixnn  Stabs;  those  stars  which  appear  to  remain 
always  at  the  same  distance  from  each  other,  and  in 
the  same  relative  position.  The  name  comprehends, 
therefore,  all  the  heavenly  bodies,  with  the  exception 
of  the  planets,  with  their  moons  and  the  comets. 
But,  brides  the  apparent  motion  of  the  fixed  stars, 
resulting  from  the  diurnal  rotation  of  our  earth  upon 
its  axb,  and  frx>m  the  precession  of  the  equinoxes, 
and  the  aberration  of  light,  a  very  slow  proper  mo- 
tion has  been  observed  in  them,  so  that  it  is  not 
strictly  true  that  the  fixed  stars  remain  in  the  same 
relative  position.  It  has  been  found  that  Sirius,  for 
example,  has,  since  the  time  of  Tycho-Brahe,  moved 
about  two  minutes  from  its  place,  &c.  But  Herschel 
(On  the  Proper  Motion  of  the  Sun  and  Solar  System, 
in  the  Philosophical  Drasuactions,  vol.73.)  has  proved 
that  thb  apparent  change  of  place  results  from  a  real 
motion  of  our  whole  solar  system  in  the  celestial 
spaces.  Stars  have  also  been  seen  to  appear  suddenly 
in  the  heavens,  and  again  to  disappear.  Of  others  it 
has  been  remarked  that  their  sbe  appears  alternately 
to  increase  and  to  diminbh.  Their  dbtance  from 
our  earth  is,  in  the  most  literal  sense  of  the  word, 
immeasurable.  The  most  powerful  telescopes  can- 
not give  them  a  sensible  diameter. 

We  can  obtain  an  idea  of  their  size  from  the  cir- 
cumstance that,  although  we  approach  them  by  forty 
millions  of  miles  (the  diameter  of  the  earth's  orbit), 
and  recede  from  them  as  far,  we  can  find  no  differ- 
ence in  them.  Huygens,  by  comparing  the  light  of 
Sirius  with  that  of  the  sum,  tried  to  determine  its 
distance  from  the  earth,  and  upon  the  supposition 
that  Sirius  b  of  the  same  size  as  the  sun,  made  its 
dbtance  27^664  times  greater.  However  conjectural 
such  determinations  must  be,  they  entirely  succeed 
in  proving  to  us  that  the  celestial  spaces  have  an  ex- 
tent beyond  the  power  of  the  human  mind  to  con- 
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cetve.  We  are  in  eqaal  uncertainty  with  regard  to 
the  nature  and  constitution  of  the  fixed  stars ;  but  it 
is  in  the  highest  degree  probable  that  they  are  lumi- 
nous worlds  or  suns,  around  which,  as  around  our 
sun,  planets  rerolve  in  determined  paths,  receiving 
from  them  light  and  heat. 

The  fixed  stars  are  divided  according  to  the  differ- 
ence in  their  brilliancy,  which  are  very  visible  to  the 
naked  eye,  into  stars  of  the  first,  second,  third  mag- 
nitude, &c.  But  besides  these  stars,  which  appear 
in  the  heavens  as  distinct  bright  points  of  light,  the 
eye,  in  the  clear  winter  nights,  sees  here  and  there 
little  white  clouds.  These  nebulous  spots  are  groups 
of  innumerable  stars,  which  the  telescope  reveals  to 
us ;  and  the  limited  power  of  our  instruments  alone 
prevents  us  from  looking  forward  without  end,  into 
the  infinite  regions  of  space. 

Much  general  information  is  to  be  found  in  Bode'a 
Introduction  to  a  Knowledge  of  the  Starry  Heavent, 
(19th  edition,  Berlin,  1823).  In  order  to  distin- 
guish more  easily  the  fixed  stars  from  each  other, 
names  were  given  to  the  roost  remarkable  of  them 
in  very  ancient  times,  and  they  were  divided  into 
groups  or  constellations.  Astronomers  have  given 
descriptions  of  all  the  stars,  according  to  their  situa- 
tions, with  their  names,  magnitude,  &c.  Cassini, 
Lalande,  Zach,  and  Piazzi  have  done  so ;  and  great 
praise  is  due  to  J.  E.  Bode's  Uranographia,  swe  As- 
trorum  Deseriptio,  xx  tabtUit  teneit  incisa,  ex  recen- 
tissimis  et  absolutimmis  Astrorum  Ob$ervatiombu8, 

Flag  ;  an  ensign  or  colours,  a  cloth  on  which  are 
usually  painted  or  wrought  certain  figures,  and  borne 
on  a  staff; — in  the  army,  a  banner  by  which  one 
regiment  is  distinguished  from  another ; — in  the 
marine,  a  certain  banner  by  which  an  admiral  is  dis- 
tinguished at  sea  from  the  inferior  ships  of  his 
squadron ;  also  the  colours  by  which  one  nation  is 
distinguished  from  another.  In  the  British  navy, 
flags  are  either  red,  white,  or  blue,  and  are  displayed 
from  the  top  of  the  main-mast,  fore-mast  or  mizzen- 
mast,  according  to  the  rank  of  the  admiral.  When  the 
flag  is  displayed  at  the  main-top-gallant-mast  head, 
the  officer  distinguished  thereby  is  known  to  be  an 
admiral ;  when  from  the  fore-top-gatlant-mast  head, 
a  vice-admiral ;  and  when  from  the  mizzen-top-gal- 
laut-mast  head,  a  rear-admiral. 

The  union  is  the  highest  admiral's  flag.  The  next 
flag  after  the  union  is  white,  at  the  main ;  and  the 
last,  which  characterizes  an  admiral,  is  blue,  at  the 
same  mast-head.  For  a  vice-admiral,  the  first  flag 
is  red,  the  second  white,  and  the  third  blue,  at  the 
fore-top-^lant-mast  head.  The  same  order  is  ob- 
served with  regard  to  rear-admirals,  whose  flags  are 
displayed  at  the  mizzen- top-gallant-mast  head.  The 
lowest  flag  in  this  navy  is,  accordingly,  blue  at  the 
mizzen. 

All  the  white  flags  have  a  red  St.  George's  cross 
in  them,  inserted  originally,  to  distinguish  diem  from 
the  old  French  white  flag  with  a  white  cross.  The 
French  national  flag,  since  the  late  revolution,  is  the 
tri-coloured  flag,  red,  white,  and  blue.  When  a 
council  of  war  is  held  at  sea,  if  it  be  on  board  the 
admiral,  they  hang  a  flag  on  the  main  shrouds ;  if  in 
the  vice-admiral,  in  the  fore  shrouds  ;  and  if  in  the 
rear-admiral,  in  the  mizzen  shrouds.  The  flags 
borne  on  the  mizzen  are  particularly  called  gaUanta. 

To  heave  out  the  flag,  is  to  put  out  or  hang  abroad 
the  flag.  To  hang  out  the  white  flag,  is  to  call  for 
quarter ;  or  it  shows,  when  a  vessel  arrives  on  a  coast. 


that  it  has  no  hostile  intention,  bat  cones  to  trade  or 
the  like.  To  hang  oat  the  red  flag,  is  to  give  a  signal 
of  defiance  and  battle.  To  lower  or  strike  the  flag, 
is  to  pull  it  down  upon  the  cap,  or  to  take  it  in,  out 
of  the  respect  or  submission  due  from  all  ships  or 
fleets,  to  those  any  way  justly  their  superbrs.  To 
lower  or  strike  the  flag,  in  an  engagement,  is  a  sign  of 
yielding.  The  way  to  lead  a  ship  in  triumph  is,  to 
tie  the  flags  to  the  shrouds,  or  the  gallery  in  the  hind- 
part  of  the  ship,  and  let  them  hang  down  towards 
the  water,  and  tow  the  vessel  by  the  stern.  Livy  re- 
lates that  this  was  the  way  the  Romans  used  the 
vessels  of  Carthage.     (See  Standards.) 

Flaobolbt  ;  a  small  pipe  or  flute,  the  notes  of 
which  are  exceedingly  clear  and  shrill.  It  is  gene- 
rally made  of  box  or  other  hard  wood,  though  some- 
times of  ivory,  and  has  six  holes  for  the  r^ulation  of 
its  sounds,  besides  those  at  the  bottom  and  mouth- 
piece, and  that  behind  the  neck. 

Flail;  an  instrument  for  thrashing  corn,  that 
consists  of — I.  the  hand-staff,  which  the  labourer 
holds  in  his  hand ;  2.  the  swiple,  or  that  part  which 
strikes  the  com ;  3.  the  caplins,  or  leathern  thongs 
that  bind  the  hand-staff  and  swiple ;  4.  the  middle 
band,  being  the  leathern  thong,  or  fish-skin,  that  ties 
the  caplins  together. 

Flambbau  ;  a  kind  of  large  taper,  made  of  hempen 
wicks,  by  pouring  melted  wax  on  their  top,  and 
letting  it  run  down  to  the  bottom.  This  done,  lay 
them  to  dry,  after  which  roll  them  on  a  table,  and 
join  four  of  them  together  by  means  of  a  red-hot 
iron ;  and  then  pour  on  more  wax,  till  the  flambeau 
is  brought  to  the  size  requii^ed.  Flambeaus  are  of 
different  lengths,  and  made  either  of  white  or  yellow 
wax.  They  serve  to  give  light  in  the  streets  at  night* 
or  on  occasion  of  illuminations. 

Flamb.  Newton  and  others  have  considered 
flame  as  an  ignited  vapour,  or  red-hot  smoke.  This, 
in  a  certain  sense,  may  be  true ;  but,  no  doubt,  it 
contains  an  inaccurate  comparison.  It  appears  to  be 
well  ascertained,  that  flame  always  consists  of  vola- 
tile inflammable  matter,  in  the  act  of  combustion,  or 
combination  with  the  oxygen  of  the  atmosphere. 
Many  metallic  substances  are  volatilized  by  heat,  and 
bum  with  a  flame,  by  the  contact  of  the  air  in  this 
rare  state.  Sulphur,  phosphorus,  and  some  other 
basis  of  acids,  exhibit  the  same  phenomenon.  But 
the  flames  of  organized  substances  are  in  general 
produced  by  the  extrication  and  ascension  of  hydro- 
gen gas,  with  more  or  less  of  charcoal. 

When  the  circumstances  are  not  favourable  to  tiie 
perfect  combustion  of  these  products,  a  portion  of 
the  coal  passes  through  the  luminous  current  un- 
buraed,  and  forms  smoke.  Soot  is  the  condensed 
matter  of  smoke.  As  the  artificial  light  of  lamps 
and  candles  is  afforded  by  the  flame  they  exhibit,  it 
seems  a  matter  of  considerable  importance  to  society, 
to  ascertain  how  the  most  luminous  flame  may  be 
produced  with  th#  least  consumption  of  combustible 
matter. 

There  does  not  appear  to  be  any  danger  of  error  in 
concluding,  that  the  light  emitted  will  be  greatest 
when  the  matter  is  completely  consumed  in  the  short- 
est time.  It  is  therefore  necessary  that  a  stream  of 
volatilized  combustible  matter,  of  a  proper  figure,  at 
a  very  elevated  temperature,  should  pass  into  the 
atmosphere  with  a  certain  determinate  velocity.  If 
the  figure  of  this  stream  should  not  be  duly  pro- 
portioned— ^that  is  to  say,  if  it  be  too  thick— its  in* 
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tcmal  parts  wilt  not  be  completely  burned,  for  want 
of  contact  with  the  air.  If  its  temperature  be  below 
that  of  ignition,  it  will  not  born  when  it  comes  into 
the  open  air.  And  there  is  a  certain  velocity,  at 
which  the  quantity  of  atmospherical  air  which  comes 
in  contact  with  the  vapour  will  be  neither  too  great 
nor  too  small;  for  too  much  air  will  diminish  the 
temperature  of  the  stream  of  combustible  matter  so 
much  as  very  considerably  to  impede  the  desired 
effect;  and  too  little  will  render  the  coi^busdon 
languid. 

We  have  an  example  of  a  flame  too  large,  in  the 
mouths  of  the  chitpneys  of  furnaces,  where  the  lumi- 
nous part  is  merely  superficial,  or  of  the  thickness  of 
about  an  inch  or  two,  according  to  circumstances, 
and  the  internal  part,  though  hot,  will  not  set  fire  to 
paper  passed  into  it  through  an  iron  tube ;  the  same 
defect  of  air  preventing  the  combustion  of  the  paper 
as  prevented  the  interior  fluid  itself  from  burning. 
And  in  the  lamp  of  Argand,  we  see  the  advantage  of 
an  internal  current  of  air,  which  renders  the  combus- 
tion perfect  by  the  application  of  air  on  both  sides  of 
a  thin  flame.  So  likewise  a  small  flame  is  whiter 
and  more  luminous  than  a  larger ;  and  a  short  snufT 
of  a  candle,  giving  out  less  combustible  matter  in 

{proportion  to  the  circumambient  air,  the  quantity  of 
ight  becomes  increased  to  eight  or  ten  times  what 
a  long  snuff  would  have  afforded.  (See  Caloric 
and  Combustion.) 

Flanch,  in  heraldry  ;  one  of  the  honourable  ordi- 
naries formed  by  an  arch  line,  which  begins  at  the 
corners  of  the  chiefs  and  ends  in  the  base  of  the 
escutcheon. 

Flank,  in  fortification  ;  that  part  of  a  work  which 
affords  a  lateral  defence  to  another.  In  a  bastion, 
the  flanks  are  those  lines  which  join  the  central 
wall. 

In  tactics,  ^(mlr  signifies  the  outer  extremity  of 
the  wing  of  an  army ;  and  it  is  one  of  the  most  com- 
mon manoeuvres  to  surround  this  most  vulnerable 
point.  The  enemy,  if  proper  precautions  have  not 
been  taken,  is  then  obliged  to  withdraw  his  flank ; 
therefore  to  change  his  front,  and  is  thus  exposed  to 
a  defeat.  This  manoeuvre  is  called  outflanking.  A 
bold,  but  not  always  practicable  manoeuvre,  to  pre- 
vent the  consequences  of  this  attempt,  is  that  of  out- 
flanking the  enemy  who  makes  it. 

Flannel  ;  a  woollen  fabric  of  great  importance 
in  our  commerce.  Flannel  is  composed  of  a  woof 
and  warp,  and  woven  after  the  manner  of  baise.  Va- 
rious theories  have  been  adopted  to  prove  the  utility 
of  flannel  as  an  article  of  dress :  it  is  unquestion- 
ably a  bad  conductor  of  heat,  and  on  that  account 
very  useful  in  cold  weather ;  this  is  accounted  for 
from  the  structure  of  the  stuff;  the  fibres  touch  each 
other  very  slightly,  so  that  the  heated  ai»  moves  very 
slowly  through  the  interstices,  which  being  already 
filled  with  air,  give  little  assistance  in  carrying  off 
the  heat.  On  this  subject  Count  Rumford  has  made 
"many  experiments,  from  which  it  should  seem,  that 
though  linen,  from  the  apparent  ease  with  which  it 
receives  dampness  from  the  atmosphere,  appears  to 
have  a  much  greater  attraction  for  water  than  any 
other,  yet  that  those  bodies  which  receive  water  in 
its  unelastic  form  with  the  greatest  ease,  or  are  most 
easily  wet,  are  not  those  which  in  all  cases  attract 
the  moisture  of  the  atmosphere  with  the  greatest 
avidity.  "  Perhaps,"  says  he,  "  the  apparent  damp- 
ness of  linen  to  the  touch  arises  more  from  the  ease 


with  which  that  substance  ports  with  the  water 
It  contains,  than  from  the  quantity  of  water  it  ac- 
tttally  holds ;  in  the  same  maimer  as  a  body  appears 
hot  to  the  touch  in  consequence  of  its  parting  fk'eely 
with  its  heat,  while  another  body,  which  is  really  at 
the  same  temperature,  but  which  withholds  its  heat 
with  great  obstinacy,  affects  the  sense  of  feeling 
much  less  violently.  It  is  well  known  that  woollen 
clothes,  such  as  flannels,  8cc.,  worn  next  the  skin, 
greatly  promote  insensible  perspiration.  May  not 
this  arise  principally  from  the  strong  attraction  which 
subsists  between  wool  and  the  watery  vapour  which 
is  continually  issuing  from  the  human  body  ?  That 
it  does  not  depend  entirely  on  the  warmth  of  that 
covering  is  clear;  for  the  same  degree  of  warmth 
produced  by  wearing  more  clothing  of  a  different 
kind  does  not  produce  the  same  effect.  The  perspi- 
ration of  the  human  body  being  absorbed  by  a  cover- 
ing of  flannel,  it  is  immediately  distributed  through 
the  whole  thickness  of  that  substance,  and  by  that 
means  exposed  by  a  very  large  surface  to  be  carried 
off  by  the  atmosphere  :  and  the  loss  of  this  watery 
vapour  which  the  flannel  sustains  on  the  one  side, 
by  evaporation,  being  immediately  restored  from  the 
other,  in  consequence  of  the  strong  attraction  between 
the  flannel  and  this  vapour,  the  pores  of  the  skin  are 
disencumbered,  and  they  are  continually  surrounded 
by  a  dry  and  salubrious  atmosphere."  He  expresses 
his  surprise,  that  the  custom  of  wearing  flannel  next 
the  skin  should  not  have  prevailed  more  universally. 
He  is  confident  it  would  prevent  a  number  of  dis- 
eases ;  and  he  thinks  there  is  no  greater  luxury  than 
the  comfortable  sensation  which  arises  from  wearing 
it,  especially  after  one  is  a  little  accustomed  to  it.  "  It 
is  a  mistaken  notion,"  eavs  he,  "  that  it  is  too  warm 
a  clothing  for  summer.  I  have  worn  in  it  the  hottest 
climates,  and  at  all  seasons  of  the  year,  and  never 
found  the  least  inconvenience  from  it.  It  is  the  warm 
bath  of  perspiration  confmed  by  a  linen  shirt,  wet 
with  sweat,  which  renders  the  summer  heats  of  south- 
em  climates  so  insupportable ;  but  flannel  promotes 
perspiration,  and  favours  its  evaporation ;  and  eva- 
poration, as  is  well  known,  produces  positive  cold." 

Flask  ;  a  vessel  for  holding  gunpowder,  and  mea- 
suring it  out  when  the  piece  is  to  be  loaded. 

Flask, or  Flasqub,  in  heraldry;  an  ordinary  which 
resembles  the  flanch  in  form,  but  is  smaller. 

Flasqubs,  in  ywmery ;  the  two  cheeks  of  the  car« 
riage  of  a  great  gun. 

Flax  has  been  cultivated  from  remote  antiquity, 
throughout  a  great  part  of  Europe,  Asia,  and  the 
north  of  Africa,  for  various  purposes.  Its  native 
country  is  not  known  with  certainty,  though,  accord- 
ing to  Olivier,  it  is  found  wild  in  Persia.  This  plant 
is  cultivated  principally  for  the  fibres  yielded  by  the 
bark,  of  which  linen  cloth  is  made.  The  use  of  this 
article  is  so  ancient,  that  no  tradition  remains  of  its 
introduction.  The  ancient  Scandinavians  and  other 
barbarous  nations  were  clothed  with  linen.  The 
mummies  of  Egypt  are  enveloped  with  it,  and  im- 
mense quantities  are  still  made  in  that  country,  es- 
pecially about  the  mouths  of  the  Nile;  and  it  is 
worn  almost  exclusively  by  the  inhabitants.  Syria, 
Barbary,  Abyssinia,  and  other  places,  are  supplied 
from  Egypt.  Italy  also  receives  vast  quantities  from 
the  same  country,  through  the  merchants  of  Con- 
stantinople. 

The  use  of  linen  passed  from  Egypt  into  Greece, 
and  afterwards  into  Italy.    Besides  fuming  agrte- 
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able  and  beaatifal  apparel,  the  ngB,  afber  being  con- 
verted into  paste,  are  made  into  paper.  The  seeds 
of  the  flax  are  mncilaginons  and  emollient,  and  an 
infusion  of  them  is  often  used  as  a  drink  in  various 
inflammatory  disorders:  they  also  yield  an  oil, 
which  is  well  known  in  commerce,  and  which 
differs,  in  some  respects,  from  most  expressed 
oils,  as  in  congealing  in  water,  and  not  forming  a 
solid  soap  with  fixed  alkaline  salts.  This  oil  has  no 
remarkable  taste,  is  used  for  lamps,  sometimes  in 
cookery,  and  also  forms  the  base  of  all  the  oily  var- 
nish made  in  imitation  of  China  varnish.  It  is  niuch 
employed  in  the  coarser  kinds  of  painting,  especially 
in  situations  not  much  exposed  to  the  weather. 
Equal  parts  of  lime-water  and  this  oil  form  one 
of  the  best  applications  for  bums.  The  cakes  re- 
maining after  the  oil  is  expressed,  are  used  for  fatten- 
ing cattle  and  sheep. 

Flax-seed  has  been  substituted  for  grain  in  times 
of  scarcity,  but  it  is  heavy  and  unwholesome.  In 
Egypt,  flax  is  sown  about  the  middle  of  December, 
and  is  ripe  in  March.  In  Europe  and  in  this  countr}% 
it  is  generally  sown  in  the  spring,  from  March  to 
May;  sometimes,  however,  in  September  and  Oc- 
tober. In  a  dry  and  warm  country,  it  is  better  to 
sow  in  autumn,  as  the  rains  of  autumn  and  winter 
favour  its  growth,  and  it  acquires  strength  enough  to 
resist  the  drought,  should  there  happen  to  be  any  in 
the  spring.  On  the  other  hand,  in  cold  and  moist 
countries,  sowing  should  be  deferred  till  late  in  the 
spring,  as  too  much  moisture  is  hurtful. 

A  light  soil  is  the  most  suitable,  though  good 
crops  are  obtained  from  strong  and  clayey  grounds. 
As  it  appears  to  degenerate  when  repeatedly  sown 
without  changing  the  seed,  it  is  usual,  in  some 
countries,  to  import  the  seed  from  the  North  of  Eu- 
rope, particularly  from  Riga,  which  affords  the  best. 
Hie  American  seed,  also,  bears  a  high  reputation, 
and,  in  Ireland,  is  preferred  for  the  lighter  soils,  and 
the  Baltic  for  the  more  clayey.  In  general,  how- 
ever, in  order  to  prevent  its  degenerating,  it  is  suf- 
ficient to  change  the  soil  frequently,  by  sowing  in 
the  heavier  Umds  the  seed  ripened  in  the  lighter,  and 
the  reverse. 

There  are  three  varieties  of  flax :  the  first  pro- 
duces a  tall  and  slender  stem,  with  very  few  flowers, 
ripens  late,  and  affords  the  longest  and  finest  fibres ; 
the  second  produces  numerous  flowers,  and  is  the 
most  proper  for  cultivation,  where  the  seed  is  the 
object ;  but  its  fibres  are  short  and  coarse ;  the  third 
is  the  most  common,  and  is  intermediate  between 
the  other  two.  It  is  important  not  to  mix  the  seeds 
of  these  three  varieties,  as  they  ripen  at  different 
periods,  and,  besides,  the  first  should  be  sown 
more  closely,  and  the  second  at  greater  intervals 
than  the  third. 

When  it  is  a  few  inches  high,  it  should  be  freed 
from  weeds,  particularly  from  the  cuscuta,  a  parasi- 
tiod  plant,  consisting  of  yellowish  or  reddish  fila- 
ments, and  small  white  flowers :  all  the  stems  which 
have  this  plant  attached  to  them  should  be  pulled  up 
and  burnt.  To  prevent  its  lying  on  the  ground,  it  is 
usual,  with  some,  to  stretch  Imes  across  the  field,  in- 
tersecting each  other,  and  fastened  at  the  intersec- 
tions. As  soon  as  it  begins  to  turn  yellow,  and  the 
leaves  are  falling,  it  is  pulled,  tied  together  in  little 
bundles,  and  usually  left  upright  on  the  field  till  it 
becomes  dry,  when  Uie  seeds  are  separated,  either  by 
beating  on  a  cloth,  or  by  passing  the  stems  through 


an  iron  comb.    The  stems,  after  being  placed  even 
at  the  base,  are  again  tied  together  in  bundles  for 
rotting--a  process  which  is  necessary  to  facilitate  the 
separation  of  the  fibres,  and  which  is  accomplished 
in  three  different  manners :  1st  on  the  earth,  which 
requires  a  month  or  six  weeks;  2nd.  in  stagnant 
waters,  which  is  the  most  expeditious  manner,  as 
only  ten  days  are  necessary ;  but  the  fibres  are  of 
inferior  quality;  3rd.  in  running  water,  for  which 
about  a  month  is  necessary.    The  finest  fibres  are 
produced  by  this  latter  mode,  and  certain  rivers  are 
considered   as  possessing  advantages   over  others. 
Whatever  method  be  made  use  of,  it  is  necessary  to 
turn  it  every  three  or  four  days.    After  this  process, 
it  is  taken  out,  dried,  and  is  ready  for  obtaining  the 
fibres.     For  this  purpose,  a  handful  is  taken  in  one 
hand,  laid  upon  a  table,  and  beaten  with  a  wooden 
instrument,  afterwards  drawn  forcibly  over  the  angle 
of  the  table  with  both  hands,  in  order  to  free  it  from 
fragments  of  the  stem.    Another  method  is  by  ma- 
chinery.   It  is  afterwards  heckled  or  combed  with  a 
sort  of  iron  comb,  beginning  with  the  coarser  and 
ending  with  the  finer,  and  is  now  ready  for  spinning. 
Mr.  fiundy  has  taken  out  a  patent  for  breaking 
and  dressing  flax  and  hemp.     He  constructs  a  frame 
carrying  three  fluted  or  indented  rollers,  formed  as 
the  frustrums  of  cones,  about  seven  inches  long  in 
the  working  part,  three  inches  and  a  half  in  diameter 
at  the  larger  end,  and  two  inches  at  the  smaller. 

Two  of  these  rollers  are  placed  in  proper  carriages ' 
at  the  bottom,  and  the  third  above,  lying  upon  the 
two  lower  ones,  but  not  in  immediate  contact  with 
them.  Springs  are  so  placed  as,  when  occasion  re- 
quires, to  raise  the  upper  roller  for  the  introduction 
of  the  flax.  A  treadle  readily  enables  the  operator 
to  bring  the  rollers  in  contact,  and  carr>'  on  the  pro  - 
cess.  This  operation  is  continued  until  all  the 
woody  parts  become  broken  and  separated  from  the 
fibre.  When  it  is  intended  that  the  flax  should  be 
bleached  before  it  is  spun,  the  patentee  adopts  the 
following  process : — He  constructs  trays,  in  which 
he  places  small  parcels  of  the  flax,  and,  after  leaving 
them  in  cold  soft  water  for  a  few  days,  the  vegetable 
is  freed  of  its  gluten  and  colouring  matter,  when 
it  is  to  be  worked  in  the  machine  as  already 
described. 

If  it  is  required  to  be  still  softer,  for  spinning 
into  yam  of  the  best  quality,  it  should  be  boiled  in 
soap  and  water,  well  agitated,  and  then  carefully  re- 
moved and  dried. 

Flax,  New  Zealand.  The  fibres  of  this  plant  are 
used,  by  the  inhabitants  of  New  Zealand,  for  cords 
and  clothing,  instead  of  hemp  and  flax,  to  which 
they  are  much  superior.  They  are,  in  fact,  stronger 
than  any  other  known  vegetable  fibres,  hardly  yield- 
ing, in  this  respect,  to  silk.  The  stem  of  this  plant 
grows  six  feet  high  and  upwards,  is  straight,  very 
firm,  and  is  branched  or  paniculate  above,  and 
sheathed  at  base  by  the  leaves ;  tlie  leaves  are  ^ye 
or  six  feet  long,  ensiform,  very  much  compressed  at 
base,  where  they  are  disposed  on  two  opposite  sides 
of  the  stem,  and  somewhat  resemble  those  of  the 
common  cat-tail;  the  flowers  have  six  petals,  six 
stamens,  and  one  style.  In  its  native  country*  it 
grows  in  both  wet  and  dry  places,  and  is  apparently 
adapted  to  every  kind  of  soil,  but  seems  to  prefer 
marshy  places.  The  fibres  are  very  long,  of  a  snowy 
whiteness,  and  possess  the  lustre  of  silk.  French 
enterprize  has  been  awakened  to  the  importance  of 
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mtroddctng  thd  caltore  of  Hub  plant.  It  bean  the 
ciiniate  of  the  south  of  France,  and  has  remained  in 
the  open  air  throughout  the  year.  It  has  succeeded 
perfectly  in  Normandy,  producing  seeds  which  have 
been  sown,  and  proved  fertile.  Every  year,  as  the 
inner  leaves  shoot  upwards,  it  loses  the  outer ;  and, 
consequently,  the  outer  leaves  should  be  pulled  off 
when  they  have  acquired  their  full  growth,  while  the 
stock  may  remain  in  the  ground  for  years.  It  may 
be  multiplied  by  ofT-sets  which  are  separated  in  the 
spring.  The  method  by  which  the  New  Zealanders 
obtain  the  fibres  is  very  tedious;  accordingly,  the 
French  agriculturists  have  devised  other  modes^ 
which  promise  success. 

Flbam,  in  9wrgety ;  an  instrument  for  lancing  the 
gums.  Farriers  employ  an  instrument  of  ^s  name 
for  bleeding  horses. 

Flbbcb,  Ordbr  of  thb  Goldbn,  one  of  the 
oldest  and  most  honourable  orders  in  Europe,  was 
established  by  Philip  IIL  of  Burgundy,  surnamed 
the  Good,  January  10,  1430,  at  Bruges,  on  the  oc- 
casion of  his  marriage  with  his  third  wife,  Isabella, 
dan^ter  of  King  John  I.  of  Portugal.  In  the  be- 
ginning of  the  statutes  of  the  order  (1431),  Philip 
says,  he  took  the  name  from  the  golden  fieece  of  the 
Argonaut  Jason,  and  that  the  protection  of  the 
church  was  the  object  of  the  order.  He  declared 
himself  grand-master,  and  ordered  that  this  dignity 
should  be  hereditary  in  his  successors  in  the  govem- 
jnent.  The  decoration  of  the  order  is  a  chain,  com- 
posed of  flints  and  steels,  alternately  ;  in  the  middle 
of  which  the  golden  fleece  is  fastened.  Annual  chap- 
ters were  to  be  held,  when  the  majority  was  to  de- 
cide on  the  admission  of  new  members.  But  several 
of  the  first  statutes  were  changed.  Philip  hiaiself 
increased  the  number  of  knights  from  24  to  31 ; 
Charles  V«  his  grandson,  to  51.  The  last  chapter 
was  held  in  1569>  at  Ghent.  Since  that  time,  the 
monarch  has  made  knights  of  l^e  golden  fieece  ac- 
cording to  his  pleasure.  When,  after  the  death  of 
Chaiies  V.  the  Burgundian  possessions  and  the  Ne- 
therlands fell  to  the  Burgundian- Spanish  line  of  the 
boose  of  Austria,  the  kings  of  Spain  exercised  the 
ofiice  of  grand-master  of  the  order ;  bnt  when  Charles 
lil.  <Charle8  VI.  in  the  line  of  Grerman  emperors) 
received,  after  the  war  of  the  Spanish  succession, 
the  Spanish,  afterwards  the  Austarian,  Netherlands, 
he  insisted  upon  being  the  grand-master  of  the  order. 
The  dispute  was  not  settled,  and  the  order,  at  pre- 
sent, is  conferred  both  at  Vienna  and  Madrid.  The 
chain  is  now  only  the  decoration  of  the  grand-  master; 
the  other  knights  wear  a  golden  fieece  on  a  red  rib- 
bon. The  Spanish  golden  fieece  differs  from  the 
Austrian  by  the  inscription  Preiium  lahonim,  non 
vUa,  upon  the  steel.  At  both  courts,  the  order  of 
the  golden  fleece  is  the  highest ;  and,  as  its  nominal 
object  is  the  protection  of  religion,  it  is  conferred 
only  on  Catholics,  Protestant  sovereigns  making  the 
only  exception. 

Fuibcbs,  thb  Ordbr  of  thb  Thrbb  Goldeiv. 
August  l&th  1809>  in  the  camp  at  Schonbrunn,  Na- 
poleon added  a  third  order  to  those  of  the  Legion  of 
Honour  and  of  the  Iron  Crown.  It  was  intended  to 
consist  of  100  grand  ofiicers,  400  commanders,  and 
1000  other  members,  chiefly  military  men.  No  ci- 
vilians, except  the  grand  dignitaries  of  the  empire, 
ministers  who  had  held  their  offices  ten  years,  minis- 
ters of  state  afWr  twenty  years'  service,  and  presi- 
dents of  state  after  three  years-  service^  wera  to  be 


admitted.  Of  the  military,  only  those  who  had  re- 
ceived three  wounds,  in  three  different  battles,  were 
to  be  admitted.  Those  regiments  which  had  been 
present  in  the  great  battles  of  the  grand  army  were 
to  receive  this  order  instead  of  their  eagles ;  their 
most  meritorious  subaltern  officers  were  named 
commanders,  and  the  most  meritorious  non-commis- 
sioned officer  or  private  of  each  battalion  was  to  be 
made  a  member ;  the  former  with  an  income  of  4000 
francs,  the  latter  with  one  of  1000,  from  the  funds  of 
the  order.  To  become  a  grand  officer,  it  was  neces- 
sary to  have  commanded  a  division  of  the  grand 
army,  in  the  field  or  at  a  siege.  The  emperor  was  to 
be  grand-master;  the  King  of  Rome  was  the  only  he* 
reditary  member ;  the  princes  of  the  blood  could  not 
be  admitted  into  the  order,  unless  they  had  served  in 
one  campaign,  or  been  at  least  two  years  in  the 
army.  It  is  not  known  what  induced  the  emperor  to 
drop  this  scheme.  The  only  appointments  that  were 
made  were  those  of  Count  Andreossi,  chancellor  of 
the  order,  and  Count  Schimmelpenninck,  treasurer. 

Flebt,  in  naval  affain;  a  number  of  ships  to- 
gether in  company,  or  under  one  commander. 

Flbsh  ;  the  muscles  of  animals.  These  consist 
chiefly  of  fibrin,  with  albumen,  gelatin,  extractive  mat- 
ter, phosphate  of  soda,  phosphate  of  ammonia,  phos* 
phate  and  carbonate  of  lime,  and  sulphate  of  potash. 

Flbxor,  in  anatdimf ;  an  epithet  for  several  mus- 
cles whose  office  it  is  to  bend  the  peprts  into  which 
they  are  inserted,  tts  flexor  carpi  radialU,  a  muscle  of 
the  wrist ;  flexor  iertii  irUerTwdii,  a  muscle  of  the 
thumb ;  flexor  poUieie  brevie,  a  muscle  of  the  great 
toe,  &c. 

Flint  ;  a  mineral  which  occurs  of  all  colours,  but 
generally  yellowish  and  dark  gray,  commonly  in  a 
compact  amorphous  body,  rarely  cryatallized.  It  is 
widely  spread  throughout  the  earth,  in  primitive,  se« 
condary,  and  alluvial  formations,  but  especially  in 
limestone.  Its  principal  use  is  lor  gun-fiints,  and 
it  is  also  reduced  to  a  powder  and  used  in  the  manu- 
facture of  porcelain  and  glass.  This  important  ap- 
^plication  of  silex  will  be  fully  discussed  under  the 
latter  article.  The  manufhcture  of  gun-flints  is 
exceedingly  simple,  and  a  good  workman  will  make 
1000  flints  a  day.  The  whole  art  consists  in  striking 
the  stone  repeatedly  with  a  kind  of  mallet,  and 
bringing  off,  at  each  stroke,  a  splinter  sharp  at  one 
end  and  tiiicker  at  the  other.  The  splinters  are  af- 
terwards shaped  at  pleasure,  by  laying  the  line  at 
which  it  is  wished  ihey  should  break  upon  a  sharp 
instrument,  and  tiien  giving  it  small  blows  with  a 
mallet  Large  manufactures  of  gun-flints  enst  at 
Muesnes  in  Berry,  in  Galicia,  and  at  Avio  in  the 
Tyrol.     (See  Minbealoot.) 

Float-Boards,  in  me^amce  ;  boards  fixed  to  the 
water-wheeb  of  undershot  mills,  serving  to  receive 
the  impulse  of  the  stream. 

Floating  Brbakwatbr.  This  marine  contrivance 
may  consist  of  a  series  of  square  frames  of  timber* 
connected  by  mooring-chains,  or  cables  attached  to 
anchors,  or  blocks  of  marble.  The  frame-work  may 
be  made  of  logs  of  yellow  pine,  from  30  to  50  feet 
long  and  from  18  to  20  inches  square,  bolted  together 
very  firmly,  and  increased  in  height  as  the  situation 
may  be  boisterous,  in  order  to  break  the  violence  of 
the  agitated  waves,  and  allow  the  vessels  riding 
within  these  quadrangular  basuis  more  safety  and 
protection.  Sudi  breakwatere  are  admirably  adapted 
to  bathing-places  and  swimming  stations,  since  thcjr 
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will  always  produce  •mooch  water,  and  protect  the 
machines. 

Floatino  BaiDOB ;  a  bridge  made  in  the  form  of 
a  redoubt,  consisting  of  two  boats  covered  with 
planks. 

Floatino  Light  ;  a  hollow  vessel  of  tinned  iron 
plate,  made  in  the  form  of  a  boat,  with  a  reflector  or 
lantern,  for  the  purpose  of  saving  those  who  may 
have  the  misfortune  to  fall  overboiurd  in  the  night. 

Flood-Gatb  ;  a  gate  or  sluice  which  may  be 
opened  or  shut  at  pleasure  for  the  admission  or  ex- 
clusion of  the  water. 

Flood-Mark  ;  the  mark  which  the  sea  makes  on 
the  shore  at  the  highest  tide,  otherwise  called  fugk^ 
water-mark. 

Flook  Tim  BBSS  are  those  parts  of  the  ship's  tim- 
bers which  are  placed  immediately  across  the  keel, 
and  upon  which  the  bottom  of  the  ship  is  framed ; 
to  th^  the  upper  parts  of  the  timbers  are  united, 
being  only  a  ccmtiaBBtion  of  floor  timbers  upwards. 

FiiOBBif  TINS  Work  ;  a  kind  of  mosaic  work,  con- 
sisting of  prscioas  stones  and  pieces  of  marble.  The 
Florentines  were  distinguished  for  this  kind  of 
work-whence  the  name. 

Florin  is  sometimes  used  for  a  coin,  and  some- 
times for  a  money  of  account.  The  florin  coin  is  of 
different  values.  The  gold  florins  are,  most  of  them 
of  a  coarse  alloy,  some  of  them  not  exceeding  thir- 
teen or  fourteen  carats,  and  none  of  them  seventeen 
and  a  half.  As  to  silver  florins,  those  of  H<dland  are 
worth  about  1«.  8d. 

Flourish  ;  an  appellation  sometimes  given  to  the 
decorative  notes  which  a  singer  or  instrumental  per- 
former adds  to  a  passage,  with  the  double  view  of 
heightening  the  efiiect  of  the  composition,  and  of  dis- 
playing his  own  flexibilty  of  voice  or  finger.  There 
IS  nothing  of  which  a  sensible  performer  will  be  more 
cautious  than  of  the  introduction  of  fltmri$kei,  because 
he  is  never  so  much  in  dan^r  of  mistaking,  as  when 
he  attempts  to  im|Mrove  his  author's  ideas.  With 
performers  of  little  taste,  plain  passages  are  indiscri< 
minate  invitations  to  ornament ;  and  too  frequently 
in  the  jhuri$h,  the  beauty  of  a  studied  simphcity  is 
at  once  overlooked  and  destroyed.  Auditors  who  are 
fonder  of  execution  than  of  expression,  and  more 
alive  to  flutter  than  to  sentiment,  applaiid  these  sa- 
crifices to  vanity ;  but  those  who  |N:eier  nature  to  af- 
fectation, and  listen  in  order  to  feel,  know  exactly 
how  to  value  such  performers. 

Flowbr  db  Lis,  or  Flowbr  db  Lucb,  in  heraltby  ; 
a  bearing  representing  the  lily,  called  the  qween  qf 
ftowmm,  and  the  true  hieroglfphie  of  ntyal  majuiy; 
but  of  late  it  is  become  more  common,  being  borne 
in  some  coats  one,  in  others  tiiree,  in  others  five,  and 
in  some  eemSe,  or  spread  all  over  the  escutcheon  in 
great  numbers. 

Flowbrs,  in  chemistry ;  a  term  formerly  applied 
to  a  variety  of  substances  procured  by  sublimation, 
in  the  form  of  slightly  cohering  powder :  hence,  in 
all  old  books,  we  find  mention  made  of  the  flowers  of 
antimony,  arsenic,  zinc,  and  bismuth,  which  are  the 
sublimed  oxides  of  these  metab,  either  pure  or 
combined  with  a  small  quantity  of  sulphur :  we  have 
also  still  in  use,  though  not  generally,  the  terms ^low- 
srs  of  sulphur,  benzoin,  ^. 

Flowbr  Tradb  in  Holland.  Haarlem  was  for- 
merly the  centre  of  this  trade.  In  1636  and  1637,  a 
real  tulip  mania  prevailed  in  Holland.  Bulbs,  which 
the  seller  did  not  possess,  were  sold  at  enormous 


prices*  oil  condition  that  they  should  he  detiveffed  to  * 
the  purchaser  at  a  given  time.  13,000  florins  were 
paid  for  a  single  Semper  Augustus ;  for  three  of  them 
together,  30,000  fl.;  for  148  grains  weight,  4500 
fl. ;  for  296  grains  of  Admiral  LiefkenskMsek,  more 
than  4000  fl. ;  for  Admiral  Enkhuizen,  more  than 
5000,  &c.  For  a  Viceroy,  on  one  occasion,  was  paid 
4  tons  of  vrheat,  8  tons  of  rye,  4  fot  oxen,  8  pigs,  12 
sheep,  2  hhds.  of  wine,  4  bbls.  of  beer,  2  bbls.  of 
butter,  1000  lbs.  of  cheese,  a  bundle  of  dothe^  and 
a  silver  pitcher.  At  an  auction  in  Alcmaer,  some 
bulbs  were  sokl  for  more  than  90,000  fl.  An  indivU 
dual  in  Amsterdam  gained  more  than  68,000  florins, 
by  this  trade,  in  four  months.  In  one  city  of  Holland, 
it  is  said,  more  than  10,000,000  tulip  bulbs  were  sold« 
But  wh«i,  on  account  of  the  purchasers  reusing  to 
pay  the  sums  agreed  upon,  the  States  Genial  (April 
27,  1637)  ordered  that  such  sums  should  be  exacted, 
like  other  debts,  in  the  common  way,  the  extravagant 
prices  fell  at  once,  and  a  Semper  Augustus  could  be 
had  for  60  florins :  yet  the  profits  of  raising  rare  tu- 
lips were  afterwards  considerable ;  and,  even  at  pre* 
sent,  we  find  25  to  150  fl.  the  price  of  a  single  rare 
tulip,  in  the  catalogues  of  the  Haariem  florists. 

Until  the  time  of  the  French  revotaition,  the  florists 
of  Haariem  obtained  their  bolbs  principally  from  Lble, 
and  other  towns  in  Flaafders,  where  the  clergy  were 
engaged  in  raisins  them.  Hiey  afterwards  carried 
on  the  business  uemselves ;  but  the  whole  trade  is 
now  of  little  importance.  Even  after  the  decline  of 
this  trade,  Alcmaer  did  not  lose  its  reputation  for 
possessing  the  first  amateurs  and  connoisseurs  in 
flowers.  Persons  in  independent  circumstances  en«» 
gaged  in  cultivating  flowers,  particularly  fayacintha. 
Florists  obtain  their  supplies,  not  only  of  hyacinths, 
but  also  of  ranunculuses,  auriculas,  pinks,  anemoniea* 
&c.,  the  demand  for  which  has  been  gradually  hi« 
creasing,  partly  from  that  source,  and  partly  from 
foreign  countries.  Haarlem  still  continues  to  be  the 
emporium  for  the  most  beautiful  of  these  articles.— « 
Hyacinths  first  began  to  rise  in  estimation  in  1730* 
In  that  year,  1850  fl.  were  paid  for  passe-non-plas- 
ultra,  and  in  the  same  proportion  for  others.  Between 
Alcmaer  and  Leyden  there  are  more  than  20  acres  of 
land  appropriated  to  hyacinths  alone,  which  thrive 
best  in  a  loose  and  sandy  soil.  Tbore  are  still  12  or  13 
great  florists  in  and  around  Haariem,  besides  a  nam* 
ber  of  less  importance.  They  send  their  flowers  to 
Germany,  Russia,  England,  &c.,  and  even  to  Turkey 
and  the  Cape  of  Good  Hope. 

Flowing  ;  the  position  of  the  sheets  or  lower  cor- 
ners  of  the  principal  sails,  when  they  are  loosened  to 
the  wind,  so  as  to  receive  it  more  nearlv  perpendicu- 
lar than  when  they  are  close-hauled,  although  mora 
obliquely  than  when  going  before  the  wind,  A  ship 
is,  therefore,  said  to  have  a  flowing  sheet,  when  the 
wind  crosses  tiie  line  of  her  course  neariy  at  ri^t 
angles  \  that  is  to  say,  a  ship  steering  due  north, 
with  the  wind  at  the  east,  or  directly  on  her  side, 
will  have  a  flowing  sheet;  whereas,  if  the  sheets 
v?ere  extended  close  aft,  she  would  sail  two  points 
nearer  the  vrind,  viz.,  N.  N.  £. 

Fluatbs,  in  eh&nUttrjf;  salts  first  discovered  by 
Scheele,  and  distinguished  by  the  following  proper- 
ties :  When  sulphuric  acid  is  poured  upon  them,  mey 
emit  acrid  vapours  of  fluoric  add,  which  corrode 
glass.  When  heated,  several  of  than  phosphoresce* 
They  are  not  decomposed  by  heat,  nor  altered  by 
combustibles.    They  combine  with  silica  by  meaa* 
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of  lK«t*    Most  of  tkem  are  spaiingly  loiuble  in  wa- 
ter. 

FLVBifT,  in  ihunom;  the  flowing  quantity,  or  that 
which  18  continually  increasing  or  decreasmg,  whe- 
ther line,  surface,  solid,  &c. 

Fluid  ;  an  appellation  given  to  all  bodies  which 
yield,  without  separation,  to  the  slightest  pressure, 
easily  move  among  themselves,  and  accommodate 
theinselves  to  all  changes  of  position,  so  as  always 
to  preserve  a  level  surface.  All  fluids,  except  those 
in  the  form  of  air  or  gas,  are  incompressible  in  any 
considerable  degree.  All  fluids  gravitate  or  weigh  in 
proportion  to  Uieir  quantity  of  matter,  not  only  in 
the  open  air,  or  in  vacuo,  bat  in  their  own  elements. 
Although  this  law  seems  so  consonant  to  reason,  it 
was  supposed  by  ancient  naturalists,  who  were  ig- 
norant of  the  equal  and  general  pressure  of  all  fluids, 
that  the  component  parts,  or  the  particles  of  the 
same  element,  did  not  gravitate  or  rest  on  each  other; 
so  that  the  weight  of  a  vessel  of  water,  balanced 
in  air,  would  be  entirely  lost  when  the  fluid  was 
weighed  in  its  own  element. 

llie  following  experiment  seems  to  leave  this 
question  perfectly  decided:  take  a  common  bottle, 
corked  close,  with  some  shot  in  the  inside  to  make  it 
sink,  and  fasten  it  to  the  end  of  a  scale  beam ;  then 
immerse  the  bottle  in  water,  and  balance  the  weight 
in  the  opposite  scale ;  afterwards  open  the  neck  of 
the  bottle,  and  let  it  All  with  water,  which  wiil 
cause  it  to  sink  ;  then  weigh  the  bottle  again.  Now 
it  will  be  found  that  the  weight  of  the  water  which 
is  contained  in  the  bottle  is  equal  to  the  difference  of 
the  weights  in  the  scale,  when  it  is  balanced  in 
air ;  which  sufficiently  shows  that  the  weight  of  the 
water  is  the  same  in  both  sitaations.  As  the  parti- 
cles of  fluids  possess  weight  as  a  common  property 
of  bodies,  it  seems  reasonable  that  thry  should 
possess  the  consequent  power  of  gravitation  which 
belongs  to  bodies  in  general.  Therefore,  supposing 
the  particles  which  compose  fluids  to  be  equal,  their 
gravitation  must  likewise  be  equal ;  so  that  in  the 
descent  of  fluids,  when  the  particles  are  stopped  and 
supported,  the  gravitation  being  equal,  one  particle 
will  not  have  more  propensity  than  another  to  change 
its  situation ;  and,  after  the  impelling  force  has  sub- 
sided, the  particles  will  remain  at  absolute  rest. 

From  the  gravity  of  fluids  arises  their  pressure, 
which  is  always  proportioned  to  the  gravity*  For  if 
ffae  particles  of  flusds  have  equal  magnitude  and 
weight,  the  gravity  or  pressure  roust  be  proportional 
to  the  depth,  and  equal  in  every  horizontal  line  of 
fluid ;  consequently,  the  pressure  on  the  bottom  of 
vessels  is  equal  in  every  part.  The  pressure  of  fluids 
upwards  is  equal  to  the  pressure  downwards,  at  any 
given  depth.  For,  suppose  a  column  of  water  to  con- 
sist of  any  given  number  of  particles,  acting  upon 
each  other  in  a  perpendicular  direction,  the  flrst  par- 
ticle acts  upon  the  second  with  its  own  weight  onlv; 
and,  as  the  second  is  stationary,  or  fixed  by  the 
surrounding  particles,  according  to  the  third  law  of 
motion,  that  action  apd  reaction  are  equal,  it  is  evi- 
dent that  the  action  or  gravity,  in  the  first,  is  re- 
pelled in  an  equal  degree  by  the  reaction  of  the  se- 
cond ;  and,  in  like  manner,  the  second  acts  on  the 
third,  with  its  own  gravity  added  to  that  of  the  first; 
but  still  the  reaction  increases  in  an  equivalent  de- 
gree, a^d  so  on  throughout  the  whole  depth  of  the 
Inid. 

Hie  particles  of  a  fluid,  at  the  same  depth,  press 


B 


each  other  eqaally  in  all  directions.  This  appears  to 
rise  out  of  the  very  nature  of  fluids;  for,  as  the 
particlee  give  way  to  every  impressive  force,  if  the 
pressure  amongst  themselves  should  be  unequal,  the 
fluid  could  never  be  at  rest,  which  is  contrary  to  ex- 
perience; therefore  we  conclude  that  the  particles 
press  each  other  equally,  which  keeps  them  in  their 
own  places.  This  principle  applies  to  the  whole  of  a 
fluid  as  well  as  a  part.  This  disposition  on  the  part 
of  all  fluids  to  preserve  a  state  of  equilibrium  be- 
tween themselves  may  be  illustrated  by  a  very  simple 
experiment. 

If  we  take  a  deep  glass  vesssel,  and  hav- 
ing filled  it  with  water,  immerse  in  it  an- 
other tube,  closed  at  top,  the  tendency  to 
a  state  of  equilibrium  will  be  apparent  by 
the  compression  of  the  air  in  the  tube ;  but 
if  we  withdraw  the  cork,  the  water  will  as- 
cend, the  upper  pressure  of  the  fluid  being 
as  great  as  that  which  tends  to  keep  the  water 
in  the  vessel. 

If  four  or  five  glass  tobes,  of  different 
forms,  be  immersed  in  water,  when  the  corks 
in  the  ends  are  taken  out,  the  water  will  flow 
through  the  various  windings  of  the  differ- 
ent tubes,  and  rise  in  all  of  them  to  the 
same  height  as  it  stands  in  the  straight  tube ; 
therefore  the  drops  of  fluids  roust  be  equally 
pressed,  in  all  directions,  during  their  as- 
cent through  the  various  angles  of  the  tobe  ; 
otherwise  the  fluid  could  not  rise  to  the  same 
height  in  them  all.  From  the  mutual  pres- 
sure and  equal  action  of  the  particles  of 
fluids,  the  surface  will  be  perfectly  smooth, 
and  parallel  to  the  horizon.  If,  from  any 
exterior  cause,  the  surface  of  water  has  some 
parts  higher  than  the  rest,  these  will  sink 
down  by  the  natural  force  of  their  own 
gravitation,  and  diffuse  themselves  into  an  even  sur* 
face.     (See  Hydrostatics.) 

Fluidity  ;  the  state  of  bodies  when  their  parte 
are  very  readily  movable  in  all  directions  with  respect 
to  each  other.  Many  useful  and  curious  properties 
arise  out  of  this  modification  of  matter,  which  form 
the  basis  of  the  mechanical  science  called  hydros* 
iatici,  and  are  of  considerable  importance  in  che- 
mistry. But  the  attention  of  the  chemist  is  chiefly 
directed  to  the  state  of  fluidity  as  it  may  affect  the 
component  parte  of  bodies.  A  solid  body  may  be 
converted  into  a  fluid  by  heat.  The  less  the  tem- 
perature at  which  this  is  effected,  the  more  fusible 
the  body  is  said  to  be. 

All  fluids,  not  excepting  the  fixed  metals,  appear, 
from  various  facte,  to  be  disposed  to  assume  the 
elastic  form,  and  this  the  more  readily  the  higher  the 
temperatore.  When  a  fluid  is  heated  to  such  a  de- 
gree that  ite  elasticity  is  equal  to  the  pressure  of  the 
air,  ite  interior  parts  rise  up  with  ebullition.  The 
capacity  of  a  dense  fluid  for  caloric  is  greater  than 
that  of  the  same  body  when  solid,  but  less  than 
when  in  the  elastic  state.  If  this  were  not  the  case, 
the  assumption  of  the' fluid  and  elastic  stete  would 
be  scarcely  at  all  progressive,  but  effected,  in  roost 
cases,  instantly  as  to  sense.  (See  Caloric)  The 
state  of  dense  fluidity  appears  to  be  more  favourable 
to  cheroical  combination  than  either  the  solid  or  elas- 
tic stete.  In  the  solid  stete,  the  cohesive  attraction 
prevents  the  parte  from  obeying  their  chemical  ten- 
dencies ;  and,  in  the  elastic  stete,  the  repulsion  be- 
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tween  ^M  parts  hu,  id  i  great  mtuait,  the  same 
effects. 

Fluids.  Motioji  or.  This  subject  will  be  folly 
discussed  aoder  Htdbaumcb  and  Pipbi  ;  we  bere 
notice  only  a  few  general  principles.  The  motion  of 
fluida,  vli.,  their  descCDt  below  or  rise  above  the  com- 
mon enrface  or  level  of  the  source  or  fountain,  is  caused 
either,  1.  by  the  natural  gravity  or  pressure  of  the 
fluid  contained  in  the  reservoir  or  fountain ;  or,  3. 
by  the  pressure  or  weight  of  the  air  on  the  surface  of 
the  Huid  in  the  reservoir,  when  it  is,  at  the  state 
time,  either  taken  off  or  diminished,  on  some  part, 
JD  aqueducts  or  pipes  of  conduit;  3.  by  the  spring 
or  elastic  power  of  compressed  or  condensed  air,  as 
in  the  common  water  engine;  4.  by  the  force  of 
pistons,  as  in  all  kinds  of  forcing-pumps,  &c ; 
'  B.  by  the  power  of  attraction,  as  in  the  case  ol 
tides.  There  is  one  apparent  exception  to  the  lawi 
of  fluids  which  must  be  noticed  hM«.  In  a  typhoE 
flnids  ascend  at  well  as  descend,  and  actually  rise  tc 
a  point  higher  than  their  natural  level. 
We  have  in  tUs  case  a  cup  partly 
filled  with  water,  and  a  bent  tube  is  ^ 

seen  drawing  off    its   fluid  contents.  ^ 

To  cause  the  water  to  flow  over  the  { 

top  of  the  tube,   the  lips  must  be  ap-  ^ 

plied  at  the  lower  extremity,  and  hav-  M 
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tag  exhausted  it  of  the  air,  the  pres- 
sure of  that  without  drives  up  the 
water,  and  the  flow  will  continue  as 
long  as  any  remains  in  the  vessel. 
Now  the  real  cause  of  the  ascent  of  the 
fluid  in  the  first  limb  may  be  traced  to  the  fact  of 
the  second  tube  being  longer,  and,  as  such,  its  fluid 
contents  heavier.  It  descends  by  the  ordinary  laws 
of  gravitation,  and  a  new  portion  is  continually 
forced  up  to  supply  its  place. 

A  very  beautiful  application  of 
this  instrument  to  domestic  pur- 
poses is  shown  in  the  diagram. 
Two  little  cups  whichmay  be  firm- 
ly attached  hi  the  lower  limbs  of 
the  syphun,  at  all  times  fit  it  for 
use  by  retaining  the  fluid  in  the 
tube.  It  is  alsoof  great  importance 
for  decanting  acrid  fluids,  as  acida,  wUcti  might  bum 
the  lips  of  the  operator. 

FLUon-SpAR,     See  Mikkr&loot. 

Fluobic  Acid  is  prepared  by  mixing  pure  flnor- 

r,  in  coarse  powder,  with  twice  its  weight  of  sal- 
ic  acid,  in  a  leaden  or  silver  retort,  and  applying 
t.  The  acid  distils  over  in  vapour,  and  must  be 
collected  in  a  receiver  of  the  same  metal  surrounded 
by  ice.  At  the  temperature  of  32°  Fahrenheit,  fluo- 
ric acid  is  a  colourless  fluid,  and  remains  in  that  state 
at  59°,  if  preserved  in  well  stopped  bottles ;  hot  when 
exposed  to  the  air,  it  flies  off  lo  dense  white  fumes, 
which  consist  of  the  acid  in  combination  with  the 
moisture  of  the  atmosphere.  Its  specific  gravity  is 
1.0C09',  but  its  density  may  be  increased,  by  gradual 
additions  of  water,  to  1.25,  Its  affinity  for  water  is 
far  greater  than  that  of  the  strongest  sulphuric  acid. 
When  a  drop  of  it  falls  into  water,  a  hissing  noise  is 
heard,  similar  to  what  is  occasioned  by  plunging  a 
red-hot  iron  into  that  liquid.  Its  odour  is  extremely 
penetrating,  and  its  vapour  dangerous  to  inspire- 
When  applied  to  the  skin,  it  instantly  disoi^anizes  it, 
•sd  produces  the  moat  painliit  wounds.  It  acts 
caergeticalty  on  gtasg;  the  transparency  of  the  glass 


is  instantly  deatroyed,  eal<Hic  is  nobcd,  aad  tka  and 
boils,  and,  in  a  short  time,  dtsappeaia  entirdy,  a  eo- 
lourieu  gas  being  the  sole  product. 

This  gas  has  received  the  name  of  Jita-uUek  mod, 
because  it  is  regarded  as  a  componnd  of  fluoric  add 
and  silica.  Another  mode  of  procuring  it  in  a  viaible 
state  is  to  mil  fluor-spar  with  pounded  glaaa,  and, 
introducing  the  mixtare  into  a  glass  retort,  to  add 
sulphuric  acid,  and  apply  heat :  the  gas  will  make 
appearance  in  abundance,  and  may  be  leceiTed 
glass  jars  over  the  mercurial  bath.  It  is  about 
times  denser  than  hydrogen.  When  bnmghtinto 
itact  with  water,  it  is  instantly  ahaorbed,  depowt- 
ing  its  silica  in  a  white,  gelatdnous  maas,  whidi  is  a 
hydrate  of  silica.  It  produces  white  fnmea  wheii 
suffered  to  past  into  the  atmo^here.  From  the 
strong  affinity  of  fluoric  acid  for  silica,  it  cannot  be 
preserved  in  glass  bottles ;  and  is  thmfbre  kept  in 
vessels  of  lead  or  silver.  For  the  same  reason,  flu- 
oric acid  i*  employed  for  etching  on  glass — its  only 
important  appliearioo.  The  glaaa  is  covered  with  m 
thin  coat  of  wax,  or  is  brushed  over  with  a  tolutios 
of  isinglass  in  water;  and,  when  this  is  dried,  lines 
are  easily  traced  by  a  graver.  It  is  then  expoaed  to 
the  action  of  the  acid  in  the  state  of  gas ;  the  parta  of 
the  glass  thus  exposed  are  soon  corroded,  the  impres- 
sion bebg  more  or  less  deep,  according  to  the  time 
during  which  It  is  exposed.  Such  a  method,  were  it 
possible  lo  obviate  completely  the  defect  from  the 
brittleness  of  glass,  has,  from  the  hardness  of  that 
substance,  the  important  advantage  over  copper,  that 
the  impressions  do  not  become  less  delicate  from  the 
fineness  of  the  lines  being  diminished  by  the  pressure 
in  throwing  them  off.  Difierent  methods  liave  been 
proposed  to  render  the  method  practicable  ;  and  en- 
gravtDgs,  though  not  of  much  delicacy,  have  even 
been  taken. 

As  all  other  acids  are  compound,  Gay-Lussac  and 
Th^nard  conceiveil  the  fluoric  acid  as  such  also,  and 
adopted  the  opinion  that  it  is  composed  of  a  certain 
combustible  body  and  oxygen  gas.  They  accordingly 
attempted  to  decompose  it  by  means  of  some  sub- 
stance vibich  has  a  strong  affinity  for  oxygen,  and 
employed  potassium  for  that  purpose.  When  that 
metal  is  brought  into  contact  with  fluoric  acid,  a 
violent  action  ensues,  accompanied  with  an  explosion, 
unless  the  experiment  itcantiontly  conducted.  Hy- 
,  gas  is  disengaged,  and  a  white  solid  is  pro. 
which  has  all  the  properties  of  fluate  of  potash; 
the  explanation  of  which,  given  upon  this  view,  was, 
that  the  hydrogen  arises  from  the  decomposition  of 
water,  that  the  oxygen  of  that  fluid  combines  with 
the  potassiom,  and  that  the  potash  so  formed  unitea 
with  the  fluoric  acid.  Hiey  infer,  therefore,  from 
their  experiments,  that  the  strongest  fluoric  acid  hi- 
therto prepared  contains  water. 

On  the  other  hand.  Sir  H.  Davy  contended  that 
fluoric  acid,  in  its  strongest  form,  is  anhydrous ;  for, 
combiniDg  it  with  ammoniacal  gas,  a  dry  fluate  of 
imonia  is  farmed,  from  which  no  water  can  be  ex- 
pelled by  heat.  He  maintained,  also,  that  fluoric  acid 
is  composed,  not  of  an  inflammable  base  and  oxygen, 
but  of  nydrogen  united  with  a  negative  electric  body, 
analogous  to  chlorine,  to  which  he  has  given  the 
name  offltmrine.  According  to  this  view,  when  t^ 
met^  potassium  is  brought  into  contact  with  fluoric 
acid,  the  hydrogen  is  not  derived  from  water,  but 
from  the  acid,  and  the  supposed  fluate  of  potadt  ia  n 
compound  of  fluorine  and  potMsium. 


FLUT 

Tht  pfamomeiut  are  explained  with  the  same  ease 
by  either  theory,  although  the  argnmoita  upon  which 
they  depend  are  thought,  by  the  majority  of  chemists, 
to  preponderate  in  favour  of  the  view  proposed  by 
Sir  Humphry  Davy.  Fluoric  acid  forms  salts  by 
uniting  with  several  bases.  Five  fluates  have  hitherto 
been  found  native ;  viz.,  the  fluate  of  lime,  or  fluor- 
spar, the  fluo-silicate  of  alunune,  or  topaz,  the  fluate 
of  cerium,  the  double  fluate  of  cerium  and  yttria,  and 
the  double  fluate  of  soda  and  alumine,  or  cryolite. 
The  four  latter  are  very  rare  minerab,  but  the  first  is 
abundant.  Potash  unites  with  fluoric  acid  in  two 
proportions,  forming  a  fluate  and  a  bifluate,  the  for- 
mer of  which  consists  of  one  atom,  and  the  latter  of 
two  atoms  of  acid  united  with  one  atom  of  the  alicali. 

A  neutral  fluate  of  soda  may  be  obtained  directly 
from  fluoric  acid  and  carbonate  of  soda.  It  melts 
whh  more  difficulty  than  glass ;  100  parts  of  water, 
at  212^  Fahrenheit,  dissolve  only  4.3  of  it.  Neutral 
fluate  of  ammonia  is  more  volatile  than  sal-ammoniac. 
It  is  easily  obtained  by  heating  one  part  of  dry  sal- 
ammoniac,  with  a  little  more  than  two  parts  of  fluate 
of  soda,  in  a  crucible  of  platinum,  with  its  lid  turned 
upwards.  The  earthy  fluates  are  best  formed  by 
digesting  their  recently  precipitated  moist  carbonates 
in  an  excess  of  fluoric  acid.  That  of  barytes  is 
slightly  soluble  in  water,  and  readily  in  muriatic 
add. 

The  neutral  fluates  of  fixed  bases  are  fusible  at  a 
high  temperature,  and  are  not  decomposed  by  heat 
ai^  combustible  matter ;  nor  does  any  acid,  except- 
ing the  boracic,  effect  their  decomposition,  provided 
they  are  free  from  moisture.  When  digested,  on  the 
contrary,  in  concentrated  sulphuric,  phosphoric,  or 
arsenic  acids,  the  fluoric  acid  is  disengaged,  and  may 
be  recognised  by  its  property  of  corroding  glass.  If, 
instead  of  glass,  the  fluor-spar  be  mixed  vrith  dry 
vitreous  boracic  acid,  and  distilled  in  a  glass  vessel 
with  sulphuric  acid,  the  proportions  being  1  part  bo- 
racic acid,  2  fluor-spar  and  12  sulphuric  acid,  the 
gaseous  substance  formed  is  of  a  different  kind,  and 
is  called /iio-6ortc  add.  Its  density  to  that  of  air  is 
as  2.371  to  1.000.  It  is  colourless.  Its  smell  is 
pungent.  It  cannot  be  breathed  without  suffocation. 
It  extinguishes  combustion,  and  reddens  vegetable 
blues.  It  has  no  action  on  glass,  but  a  very  power- 
ful one  on  vegetable  and  ammal  matter,  converting 
them  into  a  carbonaceous  substance.  It  has  a  sin- 
gularly great  affinity  for  water.  When  it  is  mixed 
with  air,  or  any  gas  which  contains  watery  vapour, 
a  dense  white  cloud  appears,  which  is  a  combination 
of  water  and  fluo-boric  acid  gas.  From  this  circum- 
stance, it  forms  an  exceedingly  delicate  test  of  the 
presence  of  moisture  m  gases.  Fluo-boric  acid  gas 
is  rapidly  absorbed  by  water. 

When  potassium  is  headed  in  fluo-boric  acid  gas. 
It  inflames,  and  a  chocolate-coloured  solid,  wholly 
devoid  of  metallic  lustre,  is  the  sole  product.  On  put- 
ting this  substance  into  water,  a  part  of  it  dissolves, 
and  a  solution  of  fluate  of  potash  is  obtained,  the 
insoluble  matter  being  boron.  Accordingly,  fluo- 
boric  acid  gas  is  inferred  to  be  a  compound  of  fluoric 
and  boracic  acids.  It  unites  with  ammoniacal  gas 
in  three  proportions,  forming  salts,  one  of  which  is 
solid,  and  the  two  others  liquid.  Other  compounds 
of  this  acid,  with  salifiable  bases,  are  scarcely  known. 

Flutb  ;  a  portable  instrument,  blown  with  the 
breath,  and  consisting  of  a  tube  of  box  or  ivory,  fur- 
nished with  holes  at  the  side  for  the  purpose  of  vary- 
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ing  its  sounds*  Its  name  is  derived  from  the  word 
Jluta,  the  Latin  name  of  the  lamprey,  or  small  eel 
taken  in  the  Sicilian  seas,  because,  like  that  fish,  it 
is  long  and  perforated  at  the  side.  The  flute  was  in 
great  esteem  vrith  the  ancient  Greeks  and  Romans. 
(See  TiBLs.) 

The  Gernum  flute  is,  as  its  name  implies,  a  wind 
instrument  of  German  mvention,  consistmg  of  a  tube 
formed  of  several  joints  or  pieces  screwed  into  each 
other,  with  holes  disposed  along  the  side,  like  those 
of  the  common  flute.  It  is  stopped  at  the  upper  end, 
and  furnished  with  movable  brass  or  silver  keys, 
which,  by  opening  and  closing  certain  holes,  serve  to 
temper  the  tones  to  the  various  flats  and  sharps.  In 
playing  this  instrument,  the  performer  applies  his 
under  Tip  to  a  hole  about  two  inches  and  a  half  from 
the  upper  extremity,  yvhile  the  fingers,  by  their  action 
on  the  holes  and  keys,  accommodate  the  tones  to  the 
notes  of  the  composition. 

Flutes,  in  architecture ;  channeb  or  furrows  cut 
perpendicularly  in  the  shafts  of  columns.  Fluting 
the  shafts  of  columns  is  a  practice  never  omitted  in 
any  great  and  finished  Grecian  work.  It  therefore 
seems  probable  that  it  had  some  relation  to  the  ori- 
ginal type :  perhaps  the  furrowed  trunk  might  have 
suggested  the  idea.  It  is,  however,  a  beautiful  orna- 
ment, which  is  applied  with  equal  happiness  to  break 
the  otherwise  heavy  mass  of  a  Doric  shaft  or  to  ob- 
viate an  inconsistent  plainness  in  the  other  orders. 

Flux  ;  a  general  term  made  use  of  to  denote  any 
substance  or  mixture  added  to  assist  the  fusion  of 
minerals.  In  the  large  way,  limestone  and  fluor- 
spar are  used  as  fluxes.  The  fluxes  made  use  of  in 
assays,  or  philosophical  experiments,  consist  usually 
of  alkalies,  which  render  the  earthy  mixtures  fusible 
by  converting  them  into  glass. 

Alkaline  fluxes  are  either  the  crude  flux,  the  white 
flux,  oc  the  black  flux.  Crude  flux  is  a  mixture  of 
nitre  and  tartar,  which  is  put  into  the  crucible  with 
the  mineral  intended  to  be  fused.  The  detonation  of 
the  nitre  with  the  inflammable  matter  of  the  tartar  is 
of  service  in  some  operations,  though  generally  it 
is  attended  with  inconvenience  on  account  of  the 
swelling  of  the  materials,  which  may  throw  them  out 
of  the  vessel.  White  flux  is  formed  by  introducing 
equal  parts  of  a  mixture  of  nitre  and  tartar,  by 
moderate  portions  at  a  time,  into  an  ignited  crucible. 
In  the  detonation  which  ensues,  the  nitric  acid  is  de- 
composed, and  flies  off  with  the  tartaric  acid ;  and 
the  remainder  consists  of  the  potash,  in  a  state  of 
considerable  purity.  This  has  been  called  fixed 
nitre.  Black  flux  differs  from  the  preceding  in  the 
proportion  of  its  ingredients.  In  this  the  weight  of 
the  tartar  is  double  that  of  the  nitre,  on  which  ac- 
count the  combustion  is  incomplete,  and  a  consider- 
able portion  of  the  tartaric  acid  is  decomposed  by  the 
mere  heat,  and  leaves  a  quantity  of  coal  behind,  on 
which  the  black  colour  depends.  It  is  used  where 
metallic  ores  are  intended  to  be  reduced,  and  effects 
the  purpose  by  combining  with  the  oxygen  of  the 
oxide. 

Fluxion,  in  the  Newtonian  Analysis,  denotes  the 
velocity  with  which  a  flowing  quantity  increases  by 
its  generative  motion,  by  which  it  stands  contradis* 
tinguished  from  a  fluent  or  flowing  quantity,  which 
is  constantly  and  indefinitely  increasing,  after  the 
manner  that  a  surface  is  described  by  the  motion  of 
a  line,  or  a  solid  by  the  motion  of  a  surface. 

Or,  a  fluxion  may  be  otherwise  defined  as  the 
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Magnitude  by  which  any  flowing  quantity  would  be 
vnilbrmly  increoied  in  a  given  portion  of  time,  with 
the  generating  celerity,  at  any  proposed  position  or 
instant,  supposing  it  thence  to  continue  invariable. 

Flmakonal  AiuSysia,  or  analysb  of  floxions  and 
flowing  quantities,  is  distingoishable  from  the  differ- 
ential calcnlus  by  its  notation. 

The  invention  of  the  fluxional  analysis  does  more 
honour  to  the  powers  of  the  human  mind  than  per- 
haps any  discovery  of  this  or  any  preceding  age  ;  it 
opens  to  us  a  new  world,  and  extends  our  knowledge, 
as  it  were,  to  infinity ;  it  carries  us  beyond  those  bounds 
wldch  seem  prescribed  to  our  mental  powers,  and 
leads  to  investigations  and  results  which  must  other- 
wise have  ever  remained  in  impenetrable  obscurity. 

Within  the  narrow  compass  to  which  this  article 
must  necessarily  be  confined,  the  reader  will  not  ex- 
pect a  minute  detail  of  the  principles  of  fluxions.  It 
will  be  sufilcient  to  observe  that  all  finite  magnitudes 
are  here  conceived  to  be  resolved  into  infinitely  small 
ones,  supposed  to  be  generated  by  motion,  as  a  line 
by  the  motion  of  a  point,  a  superficies  by  a  line,  and 
a  solid  by  a  superficies,— of  which  they  are  the  ele- 
ments, moments,  or  differences. 

The  art  of  finding  these  infinitely  small  quantities, 
or  the  velocities  by  which  they  are  generated,  and  of 
working  on  them,  and  discovering  other  infinite 
quantities  by  their  means,  makes  what  is  called  the 
direci  method  qfjluxiotu.  And  the  method  of  finding 
the  fluents  or  flowing  quantities,  these  fluxions  being 
given,  is  what  constitutes  the  inverte  method. 

What  renders  the  knowledge  of  infinitely  small 
quantities  of*  such  great  use  and  extent  is  that  they 
have  relations  to  eadi  other,  which  the  finite  magni- 
tudes whereof  they  are  the  infinitesimals  have  not. 

Thus,  for  example,  in  a  curve  of  any  kind  whatever, 
the  infinitely  small  difference  of  the  ordinate  and  ab- 
sciss have  the  ratio  to  each  other,  not  of  the  ordi- 
nate and  absciss,  but  of  the  ordinate  and  subtangent; 
and,  of  consequence,  the  absciss  and  ordinate  being 
known,  will  give  the  subtangent ;  or,  which  amounts 
to  the  same,  the  tangent  itself. 

Tlie  method  of  notation  in  fluxions,  introduced  by 
the  inventor.  Sir  Isaac  Newton,  is  as  follows  : — 

The  variable  or  flowing  quantity,  to  be  uniformly 
augmented,  as  suppose  the  absciss  of  a  curve,  he  de- 
notes by  the  final  letters  v,  x,  y,  i ;  and  their  fluxions 

by  the  same  letters  with  dots  placed  over  them,  thus, 

•   .   .     • 

v»  ^*  y«  '•     And  the  initial  letters  a,  6,  c,  d,  kc.,  are 
used  to  express  invariable  quantities. 

Again,  if  the  fluxions  themselves  are  also  variable 
quantities,  and  are  continually  increasing  or  decreas- 
ing, he  considers  the  velocities  with  which  they 
increase  or  decrease^  as  the  fluxions  of  the  former 
fluxions,  or  second  fluxions,  which  are  denoted  by 

two  dots  over  them,  thus,  y  »  z. 

After  the  same  manner  one  may  consider  the  in- 
crease and  diminution  of  these  as  their  fluxions  also, 
and  thus  proceed  to  the  third,  fourth,  &c.,  fluxions, 

which  will  be  denoted  thus,  y  x  z,  y  9  z,  Uc 
Lastly,  if  the  flowing  quantity  be  a  surd,  as 

>/«— y,  he  denotes  its  fluxion  by  (v^»— y)' ;  if  a  frac- 


tion 


d--y 


,  it  is  denoted 


"y  (5^  )• 


Sometimes,  however,  the  fluxions  of  compound 


quantities  are  exprtsscd  by  placing  the  letter  F,  or/, 
before  them ;  thus,  instead  of  (^/(»— if)*)*  ><  written 
F.  t/(»— y),  or  /.  i/(»— y.)  At  oAer  times  the 
fluxion  b  denoted  by  F,  and  the  fluent  by/;  so  that 

F.    t/(4P-y)     )5^/     t/(^— y) 


/.  X  v^(j:4-a««)   )  1^  (  a:^/(jr-f  ox*) 


/. 


xh 


hx 


(See  SuBDs.) 

Fly  is  a  name  given  to  a  certain  appendage  to 
many  machines,  ei&er  as  a  regulator  of  tneir  motioiis 
or  as  a  collector  of  power.  When  used  as  a  regu- 
lator, the  fly  is  commonly  a  heavy  disk  or  hoop» 
balanced  on  its  axis  of  motion,  and  at  right  angles 
to  it ;  though  sometimes  a  regulating  fly  consists  of 
vanes  or  wings,  which,  as  they  are  whirled  round, 
meet  with  considerable  resistance  from  the  air,  and 
thus  soon  prevent  any  acceleration  in  the  motion ; 
but  this  kind  of  regulator  should  rarely,  if  ever,  be 
introduced  in  a  working  machine,  as  it  wastes  much 
of  the  moving  force.  When  the  fly  is  used  as  a  col- 
lector of  power,  it  is  frequently  seen  in  the  fonn  of 
heavy  knobs  at  the  opposite  ends  of  the  straight  bar, 
as  in  the  coining  press. 

FociLB  Majus,  in  an/atomy:  the  greater  bone  of  the 
arm,  called  «liia;  or  greatei  bone  of  the  kg,  called 
tUna,    The  lesser  bone  of  the  arm  or  leg  b  called 

Focus,  in  optics,  is  a  point  wherein  several  raji 
concur  or  are  collected,  after  having  undergone  eitto 
refraction,  or  reflection.  Thb  point  b  tlius  denomi- 
nated, because,  the  rays  being  nere  bron^t  together 
and  united,  their  joint  effect  b  sufficient  to  bum  bo- 
dies exposed  to  their  action ;  and  hence  thb  pomt  is 
called  the  /beat,  or  burning  point.  It  must  be  ob- 
served, however,  that  the  focus  b  not»  strictly  speak- 
ing, a  point  \  for  the  rays  are  not  accurately  collected 
into  one  and  the  same  place  or  point,  owing  to  the 
different  nature  and  refrangibility  of  the  rays  of  li{^ 
to  the  imperfections  in  de  figure  of  the  lens,  and 
other  similar  impediments.  Ihe  focus,  therefore,  b 
a  small  circle,  which  Huygens  has  demonstrated  to 
be  one  eight  the  thickness  of  the  lens,  wh^i  it  b  con- 
vex on  both  sides ;  that  b,  it  cannot  be  less  than  this, 
but,  in  imperfect  glasses,  it  exceeds  the  above  mea- 
sure Bometmies  considerably. 

FosTus,  in  amatomy  ;  a  term  applied  to  the  oflbpring 
of  the  human  subject,  or  of  ammab,  during  its  resi- 
dence in  the  womb, 

Foo.  There  b  a  constant  ascent  of  watery  parti- 
cles from  the  surfiuse  of  the  earth,  occasioned  by  the 
evaportation  from  masses  of  water  and  moist  bodies. 
Part  of  the  water  which  rises  in  vapour  is  intimately 
united  with  the  atmospheric  air,  which  holds  it  ia 
solution.  Thb  portion  of  aqueous  matter  b  invisibly 
and  exists  in  the  greatest  quantity  in  very  warm  and 
serene  weather.  Thus,  in  the  hot  days  of  summer, 
any  cold  body  (as  a  vessel  filled  with  iced  watei^  b 
immediately  covered  with  little  globules  of  water, 
which  are  the  vapour  of  the  atmosphere  precipitated. 
But  when  the  air  is  saturated,  the  watery  particles 
which  continue  to  rise  are  no  longer  dissolved,  bat 
remain  suspended  in  vesicular  vapours,  which  fbim 
clouds  when  they  rise  to  a  great  height,  and  (bgi 
when  they  hover  near  the  suifrioe  of  the  earth. 
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Fogs  are  more  flrecpient  in  those  seasons  of  the 
year  when  there  is  a  considerable  difference  of  tem- 
peratcure  in  the  different  parts  of  the  day ;  as,  for  in- 
stance, in  automp,  when,  in  the  wannest  part  of  the 
day,  the  air  is  capable  of  holding  a  great  quantity  of 
aqueous  matter  in  solutbn,  which,  on  cooling  to- 
wards evening,  it  is  no  longer  capable  of  dissolving. 
In  hot  weather,  the  air  is  not  so  easily  saturated,  and 
in  cold  weather,  the  process  of  evaporation  is  very 
slow,  so  that,  in  these  cases,  fogs  are  less  common. 
In  low,  moist  places,  and  in  confined  places,  as  val- 
leys, forests,  bays  or  lakes,  surrounded  by  high  lands, 
they  are  much  more  prevalent  than  in  open  countries, 
or  elevated  spots,  where  they  are  quickly  dispersed 
by  the  winds.  Fogs  are  very  frequent  in  the  arc- 
tic regions,  where  the  sudden  depression  of  tem- 
perature b  enormously  below  the  mean  temperature. 
Fogs  will  be  most  frequent  over  shallow  water,  which 
sooner  partakes  of  the  temperature  of  the  bottom 
than  the  deep  water.  The  end  of  the  deep  water  is 
known  near  the  banks  of  Newfoundland,  by  the  sud- 
den commencement  of  the  fogs.  The  thick  fogs 
which  appeared  during  Captain  Franklin's  expe- 
dition, prove  that  the  sea  is  very  shallow,  and  the 
mean  temperature  not  very  low,  upon  that  part  of 
the  aretic  coast. 

There  b  another  atmospherical  phenomenon,  which 
has  been  called  dr^fogs.  In  1783,  all  Europe  was 
enveloped  with  a  dry  fog,  at  the  moment  of  a  simul- 
taneous volcanic  action  in  Iceland  and  Calabria.  In 
1755,  before  the  earthquake  which  destroyed  Lisbon, 
a  similar  fog  overspread  the  Tyrol  and  Switzerland. 
It  appeared  to  be  composed  of  earthy  particles  re- 
duced to  an  extreme  degree  of  fineness.  Kfrg^hoikk 
is  an  i^ipcarance  in  hazy  weather,  which  frequently 
resembles  land  at  a  distance,  but  which  vanishes  as 
you  approadi  it. 

Foil  ;  a  thin  leaf  of  metal,  placed  onder  transpa- 
rent substances,  such  as  precious  stones,  for  the  sake 
of  improving  their  colour,  and  heightening  their  lus« 
ire,  Uie  light,  whkh  passes  through  the  transparent 
body,  being  reflected  by  the  metal.  Figuratively,  any 
Wng  that  serves  to  set  off  another  object,  by  improv- 
ing its  external  appearence. 

Finl  is  also  used  to  signify  the  sheet  of  amalgam 
laid  on  the  back  side  of  a  mirror,  which  enables  it  to 
reflect  a  complete  image. 

Foil,  in  fencing;  a  blunt  sword,  or  one  tipped  with 
a  button  or  cork,  covered  with  leather. 

Foliage,  in  arckUeetnre  ;  a  kind  of  ornament  in 
cornices,  friezes,  &c.,  repres^iting  the  leaves  of 
plants. 

FoMAHANT,  in  (utronomy;  a  fixed  star,  of  the  first 
magnitude,  in  the  constellation  Aquarius. 

FoMBNTATioN,  iu  medtctae,  is  die  external  appli- 
cation of  a  fluid,  as  warm  as  the  patient  can  bear  it. 
Two  flannel  cloths  are  dipped  in  that  liquor,  one  of 
'which  is  wrung  as  dry  as  possible,  and  immediately 
applied  to  the  part  affected.  This  cloth  lies  on  till 
tlie  heat  has  evapontted,  and  the  otlier  is  then  applied. 
By  this  alternate  application,  the  part  affected  is  con- 
stantly supplied  with  warmth,  for  15  minutes,  or 
lialf  an  hour,  as  occasion  may  require. 

Food,  wm^pBratwe  nutritive  jpropertiet  of.  An  in- 
teresting report  on  this  subject  was  presented  to  the 
French  minister  of  the  interior,  by  Messrs.  Percy 
and  Vauquelin,  members  of  the  Institute.  In  bread, 
every  100 lbs.  is  found  to  contain  80  lbs.  of  nutritious 
matter ;  butdier  meat,  averaging  the  different  sorts. 
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contains  only  35  Ibsv  in  100;  French  beans  (in  the 
graiiO,  92 lbs.  in  100;  broad  beans  89 lbs.;  peas^ 
93  lbs. ;  lentHs  (a  species  of  half  pea,  little  known  in 
this  country),  94lb8.  in  100;  greens  and  turnips,  which 
are  the  most  aqueous  of  all  vegetables  used  in  culinary 
purposes,  furnish  only  8  lbs.  of  solid  nutritious  sub- 
stance in  100 ;  carrots  (from  whence  an  inferior  kind 
of  sugar  is  produced),  14lb8k ;  and  what  is  remark- 
able, as  being  opposed  to  the  old  theory,  lOOlbs.  of 
potatoes  yield  only  25  lbs*  of  nutriment ;  1  lb.  of  good 
bread  is  equal  to  2ilbs.  of  potatoes;  and  75 lbs.  of 
bread  and  30 lbs.  of  meat  are  equal  to  300  lbs.  of 
potatoes;  ilb.  of  bread  and  5oz»  of  meat  are  equal 
to  3lb8b  of  potatoes ;  1  lb.  of  potatoes  is  equal  to  4  lbs. 
of  cabba^  and  3 lbs.  of  turnips;  and  lib.  of  rice 
bread  or  French  beans  is  equal  to  3  lbs.  of  potatoes. 

Toon,  ab$tiaence  from%     The  more  that  animals 
enjoy  the  qualities  of  youth,  strength,  and  activity, 
the  gieater  is  the  increase  and  developement  of  their 
parts,  and  the  greater  the  necessity  for  an  abundant 
supply  of  food.    Of  many  individuals  exposed  to  an 
absolute  abstinence  of  many  days,  the  young  are 
always  the  first  to  perish.    Of  this  the  history  of  war 
and  shipwreck  offers  in  all  ages  too  many  frightful 
examples.    There  are  several  instances  on  record,  of 
entire  abstinence  from  food  for  an   extraordinary 
length  of  time.    Captain  filigh,  of  the  Bounty,  sailed 
almost  4,000  miles  in  an  open  boat,  with  occasion- 
ally a  single  small  bird  not  many  ounces  in  weight, 
for  the  daily  sustenance  of  seventeen  people.    In  the 
opinion  of  Rhedit,-  animals  support  want  much  lon- 
ger than  is  generally  believed.     A  civet  cat  lived  ten 
days  without  food,  an  antelope  twenty,  and  a  very 
lai^  wild  cat  also  twenty ;  an  eagle  survived  twenty- 
thi^ee  day,  a  badger  obe  month,  and  several  dogs 
thirty»six  days.    In  the  Memoin  of  the  Academg  of 
Sciences,  there  is  an  account  of  a  bitch,  which  having 
been  acddently  shut  up  adone  in  a  country  house, 
existed  for  forty  days  without  any  other  nourishment 
than  the  stuff  on  the  wool  of  a'  mattress,  which  she 
had  torn  to  pieces.  A  crocodile  will  live  two  months 
wi&out  food,  a  scorpion  three,  a  bear  six,  a  chame- 
leon eight,  and  a  viper  ten.    Valliant  had  a  spider 
that  lived  nearly  a  year  without  food,  and  was  so  far 
frt>m  being  weakened  by  abstinence,  that  it  immedi- 
atdy  killed  another  large  spider,  equally  vigorous  but 
not  so  hungry,  which  was  put  in  along  with  it.    John 
Hunter  inclosed  a  toad  between  two  stone  flower-pots 
and  found  it  as  lively  as  ever  after  fourteen  months. 
Land-tortoises  have  lived  without  food  for  eighteen 
months ;  and  Baker  is  known  to  have  kept  a  beetle 
in  a  state  of  abstinence  for  three  years.    It  after- 
wards made  its  escape.    Dr.  Shaw  gives  an  account 
of  two  serpents  which  lived  in  a  bottle  without  any 
food  for  five  years. 

Foot  ;  a  measure  of  length,  derived  from  the  length 
of  the  human  foot,  containing  12  linear  inches. 

Square  foot,  is  a  square  whose  side  is  one  foot,  and 
is  therefore  equal  to  144  square  inches. 

Cubic  foot,  is  a  cube  whose  side  is  one  foot,  and 
the  cube  contains  1728  cubic  inches. 

Forage,  in  military  affairs,  denotes  the  provisions 
brought  into  the  camp  by  the  troops  for  the  susten- 
ance of  the  horses* 

FoRAMBii,  in  anatomy ;  a  perforation  or  opening, 

as — Foramen  caeum,  an  opening  at  the  basis  of  the 

cranium ;  and  also  in  the  middle  of  the  ton^e.    Fbro- 

men  opticum,  the  hole  transmitting  the  optic  nerve,&c. 

FoRCB,  in  mechanics,  denotes  that  unknown  /^ause 
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which  produces  a  change  in  the  state  of  a  body,  as 
to  motion,  rest,  pressure,  &  c. ;  that  is,  whatever 
produces  or  tends  to  produce  motion,  or  a  change  of 
motion  in  any  body,  b  called  force.  According  to 
this  definition,  the  muscular  power  of  animals,  as 
likewise  pressure,  impact,  gravity,  &c.,  are  con- 
sidered as  forces,  or  sources  of  motion,  it  being  evi- 
dent,  from  daily  experience,  that  bodies  exposed  to 
the  free  action  of  any  of  these  are  either  put  into 
motion,  or  have  their  state  of  motion  changed.  AH 
forces,  however  various,  are  measured  by  tiie  effects 
which  they  produce  in  like  circumstances,  whether 
the  effect  be  creating,  accelerating,  retarding,  or  de- 
flecting motions ;  the  result  of  some  general  and 
commonly  observed  force  is  taken  for  unity,  and 
with  this  any  others  may  be  compared,  and  their 
proportions  represented  by  numbers  or  lines.  Under 
this  point  of  view  they  are  considered  by  the  mathe- 
matician ;  all  else  falls  within  the  province  of  the 
universal  philosopher,  or  the  metaphysician. 

When  we  say  that  a  force  b  represented  by  a  right 
line,  A  B,, it  b  to  be  understood  that  it  would  cause 
a  material  point,  situated  at  rest  in  A,  to  run  over 
the  line  A  B,  which  is  called  the  direction  of  the 
force,  so  as  to  arrive  at  B  at  the  end  of  a  given  time, 
while  another  force  would  cause  the  same  point  to 
have  moved  a  greater  or  less  distance  from  A  in  the 
same  time.  (See  the  figure  below,)  Mechanical 
forces  may  be  reduced  to  two  sorts  ;  one  of  a  body 
at  rest,  the  other  of  a  body  in  motion.  The  former 
is  that  which  we  conceive  as  residing  in  a  body  when 
it  is  supported  by  a  plane,  suspended  by  a  rope,  or 
balanced  by  the  action  of  a  spring,  &c.,  being  deno- 
minated pressure,  tension,  force,  or  vis  mortua,  soli- 
citatio,  conatus  movendi,  and  which  may  always  be 
estimated  or  measured  by  a  weight,  viz.,  the  weight 
that  sustains  it.  To  this  class  of  forces  may  also  be 
referred  centripetal  and  centrifiigal  forces,  though 
they  reside  in  a  body  in  motion,  because  these  forces 
are  homogeneous  to  weights,  pressures,  or  tensions  of 
any  kind. 

The  force  of  a  body  in  motion  b  a  power  residing 
in  that  bodv  so  long  as  it  continues  its  motion  ;  by 
means  of  which  it  is  able  io  remove  obstacles  lying 
in  its  way,  to  lessen,  destroy,  or  overcome  the  force 
of  any  other  moving  body,  which  meets  it  in  an  op- 
posite direction ;  or  to  surmount  the  largest  dead 
pressure  or  resistence,  as  tension,  gravity,  friction, 
&c.,  for  some  time,  but  which  will  be  lessened  or 
destroyed  by  such  resistance  as  lessens  or  destroys 
the  motion  of  the  body.  Thb  is  called  vis  motrtx, 
moving  force,  or  motive  force,  and,  by  some  late 
writers,  vis  viva,  to  dbtinguish  it  from  the  vis  mor- 
tua, spoken  of  before. 

Composition  of  Forces  may  be  thus  defined :  If  two 
or  more  forces,  differently  directed,  act  upon  the 
same  body,  at  the  same  time»  as  the  body  in  ques- 
tion cannot  obey  them  all,  it  will  move  in  a  direction 
somewhere  between  them.  This  is  called  the  com- 
position and  resolution  of  forces  or  of  motion,  and 
may  be  illustrated  in  the  following  manner :  Suppose 
a  body.  A,  to  be  acted  upon  by  a 
force  in  the  direction  A  B,  while,        C  D 

at  the  same  time,  it  is  impelled  by 
another  force  in  the  direction  A  C, 
it  will  then  move  in  the  direction 
A  D ;  and  if  the  lines  A  B,  A  C, 
he  made  of  lengths  proportionate         A  B 

to  the  forces,  and  the  lines  C  D, 


D  B,  be  drawn  parallel  to  them,  so  as  to  complete 
the  parallelogram  A  B  D  C,  then  the  line  which  the 
body  A  will  describe,  will  be  the  diagcJnal  A  D  ;  and 
the  length  of  this  line  will  represent  the  force  with 
which  the  body  will  move.  But  if  the  body  be  im- 
pelled by  equal  forces,  acting  at  right  angles  to  each 
other,  it  will  move  in  the  diagonal  of  a  square.  In- 
stances in  nature,  of  motion  produced  by  several 
powers  acting  at  the  same  time,  are  innumerable. 
A  ship  impelled  by  the  wind  and  tide  is  one  well 
known ;  a  paper  kite  acted  upon  in  one  direction  by 
the  wind,  and  in  another  by  the  string,  b  another 
instance. 

Animal  Force,  as  applied  to  Machinery,  All  ma- 
chines are  impelled  either  by  the  exertion  of  animal 
force  or  by  the  application  of  the  powers  of  nature. 
The  latter  comprise  the  potent  elements  of  water,  air, 
and  fire.  The  former  is  more  common,  yet  so  va- 
riable as  hardly  to  admit  of  calculation.  It  depends 
not  only  on  the  vigour  of  the  individual,  but  on  the 
different  strength  of  the  particular  muscles  employed* 
£very  animal  exertion  is  attended  by  fatigue ;  it  soon 
relaxes,  and  would  speedily  produce  exhaustion.  Tbt 
most  profitable  mode  of  applying  the  labour  of  ani- 
mals, is  to  vary  their  muscular  action,  and  revive  its 
tone  by  short  and  frequent  intervals  of  repose. 

The  ordinary  method  of  computing  the  effects  of 
human  labour  is,  from  the  weight  which  it  b  ci^- 
ble  of  elevating  to  a  certain  height  in  a  given  time, 
the  product  of  these  three  numbers  expressing  the 
absolute  quantity  of  performance.  Thb  was  reck- 
oned by  Daniel  Bernoulli  and  Desagulier  at  2,000,000 
lbs.  avoirdupois,  which  a  man  could  raise  one  foot 
in  a  day.  Biit  our  civil  engineers  have  gone  much 
farther,  and  are  accustomed,  in  their  calculations,  to 
assume,  that  a  labourer  will  lift  10  lbs.  to  the  height 
of  ten  feet  every  second,  and  is  able  to  continue  such 
exertion  for  ten  hours  each  day,  thus  accumulating 
the  performance  of  3,600,000.  But  this  estimate 
seems  to  be  drawn  from  the  produce  of  momentary 
exertions,  under  the  most  favourable  circumstanct*t ; 
and  it  therefore  greatly  exceeds  the  actual  results,  a« 
commonly  depressed  by  fatigue,  and  curtailed  by  the 
unavoidable  waste  of  force. 

Coulomb  has  fiimished  the  most  accurate  and 
varied  observations  on  the  measure  of  human  labour. 
A  man  will  climb  a  stair,  from  70  to  100  feet  high, 
at  the  rate  of  45  feet  in  a  minute.  Reckoning  hb 
weight  at  155  lbs.,  the  animal  exertion  for  one  ml* 
nute  b  6975,  and  would  amount  to  4,185,000  if  con- 
tinued for  ten  hours.  But  such  exercise  is  too  vio- 
lent to  be  often  repeated  in  the  course  of  a  day.  A 
person  may  clamber  up  a  rock  500  feet  highj  by  a 
ladder-stair,  in  20  minutes,  and,  consequently,  at  the 
rate  of  25  feet  each  minute ;  his  efforts  are  thus  al- 
ready impaired,  and  the  performance  reaches  only 
3875  in  a  minute.  But,  under  the  incumbrance  of  a 
load,  the  quantity  of  action  is  still  more  remarkably 
diminbhed.  A  porter,  weighing  140  lbs.,  was  found 
willing  to  climb  a  stair  40  feet  high  266  times  in  a 
day ;  but  he  could  carry  up  only  66  loads  of  fire- 
wood, each  of  them  163  lbs.  weight.  In  the  for- 
mer case,  his  daily  performance  was  very  nearly 
1,500,000 ;  while,  in  the  latter,  it  amounted  only  to 
808,000.  The  quantity  of  permanent  effect  waa 
hence  only  about  700,000,  or  scarcely  half  the  la- 
bour exerted  in  mere  climbing. 

In  the  driving  of  piles,  a  load  of  42  lbs.,  called 
the  ram,  is  drawn  up  3i  feet  high  20  time«  in  a  mi^ 
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ante ;  but  the  ifork  has  been  considered  so  fatiguing 
as  to  endure  only  three  hours  a  day.  This  gives 
about  530,000  for  the  daily  performance.  Nearly 
the  same  result  is  obtained,  by  computing  the  quan- 
tity of  water  which,  by  means  of  a  double  bucket,  a 
man  drew  up  from  a  well.  He  lifted  36  lbs.  120 
times  in  a  diEiy,  from  a  depth  of  120  feet,  the  total 
effect  being  518,400.  A  skilful  labourer  working  in 
a  field  with  a  large  hoe,  creates  an  eflfect  equal  to 
728,000.  When  the  agency*  of  a  winch  is  employed 
in  turning  a  machine,  the  performance  is  still  greater, 
amounting  to  845,000.  In  all  these  instances,  a  cer- 
tain weight  is  heaved  up,  but  a  much  smaller  effort 
is  sufficient  to  transport  a  load  horizontally. 

A  man  could,  in  the  space  of  a  day,  scarcely  reach 
an  altitude  of  two  miles  by  climbing  a  stair ;  though 
he  will  easily  walk  over  30  miles  on  a  smooth  and 
level  road.  But  he  would,  in  the  same  time,  carry 
130  lbs.  only  to  the  fourth  part  of  that  distance,  or 
7i  miles.  Assuming  his  own  weight  to  be  140  lbs., 
the  quantity  of  horizontal  action  would  amount  to 
42,768,000,  or  28  times  the  vertical  performance ;  but 
the  share  of  it  in  conveying  the  load  is  20,961,780, 
or  about  30  times  what  was  spent  in  its  elevation. 
The  greatest  advantage  is  obtained  by  reducing  the 
burden  to  102  lbs.,  the  length  of  journey  being  aug- 
oiented  in  a  higher  ratio.  These  results  are  appa- 
rently below  the  average  of  English  labour,  which  is 
not  only  more  vigorous,  but  in  many  cases  quite  over- 
strained. Moderate  exertion  of  strength,  joined  to 
regularity  and  perseverance,  would  be  more  condu- 
cive to  robust  health  and  the  comfortable  duration 
of  human  life. 

A  porter  in  London  is  accustomed  to  carry  a  bur- 
den of  200  lbs.  at  the  rate  of  three  miles  an  hour. 
In  the  same  metropolis,  a  couple  of  Irish  chairmen 
continue,  at  the  pace  of  four  miles  an  hour,  under  a 
load  of  300  lbs.  These  exertions  are  greatly  inferior, 
however,  to  the  labour  performed  by  porters  in  Tur- 
key, the  Levant,  and  generally  on  the  shores  of  the 
Mediterranean. 

At  Constantinople,  an  Albanian  porter  will  carry 
800  or  900  lbs.  on  his  back,  stooping  forward,  and 
assisting  his  steps  by  a  sort  of  staff.  At  Marseilles, 
four  porters  commonly  carry  the  immense  load  of 
nearly  two  tons,  by  means  of  soft  hods  passing  over 
their  heads,  and  resting  on  their  shoulders,  with  the 
ends  of  poles,  from  which  the  goods  are  suspended. 
According  to  some  experiments  of  the  late  Mr.  Bu- 
chanan, the  exertions  of  a  man  in  working  a  pump, 
in  turning  a  winch,  in  ringing  a  bell,  and  in  rowing 
a  boat,  are  as  the  numbers  100,  167,  227,  and  248. 
But  those  efforts  appear  to  have  been  continued  for 
no  great  length  of  time. 

Tlie  Greek  seamen,  in  the  Dardanelles,  are  es* 
teemed  more  skilful  and  vigorous  in  the  act  of  row- 
ing, than  those  of  any  other  nation.  The  Chinese, 
applying  both  their  hands  and  their  feet,  are  said  to 
surpass  all  people  in  giving  impulsion  to  boats  by 
sculling.  The  several  races  of  meb  differ  materially 
in  strength,  but  still  greater  diversity  results  from 
the  constitution  and  habits  of  the  individual.  The 
European  and  his  American  descendants  are,  on  the 
whole,  more  powerful  than  the  other  inhabitants  of 
the  globe ;  and  roan,  reared  in  civilized  society,  is  a 
more  robust  and  vigorous  animal  than  the  savage. 
In  the  temperate  climates,  likewise,  men  are  capable 
of  much  harder  labour  than  under  the  influence  of  a 
burning  sun.    Coulomb  remarks,  that  the  French 


soldiers,  employed  on  the  fortifications  of  the  Isle  of 
Martinique,  became  soon  exhausted,  and  were  unable 
to  perform  half  the  work  executed  by  them  at  home. 
The  most  violent  and  toilsome  exertion  of  human  la- 
bour is  performed  in  Peru,  by  the  carriers,  or  cargue- 
roa,  who  traverse  the  loftiest  mountains,  and  clamber 
along  the  sides  of  the  most  tremendous  precipices, 
with  travellers  seated  on  chairs  strapped  to  their 
backs.  In  this  manner,  they  convey  loads  of  12,  14, 
or  even  18  stone ;  and  possess  such  strength  and 
action,  as  to  be  able  to  pursue  their  painful  task 
eight  or  nine  hours,  for  several  successive  days. 
These  men  are  a  vagabond  race,  consisting  mostly  of 
mulattoes,  with  a  mixture  of  whites,  who  prefer  a 
life  of  hardship  and  vicissitude  to  that  of  constant 
though  moderate  labour.  When  a  man  stands,  he 
pulls  with  the  greatest  effect ;  but  his  power  of  trac- 
tion is  much  enfeebled  by  the  labour  of  travelling. 

If  V  denote  the  number  of  miles  which  a  person 
walks  in  an  hour,  the  force  which  he  exerts  in  drag- 
ging forward  a  load  will  be  expressed  nearly  by 
J  (12 — 2»)*.  Thus,  when  at  rest,  he  pulls  with  a 
force  of  about  29  lbs.  avoirdupois ;  but  if  he  walks 
at  the  rate  of  two  miles  an  hour,  his  power  of  trac- 
tion is  reduced  to  14  lbs. ;  and  if  he  quickens  his 
pace  to  four  miles  an  hour,  he  can  draw  only  3  lbs. 
There  is,  consequently,  a  certain  velocity  which  pro- 
cures the  greatest  effect,  or  when  the  product  of  the 
traction  by  the  velocity  becomes  a  maximum.  This 
takes  place  when  he  proceeds  at  the  rate  of  two 
miles  an  hour.  The  utmost  exertion  which  a  man, 
walking,  might  continue  to  make,  in  drawing  up  a 
weight  by  means  of  a  pulley,  would  amount,  there- 
fore, in  a  minute,  only  to  2430 ;  but  if  he  applied  his 
entire  strength,  without  moving  from  the  spot,  he 
could  produce  an  effect  of  3675. 

The  labour  of  a  horse  in  a  day  is  commonly  reck* 
oned  equal  to  that  of  five  men ;  but  then  he  works 
only  eight  houi's,  while  a  man  easily  continues  his 
exertions  for  ten  hours.  Horses,  likewise,  display 
much  greater  force  in  carrying  than  in  pulling ;  and 
yet  an  active  walker  will  beat  them  on  a  long  jour- 
ney. Their  power  of  traction  seldom  exceeds  144 
pounds,  but  they  are  capable  of  carrying  more  than 
six  times  as  much  w*eight.  The  pack-horses  in  the 
West  Riding  of  Yorkshire  were  accustomed  to  trans- 
port loads  of  420  lbs.  over  a  hilly  country.  But,  in 
many  parts  of  England,  the  mill-horses  will  carry 
the  enormous  burden  of  910  lbs.  to  a  short  distance. 
With  regard,  however,  to  the  ordinary  power  of 
draught,  the  formula  (12 — f>)*,  where  v  denotes  the 
velocity  in  miles  an  hour,  will,  perhaps,  be  found 
sufficiently  near  the  truth.  Thus  a  horse,  beginning 
his  pull  with  the  force  of  144  lbs.,  would  draw  1 00  lbs. 
at  a  walk  of  two  miles  an  "hour,  but  only  64  lbs. 
when  advancing  at  double  that  rate,  and  not  more 
than  36  lbs.  if  he  quickened  his  pace  to  six  miles  an 
hour.  His  greatest  performance  would  hence  be 
made  with  the  velocity  of  four  miles  an  hour.  The 
accumulated  effort  in  a  minute  will  then  amount  to 
22,528.  The  measure  generally  adopted  for  com- 
puting the  power  of  steam-engines  is  much  higher, 
the  labour  of  a  horse  being  reckoned  sufficient  to 
raise,  every  minute,  to  tlie  elevation  oi  one  foot,  the 
weight  of  32,000  lbs.  But  this  estimate  is  not  only 
greatly  exaggerated,  but  should  be  viewed  as  merely 
an  arbitrary  and  conventional  standard. 

Wheel  carriages  enable  horses,  on  level  roads,  to 
draw,  at  an  average,  loads  about  15  times  greater 
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than  the  power  exerted.  The  carriers  between  Glaa- 
gow  and  Edinburgh  transport^  in  a  single-horse  cart, 
weighing  about  7  cwt.,  a  load  of  a  ton,  and  travel 
at  the  rate  of  22  miles  a  day.  At  Paris,  one  horse, 
in  a  small  cart,  conveys  along  the  streets  half  a  cord 
of  wood,  weighing  two  tons;  but  three  horses, 
yoked  in  a  line,  are  able  to  drag  105  cwt.  5  k  lbs.,  or 
that  of  a  heavy  cart  loaded  with  building  stones. 
The  Normandy  carriers  travel  from  14  to  22  miles  a 
day,  with  two- wheeled  carts,  weighing  each  11  cwt., 
and  loaded  with  79  cwt.,  or  nearly  4  tons  of  goods, 
drawn  by  a  team  of  four  horses.  The  French  draught 
horses,  thus  harnessed  to  light  carriages,  are  more 
efficient,  perhaps,  than  the  finer  breeds  of  this  country. 
They  peiform  very  nearly  as  much  work  as  those  in 
the  single-horse  carts  used  at  Glasgow,  and  far 
greater  than  those  fine  yet  heavy  animals  which  drag 
the  towering  waggons  in  this  country.  The  London 
draught  horses,  in  the  mere  act  of  ascending  from 
the  wharfs,  display  a  powerful  effort,  but  they  after- 
wards make  little  exertion,  their  force  being  mostly 
expended  in  transporting  their  own  ponderous  mass 
along. 

Oxen,  on  account  of  their  steady  pull,  are  in  many 
countries  preferred  for  draught.  Thev  were  formerly 
employed  universally  in  the  various  labours  of  hus- 
bandry. The  tenderness  of  their  hoofs,  unless  shod, 
however,  makes  them  unfit  for  pulling  on  paved 
roads,  and  they  can  work  only  with  advantage  in 
soft  grounds.  But  they  want  all  the  pliancy  and 
animation  which  are  the  favourite  qualities  of  the 
horse.  The  patient  drudgery  of  the  ass  renders  him 
a  serviceable  companion  of  the  poor.  Much  inferior 
in  strength  to  the  horse,  he  is  maintained  at  far  less 
cost.  In  America,  an  ass  will  carry  about  two 
hundred  weight  of  coals  or  limestone  twenty  miles 
a  day.  But,  in  the  warmer  climates,  he  becomes  a 
larger  and  finer  animal,  and  trots  or  ambles  briskly 
under  a  load  of  150  pounds.  The  mule  is  still  more 
powerful  and  hardy,  being  fitted  equally  for  burden 
and  draught. 

In  the  hotter  parts  of  Asia  and  Africa,  the  pon- 
derous strengUi  of  the  elephant  has  been  long  turned 
to  the  purposes  of  war.  He  is  reckoned  more  power- 
ful than  six  horses,  but  his  consumption  of  food  is 
proportionally  great.  The  elephant  carries  a  load  of 
three  or  four  thousand  pounds ;  his  ordinary  pace  is 
equal  to  that  of  a  slow  trot ;  he  travels  easily  over 
forty  or  fifty  miles  in  a  day,  and  has  been  known  to 
perform  in  that  time  a  journey  of  one  hundred  and 
ten  miles.  His  sagacity  directs  him  to  apply  his 
strength  according  to  the  exigency  of  the  occasion. 

The  camel  is  a  most  useful  beast  of  burden  in  the 
arid  pains  of  Arabia.  The  stronger  ones  carry  a  load 
often  or  twelve  hundred  weight,  and  the  weaker  ones 
transport  six  or  seven  hundred ;  they  walk  at  the  rate 
of  two  miles  and  a  half  in  an  hour,  and  march  about 
thirty  miles  every  day.  The  camel  travels  often  eight 
or  nine  days  without  any  fresh  supply  of  water. 
When  a  caravan  encamps  in  the  evening,  he  is  perhaps 
turned  loose,  for  the  space  of  an  hour,  to  browze  on 
the  coarsest  herbage,  which  serves  him  to  ruminate 
during  the  rest  of  the  night  In  this  manner,  without 
making  any  other  halt,  he  will  perform  a  dreary  and 
monotonous  journey  of  two  thousand  miles. 

Within  the  arctic  circle,  the  rein-deer  is  a  domes- 
ticated animal,  not  less  valuable.  He  not  only  feeds 
and  clothes  the  poor  Laplander,  but  transports  his 
master,  with  great  swiftness,   in  a  covered  sledge. 


over  the  snowy  and  frozen  tracts.  The  refai-deer 
subsists  on  the  scanty  vegetation  of  mos«  or  lichens, 
and  is  docile,  hut  not  powerful.  Two  of  them  are 
required  to  draw  a  light  sledge :  so  harnessed,  ihey 
will  run  fifty  or  sixty  miles  on  a  stretch,  and  some- 
times perform  a  journey  of  a  hundred  and  twelve 
miles  m  the  course  of  a  day.  But  such  exertions 
soon  wear  them  out.  A  sort  of  dwarf  camelrwas 
the  only  animal  of  burden  possessed  by  the  ancient 
Peruvians. 

The  lama  is,  indeed,  peculiarly  fitted  for  the  lofty 
regions  of  the  Andes.  The  strongest  of  them  cany 
only  from  150  to  200  pounds,  but  perform  about 
fifteen  miles  a  day  over;  the  roughest  mountains. 
They  generally  continue  this  labour  during  ^ye  days, 
and  are  then  allowed  to  halt  two  or  thr^  days  be- 
fore they  renew  their  task.  The  paco  is  a  similar 
animal,  employed  likevnse  in  transporting  heavy 
goods  in  that  singular  country ;  it  is  very  stubborn, 
however,  and  carries  only  from  fifty  to  seventy 
pounds.  Even  the  exertions  of  goats  hi&ve,  in  some 
parts  of  Europe,  been  turned  to  useful  labour. 
They  are  made  to  tread  in  a  wheel  which  draws 
water,  or  raises  ore  from  the  mine.  Though  a  very 
light  animal,  the  goat  exerts  much  force,  as  he  climbs 
at  a  high  angle.  Supposing  this  soaring  creature, 
though  only  the  fourth  part  of  the  weight  of  a  man, 
to  march  as  fast  along  an  ascent  of  40°,  as  he  does 
over  one  of  18°,  tiie  sine  of  the  former  being  double 
that  of  the  latter, — it  must  perform  half  as  much 
work. 

FoRCBPS,  in  $urf€ry,  &c. ;  a  pair  of  scissors  for 
cuttine  off,  or  dividmg,  the  fleshy,  membranous  parts 
of  the  body,  as  occasion  requires. 

Fore  ;  the  distinguishing  character  of  all  that  part 
of  a  ship's  frame  and  machinery  which  lies  near  the 
stem. 

FoRBCASTLs ;  a  short  deck  placed  in  the  fore  part 
of  a  ship,  above  the  upper  deck;'  it  b  usually  termi- 
nated, both  before  and  behind,  in  vessels  of  war,  by  m 
breast- work,  the  foremost  part  forming  the  top  of  the 
beak  head,  and  the  hind  part  reaching  to  the  after- 
part  of  the  fore  chains.  —  Fbrecoitie  Men;  sailors 
stationed  on  the  forecastle,  who  are  generally  experi- 
enced seamen. 

FoBBSHORTBNiNO,  lu  drawing  and  painting ;  the  art 
of  representing  figures  of  all  sorts  as  they  appear  to 
the  eye,  in  oblique  positions.  This  art,  which,  in 
many  instances,  is  very  difficult,  vras  known  to  the 
Greeks ;  and  Pliny  speaks  particularly  as  to  its  being 
sucessfhlly  practised  by  Parrhasius  and  Pausias. 
Among  the  modems,  Correggio  must  be  allowed  Uie 
palm  fbr  excellence  in  foreshortening.  In  painting 
ceilings,  it  is  particularly  important.  In  a  celebrated 
picture  of  the  body  of  Christ  lying  horizontally,  «the 
figure  is  so  much  foreshortened  that  the  toes  appear 
almost  to  touch  the  chin. 

FoRGB  ;  a  small  furnace,  as  that  used  by  smiths, 
&c.,  or  simply,  a  pair  of  bellows,  the  muzzle  of  which 
is  directed  upon  a  smooth  area,  on  which  coals  are 
placed.  This  term  is  also  used  when  speaking  of  a 
large  furnace,  in  which  iron  ore,  taken  out  of  the 
mine,  is  melted  down ;  or  it  is  more  properly  applied 
to  another  kind  of  furnace,  wherein  the  iron  ore, 
melted  down,  and  separated  in  a  former  fUmace,  and 
then  cast  into  sows  and  pigs,  is  heated  and  fused 
over  again,  and  beaten  afterwards  with  large  ham- 
mers, and  thus  rendered  more  soft,  pure^  ductile, 
and  fit  for  use.  The  forge  furnace  consists  of  a  hearth* 
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upon  which  a  fire  axay  be  made,  and  urged  by  the 
action  of  a  large  pair  of  double  bellows,  the  nozzle 
of  which  it  inserted  through  a  wall  or  parapet  con- 
structed for  tbat  purpose.  Black-lead  pots,  or  small 
furnaces  of  every  desired  form»  may  be  placed,  as  oc- 
casions require,  upon  the  hearUi ;  and,  Uie  tube  of  the 
bellows  being  inserted  into  a  hole  in  the  bottom  of 
the  furnace,  it  becomes  easy  to  raise  the  heat  to 
almost  any  degree  required. 

FoKBSTALLiNO  is  the  buying  or  bargaining  for 
any  com,  cattle,  or  other  merchandise,  by  the  way, 
before  it  comes  to  any  market  or  fair  to  be  sold,  or 
as  it  comes  from  beyond  the  seas,  or  otherwise,  to- 
wards any  port  or  creek,  to  sell  the  same  again  at  a 
higher  pnce.  At  the  common  law,  all  endeayours  to 
enhance  the  price  of  merchandise,  and  all  practices 
which  have  a  tendency  thereto,  whether  by  spreading 
false  rumours,  or  by  purchasing  things  in  a  market 
before  the  accustomed  hour,  or  by  buying  and  sell- 
ing again  the  same  thing  in  the  same  market*  or  by 
such  devices,  are  criminal,  and  punishable  by  fine 
and  imprisonment. 

Forlorn  Hops,  in  the  mUianf  art,  signifies  men 
detached  from  several  regiments,  or  otherwise  ap- 
pointed, to  make  the  first  attack  in  the  day  of  battle, 
or,  at  a  siege,  to  storm  the  counterscrap,  mount  the 
lureach,  or  the  like.  They  are  so  called  from  the 
great  danger  they  are  unavoidably  exposed  to. 

Form,  Prixtbr's  ;  an  assemblage  of  letters,  words, 
and  lines,  disposed  into  pages  by  the  compositor,  and 
from  which  the  printed  sheets  are  taken. 

Formic  Acid  ;  thus  named  from  having  been  dis- 
covered first  in  the  expressed  liquor  of  ants ;  at  pre- 
sent it  is  procured  from  the  application  of  a  gentle 
heat  to  a  mixture  of  tartaric  acid,  water,  and  the  pro- 
toxide of  manganese.  The  tartaric  acid  is  converted 
into  water,  carbonic  acid,  and  formic  acid.  This  acid 
has  a  very  sour  taste,  and  continues  liquid  at  very 
low  temperatures.  Its  specific  gravity  is  1.1068  at 
68^  Fahr.  M.  C.  G.  Gmelin  has  prepared  formic 
add  from  cane  sugar,  sugar  of  milk,  starch,  wood, 
the  root  of  the  aUheta,  mucic  acid,  &c.,  by  distilling 
those  bodies  with  dilute  sulphuric  acid  and  peroxide 
of  manganese ;  but  the  formic  acid  thus  obtained  is 
always  impure.  He  has,  however,  obtained  it  in  a 
hi«^  state  of  purity,  by  distilling  alcohol  with  sul- 
phuric acid  and  oxide  of  manganese.  But,  to  prevent 
the  formation  of  ether,  dilute  alcohol  must  always 
be  employed ;  common  spirits  of  wine  is  the  most 
convenient.  Concentrated  alcohol  produces  not  only 
sulphuric  ether,  but  also  formic  ether.  The  fibrin  of 
the  blood  furnishes  a  very  impure  formic  acid.  Ac- 
cording to  Berzelius,  the  formiate  of  lead  consists  of 
4.696  acid  and  14  oxide  of  lead ;  and  the  ultimate 
constituents  of  the  dry  acid  are  hydrogen  2.84,  car- 
bon 32.40,  oxygen  64.76. 

Fort  ;  a  small  fortified  place,  surrounded  with  a 
ditch,  rampart,  and  parapet,  for  the  purpose  of  de- 
fending a  pass,  river,  road,  harbour,  &c.  Forts  are 
made  of  different  forms  and  extent,  according  to  the 
exigencies  of  the  case. 

Forte.    See  Piano. 

Fortification,  as  a  science,  had  no  place  in  the 
military  history  of  ancient  times.  The  details  fur- 
nished in  Scripture  prove  incontestibly,  that  even  the 
circumvallations  used  by  the  Jewish  people  were 
inadequate  to  the  purposes  of  security  and  duration. 
In  fact,  the  events  that  shone  conspicuous  in  those 
times  were,  wiOi  very  few  exceptions,  pitched  battles 
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in  the  open  plain,  or  ambuscades.  Nor  do  we  fini 
in  the  more  recent  histories  of  Rome,  of  Greece,  or 
of  Asia,  much  to  support  the  opinion  of  the  ancients 
having  a  knowledge  of  fortification.  The  few  places 
that  made  any  resistance  appear  to  have  been  prin- 
cipally maintained  by  the  personal  prowess  of  their 
defenders.  Their  walls  were,  indecKi,  sometimes  of 
great  extent,  as  we  see  in  the  instance  of  Troy ;  which, 
existing  in  eighteenth  century,  would  probably  capi- 
tulate at  the  first  summons. 

It  was  not  to  be  expected^  where  the  powers  of 
demolition  were  insignificant,  the  means  of  resist- 
ance would  be  extended  beyond  the  quantum  ab- 
solutely necessary.  The  catsjpulta,  the  battering- 
ram,  tne  tower,  and  such  devices,  were  opposed  by 
heavy  masses  of  stone,  or  of  other  adequate  materials, . 
on  which  the  besieged  mounted  to  repel  the  assault. 
The  various  contrivances  by  which  those  machines 
received  additional  vigour,  and  the  necessity  that 
arose  for  opposing  to  their  progress  more  resistance 
than  could  be  accumulated  immediately  in  their  front 
(of  the  tower  in  particular),  first  give  ride  to  the  in- 
troduction of  projections  from  the  even  line  of  the 
wall,  whereby  the  besiegers  could  be  annoyed  later- 
ally, as  well  as  immediately  front  to  front. 

Still  the  engineer  confined  himself  to  small  projec- 
tions, generally  semicircular,  which,  for  the  most 
part,  appear  to  have  been  added  to  the  old  walls, 
impending  like*  our  modem  balcony  windows.  In 
the  sequel,  these  towers  were  built  the  same  as  the 
other  parts  of  the  circumvallation,  and,  like  the  mo- 
dem bastion,  rested  on  the  firm  ground.  It  however 
seems  doubtful,  whether  the  former  mode  was  not 
the  best,  considering  every  circumstance  attendant 
upon  the  ancient  mode  of  assault,  and  the  nature  of 
their  weapons. 


The  above  view  will  serve  to  furnish  the  reader 
with  some  notion  of  the  earliest  state  of  methodical 
fortification.  The  great  object  seems  to  have  been, 
by  double  and  sometimes  triple'  lines  of  walls  to 
increase  the  means  of  resistance,  by  protracting  the 
advance  of  the  enemy. 

llie  invention  of  gunpowder  does  not  appear  to 
have  led  to  any  important  change  for  several  years ; 
nor  indeed  until  heavy  artillery  formed  a  part  of  the 
assailants'  means,  as  may  be  proved  by  an  examloa- 
tion  of  the  castles  and  towns  still  remaining.  Such 
were  the  solidity  and  hardness  of  many  ancient  build* 
ings,  that  the  stone  shots,  originally  used,  produced 
a  very  slight  effect ;  nor  was  it  until  iron  balls  were 
brought  into  use,  that  the  powers  of  cannon  were  in 
any  measure  ascertained.       t 

That  point  being  gained,  the  whole  system  of  de- 
fence was  necessarily  made  to  conform  to  the  destmc- 
tive  engines  which  were  now  added  to  the  common 
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practice  of  assaalt.  The  sword,  buckler,  lance,  dart, 
javelin,  sling,  bow  and  arrow,  lost  their  wonted  esti- 
mation, and,  dwindling  into  insignificance  on  the 
great  scale,  were  reserved  for  individual  contest,  or  for 
the  lesser  purposes  of  desultory  warfare.  The  great 
object  was  to  construct  such  stupendous  bulwarks 
as  might  not  only  oppose  the  newly  devised  missiles, 
but,  at  the  same  time,  support  similar  means  of  de- 
stroying the  besieging  army.  Hence  arose  the  forma- 
tion of  ramparts,  and  gradually,  the  necessity  for 
deep  ditches,  and  various  outworks ;  by  which  con- 
siderable delay  and  difficulty  might  be  created. 

The  fortifications  of  the  fi^fteenth  century,  although 
to  a  certain  extent  new  modelled,  and  made  conform- 
able to  the  necessity  imposed  by  the  invention  and  use 
of  cannon,  nevertheless  did  not  display  any  ingenuity 
in  regard  to  mutual  defence.  That  great  principle 
was  little  understood,  and  the  minutiae  of  the  science 
remained,  for  a  long  time,  miserably  defective.  Men 
of  genius,  at  length,  in  part  remedied  the  errors  of 
the  old  school,  and  opened  the  way  for  that  exactness 
of  proportion,  and  for  that  systematic  arrangement, 
which  characterizes  the  works  of  modern  times. 
The  impregnable  fortresses  to  be  seen  in  various 
parts  of  £urope,  cannot  fail  to  transmit  the  names 
of  their  several  engineers  to  posterity. 

Tlie  immense  armies  now  constantly  brought  into 
the  field,  and  the  heavy  trains  of  artillery  by  which 
they  are,  in  almost  all  cases,  accompained,  occasion 
not  only  an  adequate  preparation  for  resistance,  but 
the  necessity  for  establishing  lines  of  communica- 
tion, of  dep6ts,  ficc,  all  of  which  must  be  on  the 
best  construction,  for  defence,  containing  safe  lodg- 
ment for  a  sufficient  garrison,  together  with  ample 
and  secure  magazines  for  provisions  and  stores. 
Hence  the  province  of  the  engineer  becomes  peculiarly 
important ;  it  comprises  various  branches  of  inform- 
ation, and  requires  that  readiness  of  computation, 
of  discernment,  and  of  appropriate  resourse,  which 
rarely  combine  in  the  same  individual.  The  merely 
planning  in  the  closet,  and  the  laying  down  on  the  pro- 
per scite  such  defences  as  may  perhaps  be  void  of  fault, 
so  far  as  relates  to  mutual  support  and  to  the  great 
work  of  procrastination,  vnll  avail  nothing,  if  the 
other  essentials  are  neglected ;  and  even  when  they 
are  not,  the  whole  may  be  rendered  abortive,  and 
become  contemptible,  merely  from  a  want  of  judg- 
ment in  point  of  locality. 

Fortification  is  generaUy  considered  under  two 
heads;  natural  and  artificial.  The  former  relates 
entirely  to  those  situations  which,  being  either  com- 
pletely inaccessible,  or  nearly  so,  require  but  few 
additions,  and  demand  only  such  guards  as  may 
prevent  surprise.  For  want  of  that  precaution,  some 
posts  have  been  taken,  which  no  army,  however 
numerous  and  well  provided,  could  have  forced  to 
a  capitulation.  Perhaps,  of  all  the  instances  that 
could  be  adduced  in  regard  to  so  fortunate  a  position 
as  should  defy  every  thing  short  of  continued  bom- 
bardment, the  fortress  of  Ootradroog,  situated  in  the 
dominions  of  the  late  Tippoo  Saib,  sultan  of  Mysore, 
may  be  justly  considered  as  the  most  worthy  of 
being  cited.  It  stands  on  a  plain,  no  hill  or  emi- 
nence of  any  importance  being  within  several  miles. 
It  is,  in  fact,  insulated,  and  consists  of  a  solid  rock, 
rising,  on  an  average,  about  eight  hundred  feet  above 
the  adjacent  level ;  its  sides  are  nearly  perpendicular 
throughout  its  whole  circumference,  which  measures 
nearly  a  mile.    The  ascent  to  it  is  by  stone  steps. 


intermixed  with  occasional  breaks  for  temporary  lad- 
ders, the  whole  of  which  could  be  destroyed  by  the 
fall  of  a  few  large  stones,  always  kept  on  the  parapet 
for  that  purpose.  Indeed,  the  interior  is  lined  with 
such,  they  being  admirably  suited  to  the  defence  of 
so  peculiar  a  station.  There  b  no  want  of  cannon 
on  the  works,  which  are  ample,  and  were  formed 
under  the  direction  of  a  French  engineer ;  they  have 
plenty  of  water ;  ample  stores  were  kept  in  immense 
excavations;  and  the  most  secure  lodgment  for  a 
numerous  garrison.  Yet,  as  soon  as  the  fall  of 
Bangalore  was  ascertained,  this  important  and  al- 
most impregnable  fortress,  to  which,  perhaps,  there 
exists  not  a  counterpart,  surrendered  to  two  batta- 
lions of  Bengal  sepoys. 

It  would  be  impossible  to  afford  any  instructions 
regarding  those  works  which  may  be  conjoined  to 
natural  defences,  so  as  to  render  the  whole  complete : 
such  must  depend  entirely  on  local  circumstances,  of 
which  the  skilful  engineer  will  not  fail  to  take  ad- 
vantage. 

The  term  artificial  fortification  applies  to  every 
kind  of  defence,  whether  regular  or  irregular,  pure 
or  mixed ;  and  has  been  divided  by  the  most  cele- 
brated engineers  into  two  distinct  kinds,  viz.  offenrive 
and  drfensioe.  The  former  relates  principally  to  the 
various  works  used  in  attacks  and  sieges  ;  the  latter 
appertains  to  the  more  general  purpose  of  securing 
towns,  forming  depdts,  commanding  important  si- 
tuations, defiles,  &c.,  protecting  harbours,  and,  in 
general,  tending  more  to  self-preservation,  and  to 
control,  than  to  the  annoyance  of  others,  or  to  the 
extension  of  dominion. 

This  important  science  is  again  sub-divided  into 
the  permanent  and  the  temporary :  the  former  being 
with  the  view  to  endure  the  test  of  ages,  while  the 
latter  is  confined  principally  to  operations  in  the 
field ;  and  such  works  are,  for  the  most  part  aban- 
doned so  soon  as  the  occasion  for  their  constractibn 
may  have  subsided. 

Defensive  fortification  consists  of  three  systems, 
each  of  which  has  its  particular  uses : 

1 .  That  which  is  usually  adopted  in  the  construction 
of  virorks  having  four  or  five  sides,  or  citadels,  vari- 
ous small,  or  detached  posts,  horn-works,  crown- 
works,  &c.,  where  the  exterior  of  the  defences,  that 
is,  between  the  salient  angles  of  the  two  bastions, 
does  not  exceed  350  yards. 

2.  The  next,  which  is  of  general  use,  and  forms  a 
very  considerable  portion  of  all  regular  fortifications, 
whose  exterior  sides  of  defence  may  be  from  350  to 
about  400  yards. 

3.  The  great,  which  is  principally  used  where  the 
exterior  of  the  defences  measures  more  than  380,  and 
as  far  as  500  yards,  or  perhaps  rather  more ;  it  is 
obvious,  that  very  extensive  fronts,  even  in  a  hexagon, 
or  figure  of  six  sides,  would  inclose  an  immense  area ; 
consequently  would  require  a  moderate  army  to  man 
the  defences.  Hence  we  generally*  find  this  system 
composing  only  part  of  the  works;  such  as  are  on  the 
borders  of  a  laike,  or  along  the  bank  of  a  river ;  while 
the  other  sides  are  composed  of  the  second,  or  mean 
system. 

Such  are  the  leading  features  and  application  of  the 
three  systems,  as  settled  by  the  celebrated  Vauban, 
and  adopted  by  the  most  distinguished  professors  oif 
our  own  time.  Occasional  deviations  have,  however, 
been  made  in  several  instances,  with  the  approbaticm 
of  military  men  ;  but,  for  the  most  part,  such  have 
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be«n  with  the  view  of  canTorming  to  loc«]  neceuKr, 
tad  of  f  Sectiag  a  uvin^,  either  of  materials,  where 
they  are  scarce,  or  to  duburaemeDt,  where  that  wa* 

We  now  come  to  the  description  of  the  wveraJ  de- 
fences, aa  regulated  by  Vanbao,  and  otheia  of  ac- 
kunwledged  military  skill. 

KortiScatioDs  ma^  be  coosidered  as  regalar,  when 
the  im;loaed  area  i»  of  such  a  form  as  can  be  in- 
scribed in  some  regular  fig;are ;  such  as  a  triangle,  a 
recttmgle,  a  circle,  or  an  ellipsis;  observing  that 
such  figure  should,  to  a  certain  extent,  suit  itaelf  to 
the  town,  &c.,  it  is  intended  to  protect. 

It  is  usual  to  divide  the  perimeter,  orwhole  outlme 
of  the  figure,  when  it  is  either  of  the  two  latter  forms, 
into  as  many  &ces.  or  portions,  as  may  admit  of 
suitable  defences  in  either  of  the  three  systems  al- 
ready detailed.  The  number  of  faces  must  be  regu- 
lated as  well  by  the  form,  aa  by  the  eitmt  of  the 
figure.  Smalt  circles  may  be  divided  into  five  or  six 
fiues  1  moderately  extensive  ovals  may  have  six  also, 
while  the  more  extensive  circles  and  ovals  will  re- 
quire an  additional  face  or  more,  in  order  to  reduce 
tiie  exterior  lines  of  defence  within  due  bounds  ;  so 
that  every  part  of  each  face  may  be  within  musket- 
shot  of  uioae  parts  whereby  it  is  flanked,  or  de- 
fended. Whenever  this  fundamental  pmctple  is 
disr^arded,  the  plan  will  be  proportionably  weaker, 
according  to  the  undue  prolongation  of  die  faces, 
and  the  consequent  deficiency  of  mutual  support. 

The  several  fronts  of  a  fortification  may  be  all  dis- 
similar, both  in  their  proportions  and  in  their  ex- 
tent; aa  also  in  the  number  and  conatructton  of  their 
several  outworks  ;  yet  the  whole  cannot  be  termed 
irregular.  Thus  tiie  two  enda  of  a  long  oval  may  be 
constructed  on  the  second,  or  mean  system ;  while 
each  of  the  two  long  sides  may  be  upon  the  third,  or 
ffreat  system.  One  end  may  have  a  hom-work  ;  the 
othera  crown-work  ;  the  lateral  faces  being  strength- 
ened with  ravelins,  lunettes,  tenailles,  or  other 
worka.  All  these  are  evidently  members  of  a  perfect 
whole,  and,  when  duly  combmed,  according  to  the 
rales  of  art,  form  a  complete  and  regular  defence, 
founded  on  approved  systems.  Bergen-op-zoom  af- 
fords one  of  the  roost  striking  instances  on  record  of 
a  purely  artificial  fortification ;  and  as  we  have  ad- 
duced one  instance  of  a  natural  fortification  in  which 
but  little  of  art  was  needed,  this  will  form  a  valuable 
contrast.  The  fortification  to  which  we  have  alluded 
is  in  reality  a  great  earth  work.  It  is  almost  level 
with  the  surrounding  country,  and  resembles  the  en 
graving  in  the  next  column  (  but  its  masonry  is  pro- 
tected by  masses  of  earth,  which  deadens  and  de- 
stroys the  effect  of  the  balls. 

When  the  number  of  faces  has  been  adjusted  and 
laid  down,  it  is  proper  to  decide  whether  the  works 
Mre  to  be  planned  outwards,  or  inwards,  from  the 
line  laid  down.  In  the  former  case  much  space  is 
gained  by  keeping  all  dear  within  that  line,  which, 
by  this  means,  becomes  the  interior  side :  in  the 
tatter  instance  the  line  becomes  the  exterior  side,  all 
the  works  being  raised  within  it,  which  conuderably 
diminishes  the  area  within  them. 

It  is  to  be  remembered,  that  in  laying  dovm  the 
plan  of  a  fortification,  the  several  lines,  describing  the 
outer  part  of  each  rampart,  exhibit  the  situation  of 
a  semicircular  projection  of  maaonry,  called  the  cor- 
don, which  is,  widi  few  exceptions,  made  at  the  top 
of  their  respective  facings  of  stone,  brick,  ficc.,  called 
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M.  Tbe  line  thus  following  the  du«etion  of 
the  cordon,  as  It  proceeds  along  the  works,  is  called 
the  principal. 


Areference  to  the  above  engraving  will  illustrate  the 
foregoing  description.  The  half  of  a  hexagon,  or  po- 
lygon of  six  equai  sides,  is  selected,  as  being  the  most 
appropriate  to  this  occasion.  The  line  AD  is  the 
diameter  of  the  circle  j  which  circle  having  been  di- 
vided into  sii  equal  parts,  each  equal  to  the  radius, 

semidiameter,  A  E,  or  E  D,  gives  Che  faces  formed 
by  the  [lasaage  of  the  rays  B  E  and  C  E,  through 
the  points  of  equal  division,  B  and  C.  Let  ns  sup- 
pose the  fortification  to  proceed  inwards  :  in  such 
case  the  lines  A  B,  B  C,  CD,  will  he  termed  exte- 
rior sides,  and  all  the  principal  will  be  formed  with- 
in them ;  whereas,  had  it  been  intended  to  cover 
more  ground,  and  to  keep  the  whole  of  the  area  con- 
tained within  the  lines  A  B,  B  C,  CD,  and  D C, 
clear,  the  principal  would  have  been  projected  out- 
wards, and  the  lines  AB.  B  C,  CD,  would  then 
have  been  termed  the  interior  side.  The  former 
mode  IS  in  use  when  the  exterior  of  the  defences  is 
first  marked  out,  and  has  its  separate  mode  of  for- 
mation ;  and  the  lattT  is  adopted  where  the  interior 
of  the  works  is  established  by  any  pre-existing  cir- 
cumstances, such  as  fortifying  an  old  town,  &c. ; 
and  proceeds  on  a  suitable  plan  of  projection.  The 
two  modes  correspond  perfectly,  giving  the  same 
angles  and  proportions ;  the  former  on  a  diminished, 
the  latter  on  an  extended  scale. 

The  interior  lines,  FG,  G  H,  H  I,  form  parallel 
faces  with  those  on  the  exterior  lines  A  B,  B  C,  C  D. 
If  it  were  required  to  fortify  outwards,  they  would 
be  the  bases  of  their  several  defences  respectively, 
and  the  measurements  would  be  taken  from  them,  in 
lieu  of  from  the  exterior  line.  We  shall  proceed  ac- 
cording to  the  latter  mode,  it  being  the  most  com- 
mon and  the  most  familiar. 

Tfa  fortify  iaioardi  from  on  txierior  line. — Let  the 
exterior  line  B  C  be  180  toisea  (each  toise  being  one 
fathom,  or  six  feet)  ;  bisect  it  in  d,  and  draw  the 
perpendicular  d  8,  ec^uH  to  one-sixth  of  the  exterior 
line  B  C,  namely,  thirty  toises.  Now  from  B  draw 
the  line  B  n,  passing  through  the  point  n ;  and  from 
C  draw  the  line  C  a,  intersectiog  B  «  in  n.     Set  off 
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My  tcttSM  from  tiie  points  B  and  C,  on  their  reqwc- 
tive  lines,  which  are  called  the  linee  of  defence,  giving 
B  #  and  C  19  for  the  faces  of  the  two  baatione.  With 
the  opening  /  w,  measnre  t  v,  and  wu,<m  the  lines 
ot  defence,  to  determine  their  proper  lengths,  so  as  to 
giTe  «  V  for  the  length  and  position  of  the  curtain ; 
next  draw  the  lines  /  v,  and  w  «,  either  curved  or 
straight,  for  the  flanks  of  the  bastions.  If  they  are 
to  be  curved,  which  are  generally  preferred,  the  points 
/  and  10  will  be  the  centres  of  equal  circles,  whereof 
the  two  flanks  will  be  equal  segments. 

Proceed  in  the  same  manner  with  the  other  two 
fronts,  A  B  and  C  D ;  you  will  thus  complete  two 
bastions,  3  and  4,  and  the  halves  of  two  more,  2  and 
5.  Next  measure  off  fifteen  toises,  and  draw  some- 
thing less  than  quadrants,  (Mr  quarters  of  circles, 
from  the  points  B  and  C ;  the  centres  of  those  quad- 
rants being  exactly  opposite  thereto,  place  your  scale 
so  that  you  may  draw  lines  from  the  ends  of  the 
quadrants  towards  the  shoulders  of  the  bastions,  but 
draw  no  farther  than  suffices  to  touch  upon  the  per- 
pendicular of  thirty  toises ;  thus  your  scale  would 
give  the  direction  fi9,  but  your  Ime  would  stop  a 
httle  below  d.  Thb  being  done  in  both  directions, 
and.  throughout  the  three  faces,  will  give  the  width 
of  the  ditch,  and  the  interior  lines,  or  re-entering 
angles  of  the  ravelins  O,  N,  K.  Tlie  body  of  the 
ravelin  is  formed  by  measuring  ten  toises  on  the 
face  of  each  bastion,  setting  off  from  the  shoulders  /  w 
towards  the  salient  or  projecting  angles  (there  called 
flanked  angln)  B  and  C.  An  openmg  of  the  com- 
imsses  equal  to  uw  (ortot  v),  with  the  ten  toises 
mcluded,  will  give  the  distance  of  the  salient  angle, 
o,  of  the  ravelin  N,  from  the  centre,  8,  of  the  curtain 
«  V,  The  sides,  or  faces,  of  the  ravelin  are  deter- 
mined by  lines  drawn  from  the  salient  angle  to  those 
points,  on  the  faces  of  the  bastions  3  and  4,  already 
set  off  at  ten  toises  each  from  their  respective 
shouldera,  t  and  w. 

It  should  have  been  stated  that  all  angles  project- 
ing outward  from  the  body  of  the  place,  are  called 
salient  angles:  for  instance, «,  B,  /,  of  bastion  3,  and 
e,  o,  e,  of  the  ravelin  N ;  while  such  angles  as 
point  invrards,  towards  the  body  of  the  place,  are 
designated  re-entering  angles ;  such  as  t,  u,  w,  on  the 
lines  of  defence  of  the  centre  face.  When  an  angle 
re-enten  at  such  a  position  in  the  outworks  that  its 
apex,  or  point,  cannot  be  seen,  and  consequently 
cannot  be  defended  from  the  body  of  the  place,  it  is 
called  a  dead  angle.  Such  cannot  easily  take  place 
where  the  smallest  attention  is  paid  to  the  most  or- 
dinary rules,  but,  wherever  found,  should  be  exploded 
from  the  defences,  either  by  cutting  off  a  large  part 
of  the  pinch,  or  narrowest  part,  and  substituting  a 
curtain,  or  by  new-modelling  the  defences  in  that 
part.  It  may  be  proper  to  observe,  in  this  place,  that 
works  intended  for  mutual  defence  should  never  ex- 
ceed an  angle  of  120^,  nor  be  less  than  60°.  The 
medium,  or  90°«  which  forms  a  right  angle,  generally 
considered,  is  indisputably  the  best  for  the  above 
purposes.  Where  batteries  stand  at  such  an  opoi- 
ing  that  tiieir  direct  fire  (that  is,  immediately  to 
their  own  front)  is  parallel  with  the  fhmt  of  the  part 
they  flank,  it  is  called  a  razant,  or  grazing  fire ;  but 
when  the  angle  is  less  than  90°,  so  that  the  direct  fire 
would  strike  upon  the  face  of  the  work  to  be  defended, 
it  is  termed  fishant :  both  have  their  uses,  but  the 
latter  is  rarely  adopted,  except  from  necessity, 
because  a  direct  fire,  at  right  angles,  may  be  made 


to  ploage,  by  giving  die  caBnoii  tat  indinatioii  more 
parallel  vrith  tibe  side  of  die  embrasure,  which,  being 
angular,  allowa  a  deviation  of  many  degrees  from  ths 
direct  fire. 

When  two  lines  form  a  very  acute  angle  with  each 
other,  they  no  longer  are  defences ;  for,  in  case  the 
enemy  should  carry  either  of  them,  he  would  be  able 
to  work  its  battery  against  the  other  line;  and  tiunigh 
the  fire  would  be  plonging,  and  that  too  at  a  fnak 
disadvantage,  yet,  as  many  shots  vFould  light  within 
the  embrasures,  the  parapet  would  speedily  be  de- 
stroyed. The  revetment,  or  masonry,  in  the  front  of 
the  line  so  plonged,  would  not  be  mudi  hurt,  as  It 
would  turn  off  uie  shots. 

Before  we  proceed  frrther,  it  is  expedient  that  the 
reader  should  examine  the  line  of  the  principal  work, 
foUovring  along  A,  o,  S,  r,  •,  B,  /,  u,  9,  w,  C,  b,  jr,  •, 
M,  D,  in  all  which  he  vrill  perceive  thafeveiy  part  is 
made  to  flank  some  other.  The  ravelins  6,  N,  K» 
will  be  found  to  give  great  security  to  their  several 
curtains,  S,  r,  a,  9,  and  y  • ;  while  at  the  same  time 
they  woukl  enfilade  whatever  approaches  might  be 
made  towards  the  salient  angles  of  the  bastions.  In 
examining  these  circumstances,  all  the  other  outworks 
must  be  exempted  from  consideration :  our  view 
must  be  confined  to  the  manner  in  which  the  gates  \fk 
the  curtains  are  protected ;  the  flanks  of  the  lotions 
concealed  from  every  part  but  the  line  of  their  direct 
fire ;  and  the  spaces  opposite  the  salient  angles  sub^ 
jected  to  a  heavy  cross  fire.  The  ravelins  them- 
selves stand  at  too  wide  an  angle  to  absolutely  flank 
each  other,  but  they  are  capable  of  scouring  the  gla- 
cis reciprocally,  and  would,  as  before  remarked* 
subject  the  besieger  to  a  dangerous  enfilade,  or 
flanking  fire,  were  he  to  proceed  without  due  atten- 
tion to  their  obnoxious  positions.  In  works  of  more 
sides,  where  the  angles  of  the  bastions  are  necessarily 
more  obtuse,  the  ravelins  are  throvm  more  towards 
a  right  angle  vrith  each  other,  and  afford  mutual 
support,  even  in  cases  of  assault. 

Ilie  communications  with  the  ravelins  are  effected 
by  the  aid  of  bridges,  when  wet  ditches  are  in  ques- 
tion, as  may  be  seen  in  the  third  face,  y  «,  where  the 
bridge  V  is  carried  over  from  the  curtain  to  the 
counterscarp,  or  outer  face  of  the  ditch,  so  as  to 
afford  access  to  the  ravelin  K,  in  which  is  the 
intrenched  redoubt  L.  The  double  lines,  T,  represent 
a  channel  of  about  fourteen  feet  broad,  and  abont 
six  or  seven  feet  deep,  made  in  all  ditches  that  are  at 
any  time  filled  with  water.  These  channels  are  called 
cunettes,  or  cuvettes;  they  are  usually  lined  with 
masonry,  and  kept  full,  so  as  to  prevent  surprise : 
when  the  water  is  allowed  to  fill  the  whole  ditch,  which 
should  generally  be  to  the  depth  of  nine  or  ten  feet, 
or  at  all  events  so  as  not  to  be  fordable,  the  cunette 
proves  a  formidable  obstacle. 

The  bridges  have  barriera  at  their  outer  ends,  and 
towards  their  inner  ends  generally  a  drawbridge,  be- 
sides one  that  lifts  immediately  under  the  gateway, 
to  which  it  gives  additional  strength.  The  very  small 
compass  allowed  for  the  exhibiting  of  such  figures  as 
are  indispensably  necessary  towards  the  right  under- 
standing of  the  subject,  absolutely  precludes  the  pos- 
sibility of  showing  the  dimensions  of  the  ramparts, 
&c.,  and  of  necessity  occasions  the  omission  of  many 
particulars  in  our  engraving.  In  the  common  modie 
of  building  ramparts,  with  a  revetment  of  masonry^ 
the  berm  should  be  at  least  ten  or  twelve  feet ;  and, 
where  only  turf  facing  is  used,  or  that  the  soil  with 
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wliidi  tlie  rampart  is  filled^  between  the  outer  and 
inner  faces  of  masonry,  is  of  a  loose  nature,  the  l^erm 
should  then  be  full  twenty  feet  broad.  Tlie  bnlk  of 
the  rampart  should,  however,  be  considered;  also 
whetiier  it  be  much  exposed  or  not;  for  on  these 
points  much  will  depend  as  to  the  probable  quantity 
of  battered  rubbish  to  be  sustamed.  There  used  to 
be  a  work,  called  the  fausse-brav,  carried  all  round 
the  principal  and  the  edge  of  tne  berm ;  its  inten- 
tion was  to  defend  the  ditch,  and  its  fire  was  indeed 
highf^  destructive;  but  the  &ciiity  with  which  it 
could  be  enfiladed  (for  it  was  necessarily  low) 
evinced  its  inutility  in  general:  the  immense  number 
of  splinters  falling  from  the  rampart,  immediately 
above,  was  another  formidable  objection.  The 
fausse-braye  is,  therefore,  out  of  repute ;  though  in 
some  fortifications  a  substantial  parapet  su[^lies  its 
place,  generally  of  masonry,  more  for  the  purpose  of 
stopping  the  rubbish  of  a  battered  rampart  than  for 
that  of  sheltering  troops.  Perhaps  the  strong  hedge 
adopted  in  many  instances  may  be  preferable :  to  say 
the  least,  it  is  far  cheaper,  and  almost  as  useful. 

The  first  drawbridge  (^erally  connects  with  the 
body  of  the  bridge  passm^  over  the  ditch,  and  is 
drawn  up  by  persons  standmg  on  the  brink ;  while 
that  drawbridge,  which  rises  close  up  against  the 
gate,  is  so  contrived  as  to  bury  itself,  for  at  least  its 
own  thickness,  into  the  masonry ;  while  its  edges  are 
secured  from  the  grazing  of  shots,  ranging  against 


the  wall,  and  the  possibility  of  wrenching  the  timber  jections  at  /  and  w,  called  orillons  ;  these  serve  not 


out  of  its  place  is  sufficiently  obviated.  The  gates 
usually  close  in  the  ordinary  way ;  and  over  them  a 
portaUlu  is  sometimes  suspended  horizontally,  its 
ninges  being  close  behind  tiie  gates  when  shut.  This 
immense  nuu^ine  resembles  a  very  large  harrow, 
and  lets  down,  much  like  the  ports  of  a  ship,  until  it 
hangs  vertically,  close  at  the  back  of  the  gates,  and, 
bein^  secured  with  long  iron  stays,  beams  of  wood, 
passmg  like  window-lMurs  into  the  wall,  and  other 
devices,  it  proves  adequate  to  the  repubion  of  even  a 
common  sized  petard.  Some  places  have  a  succession 
of  such  gates  and  portcullises,  one  behind  the  other, 
which,  added  to  the  casemates  being  lined  with  de- 
fenders, renders  it  almost  impossible  to  force  these  pas- 
sages. When  matters  are  d^ven  to  extremity,  owing 
to  the  ravelin  being  possessed  by  the  enemy,  and  by 
the  defences  on  the  curtain  and  flanks  being  raised, 
the  gateways  are  filled  up  vnth  rubbish,  either  loose 
or  in  bags,  8cc.,  so  that  uiey  are  no  longer  passable. 
The  unguarded  point  opposite  the  ang^e  B,  of  bastion 
3,  is  left  purposely  to  show  how  easily  a  besieging  army 
would  eflect  a  breach  at  that  angle,  provided  no  addi- 
tional outworks  were  supplied ;  for,  as  yet,  we  are  to 
consider  the  fortress  to  consist  only  of  the  principal 
and  the  ravelins.  A  suitable  train  of  battenng 
cannon  brought  to  act  upon  the  point  B,  while  other 
batteries  virere  employed  to  silence  the  faces  of  the 
adjacent  ravelins  O  and  N,  would,  in  a  very  few 
days,  effect  a  breach,  and  give  the  besiegers  a  com- 
mand of  the  ditch,  by  establishing  themselves  in  a 
lodgment  on  the  crest  of  the  glacis  g,  at  the  salient 
point  Q ;  whence  they  would  batt«r  the  flanks  o  S, 
and  10  V,  Then,  as  nothing  could  oppose  their  pas- 
sage over  the  ditch,  which  if  wet  would  be  passed  by 
aiqp  (that  is  to  say,  by  filling  up  with  fasdnes,  &c.), 
the  angle  B  would  be  carried  by  storm ;  for  the  mat- 
ter would  obviously  rest  on  the  numbers  and  on  the 
personal  prowess  of  the  contending  forces.  The  issue 
^  such  affurs  have  been  so  various,  that  it  would  be 


presumption  to  say  the  beslegert  must  cueceed ;  but 
if  the  breach  be  practicable,  and  the  internal  state 
of  the  bastion  as  seen  at  No.  3,  even  though  there 
should  be  an  intrenchment  of  the  gorge,  from  r  to  a, 
the  chances  would  be  in  their  favour  after  the  breach 
was  f;ained.  Tliis  mode  of  defence  is  perhaps  the 
best  m  hollow  bastions  (that  is,  in  such  as  are  not 
solid,  but  have  deep  areas  within  them  level  with  the 
streets  of  the  town,  &c.,  called  the  terre-pleine) ;  but 
in  a  solid  bastion  some  defences  should  be  internally 
constructed  while  the  breach  is  making :  of  this  some 
idea  may  be  formed  by  the  flanked  angle  in  bastion 
4,  where  a  rampart  and  ditch  are  made,  to  force 
ti^ose  who  may  ascend  the  breach  to  quit  the  bastion. 
The  gorge  may  also  be  fortified  as  in  bastion  3, 
whereby  much  time  may  be  gained;  a  matter  often  of 
tiie  utmost  importance,  ei£er  from  expectation  of 
succours,  or  to  favour  the  evacuation  of  the  fortress 
altogether. 

In  bastions  No.  3  and  4,  the  flanks  i  «,  and  w  v, 
are  not  only  curved,  but  they  are  double,  presenting 
of  course  two  tiers  of  cannon,  of  whidi  the  upper 
stand  on  the  bastion,  while  the  lower  are  just  below 
the  level  of  the  berm,  whereof  tiiey  constitute  a  part, 
and  cannot  be  discovered  beyond  the  crest  of  the 
glads.  These  latter,  therefore,  cannot  be  battered 
from  the  approaches  in  the  early  stages  of  a  siege ; 
they  lay,  as  it  were  perdue,  in  reserve  for  the  defence 
of  the  ditch.     There  are  two  littie  semicircular  pro* 


only  to  cover  the  flanks  t  u  and  w«  from  enfilade,  but 
eacji  mounts  a  gun  whidi  cannot  be  perceived  until 
halfway  over  the  Inridge,  and  which  serves  to  ddfend 
the  gate  when  assaulted,  as  well  as  to  take  the  assail* 
ants  in  flank  and  partiy  in  reverse  (i.  e.  from  behind) 
as  they  advance  to  the  attack.  They  are  espedally 
useful  when  a  tenailie,  as  seen  at  P,  is  constructed  in 
the  dry  ditch  before  the  curtain  S  t;  for  when  tiiose 
who  were  placed  in  the  tenaiUes  which  command  the 
interior  of  the  ravelin  O,  and  of  the  redoubt  Q,  may 
be  attadied  in  flank,  and  be  obliged  to  retreat  into  the 
prindpal  along  the  caponnaire  P  A,  these  guns  pour 
m  grape  along  the  interior  of  the  tenailie,  when  it  is 
in  the  hands  of  the  enemy,  and  enfilade  so  as  to 
cause  its  abandonment. 

The  caponnaire  is  a  passage  made  between  two 
parapets,  each  having  a  long  talus,  or  slope,  out- 
wards, as  expressed  by  the  small  lines  diveiging  from 
the  path.  It  is  commanded  by  (that  is  to  say,  open 
to  the  fire  of)  the  flanks  o  S,  and  t  r,  and  tiie  centre 
of  the  curtain  S  r. 

Having  established,  by  this  exposition,  the  abso- 
lute necesdty  for  adding  exteriorly  to  the  defence  of 
the  principal,  we  shall  now  proceed  to  give  a  general 
insight  into  the  various  modes  of  constructing  the 
oth^  outworks;  all  being  so  designated  which  do 
not  come  within  the  prindpal,  or  body  of  the  place. 
The  reader  should  understand  that  every  outwork, 
as  it  is  placed  more  distant  from  the  prindpal,  must 
have  a  less  elevation  from  the  terre-pleine,  or  level  of 
the  area,  on  which  the  walls  of  the  principal  are 
founded.  Thus  we  find,  that  a  line  drawn  from  the 
foot  of  the  glads  f,  at  0,  opposite  to  the  flanked  angle 
of  the  bastion  C,  m  the  hom-vFork  M,  carried  throi^^ 
the  centre  all  the  way  up  to  e,  which  is  the  centre 
of  the  polygon,  should  graze  the  crests  or  inner  sum- 
mits of  all  the  parapets  standing  in  that  line :  this 
is  called  the  defilement  of  the  ramparts.  By  such  a 
constmction,  it  must  be  obvious  that  every  work 
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added  is  a  •creco  to,  but  k  comnMmdwi  by,  that 
widun  it :  that,  tiie  battioii  C,  in  tlie  crown- work 
M,  is  a  screen  to  the  rarelin  N,  and  that  again  to 
the.  cortain  a  v ;  while  the  intrenchments  //  cor- 
respond in  height  with  the  flanks  of  the  horn- work* 
so  as  to  be  under  the  command  of  the  ravelin  thon^ 
they  command  all  that  portion  of  M  which  is  in  thnr 
front;  and  would  continue  to  do  so  nnl^  tiie  be- 
siegers should  construct  batteries  in  the  gorges'of  the 
bartions  b,  C  b,  or  elsewhere,  and  render  Y  /  un- 
tenable. \ 

The  ang^e  C,  of  bastion  4,  is  covered  by  the/poun- 
terguard  7,  which  not  only  has  that  effect,  batfso- 
tacts  the  adjacent  tenaillon  R,  and  can  plonge  upon 
tilt  adjoining-  flank  of  the  crown- work  M.  M  a 
still  farther  covering  to  the  bastion  4,  a  fleche,  9>  is 
added,  parallel  to  t^  counterguard,  at  the  foot  of  its 
glacis,  serving  to  render  the  attack  more  tedious  and 
difficult,  by  compelling  the  besiegers  to  commence 
Aeir  approaches  at  a  greater  distance,  where  they 
are  more  generally' subject  to  the  fire  of  the  bastions, 
Ike.,  of  the  crown- work.  The  flecbe,  or  arrow-head, 
should  properly  extend  equally  each  way,  having 
both  fsces  alike,  but  that  is  not  of  any  moment,  and 
might  have  a  second  glacis ;  it  is  connected  with  the 
counterguard,  or  with  the  crown-work,  or  with  the 
tenaillon,  by  means  of  a  sortie,  or  winding  passage 
cut  through  the  glacis,  or  by  a  caponnier,  as  in  the 
figure,  intercepted  with  traverses,  which  will  be  duly 
explained  when  treating  of  the  covert-way. 

The  ravelin  K  b  dc»fended  within  by  the  redoubt 
L,  surrounded  bv  a  dry  ditch.  This  redoubt  should 
not  be  too  high,  because  it  would  else  serve  to  shelter 
the  enemy  in  case  they  should  succeed  in  silencing 
the  faces  of  C  b,  and  m  D,  of  the  corresponding  bas- 
tions 4  and  5.  The  small  work  S  is  a  lunette,  which 
must  be  carried,  or  silenced,  before  the  ravelin 
can  be  breached  in  that  part ;  and,  indeed,  before 
any  lodgment  can  be  made  opposite  to  the  flanked 
angle  D,  of  the  bastion  5.  The  lunette  must  be 
lower  than  the  ravelin,  from  which  it  properly 
derives  its  defilement,  as  will  be  hereafter  explamed. 

The  tenaillon  is  a  very  important  conjunctive  to 
the  ravelin  K ;  it,  in  fact,  doubles  its  force  on  that 
side,  and  prolongs  the  battery  of  its  other  face ;  it 
flanks  the  counterguard,  and  its  direct  fire  is  a  great 
protection  to  the  demi-bastion  b,  on  that  side  of  the 
horn-work,  as  well  as  to  the  whole  &ce  of  its  rave- 
lin a;  it  commands  the  fleche;  and,  being  itself 
commanded  by  the  ravelin  K,  and  by  the  (ace  C, 
and  the  counterguard,  cannot  be  occupied  by  an 
enemy  while  any  of  these  three  works  remain  in  force. 

With  respect  to  the  construction  of  the  counter- 
guard,  lunette,  and  tenaillon,  they  are  not  upon  any 
exact  scale  in  proportion  to  the  principal,  as  the 
ravelin  is ;  but,  though  not  perfectly  arbitrary,  their 
formations  depend  on  some  general  roles,  which 
should  invariably  be  had  in  view.  The  counter- 
guard  is  always  placed  on  the  counterscarp,  its  front 
immediately  behmd  the  glacis,  and  its  rear  generally 
being  a  continuation  of  the  revetment  of  the  counter- 
scarp, so  that  the  passage  lies  along  its  terre-pleine, 
or  battery.  This  kind  of  work  may  be  of  any  extent ; 
that  is,  it  may  proceed  from  ravelin  to  ravelin 
without  interruption ;  or  it  may  break  off  where  it 
enters  a  lunette,  a  tenaillon,  or  a  redoubt ;  or  it  may 
be  only  formed  of  two  parallels  equal  in  length  with 
the  faces  of  the  bastion.  On  account  of  the  number 
of  men  required  for  the  defence  of  extensive  out- 


works, conntergnards  are  advantageously  made  hol- 
low, having  casemates  cova«d  with  bomb-proofr, 
their  parapets  being  solid  masonry :  their  entrances, 
at  eadi  end,  are  secured  by  barriers  and  drawbridges ; 
and  their  walls  may,  in  places,  be  pierced  with  loop- 
holes, through  which  musketry  may  be  discharged 
against  assailants. 

Casemates  are  likewise  made  on  each  side  of  pos- 
terns, or  arched  passages  through  the  faces  of  rave- 
lins ;  there  are  alwajrs  drawbridges  and  bamers  in 
such  situations,  as  also  at  the  cuts  through  the 
lunettes,  &c.,  vHiich  lead  through  the  covert- way  to 
the  esplanade,  and  axe  called  sorties.  The  necessity 
for  casemates  must,  generally,  depend  on  the  quan- 
tity and  distance  of  outworks  from  the  body  of  the 
place  :  it  should  be  a  rule  never  to  place  an  outwork 
so  that  it  could  be  cut  off,  without  receiving  aid  from 
some  sufficiently  strong  and  contiguous  part.  Were 
this  neglected,  the  enemy  would  not  fail  to  surround 
sudi  ill-judged  detachments,  and  to  a  certainty  carry 
them  off  during  the  night.  Admitting  this  principl^ 
the  fleche  9  would  be  subject  to  the  foregoing  evil,  if 
there  were  not  a  strong  body  of  troops  stationed  in 
the  counterguard,  or.  ti^  flank  of  the  crown-work,, 
from  which  detachments  could  be  sent  without 
delay. 

Lunettes  are  generally  constructed  by  producmg 
their  faces  at  about  one-half  the  length  of  the  rave- 
lin, which  they  flank  at  right  angles*,  their  own 
flanks  are  drawn  perpendicular  to  the  frtce  of  the 
bastions  which  command  them,  generally  falling; 
about  the  middle  of  such  face.  Sometimes  the  lu- 
nette is  separated,  by  a  narrow  fosse,  from  the  body 
of  the  ravelin ;  in  oUier  instances,  its  face  joins  that 
of  the  ravelin,  the  fosse  being  arched  over,  and  a 
battery  placed  on  the  arch,  by  which  the  ditdi  of  the 
ravelin  is  scoured.  The  face  of  the  lunette  gives  a 
direct  fire  towards  the  glacis,  before  the  salient  angle 
of  the  bastion  5. 

Tenaillons  are  sometimes  made  on  each  side  of  a 
ravelb ;  and  even  beyond  them  a  small  detached  ra- 
velin, or  a  bonnet*  is  sometimes  added.  The  rule  for 
constructing  a  tenaillon  is,  to  prolong  the  other  face 
of  the  ravelin,  thereby  to  make  its  fr^nt,  and  to  de- 
termine the  length  of  that  front  by  a  flank  drawn 
perpendicular  to  the  centre  of  the  face  of  that  bas- 
tion before  which  the  tenaillon  stands ;  as  is  seen  in 
the  tenaillon  R,  standing  in  front  of  the  bastion  4, 
and  covering  the  face  of  the  ravelin  K. 

Redoubts  standing  in  ravelins,  being  intended  as 
a  resort  for  the  troops  driven  from  the  defences  of  its 
faces,  and  requiring  great  strength  of  defenders, 
should  invariably  be  casemated  throughout,  in  the 
most  substantial  manner ;  they  may  not  only  mount 
batteries  on  their  ramparts,  which  should  command 
those  of  the  ravelins  wherein  they  are  placed,  but 
they  may  be  pierced  below  with  abundance  of  loop- 
-holes, and  with  embrasures  for  cannon,  provided  the 
ditch  be  of  sufficient  depth  and  width  to  prevent, 
assault,  and  that  the  interior  of  the  ravelin  he,  as  it 
ought,  perfectly  level,  and  contain  nothing  to  Conceal 
the  enemy :  in  each  redoubt  there  should  be  a  small 
expense  magazine,  and  in  every  outwork  one  or  more 
wells  should  be  made,  if  practicable,  of  sufficient 
capacity  to  supply  plenty  of  water. 

Redoubts  made  to  flank  other  works  can  have  no 
fixed  rule ;  they  are  generally  placed  to  most  advan- 
tage, and  their  frt>nts  are  always  disposed  towards 
those  parts  of  the  exterior  which  stand  in  need  oC 
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•och  irapport.  lo  «nne  place*,  u  at  Q,  tbe^  are 
made  more  to  cover  a  weak  point,  than  with  any  im- 
mediate view  to  protiactiug  tbe  aaaaDlt ;'  the  want  of 
ft  redoubt,  or  some  other  work,  on  the  other  side  of 
tbe  bastioa  O,  serves  to  prove  the  utility  of  that  at 
Q 1  it  being  evident,  that  could  an  enemy's  battery 
be  placed  anywhere  about  C  o,  that  is,  ia  a  position 
to  batter  the  bastion  3,  the  greater  part  of  the  de- 
fences of  the  principal  would  be  subjected  to  mis- 
chief; and  that,  as  the  approaches  should  advance 
upon  the  glacis,  the  ravelins  N  and  O  would  be  in 
ft  measure  cut  off  from  all  connection  with  the  cur- 
tains S  r,  and  ho.    We  suppose  the  crown- work  M 

We  now  come  to  speak  of  the  crowa-work ;  it  is  a 
part  <^  immeiue  importance,  aod  shonld  be  rendered 
a»  strong  and  eBScient  as  possible,  lliia  kind  of 
fortification  is  built  on  various  accounts,  viz.,  to  oc- 
cupy ground  which,  being  left  at  the  disposal  of  an 
enemy,  might  prove  of  considerable  injury  to  the 
body  of  the  [dace ;  to  inclose  buildings  that  could 
not  be  iacluded  within  the  principal ;  to  defend  a 
promontory,  or  a  projectiOD.  covering  a  harbour;  to 
pndong  a  line  of  works,  and  other  causes  which  the 
locality  may  suggest.  When,  however,  a'  piece  of 
ground,  which  stands  higher  than  could  be  com- 
manded from  the  works  of  the  principal,  is  to  be  oc- 
cupied, a  crown-work  would  be  improper :  in  such 
case,  a  citadel  is  advantageously  made  on  the  superior 
ground ;  observing  that,  in  lieu  of  a  ravelin  being  at 
N,  there  would  be  a  complete  defensive  face,  apper- 
tainii^  to  the  citadel  commanding  the  works  of  the 
fortress,  which,  instead  of  presenting  defences  along 
the  centre  B  C,  should  rather  lay  (weu  to  the  bat- 
teries of  the  citadel.  These  Utter  shoiild  commantl 
tbe  whole  interior  of  the  polygon,  and  be  well  case- 
mated  throughout,  for  the  saA  lodgment  of  all  the 
garrison,  and  for  the  safe  keeping  of  provisions  and 
suires,  for  sii  months  at  least.  The  instances  on 
record  of  citadels  holding  out  for  a  long  time,  should 
render  their  use  more  common,  especially  where  the 
ground    favours    their   command   of  all   the   other 

Although  we  have,  in  tracing  the  defilement  of  the 
ramparts,  from  the  point  0,  to  the  centre  of  tbe 
polygon  £,  laid  it  down  as  a  general  rule,  that  the 
ascent  of  the  works  should  assimilate  to  that  line ; 
yet,  in  such  very  spacious  defences  as  crown-works 
sometimes  are  (for  their  area  is  occasionally  equal 
to  a  third  of  that  within  the  interior  line  of  the  po- 
lygon), some  exceptions  will  take  place;  especially 
when  the  ravelins  opposite  to  the  faces  of  the 
crown-work  are  defended  by  still  farther  advanced 
outworks  :  then  the  angle  of  defilement  would  be  so 
acute,  from  the  terre-pleine,  or  horizon,  as  to  < 
scarce  any  difference  between  the  heights  of  tbe  i 
lins,  and  of  the  baations  of  the  crown- work ;  a 
ter  of  obrious  impropriety.  Hence  it  is  often  a 
■ary  to  give  the  ramparts  of  a  crown-work  rather 
more  height  than  the  line  of  defilement  might  allow ; 
raiaing  the  ravelin  and  its  intrenchments,  and  mak- 
ing cavaliers,  as  instanced  in  tbe  bastion  C,  of  the 
crown-work,  on  the  solid  bastions  3  and  4,  so  as  to 
command  the  whole  of  the  crown-work  completely. 
A  moineau,  or  Sat  bastion,  of  similar  height  with 
the  cavaliers,  may  be  made  in  the  centre  of  the 
tain  a  v,  for  the  same  purpose. 

Cavalier*  are  of  singuLu  use  on  many  otlier  occa- 
■UHU,  to  which  their  form  should  be  accomiuodated 
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that  in  tbe  bastion  «  of  the  crown-work,  is,  from  its 
shape,  termed  a  horse-shoe;  the  fiaCness  of  its  front 
it  applicable  to  the  situation  it  there  holda,  because 
it  opposes  a  direct  fire  towards  the  point  0  ;  but  its 
circular  tendency  gives  its  front  a  bias  towards  the 
inner  parts  of  the  faces  of  the  ravelins,  while  its 
flanks  present  a  direct  fire  into  tbe  ravelins  them- 
selves, and  give  an  oblique  fire  into  the  opposite 
ditches,  whereby  an  assault  of  breaches  in  the  sa- 
lient angles  of  the  demi-Jiastions  b  b,  would  become 
very  haurdous. 

We  have  already  observed,  that  many  outworks 
might  be  shown  in  addition  to  those  given  to  tbe 
face*  of  tbe  crown- work,  such  as  lunettes,  tenailles, 
tenaillons,  fieches,  advanced  lunettes,  redoubts,  bon- 
nets, &C.;  but  we  apprehend  the  reader  will,  from 
the  previous  details,  and  tbe  engraving  to  which  they 
refer,  be  able  to  acquire  a  good  geneisJ  knowledge  on 
the  subject. 


In  the  above  engraving  we  give  a  view  of  tbe  most 
destructive  species  of  missile  which  has  yet  been 
brought  to  bear  on  r^ular  fortifications.  Tbe  mortar- 
battery,  which  is  seen  in  operation,  is  usually  placed 
near  the  rociiet  corps,  and,  when  their  labours  are 
undisturbed,  tbe  most  scientific  fortifications  are 
ipeedily  demolished.  An  instance  of  this  occurred 
tt  Antwerp,  when  the  weight  of  the  shells,  and  the 
destructive  character  of  a  newly -discovered  rocket 
fire,  in  a  few  days  accomplished  what  it  would  have 
taken  months  to  effect  by  tbe  ordinary  means  (^ 

Fossil..     See  Oboakic  Rbkiins. 


sea  or  at  anchor,  which  is  performed  by  fastening  a 
sail  at  the  four  comers,  letting  it  down  under  tbe 
ihip's  bott(»n,  and  then  pntting  a  quantity  of  chop- 
ped rope-yarn,  oakum,  wool,  cotton,  fcc,  between 
it  and  the  ship's  side. 

FauNDATioN,  in  arehilteturm,  i*  that  part  of  a 
buildbg  which  is  under  gronud,  and  which.  Palladio 
makes  as  deep  aa  one  fourth  p^rt  of  the  height  of.  tbe 
whole  building,  unless  there  be  cellars,  when  it  may 
be  somewhat  lower. 

FooNDEE ;  an  artist  who  casts  metals  in  varioas 
forms,  for  different  uses,  as  guns,  bells,  statues,  fee. 

FooNoaa,  in  wo  laatgtage.  A  ship  is  said  to 
founder  when,  by  an  extraordinary  leak,  or  by  a  great 
sea  breaking  in  upon  her,  she  is  so  filled  with  water, 
that  she  cannot  be  freed  of  it ;  so  that  she  can  neither 
veer  dot  steer,  but  lies  like  a  log)  and,  not  being  able 
to  swim  along,  will  at  last  sink. 

FouNOEBT,  or  FouNDBv  1  the  art  of  casting  all 
sorts  of  metals  into  different  forms.  It  likewise  sig- 
nifies the  workshop,  or  smelting-bouse,  in  which 
these  opentions  are  performed.  The  sand  used  for 
casting  is  ot%  soR,  yellowish,  and  clunmy  nature; 
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but  it  being  necessary  to  strew  charcoal-diist  in  the 
moald,  it  at  length  becomes  of  a  black  coloor.  This 
sand  is  worked  over  and  over,  on  a  board  with  a  rol- 
ler and  a  sort  of  knife ;  bemg  placed  over  a  trough 
to  receive  it,  after  it  is  by  these  means  snflkiently 
prepared. 

This  done,  they  take  a  wooden  board  ot  a  length 
and  breadth  proportional  to  the  things  to  be  cast, 
and  putting  a  ledge  ronnd  it  they  fill  with  sand,  a 
little  moistened  to  make  it  duly  cohere.  Then  they 
take  either  wood  or  metal  models  of  what  they  in- 
tend to  cast,  and,  applying  them  to  the  monld,  press 
them  into  ^e  sand  so  as  to  leave  their  impression 
there.  Along  the  middle  of  the  mould  is  laid  half  a 
small  brass  cylinder,  as  tiie  chief  canal  for  the  metal  to 
run  through,  when  melted,  into  the  models  or  pat- 
terns ;  and  from  this  chief  canal  are  placed  several 
otiiers,  which  extend  to  each  model  or  pattern  placed 
in  the  frame.  After  thb  frame  is  fimshed,  th^  take 
out  the  patterns,  by  first  loosing  them  all  round,  that 
the  sand  may  not  give  way. 

Then  they  jprqc^  to  work  the  other  half  of  the 
mould  with  the  same  patterns,  in  a  similar  frame, 
only  that  it  has  pins,  which,  entering  into  holes  that 
correspond  to  it  in  the  other,  make  the  two  cavities 
of  the  pattern  hH  exactly  on  each  other. 

The  frame  thus  moulded  b  carried  to  the  melter, 
who,  after  extending  the  canal  of  the  counterpart,  and 
adding  the  cross  canals  to  the  several  models  in  both, 
and  strewing  dust  over  them,  dries  them  in  a  kind  of 
oven  for  that  purpose. 

Both  parts  of  Vie  mould  being  dry,  they  are  joined 
together  by  means  of  the  pins ;  and  to  prevent  their 
giving  way,  by  reason  of  the  melted  metal  passrnff 
through  the  chief  cylindrical  canal»  they  are  screwed 
or  wedged  in  a  sort  of  press. 

While  the  numlds  are  thus  preparing,  the  metal  is 
ftwing  in  a  crucible,  of  a  size  proportionate  to  the 
ijttantity  of  metal  intended  to  be  cast. 

Some  of  the  founders'  ftimaces  are  like  a  smith's 
fbrge,  others  stand  a  few  feet  under  ground,  for  the 
more  easily  and  safely  taking  out  a  weighty  pot  of 
metal ;  which  is  done  by  means  of  circular  tongs 
that  grasp  round  the  top  of  the  crucible.  When  the 
qietal  is  melted,  the  urorkman  pours  it  through  the 
c^ef  canal  of  each  mould,  which  conveys  it  to  every 
distinct  pattern. 

When  the  moulds  ara  cool,  the  frames  are  un- 
screwed, or  unwedged,  and  the  cast  work  taken  out 
of  the  sand,  which  sand  is  worked  over  again  for 
other  castings. 

Fhunthty  of  9tatue8.  The  casting  of  statues  de- 
pends on  tiie  due  preparation  of  the  pit,  the  core,  the 
wax,  the  outer  mould,  the  inferior  ftimace  to  melt  off 
the  wax,  and  the  upper  to  ftise  the  metal.  The  pit  is 
a  hole  dug  in  a  dry  place  something  deeper  than  the 
intended  figure,  and  made  according  to  the  pro- 
minence of  certain  parts  tiiereof.  The  inside  of  the 
pit  is  commonly  lined  vnth  stoni,  or  brick ;  or,  when 
uie  figure  is  very  large,  they  sometimes  work  on  the 
ground,  and  raise  a  proper  fence  to  resist  the  impul- 
sion of  the  melted  metal. 

The  inner  mould,  or  core,  is  a  rude  mass  to  which 
is,  given  the  intended  attitude  and  contours.  Is  is 
raised  on  an  iron  grate,  strong  enough  to  sustain  it, 
and  is  strengthen^  within  by  several  bars  of  iron. 
It  is  generally  made  either  of  potter's  clay,  mixed 
with  lutir  and  norse-dung,  or  of  plaster  of  Paris  mixed 
brick-dust.    The  use  of  the  core  is  to  support 


die  wax,  the  shell,  and  lessen  the  weight  of  tiit 
metal.  The  iron  bars  and  the  core  are  tak^  out  of 
the  brass  figure  through  an  aperture  left  in  it  for  that 
purpose,  which  is  soldered  up  afterwards.  It  is  ne- 
cessary to  leave  some  of  the  iron  bars  of  the  core  that 
contribute  to  the  steadiness  of  the  projecting  part 
within  the  brass  figure. 

The  wax  is  a  representation  of  the  intended  statue. 
If  it  be  a  piece  of  sculpture,  the  wax  should  be  all  of 
the  sculptor's  own  hand,  who  usually  forms  it  on  the 
core ;  though  it  may  be  modelled  separately,  in  cavi- 
ties moulded  on  a  model,  and  afterwards  arranged  on 
the  ribs  of  iron,  filling  the  vacant  space  in  the  middle 
with  liquid  plaster  and  brick  dust,  whereby  the  inner 
core  is  proportioned  as  the  sculptor  carries  on  the 
wax. 

When  tiie  wax,  which  is  the  intended  thickness  of 
the  metal,  is  finished,  they  fill  small  waxen  tubes 
perpendicular  to  it  from  top  to  bottom,  to  serve  botii 
as  canals  for  the  conveyance  of  the  metal  to  all  parts 
of  the  work,  and  as  vent-holes  to  give  a  passage  to  the 
air,  which  would  otherwise  -occasion  great  disorder 
when  the  hot  metal  came  to  encompass  it 

The  work  being  brought  thus  fkr,  must  be  covered 
with  its  shell,  which  is  a  kind  of  crust  iakt  over  the 
wax,  and  which,  being  of  a  soft  matter,  easily  receives 
the  impression  of  every  part,  which  is  afterwards 
communicated  to  the  metsi  upon  its  taking  the  place 
of  the  wax,  between  the  shell  and  the  mould.  The 
matter  of  this  outer  mould  is  varied  aoooiding  as 
different  layers  are  applied.  The  first  is  generally  a 
composition  of  clay  and  old  white  crudblee  well 
ground  and  sifted,  and  mixed  up  with  water  to  the 
consistence  of  a  colour  fit  for  painting :  aocoidingty 
they  apply  it  with  a  pencil,  laying  it  seven  or  eight 
times  over,  and  lettmg  it  dry  between  whiles.  For 
the  second  impression  they  add  horse-dung  and  na- 
tural earth  to  the  former  composition.  The  third 
impression  is  only  dung  and  earth.  Lastly,  the  shell 
is  finished  by  laying  on  several  more  impressions  of 
this  last  matter,  made  very  thick  widi  the  hand. 

The  shell,  thus  finished,  is  secured  by  several  iron 
girto  bound  round  it,  at  about  half  a  foot  distance 
from  each  other,  and  fastened  at  the  bottom  to  the 
grate  under  the  statae,  and  at  top  to  a  circle  fk  iron 
irhere  they  all  terminate. 

If  the  states  be  so  lai^  that  it  would  not  be  easy 
to  move  the  moulds  with  safoty,  tii^must  be  formed 
on  the  spot  where  it  is  to  be  cast.  This  is  pofbrmed 
two  ways :  in  the  first,  a  square  hole  is  dug  under 
ground,  much  laiger  than  the  mould  to  be  made 
herein,  and  ito  inside  lined  with  walls  of  freestone 
or  brick.  At  the  bottom  is  made  a  hole  of  the  same 
materials,  with  a  kind  of  ftu-nace,  having  its  aperture 
outwards :  in  this  a  fire  is  made  to  dry  the  mould, 
and  afterwards  melt  tiie  wax.  Over  this  ftimace  is 
placed  the  grate,  and  upon  this  the  mould,  &c,fonned. 
as  above.  Lastly,  at  one  of  the  edges  tk  the  square 
pit  is  made  another  large  ftimace  to  melt  the  metal. 
In  the  other  way,  it  is  sufilcient  to  work  the  mould 
above  ground,  but  with  the  sameprecaution  of  a  ftir- 
nace  and  grate  underneath.  When  finished,  four 
vralls  are  to  be  run  around  it,  and  a  melting  ftirnace 
prepared.  For  the  rest,  the  method  b  Uie  same  in 
bom.  The  mould  being  finbhed,  and  inclosed  a» 
described,  whether  under  ground  or  above  it,  a  mo- 
derate fire  is  lighted  in  the  furnace  under  it,  and  the 
Whole  covered  with  planks,  that  the  wax  may  melt 
gently  down,  and  run  out  at  pipes  contrived  for  that 


FOUNT FOUNTAIN-PtJMP. 


567 


purpose,  at  tlie  foot  of  the  mould,  which  are  after- 
wai^  exacdy  dosed  with  earth,  to  soon  as  the  wax 
la  carried  c^.  This  done,  the  hole  is  filled  np  with 
htidkB  thrown  in  at  random,  and  the  fire  in  the  fbr- 
naoe  angmented  till  sndi  time  as  hoth  the  bricks  and 
mimld  become  red  hot.  After  this,  the  fire  being  ex- 
tinguished and  every  thing  cold  again,  they  take  out 
the  bricks  and  fill  up  their  places  with  earth,  moist- 
ened and  a  little  beaten,  to  the  top  of  the  mould,  in 
order  to  make  it  the  more  firm  and  steady.  These 
preparatory  measures  being  duly  taken,  there  remains 
nothing  but  to  melt  the  metal,  and  run  it  into  the 
raould«  This  is  usually  the  office  of  a  distinct  work- 
man. The  furnace  is  commonly  made  in  the  form 
of  an  oven,  with  three  apertures,  one  to  put  in  the 
fuel,  another  for  a  vent,  and  a  third  to  run  the  metal 
out  at.  From  this  last  aperture,  which  is  kept  very 
close  while  the  metal  is  infusion,  a  small  tube  is 
laid,  by  which  the  metal  is  conveyed  into  a  large 
earthen  basin  over  the  mould,  into  the  bottom  of 
which  all  the  large  branches  of  the  jets  or  casts, 
which  are  to  convey  the  metal  into  the  various  parts 
of  the  mould,  are  inserted. 

Hiese  casts  or  jets  are  all  terminated  with  plugs, 
which  are  kept  close,  that)  upon  opening  the  furnace, 
the  metel,  which  gushes  out  vrith  violence,  may  not 
enter  any  of  them  till  the  basin  be  full  enough  of 
metal  to  run  into  them  all  at  once:  upon  which 
occasion  they  pull  out  the  plugs,  which  are  long  iron 
rods  with  a  head  at  one  end  capable  of  fitting  the 
whole  diameter  of  each  tube.  The  whole  of  the  inr- 
nace  is  opened  with  a  long  piece  of  iron  fitted  at  the 
end  of  eadk  pole,  and  the  mould  filled  in  an  histant. 
This  completes  the  wcark  in  relation  to  the  casting 
part ;  the  rest  being  the  sculptor's  or  mason's  busi- 
ness, who,  taking  the  figure  out  of  the  mould  and 
taath  wherewith  it  is  encdmpassed,  saws  off  the  jets 
with  whidi  it  appears  covered  over,  and  repairs  it 
with  chisels,  gravers,  punches,  kc» 

Fount,  or  Font,  in  h/pofrapkif ;  a  set  of  types, 
which  includes  running  letters,  large  and  small  capi- 
tids,  single  letters,  double  letters,  points,  lines, 
numerals,  &c. ;  as  a  fount  of  En^^ish,  Pica,  Bour- 
geois, &c  A  fount  of  100,000?diaracters,  which  is 
a  common  fount,  would  contain  SOOO^types  of  a, 
3000  of  e,  11,000  of  e,  6000  of  I,  3000  of  m,  and 
about  40  or  50  of  Ir,  07,  and  jr.  But  tins  is  only  to 
be  understood  of  the  lower-case  types,  those  of  the 
upper  case  having  other  proportions,  which  we  need 
not  here  enumerate. 

Fountain,  or  Artificial  Fountain,  in  Aycirott- 
Ijct;  a  machine  or  contrivance  by  which  water  is 
violently  spouted  or  darted  up ;  called  also  Kjtt  (f  aoa. 
Tliere  are  various  kinds  of  artificial  fountains,  but  all 
formed  by  a  pressure,  of  one  sort  or  another,  upon  the 
water ;  viz.  either  the  pressure  or  weight  of  a  head  of 
water,  or  the  pressure  arising  from  the  spring  and 
elasticity  of  the  air,  &c.  When  these  are  formed  by 
the  pressure  of  a  head  of  water,  or  any  other  fluid  of 
the  same  kind  with  the  fountain  or  jet,  then  will  this 
apout  up  nearly  to  the  same  height  as  that  head, 
abating  only  a  little  for  the  resistance  of  the  air,  vrith 
that  of  the  adjutage,  &c.,  in  the  fluid  rushing  through; 
but,  when  Uie  fountain  b  produced  by  any  other 
force  than  the  pressure  of  a  column  of  tlie  same  fluid 
with  itself,  it  vvill  rise  to  such  a  height  as  is  nearly 
amial  to  the  altitude  of  a  column  of  the  same  fluid, 
whose  pressure  is  equal  to  the  ^ven  force  that  pro- 
fhieea  the  fountain. 


In  Qreeee,  every  principal  town  had  puHlic  fbun-* 
tains  or  conduits,  some  of  which  VFore  of  handsome 
design  and  of  beautiful  execution.  In  the  city  of 
Megara,  in  Achaia,  there  veas  a  public  fountain 
estabtished  by  Theagenes,  which  veas  cel^rated  for 
its  grandeur  and  magnificence.  The  Ptrene,  a  foun- 
tain at  Corinth,  was  encircled  by  an  enclosure  of 
white  marble,  which  was  sculptured  into  various 
grottoes,  from  which  the  water  ran  into  a  splendid 
basm  of  the  same  material.  Another  fountain  in 
Corinth,  which  was  called  Lena,  was  encirded  by  a 
beautifiil  portico,  under  which  were  seats  for  the 
public  to  sit  upon  during  the  extreme  heats  of  sum- 
mer, to  enjoy  the  cool  air  from  the  falling  waters.  In 
the  sacred  wood  of  ^sculapius,  at  £pidauras,  there 
was  a  fountain  that  Pausanias  cites  as  remarkable  for 
the  beauty  of  its  decorations.  At  Messina  there  were 
also  two  elegant  fountains,  one  called  Animoe,  and 
the  other  Clqttydra,  Pausanias  also  alludes  to  se- 
veral other  fountains  in  various  parts  of  Greece, 
celebrated  for  the  grandeur  and  beauty  of  their  ar- 
chitectural and  sculptural  decorations. 

The  ancient  fondness  for  fountains  still  exists  in 
Italy  and  the  East.  The  French  are  celebrated  for 
their  fountains,  but  Italy,  more  particularly  Rome,  is 
still  more  so.  The  fountains  of  Paris  and  of  the 
Tuileries,  of  the  orangery  at  Versailles,  at  St.  Cloud, 
and  other  places  in  £e  neighbourhood,  are  splendid 
structures.  The  principal  and  most  admired  foun- 
tains at  or  near  Rome  are  those  in  front  of  St.  Peter's, 
of  the  Villa  Aldobrandini  at  Frascati,  of  the  Termini, 
of  Mount  Janiculum,  of  the  gardens  of  the  Belvidere, 
in  the  Vatican,  of  the  VilU  Borghese,  which  has 
also  in  the  audience  chamber  a  sptendid  fountain  of 
silv^,  five  Roman  palms  in  height,  ornamented  vritii 
superb  vases  and  flowers;  the  fountains  of  Trevi, 
the  three  fountains  of  St.  Paul,  of  the  Acqua  Acetosa, 
and  many  others  described  in  Uie  numerous  works  on 
that  ancient  city.  Sir  Henry  Wotton  describes,  in 
his  EkmeniM  of  ArekUeeim'9,  a  fountain  by  Michael 
Angelo,  in  the  figure  of  a  sturdy  woman  vmngina  a 
bundle  of  clothes,  from  whence  the  vTater  issues  mtX 
supplies  the  basin. 

Fountain-Pump.  This  ingenious  hvdranlic  ma- 
chine is  said  to  be  the  invention  of  Mr.  Shalders. 
Bag-pumps  on  the  same  principle  have,  however,  been 
used  for  many  years.  Mr.  Shalders's  pomp  has 
scarcely  any  fnction,  so  that  nearly  the  whole  power 
of  the  person  urorking  the  pump  may  be  usefiilly  em- 
ployed in  the  elevation  of  virater.  Instead  of  being 
provided  vrith  a  packed  piston,  moving  up  and  dovm 
m  a  tube,  the  vacuum  is  formed  by  a  leather  chamber, 
which  increases  and  diminishes  in  its  dimensions  ac- 
cording to  the  action  of  the  pump  lever.  We  give  a 
wood-cut  showing  the  general  arrangement  of  its 
parts. 

The  pump  cvlinder  is  shown  connected  with  its 
flange  in  the  first  figure.  The  bag  and  frame  are 
raised  bv  the  stirrup  e  d,  the  valves  being  placed  at 
b.  In  the  external  view  of  the  piston,  i£t  cylinder 
to  which  the  leather  bag  is  attached  is  shovm  at  a, 
and  c  represents  that  part  of  the  leather  by  whidi  it 
is  attached  to  the  pump-barrel.  The  bolts  g  and  h 
show  the  mode  by  which  the  leather  is  held  between 
the  metallic  flanges.  The  only  inconvenience  likely 
to  result  from  working  tlus  pump  vriU  arise  from  the 
leather  hardening  whra  long  out  of  use,  which,  in  the 
summer  season,  would  entirely  destroy  its  usefulness. 
On  ship-board,  also,  the  same  inconvenience  wdold 
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be  still  more  severely  felt,  as,  in  a  long  voyage,  the 
pumps  are  sometimes  but  little  resorted  to,  and  on 
any  sudden  emergency  it  would  not  be  practicable 
to  new  leather  the  bucket. 


Fourteenth,  in  music ;  the  octave,  or  replicate  of 
the  seventh  ;  a  distance  comprehending  thirteen  dia- 
tonic intervals. 

Fourth,  in  music;  a  distance  comprising  three 
diatonic  intervals,  or  two  tones  and  a  half. 

Fracture,  in  surgery  ;  the  separation  of  a  bone 
by  means  of  violence,  into  two  or  more  fragments. 
A  simple  fracture  is  that  where  a  bone  is  broken  only 
m  one  part.  A  compound  fracture  is  when  two 
large  bones,  contiguous  to  each  other,  as  the  ulna 
and  tiie  radius,  are  both  broken.  A  complicated 
fracture  is  that  which  is  attended  with  a  train  of 
symptoms,  as  a  wound  or  ulcer. 

Fraction,  in  arithmetic  and  algebra,  signifies  a 
combination  of  numbers  representing  one  or  more 
parts  of  a  unit  or  integer :  thus  four  fifths  is  a  frac- 
tion, formed  by  dividing  a  unit  into  five  equal  parts, 
and  taking  one  part  four  times.  Fractions  are  di- 
vided into  vulgar  and  decimal.  Vulgar  fractions  are 
expressed  by  two  numbers  with  a  line  between  them. 
The  lower,  the  denominator,  indicates  into  how  many 
equal  parts  the  unit  is  divided;  and  the  number 
above  the  line,  called  the  numerator,  indicates  how 
many  of  such  parts  are  taken ;  as,  in  {,  8  is  the  deno- 
minator, 7  the  numerator.  Vulgar  fractions  have 
been  divided,  though  not  very  accurately,  into  j^roper, 
improper,  simple,  compound,  and  mixed,  viz : — A  pro- 
per fraction  is  when  the  numerator  is  less  than  the 
denominator,  as  f,  ],  |,  ft,  jtt'  ^c.  An  improper 
fraction  is  when  the  numerator  is  equal  to  or  greater 
than  the  denominator,  as  |,  {,  If,  ^,  &c.  A  simple 
fraction  is  that  which  consists  of  a  single  numerator 
and  single  denominator ;  and  is  either  proper  or  im- 
proper, as  f,  y,  if,  &c.  A  compound  fraction  is  a 
fraction  consisting  of  two  or  more  other  fractions 
connected  by  the  word  of;  thus  ]  of  J,  or  f  of  -ft  of 
i,  &c,  are  compound  fractions.  A  complex  fraction 
IS  that  whose  numerator  and  denominator  are  both 

fractions ;  tims  •;^  is  a  complex  fraction.     These 

two  distinctions,  Uiough  frequently  made  by  authors 
on  arithmetic,  are  certainly  improper,  the  former 
indicating  an  operation  in  multiplication,  and  the 
latter  an  operation  in  division.  It  is,  therefore,  im- 
proper to  apply  to  them  the  denomination  of  frac- 
tions.  An  integer  and  fraction  together  is  called  a 
mixed  number;  that  is,  7h  9i,  &c.,  are  mixed  num- 
bers.  The  theory  of  vulgar  fractions  is  one  of  the 
most  important  in  algebra,  but  is  rarely,  we  think, 
developed  in  a  clear,  simple,  and  easy  manner  in 
books  on  arithmetic.     A  correct  understanding  of 
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them  is  of  great  importance  for  the  proper  proaeca- 
tion  of  arithmetical  and  mathematical  studies. — De- 
cimal fractions  include  every  fraction,  the  denomi- 
nator of  wliich  is  10  or  a  power  of  it ;  as  ilt  i^  Ice 

Franc  ;  a  French  silver  coin,  containing  ten  deei' 
mes  and  a  hundred  centimes. 

Frankincense  (called  also  oUbamim,  or  simply 
incense)  is  a  gum-resin,  which  distils  from  incisions 
made  in  the  boswelUa  thurtfera,  a  tree  somewhat  re- 
sembling the  sumach,  and  belonging  to  the  same 
natural  family,  inhabiting  the  mountains  of  India. 
It  comes  to  us  in  semi-transparent,  yellowish  tears» 
or  sometimes  in  masses,  possesses  a  bitter  and  nau- 
seous taste,  and  is  capable  of  being  pulverized. 
When  chewed,  it  excites  the  saliva,  and  renders  it 
white ;  and  when  burnt,  it  exhales  a  strong  aromatic 
odour,  on  which  account  it  was  much  employed  in 
the  ancient  templed,  and  still  continues  to  be  used  in 
Catholic  churches-  Formerly  it  was  frequently  ad- 
ministered medicinally,  but  myrrh  and  other  similar 
articles  have  now  taken  its  place.  That  which  is 
brought  from  Arabia  is  more  highly  esteemed  than 
the  Indian. 

Freckles  ;  small  spots  of  a  yellowish  colour  scat- 
tered over  the  face,  neck,  and  hands.  Freckles  are 
either  natural,  or  proceed  accidentally  from  the  jaun- 
dice, or  the  action  of  the  sun  upon  the  part.  Heat» 
or  a  sudden  change  of  the  weather,  will  often  cause 
the  skin  to  appear  of  a  darker  colour  than  natural, 
and  thereby  produce  what  is  called  tan,  sunburn,  &c., 
which  seem  to  differ  only  in  degree,  and  usually  dis- 
appear in  winter.  Persons  of  a  fine  complexion 
and  those  whose  hair  is  red,  are  the  most  subject  to 
freckles,  especially  in  those  parts  which  they  expose 
to  the  air. 

The  origin  of  freckles  has  been  thus  explained : 
in  the  spring,  the  skin,  from  the  warm  covering 
which  the  body  has  had  in  winter,  and  from  varioos 
other  causes,  is  peculiarly  sensitive.  The  heat  of  the 
sunbeams  now  draws  out  drops  of  moisture,  which 
do  not  dry  as  rapidly  as  in  summer.  These  drops 
operate  like  a  convex  glass,  to  concentrate  the  rays, 
which  are  thus  made  to  act  powerfully  on  the  reU 
malpigkH,  and  the  carbon  which  it  contains  is  half 
acidified,  and  this  substance,  in  this  state,  always  has 
a  dark  colour.  In  the  same  manner  arises  the  dark 
tint  which  the  skin  in  general  assumes  in  summer, 
and  which  fire  communicates  to  artisans  who  labour 
constantly  in  its  immediate  vicinity.  The  only  bad 
effect  of  freckles  is,  that  they  induce  ladies  to  keep 
themselves  shut  up  from  the  influences  of  the  wea- 
ther, or  to  apply  injurious  washes  to  the  face  to  re- 
move them. 

Free  Corps  ;  a  term  used  on  the  European  conti- 
nent for  a  corps  which  is  organized  to  act  merely  tUI 
the  end  of  the  war,  and  consists  of  volunteers.  It 
performs  the  service  of  light  troops,  and,  as  its  losses 
are  not  heavily  felt,  is  employed  in  all  dangerous  ser- 
vices, in  harassing  the  enemy,  ficc. :  on  this  account, 
more  liberties  are  allowed  to  free  corps  than  to  re- 
gular troops.  They  are  composed  of  persons  of  dubi- 
ous characters,  and  there  is  always  inconvenience, 
at  the  close  of  the  war,  in  disbanding  a  numerous 
body  of  bold  and  active  individuab,  generally  unfit 
for  peaceful  society.  Napoleon  employed  none. 
Frederick  the  Great  had  some  in  his  service,  but,  sen- 
sible of  the  danger  of  disbanding  such  desperadoaa» 
at  the  close  of  the  seven  years'  war,  he,  contrary 
to  his  promise,  converted  them  into  regular  troops. 
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pRBsziNG.  The  great  sources  of  cold,  and,  as 
such,  the  production  of  ice  by  freezing,  are  rarefac- 
tion, evaporation,  and  chemical  action.  The  opera- 
tion of  the  first  is  scarcely  felt  in  any  but  elastic 
€uids,  as  in  those  only  can  the  volume  be  suddenly 
changed  to  any  considerable  extent.  When  a  gas  is 
rarefied,  by  removing  pressure  from  it,  its  temperature 
always  falls ;  and  the  more  sudden  the  rarefaction  is, 
so  much  greater  is  the  cold  produced.  By  allowing 
air,  previously  compressed,  to  expand  suddenly,  the 
temperature  is  reduced  below  32^  ;  and,  by  the  con- 
densed air  being  previously  cooled,  more  intense 
cold  is  obtained. 

The  process  of  cooling  by  eviq[>oration  has  been 
examined  under  Cold,  and  also  the  frigorific  mix- 
tures best  fitted  for  freezing  by  chemical  means.  We 
now  propose  giving  a  diagram  of  a  simple  apparatus 
well  fitted  for  carrying  on  the  process  of  freezing,  as 
well  as  that  of  keeping  down  the  temperature  of  bodies 
already  frozen. 

This  appara- 
tus consists  of 
an  exterior  and 
interior  vessel  of 
japanned  iron, 
the  interior  ves- 
sel being  one 
inch  smaller 
than  the  inclos- 
ing case,  b.  In 
the  interior  case 
are  placed  de- 
tached vessels  for  containing  the  freezing  mixtures. 

When  the  apparatus  is  to  be  used  widi  sulphate  of 
soda  and  diluted  sulphuric  acid,  it  is  advisable  to 
prepare  the  acid  the  preceding  day,  in  order  that  it 
nuay  be  of  the  same  temperature  as  the  surrounding 
air,  when  the  experiment,  is  to  be  performed.  This 
being  done,  let  two  or  three  vessels,  a  c  d,  of  about 
four  ounces'  capacity,  be  partly  filled  with  diluted 
sulphuric  acid,  and  placed  in  &e  middle  of  the  in- 
ternal vessel.  They  should  then  be  surrounded  by 
finely  pulverized  crystals  of  sulphate  of  soda,  mixed 
with  dilute  acid,  so  as  to  fill  the  large  internal  vessel. 
The  water  or  mercury  should  then  be  placed  in  the 
centre  of  the  small  vessels,  the  interstices  being  filled 
up  with  the  sulphate  of  soda.  The  whole  should 
then  be  covered  up,  and  the  process  of  freezing  will 
speedily  be  accomplished. 

FapEziNG  Point  denotes  the  point  or  degree  of 
cold,  shown  by  a  mercurial  thermometer,  at  which 
certain  fluids  begin  to  freeze,  or,  when  frozen,  at 
which  they  begin  to  thaw  again.  On  Fahrenheit's 
thermometer  ti^is  point  is  at  -f  32  for  water,  and 
at — 40  for  quicksilver,  these  fluids  freezing  at  those 
two  points  respectively.     (See  Thbrmombtbr.) 

Frbioht  is  the  consideration-money  agreed  to  be 
paid  for  the  use  or  hire  of  a  ship,  or,  in  a  larger  sense, 
the  burden  of  such  ship.  The  freight  is  most  fre- 
quently determined  for  the  whole  voyage,  without 
respect  to  time ;  sometimes  it  depends  on  time  :  in 
the  former  case  it  is  either  fixed  at  a  certain  sum  for 
the  whole  cargo,  or  so  much  per  ton,  barrel,  bulk,  or 
other  weight  or  measure,  or  so  much  per  cent,  on  the 
value  of  the  cargo.  If  a  certain  sum  be  agreed  on 
for  the  freight  of  the  ship,  it  must  all  be  paid, 
although  the  ship,  when  measured,  should  prpve 
smaller,  unless  the  burden  be  warranted.  If  the  diip 
be  freighted  for  transporting  cattle,  at  so  much  per 
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head,  and  some  of  them  die  on  the  passage,  freight  is 
only  due  for  such  as  are  delivered  alive ;  if  for  lading 
them,  it  is  due  for  all  put  on  board.     When  a  whole 
ship  is  freighted,  if  the  master  suffer  any  goods  be- 
sides those  of  the  freight  to  be  put  on  board,  he  is 
liable  for  damages.     If  the  voyage  be  completed  ac- 
cording to  the  agreement,  without  any  accident,  the 
masteiT  has  a  right  to  demand  the  freight  before  the 
delivery  of  the  goods ;  but  if  such  delivery  is  pre- 
vented by  negligence,  or  accidents,  the  parties  will  be 
reciprocally  responsible  in  the  followmg  manner :  if 
the  merchant  should  not  load  the  ship  within  the 
time  agreed  on,  the  master  may  engage  with  another, 
and  recover  damages.      If  the  merchant  recal  ths 
ship  after  she  is  laden  and  sailed,  he  must  pay  the 
whole  freight ;  but  if  he  unload  before  the  ship  has  ac- 
tually sailed,  he  will  in  such  case  only  be  responsible 
for  damages.     If  the  merchant  load  goods  which  are 
not  lawful  to  export,  and  the  ship  be  prevented  from 
proceeding  on  'that  account,  he  must  nevertheless 
pay  the  freight.     If  the  master  be  not  ready  to  pro- 
ceed on  the  voyage  at  the  time  stipulated,  the  mer- 
chant may  load  the  whole  or  part  of  the  cargo  on 
board  another  ship,  and  recover  damages;  but  any 
real  casualties  will  release  the  master  from  all  da- 
mages.   If  an  embargo  be  laid  on  the  ship  before  she 
sail,  the  charter-party  is  dissolved,  and  the  merchant 
pays  the  expenses  of  loading  and  unloading ;  but  if 
the  embargo  be  only  for  a  short  limited  time,  the 
voyage  shall  be  performed  when  it  expires,  and  nei- 
ther party  is  liable  for  damages.     If  the  master  sail 
to  any  other  port  than  that  agreed  on,  without  neces- 
sity, he  must  sail  to  the  port  agreed  on  at  his  ovm 
expense,  and  is  also  liable  for  any  damages  in  con- 
sequence thereof.     If  a  ship  be  taken  by  the  enemy, 
and  retaken  or  ransomed,  the  charter-party  continues 
in  force.     If  the  master  transfer  the  goods  from  his 
own  ship  to  another,  without  necessity,  and  they 
perish,  he  is  responsible  for  the  full  value,  and  all 
charges ;  but  if  his  own  ship  be  in  imminent  danger, 
the  goods  may  be  put  on  board  another  ship,  at  the 
risk  of  the  owner.     If  a  ship  be  freighted  out  and 
home,  and  a  sum  agreed  on  for  the  whole  voyage, 
nothing  becomes  due  until  the  return  of  such  ship. 
If  the  goods  be  damaged  without  fault  of  the  ship  or 
master,  the  owner  is  not  obliged  to  receive  them  and 
pay  the  freight ;  but  he  must  either  receive  or  aban- 
don the  whole ;  he  cannot  receive  those  that  are  not 
damaged  and  reject  the  others.     If  the  goods  be 
damaged  through  the  insufficiency  of  the  ship,  the 
master  is  liable  foi  the  same ;  but  if  it  be  owing  to 
stress  of  weather,  he  b  not  accountable.    If  part  of 
the  goods  be  thrown  overboard,  or  taken  by  the  ene- 
my, the  part  delivered  pays  freight.    The  master  is 
accoimtable  for  all  the  goods  received  on  board  by 
hiuLself  and  mariners,  unless  they  perish  by  act  of 
God,  or  the  king's  enemies.    The  master  is  not  liable 
for  leakage  of  liquors,  nor  accountable  for  contents 
of  packages,  unless  packed  in  his  presence. 

Frbsco  Paintino  ;  that  kind  of  painting  which  b 
executed  with  water-colours,  upon  a  layer  of  fresh 
plaster,  from  which  circumstance  it  derives  its  name. 
As  great  rapidity  of  execution  is  necessary  to  paint 
before  the  plaster  becomes  dry,  cartoons  are  used  for 
tracing  the  outlines  of  the  figures,  &c.,  and  a  small 
picture  serves  as  a  guide  for  the  colours,  if  the  car- 
toon does  not  indicate  them.  A  great  knowledge  of 
colours  and  great  skill  in  drawing  are  necessary  for 
fresco  painting,  because  there  b  no  opportunity  for 
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correcting,  whatever  the  painter  does  b  finished. 
The  colours  arc  mixed  beforehand,  and  put  on  just 
as  they  are  wanted ;  only  in  the  dark  parts  a  little 
retouching  takes  place.  Fresco  painting  is  one  of 
the  most  durable  kinds.  It  is  pretended,  that  there 
are  specimens  of  it  extant  of  the  time  of  Constantine 
the  Great. 

This  art  began  to  revive  in  the  l6th  century.  The 
example  of  Michael  Angelo  and  Raphael  shows  how 
worthy  it  is  of  the  greatest  artists.  The  painter  can- 
not seduce  the  senses  by  soft  tints  and  tender  har- 
mony of  colours ;  he  b,  therefore,  obliged  to  depend 
solely  on  form,  character,  and  expression.  If  oil  paint- 
ing is  better  suited  for  nice  expressions  of  the  slight- 
est emotions  of  the  heart,  fresco  painting  is  the  field 
which  the  true  poet-painter  will  prefer.  What  can 
be  more  sublime  than  the  Last  Judgment  of  Michael 
Angelo,  in  the  Capella  SUtuia  !  How  rich  and  vast 
are  Raphael's  conceptions  in  the  Loggrie  Vaticano ! 
The  Germans  possess  at  present  the  most  distin- 
guished fresco  painters,  and  Cornelius  has  established 
his  fame  by  his  grand  fresco  pictures  in  the  Glypto- 
theca  in  Munich.  Schnorr  is  also  distinguished  in 
this  line,  and  the  Villa  Massimi,  near  Rome,  is  a  fine 
monument  of  contemporary  German  art,  as  Over- 
beck,  Schnorr,  and  Feith  painted  the  three  rooms  in 
fresco.  Fresco  painting  was  long  disregarded,  when 
all  noble  and  grand  conceptions  seemed  to  have  fled 
from  the  art ;  and  it  is  only  in  recent  times  that  it 
has  been  taken  up  again,  chiefly  by  the  Germans. 

Frbts  ;  certain  short  pieces  of  wire  fixed  on  the 
finger-board  of  guitars,  &c.,  at  right  angles  to  the 
strings,  and  which,  as  the  strings  are  brought  into 
contact  with  them  by  the  pressure  of  the  fingers, 
serve  to  vary  and  determine  the  pitch  of  the  tones. 
The  frets  are  always  placed  at  such  distances  from 
each  other,  that  the  string  which  touches  any  par- 
ticular fret  is  one  semitone  higher  than  if  pressed  on 
the  next  fret  towards  the  head  of  the  instrument,  and 
one  semitone  lower  than  when  brought  into  contact 
with  the  next  fret  towards  the  bridge.  Formerly, 
these  frets,  or  stops,  consisted  of  strings  tied  round 
the  neck  of  the  instrument. 

Friction  ;  the  act  of  rubbing  two  bodies  together, 
or  the  resistance  in  machines  caused  by  the  motion 
of  the  different  parts  against  each  other.  Friction 
arises  from  the  roughness  of  the  surface  of  the  body 
moved  on,  and  that  of  the  moving  body  ;  for  such 
surfaces  consisting  alternately  of  small  eminences 
and  cavities,  these  act  against  each  other,  and  prevent 
the  free  motion  that  would  ensue  on  a  supposition 
of  the  two  bodies  being  perfectly  polished  planes. 

Ferguson  found  that  the  quantity  of  fnction  was 
always  proportional  to  the  weight  of  the  rubbing 
3ody,  and  not  to  the  quantity  of  surface :  and  that 
it  increased  with  an  increase  of  velocity,  but  was  not 
proportional  to  the  augmentation  of  celerity.  He 
found  also,  that  the  friction  of  smooth  soft  wood, 
moving  upon  smooth  soft  wood,  was  equal  to  one  third 
of  the  weight;of  rough  wood  upon  rough  wood,  one 
half  of  the  weight ;  of  soft  wood  upon  hard,  or  hard 
upon  soft,  one  fifth  of  the  weight ;  of  polished  steel 
upon  polished  steel  or  pewter,  one  quarter  of  the 
weight ;  of  polished  steel  upon  copper,  one  fifth,  and 
of  polished  steel  upon  brass,  one  sixth  of  the  weight. 

Coulomb  made  numerous  experiments  upon  fricti- 
on, and,  by  employing  large  bodies  and  ponderous 
weights,  and  conducting  his  experiments  on  a  laiige 
Bcde,  corrected  several  errors,  which   necessarily 


arose  from  the  limited  experiflMnts  of  prtctdiai 
writers.  He  hrougfat  to  light  many  new  and  strikiag 
phenomena,  and  confirmed  others,  which  were  prt* 
viously  but  partially  eatabliahed. 

We  cannot,  in  a  work  of  ttns  description,  follow 
M.  Coulomb  through  his  numerous  and  varied  expe- 
riments ;  all  that  can  be  expected  will  be  a  short  ab- 
stract of  the  most  interesting  of  his  results ;  a  few  of 
which  areas  follows : — 1.  The  fnction  of  homogene- 
ous bodies,  or  bodies  of  the  same  kind,  moving  upon 
each  other,  is  generally  supposed  to  be  greater  than 
that  of  heterogeneous  bodies ;  but  Coulomb  showed 
that  there  are  exceptions  to  thb  rule.  2.  It  was  gene- 
rally supposed  that,  in  the  case  of  wood,  the  friction 
is  greatest  when  the  bodies  are  dravm  contrary  to 
the  course  oftheir  fibres ;  but  Coulomb  showed,  that 
the  friction  in  this  case  is  sometimes  the  smallest 
3.  The  longer  the  rubbing  surfaces  remain  in  contact* 
the  greater  is  their  friction.  4.  Friction  is  in  general 
proportional  to  the  force  with  which  the  rubbing 
surfaces  are  pressed  together,  and  is  commonly  eqod 
to  between  one  half  and  one  quarter  of  that  force. 
5.  Friction  is  not  generally  increased  by  augmentiog 
the  rubbing  surfaces.  6.  Friction  is  not  increased  by 
an  increase  of  velocity ;  at  least  it  is  not  generally 
so ;  and,  in  some  cases,  even  decreases  wiSi  an  in- 
crease of  celerity.  7«  The  friction  of  cylinders,  roll- 
ing upon  a  horizontal  plane,  is  in  the  direct  ratio  of 
their  weights,  and  in  tiie  inverse  ratio  of  their  dia* 
meters. 

An  easy  method  of  experimenting  on  the  friction 
of  surfaces,  is,  to  place  a  plank  with  its  upper  surface 
level,  and  on  this  «  thin  block  of  the  matter  to  be 
tried,  with  a  cord  fixed  to  it,  which  block  may  be 
loaded  with  different  weights ;  and  a  spring  steriyard 
attached  to  the  other  end  of  the  cord,  to  draw  it  akmg 
by,  vrill  show  the  force  necessary  to  produce  motion. 
It  appears  from  experiments,  that  the  fnction  of  dif- 
ferent combinations  of  matter  differs  very  consider- 
ably, and  that  an  immense  quantity  of  power  may  be 
lost  in  a  machine  by  using  tiiose  substances  for  the 
rubbing  parts  which  have  great  friction.  In  a  com- 
bination where  gun-metal  moves  against  steel,  the 
same  weight  may  be  moved  with  a  force  *of  15i 
pounds,  which  it  would  require  22  pounds  to  move 
when  cast-iron  moves  against  steel.  The  resistance 
called  yHcftom  performs  important  offices  in  nature 
and  in  works  of  art*  Friction  destroys,  but  never 
generates  motion. 

D.  Palcani  made  some  interesting  experiments  on 
the  means  long  known  for  obtaining  fire  by  the  fric- 
tion of  two  pieces  of  wood.  He  gave  to  one  of  these 
rubbing  pieces  the  form  of  a  tablet  $  and  to  the  other, 
that  of  a  spindle,  or  cylinder :  the  result  of  these 
experiments  will  be  sufficient  to  show,  that,  in  the 
construction  of  machines  and  instruments,  some  at- 
tention should  be  paid  to  the  wood  destined  to  be 
exposed  to  mutual  Miction. 


Cylinder. 

Tablet 

Dnraftion. 

Eifeet 

Box-wood 

Box 

5  minutes 

Sensible  heat 

Ditto 

Poplar 

Ditto 

Ditto 

Ditto 

Oak 

Ditto 

Ditto 
r  Considerable 

Ditto 

Mulberry 

3  minutes 

{      heat  and 
^     smoke 

Ditto 

Laurel 

Ditto 

Ditto 

Laurel 

Poplar 

2  minntea 

Ditto 

Ditto 

Ivy 

Ditto 

Ditto 
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CjUadtr. 

TaUeL 

Daratton. 

Biftet. 
{  Considerable 

Ivy 

Box 

3  minutes 

^     heat  and 
V     smoke 

Ditto 

Walnut 

Ditto 

Ditto 

Olive 

Olive 

Ditto 

Ditto 
1  Considerable 

Mulbeny 

Laurel 

2  minutes 

\    heat,  smoke 
\  &  blackness 

Ash 

Oak 

5  minutes 

Sensible  heat 

Ditto 

Fir 

Ditto 

Ditto 

Pear-tree 

Oak 

Ditto 

Ditto 

Cherry 

Ekn 

Ditto 

Ditto 

Plumb 

Apple-tree 

Ditto 

Ditto 

Oak 

Fir 

Ditto 

Ditto 

By  changing  the  experiment  and  rubbing  a  cylin- 
der of  one  of  tile  kinds  of  wood  between  two  tablets 
of  the  other,  a  cylinder  of  poplar  for  example,  be- 
tween two  tablets  of  mulberry-wood,  the  increased 
surfiures  whidi  were  in  contact  with  the  air,  pro- 
duced a  heat  much  more  considerable,  and  almost 
the  whole  of  the  woods  above  enumerated  took  fire. 

In  large  machines  where  thore  is  much  friction, 
heating  may  be  prevented  by  continually  directing  a 
current  of  cold  water  on  the  rubbing  surfaces ;  in 
common  machines,  carriages,  fcc.,  this  is  diminished 
by  the  use  of  an  unctuous  matter.  Many  instances 
are  recorded,  where,  during  the  great  heats  of  sum- 
mer, carriages  and  other  machines  exposed  to  violent 
motion,  have  inflamed  because  care  has  not  been 
taken  to  grease  them :  this  tiras  the  occasion  of  a  con- 
flagration in  the  mills  on  the  Surrey  side  of  Black- 
friar's  Bridge^  through  which  they  were  consumed. 
It  is  to  be  remarked  that,  if  grease  is  permitted  to 
harden  upon  rubbing  surfaces,  instead  of  lessening 
the  friction,  it  increases  it ;  and,  as  this  covering  is 
highly  inflanunabie,  it  renders  spontaneous  inflam- 
mation more  easy.  In  many  cases,  therefore,  it  is 
preferable  to  rub  the  machmery  vrith  soap,  talc, 
plumbago,  or  some  other  such  substance^  which, 
without  bemg  oily,  is  unctuous  to  the  touch. 

Were  there  no  friction,  all  bodies  bn  the  surface 
of  the  earth  wcmld  be  clashing  against  one  another ; 
rivers  would  dash  vrith  unbounded  velocity,  and  we 
should  see  little  brides  collision  and  motion.  At  pre- 
sent, vrhenever  a  body  acquires  a  great  velocity,  it  soon 
loaes  it  by  finiction  against  the  sur&ce  of  the  earth ; 
the  friction  of  vrater  against  the  surfaces  it  runs  over 
soon  reduces  the  rapid  torrent  to  a  gentle  stream ; 
the  fary  of  the  tempest  is  lessened  by  the  friction  of 
the  air  on  the  fiice  of  the  earth ;  and  the  violence  of 
the  ocean  is  subdhied  by  the  attrition  of  its  own  wa- 
ters. Its  oflket  m  works  of  art  ia«  equally  import- 
ant Our  garments  owe  their  strength  to  friction ; 
and  the  strength  of  ropes,  sails,  and  various  other 
things,  depends  on  the  same  cattse;  for  they  are 
made  of  skort  fibres,  pressed  together  by  twisting ; 
and  this  pressmte  causes  a  sufficient  degree  of  fric- 
tion to  prevent  the  fibres  slidmg  one  upon  another. 
WitlMmt  friction,  it  would  be  impossible  to  make  a 
rope  of  the  fibres  of  hemp,  or  a  sheet  of  the  fibres  of 
flax ;  neither  could  the  diort  fibres  of  cotton  have 
ever  been  made  into  tuch  an  infinite  variety  of  forms 
as  they  have  received  from  the  hands  of  ingenious 
workmen.  Wool  also  has  been  converted  into  a 
thousandtextwresibrcomfortor  for  luxury;  and  all 
these  are  constitnted  of  fibres  united  by  friction.  In 
fin^  if  friction  iftarda  tha  motion  of  machines,  and 


consumes  a  large  quantity  of  moving  power,  we  have 
a  full  compensation  in  the  numerous  and  important 
benefits  which  it  insures  to  us. 

Friction,  in  medicku  and  surgery;  the  act  of  rub- 
bing the  surface  of  the  body,  whether  with  iJie  hand 
only,  with  the  flesh-brush,  flannel,  or  other  sub- 
stances, or  vrith  oils,  ointments,  or  other  medicinal 
matters,  vrith  a  riew  to  the  preservation  of  health,  or 
to  the  removal  of  particular  diseases.  The  wholesome 
effects  of  friction  are  well  illustrated  by  the  advan- 
tages of  curryins  horses.  Friction  U  an  efficacious 
remedy  in  several  conditions  of  disease ;  particulariy 
in  chronic  rheumatisms  of  long  standing;  in  muscu- 
lar contractions,  succeeding  to  rheumatism,  &c.,  and 
connected  often  vrith  effusions  of  lymph;  in  some 
states  of  paralysis ;  in  certain  indolent  tumours,  &c. 
In  these  cases,  a  variety  of  unguents  and  liniments 
is  recommend^ ;  but  the  friction  itself  is  the  prin- 
cipal source  of  relief. 

FaiBZB,  in  architecture;  that  part  of  the  entabla- 
ture of  columns  between  the  ardiitrave  and  comrioe. 
Anciently  friezes  were  enriched  with  figures  of  ani- 
mals; in  modem  times  they  are  commonly  orna- 
mented by  figures  in  bassi  relievo. 

Frioatb,  in  naval  qffdirs;  a  li^t  vessel,  now  fre- 
quently prepved  by  cutting  down  larger  ships  of  v^ar. 

FaoNTAL,  in  anatomy;  an  epithet  for  what  belongs 
to  the  forehead,  as  the  frmUat  bone,  and  the  frontal 

Frontalis  ;  the  name  of  a  muscle  of  the  forehead, 
which  serves  to  contract  the  eyebrows. 

FaoKTis,  Os ;  one  of  the  bones  of  the  skull,  which 
joins  the  bones  of  the  sinciput  and  temples,  by  the 
coronal  suture. 

Fbontionac;  a  sweet  muscatel  wine,  which  is 
made  at  Frontignan,  in  Lower  Languedoc,  and. is 
carried  to  Cette  and  Montpelier.  There  are  two 
kinds,  the  red  and  the  white.  Epicures  use  it  wi^ 
some  kinds  of  fish. 

Frost  is  the  name  we.  give  to  that  state  of  our  at^ 
mosphere  in  which  water  is  changed  into  ice.  Hie 
degree  of  temperature  at  which  this  takes  place,  is 
called  the  freizing  point.  The  cold  air  draws  from 
water  the  portion  of  caloric  which  is  necessary  for 
its  existence  in  a  fluid  state.  The  power  of  frost  is 
immense ;  a  freezing  liquid  will  burst  the  strongest 
vessels  in  which  it  is  enclosed.  Organic  bodies  do 
not  suffer  so  much  from  it,  and  many  are  mtirely 
unhurt  by  it.  Severe  frosts  are  not  so  injurious  to 
plants,  sher  dry  weather,  as  when  they  follow  im- 
mediately after  rain  or  a  thaw.  The  cause  of  this 
probably  is,  that  in  damp  weather,  even  in  winter* 
the  tender  vessels  of  plants  are  filled  vrith  sap,  which, 
expanding  into  ice  at  the  time  of  the  frost,  breaks 
them,  and  thus  injures  their  whole  internal  organiza- 
tion. From  the  same  cause,  the  strongest  oaks  split 
in  a  severe  frost ;  which  b  also  dangerous,  and  some- 
times fatal  to  men  and  animals.  It  appears  wholly 
to  destroy  the  irritability  of  the  bodily  frame,  and  to 
rob  it  of  its  internal  heat.  A  person  feels  an  irre- 
sistible inclination  to  sleep;  he  yields,  though  against 
his  will,  and,  while  lost  in  insensibility,  his  limbs 
begin  to  stiffen.  If  a  man  thus  asleep  be  brought 
into  a  warm  room,  the  sudden  passage  from  cold  to 
warmth  causes  his  death ;  but  if  he  be  rubbed  in  the 
snow,  he  may  often  recover.  The  same  is  the  case 
vrith  regard  to  the  frozen  limbs  of  men  and  animals, 
which  can  only  be  saved  by  being  gradually  ^wed, 
especially  in  snow. 
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Frost  is  also  very  injurious  to  certain  kinds  of  food. 
AU  watery  fruits  are  deprived  by  frost  of  their  plea- 
sant taste  and  their  nourishing  properties,  and  soon 
grow  rotten  after  being  thawed.  £ven  meat,  which 
appears  to  be  preserved  from  tainting  by  the  frost, 
corrupts  soon  after  thawing.  Liquids,  as  beer,  for 
instance,  lose  their  good  taste.  Violent  winds  al- 
ways diminish  the  coldness  of  the  air.  Many  fluids 
expand  by  frost,  as  water,  which  expands  about  one 
tenth  part,  for  which  reason  ice  floats  in  water ;  but 
others,  again,  contract,  as  quicksilver,  and  thence 
frozen  quicksilver  sinks  in  the  fluid  metal. 

Frost,   being  produced  by  contact  with  the  at- 
mosphere, naturally  proceeds  from  the  external  parts 
of  bodies  inwards :  so,  the  longer  a  frost  is  continued, 
the  thicker  the  ice  becomes  upon  the  water  in  ponds, 
and  the  deeper  into  the  earth  is  the  ground  frozen. 
In  about  sixteen  or  seventeen  days'  frost,  Mr.  Boyle 
found   it  had  penetrated  fourteen  inches  into  the 
ground.    At  Moscow,  in  a  hard  season,  the  frost 
will  penetrate  two  feet  deep  into  the  ground ;  and 
Captain  James  found  it  penetrated  ten  feet  deep  in 
Charlton  Island  ;  and  the  water  in  the  same  island 
was  frozen  to  the  depth  of  six  feet.     Scheffer  assures 
us,  that,  in  Sweden,  the  frost  pierces  two  cubits, 
or  Swedish  ells,   into  the  earth,   and  turns  what 
moisture  is  found  there  into  a  whitish  substance, 
like  ice,  and  penetrates  standing  water  to  three  ells 
or  more.    The  same  author  also  mentions  sudden 
cracks  or  rifts  in  the  ice  of  the  lakes  of  Sweden,  nine 
or  ten  feet  deep,  and  many  leagues  long,  the  rupture 
being  made  with  a  noise  not  less  loud  than  if  many 
guns  were  discharged  together.     By  such  means, 
however,  the  fishes  are  furnished  with  air,  so  that 
they  are  rarely  found  dead.    The  natural  history  of 
frosts   furnishes  very   extraordinary  results.      The 
trees  are  often  scorched  and  burnt  up,  as  with  the 
most  excessive  heat,  in  consequence  of  Uie  separation 
of  water  from  the  air,  which  is  therefore  very  drying. 
In  the  great  frost  in  1683,  the  trunks  of  oak,  ash, 
walnut,  &c.,  were  split  and  cleft  asunder,  so  that 
they  might  be  seen  through,  and  the  cracks  were 
often  attended  with  dreadful  noifies,  like  the  explosion 
of  fire-arms.    The  close  of  the  year  1708,  and  the 
beginning  of  1709,  were  remarkable -throughout  the 
greatest  part  of  Europe,  for  a  severe  frost.     Doctor 
Derham  says  it  was  the  greatest  in  degree,  if  not  the 
most  universal,  in  the  memory  of  man ;  extending 
through  most  parts  of  Europe,  though  scarcely  felt  | 
in  Scotland  or  Ireland.     In  very  cold  countries,  meat 
may  be  preserved  by  the  frost  six  or  seven  months, 
and  proves  tolerably  good  eating.     In  those  climates 
the  frost  seems  never  out  of  the  ground,  it  having 
been  found  hard  frozen  in  the  two  summer  months. 
Brandy  and  spirit  set  out  in  the  open  air    freeze  to 
solid  ice  in  three  or  four  hours.     Lakes  and  standing 
waters,  not  above  ten  or  twelve  feet  deep,  are  frozen 
to  the  ground  in  winter,  and  all  their  fish  perish. 
But  in  rivers,  where  the  current  is  strong,  the  ice 
does  not  reach  so  deep,  and  the  fish  are  preserved. — 
Hoar  frost  is  the  dew  frozen  or  congealed  early  in 
cold  mornings  ;  chiefly  in  autumn. 

We  have  collected  some  of  the  most  remarkable 
instances  of  intense  frost,  and  placed  them  in  chrono- 
logical order: 

A.D. 

223  Frost   m  Great    Britain,  which    lasted    five 

months. 
250  The  Thames  frozen  for  nine  weeks. 


291  Almost  every  river  in  Britain  frozen  over  fbr 

six  weeks. 
359  Severe  frost  in  Scotland,  which  lasted  for  four- 
teen weeks. 
508  The  rivers  in  Britain  all  frozen  over. 
558  The  Danube  quite  frozen  over. 
695  The  Thames  froftn  for  six  weeks,  and  booths 

built  on  it. 
759  Frost  from  October  1,  tillFebruary  26,  760. 
827  Frost  in  England  for  nine  weeks. 
859  Carriages  used  on  the  Adriatic  Sea. 
908  Nearly  every  river  in  £ngland  frozen  over  for 

two  months. 
923  The  Thames  frozen  over  for  thirteen  weeks. 
987  Frost  lasted  120  days,  began  December  22d. 
998  The  Thames  frozen  over  for  five  weeks. 
1035  Severe  frost  on  June  24.    All  the  com  and 

fruits  destroyed. 
1063  Thames  frozen  for  fourteen  weeks. 
1096  Frost  in  England  from  November  till  April. 
1114  Several  wooden  bridges  carried  away  by  ice. 
1407  Frost,  which  lasted  for  fifteen  weeks. 
1434  From  November   24,    till   February   10.    the 

Thames  frozen  down  to  Gravesend. 
1683  Frost  of  thirteen  weeks. 
1708-9  Severe  frost  for  many  weeks. 
1715  The  same  for  many  weeks. 
1739  Frost  for  nine  weeks,  began' December  24. 
1742  Severe  frost  for  thirteen  weeks. 
1747  Severe  frost  in  Russia. 
1751  Severe  frost  many  weeks  in  England. 
1760  Severe  frost  in  Germany, 
1788  The  Thames  frozen  below  London  bridge,  and 

booths  on  it. 
1794  Hard  frost  for  many  weeks,  thermometer  iu 
London  mostly  at  20^  below  0^  of  Fahren- 
heit. 
1813-14  A  frost  for  thirteen  weeks,  the  Thames 
frozen  over,  and  a  fair  kept  on  it. 
Fruitfulnbss  ;  the  power  of  abundant  produc- 
tion. This  power  exists  in  some  organic  beings  in 
an  incredible  degree  :  in  a  poppy,  32,000  seeds  have 
been  counted.  The  elm  produces  annually  100,000 
seeds.  How  numerous  is  the  annual  production  of 
seeds  from  fruit-trees,  &c. !  As  each  of  these  seeds 
is  capable  of  becoming  an  individual  of  the  same 
sort,  if  each  of  them  grew  up,  the  whole  surface  of 
the  earth  would  soon  be  covered  with  these  trees. 
In  the  lower  classes  of  animals,  the  fruitfulness  is  no 
less  great :  the  queen-bee  lays  every  year  5000  or 
6000  eggs.  The  vast  swarms  of  locusts,  which 
sometimes  lay  waste  immense  tracts  of  cultivated 
country  in  Asia  and  Africa,  and  the  caterpillars 
which  are  often  so  numerous  in  our  own  land,  jus  • 
tify  us  in  attributing  to  them  the  greatest  fnnt- 
fulness. 

The  smallest  herring  has  10,000  eggs.  .A  carp 
which  weighs  only  half  a  pound,  has  100,000,  a  larger 
one,  262,280 ;  a  perch,  324,640.  Th6  spawn  of  the 
sturgeon  is  calculated  to  contain  7,653,200  eggs.  In 
the  cod-fish,  the  number  of  eggs  is  reckoned  at 
9,344,000.  In  the  higher  classes  of  animals,  there 
is  less  of  fruitfulness  ;  yet  even  in  men  it  is  greats 
than  the  mortality.  In  the  last  case,  however,  mxKh 
depends  upon  climate,  season,  food,  habits,  manners, 
temperament,  &c. 

Frttstum,  in  maihemaHes  ;  a  part  of  some  solid 
body  separated  from  the  rest.  The  fhutom  of  a 
cone  is  the  part  that  remains  w^'^i)  the  too  is  cnt  ff* 
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by  a  plane  parallel  to  the  base,  and  is  otherwise 
called  a  trtmeated  cone.  The  frustum  of  a  pyramid  is 
also  what  remains,  after  the  top  is  cut  oflf  by  a  plane 
parallel  to  its  base. 

Fuel.  Doctor  Black  divides  fuels  into  five  classes, 
rie  Arst  comprehends  the  fluid  inflammable  bodies  ; 
the  second,  peat  or  turf ;  the  third,  charcoal  of  wood ; 
the  fourth,  pit-coal  charred ;  and  the  fifth,  wood,  or 
pit-coal,  in  a  crude  state,  and  capable  of  yielding  a 
copious  and  bright  flame.  The  fluid  inflammables 
are  considered  as  distinct  from  the  solid,  on  this  ac- 
count, that  they  are  capable  of  burning  upon  a  wick, 
and  become  in  this  way  the  most  manageable  sources 
of  heat ;  though,  on  account  of  their  price,  they  are 
never  employed  for  producing  it  in  great  quantities, 
and  are  only  used  when  a  gentle  degree  or  a  small 
quantity  of  heat  is  sufficient.  The  species  which 
belong  to  this  class  are  alcohol  and  different  oils. 
The  first  of  these,  alcohol,  when  pure  and  free  of 
water,  is  as  convenient  and  manageable  a  fuel  for 
producing  moderate  or  gentle  heats  as  can  be  desired. 
Its  flame  is  perfectly  clean,  and  free  from  any  kind 
of  soot;  it  can  easily  be  made  to  bum  slower  or 
faster,  and  to  produce  less  or  more  heat,  by  changing 
the  size  or  number  of  the  wicks  upon  which  it  bums ; 
for  as  long  as  these  are  fed  with  spirit,  in  a  proper 
manner,  they  continue  to  yield  flame  of  precisely  the 
same  strength. 

The  cotton,  or  other  materials,  of  which  the  wick 
ia  composed,  is  not  scorched  or  consumed  in  the 
ieast,  because  the  spirit  with  which  it  is  constantly 
soaked  is  incapable  of  becoming  hotter  than  174° 
Fahrenheit,  wluch  is  considerably  below  the  heat  of 
boiling  water.  It  is  only  the  vapour  that  arises 
from  it  which  is  hotter,  and  this  too,  only  in  its 
outer  parts,  that  are  most  remote  from  Uie  wick,  and 
where  only  the  combustion  is  going  on,  in  conse- 
quence of  communication  and  contact  with  the  air. 
At  the  same  time,  as  the  alcohol  is  totally  volatile, 
it  does  not  leave  any  fixed  matter,  which  by  being 
accumulated  on  the  wick,  might  render  it  foul,  and 
fill  up  its  pores.  The  wick,  therefore,  continues  to 
imbibe  the  spirit  as  freely,  after  some  time,  as  it  did 
at  the  first.  These  are  the  qualities  of  alcohol  as  a 
fuel.  But  these  qualities  belong  only  to  a  spirit 
that  is  very  pure.  If  it  be  weak,  and  contain  water, 
the  water  does  not  evaporate  so  fast  from  the  wick 
as  the  more  spirituous  part ;  and  the  wick  becomes, 
after  some  time,  so  much  soaked  with  water,  that  it 
does  not  imbibe  the  spirit  properly.  The  flame  be- 
comes much  weaker,  or  is  altogether  extinguished. 
When  alcohol  is  used  as  a  fuel,  therefore,  it  ought 
to  be  made  as  strong,  or  free  from  water,  as  pos- 
sible. 

OiU  although  fluid  like  spirit  of  wine,  and  capable 
of  burning  in  a  similar  manner,  is  not  so  convenient 
in  many  respects.  It  is  disposed  to  emit  soot ;  and 
this,  applying  itself  to  the  bottom  of  the  vessel  ex- 
posed to  it,  and  increasing  in  thickness,  forms  by 
degrees  a  soft  and  spongy  medium,  through  whicn 
heat  is  not  so  freely  and  quickly  transmitted.  It  is 
true  we  can  prevent  this  entirely  by  using  very  small 
wicks,  and  increasing  the  number,  if  necessary,  to 
produce  the  heat  required.  Or  we  may  employ  one 
of  those  lamps,  in  which  a  stream  of  air  is  allowed 
to  rise  through  the  middle  of  the  flame,  or  to  pass 
over  its  surface  with  such  velocity  as  to  produce  a 
more  complete  inflammation  than  ordinary.  But  we 
•ball  be  as  much  embarrassed  in  another  way;  for 
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the  oils  commonly  used,  being  capable  of  asscuning 
a  heat  greatly  above  that  of  common  water,  scorch 
and  burn  the  wick,  and  change  its  texture,  so  that  it 
does  not  imbibe  the  oil  so  fast  as  before. 

Some  have  attempted  a  remedy,  by  making  the 
wick  of  incombustible  materials,  as  asbestos  or  wire ; 
but  still,  as  the  oil  does  not  totally  evaporate,  but 
leaves  a  small  quantity  of  gross,  fixed,  carbonaceous 
matter,  this,  constantly  accumulating,  clogs  the  wick 
to  such  a  degree,  that  the  oil  cannot  ascend,  tht 
flame  becomes  weaker,  and  in  some  cases  is  en- 
tirely extinguished.  There  is,  however,  a  difference 
among  the  difierent  oils  in  this  respect,  some  being 
more  volatile  than  others.  But  the  best  are  trouble* 
some  in  this  way,  and  the  only  remedy  is,  to  change 
the  wicks  often,  though  we  can  hardly  do  this  and 
be  sure  of  keeping  always  an  equal  flame. 

The  second  kind  of  fuel  mentioned,  peat,  is  so 
spongy,  that,  compared  with  the  more  solid  ftiels,  it 
is  unfit  to  be  employed  for  producing  very  strong 
heats.  It  is  too  bulky  for  this ;  we  cannot  put  into 
a  furnace,  at  a  time,  a  quantity  that  corresponds 
with  the  quick  consumption  that  must  necessarily  go 
on  when  Uie  heat  is  violent.  There  is,  no  doubt,  a 
great  difference  in  this  respect  among  different  kinds 
of  this  fuel ;  but  this  is  the  general  character  of  it. 
However,  when  we  desire  to  produce  and  keep  up, 
by  means  of  cheap  fuel,  an  extremely  mild,  gentle 
heat,  we  can  hardly  use  any  thing  better  than  peat. 
But  it  is  best  to  have  it  previously  charred,  that  is, 
scorched,  or  burnt  to  black  coal.  The  advantages 
gained  by  charring  are  considerable.  When  it  is 
prepared  for  use  in  that  manner,  it  is  capable  of 
being  made  to  bum  more  slowly  and  gently,  or  will 
bear,  without  being  extinguished  altogether,  a  greater 
diminution  of  the  quantity  of  air  with  which  it  is 
supplied,  than  any  other  of  the  solid  fuels. 

llie  next  fuel  in  order  is  the  charcoal  of  wood. 
This  is  prepared  by  piling  up  billets  of  wood  into  a 
pyramidal  heap,  with  several  spiraclen,  or  flues, 
formed  through  the  pile.  Chips  and  brushwood  are 
put  into  those  below,  and  the  whole  is  so  constracted 
as  to  kindle  throughout  in  a  very  short  time.  It 
would  burst  out  into  a  blaze,  and  be  quickly  con- 
sumed to  ashes,  were  it  not  covered  all  over  with 
earth  or  clay,  beaten  close,  leavin]g  openings  at  ail 
the  spiracles.  The.se  are  carefully  watched ;  and 
whenever  the  white,  watery  smoke  is  observed  to  be 
succeeded  by  thin,  blue,  and  transparent  smoke,  the 
hole  is  immediately  stopped ;  this  being  the  indica- 
tion of  all  the  watery  vapour  being  gone,  and  the 
burning  of  the  true  coaly  matter  conmiencing.  Thus 
is  a  pretty  strong  red  heat  raised  through  the  whole 
mass,  and  all  the  volatile  matters  are  dissipated  by 
it,  and  nothing  now  remains  but  the  charcoal.  The 
holes  being  all  stopped  in  succession,  as  this  change 
of  the  smoke  is  observed,  the  fire  goes  out  for  want 
of  a'u-.  The  pile  is  now  allowed  to  cool.  This  re- 
quires many  days;  for,  charcoal  being  a  very  bad 
conductor  of  heat,  the  pile  long  remains  red  hot  in 
the  centre,  and  if  opened  in  this  state,  would  in- 
stantly bum  with  fury.  Small  quantities  may  be 
procured  at  any  time,  by  burning  wood  in  close  ves- 
sels. Little  pieces  may  be  very  finely  prepared  at 
any  time,  by  plunging  the  wood  into  lead  melted 
and  red  hot.  This  kind  of  fuel  is  very  much  used 
by  chemists,  and  has  many  good  properties.  It  kin- 
dies  quickly,  emits  few  watery  or  other  vapours 
while  burning,  and,  when  consumed,  leaves  few  ashea, 
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and  Humt  Tery  li^t.  lliey.  «re>  therefore  easily 
Mown  away,  so  that  the  fire  oontumes  open,  or 
pervious  to  the  current  of  air  which  must  pass 
through  it  to  keep  it  hamiog.  This  sort  of  fbel, 
too,  is  capable  of  producing  as  intense  a  heat  as  can 
be  obtained  by  any ;  but  in  violent  heats  it  is  quickly 
consumed,  and  needs  to  be  frequently  supplied. 

Fossil  coals  charred,  called  dnd^,  or  coke,  have 
in  many  respects,  the  same  properties  as  charcoal  of 
wood;  as  kindling  more  readily  in  fhmaces  than 
when  they  are  not  charred,  and  not  emitting  watery 
or  other  gross  smoke  while  they  bum.  Thiis  sort  of 
charcoal  is  even  greatly  superior  to  the  other  in 
some  properties.  It  is  a  much  stronger  fuel,  or  con- 
tains the  combustible  matter  in  greater  quantity,  or 
m  a  more  condensed  state.  It  is,  therefore,  con- 
sumed much  more  slowly  on  all  occasions,  and  par- 
ticularly when  employed  for  producing  intense  melt- 
ing heats.  The  (mly  inconveniences  that  attend  it 
are,  that»  as  it  consumes,  it  leaves  muph  more  ashes 
than  the  other,  and  these  much  heavier  too,  which 
are  therefore  liable  to  collect  in  such  quantity  as  to 
obstruct  the  free  passage  of  air  through  the  fire ;  and, 
fiftrther,  that  when  the  heat  is  verjr  intense,  these 
ashes  are  disposed  to  melt  or  vitrify  mto  a  tenacious, 
drossy  substance,  which  clogs  the  grate,  the  sides  of 
the  furnace,  and  the  vessels.  This  last  inconveni- 
ence u  only  troublesome,  however,  when  the  heat 
required  is  very  intense.  In  ordinary  heat,  the  ashes 
do  not  melt,  and  though  they  are  more  copious  and 
heavy  than  those  of  charcoal  of  wood,  they  seldom 
choke  up  the  fire  considerably,  unless  the  bars  of  the 
grate  be  too  close  together.  This  foel,  therefore,  is 
preferable  in  most  cases  to  the  charcoal  of  wood,  on 
account  of  its  burning  much  longer,  or  giving  much 
Biore  heat  before  it  is  consumed. 

The  heat  produced  by  equal  quantities,  by  weight, 
of  pit-coal,  wood-charcoal,  and  wood  itself,  is  nearly 
in  the  proportion  qf  6,  4,  and  3.  The  reason  why 
both  these  kinds  of  charcoal  are  preferred,  on  most 
occasions,  in  experimental  chemistry,  to  the  crude 
wood,  or  fossil  coal,  fh)m  which  they  are  produced, 
is,  that  the  crude  fuels  are  deprived,  by  charring,  of 
a  considerable  quantity  of  water,  and  some  other 
volatile  principles,  which  are  evaporated  during  the 
process  of  charring,  in  the  form  of  sooty  smoke  or 
flame.  These  volatile  parts,  while  they  remain  in 
the  fuel,  make  it  unfit  (or  less  fit)  for  many  irarposes 
in  chemistry.  For,  besides  obstructing  the  vents 
with  sooty  matter,  they  require  much  heat  to  eva- 
porate them ;  and  therefore  the  heat  of  the  furnace 
m  which  diey  are  burnt,  is  much  diminished  and 
wasted  by  every  addition  of  fresh  fuel,  until  the  fresh 
fiiel  is  completely  inflamed,  and  restores  the  heat  to 
its  former  strength.  But  these  great  and  sudden 
variations  of  the  heat  of  a  furnace  are  quite  inconve- 
nient in  most  chemical  processes.  In  the  greater 
number  of  chemieal  operations,  therefore,  it  is  much 
more  convenient  to  use  charred  fuel,  than  the  same 
fuel  in  its  natural  state. 

it  is  proper  to  be  on  our  guard  against  the  dan- 
gerous nature  of  the  bamt  air  which  arises  from 
charcoal  of  all  kinds.  Charcoal  bums  without  vi- 
sible smoke.  The  air  arising  from  it  appears  to  the 
eye  as  pure  and  as  clear  as-  common  air.  Hence  it 
is  much  used  by  those  persons  who  are  studious  ol 
neatness  and  cfeanliness  in  their  apartments.  But 
this  very  circumstance  should  make  us  more  watch- 
ful against  its  effects,  which  may  prove  dangerous  in 


tiie  his^cit  degree,  before  we  are  cwwe  af  it  TIm 
air  arising  from  common  crude  fuel  is,  no  doubt;  as 
bad,  but  uie  smoke  renden  it  disagreeable  before  it 
becomes  dangerous.  The  first  sensation  is  a  aliglit 
sense  of  wealbiess :  the  limbs  seem  to  requise  a  little 
attention,  to  prevent  foiling.  A  slight  giddiness  suc- 
ceeds, accompanied  by  a  foeling  of  a  flush  or  glow 
in  the  face  and  neck.  Soon  after,  the  person  be* 
comes  drowsy,  would  sit  dovm,  but  commonly  falls 
on  the  floor,  insensible  of  all  about  him,  and  Ineathes 
strong,  snoring  as  in  an  apoplexy.  If  Uie  person  is 
alarmed  in  time,  and  escapes  into  the  open  air,  lie 
is  commonly  seised  with  a  violent  headache,  which 
gradually  abates.  But  when  the  effect  b  comjdeted* 
as  above  described,  death  very  soon  ensues,  unless 
relief  be  obtained.  Thsrt  b  usually  a  foaming  at 
the  mouth,  a  great  flush  or  suffusion  over  the  fooe 
and  neck,  and  every  indication  of  an  oppression  of 
the  brain,  by  this  accumulation  of  blood.  The  most 
successful  treatment  b,  to  take  off  a  quantity  of 
blood  immediately,  and  throw  cold  vrater  on  die 
head  repeatedly.  A  strong  stimulus,  such  as  harts- 
horn, applied  to  the  soles  of  the  feet,  has  also  a  very 
good  effect. 

The  fifth  and  last  kind  of  foel  b  wood,  or  fossfl 
coab,  in  their  erode  state,  which  it  b  proper  to  dis- 
tingubh  from  the  charcoab  of  the  same  substances. 
The  difference  consbts  in  their  giving  a  copious  and 
bright  fiame,  when  plenty  of  air  b  admitted  to  them, 
in  consequence  of  which  they  must  be  considered  as 
fuels  very  different  from  charcoal,  and  adapted  to 
different  purposes.  Plaming  fuel  canpot  be  managed 
like  the  charcoab.  If  little  air  be  admitted,  it  gives 
no  flame,  but  sooty  vapour,  and  a  diminution  of 
heat.  And  if  mucn  air  be  admitted,  to  make  those 
vapours  break  out  into  flame,  the  heat  b  too  violent. 
These  flaming  f\ieb,  howevec,  have  their  particular 
uses,  for  .which  the  others  are  far  less  proper.  For 
flame,  when  produced  in  great  quantity,  and  made 
to  bum  violently,  by  mixing  it  with  a  proper  quan- 
tity of  fresh  air,  by  driving  it  on  tiie  subject,  and 
throwing  it  into  Whirls  and  eddies,  which  mix  the 
air  with  every  nart  of  the  hot  vapour,  gives  a  most 
intense  heat.  Thb  proceeds  from  the  vaporous  na- 
ture of  flame,  and  the  perfect  miscibility  of  it  witb 
the  air. 

As  the  immediate  contact  and  action  of  the  air  are 
necessary  to  the  bunung  of  every  combustible  body, 
so  the  air,  when  properly  applied,  acts  with  for 
greater  advantage  on  flame  than  on  the  solid  and 
fixed  inflammable  bodies  ;  for  when  air  b  applied  to 
these  last,  it  can  only  act  on  their  surfoce,  or  the 
particles  of  them  that  are  outermost ;  whereas,  flame 
being  a  vapour  or  elastic  fluid,  the  air,  by  proper 
contrivances,  can  be  intimately  mixed  with  it,  and 
made  to  act  on  every  part  of  it,  extemal  and  internal, 
at  the  same  time.  The  great  power  of  flame,  which  b 
the  consequence  of  thb,  does  not  appear  when  we  try 
small  quantities  of  it,  and  allow  it  to  bum  quietly, 
because  the  air  is  not  intimately  mixed  with  it,  but 
acts  only  on  the  outside,  and  the  quantity  of  buining 
matter  in  the  surface  of  a  small  flame  b  too  small  to 
produce  much  effeet.  But  when  flame  b  j^oduced 
in  large  qjuantity,  and  b  properly  mixed  and  agitated 
with  air,  its  power  to  heat  bodies  b  immensely  in- 
creased. It  b  therefore  peculiariy  proper  for  heating 
large  quantities  of  matter  to  a  violent  degree,  especi- 
ally if  the  contact  of  solid  foel  with  sudi  matter  b 
inconvenient.     Flaming  foel  b  ased«  for  thb  reason. 
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in  many  operations  performed  on  large  quantities  of 
metal,  or  metallic  minerals*  in  the  making  of  glass, 
and  in  the  baking  or  homing  of  all  kinds  of  earthen 
ware.  The  potter's  kiln  is  a  cylindrical  cavity,  filled 
Irom  the  bottom  to  the  top  wiw  colmnns  of  wares ; 
the  only  interstices  are  those  that  are  left  between 
the  coiomns ;  and  the  flame,  when  produced  in  suf- 
ficient quantity,  is  a  torrent  of  liquid  fire,  constantly 
flowing  np  throng  the  n^ole  of  the  interstices, 
which  heats  the.  whole  pile  in  an  equal  manner. 
Flaming  fuel  is  also  proper  in  many  works  or  mauu- 
iactories,  in  which  much  Inel  is  consumed,  as  in 
breweries,  distillenes,  and  the  like.  In  such  works, 
it  Ib  eridently  worth  while  to  contrive  the  furnaces 
so,  that  heat  may  be  obtained  fnm  the  volatile  parts 
of  the  fuel,  as  wdl  as  from  the  fixed ;  for  when  this 
is  done,  less  fuel  serves  the  purpose  than  would 
otherwise  be  necessary.  But  this  is  little  attended 
to,  or  ill  understood,  in  many  of  those  manufactories. 
It  is  not  uncommon  to  see  vast  clouds  of  blade  smoke 
and'vaponr  coming  out  of  their  vents.  This  hs^pens 
in  consequence  of  their  throwing  too  large  a  quantity 
of  crude  fuel  into  the  furnace  at  once.  The  heat  is 
not  sufficient  to  inflame  it  quickly,  and  the  conse- 
quence is  a  great  loss  of  heat. 

The  quantity  of  watery  fluid  contained  in  fuel 
greatly  i^ects  the  amount  of  heat  it  produces ;  mud& 
more,  indeed,  than  is  commonly  admitted  in  practice. 
It  is  a  well  known  law  of  chemistr}',  that  the  evapo- 
ration of  liquids,  or  tiieir  conversion  into  steam,  con- 
aomes,  and  renders  latent,  a  great  amount  of  caloric^ 
When  green  wood,  or  wet  coals,  are  added  to  the  fire, 
they  abstxact  from  it,  by  degrees,  a  sufficient  part  of  its 
heat,  to  convert  their  own  sap  or  moisture  into  steam, 
before  they  are  capable  of  being  burnt.  And  as  long 
as  any  considerable  part  of  this  fluid  remains  oneva- 
porated,  the  combustion  goes  on  slowly,  the  fire  is 
dull,  and  the  heat  feeble.  Green  wood  commonly 
eontains  a  third,  or  more,  of  its  weight  of  watery 
fluid,  the  quantity  varying  according  to  the  greater 
or  less  porosity  of  dtffierent  trees.  Nothing  is  farther 
from  true  economy  than  to  bum  green  wood,  or  wet 
Goai,  on  the  supposition  that,  because  they  are  more 
dorable,  they  will  in  the  end  prove  inbre  cheap.  It 
is  trae,  their  consumption  is  less  rapid ;  but  to  pro- 
duce a  given  amount  of  heat,  a  far  greater  amount  of 
fuel  must  be  consumed.  Wood  that  is  dried  under 
eover  b  better  than  wood  dried  in  tiie  open  air,  being 
more  free  from  decomposition. 

FuouB ;  a  term  derived  from  the  Latin  word  /aya 
(a  flight),  and  signifying  a  composition,  either  vood 
or  instrumental,  or  both,  in  which  one  part  leads  off 
some  determined  succession  of  notes  called  the  m5- 
jeet,  which,  after  being  answered  in  the  fifth  and 
eighth  by  the  other  parts,  is  interspersed  through 
the  movement,  and  distributed  amid  all  the  parts  in  a 
desultory  manner,  at  the  pleasure  of  the  composer ; 
sometimes  accompanied  by  other  adventitious  matter, 
and  sometimes  by  itself.  There  are  three  distinct 
descriptions  of  fugues — the  simple  fugue,  the  double 
Ibgue,  and  the  counter  fugue. 

The  tknplefiigMe  contains  but  one  subject,  is  the 
least  elaborate  in  its  constraction,  and  the  easiest  in 
its  composition. 

The  double  fugue  consists  of  two  subjects,  occasion- 
ally intermingled  and  moving  together;  and  the 
emmUr  fugue  is  that  fugue  in  which  the  subjects  move 
in  a  direction  contrary  to  each  other.    In  all  the 
'tUflerent  species  of  fugues,  the  parts  fly,  or  run  after 


each  other;  and  hence  the  derivation  of  the, general 
nameyV^ite. 

FuLLSR ;  one  employed  in  woollen  manufactories 
to  mill  or  scour  cloths,  serges,  and  other  stuffs. 

Fulubr's  Earth  ;  a  well-known  mineral,  generally 
of  a  greenish  white  colour,  more  or  less  mixed  with 
brown,  gray,  or  yellow ;  of  a  soft  and  friable  texture, 
and  somewhat  unctuous  to  the  touch.  It  consists 
chiefly  of  silex,  alumine,  and  water.  When  thrown 
into  water,  it  immediately  absorbs  it,  and  breaks 
down  into  a  fine  pulp.  Its  utility  in  removing  grease 
from  woollen  cloths,  and  other  fabrics,  has  given 
this  earth  a  great  value  in  commerce.  There  are 
very  extensive  beds  of  this  earth  in  several  counties 
in  England,  as  Kent,  Surrey,  Sussex,  and  at  Wavedon, 
near  Wobum  in  Bedfordshire.  We  have  noticed  the 
valuable  propert}'  of  this  earth  of  taking  grease  out 
of  woollen  and  other  cloths,  which,  on  a  large  scale, 
is  effected  by  the  operation  called  yifi/tn^,  whence  its 
name  has  been  derived.  This,  which  is  performed 
by  a  kind  of  water-mill,  called  z  fuUing-miU,  is  par- 
ticularly necessary  with  respect  to  new  cloths,  for  the 
purpose  of  depriving  them  of  the  grease  and  oil  which 
have  been  used  in  Uieir  preparation,  and  thus  enables 
their  fibres  to  curl  and  intertwine  during  the  fulling. 
The  cleansing  property  of  this  earth  depends  en- 
tirely on  its  alumine,  which  readily  absorbs  the  grease. 
The  properties  of  good  fuller's  earth  are  a  suscepti- 
bility of^being  diffused  through  water  without  form- 
ing a  paste,  and  a  great  degree  of  fineness,  as  the 
particles  of  silex  would  otherwise  ii^ure  the  cloth. 
As  an  article  of  domestic  utility,  it  might  be  more 
frequently  used  than  it  is  for  the  cleaning  and  scour- 
ing of  wooden  floors  and  wainscots.  In  this  respect, 
it  might  be  rendered  an  excellent  substitute  for  soap. 

Fulling  ;  the  act  of  cleansing,  scouring,  and 
pressing  stuffs,  cloths,  stockings,  &c.,  to  render  them 
stronger,  firmer,  and  closer;  called  also  mUUng, 
because  these  cloths  are  in  fact  scoured  by  a  water- 
miQ,  The  principal  parts  of  a  fulling-mill  are — ^the 
wheel,  with  its  trundle,  which  gives  motion  to  the 
tree  or  spindle,  whose  teeth  communicate  that  motion 
to  the  pestles  or  stampers,  which  fall  into  troughs, 
wherein  the  cloth  b  put,  with  fuller's  earth,  to  be 
scoured  and  thickened  by  this  process  of  beating  it. 

Fuluination.  In  a  variety  of  chemical  combina- 
tions, it  happens  that  certain  of  the  principles  assume 
the  elastic  state  with  such  rapidity  that  the  concus- 
sion of  the  air  produced  gives  rise  to  a  loud  report. 
This  is  called  fiUmination,  or,  more  frequently, 
deUmoHon*  Fulminating  gold,  fulminating  silver, 
fulminating  mercury,  and  gunpowder,  are  &e  most 
familiar  substances  of  this  kind.  (For  an  account  of 
them,  see  Gold,  Silvsr,  Mbrcury,  and  Gunpow- 
der.) 

FuLxiNic  Acid  ;  a  peculiar  acid,  known  in  com- 
bination with  certain  metalUc  oxides,  and  first  dis- 
covered with  those  of  mercury  and  silver,  with  which 
it  forms  powerfully  detonating  compounds.  The 
conditions  necessary  for  forming  these  compounds 
are— that  the  silver  or  mercury  be  dissolved  in  a  fluid 
which  contains  so  much  free  nitric  acid  and  alcohol, 
that,  on  the  application  of  heat,  nitric  ether  shall  be 
freely  disengaged.  According  to  an  analysis  of  ful- 
minate of  silver,  made  by  MM.  Gay-Lussac  and 
Liebig,  the  acid  of  the  salt  is  composed  of  26 
parts,  or  one  atom,  of  cyanogen,  and  8  parts, 
or  one  atom,  of  oxygen.  It  is  tiberefore  to  be  con- 
sidered a  true  cyanic  acid,  and  its  salts  may,  witli 
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propriety,  be  termed  cyanates,  and  this  notwithstand- 
inff  it  differs  in  so  many  respects  from  the  cyanic 
acid  of  Wohler  (for  an  account  of  which,  see  Prus- 
9IC  Acid). 

Fumigation  ;  means  employed  for  the  destruction 
of  miasmata,  or  effluvia.  The  most  efficacious  sub- 
stance for  this  purpose  is  chlorine ;  next  to  it  the  va- 
pour of  nitric  acid ;  and,  lastly,  that  of  muriatic  acid. 
The  fumes  of  heated  vmegar,  burning  sulphur,  or  the 
smoke  of  exploded  gunpowder  deserve  but  little  at- 
tention as  anti-contagionists. 

Function,  in  mathematics*  A  quantity  is  said  to 
be  a  function  of  another  quantity  when  its  value  de- 
pends on  that  quantity  and  known  quantities  only ; 
and  it  is  said  to  be  a  function  of  several  quantities 
when  its  value  depends  on  those  quantities  and 
known  quantities  only. 

Functions,  considered  in  regard  to  the  actions  of 
the  body,  are  by  physiologists  divided  into  vital, 
animal,  and  natural.  The  vital  functions  are  those 
necessary  to  life,  and  without  which  the  individual 
cannot  subsist ;  as  the  motion  of  the  heart,  lungs, 
&c.  The  natural  functions  are  those  which  the  body 
cannot  subsist  any  considerable  time  without ;  as  the 
digestion  of  the  aliment  and  its  conversion  mto  blood. 
Animal  functions  include  the  senses  of  touching, 
tasting,  seeing,  6cc.,  and  the  voluntary  motions. 

Fundamental  Note,  in  music;  the  principal 
note  in  a  song,  or  composition,  to  which  all  the  rest 
are  adapted  :   it  is  called  the  Arey  to  the  song. 

Funds.     See  Stocks  and  Money. 

FuRLONO,  in  arithmetic;  a  measure  of  length, 
consisting  of  forty  poles,  and  equal  to  the  eighth 
part  of  a  mile. 

Furlough  ;  leave  granted  to  a  soldier,  or  non- 
commissioned officer,  to  be  absent  for  a  given  time 
from  his  regiment  or  company;  in  which  case  he  is 
said  to  be  on  furlough. 

Furnace,  in  manifactures  ;  a  fire-place  employed 
for  melting,  distilling,  and  other  processes. 

Fur  Trade.  The  fur  trade  with  America  com- 
menced early  in  the  seventeenth  century,  and  was  car- 
ried on  by  dke  early  French  emigrants.  Quebec  and 
Montreal  were  at  first  trading  posts.  The  trade  was 
then,  as  now,  a  barter  of  guns,  cloth,  ammunition, 
&c.,  for  the  beaver  and  other  furs  collected  by  the 
natives,  and  was  effected  by  the  intervention  of  the 
voyagews,  engages,  or  coureurs  des  hois.  These  men 
carried  burdens  of  merchandise  on  their  backs  to  the 
Indian  camps,  and  exchanged  their  wares  for  peltries, 
with  which  they  returned  in  the  same  manner. 
Shortly  after  the  discovery  of  the  Mississippi,  perma- 
nent houses,  and  in  many  places  stockade  forts,  were 
built,  and  men  of  capital  engaged  in  the  trade.  De- 
troit, Mackinac,  and  Green  Bay,  were  settled  in  this 
manner.  The  manner  of  the  fur  trade  has  undergone 
no  material  alteration  since.  Traders  now,  at  least 
with  the  more  remote  tribes,  enter  the  Indian  country 
with  boats  laden  with  goods,  and  manned  with  Ca- 
niidian  boatmen,  who  perform  the  same  service  above 
attributed  to  their  ancestors.  The  engage  are  a 
hardy,  patient,  and  laborious  race,  habitually  making 
exertions  of  which  no  other  people  are  perhaps 
capable,  and  enduring  all  hardships  and  privations 
for  small  pay. 

In  1670,  shortly  after  the  restoration  of  Charles  II. 
that  monarch  granted  to  Prince  Rupert  and  others, 
a  charter,  empowering  them  to  trade,  exclusively, 
with  the  aborigines  in  and  about  Hudson's   Bay. 


A  company,  then  and  after  called  the  Hudson's  Bmf 
Company,  was  formed  in  consequence.  The  trade 
was  then  more  lucrative  than  at  present.  In  the 
winter  of  1783—4,  another  company  was  formed  at 
Montreal,  called  the  North-west  f\ir  Company,  which 
disputed  the  right  of  the  Hudson's  Bay,  and  actively 
opposed  it.  The  Earl  of  Selkirk  was  at  that  time 
at  the  head  of  the  Hudson's  Bay,  and  conceived  the 
plan  of  planting  a  colony  on  the  Red  River  of  Lake 
Winnepeg.  Of  this  colony,  the  North-west  Company 
was  suspicious.  In  consequence  of  this,  and  the  evil 
feelings  naturally  growing  out  of  a  contrariety  -of  in- 
terest, a  war  ensued  between  the  servants  of  Uie  par- 
ties, and  a  loose  was  given  to  outrage  and  barbarity. 
Wearied,  at  last,  the  companies  united,  and  are  now 
known  by  the  name  of  the  Hudson's  Bay  Fkr  Com- 
pony.  The  colony  established  by  Lord  Selkirk,  soon 
broke  up,  the  settlers  going  to  the  United  Stat^. 

Of  all  who  have  traded  with  the  aborigines,  the 
French  were  the  most  popular  and  successful.  Tliey 
did,  and  still  do^  conform  to  the  manners  and  feelings 
of  tiie  Indians,  better  than  the  English  and  Ameri- 
cans ever  could.  Most  of  the  persons  now  engaged 
in  the  fur  trade,  in  the  region  north  of  the  Missouri, 
are  French ;  and  they  are  much  esteemed  by  the  na- 
tives, with  whom  they  frequently  intermarry.  Hie 
male  offspring  of  these  alliances  are  commonly  em- 
ployed as  interpreters,  engages,  &c.  They  are  hand- 
some, athletic  men.  Mixing  the  blood  seems  to  im- 
prove the  races.  The  Indian  trade  on  the  great  lakes 
and  the  Upper  Mississippi,  with  its  branches,  has 
long  been  in  possession  of  the  North  American  F\tr 
Company,  the  principal  directors  of  which  are  in  the 
city  of  New  York. 

In  the  year  1822,  a  new  company,  entitled  the 
Columbian  F^  Company,  was  organized,  to  trade  od 
the  St.  Peter's  and  Mississippi.  It  was  projected  by 
three  individuals,  who  had  been  thrown  out -of  em- 
ploy by  the  union  of  the  Hudson's  Bay  and  North- 
west, as  before  mentioned.  Its  operations  soon  ex- 
tended to  the  Missouri,  whither  its  members  went 
from  the  sources  of  the  St.  Peter's,  with  carts  and 
waggons,  drawn  by  dogs.  When  it  had,  after  three 
years'  opposition,  obtained  a  secure  footing  in  the 
country,  it  joined  with  the  North  American.  There  was 
another  company  on  the  Missouri  at  the  same  time. 

Furs  were  abo  obtained  from  the  Upper  Missouri 
and  the  Rocky  Mountains,  as  follows :  Large  bodies 
of  men  (under  the  pretence  of  trading  with  Indiana, 
to  avoid  the  provisions  of  the  law)  were  sent  from  St. 
Louis,  provided  with  traps,  guns,  and  all  things  ne- 
cessary to  hunters  and  trappers.  They  travelled  in 
bodies  of  from  50  to  200,  by  way  of  security  against 
the  attacks  of  the  savages,  till  they  arrived  at  the  place 
of  their  destination,  when  they  separated,  and  pur- 
sued the  fur-clad  animals  singly,  or  in  small  parties. 
When  their  object  was  effected,  they  assembled  with 
their  peltry,  and  descended  the  Missouri.  They  did 
not  always  invade  the  privileges  of  the  natives  with 
impunity,  but  sometimes  suffered  severely  in  life  and 
property.  This  system  still  continues,  and  its  ope- 
ratives form  a  distinct  class  in  the  state  of  Missouri. 
The  articles  used  in  the  Indian  trade  are  chiefly  these: 
coarse  blue  and  red  cloth  and  fine  scarlet,  guna> 
knives,  blankets,  traps,  coarse  cottons,  powder  and 
ball,  hoes,  hatchets,  beads,  vermilion,  ribbons,  ket- 
tles, &c.  The  furs  given  in  return  are  those  of 
the  beaver  (but  this  is  scarce  on  this  side  the  Rocky 
Mountains),  otter,  musk-rati  marten,  bear,  deer,  iynx« 
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and  baBUo.  Racoont  are  now  of  little  value.  The 
hr-cUd  aninials,  with  the  exception  of  the  moak-rat, 
are  now  almost  extenuinated  on  the  MisaisBippi  and 
the  great  lakes,  owing  entirely  to  the  Tur  tnde.  The 
duns  or  animals  killed  in  summer  are  good  for 
nothing ;  and  the  farther  noTth  the  furs  are  taken,  the 
better  is  their  quality. 

The  conrsa  of  a  trader  in  the  North-west  is  this  : 
He  starts  from  MichllJmackinac,  or  St.  Louis,  late  in 
llie  summer,  with  a  Mackinac  boat,  laden  with  goods. 
He  takes  with  him  an  interpreter,  commonly  a  half 
breed,  and  four  or  five  ragagA.  On  his  arrival  at  his 
wintering  ground,  his  men  build  a  store  for  the  goods, 
au  apartment  for  him,  end  another  for  themselves. 
These  buildings  are  of  rough  logs,  plastered  with 
mud,  and  roofed  with  ash  or  linden  slabs.  The 
chimneys  are  of  clay.  Though  rude  in  appearance, 
there  is  much  comfort  in  them.  This  done,  the  tra- 
der gives  a  great  portion  of  his  merchandise  to  the 
Indians  on  credit.  It  is  expected  that  the  debtor  will 
pay  in  the  following  spring,  though,  as  many  neglect 
this  part  of  the  busines)',  the  trader  la  compelled  to 
r>te  bis  goods  very  high.  Thus  the  honest  pay  for 
the  dishoaesL  Ardent  spirits  were  never  much  nsed 
among  the  remote  tribes.  It  is  only  on  the  frontier, 
in  the  immediate  vicinity  of  the  white  settlers,  that 
the  Indians  get  enough  to  do  them  physical  injury, 
though,  in  the  interior,  the  traders,  in  the  beat  of 
opposition,  employ  strong  liqaors  to  indnce  the  sa- 
vages to  commit  outrage,  or  to  defraud  their  creditors. 
By  this  means,  the  moral  principle  of  the  aborigines 
it  overcome,  and  often  destroyed.  Spirit  is' commonly 
introduced  into  their  conntry  in  the  form  of  high 
wines,  they  being  less  bulky,  and  easier  of  transporta- 
tion, tnan  liquors  of  lower  proof.  Indians,  after  having 
once  tasted,  become  extravagantly  fond  of  them,  and 
will  make  any  sacrifice,  or  commit  any  crime,  to  ob- 
tain them. 

An  interpreter  is  necessary  to  a  fur  trader,  whether 
be  speaka  the  language  of  the  tribe  with  which  he 
deals  himself,  or  not.  It  is  the  duty  of  an  interpre- 
ter to  take  charge  of  the  honse,  and  carry  on  the  busi- 
ness in  the  absence  of  the  principal.  He  also  visits 
the  camps,  and  watches  the  debtors.  Those  traders 
who  are  employed  in  the  service  of  a  company,  as, 
for  instance,  the  North  American,  are  called  rierkt, 
though  they  seldom  use  a  pen.  Many  of  them  can- 
not write  or  read.  Some  traders  venture  into  the 
Indian  country  on  their  own  account ;  but  are  usu- 
ally overcome  by  the  opposition  of  the  established 
companies,  whose  servants  employ  every  means  to 

In  the  prairie  region,  di^-aledge*  are  used  for 
transportation  in  the  winter.  The  sledge  is  merely  a 
flat  board  turned  up  in  front,  like  the  mnner  of  a 
sleigh.  The  dogs  are  harnessed  and  driven  in  line, 
and  their  strength  and  powers  of  endurance  are  very 
great.  The  laws  regulating  intercourse  with  the  In- 
dians require  the  traders  to  remain  in  their  houses, 
and  not  to  visit  the  Indians  in  their  camps ;  but  they 
are  universally  disregarded.  It  is  better  for  the  sa- 
vage that  they  should  be.  Trodenare  alirays  better 
clad  and  provided  for  travelling  than  Indians,  and  the 
latter  are  saved  from  the  danger  and  hardship  of  ex- 
poanre  in  the  open  prairie  in  winter.  The  competi- 
tion that  naturally  results  from  the  practice,  is  of 
advantage  to  them,  as  they  get  their  wants  supplied 
cheaper  and  more  easily. 

Those  Indians  who  have  substituted  article!  of 
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European  mannfacture,  for  Qieir  primitive  arms  and 


wholly  dependent  on  the  whites  for 
the  means  of  life,  and  an  embargo  on  the  trade  is  the 
greatest  evil  that  can  befal  them.  Did  our  limits 
permit,  we  could  adduce  instances.  The  fur  trade 
demoralizes  all  engaged  in  it.  The  way  in  whi£h  it 
operates  on  the  Indiana  has  been  already  partially 
explained.  As  to  the  traders,  they  are,  generally, 
ignorant  men,  in  whose  breasts  ioterest  overcomes 
religion  and  morals.  As  they  are  beyond  the  reach 
of  the  law  (at  least,  in  the  remote  regions),  they  dis- 
regard it,  and  often  commit  or  instigate  actions  that 
they  would  blush  to  avow  in  civiliied  society.  Most 
of  them  are  connected  with  Indian  women,  after  the 
custam  of  the  country.  In  consequence  of  the  fur 
trade,  the  buflaio  has  receded  hundreds  of  miles  be- 
yond his  former  haunts.  Komerly,  an  Indian  killed 
a  buffalo,  made  garments  of  the  akin,  and  fed  on  the 
flesh  while  it  lasted.  Now,  he  finds  that  a  blanket 
is  lighter  and  more  convenient  than  the  buffalo  robe, 
and  kills  two  or  three  animals,  with  whose  skins  he 
may  purchase  it.  To  procure  a  gun.  he  must  kill 
ten.  The  same  causes  operate  to  destroy  the  other 
animals.  Some  few  tribes,  the  Ottaways  for  exam- 
ple, hant  on  the  different  parts  of  their  domains  al- 
ternately, and  so  preserve  the  game.  But  by  far 
the  greater  part  of  the  aborigines  have  no  such  re- 
gulation. 

The  fur-clad  animals  are  now  to  be  found  in  abund- 
ance only  in  the  far  north,  where  the  rigour  of  the 
climate  and  the  difficulty  of  transportation  prevent 
the  free  access  of  the  traders,  and  on  the  Upper  Mis- 
souri, and  towards  the  Rocky  Mountains. 

The  preparation  of  hats  is  one  of  the  principal 
uses  to  which  for  is  put  in  thiscouotry;  we  therefore 
select  the  present  ariicle  for  describing  the  mode  of 
clearing  the  fur  for  that  purpose.  The  process  of 
felting  has  already  been  explained,  and  the  completo 
formation  of  ahat  will  be  given  under  Hat-Makino. 
The  patent  improvements  to  which  we  are  going  to 
(;alldiereadrr'sattention,areeihibitedin  the  diagram 
beneath,  and  are  intended  to  separate  the  finer  por- 
tions of  the  fiir  from  those  that  are  less  costly. 


An  endless  web,  or  feeding  cloth,  is  shown  at  a.  It 
is  extended  on  two  rollers,  upon  which  web  the 
materials  to  be  cleared  and  separated  are  placed,  and 
by  which  they  are  carried  forward  into  the  machine. 
h,  is  a  hollow  cylinder  irith  a  flanch  at  each  extr«- 
mity.  From  the  rims  of  these  flanches  a  number 
uf  cords  of  catgut  are  extended  and  made  tight.    A 
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|ieg  or  pin  is  so  plac^,  the  cords  mre  pot  in  vibra* 
tion  as  they  pass  round,  and  thus  take  the  material 
from  the  feeding  cloth.  To  ensure  a  requisite  cur- 
rent of  air  for  carrying  the  fur  onward,  vanes  are 
placed  in  the  cylinder  b.  The  precise  amount  of 
current  is  determined  by  the  regulator,  e,  and  the 
board  /.  The  portions  that  are  not  sufficiently 
oleared  are  returned  in  the  direction  of  the  arrow 
towards  g,  while  ^at  which  is  completed  goes  out 
at  h,  and  from  thence  into  a  larger  upper  chamber. 

Fustic  Wood  is  of  a  yellow  colour,  and  contains 
great  quantities  of  colouring  matter,  forming  the 
most  durable  of  al|  the  yellow  dyes,  which,  however, 
is  mostly  used  in  compounding  green  and  a  variety 
of  drab  and  olive  colours,  as,  when  employed  alone, 
it  is  dull  and  deficient  in  clearness. 

GADARA ;  a  Turkish  sabre  with  a  large  blade, 
somewhat  curved. 

Gailliardb ;  an  ancient  Italian  dance,  of  a  sportive 
character  and  lively  movement,  the  air  of  which  was 
in  triple  time.  It  was  called,  likewise,  Romanmque, 
because  it  was  said  to  have  come  originally  from 
Rome. 

Galactomktkr  (mUk^mMiure),  invented  by  Cadet 
de  Vaux.  The  first  degree  shows  all  pure  milk ;  the 
seobnd,  milk  with  a  fourth  water ;  the  third,  milk 
with  a  third  water ;  the  fourth,  milk  with  half  water. 
Every  one  knows  that  the  milk  is  richer  towards  the 
end  than  at  the  beginning  of  the  milking.  The  milk 
of  a  pregnant  cow,  too,  is  richer  than  that  of  one 
which  has  just  beg^n  to  be  milked.  Food,  season, 
and  rain,  exercise  a  great  inftnenoe  on  the  quality  of 
butter  in  the  milk.  The  instrument  seems,  ^erefore, 
to  be  uncertain.    (See  LACTOMBTsa.) 

Galaxy,  in  ofinmtmif  ;  that  long,  luminous  track, 
or  zone,  which  encompasses  the  heavens,  forming 


neariy  a  great  circle  of  the  celestial  sphere.  It  is  in- 
clined to  the  plane  of  the  ecliptic  at  about  an  angle 
of  60^,  and  cuts  it  nearly  at  the  two  solstitial  points. 
It  traverses  the  constellations  Cassiopeia,  Perseus, 
Auriga,  Orion,  Gemini,  Canb  Miyor,  and  the  Ship, 
where  it  appears  most  brilliant  in  southern  latitudes; 
it  then  passes  through  the  feet  of  the  Centaur,  the 
Cross,  the  southern  Triangle,  and  returns  towards  the 
nordi  by  t^e  Altar,  the  tail  of  the  Scorpion,  and 
the  arc  of  Sagittarius,  where  it  divides  into  two 
branches,  passing  through  Aquila,  Sagitta,  the  Swan, 
Serpentarius,  the  head  of  Cepheus,  uid  returns  into 
Cassiopeia.  The  ancients  had  many  singular  ideas 
as  to  the  cause  of  this  phenomenon ;  but  modem 
astronomers  have  long  attributed  it  to  a  great  assem- 
blage of  stars,  and  Doctor  Herschel  has  confirmed 
these  conjectures,  having  discovered,  in  a  space  of 
about  15^  long,  by  2^  broad,  no  fewer  than  60,000 
•tars.  This,  however,  instead  of  satisfying  the  curi- 
osity of  astronomers,  only  gave  rise  to  farUier  inqui- 
ries and  hypotheses;  amongst  others,  that  of 
Doctor  Herschel,  which  is  very  interesting.  He 
supposes  ihe  siderial  universe  to  be  distributed  into 
nebulas  and  clusters  of  stars,  and  the  Milky  Way  to 
be  that  particular  cluster  in  which  our  sun  is  placed. 
In  a  paper  on  the  construction  of  the  heavens. 
Doctor  Herschel  says.  It  is  very  probable  that  the 
great  stratum  called  the  MiUcy  Way  is  that  in  which 
the  sun  is  placed,  though  perhaps  not  in  the  centre 
of  its  thickness,  but  not  far  from  the  place  where 
aome  smaller  stratum  branches  from  it.  Such  a 
•uppoaition  will  satis&ctorily,  and  with  great  sim- 
fihcity,  account  for  all  the  f^momena  of  the  Milky 


Way,  which,  according  to  this  hypoUieais^is  aoothir 
than. the  appearance  of  the  projeotioa  of  the  start 
contained  in  this  stratum  and  its  secondaiy  bnmch. 
Doctor  HeiBchel  then  solves  a  general  problem  for 
computing  the  length  of  the  visud  ray.  llto  telesoope 
which  he  used  will  reach  to  stars  497  times  the  dis- 
tance of  Sirius.  Now  Sirius  <annot  be  nearer  tbaa 
100,000  X  190/)00,000  miles ;  therefore  Doctor  Her- 
schefs  telescope  will  at  least  reach  to  100,000  x 
1 90,000,000  X  497  miles.  And  Doctor  Herschel  wfi 
that,  in  the  most  crowded  part  of  the  Milky  Way,  he 
has  had  fields  of  view  that  contained  no  fewer  than 
588  stars,  and  these  were  continued  for  many  ipi- 
nutes ;  so  that  in  a  quarter  of  an  hour  he  has  teea 
1 16,000  stars  pass  through  the  field  of  view  of  a  tele- 
scope of  only  15'  aperture ;  and,  at ;  another  time,  in 
41  minutes,  he  saw  358,000  stars  pass  through  the 
field  of  his  telescope.  Every  improvement  in  his  te- 
lescope discovered  stars  not  seen  before;  so  that 
there  appears  no  -bounds  to  their  number,  or  to  the 
extent  of  the  universe. 

Galbanum  is  the  concrete  juice  of  the  Moa  gal- 
bamferum,  a  shrubby  plant,  belonging  to  the  aatorsl 
order  umbeUifBrm,  and  is  usually  imported  from  Syria, 
Persia,  and  the  East  Indies.  The  galbaaum  of  com- 
merce, however,  is  perhaps  obtained  from  several 
species  of  bubon.  This  gum-reshi  comes  in  large, 
soft,  ductile  masses,  of  a  whitish  colour,  becoming 
yeliowish  with  age,  and  possessing  an  acrid,  bitter 
taste,  with  a  strong  disagreeable  odour.  In  its  me- 
dical properties,  it  is  intermediate  between  ammoniac 
and  assafoetida,  which  are  likewise  the  products  of 
plants  of  the  same  natural  order.  At  present  it  is 
rarely  used,  but  in  coi^ination  with  other  articles 
it  forms  some  officinal  preparations. 

Galbasss  ;  a  low*built  Venetian  vessel  with  both 
sails  and  oars,  which  caeries  three  masts,  that  can- 
not, however,  be  lowered  as  in  a  galley.  It  has 
thirty-two  seats  for  rowers,  and  three  tiera  of  guns  at 
the  head. 
Gajlbna.  See  NATuaAL  Histoet. 
Gall,  in  the  animal  eaonomg ;  the  same  with  iUtf 
which  see. 

Gall-Bladdbb,  called  «eaeieiil0  an^  eywHsfiBia, 
is  usually  of  the  shape  of  a  pear,  or  the  aize  of  a 
small  hen's  egg.  It  n  situated  on  the  coiioav<e  side 
of  the  liver,  and  lies  upon  the  colon,  part  of  which  it 
tinges  w^th  its  own  colour.  It  is  composed  of  four 
membranes,  or  coats — ^the  common,  the  vesicular, 
the  muscultir,  and  the  nerviMis  one,  which  last  is  of  a 
wrinkled  or  reticulated  surfiace  within,  and  furnished 
with  an  unctuous  liquor.  The  use  of  the  gall- 
bladder is  to  collect  the  bile  secreted  in  the  hver, 
and,  mixing  with  its  .own  peculiar  produce,  to  perfect 
it  farther,  to  retain  it  for  a  certain  time,  and  ttm  to 
expel  it. 

Uall-Stonbs  ;  calculous  concretions  frequently 
formed  in  the  gall-bladder,  and  sometimes  occamon- 
ing  great  pain  in  their  passage  through  the  ducts 
into  the  daiodmnam,  before  they  are  evacuated.  Gall- 
stones often  occur  in  the  infenor  animals,  particularly 
in  cows  and  hogs ;  but  the  biliary  concretions  (h 
these  animals  have  not  hitherto  been  examined  with 
much  attention.  Soaps  have  been  proposed  as  sol- 
vents for  these  coieait.  The  academy  of  Dyon  has 
announced  the  success  of  a  mixture  of  essence  of  tur- 
pentine and  ether. 
Gallatbs;  salts  formed  by  tiie  gallic  acid  with 
eaiths  or  metallic  bases. 
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Gallxonb  ;  formerly  a  kind  of  TesMh  of  war,  used 
by  the  Spaniards  and  Portuguese,  with  from  three  to 
four  decks.  They  are  no  longer  in  use.  In  more 
recent  times  those  Tessels  were  eadled  ^aUeeiit  in 
which  the  Spiiniards  transported  treasore  from  their 
American  colonies.  The  merchants  engaged  in  this 
transportation  were  called  gaUmmtU, 

Gallbrt,  in  mrehit$ttmre ;  a  long,  narrow  room, 
the  width  of  which  is  at  least  thtee  times  less  than 
its  length,  by  which  proportion  it  is  distinguished 
from  a  saloon.  Ck>rridors  are  sometimes  also  called 
gaUtrim.  Galleries  are  not  destmed  to-be  occupied 
as  sitting  rooms,  but  for  dancing,  music,  or  duiing  on 
festtral  occasions ;  and  are  generally  decorated  with 
pictures  in  oil  or  fresco.  G^eries  have  sometimes 
been  built  merely  to  receive  collections  of  pictures,  or 
to  give  a  painter  an  opportunity  for  fresco  paintings. 
Hence  a  large  collection  of  pictures,  even  if  contained 
in  several  adjoining  rooms,  is  called  tt  g^ilety. 

The  first  gallery  was  establiiriied  by  Verres,  the 
well-known  spoiler  of  Sicily.  Cicero  deecribes  it. 
It  contdned,  among  other  beantifal  vroriLS  of  art,  a 
statue  of  Jupiter  Of^pwc  (the  dispenser  of  favourable 
winds) ;  the  Diana  Segestes,  a  grand  and  beautiful 
statue  of  bronze,  veiled,  bearing  a  quiver  on  her 
shoulder,  holding  a  bow  in  her  right  hand,  and  a 
lighted  tofth  in  her  left ;  Apollo  and  Hercules,  the 
works  of  Myron ;  a  Cupid  by  the  hand  of  Praxiteles ; 
a  Sappho  in  bronze  by  Silanion;  and  the  fieimous 
flute-i^yer  Aspendus.  It  also  contained  a  splendid 
cc^ection  of  vases,  paterm,  &c,  of  gold  and  silver, 
decorated  with  costly  gems  and  engraved  stones. 
The  pictures  were  of  equal  value  and  rarity,  the -ta- 
pestries embellished  with  rich  borders  of  gold,  and 
every  part  of  the  g^ery  enriched  with  all  ^e  splen- 
dour that  art  and  wealth  could  bestow.  In  modem 
Europe,  the  gallery  founded  by-  Coemo  II.,  in  Flo- 
rence, was  long  considered  as  the  most  distingnished. 
At  present,  &e  Qdkrie  dm  Loveon^  at  Paris,  is  the 
finest  in  the  world,  though,  in  1815,  it  was  stripped 
of  many  woHlb  of  art,  retaken  by  the  different  nations 
Arom  wnom  they  had  been  plundered. 

OaSkry ;  a  balcony,  projecting  from  the  st«rn  or 
quarter  ofa  ship  of  war,  or  of  a  large  merdiJantman* 

Gottery,  in  fortyicatum;  a  covered  walk  across 
tiie  ditch  of  a  tovm;  and,  as  a  wtim,  it  b  a  nanqw 
passage  from  one  part  of  the  mine  to  another. 

Gaixvt  ;  a  species  of  low,  flat-built  vessel,  fur- 
nished With  one  deck,  and  navigated  with  sails  and 
oars,  particulariy  in  the  Mediterranean.  The  an- 
cients employed  galleys  both  in  commerce  and  for 
military  aflairs.  They  thus  sometimes  formed  large 
navies,  manned  almost  entirely  by  soldiers ;  and,  on 
account  of  the  crowded  state  of  the  decks,  seldom 
employed  sails.  The  iron  beak  or  prow  vras  usually 
the  most  dangerous  part  of  the  galley*  as  it  acted 
Hke  a  great  battering-ram.  We  give  a  representation 
of  an  early  galley  in  the  engraving. 


The  largest  sort  of  these  vessels,  called  gaUM$$e$, 
ware  formerly  employed  by  the  Venetians.  They 
were  about  162  feet  tong  alx>ve,  and  133  feet  by  the 
httH,  3^  leet  wide,  and  83  feet  length  of  stem-pott 
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They  were  fumidied  with  three  mast*,  and  38  banka 
of  oars,  each  bank  containing  two  oars,  and  every 
oar  being  qianaged  by  six  or  seven  slaves,  who  were 
usually  chained  to  it.  In  the  fore*part,  they  had 
three  small  batteries  of  cannon^  viz.,  two  36'pound- 
ers,  two  84-pounder8,  and  two  2-pounders.  They 
had  also  three  18-pounders  on  each  quarter,  and 
carried  from  1000  to  1200  men.  The  galleys  next 
in  size  to  these  are  called  ha{f^gaUeg$^  and  are  from 
12Q  to  130  feet  long,  18  feet  broad,  an4  9  or  10  feet 
deep.  They  have  two  masts,  which  may  be  strack 
at  pleasure,  and  are  furnished  with  two  large  lateen 
sails,  and  five  pieces  of  cannon.  They  have  com- 
monly 26  banks  of  oars,  as  described  above.  A  size 
still  less  than  these  are  called  fuarter'gaUegt,  carrying 
from  12  to  16  banks  of  oars.  They  generally  keep 
close  under  the  shore,  but  sometimes  venture  out  to 
sea  to  perform  a  summer  cmise.  France  employs 
forty  galleys  for  the  use  of  the  Mediterranean,  tne 
arsenal  for  which  is  at  Marseilles.  These  gsileys 
resemble  the  hulks  in  this  country,  in  which  the  con- 
victs labour  and  are  confined. 

GaUeg  is  also  a  name  given  to  an  open  boat,  row- 
ing six  or  eight  oars,  and  used  on  the  river  Thames 
by  custom-house  officers,  press-gangs,  and  also  for 
Dleasure ;  hence  the  appellation  of  cuatom-hinue  gal- 
leg,  prem-galleg,  &c. 

GidUif,  or  (hUg,  is  also  the  name  of  the  kitchen 
of  a  ship  of  war,  or  the  place  where  the  grates  are 
put  up,  fires  lighted,  and  the  victuals  generally  boiled 
or  roasted.  In  East  India  ships,  it  is  generally 
termed  the  oooib-roofii,  and  on  board  of  merchantmen^ 
it  is  called  the  co&oose. 

Gallic  Acin  has  an  intimate  connection  with 
tannin;  they  are  generally  associated  in  the  ve- 
getable astringents,  and  are  similar  in  some  of 
their  most  staking  chemical  relations.  It  derives 
its  name  from  the  gall-nut,  in  which  it  exists  in 
large  quantity,  and  fmm  which  it  is  usually  obtained. 
Its  presence  is  shown  by  the  property  which  the  in. 
fusion  of  galls  has  of  reddemng  litmus ;  and  it  may 
be  procured  by  a  process  given  by  Sdieele, — merely 
allowing  a  strcmg  infusion  to  remain  in  a  vessel  im- 
perfectly closed  for  some  months ;  a  sediment  is  de- 
posited; this  being  washed  wiUi  cold  water,  and 
dissolved  in  boilinff  water,  crystals  of  a  grayish 
colour  are  procured,  which  are  acid.  Scheele  ob- 
served, too,  that  by  dbtillation,  galls  afford  an  acid 
liquor,  and  a  portion  of  a  concrete  acid  is  condensed 
in  a  crystalline  form.  Other  methods  have  been  em- 
ployed, such  as  dissolving  the  acid  by  highly  concen- 
trated alcohol,  which  leaves  the  tannin  undissolved ; 
abstracting  the  tannin  and  extract  of  the  infrision  of 
galls  by  the  affinity  of  argil ;  or  boiling  in  the  infu- 
uon  carbonate  of  barytes^  and  decomposing  the 
gallate  of  barytes  by  sulphuric  acid.  But  itis  not 
certain  if,  by  any  of"^  these  processes,  the  acid  is  ob- 
tained in  a  state  of  purity,  and  in  particular  altoge- 
ther  free  from  tannin ;  this  principle  always  adheres 
to  the  acid  procured  by  the  first  process  of  Scheele* 
so  as  to  render  it  capable  of  precipitating  gelatin,  and 
the  other  processes  by  chemical  affinity  succeed  im- 
perfectly. There  remains,  therefore,  only  the  procesa 
of  subhmation,  and  this  probably  gives  the  gallic 
acid  in  its  purest  state,  a  minute  portion  of  oily 
matter  only  adhering  to  i^  which  gives  it  a  slight 
aromatic  odour ;  it  gives  no  precipitate  with  gelatin# 
and  therdbre  does  not  appear  to  have  any  intermix- 
toie  of  tannin*    It  it  infarior,  howvver,  to  the  acid 
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procured  by  the  spontaneous  decomposition  of  the 
infusion  of  galls  in  acid  powers,  a  difference  '^hich 
Lagrange  considers  as  owing  to  the  latter  having 
combined  with  it  a  portion  of  acetic  acid.  With  re- 
gard to  the  different  states  of  this  acid  and  its  purity, 
there  still  remains,  on  the  whole,  considerable  un- 
certainty. 

The  sublimed  acid  is  procured  in  crystals  cf  a 
white  colour,  if  the  heat  has  not  been  raised  too 
)  igh,  so  as  to  volatilize  any  vegetable  matter,  which 
gives  it  a  brownish  tinge.  When  purified  by  solu- 
tion and  crystallization,  the  acid  is  white ;  its  crys- 
tals are  slender  prisms  ;  its  taste  i9  sour  ;  it  reddens, 
though  not  very  deeply,  the  vegetable  colours,  and 
excites  effervescence  in  the  alkaline  carbonates;  it 
requires  24  parts  of  cold  water  for  its  solution,  but 
dissolves  in  less  than  2  parts  of  boiling  water,  this 
solution  crystallizing  on  cooling.  It  dissolves  in 
4  parts  of  alcohol,  at  a  medium  temperature. 

Exposed  to  heat  it  fuses,  exhaling  an  agreeable 
odour ;  a  portion  sublimes,  and  condenses  in  crystals, 
while  a  quantity*  of  acid  liquor  is  also  produced,  and 
a  large  quantity  of  charcoal  remains  in  the  retort. 
The  concrete  acid  has  nearly  the  same  taste  and  odour 
as  acid  of  benzoin.  The  products  of  its  entire  de- 
composition prove  it  to  be  a  compound  of-  carbon, 
hydrogen,  and  oxygen,  containing  a  large  proportion 
of  carbon.  By  nitric  acid  it  is  converted  into  oxalic 
acid.  According  to  Berzelius,  it  consists  of  57  of 
carbon,  38  of  oxygen,  and  5  of  hydrogen. 

Gallic  acid  combines  with  the  alkalies  and  earths. 
Its  salts  are  named  gallates ;  they  have  been  little 
examined :  those,  with  the  alkalies,  are  soluble ; 
they  throw  down  dark- coloured  precipitates  from 
metallic  solutions  similar  to  those  produced  by  the 
acid  itself. 

This  property  of  forming  dark-coloured  precipi- 
tates with  the  solutions  of  metals,  is  the  most  im- 
portant one  belonging  to  the  gallic  acid,  as  rendering 
It  a  re-agent  of  considerable  delicacy.  The  observa- 
tions with  regard  to  these,  however,  are  of  less  value, 
as  the  acid  has  been  usually  employed  in  that  state 
in  which  it  has  an  intermixture  with  tannin ;  and 
we  have  no  accurate  comparative  experiments  with 
regard  to  the  effects  from  it  in  a  purer  form.  Its 
action  on  the  salts  of  iron  has  been  principally 
examined,  and  (his  is  similar  to  that  exerted  by  tan- 
nin. It  strikes  a  violet  or  purple  colour,  more  or 
less  deep ;  but  for  the  production  of  the  colour,  the 
iron  requires  to  be  in  a  high  state  of  oxidation.  It 
can  also  be  rendered  apparent,  however,  even  in  so- 
lutions at  a  lower  state  of  oxidation,  by  causes  which 
cannot  change  the  state  of  oxygenation,  ashy  dilution 
with  water,  or  the  addition  of  a  little  cdkali :  and  the 
reason,  therefore,  of  its  not  appearing  when  the  salt 
contains  the  iron  imperfectly  oxidated,  is,  that  the 
oxide  in  that  state  is  retained  by  a  stronger  attrac- 
tion in  combination  with  the  acid,  than  when  the 
oxidation  is  more  perfect.  The  colour,  from  the  action 
of  gallic  acid,  is  less  deep  than  that  from  tannin ; 
and  the  precipitate  is  much  finer,  and  remains  longer 
suspended.  There  is  some  reason  to  suspect  that 
the  colour  is  always  produced  by  tannin  adhering  to 
the  acid,  and  that  the  acid,  only  by  its  re-action  on 
the  precipitate,  holds  it  dissolved. 

From  this  relation  between  gallic  acid  and  tannin, 
and  oxide  of  iron,  arises  the  advantage  derived  from 
their  combination  in  the  formation  of  writing-ink, 
or  black  dyes,  or  the  superiority  of  the  infusion  of  a 


vegetable  astringent,  in  producing  the  colour,  to 
eidier  of  them  in  its  separate  state. 

Galliot  ;  a  Dutch  vessel,  carrying  a  main  and  a 
mizzen  mast,  and  a  large  gaff-main-saiL  A  galliot  is 
a  sort  of  a  brigantine,  or  small  galley,  built  verv 
slightly,  and  designed  only  for  chase.  She  can  both 
sail  and  row,  and  usually  carries  about  two  or  three 
pedrero$,  and  has  16  or  20  oars.  All  the  seamen  on 
board  are  soldiers,  and  each  has  a  musket  by  him  on 
quitting  his  oar.  Some  also  call  the  bomb-ketches 
galliots. 

Gallon  ;  a  measure  of  capacity,  being  equal  to 
four  quarts,  or  eight  pints.  The  standiuxl  of  this 
measure,  or  the  imperial  gallon,  is  equal  to  ten 
pounds  avoirdupois,  or  277-274  inches  of  distilled 
water.  The  proportion  of  the  imperial  gallon  to  the 
old  wine  gallon  is  as  6  to  5  nearly. 

Galloon,  in  commerce;  a  narrow  kind  of  lace, 
used  to  edge  or  border  cloths. 

Gally,  in  Ufpograpky ;  a  frame  into  which  the 
compositor  empties  Uie  lines  out  of  his  composing- 
stick,  and  in  which  he  ties  up  the  page  when  it  is 
completed.  Some  gailies  are  formed  of  an  oblong 
square  board,  with  a  ledge  on  three  sides,  and  a 
groove  to  admit  a  false  bottom,  called  a  gally-slice. 

Galvanism.  Although  this  agent  is  now  gene- 
rally admitted  to  be  identical  with  electricity,  yet  its 
mode  of  production,  and  the  laws  which  it  olxserves 
when  in  action,  are  so  far  peculiar,  that  it  is  most 
advantageously  treated  of  by  itself. 

Its  name  is  derived  from  Galvani,  an  Italian  phi- 
losopher, who,  in  a  course  of  experiments  on  animal 
irritability,  observed  the  first  striking  phenomenon 
which  led  to  its  discovery.  This  observation  related 
to  the  muscular  contractions  that  take  place  in  the 
leg  of  a  frog  recently  killed,  when  two  metals,  such 
as  zinc  and  silver,  one  of  them  touching  the  crural 
nerve,  and  the  other  the  muscles  to  which  it  is  dis- 
tributed, are  brought  into  contact  with  one  another. 
The  theory  which  he  invented  to  account  for  this 
phenomenon  was,  that  the  different  parts  of  an  ani- 
mal are  in  opposite  states  of  electricity,  and  that  the 
effect  of  the  metal  is  merely  to  restore  the  equili- 
brium. The  fallacy  of  this  theory  was  fully  shown, 
about  ten  years  after,  in  the  year  1800,  by  Volta,  a 
celebrated  professor  of  natural  philosophy  at  Pavia, 
who  excited  similar  contractions  by  malung  a  con- 
nection between  two  parts  of  a  nerve,  between  two 
muscles,  or  between  two  parts  of  the  same  muscle ; 
but  to  produce  the  effect,  two  different  metals  were 
found  to  be  requisite.  He  showed  also,  that  in  a 
similar  way  sensationa  can  be  excited;  as,  for  ex- 
ample, a  piece  of  silver  being  applied  to  one  side  of 
the  tongue,  and  a  piece  of  copper  to  the  other>  when 
their  edges  are  brought  into  contact,  or  a  connection 
is  established  between  them  by  a  conductor,  a  pecu- 
liar taste  is  felt,  and  often  a  flash  of  light  appears  to 
pass  before  the  eyes.  Hence  he  was  led  to  infer, 
that  the  electricity  is  derived,  not  from  the  living 
system,  bnt  from  the  action  excited  between  the 
metal  and  the  humid  animal  fibre ;  that  the  animal 
matter  acts  merely  as  a  medium  conducting  this 
electricity,  and  that  the  effects  produced  are  to  be 
ascribed  to  the  stimulus  of  the  dectric  fluid  passing 
along  the  nerves  and  fibres,  as  in  a  shock  from  a 
Leyden  jar. 

In  the  farther  demonstration  of  his  views  of  the 
production  of  galvanism,  Volta  showed  that  plates 
of  different  metals,  such  as  silver  and  zinc,  ib  con* 
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tact  with  one  another  are  excited,  the  sitrer  nega- 
tively, and  the  zioc  pOBitiTely  ;  and,  by  emplo;mg 
MTenil  pairs  of  theie  plates,  connecting  them  in 
Bach  a  manner  that  the  electricity  eici^  by  each 
pair  shonld  be  diffoaed  through  the  whole,  he  disco- 
Tered  a  mode  of  greatly  engmenting  the  galvanic 
energy,  and  preaented  to  chemiatry  an  nnrivalied  io- 
itmment  of  research,  it  consisted  of  any  number 
of  pairs  of  zinc  and  copper,  or  zinc  and  silver  plates ; 
eadi  pair  being  separated  from  the  adjoining  ones  by 
pieces  of  cloth,  nearly  of  the  same  size  as  the  plates, 
and  moistened  in  a  saturated  solution  of  salt.  The 
relative  position  of  the  metals  in  each  pair  was  the 
tame  in  the  whole  series  ;  so  that,  if  the  copper  was 
placed  below  the  zinc  in  the  firat  combination,  the 
Mune  order  was  preserved  in  all  the  others.  The 
pile  was  contained  in  a  frame,  fixed  into  a  piece  of 
thick  wood,  which  afforded  the  apparatus  both  sup- 
port and  inauIatioD. 

The  pile  is  represented  in  the  wood-  i  ^ 

cut.  The  iDStnimcnt  thus  arranged 
was  found  to  be  in  the  same  state  of 
excitement  as  the  single  pair  of  metal- 
lic plales,  affecting  the  electrometer. 
and  exciting  muscular  contractions. 
in  a  similar  manner,  but  in  a  much 
greater  degre;.  The  opposite  ends  of 
Uie  pile  were  also  differently  excited, 
the  side  which  began  with  a  zinc  plate 
beine  positive,  and  the  other  negative ; 
and  hence,  when  they  were  made  to 
communicate  by  means  of  a  wire  from 
each,  electricity  Sowed  Irom  one  to  the 
other  in  a  continued  cnncnt.  If  the 
wires  were  applied  to  living  matter, 
•ensotions  and  contractions  were  ex- 
sited:  they  also  gave  the  electric 
<park.  This  instmment,  which  is  at 
present  rarely  used,  in  consequence  of 
more  convenient  arrangements   upon   i  J 

the  tame  principle,  has  received  the 
name  of  the  noltaie  pilt.  Another  apparatos  for  the 
Btuue  purpose  was  invented  by  Volta,  which  he 
called  the  eoarattne  de  lanti.  It  consisted  of  a  se- 
ries ofglats  cups  nearly  filled  with  water  or  a  saline 
solution.  In  each  cup  was  placed  a  plate  of  zinc, 
and  a  plate  of  silver  or  copper ;  the  plate  of  silver  in 
the  one  cap  being  connected  with  that  of  zinc  in  the 
other,  by  a  thin  slip  of  metal  bent  into  an  arc,  and 
the  same  order  being  preserved  as  in  the  construc- 
tion of  the  pile.  The  best  fona  of  the  coaromu  d« 
tanet  is  given  beneath. 


nwwwin 


Several  improvements  upon  the  voltaic  pile  were 
soon  made  by  other  philosophers;  and  the  disco- 
'veries  in  galvanism  mnltiplied  with  a  rapidity,  and 
to  an  extent,  which  surpass  any  thing  before  known 
io  the  history  of  science.  In  attempting  to  give  aa 
outline  of  these  discoveries,  we  shall  observe  the  fol- 
lowing order: — 1.  TAe  coyutrncHiM  iff  Ihe  galtmiac 
apptralut,  and  the  eirctuulanca  aKniial  fe  (Ae  taate- 
mnU  iif  Ihit  mid^cation  oj  elttMcily ;  3.  Ut  thelri- 
eal  ^eeti;  and  3.  ill  cAcimW  sf«Mjr. 
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I.  The  simple  contact  of  diffrrtmt  tondveting  bo- 
dies is  all  that  is  necessary  for  the  excitement  of 
galvanic  electricity.  Conductors  of  electricity  have 
been  divided  into  per/tcl  and  imperfeel ;  the  former 
comprehending  the  metals,  plumbago  and  charcoal, 
the  mineral  acids,  and  saline  solutions;  the  latter 
inclading  water,  alcohol  and  ether,  sulphur,  oils, 
resins,  metallic  oxides,  and  compounds  of  chlorine. 
The  least  complicated  galvanic  arrangement  is  term- 
ed a  limph  gaimmic  circle.  It  consists  of  three,  con-, 
ductors ;  of  which  one,  at  least,  ronst  be  solid,  the 
second  fluid  ;  the  third  may  be  either  solid  or  fluid. 
In  the  following  tables,  some  different  simple  circles, 
are  arranged  in  the  order  of  their  powers ;  the  most 
energetic  occupying  the  highest  place. 

Thble  of  electrical  arranffementa,  lehich,  by  concha- 
lion,  form  viiUaic  balleriea.  compoted  of  two  per- 
ftet  CQoduclort,  and  one  imperfeel  conductor. 


Tm,' 
Lead, 

Silver, 
Gold, 
Platina, 

Charcoal. 


Each  of  these 

is  the  positive 
pole  to  all  the 
substances  be- 
low it.  and 


gatii 


wichr< 


spect  to  those 
above  it  in  the 
column. 


Solution  of  nitric  acid. 
muriatic  acid, 

sulphuric  acid. 


—  other  neutral 


Tilbk  <if  eltctricai    arrangemaitt,   coiui»ling  of  one 
perftcl  cotiduclor  and  tieo  imperfect  coaduclori. 


Solution  of  snlphu 

ret  of  potash, 
potash. 


Other  metals. 
Charcoal. 


Sulphuric  acid. 
Muriatic  acid. 
Any  solutions 


explanation  of  these  tables,  it  may  be  observed, 
in  all  those  cases  where  ihe  fluid  menstrua 
afford  oxygen,  those  metals  which  have  the  strongest 
attraction  for  oxygen  are  those  which  form  the  posi- 
tive pole.  But  when  the  fluid  menstrua  afford 
sulphur  to  the  metals,  the  metal,  which,  under  the 
existing  circumstances,  has  the  strongest  attraction 
for  sulphur,  determines  the  positive  pole.  Thns,  io 
a  series  of  copper  and  iron  plates,  introduced  into  a 
porcelain  trough,  the  cells  of  which  are  filled  with 
water  or  with  acid  solutions,  the  iron  is  positive,  and 
the  copper  negative ;  but  when  the  cells  are  filled 
with  a  solotioD  of  snlpburet  of  potash,  the  copper  is 
positive,  and  the  iron  negative.  When  one  metal 
only  is  concerned,  the  surface  opposite  the  acid  it 
negative,  and  that  in  contact  with  the  solution  oi 
the  alkali  and  sulphur,  or  of  its  alkali,  is  positive- 
Simple  galvanic  circles  are  possessed  of  but  feeble 
powers ;  yet  these  are  often  sufficiently  obvious,  as 
in  the  instance  above  alluded  to,  of  a  slip  of  zinc  laid 
upon  the  tongue,  and  a  piece  of  silver  under  it.  In 
this  case,  we  have  an  example  of  the  arrangement  of 
two  perfect  conductors  (the  metals)  with  one  imper- 
fect one  (the  tongue,  or  rather  the  fluids  which  it 
contains).  A  piece  of  zinc  immersed  in  water  which 
is  freely  exposied  to  the  atmosphere,  oxidise*  very 
slowly;  but  when  placed  in  the  same  situation,  in 
contact  with  a  piece  of  silver,  its  oxidation  is  much 
more  rapid.  By  immersing  iron  and  silver  (also  in 
contact  with  each  other)  in  dilute  mmuitie  acid,  the 
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action  oT  tb«  «cid  upon  the  Itob  is  coaiiderBhly 
incKMcd  ;  mod  hydro^  gas  ii  evolTtd  from  the 
water,  not  only  where  it  is  in  contact  with  the  iron, 
bat  where  it  toachei  the  silver.  These  facti  explaio 
why,  in  the  sheathing  of  ships,  it  is  necessary  to  use 
bolts  of  the  same  metal  which  forms  the  plUes;  for 
if  two  different  metals  be  employed,  they  both 
oiidate  Very  speedily,  in  consequence  of  their  form- 
ing, with  the  water  of  the  ocean,  a  simple  galvanic 
cirde. 

Compound  gahanic  circles.  Or  galnmie  batteriea, 
•re  formed  by  multiplying  those  arrangements  which 
eompOBe  simple  cirdes.  Thus,  if  plates  of  zinc  and 
of  silver,  and  pieces  of  woollen  cloth  of  the  same 
size  u  the  plates,  and  moistened  with  water,  be 
piled  upon  each  other  in  the  order  of  zinc,  silver, 
cloth  J  line,  silver,  cloth ;  and  so  on,  for  twenty  or 
more  repetitions,  we  have  the  voltaic  pile,  the  de- 
scription of  which  was  given  in  the  previous  page. 
The  power  of  such  a  combiiution  is  snfficient  to 
give  a  smart  shock,  as  may  be  fdt  by  grasping  in 
the  hands,  previonsly  moistened,  the  wires  connect- 
ing the  Dpper  snd  lower  extremities  of  the  pile.  The 
shock  may  be  renewed  at  pleasure,  until,  after  a  few 
hours,  the  activity  of  the  pile  begins  to  abate,  and 
finally  ceases  altogether. 

But  the  galvanic  apparatus  by  &r  the  most  con- 
venient and  geneialJy  used  was  invented  by  Mr. 
Craickshank. 

The  galoamie  trough,  as  it  is  named,  and  whidi 
coDiists  of  a  long  and  narrow  trough,  made  of  baked 
wood,  is  shown  beneath. 


ead  of  soUsrukg  tbns  together.    Th^r 

connected  at  the  upper  e<ta  by  a  metallic  arc, 

and  are  introdoced  into  a  troa^  dindsd  into  celk  by 

partitiona  of  gjass  (or  •omatiiiMS  into  troughs  wholly 

made  of  earthen  ware),  in  sudt  a  manner  that  one 

e  uda  of  the  putitioa.  the  other  on  the 
other.  TUa  MTangcoMnt  has  the  advantage  that, 
both  anrfaeea  of  ca^  plat*  being  acted  on,  a  greattr 


Qmovea  are  cut  in  the  tronfjh,  opposite  to,  end  at 
the  distance  of  i  and  )  of  an  inch  from,  each  other  ; 
and  into  these  are  let  down,  and  secured  by  a  cement, 
square  plates  of  zinc  and  copper,  previously  united 
together  fay  soldering.  The  space,  therefore,  between 
each  pair  of  plates  forms  a  cell  for  the  purpose  of 
containing  the  liquid  by  which  the  combination  is  *" 
be  made  active.  The  plates  may  be  from  3  to  6 
S  inches  squan  i  and  care  is  to  be  taken,  in  their 
arrangement  in  the  trough,  that  the  order  in  which 
they  are  inserted  be  not  in  any  instance  reversed, 
but  that  the  copper  side  of  each  double  plate  be 
always  towards  one  hand,  and  the  zinc  side  towards 
^e  other.  The  galvanic  trough,  thus  constructed, 
is  more  easily 

^linw  the  pile, 
and  more  ea«- 
ly  kept  clean ;  , 
and,  besides,  it 
can  be  cod-  I 
tinned  longer 
in  action,  as  it 

liquid. 


In  the  above  engraving  the  plates  are  shown  saa- 
pended  over  a  porcdun  trough,  which  is  the  beat 
form  in  which  they  can  be  oonstracted.  The  ntly 
practical  objection  to  the  arrangement  is,  that  in 
some  cases  the  acid  acts  on  the  glased  aorface  of  the 
porcelain,  and  the  trm^ha  leak. 

Dr.  WoUastoa  has  hei|^tened  the  imparoTement, 
by  placing  in  eadi  telt  one  plate  of  the  w  -  •    -  - 

the  zinc,  and  two  of  the  other,  the  cop| 
each  sulfa 

metallic  ai_.  — „ — , , 

tween  them,  supported  by  niec«a  of  wood,  is  tke 
idate  of  zinc,  distant  an  ei^dl  or  a  fourth  of  an  indi 
frtim  (he  copper  on  each  side.  The  eonunnnlcUiea 
between  these  triide  plate*  is  eatddiilMd  by  area  ti 
lead  or  other  metal,  connecting  eadi  ceatnl  vme 
plate  with  the  copper  of  the  adjoiDin^  C«U.  TUs 
arrangement  la  very  powerful  in  [wttdncing  Ugid  Bad 
heat.  A  single  senee  of  this  description  is  shown  in 
'le  engraving. 


the  cooper,  so  tsat 
each  surface  of  the  zinc  may  be  (^>paecdto  aaarAee 
iper.    The  i^ates  of  copper  an  connected  by 
both  at  the  top  a--*  "-" ■"  •" 


fication  of  this  appara- 
tus has  been  contrived 
by  Dr.  Hare,  of  Miila- 
delphia.  It  consUta  of 
conceotric  coils  of  cop- 


mded  by   I 


fevers  as'  to  be  made  I 
to  descend,  at  pleasure,  ' 
instantaneously  into  the 
eiciting  fluid  contained 
in  glass  jars  or  wood- 
en troughs,  without 
partitions.  Each  coil 
IS  formed  from  a  zinc 
sheet  of  9  inches  by  6,  and  one  of  copjwr  '*  ''J  ^ 

more  of  the  copper  bein|  re "     ' 

made  to  commence  within  t! 
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to  Barroand  it  wiUunit.  TIm  tliaeli  an  so  eoiW  at 
to  leave  between  them  intenticet  of  a  quarter  of  an 
inch.  In  the  original  apparatua,  they  were  arranged 
in  two  rows,  40  coils  in  eadi :  on  their  iaunenion 
in  the  appropriate  fluid,  the  immediate  evohitton  of 
heat  and  light  was  found  to  be  most  intense,  hi 
exceeding  that  of  voltaic  piles  or  tron^  of  an  eqnal 
number  of  series  and  extent  of  surface ;  and  on  ac- 
count of  its  superior  power  of  causing  the  combustion 
of  metallic  wires  and  leaves,  the  instrument  was 
named  by  its  inventor  the  gahanie  defkufraior. 

The  size  of  the  plates  composing  the  gahranie 
series  has  been  varied  fh>m  one  or  two  inches  square 
to  that  of  a  great  number  of  feet.  The  battery  of 
Mr.  Children  consisted  of  twenty  pairs  of  copper  and 
zinc  plates,  each  plate  being  6  feet  long  by  3  feet 
8  inches  broad.  Each  pair  was  connected  by  leaden 
straps  at  the  top,  and  had  a  separate  wooden  cell. 
These  cells  were  capable  of  containing  945  gallons  of 
liquid.  The  plates  were  suspended  from  a  wooden 
beam,  bv  means  of  which  they  could  at  once  be 
loweied  mto  the  cells,  and  again  raised  at  pleasure. 

Dr.  Hare  constructed  an  apparatus  consisting  of 
20  sheets  of  copper  and  the  same  number  of  zinc, 
each  20  inches  square,  and  so  arranged  as  to  be 
equivalent  to  a  battery  of  two  galvanic  pairs,  except- 
ing that  there  is  no  insulation,  all  the  plates  being 
plunged  into  one  vessel.  This  instrument,  from  its 
evolving  caloric  with  scarcely  any  electricity,  was 
called  by  Dr.  Hare  the  calorimotor. 

Different  liquids  are  employed  to  fill  the  cavities  of 
the  trough ;  and  it  is  essential  to  employ  those  which 
exert  a  chemical  action  upon  one  of  the  metals,  the 
effect  with  pure  water  being  very  inconsiderable. 
In  f^eral,  the  galvanic  effect  is  proportional  to  the 
rapidity  with  which  the  more  oxidable  metal  is 
acted  upon  by  the  intervening  fluid.  Thus  where 
the  liquid  employed  is  pure  water,  the  electric  excite- 
ment is  very  feeble,  for  the  action  on  the  metab  is 
feeble ;  still  the  zinc  is,  even  in  this  arrangement, 
observed  to  be  oxidised  more  rapidly  than  it  would 
be,  were  it  not  in  contact  with  the  copper.  A  saline 
solution,  as  of  muriate  of  soda,  or  munate  of  ammo- 
nia, is  found  to  cause  a  more  rapid  oxidation  of  the 
zinc ;  and,  accordingly,  the  electric  power  is  greater ; 
and,  lastly,  an  acid  fluid,  which  oxygenates  and  dis> 
solves  the  metals  much  more  rapidly,  produces  the 
highest  activity  of  which  tiie  battery  is  capable. 
The  fluid  genendly  used  w  nitric  acid,  diluted  with 
twenty  or  thirty  times  its  weight  of  water. 

The  electric  column,  originally  contrived  by  M.  de 
Luc,  is  usually  classed  with  galvanic  arrangements. 
It  is  formed  of  discs  of  Dutch  gilt  paper,  and  similar 
discs  of  laminated  zinc.  These,  in  a  perfectly  dry 
state,  are  piled  up  into  two  columns,  the  different 
metals  constantly  alternating  with  each  other  in 
their  position,  until  they  attain  the  height  of  18 
inches,  when  they  are  coated  over  with  a  glass 
cylinder.  They  are  then  placed  at  the  distance  of 
4  or  5  inches  from  each  other,  and  between  them  is 
suspended,  on  a  pivot,  a  light  steel  needle,  which  is 
attracted  alternately  to  the  one  pile  and  the  other, 
moving  between  them  like  a  pendulum.  This  curious 
instrument,  instead  of  being  soon  exhausted,  like  the 
pile,  with  humid  substances,  is  found  to  continue 
active  for  several  years,  and  has  been  applied  to  the 
measurement  of  time,  by  causing  it  to  give  motion 
to  the  pendulum  of  a  clock. 

2.  SlMtrieal  EffHUcfih»  QakfPfk  Boitery.  Under 
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hflftd  are  included  4II  the  effects  whiak  letamMe 
tha  usual  nhancMniana  produoed  by  the  eleetrkal 
■Mfhine.  Gahranism,  even  when  excited  by  a  single 
gahranie  circle,  sudi  as  a  piece  of  zinc,  a  similar  oae 
of  copper,  and  a  piece  of  doth  moistened  with  a 
solution  of  muriate  of  ammonia,  distinctly  affects  Iha 
gold  leaf  of  tha  condensing  electrometer.  If  the 
zinc  end  be  uppermost,  and  be  connected  dimtly 
with  the  instrument,  the  electricity  indicated  is  poai* 
tive.  If  the  pin  of  tha  electrometer  touch  the  oopper» 
the  electricity  is  negative.  Whan  wires  conneeM 
with  the  opposite  poles,  or  aides,  of  an  active  galvanie 
trough  are  brought  near  each  other,  a  spark  is  seen 
to  pass  between  them,  accompanied  with  a  slight 
snap  or  report ;  and  on  establiahing  a  communication 
by  means  of  the  hands,  previously  moistened,  a  dis- 
tinct shock  is  perceived,  similar  to  that  which  is 
produced  by  the  discharge  of  a  Leyden  jar.  Both 
mfluences,  also,  are  propagated  through  a  number  of 
persons  without  any  perceptible  interval  of  time. 

On  connecting  the  ends  of  a  sufficiently  powerM 
battery,  by  means  of  fine  metallic  wires,  or  slender 
pieces  of  freshly  prepared  charcoal,  these  oondnetors 
become  intensely  heated,  and  a  vivid  white  light 
appears  at  the  pointo  of  the  charcoal;  and  as  iSiis 
phenomenon  takes  place  equally  in  an  atmosphere 
void  of  oxygen  gas,  or  even  under  the  surface  of 
water,  it  manifesUy  cannot  be  ascribed  to  combus- 
tion. If  the  oommonication  be  established  by  me- 
tallic leaves,  ^  metals  bum  with  vivid  scintillations : 
and  if  the  g^vanic  fluid,  in  ite  circuit,  be  made  to 
pass  through  gunpowder,  phosphorus,  and  a  mixture 
of  hydrogen  and  oxygen  gases,  they  are  inflamed. 

These  observations  iniduce  the  belief,  that  the 
agent  or  power  excited  by  the  voltaic  ^  apparatus  is 
identical  with  that  which  is  called  into  activity  by 
the  electrical  machine:  for  not  only  may  all  the 
common  electrical  experimente  be  performed  by 
means  of  galvanism,  but  it  has  been  shown  by  Dr. 
WoUaston,  that  the  chemical  efiecto  of  the  galvanic 
battery  may  be  produced  by  electricity.  The  con- 
ditions required  for  producing  the  electrical  effecte  of 
the  voltaic  battery  are  different.  Electrical  attrao- 
tioss  and  repulsions  take  place  in  the  bif^iest  degree 
when  a  great  number  of  small  plates  are  employed, 
and  the  cells  filled  with  water.  For  acting  on  the 
electrometer,  therefore,  a  battery  of  numerous  small 
plates  is  peculiarly  suited,  and  common  river  water 
is  the  best  material  for  ite  excitetion. 

For  producing  sparks,  or  giving  shocks,  a  numerous 
series  of  plates,  about  four  inches  square,  and  excited 
with  dilute  acid,  is  required.  For  burning  metallic 
leaves,  fusing  wire,  and  igniting  charcoal,  a  small 
number  of  large  plates  answer  better  than  a  great 
number  of  small  ones^  a  strong  acid  solution  ^ould 
abo  be  employed. 

3.  ChemitMEffecUofGaloQmim.  The  most  simple 
chemical  effect  of  the  ^vanic  battery  b  the  ignition 
and  fusion  of  metals,  which  has  already  been  alluded 
to  above.  The  facility  of  bemg  ignited,  in  the  dif- 
ferent metals,  appears  to  be  imTersely  proportional  to 
their  power  of  conducting  heat.  Hence  platina, 
which  has  the  lowest  conducting  power,  b  most  easily 
ignited ;  and  silver,  which  conducto  heat  with  greater 
facility  than  any  other  metal,  b  ignited  with  more 
difficulty  than  any  of  the  rest.  The  combustions 
producMl  by  galvanic  arrangemente  have  also  been 
spoken  of  above.  The  plates  for  thb  purpose  should 
not  be  less  than  4  inches  square  and  anaggra§atet>f 
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not  leM  than  150  pairs  of  plates  employed.  The 
metals  are  burnt,  or  rather  deflagrated,  in  the  form 
of  very  thin  leaves.  Gold  emits  a  very  vivid  white 
light,  inclining  a  little  to  blue ;  the  flame  of  silver  is  a 
vivid  green,  somewhat  like  that  of  the  emerald,  and 
zinc  a  bluish  white  flame,  fringed  with  red. 

The  most  striking  effect  of  the  voltaic  battery  is 
the  intense  light  which  is  produced  by  placing  two 
pieces  of  charcoal,  cut  into  the  shape  of  pointed  pen- 
cils, at  the  two  ends  of  the  wires  of  an  interrupted 
circuit.  When  the  battery  is  a  very  powerful  one, 
and  the  charcoal  points  are  brought  within  the  30th 
or  40th  of  an  inch  of  each  other,  a  bright  spark  is 
produced.  By  withdrawing  the  points  from  each 
other,  a  constant  discharge  takes  place  through  the 
heated  air,  in  a  space  of  from  one  to  four  or  more 
inches,  according  to  the  energy  of  the  apparatus, 
producing  a  most  brilliant  arch  of  light,  of  consider- 
able breadth,  and  in  the  form  of  a  double  cone. 
Platina,  introduced  into  this  arch,  melts  as  wax  does 
in  the  flame  of  a  candle.  Thb  light  equals  the  bril- 
liancy of  the  sun,  and  cannot  be  borne  by  eyes  of 
common  strength,  unless  protected  by  glasses.  That 
it  does  not  arise  from  combustion,  is  proved  by  the 
fact,  that  very  little  of  the  charcoal  is  wasted  by  its 
continuance  for  some  time. 

In  the  use  of  the  deflagrator,  it  was  observed  by 
Professor  Silliman,  that,  during  the  discharge,  the 
charcoal  point  of  the  positive  pole  shot  out  into  a  lit- 
tle stalactical  knob,  in  the  direction  of  the  opposite 
point ;  while,  in  the  charcoal  of  the  negative  pole,  on 
the  contrary,  a  crater-shaped  cavity  was  formed  at 
the  same  time,  appearing  as  if  matter  was  actually 
transferred  from  tlie  negative  to  the  positive  side, 
llie  subsequent  examination  of  the  matter  thus 
apparently  transferred,  as  it  had  all  the  marks  of 
having  been  fused,  induced  the  belief  that  the  char- 
coal passed,  in  the  state  of  vapour,  through  the  ig- 
nited arch  of  flame,  and  concreted  again  on  arriving 
at  the  positive  pole.  The  most  important  chemical 
effect  of  galvanism,  however,  is  that  of  producing  de- 
composition. The  substance  first  decomposed  by  it 
was  water.  When  two  gold  or  platina  wires  are  con- 
nected with  the  opposite  poles  of  a  battery,  and  their 
free  extremities  are  plunged  into  the  same  cup  of 
water,  but  without  touching  each  other,  hydrogen 
gas  is  disengaged  at  the  negative  wire,  and  oxygen 
at  the  positive  side.  By  collecting  the  gases  in 
separate  tubes  as  they  are  formed,  they  are  found  to 
be  quite  pure,  and  in  the  exact  proportion  of  two 
measures  of  hydrogen  to  one  of  oxygen. 

If  wires  of  a  more  oxidable  metai  are  employed, 
the  hydrogen  gas  will  appear  as  usual,  but  the  oxy- 
gen, instead  of  escaping,  combines  with  the  metal, 
converting  it  into  an  oxide.  Numerous  other  com- 
pounds, such  as  acids  and  salts,  are  found  to  be  de- 
composable in  the  same  manner,  one  of  these  ele- 
ments appearing  at  one  side  of  the  battery,  and  the 
other  at  the  opposite  extremity.  A  remarkable  law 
in  the  circumstances  attending  the  decomposition  is 
also  observed.  Thus,  in  decomposing  water,  or  any 
other  compound,  the  same  constituent  principle  is 
always  disengaged  at  the  same  side  of  the  battery ; 
so  that  the  principles  which  collect  around  each  pole 
have  a  certain  analogy ;  inflammable  bodies  and  alka- 
lies go  to  the  negative  side,  while  oxygen  passes  to 
the  positive  side. 

It  is  also  found,  that  not  only  are  the  elements  of 
a  compound  fluid  separated  by  galvanic  energy  to 


the  opposite  wires  in  distant  parts  of  the  conbdning 
vessel,  without  the  movement  of  these  elements  being 
perceptible,  but  that  the  elements  may  even  be  evolved 
in  separate  portions  of  the  fluid  placed  in  distinct 
vessels,  and  connected  only  by  some  slight  link,  as  a 
few  fibres  of  moist  cotton  or  amianthus.    Thus  two 
glasses  may  be  filled  with  pure  water  and  connected 
with  moistened  thread ;  the  positive  wire  immersed 
in  the  water  in  one  vessel,  and  the  negative  in  that 
of  the  other ;  and  immediately  oxygen  gas  will  be 
disengaged  at  the  extremity  of  the  former,  and  hy- 
drogen gas  at  the  extremity  of  the  latter.    Now,  in 
this  instance,  it  is  obvious  a  difficulty  immediately 
presents  itself  in  attempting  to  account  for  the  sepa- 
rate evolution  of  the  elements.     If  they  were  both 
produced  in  one  vessel,  it  might  be  conceived  that 
they,  arose  from  the  decomposition  of  one  portion  of 
water,  and  had  been  attracted  to  the  opposite  poles. 
But  how  can  this  happen  in  separate  vessels  i   What 
becomes  of  the  hydirogen  in  the  vessel  where  the 
positive  wire  is  placed,  and  why  does  oxygen  not 
appear  in  the  other  vessel  in  which  the  negative  wire 
is  immersed?    The  only  explanation  that  can  be 
given,  is  to  suppose  that  one  or  both  of  these  ingre- 
dients must  have  passed  from  one  vessel  to  the  other, 
along  the  connecting  fibres  of  thread,  although  we 
are  unable  to  perceive  such  a  transmission.    Nome- 
rous  other  facts  of  a  similar  nature  are  also  now 
known,  particularly  with  respect  to  the  decomposi- 
tion of  saline  solutions.    Thus,  let  two  cups  of  agate 
or  gold  (as  glass  is  liable  to  be  acted  upon)  be  con- 
nected by  a  few  fibres  of  amianthus  moistened  by 
water,  and  a  solution  of  sulphate  of  soda  or  potash, 
nitrate  of  potash,  nitrate  of  silver,  or  any  other  com- 
pound salt,  be  placed  in  each  of  the  cups.    Now,  if 
we  introduce  into  one  the  positive  wire,  and  into  the 
other  the  negative  wire  of  a  galvanic  battery  in  action, 
in  a  short  time  the  principles  of  the  salt  will  be  sepa- 
rated, and  all  the  acid  wUl  be  collected  in  the  vessel 
with  which  the  positive  pole  communicates,  and  all 
the  base  in  the  other;  each  being  conveyed  by  the 
medium  of  the  moistened  amianthus,  and,  as  it  would 
appear,  in  opposite  currents,  passing  one  another  in 
so  narrow  a  space,  without  combining  or  otherwise 
interfering  with  each  other's  movements.     Again,  if 
the  saline  solution  be  placed  in  one  of  the  cups,  and 
distilled  water  in  the  other,  and  the  positive  wire  in- 
serted in  the  latter,  the  acid  will  leave  both  the  base 
with  which  it  was  united  and  the  vessel  in  which  it 
was,   and  pass  by  the  amianthus  wholly  into  the 
water,  the  base  remaining  in  the  first  cup :  and  if» 
after  this  change  be  effected,  the  wires  are  reversed, 
the  acid  will  immediately  begin  to  quit  the  cup  into 
which  it  had  passed  in  the  former  experiment,  and 
to  return  to  the  first  cup,  while  the  base  will  move 
in  an  opposite  direction,  till  all  of  it  is  collected  in 
the  vessel  in  which  the  negative  wire  was  placed. 

Phenomena  still  more  extraordinary  present  them- 
selves in  connection  with  these  most  interesting  re- 
searches. The  elements  of  compound  bodies  are 
actually  conveyed  by  the  influence  of  the  electric 
current  through  solutions  of  substances,  on  which, 
under  other  circumstances,  they  would  have  exerted 
an  immediate  and  powerful  chemical  action,  without 
any  such  effect  being  produced.  Acids,  for  example, 
may  be  transmitted  from  one  cup,  connected  with 
the  negative  pole,  to  another  cup  on  the  opposite  or 
positive  side,  through  a  portion  of  fluid  in  an  mter- 
mediate  cup  tinged  with  any  of  the  vegetable  coloured 


GALVANISM. 


SBt. 


cnftisioiit,  which  are  instantty  reddened  by  tiie  pre- 
sence of  an  scid,  without  occasioning  the  slightest 
change  of  colour.  The  same  happens  also  with 
alkalies.  Sir  H.  Davy  found  that  when  three  vesseb 
were  connected  with  each  other  by  moistened  amian- 
ttkUB,  and  there  was  placed  in  the  first  a  solution  of 
sulphate  of  potash/  with  a  wire  from  the  negative 
side,  in  the  middle  a  vessel  with  a  solution  of  am- 
monia (a  substance  having  a  strong  attraction  for 
sulphuric  acid),  and  in  the  third  water,  with  a  wire 
from  the  positive  side  of  the  galvanic  battery, — in 
five  minutes  (a  battery  of  150  pairs  of  plates  being 
employed)  add  was  found  collecting  around  the 
vrire  in  the  water.  It  had  therefore  passed  through 
the  ammonia  vnthout  the  affinity  of  this  being  suffi- 
cient to  arrest  it.  When  the  disposition  was  re- 
versed, and  the  salme  solution  connected  with  the 
positive  side,  die  water  with  the  negative,  and  an 
acid  placed  in  the  middle,  the  alkaline  base  was  con- 
veyed through  the  interposed  acid,  and  collected  in 
thepure  water. 

The  same  results  were  obtained  in  operating  on  a 
number  of  other  salts,  alkaline,  earthy,  and  metallic. 
Where  a  strong  force  of  cohesion,  however,  inter- 
fered, the  substance  was  intercepted :  thus  sulphuric 
acid  could  not  be  transmitted  through  a  solution  of 
barjrtes  oristrontites;  nor  these  earths  through  sul- 
phuric acid :  when  it  was  attempted,  these  earths 
fell  down  in  insoluble  precipitates.  Not  only  liquids, 
but  solid  substances,  are  decomposed  by  means  of 
the  galvanic  energy,  and  their  elements  transferred 
to  the  opposite  wires.  And  such  is  the  force  of  thb 
agent,  that  tiie  most  minute  portion  of  a  substance 
thus  acted  on  by  either  of  the  wires  is  collected 
around  it. 

Portions  of  muriatic  acid,  of  soda,  and  of  other 
alkalies  and  acids,  appear  at  the  opposite  poles,  even 
when  dbtilled  water  alone  is  employed;  proving 
that  these  substances,  in  the  condition  of  neutral 
salts,  exist  in  all  waters,  however  purified  they  may 
be  by  art.  From  these  researches,  the  general  law 
is  established,  that,  when  compounds  are  placed  in 
the  galvanic  circuit,  their  elements  are  separated 
from  the  state  of  combination  in  which  they  exist, 
and,  according  to  their  peculiar  nature,  are  collected, 
— some  aroui^  the  positive,  others  around  the  nega- 
tive pole.  How  this  is  effected,  whether  by  attrac- 
tions alone  exerted  at  each  pole,  or  by  repulsions,  or 
by  both,  the  element  attracted  to  the  one  bemg  re- 
pelled from  the  other,  is  not  so  apparent. 

Grotthus,  in  explaining  the  galvanic  decompo- 
sition of  water,  advanced  the  conjecture,  that  as,  in 
the  voltaic  pile,  each  pair  of  plates  has  its  negative 
and  positive  poles,  it  may  establish  a  similar  polarity 
among  the  elementary  particles  of  the  portion  of  wa- 
ter interposed  between  its  principal  poles.  One  ele- 
ment of  the  water  may  thus  acquire  the  positive,  the 
other  the  negative  state ;  and,  A  this  happens,  tiien, 
accOTding  to  the  laws  of  electricity,  that  whidi  has 
become  negative  (the  oxygen  in  the  case  of  water) 
will  be  repelled  from  the  negative,  and  attracted  to 
the  positive  pole ;  and  that  which  has  become  posi- 
tive (the  hydrogen)  vrill  b^  repelled  fipom  the  posi- 
tive and  attracted  to  the  negative  side.  With  regard 
to  the  mode  of  conveyance,  it  may  be  by  successive 
decompositions  and  recompositions  of  the  compound 
between  the  two  poles ;  in  water,  for  instance,  the 
particle  at  each  wire  may  be  decomposed ;  the  one 
element  may  be  disengaged^  and  the  residual  denent 
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may  attract  a  corresponding  portion  of  the  other  from 
the  next  particle,  and  thus,  by  a  series  of  successive 
decompositions  and  recompositions,  each  may  be 
brought  to  the  wire  to  which  it  is  attracted  and 
evolved ;  or,  what  is  equally  possible,  the  decompo- 
sition may  be  confined  to  the  particles  at  each  pole, 
and  the  element  receiving  the  opposite  electricity 
may  be  repelled  from  it,  and,  by  this  repulsion  and 
the  corresponding  attraction  at  the  opposite  wire,  be 
brought  to  that  (&er  pole ;  and  analogy  is  in  favour 
of  this  supposition.  In  atmospheric  air,  bodies  ren- 
dered positively  or  negatively  electrical  are  attracted 
and  repelled  at  considerable  distances.  From  the 
degree  in  which  electricity  exists  in  galvanic  arrange- 
ments, water  is  a  medium,  with  re^tfd  to  it,  nearly 
as  atmospheric  air  is  to  electricity  evolved  in  the 
common  electrical  machine;  and  it  may  therefore 
allow  electric  attractions  and  repulsions  to  operate  in 
a  similar  manner. 

A  different  theory  has  been  proposed  by  Sir  H. 
Davy,  and  which  has  received  the  appellation  of  the 
eleetro-^kemical  tksory.  It  has  been  adopted  by  some 
eminent  philosophers,  and  among  others  by  Berze- 
lius.  He  conceived  that  bodies  possess  natural  elec- 
tric energies,  which  are  inherent  in  them,  whether 
they  are  in  a  state  of  combination  or  not.  Oxygen* 
chlorine,  iodine,  and  acids,  according  to  the  theory, 
are  naturally  negative ;  while  inflammables,  as  hy- 
drogen, sulphur,  &c.,  and  metals,  are  naturally  po- 
sitive. Hence,  when  the  combinations  of  these  sub- 
stances are  subverted  by  the  galvanic  influence,  the 
substances  are  evolved  in  the  electric  state  natural  to 
them ;  and,  as  it  is  a  law  of  electricity  that  bodies  in 
opposite  states  attract  each  other,  the  oxygen,  being 
negative,  is  immediately  attracted  by  the  positive 
wire,  while  the  inflammable  or  metallic  base,  being 
naturally  positive,  is  attracted  by  the  negative  vrire. 
In  this  way,  the  uniform  appearances  of  these  bodies 
at  their  particular  poles  is  accounted  for. 

To  explain  how  combination  is  subverted  by  the 
electric  influence,  a  farther  hypothesis  viras  suggested 
by  the  author  of  this  theory,  viz.  that  chemical  at- 
traction may  itself  be  a  modification  of  electricity ; 
that  the  same  power  which  communicates  attractive 
and  repulsive  properties  to  masses  of  matter  may, 
when  acting  upon  the  ultimate  particles  of  different 
bodies,  induce  them  either  to  separate  or  unite,  as 
their  natural  electrical  states  are  the  same  or  dif- 
ferent. Thus,  if  hydrogen  is  naturally  positive,  and 
oxygen  naturally  negative,  according  to  the  laws  of 
electricity,  they  must  attract  each  other;  and,  if  these 
opposite  states  are  suffidentiy  elevated  to  give  them 
an  attractive  force  superior  to  the  power  of  aggrega- 
tion, they  may  be  expected  to  c(mibine ;  and,  in  like 
manner,  other  bodies,  wiiose  particles  are  in  different 
states,  may  from  this  cause  be  ^united  together.  If  a 
body  also,  whose  electrical  energy  exceeds  that  of 
one  of  the  substances  combined,  be  brought  to  act 
upon  these,  it  may  expel  that  ingredient,  and  take 
its  place;  and  this  may  be  the  cause  of  what  is  called 
decomposition  from  elective  affinity. 

The  effect  of  heat,  likewise,  in  promoting  combi- 
nation or  decomposition,  mav  often  depend  on  its 
exciting  electrical  energy ;  and  the  elevation  of  tem- 
perature and  production  of  light,  so  frequently  at- 
tending chemiod  action,  may  depend  on  the  changes 
attending  the  electrical  states,  since  such  changes 
are  accompanied  with  the  evolution  of  heat  imd 
light.    Hie  agency  of  the  galvanic  apparatus,  then, 
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in  prodoeing  decompotitioD,  it  ia  coneeived  on  this 
hypothesis,  is,  that  the  two  'wires  placed  in  contact 
with  the  compound  are,  in  states  of  electricity, 
more  intensely  elevated  than  the  natural  states  of  the 
two  ingredients ;  hence  the  attraction  of  these  two 
highly  electrified  points  overcomes  that  subsbting 
between  these  ingredients :  they  are  separated,  and 
immediately  drawn  to  the  respective  poles, — the  po- 
sitive constituent  to  the  negative  wire,  and  the  in- 
gredient which  is  naturally  negative  to  the  positive 
wire.  A  number  of  facts  are  brought  forward  in 
support  of  these  vievrs.  Thus,  when  dry  acids,  such 
as  the  oxalic  and  boiacic,  are  touched  with  an  insu- 
lated plate  of  copper,  the  electric  equilibrium  is  im- 
mediately disturbed ;  the  acids  are  found,  after  tiie 
contact,  to  be  in  the  negative  state  of  electricity,  and 
the  metal  to  be  positive.  Here  then  it  was  supposed, 
tiiat  their  natural  states  are  manifested,  sudi  as  they 
tre,  inherently,  at  all  times.  Again,  when  the  same 
plate  is  applied  to  eardiy  and  alkaline  substances, 
the  opposite  appearance  is  presented ;  the  metal  be- 
comes negative,  and  the  latter  bodies  positive.  And, 
iMtly,  when  acids  are  brought  in  contact  directly 
with  earthy  and  alkaline  substances,  the  same  relative 
states  are  exhibited— the  former  become  negative,  and 
the  latter  positive. 

Regarding  all  compounds  as  constituted  of  oppo- 
sitely electrical  elements.  Sir  H.  Davy  conceived  that 
none  of  them  should  resist  decomposition,  if  exposed 
to  a  battery  of  sufficient  intensity ;  and  he  accord- 
ingly subjected  to  galvanic  action  substances  which 
till  ti&en  had  been  regarded  as  simple,  expecting  that, 
if  they  were  compound,  they  would  be  resolved  into 
their  elements.  The  alkalies  and  earths  were  in  this 
manner  successively  decomposed ;  a  substance,  with 
the  aspect  and  properties  of  a  metal,  appeared  at  the 
negative  pole,  while  oxygen  gas  was  disengaged  at  the 
positive  surface. 

Another  instance  of  the  successful  application  of 
these  views  is  seen  in  the  attempts  of  Sir  H.  Davy  to 
protect  the  copper  sheathings  of  ships  from  corrosion. 
It  is  well  known  that  the  copper 'sheathing  of  vessels 
oxidizes  very  rapidly  in  sea- water,  and,  consequently, 
wastes  with  such  rapidity  as  to  require  frequent  re- 
newal. Sir  U.  Davy  observed  that  the  copper  derived 
its  oxygen  from  atmospheric  air  dissolved  in  the 
water,  and  that  the  oxide  of  copper  then  took  muria- 
tic acid  from  the  soda  and  magnesia,  forming  with  it 
a  sub-muriate  of  the  oxide  of  copper.  Now,  if  the 
copper  did  not  oxidize,  it  <x)uld  not  combine  with 
muriatic  acid ;  and,  according  to  Sir  H.  Davy,  it  only 
ccmibmes  with  oxygen,  because,  by  contact  with  that 
body,  it  is  rendered  positively  electrical.  If,  there- 
fore, the  copper  could  by  any  means  be  made  nega- 
tive, then  the  copper  and  oxygen  would  have  no  ten- 
dency to  unite. 

The  object  was  to  render  copper  permanently  ne- 
gative. Now  this  is  done  by  bringmg  copper  in  con- 
tact with  zinc  or  iron^  for  tne  former  then  becomes 
negative,  and  the  latter  positive.  Acting  on  this  rea- 
soning, it  was  found  that  the  oxidation  of  the  copper 
mi^t  be  completely  prevented.  A  piece  of  zinc  as 
large  as  a  pea»  or  the  head  of  a  small  round  nail,  was 
found  fully  adequate  to  preserve  40  or  60  square 
inches  of  copper,  and  this  wherever  it  was  placed  or 
under  whatever  form  it  was  used.  Every  side  and 
«yery  surface  of  tiie  copper  remained  bright,  whilst 
the  iron  or  the  zinc  was  slowly  corroded.  Unhap- 
pily for  the  application  of  this  principle  in  practice. 


it  is  found  that  uiUeas  a  ccftain  degne  of  comsioi 
takes  place  in  tiie  copper,  its  suiihce  becomes  fouUfraai 
the  adhesion  of  sea- weeds  and  shell-fish.  It  is  possi** 
ble,  however,  that,  by  duly  adjusting  the  proportion  of 
iron  and  copper,  a  certain  degree  of  corrosion  may  be 
allowed  to  occur,  sufficient  to  prevent  the  adhesion  of 
foreign  bodies,  and  yet  materially  retarding  the  waste 
of  the  copper.  A  more  successful  application  of  these 
principles  has  been  suggested  by  Mr.  Pepys,  of  the 
Poultry,  which  is  to  preserve  iron  or  sted  instruments 
from  rust  by  contact  with  a  piece  of  zinc.  The  iron 
or  steel  is  thereby  rendered  negative,  while  the  ztnc^ 
being  positive,  oxidizes  with  increased  rapidity,  it 
is  to  the  dectro-chemical  theory,  also,  that  diemis- 
try  owes  the  most  philosophical  arrangement  of 
which  it  appears  capable.  By  it  bodies  are  divided 
into  groups,  according  as  their  natural  electric  ener- 
gies are  the  same  or  different.  The  electric  energies 
are  ascertained  by  exposing  compounds  to  the  action 
of  a  galvanic  blittery,  and  observing  the  pole  at  whkk 
the  elements  appear.  Those  that  collect  around  the 
positive  pole  are  said  to  have  a  negative  electric  ener- 
gy ;  and  those  are  considered  positive  electrics  which 
are  attracted  towards  the  negative  pole. 

The  follovring  list,  showing  the  electric  energy  of 
the  different  elementary  substances  in  relation  to 
each  other,  is  taken  from  Berzelius's  Sf^em  qf  Cfte- 
miiinf,  lliey  are  given  by  their  author  as  an  ap- 
{NTOximation  to  theur  true  onler,  rather  than  as  rigidly 
exact.  All  bodies  enumerated  in  the  first  row  are 
negative  to  those  of  the  second.  In  the  first  column, 
each  substance  is  negative  to  those  below  it ;  and,  in 
the  second,  each  element  is  positive  compared  with 
the  subsequent  ones. 

1.  2. 

Negative  Eteetria*  Po$iHoe  Electrm 

Oxygen.  Potassium. 

Sulphur.  Sodium. 

Nitrog^.  Lithium. 

Chlorine,  Barium. 

Iodine.  Strontium. 

Fluorine.  Calcium. 

Phosphorus.  Magnesium. 

Selenium.  Beryllium. 

Arsenic.  Yttrium. 

Chromium.  Aluminium. 

Molybdenum.  Zirconium. 

Tungsten.  Manganese. 

Boron.  Zinc. 

Carbon.  Cadmium. 

Antimony.  Iron. 

Tellurium.  Nickel. 

Columbium  Cobalt. 

Titanium.  Cerium. 

Silicon.  Lead. 

Osmiunu  Tin. 

Bismuth. 
Uranium. 
Copper. 
Silver. 
Mercury. 
Palladium. 
Platina. 
Rhodium. 
Iridium. 
Gold. 
Before  concluding  this  part  of  the  subject,  it  should 
be  remarked,  tliat,  in  the  production  of  the  different 
effects  arising  from  the  operation  of  galvanism,  a  dif- 
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leront  law  is  chteamd  with  regard  to  each  of  these 
effects,  according  as  the  structure  of  the  galvanic  ar- 
rangement varies.  Thus,  a  few  metallic  plates,  of  a 
surface  containing  two  or  three  square  feet,  will  be 
powerful  in  producing  heat  and  light,  and  will  there- 
fore deflagrate  metallic  leaves  placed  in  the  circuit, 
and  illuminate  charcoal  points  vividly ;  but  the  bat- 
tery which  they  form  will  display  little  power  of  elec- 
trical attraction  and  repulsion,  will  have  comparative- 
ly little  effect  on  sentient  organs,  scarcely  producing 
any  shock,  and  will  act  feebly  in  producing  chemicid 
decomposition.  Thus  the  great  battery  of  Mr.  Chil- 
dren and  the  deflagrator  of  Dr.  Hare,  which  melted 
many  feet  of  platina  with  ease,  had  no  very  remark- 
able power  in  effecting  decomposition,  or  in  giving 
shocks.  If  the  same  amount  of  surface,  however, 
as  existed  in  either  of  these  arrangements,  had  been 
disposed  in  a  battery,  so  as  to  have  formed  four  times 
the  number  of  plates,  the  result  would  have  been  that 
^e  burning  effect  would  have  been  diminished,  while 
it  would  have  exhibited  more  evidently  the  different 
electrical  states,  and  been  more  powerful  in  exciting 
sensations  in  animal  organs,  and  in  giving  rise  to 
chemical  decompositions. 

Gamboox  b  the  inspissated  juice  of  a  foreign  tree, 
and  is  obtained  in  commerce  in  masses  of  a  dull 
orange  colour,  with  a  conchoidal  fracture,  possessing 
no  smell,  but  an  acrid  taste»  which  is  very  slowly 
developed.  When  ignited,  it  melts,  throwing  out  a 
dense  smoke  with  sparks ;  it  is  soluble,  or,  more  pro- 
perty, diffusible  in  water,  affording  a  beautiful  colour, 
very  much  employed  by  painters ;  it  is  also  used  to 
stain  wood  in  imitation  of  box;  and  the  tincture 
enters  into  the  composition  of  the  gold-coloured 
varnish  with  which  white  wood  manufactures  are 
overlaid.  It  b  said  to  give  also  a  beautiful  and 
durable  yellow  stain  to  marble.  Its  medical  proper- 
ties are  violently  purgative.  When  taken  in  large 
quantities  it  produces  death.  The  best  remedy  for  an 
over-dose  is  milk  with  a  little  opium. 

Gam  I  NO,  Laws  of,  mathematically  considered, 
involve  the  doctrine  of  chance  or  hazard.  It  is,  or 
is  supposed  to  be,  an  equality  of  chance  upon  which 
the  gamesters  set  out :  this  equality  is  to  be  broken 
in  upon  in  the  course  of  the  game,  by  the  greater 
good  fortune  or  address  of  one  of  the  parties,  upon 
which  his  chance  becomes  better ;  so  tnat  his  share 
in  the  deposit,  or  stakes,  is  now  proportionably  im- 
proved«  This  increase  and  decrease  of  favourable 
drcumstances  is  continually  varying,  and  runs 
trough  all  the  ratios  between  equality  and  infinite 
difference;  or  from  an  infinitely  great  one,  upon 
whidi  the  igame  is  ended.  The  whole  game,  there- 
^re,  with  respect  to  the  event  or  issue  thereof,  is 
only  a  change  of  the  quantity  of  each  person's  share, 
or  chance,  or  of  the  proportion  their  two  shares  bear 
to  each  other ;  which  mathematics  alone  can  measure. 
Hence  several  authors  have  computed  the  variety  of 
chance,  in  several  cases  and  circumstances,  that 
occur  in  gaming,  particularly  M.  de  Moivre,  in  a 
treatise  entitled  T%e  Doctrine  of  Chances,  the  best 
edition  of  which  was  published  in  1756. 

It  is  not  our  intention  to  enter  into  a  full  investi- 
gation of  the  nature  and  laws  of  chance,  but  merely 
to  explain  the  essential  principles  of  the  doctrine. 
The  probabiUhf  of  the  happening  of  any  event  is  to 
be  understood  as  the  ratio  of  the  chances  by  which 
that  event  may  happen,  to  all  the  chances  by  which 
it  may  either  lumpen  or  &il;  and  it  may  be  expressed 


by  a  fraction  whose  numerator  is  the  number  of 
chances  whereby  the  event  may  happen,  and  whose 
denominator  is  the  number  of  chances  whereby  it 
may  either  happen  or  fail.  Thus,  if  there  be  a  chances 
for  the  happening  of  any  event,  and  b  chances  for 
its  not  happening;  then  will  the  probability  of  such 

In  like  manner,  the  probability  of  any  event  failing 
(or  of  its  not  happening)  may  be  expressed  by  a 
fraction  whose  numerator  is  the  number  of  chances 
whereby  it  may  fail,  and  whose  denominator  is,  as 
before,  the  whole  number  of  chances  whereby  it  may 
either  happen  or  fail.    Thus,  the  probability  of  the 

above  event  failing  will  be  truly  expressed  by 

Since  the  sum  of  the  two  fractions  representing  the 
probabilities  of  the  happening  and  of  the  failing  of 
any  event  is  equal  to  unity,  it  follows  that,  one  of 
them  beinggiven,  the  other  may  be  found  by  sub- 
traction.   'Tbus,  the  probability  of  an  event  happen- 

mg  being  denoted  by  — --r-,  the  probability  of  the 

a  -f-  6  ' 

same  event  failing  will  be   truly  represented  by 

If,  upon  the  happening  of  an  event,  a  person  be 
entitled  to  a  given  sum  of  money,  his  expectation  of 
receiving  that  sum  has  a  determinate  value  before 
the  happening  of  the  event ;  and  such  value  is  ascer- 
tuned  by  multiplying  the  sum  expected  by  the 
fraction  which  represents  the  probability  of  obtaining 
it.  Thus,  if  a  person  has  a  chances  of  obtaining,  and 
b  chances  of  losing  a  certain  sum  of  money,  s,  then 

wiU  9  X  — —i  denote  his  expectation  of  receivmg 

such  sum,  and  will  be  the  true  value  of  his  interest 
therein. 

These  principles  may  be  more  familiarly  explained 
by  the  following  example : — Suppose  that  a  person 
has  three  chances  in  &ve  to  obtam  100/. ;  the  value 
of  his  expectation  is  the  product  of  lOOl.  by  the  frac- 
tion {,  and  consequently  it  is  worth  60l,  For,  sup- 
posing that  an  event  may.  equally  happen  to  any  one 
of  five  different  persons,  and  that  the  person  to 
whom  it  does  happen  should,  in  consequence  of  it, 
obtain  the  sum  of  lOOi.,  it  is  plain  that  the  right 
which  each  of  them  in  particular  has  upon  the  sum 
is  }  of  100/. ;  which  right  is  founded  upon  this 
principle,  that  if  the  &ve  persons  concerned  in  the 
happening  of  the  event  should  agree  not  to  stand  the 
chance  of  it,  but  to  divide  the  sum  expected  amona 
themselves,  then  each  of  them  must  have  i  of  lOOr 
for  his  pretension.  Now,  whether  they  agree  to 
divide  that  sum  equally  among  themselves,  or  rather 
choose  to  stand  the  chance  of  the  event,  no  one  has 
thereby  any  advantage  or  disadvantage,  since  they 
are  all  upon  an  eoual  footing,  and  consequently  eacn 
person's  expectation  is  worth  {  of  1002.  Let  us 
farther  suppose  that  two  of  the  five  persons  con- 
cerned in  the  happening  of  the  event  should  be 
willing  to  resign  their  chance  to  one  of  the  other 
three ;  then  the  person  to  whom  these  two  chances 
are  thus  resigned  has  three  chances  that  favour  him, 
and  consequently  he  has  now  a  right  to  triple  of 
what  he  had  before,  and  therefore  his  expectation 
will  be  worth  j  of  1002.  Now,  if  we  consider  that 
the  fraction  I  expresses  the  probability  of  obtaining 
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the  inm  of  iOOt,,  and  that }  of  100  is  the  sam^  ae 
i  X  100,  we  most  naturaily  fall  into  the  conclusion 
laid  down,  that  the  expectation  of  receiving  any  sum 
is  determined  by  multiplying  such  sum  by  the  pro- 
bability of  obtaining  it ;  and,  thou|;h  this  method  of 
reasonmg  is  deduced  from  a  particular  case,  it  will 
easily  be  peroeiTed  that  it  is  general,  and  applicable 
to  any  other  case. 

The  probability  of  the  happening  of  $everal  ei9eni$ 
that  are  independent  of  each  other  is  equal  to  the 
product  of  the  probabilities  of  the  happening  of  each 
event  considered  separately.  Thus,  if  Uie  probability 
of  the  happening  of  the  first  of  any  number  of  inde- 
pendent events  be  denoted  by  r,  that  of  the 

o  -f-  o 

second  by  — ~,  that  of  the  third  by  JL,  &c.  &c. ; 
«+«  «+/ 

ace 
then  will  jj-7-^  X  ^-r-j  x  J-Ty^ ,  &c.,  denote  the 

probability  of  the  happening  of  all  these  events. 
And  this  expression,  multiplied  by  the  given  sum, 
will  denote  the  value  of  the  erpeetation  of  receiving 
such  sum  on  the  happening  of  those  events. 

For  example:  suppose  that,  in  order  to  obtain 
100/.,  two  events  must  happen,  the  first  of  which 
has  three  chances  to  happen  and  two  to  fail,  and  the 
second  of  which  has  four  chances  to  happen  and  six 
to  fiul;  the  value  of  the  expectation  will  in  such 
case  be  \X^X  100  =  24/.,  the  demonstration  of 
which  will  be  very  easy,  if  it  be  considered  that, 
supposing  the  first  event  had  happened,  the  expecta- 
tion (then  depending  entirely  upon  the  second)  would, 
before  the  determination  of  the  second,  be  worth 
4  X  100  =  401.  We  may  therefore  look  upon  the 
happening  of  the  first  as  a  condition  of  obtaining  an 
expectation  worth  40/. ;  but  the  probability  of  the 
first  event  happening  has  been  supposed  },  wherefore 
the  expectation  sought  for  is  to  be  estimated  by 
{  X  i^  X  100  =  40 ;  that  is,  by  the  product  of  the 
two  probabilities  of  happening  multiplied  by  the 
sum  expected.  The  same  method  of  reasoning  may 
be  applied  to  the  happening  of  three,  or  any  other 
number  of  events,  as  may  be  seen  more  at  large  in 
the  various  authors  who  have  treated  on  this  subject. 

By  a  similar  method  of  reasonmg,  it  will  be 
evident  that  the  probability  of  the  failing  of  any 
number  of  independent  events  is  equal  to  the  pro- 
duct of  the  probability  of  the  failing  of  each  event 
considered  separately ;  and  the  probability  of  the 
happening  of  any  one  of  a  number  of  independent 
•vents  is  denoted  by  the  difference  between  unity  and 
the  expression  mentioned  in  the  last  article. 

In  like  manner,  if  the  expectation  of  receiving  any 
ram  depends  upon  the  happening  of  any  number  of 
independent  events,  and  upon  the  failing  of  any 
number  of  other  independent  events,  its  value  will  be 
equal  to  such  sum  multiplied  by  the  probability  of 
all  the  latter  failing.  And  from  these  principles  we 
may  determine  the  value  of  an  expectation  depending 
on  the  happening  or  failing  of  as  many  independent 
events  as  may  be  assigned. 

Gammut  ;  the  name  eiven  to  the  table  or  scale 
laid  down  by  Guido,  to  the  notes  of  which  he  ap- 
plied the  monosyllables  ut,  re,  mi,  fa,  sol,  la.  Having 
added  a  note  below  the  lowest  tone  of  the  ancients, 
he  adopted  for  its  sign  the  gamma  of  the  Greek  al- 
phabet; and  hence  his  scale  was  afterwards  called 
gammut.    This  gammut  consisted  of  20  notes,  viz. 


two  octaves  and  a  mi^-tixtfa.  The  first  octave 
was  distinguished  by  capital  letters,  as  G,  A,  B, 
&c. ;  the  second  by  small  letters,  as  g,  a,  b,  he, 
and  the  supernumerary  sixth  by  double  letters,  as 
gg,  aa,  bb,  &c.  By  the  word  gawumut,  we  now 
generally  imderstand  the  whole  present  existing 
scale ;  and  to  learn  the  names  and  situations  of  its 
different  notes  is  to  learn  the  gammut.  It,  however, 
sometimes  simply  signifies  the  lowest  note  of  tkt 
Guidonian  or  common  compass. 

Gangrbnb  is  a  great  and  dangerous  de^ee  of 
inflammation,  wherein  the  parts  begin  to  be  in  a 
state  of  mortification. 

Gangway  ;  a  narrow  platform,  or  range  of  planks, 
laid  horizontally  along  the  upper  part  of  a  ship's 
side,  from  the  quarter-deck  to  the  forecastle,  peculiar 
to  ships  that  are  deep  waisted,  for  the  convemence  of 
walking  more  expeditiously  fore  and  aft,  than  by 
descending  into  the  waist.  It  is  fenced  on  the  oat- 
side  by  iron  stanchions,  and  ropes  or  rails,  and,  in 
vessels  of  war,  with  a  netting,  in  which  part  the 
hammocks  are  stowed.  In  merchant  ships,  it  b  fre- 
quently called  the  gangboard. 

Gangtoag  is  also  that  part  of  a  ship's  side,  both 
within  and  without,  b^  which  persons  enter  and  de- 
part. It  is  provided  with  a  sufficient  number  of  steps; 
or  cleats,  nailed  upon  the  ship's  side,  nearly  as  low 
as  the  surface  of  the  water,  and  sometimes  furnished 
with  a  railed  accommodation  ladder,  resembling  a 
flight  of  stairs,  projecting  from  the  ship's  side,  and 
secured  by  iron  braces. 

Gangway  is  also  used  to  signify  a  narrow  passage 
left  in  the  hold,  when  a  ship  is  laden,  in  order  to  en- 
ter any  particular  place  as  occasion  may  require, 
whether  to  examine  the  situation  of  the  provisions  or 
cargo,  to  discover  and  stop  a  leak,  or  to  bring  out 
any  article  that  is  wanted. 

Gardant,  in  heraldry ;  an  epithet  for  a  beast  of 
prey  that  is  borne  full-faced  guarding,  as  a  Uom- 
gardant.  The  leopard  is  not  so  termed,  because  it  is 
always  borne  so. 

Gardbning.  Herder,  in  his  KaOigane,  calls  gar* 
dening  the  second  liberal  art,  architecture  the  first. 
"A  district,"  says  he,  "of  which  every  part  bears 
what  is  best  for  it,  in  which  no  waste  spot  accuses 
the  indolence  of  the  inhabitants,  and  which  is  adorned 
by  beautiful  gardens,  needs  no  statues  on  the 
road ;  Pomona,  Ceres,  Pallas,  Vertumnus,  Sylvan,  and 
Flora  meet  us  with  all  their  gifts.  Art  and  natoie  are 
there  luu-moniously  mingled.  To  distinguish,  in  na- 
ture, harmonv  from  discord,'^to  discern  the  character 
of  every  region  with  a  taste  which  developes  and 
disposes  to  the  best  advantage  the  beauties  of  na- 
ture,— if  this  is  not  a  fine  art,  then  none  existB.** 
However  true  it  may  be  that  gardening  deserves  to 
be  called  a  fine  art,  we  can  hardly  agree  vrith  Her* 
der,  that  it  is  the  second  in  the  order  of  time ;  for, 
though  gardens  must  have  originated  soon  after  man 
had  advanced  beyond  the  mere  nomadic  life,  yet  the 
practice  of  gardening  as  a  fine  art,  that  is  not  merely 
as  a  useful  occupation,  must  necessarily  have  hetn  of 
a  much  later  date. 

The  hanging  gardens  of  Semiramis  are  redconed 
among  the  wonders  of  the  world ;  but  that  which 
astonishes  is  not  therefore  beautiful.  Scaffbldinga, 
supported  by  pillars,  covered  with  earth,  bearing 
trees,  and  artificially  watered,  arc,  no  doubt,  won- 
derful ;  but  we  have  no  reason  to  suppose  them  beau- 
tiful.   The  gardens  of  th^  Persians  are  cail««^  bv 
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Xenophon  delightful  places,  fertile  and  beaotifal; 
hot  they  seem  rather  to  have  been  places  naturally 
agreeable,  with  fruit-trees,  flowers,  Ice.,  ■  growing 
spontaneously,  than  gardens  artificially  laid  out  and 
cultivated.  Whether  the  Greeks,  so  distinguished  in 
the  fine  arts,  neglected  the  art  of  gardening,  is  a 
question  not  yet  decided. 

The  gardens  of  Alcinoiis  were  nothing  but  well 
hud  out  fruit  orchards  and  vineyards,  with  some 
Howers.  Hie  grotto  of  Calypso  is  more  romantic,  but 
probab^  is  not  intoaded  to  be  described  as  a  work  of 
art.  Tiie  common  gardens  which  the  Greeks  had 
near  their  farms  were  more  or  less  like  the  gar- 
dens of  Alcinoiis.  Attention  was  paid  to  the  useful 
and  the  agreeable,  to  culinary  plants^  fruits,  flowers, 
shadowing  trees  and  irrigation.  Shady  groves,  cool 
fountains,  with  some  statues,  were  the  only  oma« 
ments  of  the  gardens  of  the  philosophers  at  Athens. 
The  descriptions  of  gardens  in  the  later  Greek  novel- 
ists do  not  show  any  great  progress  in  the  art  of  gar- 
dening in  their  time ;  and  it  would  be  worth  while  to 
inquire,  whether  the  same  cause,  which  prevented  the 
cultivation  of  landscape-painting  with  the  ancients, 
did  not  also  prevent  the  progress  of  the  art  of  gar- 
dening. The  ancients  stood  m  a  different  relation  to 
nature  from  the  modems. 

The  true  art  of  gardening  is  probably  connected 
with  that  element  of  the  romantic  whidi  has  exer- 
cised so  great  an  influence  on  all  arts  ever  since  the 
revival  of  arts  and  letters,  and,  in  some  degree,  ever 
since  the  Christam  era.  £ven  the  grottoes  of  the  an- 
cients owed  their  origin  merely  to  the  desire  for  the 
coolness  they  afforded.  Natural  grottoes  led  to  arti- 
ficial ones,  which  were  constructed  in  the  palaces  in 
Rome,  and  in  which,  as  Pliny  says,  nature  was  coun- 
terfeited. But  a  grotto  does  not  constitute  a  garden ; 
and  that  the  Romans  had  no  fine  gardens,  in  our 
sense  of  the  word,  is  proved  by  several  passages  of 
ti^ir  authors,  and  by  the  accounts  we  have  of  their 
gardens.  In  Pliny's  description  of  his  Tuscan  villa, 
we  find,  indeed,  all  conveniences — protection  against 
the  weather,  an  agreeable  mixture  of  coolness  and 
warmth ;  but  every  thing  beautiful  relates  merely  to 
bttildhigs,  not  to  the  garden,  which,  with  its  innumer- 
able figures  of  box,  and  in  its  whole  disposition,  was 
as  tasteless  as  possible.  Of  the  gardens  of  Lucullus, 
Varro  says,  that  they  were  not  remarkable  for  flowers 
and  firuits,  but  for  the  paintings  of  the  villa.  A  fertile 
aoil,  and  a  fine  prospect  from  the  villas,  which  were 
generally  beautilhlly  situated,  seem  to  have  satisfied 
the  Romans. 

Whatever  the  art  of  gardening  had  produced 
among  them,  was,  with  every  other  trace  of  refine- 
ment, swept  away  by  the  barbarians  who  devastated 
Italy.  €3iarlemagne  directed  his  attention  to  this 
art,  but  his  views  did  not  extend  beyond  mere  utility. 
Hie  Troubadours  of  the  middle  ages  speak  of  symme- 
trical gardens.  In  Italy,  at  the  time  of  the  revival 
of  learning,  attention  was  again  turned  towards 
pleasure  nurdens,  some  of  which  were  so  famous, 
that  drawmgs  were  made  of  them.  They  may  have 
been  very  agreeable  places,  but  we  have  no  reason  to 
suppose  thm  to  have  exhibited  much  of  the  skill  of 
the  scientific  gardener.  At  a  later  period,  a  new 
taste  in  gardening  prevailed  in  France.  Regularity 
was  carried  to  excess ;  clipped  hedges,  alleys  laid  out 
in  straight  lines,  flower-beds  tortured  into  fantastic 
shapes,  trees  cut  into  the  form  of  pyramids,  hay- 
stacks, animab,  &c.,  were  now  the  order  of  the  day. 


The  gardens  corresponded  with  the  taste  of  the  tima^ 
which  displayed  itself  with  the  same  artificial  stiff- 
ness in  drtts,  architecture,  and  poetry.  Lenotre  was 
the  inventor  of  this  style  of  Frrach  gardening,  which^ 
however,  his  successors  carried  to  greater  excess. 
Nothing  natural  was  left,  and  yet  nature  was  often 
imitated  in  artificial  rocks,  fountains,  l^c.  Only  one, 
thing  strikes  us  as  truly  grand  in  gardens  of  this 
sort---the  fountains,  which  were  constructed  at  great 
expense.  The  Dutch  imitated  the  French.  Our  own 
countrymen  were  the  first  that  felt  the  absurdity  of 
this  style.  Addison  attacked  it  in  his  Essays  on 
Gardening,  in  the  Spedaior  ;  and  Pope,  in  his  fourth 
Moral  Epiiiie,  lashed  its  petty,  cramped,  and  unna- 
tural character,  and  display^  a  better  taste  in  the 
garden  of  his  little  villa,  at  Twickenham ;  crowds 
followed  him,  and  practice  went  before  theory.  (See 
Horace  Walpole's  HisUny  uf  Modem  Tuto  m  Cfar* 
damg.)  This  style,  hpwever,  was  also  carried  to 
excess.  All  appearance  of  regularity  was  rejected 
as  hurtful  to  the  beauty  of  nature,  and  it  was  for- 
gotten, that  if  in  a  garden  we  want  nothing  but  na-. 
ture,  we  had  better  leave  gardening  altogether.  This 
extreme  prevailed,  particularly  after  the  Oriental  and 
Chinese  style  had  become  known.  What  in  nature 
is  dispersed  over  thousands  of  miles,  was  huddled 
together  on  a  small  spot  of  a  few  acres  square — 
urns,  tombs;  Chinese,  Turkbh,  and  New  Zealand 
temples ;  bridges,  which  could  not  be  passed  without 
risk ;  damp  grottoes ;  mmst  walks ;  noisome  pools» 
which  were  meant  to  represent  lakes ;  houses,  huts, 
castles,  convents,  hermitages,  ruins,  decaying  treei^ 
heaps  of  stones; — a  pattern-card  of  every  thing 
strange,  from  all  nations  under  heaven,  was  exhibited 
in  such  a  garden.  Stables  took  tiie  shape  of  palaces, 
kennels  of  Gothic  temples,  &c. ;  and  this  was  called 
nature !  The  folly  of  this  was  soon  felt,  and  a  chaster 
style  took  its  place.  At  thb  point  we  have  now 
arrived. 

The  art  of  gardening,  like  every  other  art,  is  mani- 
fold ;  and  one  of  its  first  principles,  as  in  ardiitecture, 
is  to  calculate  well  the  means  and  the  objects.  Im- 
mense cathedrals  and  small  apartments,  long  epics 
and  little  songs,  all  may  be  equally  beautiful  and 
perfect,  but  can  only  be  made  so  by  a  proper  regpsrd 
to  the  character  of  each.  Thus  the  climate,  the  ex- 
tent of  the  grounds,  the  soil,  Ice.,  must  determine  tha 
character  of  a  garden.  Aikin  justly  observes,  that 
nothbg  deviates  more  from  nature  than  the  imitation 
ofher  grand  works  in  miniature.  All  deception  ceases 
at  the  first  view,  and  the  would-be  magnificent  gar- 
den appears  like  a  mere  baby-house.  Let  the  cha- 
racter of  the  i^;recable,  the  sublime,  the  awful,  the 
sportive,  the  rural,  the  neat,  t^e  romantic,  the  fantas- 
tic, predominate  in  a  g^arden,  according  to  the  means 
which  can  be  commanded.  This  is  not  so  easy  as 
might  appear  at  first,  and  it  requires  as  much  skill  to 
discover  the  dbposition  which  should  be  made  of 
certain  grounds,  as  to  carry  it  into  effect;  but,  if  such 
skill  were  not  required,  gardening  would  not  be  an 
art  Another  principle,  which  gardening  has  in  com- 
mon with  all  the  fine  arts,  is,  that  it  b  by  no  means 
its  highest  aim  to  imitate  reality,  because  reality  will 
always  be  better  than  imitation.  A  gardener  ought 
to  study  nature,  to  learn  from  her  the  principles  and 
elements  of  beauty,  as  the  painter  b  obliged  to  do ; 
but  he  must  not  stop  there.  As  another  general  re- 
mark, we  would  observe,  that  the  true  style  of  gar- 
dening lies  between  the  two  extremes.    It  b  by  no 
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means  a  reproach  to  a  garden,  that  it  shows  the  traces 
of  art,  any  more  than  it  is  to  a  drama.  Both,  indeed, 
should  f<4k>w  nature ;  bat,  in  respect  to  the  fine  arts, 
there  b  a  great  difference  between  a  free  following  of 
nature  and  a  servile  copy  of  particular  realities. 

Gari,  in  eoinmerce;  an  imaginary  specie,  or  no- 
minal coin,  used  in  many  parts  of  the  East  Indies, 
equal  to  about  4000  rupees. 

Garlic  This  vegetable  has  a  strong,  penetrating 
odour,  and  pungent,  acrid  taste.  It  differs  from  the 
onion  only  by  being  more  powerful  in  its  effects. — 
In  warm  climates,  where  garlic  is  produced  with 
considerably  less  acrimony  than  in  cold  ones,  it  is 
much  used,  both  as  a  seasoning  and  as  a  food.  When 
bruised  and  applied  to  the  skin,  it  causes  inflamma- 
tion, and  raises  blisters.  In  Uie  south  of  Europe, 
particularly  in  Spain,  it  b  very  much  used,  entering 
mto  the  composition  of  almost  every  dish,  not  only 
among  the  common  people,  but  among  the  higher 
classes  of  society ;  and  it  is  every  where  prized  by 
epicures.  At  all  times,  however,  there  has  been  much 
contrariety  of  opinion  as  to  its  value  ;  for  we  find  it 
admired  by  some  nations,  and  detested  by  others,  as 
by  the  ancient  Greeks.  Its  cultivation  is  easy,  being 
a  hardy  plant,  growing  in  almost  every  kind  of  soil ; 
and  it  is  reproduced  by  planting  the  radical  or  floral 
bulbs.— Its  medicinal  virtues  have  also  been  much 
celebrated.  It  not  only  forms  an  excellent  expec- 
torant, but  has  been  administered  in  a  great  variety 
of  diseases,  as  hysteria,  dropsy,  cutaneous  eruptions, 
obstructions,  &c.  The  juice  of  garlic  is  a  strong  ce- 
ment for  broken  glass.  Snails,  worms,  and  the 
larvie  of  insects,  as  well  as  moies,  and  other  vermin, 
may  all  be  driven  away  by  placing  preparations  of 
garlic  in  or  near  their  haunts.  The  virtues  of  garlic  are 
most  perfectly  and  readily  extracted  by  spirit  of  wine. 

Garnxt.     See  Natural  History. 

Garrison  ;  a  body  of  men  stationed  in  a  fortress, 
city,  village,  intrenchment,  &c.,  for  the  sake  of  de- 
fending it.  The  rules,  by  which  the  proper  force  of 
a  garrison  is  determined,  differ.  Some  reckon,  for 
every  five  feet  in  circumference,  one  man ;  others,  for 
every  bastion,  200  soldiers.  Vauban  assigns,  if  the 
fortress  is  provided  with  ravelins,  and  a  covered-way, 
for  every  bastion,  600  or  600  men ;  for  every  hornwork, 
or  other  large  outwork,  600  more ;  for  every  detached 
redoubt,  150  men ;  for  every  detached  fort,  OOO  to  800, 
according  to  its  extent.  'Tlie  cavalry  is  fixed  by  him 
in  the  proportion  of  one- tenth  of  the  infantry 

Garter,  Order  of  tbe,  in  heraldn/ ;  a  military 
order  of  knighthood,  instituted  by  King  Edward  III. 
It  consisted  originally  of  26  knights  companions,  ge- 
nerally princes  and  peers,  whereof  the  king  is  tiie 
sovereign  or  chief.  The  number  was  increased  to 
32  in  1786.  The  college  of  the  order  is  in  the  royal 
castle  of  Windsor,  with  the  chapel  of  St.  George, 
and  die  chapter  house,  erected  by  the  founder.  'Hie 
habit  and  ensign  of  the  order  are  a  garter,  mantle,  cap, 
George,  and  collar.  The  garter,  mantle,  and  cap  were 
assigned  to  the  knights  companions  by  the  founder, 
and  the  George  and  collar  by  Henry  VIII.  The  gar-* 
ter  is  worn  on  the  left  leg,  between  the  knee  and  the 
calf,  and  is  enamelled  with  this  motto  :  Horn  soit  qui 
mal  y  penae  (literally.  Evil  to  him  that  evil  thinks). — 
The  origin  of  the  order  is  variously  related.  "  A  vul- 
gar story,"  says  Hume,  "  prevails,  but  is  not  sup- 
I>orted  by  any  ancient  authority,  that,  at  a  court  ball, 
Edward's  (III.)  mistress,  commonly  supposed  to  be 
the  Countesa  of  Salisbury,  dropped  her  garter;  and  | 


the  king,  taking  it  up,  observed  teune  of  the  coorticfs 
to  smile,  as  if  they  thought  that  he  had  not  obtuaed 
this  favour  by  accident ;  upon  which  he  called  oat, 
Honi  mtit  qm  wuU  y  pense,"  Other  accounts,  equally 
uncertain,  are  given. 

Gas  is  the  name  of  every  permanently  elastic 
aeriform  substance.  Gas  is  distinguished  from  steam, 
or  vapour,  by  this  circumstance--that  vapours  are 
raised  from  fluids  by  heat,  and  are  again  condensable 
by  cold  into  the  same  fluid  form ;  but  gases  are 
obtained  from  the  substances  containing  them  only 
by  chemical  decomposition,  whether  tins  be  spoa* 
taneous  or  artificial. 

All  air  was  considered  as  a  uniform,  homogeneous 
substance,  till  about  the  middle  of  the  last  century, 
when  it  was  discovered  that  there  existed  at  least  as 
great  differences  among  aeriform  as  among  fluid 
substances.  Accustomed,  however,  to  regard  the 
atmosphere  as  the  only  air,  philosophers  called  these 
new  forms  of  air  gaBe$,  to  distinguish  them  from  it. 
This  name  had  been  already  introduced  to  the 
sciences  by  Van  Helmont,  and  was  derived  from  the 
old  German  word  ffie$eh.  Every  gas  consists  of  some 
ponderable  base,  or  substance,  which  is  maintained 
in  its  aeriform  state  by  means  of  heat  or  caloric; 
thus  all  gases  possess  common  properties  of  elas- 
ticity, &c.,  which  they  derive  from  the  last  substance ; 
and  also  each  one  its  distinguishing  or  peculiar  cha- 
racters, derived  from  the  substance  constituting  its 
base.  Each  kind  of  gas  has  also  its  own  peculiar 
and  uniform  specific  gravity,  or  weight,  although 
they  are  all  several  hundred  times  lighter  than  water. 
The  density  of  ail  gases  is,  like  that  of  air,  propor- 
tioned to  Uie  pressure  to  which  they  are  subjected ; 
and,  like  air,  they  expand  with  the  application  of 
heat,  and  are  rendered  more  dense  by  its  abstraction. 
(For  a  description  of  the  various  gases,  see  the 
articles  in  their  alphabetical  order.) 

Gas-liohtin«.  The  producing  from  coal  an 
aeriform  fluid  capable  of  furnishing  a  pure  and  bril' 
liant  light,  and  conveying  it  to  a  distance  of  many 
miles  from  the  reservoir  where  it  is  generated,  may 
justly  be  considered  as  one  of  the  proudest  triumphs 
of  practical  chemistry.  Not  that  the  illumination 
vrith  carburetted  hydrogen  gas  is  the  exduaive  pro- 
perty of  the  present  age ;  for  we  find  the  Guebre  at 
Baku  falling  down  to  worship  the  element  of  fire  in 
the  form  of  this  gas  many  centuries  back.  Strictly 
speaking,  we  believe  that  Mr.  Winsor  was  the  first 
who  practically  applied  gas  to  the  illumination  of 
streets  and  houses;  and  it  is  painful  to  find  that 
neither  he  nor  his  family,  after  having  expended  a 
large  fortune  in  bringing  it  into  public  use,  met 
with  any  proper  national  requital.  That  coal 
evolves  a  pmoanoitly  elastic  and  inflammable  aeri- 
form fluid,  seems  first  to  have  been  experimentally 
ascertained  by  the  Rev.  Dr.  Claytcm ;  and  a  brief 
account  of  his  discovery  is  publtsl^d  in  the  PkHoao- 
phictA  TVoMoeHmu  for  the  year  1739* 

The  following  is  an  extract  froin  his  paper : — "  I 
got  some  coal,  and  distilled  it  in  a  retort  in  an  open 
fire.  At  first  there  came  over  only  phlegm,  after- 
wards a  black  oil,  and  then  likewise  a  spirit  arose, 
which  I  could  no  ways  condense ;  but  it  forced  my 
lute  or  broke  my  glasses.  Once,  when  it  had  forced 
my  lute,  coming  close  thereto,  in  order  to  try  to 
repair  it,  I  observed  that  the  spirit  which  issued 
from  it  caught  fire  at  the  flame  of  the  candle,  and 
continued  burning  with  violence,  as  it  issued  out  in 
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«  Rtream,  which  I  blew  oat  and  lighted  again  alter- 
nately for  aeveial  timea.  I  then  had  a  mind  to  try 
if  I  could  SKve  any  of  this  apirit,  in  order  to  which,  1 
took  a  turbinated  receiver,  and  putting  a  candle  to 
the  pipe  of  the  receiver,  whilst  the  spirit  arose,  I 
observed  that  it  catched  tiame,  and  continued  burning 
■t  the  end  of  the  pipe,  though  you  could  not  discern 
what  fed  the  flame.  I  then  blew  it  out  and  lighted 
it  eigain  several  times ;  after  which  I  fixed  a  bladder, 
squeezed  and  void  of  air,  to  the  pipe  of  the  receiver. 
llK  oil  and  phlegm  descended  into  the  receiver ; 
but  the  apirit,  still  ascending,  blew  up  the  bladder. 
1  then  filled  a  good  many  bladders  therewith,  and 
might  have  filled  an  inconceivable  number  more,  for 
the  spirit  continued  to  rise  for  several  honra,  and 
filled  the  bladders  almost  as  fast  as  a  man  could 
have  blown  them  with  his  month ;  and  yet  the 
quantitjt  of  coats  distilled  wu  inconsiderable.  I 
kept  this  spirit  in  the  bladders  a  considerable  time, 
and  endeavoured  several  ways  to  condense  it,  bnt  in 
vain.  And  when  I  had  a  mind  to  divert  strangers  or 
friends,  I  have  frequently  taken  one  of  these  bladders, 
and  pricking  a  hole  therein  with  a  pin,  and  com- 
pressing gently  the  bladder  near  the  flame  of  a  candle 
till  it  once  took  fire,  it  wonld  then  continne  flaming 
till  all  the  spirit  was  compressed  oat  of  the  bladdes; 
trhich  was  the  more  surprising,  becanee  no  one 
could  discern  anydHference  in  the  appearance  between 
these  bladders  and  those  which  arc  filled  with  com- 
mon air.  But  then  I  found  that  this  spirit  mnst  be 
Icept  in  good  thick  bladders,  as  in  those  of  an  ox,  or 
the  like  i  for,  if  I  filled  calves'  bladders  therewith,  it 
would  lose  its  inflammabtlity  in  twenty-four  hours, 
though  the  bladders  became  not  relaxed  at  all." 

The  mode  of  mann&cturing  gas  is  simple,  and 
may  easily  be  anderslood.  llie  coal  to  be  subjected 
to  destructive  distillation  is  placed  in  an  iron  retort 
or  oven,  and,  a  fire  being  applied  beneath,  gas  is 
speedily  driven  off.  The  gas  Uioa  obtained  is  ver^ 
impure,  so  that  it  becomes  necessary  to  pass  it 
through  lime-water,  and  also  to  condense  the  tar, 
both  of  which  processes  are  performed  before  it 
reaches  the  gasometer  or  reservoir, 

Mr.  Peckaton,  in  his  work  on  coal  gas,  states, 
that  a  chaldron  of  Newcastle  Wall's  End  coal  will 
yield  10,000  feet,  supposing  it  decomposed  under 
the  most  advantageous  circnnutanees  i  3  cwt.  will 
therefore  yield  about  7S0  feet.  At  Edinburgh,  9  cwt. 
of  [Vrot  coal  yield,  on  an  average,  800  feet  of  ga*. 
According  to  Mr.  Neilson,  engineer,  Glasgow,  S  cwt. 
of  Lesm^iago  coal  will  produce  1006  cubic  feet  of 

K,  allowing  four  and  a  half  each  pound, 
vy,  in  a  paper  in  the  AwuU  ef  PUlotophf, 
asserts,  that  at  Liverpool  Mr.  King  considers  it  good 
economy  to  procure  7000  feet  from  a  too  of  Wigan 
OmI  roal,  making  it  only  700  feet  from  3  cwt.,  i 
very  little  more  than  3  feet  per  pound.  He  hi 
stated  alto,  that,  at  Glasgow,  1300  feet  are  procured 
from  3  cwt.  of  cannel-coal,  wUch  »  considerably 
mbovc  that  mentioned  by  Mr.  Neilson.  From  these 
various  statements,  the  geuer^  conclasioD  has  been 
drawn,  that  2  cwt.  of  good  coal  oug^t  to  yield 
1000  feet  of  gas. 

Carhnrcttcd  hydrogen  gas  may  be  procured  from 
a  variety  of  substances.  The  Wall's  End. coals 
Appear  best  fitted  for  the  purpose ;  hut  we  may 
briefly  give  the  resalt  of  some  very  interesting  expe- 
riments made  in  the  laboratory  of  the  Royal  Institu- 
tioD  with  a  variety  of  bodies. 


H  T  I  N  G.  SOI 

1.  The  i«h>rt  was  charged  willi  fbur  poands  oi 
coal.  The  qoantity  of  gas  amounted,  aflcr  having 
passed  the  purifiers,  to  twenty  cubic  feet.  The  coke 
remaining  in  the  retort  weighed  SIbs.  8.7  ois. 

The  heating  power  of  the  gas  Same  was  compared 
with  that  of  a  wax  candle,  by  ascertaining  the  time 
required  by  each  to  raise  two  ounces  of  water,  in  * 
thin  copper  vessel,  from  E5°  to  31fi°.  The  flames 
^re  made  hs  similar  in  dimensions  as  poasible,  and 
placed  that  their  joints  just  touched  the  bottom 
of  the  vessel.  The  heating  power  of  the  candle 
hemg  assumed  as^I,  that  of  the  coal  gas  Same 

9.  Four  pounds  of  the  dried  wood  of  the  common 
willow  yielded  sixteen  cubical  feet  of  gas,  and  four- 
teen oances  of  charcoal  remuned  in  t^  retort.  The 
gai  haincd  with  a  very  pale  bine  flame,  was  nnfit 
for  the  purpose  erf  illumination,  and  contained  no 
olefiant  gas. 

3.  Four  pounds  of  the  wood  of  the  mountain  ash 
afforded  fifteen  cubical  feet  and  a  half  of  gaa,  and 
thirteen  ounces  and  a  half  of  charcoal.    The  flama 
very  pale  and  blue. 

Four  pounds  of  white  birth-wood  gave  fonrteen 
cubical  feet  of  gis,  and  twelve  ounces  of  cborcoAl. 
The  flame  similar  to  2  and  3. 

5.  Four  pounds  of  haiel-wood  yielded  thirteen 
cubical  feet  and  a  half  of  gas,  and  twelve  ounces  and 
a  half  of  charcoal.  It*  heating  power  was  =:  1.3. 
It  burned  with  a  better  flame  than  3,  3,  and  4 ;  bat 
the  intensity  was  not  sufficient  for  any  useful  pur- 
pose of  illumination. 

6.  Four  pounds  of  writing-paper  gave  eighteen 
cubical  feet  of  gas;  and  the  remuning  charcoal, 
which  beautifully  retained  the  form  and  texture  of 
the  paper,  weighed  eleven  ounces  and  a  half.  The 
heating  power  of  the  gas  was^  1.6.  It  burned 
with  a  flame  neariy  approaching  in  illaminating 
power  to  that  of  coal  gas. 

These  experiments,  along  with  others  which  it  is 
thought  unnecessary  to  notice,  prove  that  the  g 
from  woods  ig  not  flt  for  the  parpotet  of  illumi' 


In  the  above  wood-cot  a  rroiesentation  is  given 
of  a  domestic  gas  apparatus,  for  the  generation  of 
gas,  which  will  fnlly  illustrate  the  general  process. 
If  the  gas  is  to  be  made  from  resin,  a  quantity  of 
coke,  or  even  broken  bricks,  are  first  introdoced  into 
the  box  a.  This  is  intended  merely  to  increase  the 
heated  snrhce  within  the  box.  The  fire  is  then 
lighted  in  the  grate  in  the  ordinary  wav,  as  it  may 
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be  empbytd  kir  cooking  or  heatiDg  tho  apartment 
while  the  process  is  going  on.  A  portion  of  the 
heated  air  and  flame  passes  into  the  chamber  r,  and 
as  such  beneath  thelx>x  a;  it  then  proceeds  up  the 
flue  «.  The  melted  resin  passes  down  the  tube  /, 
and  proceeds  direct  to  the  gasometer  by  the  other 
tube  placed  by  its  side 

If,  instead  of  resin,  it  be  advisable  to  employ  coal 
for  producing  the  gas,  it  will  be  necessary  to, remove 
the  circular  caps  of  iron  each  time  the  retort  is 
eharped.  The  trouble  also  of  purifying  the  gas  is 
considerable,  so  that  for  domestic  purposes,  or  in  a 
small  establishment,  it  is  most  advisable  to  employ 
the  resin  or  oil.  The  decomposition  of  oil  b  in  fact 
no  more  than  what  we  are  constantly  doing  in  the 
common  lamp,  which  owes  its  light  and  heat  to  the 
application  of  flame  to  the  wick,  which  afterwards 
serves  to  elevate  new  portions  by  capillary  attraction, 
each  succeeding  portion  being  decomposed  by  the 
flame  with  which  it  is  brought  in  contact. 

In  the  Plate  Gas -Lighting,  we  furnish  a  gra- 
phic illustration  of  the  interior  of  a  large  gas-works, 
with  the  men  engaged  in  charging  the  retorts,  &c. 
The  smoke  and  vapour  issuing  from  the  various 
furnaces  and  heated  coke  effectually  prevent  objects 
being  distinguished  at  any  considerable  distance  from 
the  observer ;  so  that  the  glare  from  the  furnaces  is 
thus  rendered  still  more  terrific.  The  small  pipes 
serve  to  convey  the  gas  to  the  great  iron  main  leading 
to  the  purifving  apparatus. 

Mr.  Taylor  contrived  a  very  compact  apparatus 
for  generating  gas  from  oil ;  but,  owing  to  the  ex- 
pense of  the  materia],  it  has  never  been  very  generally 
adopted. 

llie  apparatus  for  generating  gas  from  common 
resin  is  shown  at  the  top  of  the  same  plate. 
The  resin,  mixed  with  a  little  turpentine,  is  placed 
in  the  upper  vessel,  a,  and  the  waste  heat  from  the 
chimney  serves  to  reduce  it  to  a  semi-fluid  state. 
This  vessel  is  divided  into  two  portions  by  a  wire- 
gauze  screen  at  b,  through  which  the  melted  resin 
percolates  to  e,  so  that  it  may  be  drawn  off  at  the 
stop-cock.  Here  it  is  received  by  a  funnel,  and, 
descending  by  the  syphon,  enters  the  retort,  d.  The 
decomposition  of  the  resin  is  effected  before  it  reaches 
the  condensing  vessel,  e.  The  condenser  serves  to 
retain  the  turpentine  which  is  not  acted  upon,  and 
the  permanently  elastic  gas  passes  along  by  the 
pipe  /,  and  is  conveyed  to  the  gasometer  by  the 
pipe  h. 

The  turpentine  is  all  collected  in  the  tanks  at  g 
and  t,  and  may  be  employed  any  number  of  times. 

An  apparatus  similar  to  that  now  described  was 
employed  in  the  London  Institution ;  and  the  Editor 
is  enabled  to  state,  from  his  own  observation,  that 
one  hundred  weight  of  brown  resin  usually  produced 
about  1200  feet  of  gas,  which  required  no  subsequent 
purification. 

GASOMETsa ;  an  instrument  for  containing  gas, 
which  might  with  more  propriety  be  called  a  gas- 
holder. One  of  the  most  simple  gasometers  is  repre- 
sented in  the  accompanying  cut.  It  is  made  of  tinned 
iron,  the  surfaces  of  which  are  japanned,  and  consists 
of  two  principal  parts — a  vessel,  somewhat  bell- 
shaped,  which  is  designed  to  contain  the  gas,  and  a 
cylindrical  vessel  of  rather  greater  depth,  in  which 
the  former  is  placed,  and  which  is  designed  to  con- 
tain the  water  by  which  the  gas  is  confined. 
To  diminish,  however,  the    quantitv    of   water. 


this  cylindrical  vessel  has  a  cone  withm  i^  also 
of  japanne^  tinned  .iron, 
adapted  to  Uie  shape  of  tiie 
gas-holder,  so  that  this  lat- 
ter, when  pushed  down,  slides 
between  this  and  the  cylin- 
drical vessel,  and  a  small 
quantity  of  water  fllb  up  the 
space  between  them.  The 
vessel  designed  to  contain  die 
gas  is  suspended  by  cords 
hung  over  pulleys,  to  whidi 
weights  are  attached,  so  as 
to  counterpoise  it.  From  a 
stop-cock  at  the  under  part 
of  the  apparatus,  there  runs 
a  tube  under  the  cylin- 
der, which  rises  and  passes 
through  the  cone,  the  opening 
by  which  it  passes  being  sol- 
dered so  as  to  be  air-tight: 
it  terminates  by  an  open 
mouth  at  the  upper  part  of 
the  bell-shaped  iron  vessel. 
This  tube,  at  ^  part  where 
ii  is  bent  at  right  angles,  to  aieend  as  has  been  de- 
scribed, is,  in  some  cases,  connected  with  another, 
which  also  runs  under  the  bottom,  and  ascends  on  the 
outside,  terminating  in  a  stop-cock;  so  that  from  the 
one  stop-cock  to  &e  other  through  the  gas-holder, 
there  is  an  uninterrupted  passage.  When  the  instru- 
ment is  to  be  used,  toe  stop-cock  is  opened,  and  the 
vessel  pressed  down;  a  sufficient  quantity  of  vrater 
being  m  the  outer  cylinder,  the  air  of  the  vessel  is 
forced  out  by  the  pressure,  and  its  place  is  occupied 
by  the  water  in  which  it  is  thus  immersed.  \Viien 
this  is  effected,  the  stop-cock  is  closed ;  and  now,  if 
we  wish  to  introduce  any  gas  into  the  apparatus, 
a  bent  funnel,  the  mouth  of  which  b  placed  in  a 
vessel  of  water,  is  attached  to  the  tube  of  the  second 
stop-cock,  and  this  stop-cock  b  opened.  If  the 
extremity  of  a  retort,  or  of  a  tube,  conveying  gas, 
terminate  below  the  orifice  of  the  funnel,  the  gas 
will  rise  along  the  tube,  and  will  ascend  to  the 
top  of  the  gas-holder,  and  thb,  being  counter- 
poised, will,  as  the  gas  enters,  rise  in  the  water,  un- 
til it  is  filled,  a  quantity  of  water  remaining  around 
the  mouth  of  it,  by  which  the  air  b  confined.  When 
the  gas  is  to  be  expelled,  the  second  stop-cock  is 
closd,  and  the  other  opened,  a  flexible  tube  b 
adapted  to  it,  and  the  gas-holder  being  pressed 
down,  either  by  the  hand  or  by  its  own  w^ght  from 
the  removal  of  the  counterpoising  weights,  a  stream 
of  gas  issues  from  the  extremity  of  a  flexible  tube, 
and  may  be  transferred  into  a  jar,  or  be  applied  to 
any  other  purpose,  and  its  quantity  may  be  measured 
by  the  instrument  being  graduated  by  a  scale  marked 
on  a  brass  rod. 

For  experiments  on  gases  which  require  much  ac- 
curacy, mercury  must  be  substituted  for  water,  and 
the  internal  cone,  to  which  we  have  alluded,  then 
becomes  valuable  on  the  score  of  economy.  The 
experiments  may  be  perfoi|ned  by  means  of  it  on  a 
tolerably  large  scale,  although  the  necessaiv  quan> 
tity  of  mercury  to  fill  the  gasometer,  Ace,  is  com- 
paratively small.  The  mercurial  apparatus,  how- 
ever, is  too  costly,  and  too  easily  put  out  of  order,  to 
be  accepted  with  welcome  among  the  generality  of 
the  cultivators  of  chemical  science. 
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Bencftdi  is  a  repretentation  of  the  bell  of  the  gmso- 
meter,  made  of  glass,  Aurnished  with  a  cock  at  tiie  top, 
and  able  to  contain  34  ounces  Troy  of  distilled  water. 
The  dhrisbns  of  capacity,  determined  by  actaal  mea- 
anrement,  are  marked  on  the  glass.  Still  lower  is 
a  section  of  two  cylin- 
ders of  cast-iron,  tiie  out- 
ward one  screwed  upon 
the  solid  internal  one, 
which  is  made  to  prcject 
mt  its  lower  extremity,and 
furnished  with  a  male 
screw,  to  work  into  a  ie« 
male  screw  with  which  the 
lower  end  of  the  external 
cylinder  is  furnished.  The 
space  between  these  is  so 
adjusted  as  to  be  almost 
filled  up  by  the  substance 
of  Uie  ^ass  bell  when 
dropped  into  it,  so  that 
the  quantity  of  mercury 
necessary  to  fill  up  that 
space  is  proportionally 
small.  The  internal  cylin- 
der has  a  conducting  tube 
up  through  its  axis,  the 
lower  end  of  which  is  fur- 
nished with  a  female  screw  anawerfakg  to  tiie  male 
screw  of  ^e  cock  of  the  small  receiver.  This  receiver 
is  made  of  glass,  and  open  at  bottom.  When  used, 
it  is  screwed  into  its  place,  and  rests  upon  a  small 
cup  or  cistern  of  mercury,  in  which  the  beak  of  a 
retort,  furnished  with  a  bent  glass  tube,  may  be  intro* 
duced  under  the  receiver.  At  the  bottom  is  a  section 
of  a  wooden  stand  upon  which  the  cast-iron  cylin- 
ders are  sapported,  having  an  opening  through  the 
top  to  permit  the  cock  of  the  receiver  to  be  joined  to 
the  conducting  tube  of  the  internal  iron  cylinder.  The 
cistern  is  adjusted  to  hold  a  given  quantity  of  air. 

Gasket;  a  sort  of  plaited  cord,  fastened  to  the 
sail-yards  of  a  ship,  and  used  to  fori  or  tie  up  the 
sail  firmly  to  the  yard  by  wrapping  it  round  boUi. 

Gastric  ;  that  which  relates  to  digestion. 

Gastric  Juicb  ;  a  fluid  of  the  utmost  importance 
m  the  process  of  digestion.  It  does  not  act  indis- 
criminately on  all  substances ;  nor  is  it  the  same  in 
all  animals ;  nor  does  it  continue  alvirays  of  the  same 
nature,  even  in  the  same  animal,  changing  according 
to  circumstances.  It  acts  with  a  chemicid  energy  in 
dissolving  food ;  attacking  the  surftce  of  bodies,  and 
uniting  to  the  particles  of  them.  It  operates  with 
more  energy  and  rapidity  the  more  the  food  b  divided ; 
and  its  action  is  increased  by  a  warm  temperature. 
The  food  is  not  merely  reduced  to  very  minute  parts ; 
its  taste  and  smell  are  quite  changed ;  its  sensible  pro- 
perties are  destroyed ;  and  it  acquires  new  and  very 
different  ones,  lliis  fluid  does  not  act  as  a  ferment ; 
it  is  a  powerful  antiseptic,  and  even  restores  flesh 
already  putrefied. 

Gastric  System  comprehends  all  the  parts  of  the 
body  which  contribute  to  digestion.  Gatiric  diwr- 
ders  are  those  in  which  the  digestion  particularly  b 
deranged.  As  the  precepts  of  health,  with  regard  to 
eating  and  drinkiDs,  are  so  often  transgressed,  the 
quality  of  the  food  itself  often  bad,  the  gastric  system 
composed  of  many  parts,  and  much  affected  by  the 
influence  of  the  external  temperature,  gastric  disorders 
must  necessarily  be  frequent.    Their  symptoms  arc. 


want  of  appetite,  a  bitter  and  disagreeable  taste,  a 
furred  tonaue,  frequent  and  unpleasant  rising  f)rom 
the  stomaoi,  a  sense  of  weight  and  oppression  in  the 
stomach,  looseness  or  costiveness,  &c.  From  the  close 
connection  of  the  organs  of  digestion  witi^  the  other 
parts  of  the  body,  gastric  disorders  are  often  com- 
bined with  others,  as  with  fever. 

GASTaoNOM T ;  the  science  of  eating  and  drinking. 
The  gastronomy  of  the  Romans  was  the  most  gross 
and  luxurious,  as  that  of  the  French  is  tiie  most  re- 
fined and  delicate,  combined  with  the  rules  of  health 
and  social  merriment.  (See  tiie  Paris  Ahumaek  dm 
Gfmrmand$,  The  new  series,  from  1825,  contains 
songs  by  B^ranger  and  others.) 

GaOzb,  in  cosunerce;  a  thin,  transparent  stuff, 
sometimes  woven  of  silk,  and  sometimes  of  thread  and 
worsted.  Gauzes  are  either  plain  or  figured.  The 
latter  are  worked  with  fiowers  of  silver  or  gold  on  a 
silk  ground,  and  ^  are  chiefiy  imported  firom  China. 
Gauzes  of  excellent  quality  have,  of  late  years,  been 
manufoctured  at  Pabley. 

GxLATiNB,  in  chtnMrjf,  b  one  of  the  constituent 
parts  of  animal  substances,  and  may  be  obtained  by 
repeatedly  washing  the  fresh  skin  of  an  animal  in 
cold  water,  afterwards  boiling  it,  and  reducing  it  ta 
a  small  quantity  by  slow  evaporation,  and  allowing 
it  to  cool.  It  then  assumes  the  form  of  jelly,  and 
becomes  hard  and  semi-transparent.  It  b  a  princi- 
pal ingredient  both  of  the  solid  and  fluid  parts  of 
animab,  and  is  employed  in  the  state  of  glue,  size, 
and  isinglass. 

Gelatine  is  used  in  a  new  kind  of  bread,  called  jMta 
amiwfl/tW,  now  manufactured  in  Paris.  It  having  been 
found  that  the  gelatine  of  bones  used  for  soups  was 
exceedingly  nutritious,  it  was  imagined  that  if  thb 
gelatine  could  be  introduced  into  bread  from  potato 
flour,  which  b  much  less  nutritious  than  wheaten 
flour,  the  former  would  be  equally  pleasant,  and  even 
more  nutritive  than  wheaten  bread.  The  euieriment 
has  been  tried  with  great  success;  and  beautiful 
loaves  of  bread,  made  in  this  way,  are  now  sold  i|i 
Paris  at  a  much  lower  price  than  bread  from  wheat 
flour.  The  gelatine  is  so  purified  as  to  impart  no 
unpleasant  flavour,  and  the  potato  bread,  thus  manu- 
factured, b  as  agreeable  as  it  is  wholesome.  As  a 
cheap,  nutritious,  and  useful  article  of  food  for  the 
poor,  the  potato  bread  thus  made  b  unequalled.  A 
large  quantity  of  the  biscuit  sent  out  with  the  Afiican 
expedition  to  Algiers  was  prepared  in  thb  way. 

Gbms,  or  Pebcious  Stones,  are  sometimes  found 
of  regular  shapes  and  with  a  natural  polbh,  and 
sometimes  of  irregular  shapes  and  with  a  rough 
coat.  The  first  sort  may  be  considered  as  of  the  peb- 
ble kind,  and  are  said  to  be  found  near  the  beds  of 
rivers,  after  great  rains;  the  others  are  found  in 
mines,  and  in  the  clefts  of  rocks.  The  gems  of  the 
first  sort  were  what  the  ancients  most  usually  en- 
graved upon.  These  are  commonly  called  imiaaUoaf 
and  they  are  mosUy  of  a  long,  oval  figure,  inclining 
to  a  point  at  each  end,  convex  as  well  on  the  engraved 
face  as  on  the  others,  with  a  ridge  running  from  end 
to  end  on  the  under  side,  which  b  hereby,  as  it  were, 
divided  into  two  faces ;  both  which  are  lUso,  though 
not  so  distincUy,  parted  from  the  upper  face  by  an- 
other ridge  running  quite  round  the  oval. 

The  stone   most  commonly  found  engraved    b 

the  beryl.    The  next  is  the  emerald ;  and  then  the 

Jacinth.  The  chrysolite  is  very  rarely  found  engraved, 

I  as  are  also  the  crystal,  or  Oriental  pebble,  the  garnet. 
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andtbeamediytt.  The  foUowiog  is  a  general  list 
of  -what  are  asoally  caUed  predoms  tUmet: — the 
beryl,  red,  yellow,  or  white ;  emerald,  green ;  jacinth, 
of  adeep  tawny  red;  diryaohte,  of  alight  grass-green ; 
crystal,  or  Oriental  pebble,  of  a  sihrery  white ;  garnet, 
of  a  deep  red  claret  colour ;  amethyst,  pnrple ;  dia- 
mond, white ;  ruby,  red  or  crimson-ooloured ;  eme- 
rald, of  a  deep  green ;  aqua  marina,  of  a  bluish  sea- 
green »  like  sea- water ;  topaz,  of  a  ripe  citron  yellow ; 
sapphire,  of  a  deep  sky-blue,  or  of  a  silver  white ;  cor- 
neluin,  red  or  white ;  opal,  white  and  changeable ; 
Termilion-stone,  more  tawny  than  the  jacin^.  All 
these  stones  are  more  or  less  transparent.  The  follow- 
ing are  all  opaque: — the  cat's  eye,  brown;  red  jasper, 
called  also  ihids  cormUan^o(  the  colour  of  red  ochre ; 
jet,  blaek ;  agates  of  various  sorts;  blood-stone,  green, 
Teined4>r  spotted  with  red  and  white ;  onyx,  consist- 
ng  of  diferent  parallel  strata,  mostly  white  and 
black ;  sardonyx,  of  several  shades  of  brown  and 
white ;  agate-onyx,  of  two  or  more  strata  of  white, 
either  opaque  or  transparent;  alabaster,  different 
strata  of  white  and  yellow,  like  the  agate-onyx*  but 
all  opaque ;  toad's  eye,  black ;  turquoise,  of  a  yellow- 
ish blue,  inclining  to  green ;  lapis-lazuli,  of  a  fine 
deep  blue.  Of  most  of  the  species  beforementtoned, 
tiiere  are  some  of  an  inferior  class  and  beauty.  These 
are  commonly  called,  by  jewellers,  Occidental  tUmet. 
They  are  mostly  the  produce  of  Europe,  and  found  in 
mines  or  stone  quarries ;  and  are  so  named  in  opposi- 
tion to  those  of  a  higher  class,  which  are  always  ac- 
counted Oriental,  and  supposed  to  be  produced  only 
m  the  East. 

The  onyx,  sardonyx,  agate-onyx,  alabaster  of  two 
colours  or  strata,  as  als«i  certain  shells  of  different 
coats,  were  frequently  engraved,  by  the  ancients,  in 
relief;  and  these  sorts  of  engravings  are  commonly 
called  eoflieot.  They  also  sometimes  ingrafted  a 
head,  or  some  other  figure  in  relief,  of  gold,  upon  a 
blood-stone.  Besides  which  tiiere  are  some  antiques, 
mostly  cornelians,  that  are  covered  with  a  stratnm 
of  white.  This  stratum  has  by  some  been  looked 
upon  as  natural,  but  it  was  really  a  sort  of  coat  of 
enamel  that  was  laid  on,  in  the  same  viray  as  two  sur- 
faces of  glass  are  made  to  adhere  by  the  aid  of 
heat  in  theibeantiiul  incrustations  of  the  present  day. 
The  ancients  engraved  most  of  their  stones»  except 
the  onyx  and  the  sardonyx,  just  as  they  were  fouira ; 
their  natural  polish  excelling  all  that  can  be  given  by 
art;  but  the  beauty  of  the  several  species  of  onyx 
could  be  discovered  only  by  cutting.  The  merit  of 
Intaglios  and  cameos  depends  on  Uieir  endUUm,  as 
it  is  termed,  or  the  goodness  of  the  workmanship, 
and  the  beauty  of  their  polish. 

The  antique  Greek  gems  are  most  esteemed ;  and, 
next  to  than,  the  Roman  ones  of  the  times  of  the 
higher  empire.  Lapidaries  employ  a  considerable 
quantity  of  diamond  in  powder,  which  they  use 
with  steel  instruments,  to  divide  pebbles  and  precious 
stones.  The  small  pieces  of  diamond,  of  which  the 
powder  is  made,  are  worth  28  shillings  a  carat.  The 
use  of  the  diamond  in  this  way  is  very  extensive. 
Had  nature  withheld  the  diamond,  the  pebble,  the 
agate,  and  a  variety  of  other  stones,  would  have  been 
of  little  value,  as  no  other  substance  is  hard  enough 
to  operate  upon  them.  In  this  way,  rock  crystal, 
from  Brazil,  is  divided  into  leaves,  and  ground  and 
polished  with  diamond  dust  for  spectacles  and  other 
optical  instruments. 
•    The  great  value  of  the  precious  stones  has  led  to 


imitationa  of  their  cokKur  aad  bistie;  by 
compositions  in  glass.  In  order  to  approximate  as 
near  as  possible  to  the  brilliancy  and  refractive  power 
of  native  gems,  a  basis,  called  a  jMsfo,  b  made  firom 
the  finest  flint  glass,  composed  of  selected  materials, 
combined  in  different  proportions,  according  to  the 
preference  of  the  manufacturer.  This  is  mixed  with 
metallic  oxides  capable  of  producing  the  desired 
colour.  A  great  number  of  complex  processes  are  in 
use  among  manufacturers  of  these  articles. 

A  method  is  sometimes  resorted  to  for  taking  the 
impressions  and  figures  of  antique  gems,  with  their 
engravings,  in  glass,  of  the  colour  of  the  original  gem. 
Great  care  is  necessary  in  the  operation,  to  take  the 
impression  of  the  gem  in  a  very  fine  earth*  and  to 
press  down  upon  this  a  piece  of  proper  glass,  softened 
or  half  melted  at  the  fire,  so  that  the  figures  of  the 
impression  made  in  the  earth  niay  be  ni^y  and  per- 
fectly expressed  upon  the  glass.  The  yellowish  tripoli 
has  been  found  best  adapted  for  this  purpose. 

GBM-ScuLPTuaB ;  the  glyptic  art,  or  litho^yptics; 
the  art  of  representing  designs  upon  precious  stones^ 
either  in  raised  work  (comeot),  or  by  figures  cut  into 
or  below  the  surface  {ttUagliot).  The  former  method 
may  have  been  practised  at  a  very  early  period,  and 
probably  had  its  origin  with  the  Babylonians,  who 
worshipped  the  heavenly  bodies,  and  were  accustomed 
to  wear  fig^ured  talismans,  which  served  as  symbols 
of  their  inSnenoes.  From  them  the  custom  of  wear- 
ing engraved  stones  passed  to  the  Hebrews.  Accord- 
ing to  others,  this  art  originated  in  India.  The 
Egyptians  cut  the  hardest  kinds  of  stones.  The 
custom  of  wearing  cut  stones  as  seal  rings  appears 
to  have  been  genend  among  the  Greeks  in  the  time  of 
Solon.  One  of  the  earliest  artists  in  this  branch  of 
whom  mention  is  made  is  Mnesarchus,  the  father 
of  the  philosopher  Pythagoras,  consequently  a  con- 
temporary of  that  Theodorus  of  Samos  who  engraved 
the  ring  of  Polycrates,  of  which  such  wonderful 
stories  are  told  by  the  ancients.  These  ancient  works 
were  probably  intoffHoi ;  the  artist  made  use  of  the 
lathe*  the  wuunum,  the  os^raetlw*  the  diamond  point, 
and  diamond  powder. 

Whether  the  Egyptian  9carahm,  of  which  many 
specimens  are  seen  m  the  Briti^  Museum*  and  the 
Graco-Etruscan  imitations  of  them*  are  the  most 
ancient  specimens  of  this  interesting  art*  may  be 
doubted  on  account  of  the  form  of  ^  stones  (cot 
into  the  shi^  of  beeties).  Yet  the  specimens  of 
the  early  period  of  the  art  are  so  rare*  that  we  have 
not  sufficient  data  for  fixing  on  any  class  as  prior  to 
that  just  mentioned.  The  flourishing  period  of  the 
gUfptio  wri  seems  to  have  been  the  age  of  Alexander 
the  Great;  but  we  are  able  to  jud^  of  the  worths  of 
Pyrgoteles,  ApoUonides,  and  Cromus  only  from  tra- 
dition, as  there  are  no  works  of  tiiese  masters  extant. 
Pyrgoteles  was  distinguished  for  works  in  relief;  and 
from  his  time  the  art  may  have  risen,  gradually*  to 
that  degree  of  perfection  of  which  we  possess  such 
rich  specimens.  The  artists,  some  of  whose  nankes 
we  learn  from  their  works  ^emselves  (of  whom  Gr. 
Clarac  has  given  a  list  in  his  tkucnpiwm  de»  AmHqun 
du  Mus^  Royal  de  France,  Paris,  1820),  took  the 
master-pieces  of  sculpture  for  their  subjects  and 
models.  Under  the  Roman  emperors*  in  particular* 
this  was  very  common. 

The  names  of  Dioscorides,  ApoUonides,  Aulos* 
Hyllos,  Cneius,  Solon,  remind  us  of  the  most  perfect 
works  in  this  branch  of  art  But  the  works  of  greatest 
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iralne  wliich  have  come  down  to  xm — the  onyx,  hi 
the  chapel  at  Paris,  the  apo^eoais  of  Augustus  in 
Vienna,  the  on3rz,  at  the  Hague,  representing  the 
apotheosis  of  the  emperor  Claudius,  Achilles  lament- 
ing Patrocltts,  the  head  of  Julius  Ceesar — these,  and 
the  Brunswick  vase,  and  the  Trivulcian  and  Neapo- 
litan cups,  bear  no  distinguished  names. 

Names  of  Greek  composition  were  frequently  put 
on  engraved  stones  in  the  fifteenth  century,  when  the 
patronage  of  the  Medici  revived  the  taste  for  gems 
and  dactyliothecae,  which  had  so  powerfully  pro- 
moted this  branch  of  art  under  the  later  Roman  em- 
Serors.  Pompey  consecrated  the  daetyliotheca  of 
fithridates,  as  a  votive  offering,  in  the  capitol; 
Julius  Cesar,  six  tablets,  with  six  gems,  in  the  temple 
of  Venus.  At  a  later  period,  ^e  collections  of  He- 
rodes  Atjticus,  of  Vespasian,  &c.,  were  celebrated ; 
yet  this  general  taste  was  not  able  to  preserve  the 
art  from  decline.  We  find  proofs  of  this  degeneracy 
in  the  times  of  the  later  emperors,  in  the  numerous 
class  of  gems  called  ahraxas  and  abraxidei,  in  some 
rare  works  of  the  Byzantine  period,  and  in  some  arti- 
ficial gems  at  an  early  period  of  the  Christian  era. 
FVom  the  time  of  Qallienus,  these  marks  of  degene- 
racy are  particularly  striking.  As  no  use  could  be 
made  of  the  material  of  these  works,  gems  conti- 
nued to  be  highly  prized,  even  in  the  times  of  the 
greatest  barbarism,  and  served  to  ornament  the 
shrines  of  saints,  royal  badges,  and  ceremonial 
dresses,  and  thus  passed  safely  through  the  ages  of 
destruction  and  ignorance,  in  which  the  finest  statues 
were  valued  as  materials  for  mortar  or  for  building, 
down  to  ages  which  could  appreciate  their  value. 

If  we  may  judge  from  die  remains  which  have 
come  down  to  us,  engraved  gems  seem  to  have  been 
more  common  in  Byzantium  and  Constantinople  than 
in  the  West.  The  stone  with  the  head  of  Richilde, 
the  wife  of  Charles  the  Bold,  is  a  relic  of  a  period  of 
which  hardly  any  other  works  of  art  remain,  except, 
perhaps,  a  few  on  religious  subjects.  The  eariiest 
gem-engraver  of  modem  times  is  Vittore  Pisanello, 
who  lived  at  Florence  about  the  year  1406.  Among 
the  Germans,  Daniel  Engelhard,  of  Nuremberg,  was 
the  earliest.  He  died  in  1512.  The  discovery  of 
some  fine  specimens  in  Italy,  particulariy  at  Florence, 
and  the  display  of  gems  by  me  emperor  Palnologus, 
at  the  council  of  Florence,  in  1438,  were  perhaps  the 
original  cause  of  the  taste  of  the  Medici  for  engraved 
stones.  The  popes  and  that  family  were  tiie  first 
patrons  of  this  art  in  modem  times. 

A  Florentine  artist,  by  the  name  oiJokn  (generally 
called,  on  account  of  his  great  skill,  Oiovaimi  delie 
Comiole),  distinguished  himself  in  this  early  period 
^  the  modem  art.  There  are  but  few  gems  whidi 
can  be  ascribed  to  him,  with  any  confidence,  besides 
the  famous  cornelian  in  the  Florentine  museum,  with 
the  portrait  of  Savonarola,  bearing  the  inscription 
HieronymuB  Ferrarimms  ordmU  frmdioaiorwm,  jm*o- 
pketay  wr  et  nunifr.  This  stone,  which  must  have 
been  engraved  later  than  1498,  is  given  in  Aginctmrfs 
Sculpture  (tab.  48,  number  82).  (Contemporaries 
and  rivals  of  Giovanni  were  Nanni  di  Prospero  dalle 
Caraiole,  in  Florence,  whom  Francesco  Salviati  di- 
rected in  his  works,  and  Domenico  Compagnic  {dei 
eanuti),  a  Milanese,  whose  portrait  of  Ludovico 
Sforza,  called  Moro,  cut  in  a  raby,  is  still  preserved 
in  the  Florentine  museum.  After  Beraardi  (deUe 
Comiole),  Valerio  Vicentino  (under  Leo  X.)  rendered 
hhnself  famous  as  a  gem -engraver. 


This  art  fiHMid  patrons'in  all  the  Italian  princes ; 
the  number  of  artists  constantly  increased,  and  the 
sphere  of  their  art  was  extended.  The  names  of  the 
artists,  however*  are  not  generally  known,  because 
they  were  rarely  put  upon  the  stones.  Many  gems« 
too,  are  still  concealed  in  the  cabinets  of  the  w^thy 
or  the  treasuries  of  princes.  Until  these  are  as  ac- 
curately described  as  those  of  the  Ambrosian  eoU 
lection,  it  will  be  difficult  to  obtain  a  complete  general 
view.  Subjects  of  antiquity  were  treated  by  these 
artists  in  preference,  and  with  such  ability  that  it 
often  requires  the  skill  of  the  most  accomplished 
connoisseur  to  distinguish  them  from  genuine  an* 
tiques.  The  dispute  concerning  the  famous  seal  ring 
of  Michael  Angelo  is  well  known.  It  is  not  impro* 
bable  that  this  cornelian  is  the  work  of  Pietro  Maria 
de  Pesda,  as  the  figure  of  the  fisherman  in  the  ex- 
ergue may  indicate  that  artist,  who,  with  Michelino, 
belonged  to  the  age  of  Leo  X.— (Fiorillo,  E$&ajf» 
voL  ii.,  page  168.) 

In  order  to  give  the  gems  more  completely  the  ap- 
pearance of  antiques,  some  artists  engraved  theur 
names  in  Greek,  but  with  so  little  knowledge  of  the 
language  that  they  sometimes  betrayed  themselves  by 
this  arfifice.  To  this  time  we  must  ascribe  the  gems 
with  the  name  PyrgotekM,  which  FioriUo  endeavours 
to  prove  were  the  works  of  an  Italian  of  Greek  de- 
scent (Lascaris).  The  art  of  engraiving  was  also 
applied  to  glass  and  gold.  The  crystal  box  of  Va- 
lerio Belli,  the  most  skilful  and  industrious  artist  in 
this  branch  during  the.  I6th  century,  deserves  parti- 
cular mention.  It  was  intended  by  Clement  VII.  as 
a  present  to  Francis  I.,  when  Catherine  of  Medici 
went  to  Marseilles  in  1533.  At  present  it  is  in 
Florence.  Drawings  of  it  are  to  be  found  in  Agim-' 
court's  Seuiptwre  (table  43)  and  in  Ocogtuara  (u,p 
table  87). 

The  Milanese  particularly  distinguished  themselves, 
as  the  wealth  of  the  principal  citizens  of  Milan  ei^ 
abled  them  to  patronise  this  art.  Jacopo  de  Trezza — 
the  same  artist  who,  in  1564,  executed  for  Philip  II. 
the  famous  tabernacle  of  the  Escurial — ^made  the  first 
attempts  at  engraving  on  the  diamond,  in  Milan* 
The  greatest  cameo  work  of  modem  times  is  the 
stone  in  the  Florentine  museum,  seven  inches  in 
breadth,  upon  which  Cosmo,  Grand  Duke  of  Tuscany, 
with  his  wife  Eleonore  and  seven  children*  are  re- 
presented. A  Milanese,  John  Anthony  de  Rossi, 
who  was  a  contemporary  of  the  Saracchi  family 
(about  1570),  is  the  artist.  The  Saracchi  were  five 
brothers,  and  the  crystal  helmet  of  Albert  of  Bavaria 
is  a  proof  of  their  skill. 

The  first  traces  of  gem-engraving  in  Germany  are 
found  in  the  14th  and  15th  centuries,  in  Nuremberg 
and  Strasburg.  Natter,  himself  a  distinguished  ar- 
tist in  this  branch,  has  given  an  account  of  his  pre- 
decessors in  his  TVait^  de  la  Mithode  Awtiqwe  de 
ffraver  e»  Pierre  Fine,  eompar^e  aoee  la  M^thode  Mo" 
derwe  (London,  1755).  Natter  himself,  Pichler,  and 
Marcbant,  are  considered  as  the  restorers  of  this 
art  in  that  country.  Facius  and  Hecker  are  also  es- 
teemed. It  is  still  practised  with  great  success  by 
several  artists,  and  by  Polish  Jews  with  particular 
skill,  but  only  for  coats  of  arms.  France  and  £ng^ 
land  have  not  produced  any  first-rate  gem-engravers. 
The  most  distinguished  artist  of  the  age  is,  perhaps, 
Berini,  a  native  of  Rome,  now  at  Milan,  who,  wi^ 
Cervara  and  Giromelli,  at  Rome,  and  Putinati,  at 
Milan,  has  produced  the  finest  works  in  recent  times. 
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Gbnbjial,  in  miUiarff 
in  chief. 

Gtnerai  is  also  used  for  a  paiticolar  march  or  beat 
of  drum,  being  the  first  which  gives  notice  for  ^ 
infantry  to  be  in  readiness  to  mareh. 

Gbnbbatbd  is  used  by  mathematicians  to  denote 
whaterer  is  formed  by  the  motion  of  a  point,  line,  or 
snrftbce.  Thus  a  line  is  said  to  be  gttieruted  by  the 
motion  of  a  point ;  a  snrfiice,  by  the  motion  of  a 
line ;  and  a  solid,  by  the  motion  of  a  surface.  The 
same  term  is  also  sometimes  used  in  a  similar  sense 
fai  arithmetic  and  algebra.  Thus  90  is  said  to  be 
generated  by  the  two  factors  4  and  5,  or  2  and  10 ; 
«  fr,  of  the  factors  a  and  h,  fcc. 

Gbnbbatob.    See  Stbam-Enoinb. 

Gbnbva,  or  Gin  ;  a  hot,  fiery  spirit,  much  used 
by  the  lower  classes  of  people  as  a  dram,  and  un- 
questionably as  injurious  to  their  bodily  health  as  to 
oieir  moral  character.  A  liijnid  of  tnis  kind  was 
formeriy  sold  in  the  apothecaries'  shops,  drawn  from 
the  juniper-berry ;  but  distillers  have  now  completely 
supplanted  the  trade  of  the  apothecary,  and  sell  it 
under  the  name  of  ^eaeiMi  or  gim,  of  which,  it  is  be- 
lieved, juniper-berries  make  no  part  of  the  composi- 
tion. It  is  usually  composed  of  malt  and  other 
spirits.  A  better  sort  is  said  to  be  drawn  off,  by  a 
slow  fire,  from  juniper-berries,  proof-spirits,  and 
water,  in  the  proportion  of  three  pounds  of  berries 
to  four  gallons  of  water  and  ten  of  spirit.  The 
celebrated  Holland  geneva  is  manufactured  chiefly 
at  a  village  near  Rotterdam,  from  the  same  ma- 
terials, French  brandy  being  used  instead  of  malt 
spirits. 

Gbns  D'abmbs;  the  name  originally  given  in 
France  to  the  whole  body  of  armed  men  (genM  ar- 
maia),  but,  after  the  introduction  of  standing  armies, 
to  a  body  of  heavy-armed  cavalry,  which  composed 
the  chief  strength  of  the  forces,  and  was  provided 
with  helmets,  cairasses,  pistols,  horses  protected 
with  armour,  &c.  After  the  time  of  Louis  XIV. 
they  had  only  pistols,  helmets,  and  swords.  Part  of 
them  were  under  the  immediate  orders  of  the  king, 
part  composed  the  first  body  of  the  French  cavalry. 
The  latter  consisted  of  men  of  rank,  and  belonged  to 
the  troops  of  the  royal  household.  At  the  revolution 
this  body  was  broken  up.  The  name  getu  d'armet 
has  since  been  given  to  a  corps  which  succeeded  the 
former  (mar^ehatua^J,  employed  in  the  protection  of 
the  streets.  It  was  composed  of  infantry  and  ca- 
valry, and  belonged  to  the  military,  but  served  princi- 
pally to  enforce  the  police  regulations. 

Under  Napoleon  it  was  a  distinction  to  serve  in 
this  corps,  because  only  veterans  were  employed  in 
it ;  but  the  members  were  hated  in  a  high  degree,  be- 
cause they  had  to  execute  so  many  odious  orders. 
When  the  German  nations  rose  against  Napoleon, 
genM  d'armeg  were  killed  wherever  they  were  found. 
The  Bourbons  retained  this  corps ;  and  they  are  said 
to  have  behaved  generally  with  great  moderation ; 
yet  the  people  continued  to  hate  thera  as  the  instru- 
ments of  tyranny.  On  one  occasion,  however, — the 
massacre  of  the  Rue  St.  Denis — they  seemed  to  take 
revenge  for  all  the  insults  they  had  suffered  so  long. 
This  hastened  Vill^le's  downfal.  August  16,  1830, 
a  royal  ordinance  abolished  the  gens  d'armcs,  and 
established  a  new  body  called  the  municipal  guard  of 
Paris,  to  consist  of  1443  men,  under  the  direction  of 
the  prefect  of  police. 

Gbocbntbic;  what  relates  to  the  centre  of  the 
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cartfa»or  is  considered  m  if  tnm  tht  cartft  of  ^ 
earth.    (See  Hbliocbntbic.) 

GBOCTCI.IC  Macbihb  ;  a  marhine  intfiidwi  to  re- 
present in  what  manner  the  changes  of  the  seasoai, 
the  increase  and  decreaseof  the  da3rs,  &c.,  ancmcd 
by  the  inclination  of  the  axis  of  the  earth  to  Spline 
of  the  ecliptic,  at  an  angle  of  664  degrees*  and  how 
the  axis,  by  remaining  parallel  to  itself  in  all  pointt 
of  its  path  round  the  van,  invariably  ptmrrcs  this 
inclination. 

Gbombtbt  (firom  the  Greek,  sigmfying  the  erf  ^ 
wKtfwrimg  kmi) ;  the  branch  of  pure  mathematics 
which  treats  of  Uie  magnitudes  of  dimenaioDs.  It  is 
divided  into  hmgmeirg,  occupied  eidusively  widi  liaei, 
pimumeirg,  occupied  with  planes  or  surfiues,  aiid 
HertomUrg,  treatmg  of  solid  bodies,  their  contents, 
&c.,  and  the  doctrine  of  the  functions  of  the  aide, 
and  its  applicaticm  to  cotain  figures,  formed  by  lines, 
from  whidi  originate  (a.)  trigtmomttrg,  (6.)  fofevjpf- 
wmetrg,  (e.)  polggimomUrg,  (d.)  cgdomehrg,  which  tcack 
us  to  find,  from  the  dimensioaa  of  certain  parts  of  a 
figure,  those  of  certain  other  parts,  by  which  parti- 
cular altitudea  and  depths  are  to  be  measured. 

Geometry  is  divided  into  tikmmtmg  and  appUti, 
The  former,  or  theoretical  geometry,  treats  of  the 
different  properties  and  relatione  of  the  magnitiides 
of  dimenaion  in  theorems  and  demonstrations,  whick 
the  latter  applies  to  the  various  purposes  of  life  in 
problems  and  solutions,  (xeometry  is  taught  in  differ- 
ent ways ;  as,  for  instance,  by  diagrams,  whidi  is  cslled 
cotutruciwe  geomelrg,  or  by  the  application  of  algebra 
to  dimension,  which  is  caUed  oaolyfteai  fsowefry. 

The  invention  of  this  important  science  is  ascribed 
by  some  to  the  Chaldaeans  and  Babylonians;  by 
oUiers  to  the  Egyptians,  who  were  obliged  to  deter- 
mine the  boundaries  of  their  fields,  after  &e  inundation 
of  the  Nile,  by  geometrical  measurements.  Accord- 
ing to  Cassiodorus,  the  Egyptians  either  derived  the 
art  from  the  Babylonians,  or  invented  it  after  it  wm 
known  to  them.  Thales,  a  Phoenician  who  died  548 
B.  C,  and  Pythagoras  of  Samos,  who  flourished 
about  520  B.  C,  introduced  it  from  Egypt  mto 
Greece.  The  discovery  of  five  regular  geometrical 
bodies,  the  cube,  tetraedrtm,  odaedroa,  icoMednm,  sad 
dodeeaedron,  is  ascribed  to  the  latter.  He  distin- 
guished himself  particularly  by  the  invention  of  die 
theorem  which  is  called  from  him  the  Pgtkagonm, 
and,  on  account  of  his  important  improvements,  has 
received  the  name  of  magister  matheaeog. 

In  elementary  geometry,  Euclid  of  Alexandria 
is  particularly  distinguished.  About  a  hundred 
years  after  him,  Archimedes  extended  the  limits  of 
geometry  by  his  measure  of  tiie  sphere  and  the 
circle.  Aristsus,  and,  at  a  later  period,  Apollo- 
nius  of  Perga  (who  flourished  96O--230  B.  C),  ifid 
much  for  the  higher  geometry.  In  Italy,  where  the 
sciences  first  revived  after  the  dark  ages,  severd 
mathematicians  were  distinguished  in  the  l6th  cen- 
tury; the  French,  and  particularly  the  Germans, 
followed.  Justus  Byrge  laid  the  foundation  of  lo- 
garithms, and,  according  to  some,  was  the  inventor  of 
the  proportional  circle;  othera  ascribe  the  inven- 
tion to  Galileo.  Reinerus  Gemma  Frisius,  who  died 
in  1555,  invented  the  instrument  used  in  surveying* 
called  the  plain  table.  Simon  Stevin  of  Bruges  ap- 
plied the  decimal  measure  to  geometry. 

In  1635,  Bonaventus  Carallieri  opened  the  path  to 
the  higher  geometry  of  infinites ;  and,  in  1684,  Leib- 
nitz advanced  the  science  by  the  invention  of  the 
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dtfncntitl  oilctthiSf  and  Newton  by  thethsoij  of  the 
fluxions.  Robert  Hook,  who  died  in  1703,  was  the 
fizst  who  ooneidered  the. influence  of  the  refraction  of 
li^t  in  measuring  heights.  Ludolph  of  Ceuln,  or 
Cologne,  who  died  at  Leyden  in  1610,  discovered  the 
proportion  between  the  diameter  and  the  circumfer- 
ence of  the  circle.  In  recent  times,  the  French  have 
been  most  distingiushed  in  geometry,  and  have  pro- 
duced the  best  elementary  works  for  schools  in  this 
branch;  as,  for  instance,  those  of  Lcgendre  and 
Mong^.  The  Germans  have  a  number  of  elementary 
works  on  geometry,  some  of  which  are  excellent. 
Among  the  aiost  approved  modem  works  on  the  ele- 
ments of  geometry  are  those  of  Euclid,  as  translated 
by  Simeon,  In^;ram,  and  Playfair,  and  the  treatises  of 
FMesser  Leslie,  and  M.  L^^endre. 

From  a  perusal  of  the  above  history  of  the  progress 
of  geometrical  science,  it  must  be  evident  that  any 
attempt  at  a  oomplete  consecutive  treatise  on  the 
subject  would  swdl  the  present  article  to  a  most 
inconvenient  length,  and  indeed  that  it  would  be 
completely  incompatible  with  the  general  arrange- 
ment of  the  work.   We  purpose,  thmfore,  cooflnuig 
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ourselves  to  a  series  of  useful  definitions,  which  may 
be  said  to  form  the  alphabet  of  the  science.  Prob- 
lems illustrative  of  the  application  of  ge9metry  to  the 
iiseftil  arts  will  be  found  under  the  various  articles 
which  need  mathematical  illustration. 

A  pomt  has  nei^r  lengdi,  breadth,  nor  thickness. 
From  this  definition  it  may  easily  be  understood  tiiat 
a  mathematical  point  cannot  be  seen  nor  felt ;  it  can 
only  be  imagined.  What  is  commonly  called  a  point, 
as  a  small  dot  made  with  a  pencil  or  pen,  or  the  point 
of  a  needle,  is  not  in  reality  a  mathematical  point ; 
for,  however  small  such  a  dot  may  be,  yet,  if  it  be  ex- 
amined with  a  magnifying  glass,  it  will  be  found  to 
be  an  irregular  spot,  of  a  very  sensible  length  and 
breadth ;  and  our  not  being  able  to  measure  its  dimen- 
sions with  the  naked  eye  arises  only  from  its  small- 
ness.  The  same  reasoning  may  be  applied  to  every 
thing  that  b  usually  called  a  point,  as  even  the  point 
of  the  finest  needle  appears  like  that  of  a  poker  when 
examined  with  the  microscope. 

A  line  is  loigOi,  without  breadth  or  thickness. — 
What  was  said  above  of  APpint  is  also  applicable  to 
the  definition  of  a  line.  What  is  drawn  upon  paper 
with  a  pendi  or  pen  is  not,  in  fact,  a  line,  but  the 
representation  of  a  line.  For,  however  fine  you  may 
make  these  representations,  they  will  still  have  some 
breadth.  But,  by  the  definition,  a  line  has  no  breadth 
whatever ;  yet  it  is  impossible  to  draw  any  thing  so 
fine  as  to  have  no  breadth.  A  line,  therefore,  can 
only  be  imagined.    The  ends  of  a  line  are  points. 

PanUM  lines  are  such  as  always  keep  at  the  same 
distance  from  each  other,  and  which,  if  prolonged 
ever  so  far,  would  never  meet    (See  jig.  1.) 

Fig.  t.  Fig.  S.  Pig,  1. 


A  rigki  lime  is  what  is  commonly  called  a  9traight 
line,  or  one  that  tends  every  where  the  same  way. 

A  curve  is  a  line  which  continually  changes  its 
^direction  between  its  extreme  points. 

An  angU  is  the  inclination  or  opening  of  two  lines 
meeting  in  a  point.    {Fig,  2.) 


The  lines  a  A,  and  h  c,  which  form  the  angle, 
are  called  the  legs  or  sides ;  and  the  point  h,  where 
they  meet,  is  called  the  vertex  of  the  angle,  or  the 
angular  poiid*  An  angle  is  sometimes  expressed  by 
a  letter  placed  at  the  vertex,  as  the  angle  6,  Jig,  2 ; 
but  most  commonly  by  three  letters,  observing  to 
place  in  the  middle  the  letter  at  the  vertex,  and  the 
other  two  at  the  end  of  each  leg,  as  the  angle  a  be. 

When  one  line  stands  upon  another,  so  as  not  to 
lean  more  to  one  side  than  to  anotjier,  both  the  angles 
which  it  makes  with  the  other  are  called  right  angles^ 
as  the  angles  a  b  e  and  a  b  d,Jtg,  3 ;  and  all  right 
angles  are  equal  to  each  other,  being  all  equal  to  90^ ; 
and  the  line  a  6  is  said  to  be  perpendicular  to  c  d. 

Beginners  are  very  apt  to  confound  the  terms  per- 
pendicular  and  plmib  or  vertical  line.  A  line  is  ver- 
tical when  it  is  at  right  angles  to  the  plane  of  the 
horizon,  or  level  surface  of  the  earth,  or  to  the  sur- 
face of  water,  which  is  always  level.  The  sides  of 
a  house  are  vertical.  But  a  line  may  be  perpendi- 
cular to  another,  whether  it  stands  upright  or  in- 
clines to  the  ground,  or  even  if  it  lies  flat  upon  it, 
provided  only  that  it  makes  the  two  angles  formed  by 
meeting  with  the  other  line  equal  to  each  other ;  as» 
for  instance,  if  the  angles  a  b  e  and  a  6  d  be  equal, 
the  line  a  6  is  perpendicular  to  e  d,  whatever  may  be 
its  position  in  other  respects. 

When  one  line,  6  e  (fig.  3),  stands  upon  another, 
ed,  so  as  to  incline,  the  angle  ebc,  which  is  greater 
than  a  right  angle,  is  called  an  obtuse  angle ;  and 
that  which  is  less  than  a  right  angle  is  odled  an 
acute  angle,  as  the  angle  ebd. 

Two  angles  which  have  one  leg  in  common,  as  the 
angles  abCt  &&<!  o^^>  &re  called  conOguoue  angles,  or 
adjoining  angles ;  those  which  are  produced  by  the 
crossmg  of  two  lines,  as  the  angles  ebd  and  e  bf, 
formed  by  ed  and  e/ crossing  each  other,  are  called 
opposite  or  vertical  angles. 

AJigure  is  a  bounded  space,  and  is  either  a  surface 
or  a  soUd, 

A  superficies,  or  surface,  has  len^  and  breadth 
only.    The  extremities  of  a  superficies  are  lines. 

A  plane,  or  plane  surface,  is  that  which  is  ever\' 
where  perfectly  fiat  and  even,  or  which  will  touch 
every  part  of  a  straight  line,  m  whatever  direction  it 
may  be  laid  upon  it.  The  top  of  a  marble  slab,  for 
instance,  is  an  example  of  this,  whi^h  a  straight- 
edge will  touch  in  every  point,  so  that  you  cannot 
see  light  any  where  between.  Water  furnishes  an- 
other striking  example  of  what  is  termed  a  plane  sur- 
face, although  strictly  speaking  it  is  a  curved  one,  as 
the  effects  of  gravity  must  in  every  case  produce  a 
rounding  of  the  upper  side. 

A  curved  surface  is  that  which  will  not  coincide 
with  a  straight  line  in  any  part.  Curved  surfaces 
may  be  either  convex  or  concave. 

A  convex  surface  is  when  the  surface  rises  up  in 
the  middle,  as,  for  instance,  a  part  of  the  outside  of 
a  globe. 

A  coacooe  surface  is  when  it  sinks  in  the  middle,  or 
is  hollow,  and  is  the  reverse  of  convex. 

A  surface  may  be  bounded  either  by  straight  lines, 
curved  lines,  or  both  these. 

Every  surface  bounded  by  straight  lines  only  is 
called  a  rectilinear  Jigure. 

Three  is  the  fewest  number  of  sides  that  a  recti- 
linear figure  can  have,  and  it  is  then  called  a  triangle, 
TViangles  are  of  different  kinds,  according  to  tha 
lengths  qf  their  sides. 
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'   An  equilatetal  triangU  liaa  all  its  sides  equal,  as 
a  ^  c,  fig,  4. 

A' 


k 


Fig.t. 


An  MotceZe^  triangle  has  two  equal  sides,  as  def, 
fy,5. 

A  teakne  iriemgle  has  all  its  sides  unequal,  tag  hi, 

.  Triangles  are  also  denominated  according  to  the 
angle$  theg  coniaim. 

A  ri^AI-im^M  triangle  is  one  that  has  in  it  aright 
angle,  as  a  6  c,  ^.  7. 

A  triangle  cannot  have  more  than  <me  right-angle. 

The  side  opposite  to  the  right-angle  &,  as  ac,  is 

called  the  l^fpoihemm,  and  is  always  the  longest  side. 

.  An  obiuMe-angled  triangle  has  one  obtuse  ai^,  as 

fig.S. 

Pig.  11.       j^.  10.       ^.  t.  Fig.n. 
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An  aciUe'ttngled  triangle  has  all  its  angles  acute, 
asj^.  4. 

An  isosceles,  or  a  scalene  triangle,  may  be  either 
right-angled,  obtuse,  or  acute. 

Any  side  of  a  triangle  is  said  to  wbiend  the  angle 
opposite  to  it ;  thus  a  b,  fig.  7,  subtends  the  angle  a  c6. 

If  the  side  of  a  triangle  be  drawn  out  beyond  the 
figure,  OS  ad  {fig,  8),  the  angle  a,  or  e a  6,  is  called 
an  UUenud  angle,  and  the  angle  cad,ot  that  without 
the  figure,  an  external  angle. 

figures  with  four  sid^  are  called  quadrilateral 
figures.  They  are  of  various  denominations,  as  their 
aides  are  equal  or  unequal,  or  as  all  their  angles  are 
right  angles  or  not. 

Every  four-sided  figure  whose  opposite  sides  are 
parallel  is  called  a  paraUelogram.  Provided  that  the 
sides  opposite  to  each  other  be  parallel,  it  is  imma- 
terial whether  the  angles  are  right  or  not.  Fig,  9, 
10,  11,  and  12,  are  all  parallelograms. 

Fig,  14  Fig,  13.  Pig,  IS. 


When  the  angles  of  a  parallelogram  are  all  right 
angles,  it  is  called  a  rectangular  paraUehgram,  or  a 
rectangle,  as  fig,  11  and  12. 

A  rectangle  may  have  all  its  sides  equal,  or  only 
the  opposite  sides  equal.  When  all  its  sides  are 
equal,  it  is  called  a  square,  as  fig.  12. 

When  the  opposite  sides  are  parallel,  and  all  the 
sides  equal  to  each  other,  but  the  angles  not  right 
angles,  the  parallelogram  is  called  a  rhombus,  v^fig,  10. 

A  parallelogram  having  all  its  angles  oblique,  and 
only  Its  opposite  sides  equal,  is  called  a  rhomboid,  as 

When  a  quadrilateral  or  four-sided  figure  has  none 
of  its  sides  parallel,  it  is  called  a  trapezium,  as  fig,  13 ; 
consequently  every  quadrangle  or  quadrilateral  which 
is  not  a  parallelogram  is  a  trapezium. 


A  trapezoid  has  only  one  pan-  of  ita  ndea  ptraflH, 
ufig,  14. 

A  diagonal  is  a  right  line  drawr  between  any  two 
angles  that  are  opposite  in  a  quadrangle,  as  fifc; 
fig,  15.  In  parallelograms  the  diagonal  is  sonoetimes 
called  the  diameter,  because  it  passes  through  the 
centre  of  the  figure. 

Complements  of  a  parallelogram;  If  any  point,  as 
e  (fig.  15),  be  taken  in  the  diagonal  of  a  parallelo- 
gram, and  through  that  point  two  lines  are  drawn 
parallel  to  the  sides,  as  ab,  ed.  It  will  be  divided 
mto  four  parallelograms,  dd,  I,'  f,  gg„  The  two 
divisions,  I,  f,  through  whidi  the  diameter  does  not 
pass,  are  called  the  complements. 

Figures  having  more  than  fbur  sides  are  called 
polygons.  If  the  sides  are  all  equal,  titey  are  called 
regular  polggons :  if  they  are  unequal,  they  are  called 
irregular  polygons, 

A  pentagon  is  a  polygon  of  five  aides. 
A  hexagon  has  six  sides. 
A  heptagon  sevm  sides. 
An  octagon  eight  sides. 
A  nonagon  nine  sides. 
An  undecagon  eleven  sides. 
A  duodecagon  twelve  sides. 
When  they  have  a  greater  number  of  »des,  they 
are  called*  polygons  oi  thirteen  sides,  of  Iburteea 
sides,  and  so  on. 

Base,of  a  figure  is  tibe  side  on  which  it  is  suppooed 
to  stand  erect,  as  de  (fig,  16). 

Pig.  19,  Fig.\%,  Pig,  11,  Pig,\a. 


Altitude  of  a  figure  is  its  perpendicular  height  from 
the  base  to  the  highest  part,  as  c/  (fig,  16). 

Area  of  a  plane  figure,  or  other  suifsce,  means  the 
quantity  of  space  contained  within  its  boundaries* 
expressed  in  square  feet,  yards,  or  any  other  super* 
ficial  measure. 

Similar  figures  are  such  as  have  the  same  angl», 
and  whose  sides  are  in  the  same  proporticm,  aafig,  17* 

Equal  figures  are  such  as  have  the  same  area  or 
contents. 

A  circle  la  a  plane  figure,  bounded  by  a  curve  line 
returning  into  itself,  adled  its  Gtrmai/vreiice,  o6c, 
C^.  18),  everywhere  equally  distant  from  a  point,  e» 
within  the  circle,  which  is  called  the  eenire. 

The  radius  of  a  circle  is  a  straight  line  drawn  from 
the  centre  to  the  circumference,  as  ef  (fig,  18j. 
The  radius  is  the  opening  of  the  compass  when  a 
circle  is  described ;  and  consequently  all  the  radii  of 
a  circle  must  be  equal  to  each  other. 

A  diameter  of  a  circle  is  a  straight  line  drawn  from 
one  side  of  the  circumference  to  the  other  through 
the  centre,  as  e6  (fig,  18).  Every  diameter  divides 
the  circle  into  two  equal  parts. 

A  segment  of  a  circle  is  a  part  of  a  circle  cut  off  by 
a  straight  line  drawn  across  it.  This  straight  line  is 
called  the  chord,  A  segment  may  be  either  equal  to, 
greater,  or  less,  than  a  semicircle,  which  is  a  segmoit 
formed  by  the  diameter  of  the  circle,  as  c  e  6,  and 
is  equal  to  half  the  circle. 

A  tangent  is  a  straight  line  drawn  so  as  just  to 
touch  a  circle  without  cutting  it,  as  ^p  A  0^.  18). 
The  point  a,  where  it  touches  the  circle,  is  called 
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IhepMl  tfcomiati.  And  a  tangent  cannot  touch  a 
cinde  in  more  points  than  one. 

A  metor  of  a  circle  b  a  space  comprdiended  between 
two  radii  and  an  arc*  as  t  ft  C^*  19)* 

The  circumference  of  every  circle*  whether  great  or 
small,  is  supposed  to  be  divided  into  360 'equal  parts, 
called  degree$;  and  every  degree  into  60  parts,  called 
wtmuie$;  and  every  minute  into  60  9ecimd$.  To 
measure  the  inclination  of  lines  to  each  other,  or 
angles,  a  circle  is  described  round  the  angular  point 
as  a  centre,  as  ik  {fy.  19) ;  and  according  to  the 
munber  of  degrees,  minutes,  and  seconds,  cut  off  by 
the  sides  of  the  angle,  sp  many  degrees,  minutes, 
and  seixmds,  it  is  said  to  contain.  Degrees  are 
marked  by  °,  minutes  by ',  and  seconds  by  '  s  thus 
an  angle  of  48  degrees,  16  minutes,  and  7  seconds,  is 
written  in  this  manner,  48c>  15'  7'. 

A  $olid  is  any  body  that  has  length,  breadth,  and 
thickness:  a  book,  for  instance,  is  solid — so  is  a 
sheet  of  paper;  for^  though  its  thickness  is  very 
small,  yet  it  has  some  thickness.  The  boundaries  of 
a  solid  are  mtrface$. 

SmUar  $olid$  are  such  as  are  bounded  by  an  equal 
number  of  sipiilar  planes. 

Aprim  is  a  solid  of  which  the  sides  an  parallel- 
ograms, and  the  two  ends  or  bases  are  similar  poly- 
gima,  parallel  to  each  other.  Prisms  are  denomi- 
nated according  to  the  number  of  angles  in  the  base, 
trumguiar  prisms,  quadrtmgukr,  jfenttmfftikur,  and  so 
on,  BMjig.  20,  21,  22,  23. 
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If  the  sides  are  perpendicular  to  the  plane  of  the 
base,  it  b  called  an  upright  prism ;  if  they  are  in- 
clined, it  b  called  an  Miqw  prism. 

When  the  base  of  a  prism  b  a  parallelogram,  it  is 
called  a  paraUdopiptdfm,  as  fig,  22  and  23.  Hence 
a  par^leiopipedon  is  a  solid  terminated  by  six  paral- 
lelograms. 

When  all  the  sides  of  a  parallelopipedon  are 
squares,  the  solid  b  called  a  cmb,  tBfig,  23. 

A  rkofinAM  b  an  oblique  prism,  whose  bases  are 
parallelograms. 

Flg.2&.  Pig.»,  Fig.^L 


A  nglmder  is  a  sdid  (fig.  ^)  generated  or  formed 
by  the  rotation  of  a  rectangle  about  one  of  its  skles^ 
supposed  to  be  at  rest ;  this  quiescent  side  b  called 
the  ama  of  the  cylinder.  Or  it  may  oe  conceived  to 
be  generated  by  the  motion  of  a  circle  in  a  direction 
perpendicular  to  its  surfince,  and  always  parallel  to 
Itself. 

A  cylinder  b  either  righi  or  obUqwe^  as  the  azb  b 
perpendicular  to  the  base  or  inclined. 

Every  see/ton  of  a  right  cylinder  taken  at  ri^ht 
angles  to  its  axb  b  a  drde;  and  every  section 
taken  across  the  cylinder,  but  oblique  to  the  axb,  is 
an  ett^p«if . 

As  a  circle  may  be  considered  to  be  a  polygon  of 
an  infinite  number  of  sides,  so  a  cylinder  ma^  be 
conceived  as  a  prism  having  such  polygons  for  bases. 

A  cone  b  a  solid  (fig,  ^),  having  for  its  base  a 
circle,  and  ita  sides  a  convex  surface,  and  terminating 
in  a  point,  called  the  vertex  or  opeg  of  the  cone. 
It  may  be  conceived  to  be  generated  by  the  revolution 
of  a  nght-angled  triangle  about  its  perpendicular. 

A  line  drawn  from  Uie  vertex  to  the  centre  of  the 
base  b  the  axie  of  the  cone. 

When  thb  line  b  perpendicular  to  the  base,  tho 
cone  b  called  an  upright  or  right  cone ;  but,  when  it 
b  inclined,  it  b  ciJled  an  obU^  cone. 

If  a  cone  be  cut  through  tl^  axb  from  the  vertex 
to  the  base,  the  section  will  be  a  tritmgk, 

M  a  right  cone  be  cut  by  a  plane  at  right  anglea 
to  the  axis,  the  section  will  be  a  drde, 

U  a  cone  be  cut  oblique  to  the  axb,  and  quite 
across  from  one  side  to  the  other,  the  «ection  will  be 
an  Mpm,  asfig,  27. 
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A  pgromd  (fig,  24)  b  a  solid  bounded  by,  or 
contained  within,  a  number  of  planes,  whose  base 
may  be  any  rectilinear  figure,  and  whose  faces  are 
triangles  terminating  in  one  point,  commonly  called 
the  9ummit  or  vertex  of  the  pyramid. 

When  the  figure  of  the  base  b  a  triangle,  it  b 
called  a  triangular  pyramid;  when  the  figure  of  the 
base  b  quadrilateral,  it  b  called  a  guadrikUeral  pgra» 
wud,  &c. 

A  pyramid  b  either  regular  or  irregular,  according 
as  the  base  b  regular  or  irregular. 

A  pyramid  b  oXso^right  or  upright,  or  it  is  oblique. 
It  b  rtght,  when  a  line  drawn  from  the  vertex  to  the 
centre  of  the  base  is  perpendicular  to  it,  and  obUque 
when  this  line  inclines. 


Fig.Zi, 


A  section  of  a  cylinder  made  in  the  same  manner 
b  also  an  ellipsb  ;  and  thb  b  easily  conceived ;  but 
it  does  not  appear  so  readily  to  most  people,  that  the. 
oblique  section  of  a  cone  is  an  ellipsb :  they  fre- 
quently imagine  that  it  will  be  wider  at  one  end  than 
the  oUier,  or  what  is  called  an  oval,  which  is  of  the 
shape  of  an  egg.  But  that  this  is  a  mbtake  any  one 
may  convince  himself,  by  making  a  cone,  and  cutting 
it  across  obliquely:  it  will  be  then  seen  that  the 
section,  in  whatever  direction  it  is  taken,  is  a  regular 
ellipsis ;  and  this  b  the  case  whether  the  cone  be 
right  or  oblique  ;  except  only  in  one  case  in  the  ob- 
lique cone,  whidi  b  when  the  section  b  taken  in  a 
particular  direction,  which  b  called  tub-contrary  to 

its  base. 

When  the  section  b  made  parallel  to  one  of  the 
sides  of  the  cone,  as  jK^r.  28,  the  curve  a  5  c,  which 
bounds  the  section,  b  called  9.  parabola. 

When  the  section  is  taken  parallel  to  the  axis,  as 
fig.  29,  the  curve  b  called  an  hyperbola. 

The  curves  which  are  formed  by  cutting  a  cone  in 
different  directions  are  called  conic  sections,  and  have 
various  properties,  which  are  of  great  importance  in 
astronomy,  gunnery,  perspective,  and  many  other 

sciences. 

A  sphere  is  a  solid  terminated  by  a  convex  surface, 
every  point  of  which  is  at  an  equal  distance  from  a 
point  within  called  the  centre.    Fig,  30. 
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It  may  be  cooceiTed  to  be  formed  by  making  a 
aemicircle  revolve  round  its  diameter.  This  may  be 
illustrated  by  the  process  of  forming  a  ball  of  clay  by 
the  potter's  wheel,  a  semicircular  mould  being  used 
ibr  tiie  purpose.  The  diameter  of  the  semicircle 
round  which  it  revolves  is  called  the  axi$  of  the 
sphere. 

The  ends  of  the  axis  are  called  pola. 

Any  line  passing  through  the  centre  of  the  sphere, 
and  terminated  by  the  circumference,  is  a  diameier  of 
the  sphere. 

Every  section  of  a  sphere  is  a  circle ;  every  section 
taken  through  the  centre  of  the  sphere  is  called  a 
great  eirde,  as  ab.  Jig.  30 ;  every  other  is  a  le$$er 
drde,  as  e  d. 

•  Any  portion  of  a  sphere  cut  off  by  a  plane  is  called 
a  Begmeni;  and,  when  the  plane  passes  through  the 
centre,  it  divides  the  sphere  into  two  equal  parts, 
each  of  which  is  called  a  hemiaphert. 

A  coMotd  is  a  solid  produced  by  the  circumvolution 
of  a  section  of  the  cone  about  its  axis ;  and  conse- 
quently may  be  either  an  eUipHcal  conoid,  a  kj/per- 
hotteal  conoid,  or  a  parabolical  conoid.  When  it  is 
elliptical,  it  is  generally  called  a  spheroid.  These 
solids  are  also  called  dlipmnd,  hyperboloid,  and  para^ 
boloid, 

A  tpkeroid  is  a  solid  (Jig,  31)  generated  by  the 
rotation  of  a  semi-ellipsis  about  die  transverse  or 
conjugate  axis ;  and  the  centre  of  the  ellipsis  is  the 
centre  of  tiie  spheroid. 

The  line  about  which  the  ellipsis  revolves  is  called 
die  am$.  If  the  spheroid  be  ^erated  about  the 
conjugate  axis  of  the  semi-ellipsts,  it  is  called  a  pro- 
late spheroid. 

If  the  spheroid  be  generated  by  the  semi-ellipsis 
by  revolving  about  the  transverse  axis,  it  is  called  an 
Mong  spheroid. 

Every  tectum  of  a  spheroid  is  an  ellipsis,  except 
when  it  is  perpendicular  to  that  axis  about  which  it 
is  generated,  in  which  case  it  is  a  circle. 

AH  sections  of  a  spheroid  parallel  to  each  other  are 
similar  figures. 

K  frustum  of  a  solid  means  a  piece  cut  off  from  the 
solid  by  a  plane  passed  through  it,  usually  parallel 
to  the  base  of  the  solid ;  as  the  frustum  of  a  cone,  a 
pyramid,  &c.  : 

There  is  a  lower  and  an  upper  frustum,  according 
as  the  piece  spoken  of  does  or  does  not  contain  the 
base  of  the  solid. 

Batio  is  the  proportion  which  one  magnitude  bears 
to  another  of  the  same  kind,  with  respect  to  quantity; 
and  is  usually  marked  thus,  A  :  B. 

Of  these,  the  first  is  called  the  antecedent,  and  the 
second  the  cfmseguewt. 

The  meoMure  or  quantity  of  a  ratio  is  conceived  by 
considenng  what  part  of  the  consequent  is  the  ante- 
cedent ;  consequently  it  is  obtained  by  dividing  the 
consequent  by  the  antecedent. 

Tkiie  magnitu4es  or  quantities,  A,B,C,  are  said 
to  be  proportiomi  when  the  ratio  of  the  first  to  the 
second  is  the  same  as  that  of  the  second  to  the  third ; 
thus,  2, 4, 8,  are  proportional,  because  4  are  contained 
in  8  as  many  times  as  2  in  4. 

Fofur  quantities,  A,B,C,D,  are  said  to  be  propor- 
tional when  the  ratio  of  the  first.  A,  to  the  second,  B,  is 
the  same  as  the  ratio  of  the  third,  C,  to  the  fourth  D. 

They  are  usually  written  A  :  B  :  :  C  :  D,  or,  if 
expressed  in  numbers,  2  :  4  :  :  8  :  16. 

Of  three  proportional  quantities,  the  middle  one  is 


said  to  bem  mean  proportional  between  the  d&ut 
two;  and  the  last  a  third  proportional  to  the  fint  and 
second. 

Of  fimr  proportional  quantities,  the  last  b  said  to 
be  a  fourth  proportional  to  the  otiier  three,  taken  in 
order. 

Ratio  of  equaliig  is  that  which  equal  numbers  bear 
to  each  other. 

Inverse  ratio  is  when  the  antecedent  is  made  tiie 
consequent,  and  the  consequent  the  antecedent.  Tins 
if  1  :  2  :  :  3  :  6 ;  then  inverselg,  2  :  I  :  :  6  :  3. 

AUemate  proportion  is  when  antecedent  is  con- 
pared  with  antecedent,  and  consequent  with  conse- 
quent. Thus  if  2  :  1  :  :  6  :  3 ;  then,  by  alternatum, 
2  :  6  :  :  1  :  3. 

Proportion  by  oonipoffil^  is  when  th^  antecedent 
and  consequent,  taken  as  one  quantity,  are  compared 
either  with  the  consequent  or  with  the  antecedent 
Thus  if  2  :  1  :  :  6  :  3  ;  then  by  composiiiom  2-f  1 : 1 
:  :  6-i-3  :  3,  and  2-i-l  :  2  :  :  6-f  3  :  6. 

Divided  proportion  is  when  the  difierence  of  the 
antecedent  and  consequent  is  compared  either  witk 
the  consequent  or  with  the  antecedent ;  thus  if  t 
:  1  :  :  12  :  4  ;  then  by  division  3 —  1:1::  12 — 4  : 
4,  and  3  —  1  -3  :  :  12  —  4  :  12. 

Continued  proportion  is  when  the  first  is  to  the 
second  as  the  second  to  the  third;  as  the  third  to  the 
fourth ;  as  the  fourth  to  the  fifth ;  and  so  on. 

Compound  ratio  is  formed  by  the  multiplication  of 
the  several  antecedents  and  the  several  consequents 
of  ratios  together,  in  the  following  maimer : — 

If  Abe  to  B  as  3  to  5,  B  to  C  as  5  to8,andCtoD 

^.    i>    ^^      *     ..,  ,.    -^    TN      3X5X8     120    . 
as  8  to  o ;  then  A  will  be  to  D  as  'rrrrr~?=rn;=ii 


that  is,  A  :  D  :  :  1  :  2. 
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GsaMAN  School  of  Painting.  With  the  de- 
cline of  the  Eastern  empire,  Byzantine  art  sad 
science  were  spread  over  Europe.  In  Germany  as 
well  as  in  Italy,  and  particularly  on  the  Rhine,  the 
gloomy,  dry  style  of  the  Byzantine  school  prevailed. 
Many  pictures  of  this  early  period  have  been  pre- 
served; they  are  distinguished  by  a  gold  ground 
and  ornamented  glories  made  of  silver,  shaded  with 
brown ;  their  colours  are  bright,  without  harmony 
and  without  life;  their  outlines  are  delicate.  In 
Austria,  the  Abbot  Reginbald,  founder  of  the  monas- 
tery of  Murr>  awakened  a  taste  for  the  arts  about 
900.  He  was  followed  by  St.  Thiemo,  at  Saltzburg, 
and,  in  particular,  by  Gisela,  the  vnfe  of  St.  Stephen 
of  Hungary.  Louis  the  Debonnaire  received  costly 
works  of  art  as  presents  from  the  Byzantine  em- 
peror. The  Silesian  and  Moravian  princes  kept  up 
a  friendly  connection  with  the  Greek  emperors.  St 
Methodius,  the  missionary  to  the  Sclavonians  (863), 
is  mentioned  as  a  distinguished  painter;  and  the 
first  Silesian  bishops,  who  came  from  Italy,  made  use 
of  sacred  pictures  for  spreading  their  religion. 

In  the  churches  of  St  Elizabeth  and  St.  Barbara* 
at  Breslau,  there  are  some  remarkable  pictures  of 
tliis  period.  The  church  of  St.  Bernardine  auitains  ^ 
the  Hedwig's  Table,  upon  which  events  in  the  life  of 
St.  HediNa|  are  painted,  in  32  compartments.  In 
Bavaria,  "^eodore  II.  endeavoured  to  propagate 
Christianity  by  the  instrumen^ity  of  St.  Rupert, 
whom  he  called  from  Worms  (%6) ;  and  here  also 
the  introduction  of  painting  followed  that  of  Chris- 
tianity. The  arts  were  most  zealously  cultivated  in 
the  monasteries  of  the  Benedictines.     Alfred  and 
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Anmm,  the  latter  a  monk  of  St.  Emmeran,  were  the 
most  distinguished  Bavarian  artists  of  this  time.  In 
Franconia,  we  find  the  first  traces  of  art  in  the  time 
of  St.  Bruno,  who  (1042)  rebuilt  the  cathedral  at 
Wiirtzburg.  The  Emperor  Henry  II.,  and  his  Queen 
St.  Cunigund,  were  patrons  of  the  arts. 

In  the  monastery  of  Heilsbronn,  there  are  several 
paintings  of  the  time  of  St.  Otho,  Bishop  of  Bamberg, 
-who  died  1139-  Nuremberg  deserves  to  be  mention- 
ed as  a  place  where  painting  and  carving  in  wood 
"were  early  carried  to  a  high  degree  of  perfection. 
The  churches  of  the  Virgin  Mary  and  St.  Sebaldus 
contain  some  very  old  pictures.  In  Suabia,  the  mo- 
nastery of  Hirschau  was  early  celebrated  for  its  trea- 
sures of  art.  Many  monasteries  and  churches  con- 
tained manuscripts  with  excellent  miniatures.  In 
Augsburg,  Culm,  and  Nordling^,  there  were  skilful 
artists  at  a  very  early  period.  From  the  time  of 
Charlemagne,  many  branches  of  art  were  practised 
in  the  cities  on  the  Upper  Rhine.  Mentz,  Treves, 
and  particularly  Cologne,  were  the  most  distinguish- 
ed seats  of  German  art  at  that  time.  The  period 
from  1 153  to  1330  was  not  less  celebrated  for  German 
art  than  for  German  poetry '  and  language.  The 
oldest  German  school  of  painters,  which  far  sur- 
passed the  later  school  of  Nuremberg  in  purity  of  style, 
depth  of  expression,  and  quiet  loveliness,  flourished 
at  Cologne  during  this  period.  Their  pictures  are 
generally  on  wood,  which  was  first  covered  with  a 
la^er  of  chalk,  and  then  with  linen,  upon  which  was 
laid  another  ground  of  chalk  and  bole,  and,  lastly,  a 
gold  ground.  They  preserve  their  colours  wiUi  a 
remarkable  freshness.  The  most  celebrated  of  these 
works  is  the  altar-piece  in  the  cathedral  of  Cologne, 
which  some  ascribed  to  William  of  Cologne,  others 
to  Peter  Calf. 

The  collections  of  Wallraf,  Boisseree,  and  Betten- 
dorf,  contain  the  finest  specimens  of  this  period.  In 
Frankfort,  the  painters  on  glass  were  distinguished. 
Tlie  most  poetical  of  the  old  German  masters,  Hem- 
melink,  whose  works  are  full  of  boldness  and  fire, 
lived  in  this  period.  The  builder  of  the  Wartburg, 
Count  Louis  II.,  was  a  patron  of  the  arts  in  Hesse 
and  Thuringia.  The  old  church  of  St.  Elizabeth,  at 
Marburg,  contains  many  early  monuments.  Henry 
I.  protected  the  arts  in  Saxony.  There  were  dis- 
tinguished artists  in  the  abbeys  of  Corvey,  Minden, 
Hildesheim,  and  Osnabriick,  in  Lower  Saxony  and 
Westphal/^  The  number  of  the  monuments  of  art, 
from  tbh  early  time,  b  incredible.  They  are  found 
every  where  in  Germany,  not  only  in  altar-pieces  in 
the  churches  and  monasteries,  but  also  in  elegantly 
ornamented  manuscripts,  in  chasubles  embroidered 
by  the  nuns,  in  needle- work,  and  altar-cloths. 

Tlie  Emperor  Charles  IV.  invited  many  skilful 
painters  to  Bohemia,  where,  as  early  as  1348,  a  cor- 
poration of  painters  was  formed.  In  1450,  a  distin- 
guished school  of  painters  began  to  flourish  in  Bres- 
lau,  still  earlier  than  that  of  Nuremberg.  Werner 
of  Tegemsee  was   distinguished  for   his  excellent 

f!ass- paintings.  In  the  15th  century,  Gleissmyller, 
f  aier,  Machselkircher,  Fiiterer,  and  2iawnhack  were 
celebrated  Bavarian  painters ;  in  Nuremberg,  Hans 
IVaut,  Kulenbach,  Hans  Bauerlein,  and  Michael 
Wohlgemuth,  the  latter  the  teacher  of  Albert  Durer, 
were  eminent. 

A  second  period  of  German  art  begins  with  Albert 

Durer,  who  was  esteemed  by  Raphael  (from  1471  to 

1528).    After  having  studied  in  the  school  of  Wohl- 
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gemuth,  he  travelled  through  Germany,  the  Nether- 
lands, and  Italy.  Martin  Schon  may  be  called  the 
German  Perugino ;  his  works  bear  a  great  resem- 
blance to  those  of  that  master.  The  paintings  of 
Luke  Cranach  (bom  1470,  died  1553)  have  acquired 
a  particular  interest  from  containing  the  portraits  of 
the  most  distinguished  persons  of  his  time.  The 
Holbein  family  produced  many  skilful  painters  ;  the 
most  distinguished  was  Hans  Holbein  (bom  1495, 
died  1554). 

Most  of  the  principal  painters  of  the  German 
school,  in  the  l6th  century,  were  at  the  same  time 
engravers.  Their  ideas  were  tmly  poetical,  but  some- 
times too  allegorical.  The  execution  is  finished,  but 
they  are  deficient  in  beauty  of  forms  and  correctness 
of  outline.  Their  glowing  colours,  the  expressive 
attitudes  of  the  fig^es,  the  piety  which  breathes  in 
their  countenances,  and,  particularly,  the  spirit  of 
their  landscapes  and  back-grounds,  must  strike  every 
eye.  In  the  17th  and  in  the  first  half  of  the  18th 
century,  art  in  Germany  was  in  a  low  state.  The 
German  school  hardly  survived  Albert  Durer  and 
Holbein.  The  difficult  and  artificial  only  was  ad- 
mired ;  nature  and  spirit  gave  way  to  laboured  orna- 
ment. The  causes  of  this  decline  were  the  Reform- 
ation and  the  thirty  years'  war.  A  melancholy  period 
of  imitation  followed,  in  which  the  taste  of  Louis  XIV. 
and  the  exaggerated  modern  Italian  school  was  the 
standard.  Although  Mengs  cannot  be  considered  as  a 
restorer  of  art,  at  least  for  Germany,  as  his  plastic 
principle  was  entirely  opposed  to  the  spirit  of  painting 
in  general,  and,  in  particular,  to  the  German  school, 
yet  he  improved  the  taste  of  his  time  bv  his  severe 
manner.  Most  of  his  scholars,  however,  inclined  to 
a  gaudy  and  often  supcrficiaF  style ;  but  they  have 
produced  many  pleasing  pieces.  Among  them  arc 
Maron,  Unterberger,  Oser,  and  Angelica  Kaufmann. 

William  Tischbein,  who  was  born  in  Hcssc,  and 
lived  for  a  long  time  in  Eutin,  is  among  the  best 
artists  of  our  time.  His  taste  is  pure,  his  style  noble, 
his  imagination  creative  and  poetical ;  and  his  sketches 
from  Homer  are  celebrated.  Many  young  German 
artists  in  Rome  have  imitated  the  manner  of  the  old 
German  school,  even  so  far  as  to  copy  its  faults. 
More  extensive  information  on  German  painting  may 
be  obtained  in  Fiorillo's  Geschichie  der  zeichnendeu 
kiinste  in  Veutschldnd  und  den  Niederlanden,  and  in 
Gothe's  KuMi  und  Alterthum, 

Ghost,  Holy,  Ordbr  op  the  ;  an  order  of  male 
and  fenuUe  hospitallers.  Guy,  son  of  William, 
Count  of  Montpelier,  founded  this  order,  towards 
the  end  of  the  twelfth  centur)',  for  the  relief  of 
the  poor,  the  infirm,  and  foundlings.  He  took  tliC 
vows  himself,  and  gave  a  rule  to  the  order.  Pope 
Innocent  III.  confirmed  the  order  in  1198,  and 
founded  an  hospital  in  Rome,  on  which  all  the  hos- 
pitals of  the  order  on  the  Italian  side  of  the  Alps 
were  dependent :  all  north  of  the  mountains  were  de- 
pendent upon  that  of  Montpelier.  This  order,  which 
was  peculiar  for  the  splendour  of  its  heraldic  badges 
and  costume  at  its  first  foundation,  has  now  retired 
into  a  much  more  Christian  degree  of  usefulness  than 
that  of  the  knights  hospitallers,  which  was  founded 
for  nearly  similar  purposes  in  crusading  times. 

Gilding  is  the  art  of  applying  gold-leaf  or  gold- 
dust  to  surfaces  of  wood,  stone,  and  metals.  The 
Egyptian  monuments  present  numerous  traces  of  the 
existence  of  the  art  in  Egypt.  The  pipcess  was  neaily 
the  same  with  that  now  used.    The  artists  empby<*.d 
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a  Bort  of  pa8te«  like  tiiftt  now  used  in  gilding  wood, 
even  for  gilding  metals ;  but  they  were  also  acquainted 
with  the  art  of  applying  the  gold  directly  to  the  sub- 
stance to  be  gilt  The  Persians  were  also  skiKiil  in  the 
art  of  gilding,  as  appears  from  the  ruins  of  Persepolis. 
The  Greeks  and  Romans  employed  gilding  for  many 
purposes.  The  Greeks  used  to  gild  the  hoofs  and  boms 
of  victims.  The  practice  of  gil^ng  statues  prevailed  in 
the  infancy  of  the  art  of  sculpture,  and  was  never  en- 
tirely dropped  by  the  ancients.  The  Romans  used 
to  gUd  sweetmeats;  and  many  -  articles  of  furniture 
and  utensils  which  have  come  down  to  us  are  gilt. 
There  are  also  specimens  of  gilt  glass  and  metal. 

The  gilding,  which  still  remains  on  some  ancient 
bronze  monument8>  is  remarkable  for  its  brilliancy. 
This  is  owing,  in  part,  to  the  great  accuracy  of  the 
finish,  and  in  part  to  the  thickness  of  the  leaf,  which 
was  much  greater  than  that  of  the  leaf  used  by  the 
modems.  Besides,  we  must  consider  that,  in  the  most 
common  way  of  gilding  brass,  with  an  amalgam  of 
gold  and  quicksiher,  the  gold  is  reduced  to  a  state  of 
much  greater  subdivision  than  in  the  leaf — the  only 
state  in  which  the  ancients  employed  it.  The  account 
of  Pliny  shows  that  they  did  not  fix  the  leaf  merely 
by  the  aid  of  fire,  as  is  now  done  in  gilding  metals, 
but  that  they  first  covered  the  substance,  which  was 
then  evaporated  by  heat,  in  a  manner  somewhat  simi- 
lar to  the  modern  practice  of  gilding  with  amalgam. 
Hie  ancients  carried  the  practice  of  gilding  to  a  greater 
extent  than  the  modems ;  they  gilded  almost  all  their 
statues  of  bronze,  wood,  or  plaster,  and  frequently 
those  of  marble,  the  ceilings  of  rooms,  and  even  mar- 
ble columns,  eatables,  and  victims.  The  bracteatores, 
or  inauraiorea,  were  in  high  esteem  among  them, 
and  enjoyed  an  exemption  from  taxes. 

In  architectural  ornaments,  gilding  may  please  the 
eye  either  from  its  appearance  of  richness,  or  merely 
from  its  agreeable  colour.  The  most  remarkable 
examples  of  gilding,  employed  with  taste  and  effect, 
in  architecture,  are  the  ceiling  of  St.  Peter's,  and  that 
of  Santa  Maria  Maggiore.  But  artists  often  fall  into 
the  error  of  mistaking  richness  of  appearance  ibr 
beauty.  The  art  of  gilding,  at  the  present  day,  is 
performed  either  upon  metals,  or  upon  wood,  leather, 
parchment,  or  paper;  and  there  are  three  distinct 
methods  in  general  practice :  namely,  wash,  or  water- 
gilding,  in  which  the  gold  is  spread,  whilst  reduced 
to  a  fiuid  state,  by  solution  in  mercury ;  leaf -gilding, 
either  burnished  or  in  oO,  performed  l^  cementing 
thin  leaves  of  gold  upon  the  work,  either  by  size  or 
by  oil ;  and  japanner's  gilding,  in  which  gold-dust  or 
powder  is  used  instead  of  leaves. 

Gilding  on  copper  is  performed  with  an  amalgam  of 
gold  and  mercury.  The  surface  of  the  copper,  being 
freed  from  oxide,  is  covered  vnth  the  amalgam,  and 
afterwards  exposed  to  heat  till  the  mercury  is  driven 
off,  leaving  a  diin  coat  of  gold.  It  is  also  performed 
by  dipping  a  linen  rag  in  a  saturated  solution  of 
gold,  and  burning  it  to  tinder.  The  black  powder 
uius  obtained  is  robbed  on  the  metal  to  be  gilded, 
with  a  cork  dipped  in  salt-water,  till  the  gilding  ap- 
pears. Iron  or  steel  is  gilded  by  applying  gold-leaf 
to  ^e  metal,  after  the  surftice  has  been  well  cleaned, 
and  heated  until  it  has  acquired  the  blue  colour, 
which  at  a  certain  temperature  it  assumes.  The  sur- 
ftce  is  previously  burnished,  and  the  process  is  re- 
peated, when  the  gilding  is  required  to  be  more  dur- 
able. It  is  also  performed  by  dilutmg  the  solution 
of  gold  in  nitro-muriatic  acid^with  alcohol^  and  apply- 


ing it  to  the  clean  surface.  TbH  last  process  has 
been  improved  b^  Mr.  Stoddart.  A  saturated  solu- 
tion of  gold  in  nitro-muriatic  acid,  being  mixed  with 
three  times  its  weight  of  sulphuric  etl^,  dissolves 
the  muriate  of  gold,  and  the  solution  is  separated 
from  the  acid  beneath.  To  gild  the  steel,  it  is  merely 
necessary  to  dip  it,  the  surface  being  previously  well 
polished  and  cleaned,  in  the  ethereal  solution,  for  an 
instant,  and,  on  withdravring  it,  to  wash  it  instantJy 
by  agitation  in  water.  By  Sua  method,  steel  instru- 
ments are  very  commonly  gilt. 

Gimbals  ;  the  brass  rings  by  which  a  sea  omnpass 
b  suspended  in  its  box,  so  as  to  counteract  the  effect 
of  the  shipfs  motion,  and  keep  the  card  horizontal. 

Gix.     See  Gbnbva. 

GiNSB?Fe.  The  root  of  this  plant  has  been  cele^ 
brated  for  a  k>ng  time  among  the  Chinese,  entering 
into  the  composition  of  almost  every  medicine  used 
by  the  higher  classes ;  and,  indeed,  so  highly  is  it 
prized  as  to  have  received  the  appellations  of  "  pure 
spirit  of  the  earth"  and  "plant  that  gives  immor- 
tality." Volumes  have  been  written  on  its  virtues, 
and  recourse  had  to  it  in  every  difficulty.  The  plant, 
which  is  the  panax  quinqurfsUum  of  botanists,  is 
herbaceous,  about  a  foot  high,  upright,  and  very 
simple,  furnished  above  with  three  petiolate  leaves, 
disposed  verticillately :  these  leaves  are  composed  of 
five  unequal  leaflets,  which  are  oval,  lanceolate,  acute, 
and  dentate  on  the  margin :  from  the  centre  of  the 
three  leaves  arises  a  pedoncle,  terminated  by  a  small 
umbel  of  greenish  inconspicuous  flowers,  which  are 
succeeded  by  rounded  and  slightly  compressed  scar- 
let berries.  It  is  said  t»  be  a  native  of  Tartary, 
growing  wild  in  a  mountainous  and  wooded  region 
between  lat.  39^  and  47^,  where  it  is  collected  with 
many  precautions  by  the  Chinese  and  Tartars,  at  die 
commencement  of  spring  and  in  the  latter  part  of 
autumn,  and  is  so  rare  as  to  bring  three  times  its 
weight  in  silver.  An  early  traveller  relates,  that  the 
Emperor  of  China  employed,  in  one  year,  10,000 
Tartars  in  procuring  this  root.  From  China  it  is  im- 
ported into  Japan,  where  it  was-  obtained  by  the 
Dutch,  who  first  brought  it  to  £urope.  Notwith- 
standing the  extravagant  price  and  high  reputation 
of  ginseng  in  China,  it  appears  to  be  really  a  plant  of 
very  little  efficacy ;  the  taste  is  sweet  and  mucilagin- 
ous, accompanied  with  some  bitterness,  and  also 
slightly  aromatic. 

Glacixrs.  The  summits  and  sides  of  mountains, 
above  the  limit  of  perpetual  snow  (see  Sifow),  are 
covered  with  a  crust,  which  is  harder  than  common 
snow,  yet  not  like  common  ice.  More  ice  is  formed 
on  the  sides  of  mountains  than  on  thdr  summits ;  but 
this  does  not  constitute  the  glaciers,  properly  so  called. 
The  glaciers  are  vast  fields  of  ice,  extending  from  the 
declivities  of  the  mountains  down  into  the  valleys, 
below  the  snow-line.  They  are  often  horizontal,  ge» 
nerally,  however,  a  little  inclined. 

The  ice  of  the  glaciers  is  entirely  different  from 
that  of  sea  or  river  water.  It  is  not  formed  ia 
layers,  but  consists  of  little  grains  of  congealed  snow; 
and  hence,  though  perfectly  dear  and  often  sraoatli 
on  the  surface,  it  is  not  transparent.  Its  ffacture  ia 
not  radiated,  like  thai  of  sea-ice,  but  granular.  In 
the  numerous  fissures,  however,  the  ice  near  the  snr- 
face  has  a  greenish,  near  the  bottom  a  blue  cast. 
Along  the  edges  of  the  glaciers  are  the  momoiet,  as 
they  are  called  in  Savoy  (in  Iceland,  jokelsgiarde). 
They  consist  of  an  accumulation  of  earth,  which  is 
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often  several  fathoms  high,  and,  in  summer,  present 
the  appearance  of  bottomless  morasses,  producing  no 
vegetation.  It  is  probable  that  these  fMrainet  are 
produced  by  the  melting  of  the  lower  part  of  the 
glacier,  which  always  takes  place  in  summer,  with- 
out which  the  annual  accumulation  of  snow,  in  win- 
ter, would  form  an  endless  crust.  The  great  ice- 
fields are  also  continually  extending  farther  down 
into  the  valleys,  where,  in  summer,  they  are  at  last 
partially  melted  by  the  warmer  temperature.     • 

In  Lapland,  where  the  sun  has  less  power,  glaciers 
slide  down  in  the  region  of  the  Sulitelma,  which  ren- 
der the  air  so  cool,  that  the  line  of  perpetual  snow 
extends  as  low  as  3000  feet  above  the  level  of  the  sea. 
The  descent  of  the  gleu:iers,  which  is  assisted  in  sum- 
mer by  the  avalanches,  is  greater  or  less,  according 
to  the  inclination  of  the  glacier.  This  is  shovm  by 
the  changes  in  the  position  of  large  masses  of  rock 
around  the  glaciers.  They  are  evidently  pushed 
along  by  the  ice,  and,  near  the  Grindelberg,  in  Swit- 
zerland, it  has  been  found,  by  examination,  that 
stones  have  been  pushed  forward  25  feet  in  one  year. 
Stones  of  considerable  bulk  are  also  seen  in  the 
moraines  of  an  entirely  different  formation  from  those 
of  the  valley,  and  must  therefore  have  been  pushed 
down  from  the  higher  regions  in  the  course  of  time. 
As  glaciers,  in  some  positions,  and  in  hot  summers, 
decrease,  they  often  also  increase  for  a  number  of 
years,  so  as  to  render  a  valley  uninhabitable.  Their 
mcrease  is  caused  partly  by  alternate  thawing  and 
freezing;  their  decrease,  by  the  mountain  rivers, 
which  often  flow  under  them,  and  thus  form  an  arch 
of  ice  over  the  torrent.  Streams  are  seen  at  the 
bottom  of  the  deepest  fissures,  which,  in  the  Helvetic 
Alps,  are  called  dust  or  powder  avalanches,  because 
they  consist  of  newly  fallen  snow,  which  is  carried 
by  the  wind  into  the  depths.  There  are  also,  par- 
ticularly in  the  Norwegian  Alps,  dirt  avalanches,  so 
called,  which  carry  along  stones  and  earth  with 
them,  and  increase  the  moraines  of  the  glaciers. 

In  the  Tyrol,  Switzerland,  Piedmont,  and  Savoy, 
the  glaciers  are  so  numerous  that  they  have  been 
calculated  to  form  altogether  a  superficial  extent  of 
1484  square  miles,  lliere  are  some  glaciers,  in 
Savoy,  more  than  14  miles  long,  2^  miles  wide,  and 
from  60  to  600  feet  thick.  One  of  the  most  famous 
glaciers  is  the  mere  de  glace  (sea  of  ice)  in  the  valley 
of  Chamouni,  about  5700  feet  above  the  level  of  the 
sea.  In  France,  near  Beaume,  and  in  the  Carpa- 
thian mountains,  near  Dselitz,  are  subterraneous 
glaciers,  which  never  melt,  because  the  sun  cannot 
act  upon  them.  From  this  account  it  is  evident  that, 
there  can  be  no  glaciers  in  the  Andes,  because  the 
temperature  continues  the  same  the  whole  year  be- 
tween the  tropics.  The  noise  which  is  produced  by 
the  opening  of  fissures  in  the  glaciers  is  immense, 
and  resembles  thunder  among  the  mountains.  These 
fissures  are  often  immediately  covered  with  snow, 
and  are  therefore  very  dangerous  to  travellers. 

Glacis,  in  fortification,  is  the  sloping  covering  of 
ihe  outer  breastwork  along  the  covered- way,  which 
descends  to  the  level  ground,  and  covers  the  ditch 
upon  the  outside.  It  must  be  so  placed,  that  the 
guns  of  the  fort  will  rake  it  at  every  point. 

Glass.  This  valuable  manufacture  commenced 
early.  Pliny  informs  us  tiiat  Sidon  was  the  first  city 
distinguished  for  its  glass-works,  and  that  the  manu- 
facture of  glass  was  not  introduced  into  Rome  until 
the  reign  of  Tiberius.    He  farther  states,  that,  in  the  I 


reign  of  Nero,  the  art  of  making  vases  and  cups  of  a 
white,  transparent  glass,  was  invented.  De  Pauw  is 
of  opinion  that  the  Egyptians  carried  the  art  to  the 
highest  perfection ;  and  that  the  glass- works  at  Di- 
ospolis,  capital  of  the  Thebaid,  formed  the  furst  re- 
gular manufactory  of  this  material.  The  Egyptians, 
according  to  the  same  author,  performed  the  most 
difficult  operations  in  glass-cutting,  and  manufac- 
tured cups  of  glass  of  an  astonishing  purity,  of  which 
kind  were  those  called  alassontes,  supposed  to  be  or- 
namented with  figures  in  changeable  colours.  Winck- 
elmann  says  that  the  ancients,  in  general,  made 
much  greater  use  of  glass  than  the  modems.  Besides 
the  ordinary  utensils,  of  which  a  great  quantity  have 
been  found  in  Herculaneum,  we  find  many  funeral 
urns  constructed  of  it.  Some  of  the  fragments  of 
cups  examined  by  Winckelmann  appeared  to  have 
been  cut;  others  of  raised  ornaments  having  the 
appearance  of  being  soldered  to  the  surface  of  the 
vessels,  and  bearing  marks  of  the  lapidary's  wheel  on 
their /ace/^e».  The  ancients  also  used  glass  to  orna- 
ment their  rooms ;  for  this  purpose,  they  employed 
it  of  various  colours,  and  composed  a  sort  of  mosaic 
of  it. 

Some  blocks  of  glass,  used  for  paving  rooms,  have 
been  found  of  the  thickness  of  a  common-sized  brick. 
Winckelmann  cites  some  specimens  of  mosaic  of  re- 
markable beauty  and  delicacy.  One  of  them  repre- 
sented a  bird  on  a  dark  and  coloured  ground.  The 
colours  of  the  bird  were  very  brilliant  and  various, 
and  the  whole  effect  very  soft.  The  artist  had  made 
use  of  opaque,  or  transparent  glass,  according  to  the 
exigencies  of  the  case.  What  was  not  the  least  re- 
markable was,  that  the  reverse  offered  precisely  the 
same  figure,  vnthout  the  slightest  difference  in  the 
details.  A  little  glass  ring,  which  was  in  the  pos- 
session of  Sir  W.  Hamilton,  showed  the  method  in 
which  this  was  performed.  The  exterior  of  the  ring 
was  blue,  and  the  interior  represented  a  species  of 
rose,  of  different  colours,  extending  the  whole  circuit 
of  the  ring.  As  melted  glass  may  be  drawn  out  into 
an  amazingly  fine  wire,  this  operation  may  be  per- 
formed on  pieces  of  glass,  compounded  of  different 
colours  and  melted,  the  colours  preserving  .the  re- 
spective layers  when  wire-drawn.  Caylus  thinks  this 
was  the  manner  in  which  these  works  of  art  were 
made.  The  most  valuable  remains  of  the  ancients, 
in  glass,  are  the  impressions  and  casts  of  sculptured 
gems,  both  in  sunk  and  raised  work,  and  the  larger 
works  in  relief,  of  which  one  whole  vase  has  come 
down  to  us.  The  glass  casts  of  intaglios  often  imi- 
tate the  veins  of  different  colours  in  the  original. 
These  pastes  have  preserved  the  impressions  of  many 
beautifiil  gems  which  are  lost.  Of  the  larger  works 
in  relief  we  have  only  some  fragments :  they  served 
as  ornaments  to  the  walls  of  palaces.  The  most 
considerable  work  of  this  kind  is  the  cameo  described 
by  Buonarotti,  and  preserved  in  the  Vatican  :  it  is 
an  oblong  tablet  of  glass,  about  8  inches  by  6,  re- , 
presenting  Bacchus  and  Ariadne,  with  two  satyrs. 
But  the  most  beautiful  specimens  of  this  art  are  the 
vases  adorned  with  figures  in  relief:  they  were  some- 
times transparent,  sometimes  of  different  colours  oa 
a  dark  ground,  and  so  delicately  executed,  that  they 
were  hajrdly  to  be  distinguished  from  the  vases  of 
sardonyx.  The  Portland  Vase  is  the  only  one  of  this 
sort  preserved  entire.  It  was  formerly  called  the 
Barberini  Vase,  as  it  belonged  to  the  Barberini  palace 
at  Rome.    It  is  about  a  foot  higl^  and  was  at  first 
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described  as  a  sardonyx.  It  is  now  preserved  in  the 
British  Maseum  under  the  name  of  the  Portland 
Vase. 

Glass  is  made  by  melting  silicious  earth  or  sand, 
alkaline  substances,  and  a  metallic  oxide,  at  a  white 
heat.  The  name  is  an  old  German  word,  and  is  con- 
nected with  gleissen  (to  shine),  and  with  the  English 
word  glisten,  and  even  with  glades  (ice)  and  glanx 
(splendour).  The  manufacture  of  glass  is  now 
brought  to  a  high  degree  of  perfection,  especially  in 
this  country. 

The  English  glass-houses  are  commonly  large  coni- 
cal buildings,  from  60  to  100  feet  high,  and  from  50  to 
80  feet  in  diameter.  A  representation  of  one  is  given 
in  our  Plate  of  Glass  Manufacturb.  The  furnace 
is  in  the  middle,  over  a  large  vault,  which  is  con- 
nected with  it  by  means  of  an  opening.  This  open- 
ing is  covered  with  an  iron  grate,  upon  which  the  fire 
is  made»  and  it  is  kept  up  by  the  draught  of  air  from 
the  vault.  The  most  important  part,  however,  of 
the  apparatus  of  the  glass-house,  is  the  crucible. 
These  instruments  are  made  from  a  particular  kind 
of  clay,  which  is  found  at  Stourbridge.  This  is  first 
pounded  fine,  then  sifted,  moistened,  and  worked  into 
a  thick  dough.  Sometimes  old  crucibles  are  used, 
which  are  broken  into  powder,  and  then  mixed  with 
a  red  clay.  Some  pots,  for  bottle  and  flint  glass,  are 
made  40  inches  deep  and  wide.  They  are  from  two 
to  four  inches  in  thickness.  They  remain  several 
days  at  a  white  heat,  before  they  are  placed  in  the 
furnace  for  use.    The  basis  of  glass  is  silica. 

When  flints  or  quartz  are  used,  they  are  first  re- 
duced to  powder  by  being  heated  red  hot,  and  then 
plunged  into  cold  water.  This  causes  them  to  whiten 
and  fall  to  pieces,  after  which  they  are  ground  and 
sifted.  The  second  ingredient  is  an  alkaline  sub- 
stance, potash  or  soda.  The  alkali  used  is  more 
or  less  pure,  according  to  the  fineness  of  the  glass  to 
be  made.  Lime  is  often  employed  in  small  quan- 
tities ;  also  borax.  Of  the  metallic  oxides  added  in 
different  cases,  the  deutoxide  of  lead  is  the  most  com- 
mon. It  renders  flint-glass  more  fusible,  heavy,  and 
tough,  and  more  easy  to  be  ground  and  cut,  and  in- 
creases its  brilliancy  and  refractive  power.  A  small 
quantity  of  black  oxide  of  manganese  renders  the 
glass  more  transparent;  too  much  gives  a  purple  tinge, 
which,  however,  may  be  destroyed  by  a  little  char- 
coal or  wood.  Arsenious  acid  (white  arsenic),  in 
small  quantities,  promotes  the  clearness  of  glass ; 
too  much  of  it  gives  the  glass  a  milky  whiteness.  Its 
use  in  drinking-vessels  is  not  free  from  danger,  if 
the  glass  contains  so  much  alkali  that  any  part  is 
soluble  in  acids.  The  following  are  the  processes 
employed  in  making  glass : — 

Fritting,  The  various  materials  are  carefully 
washed,  and,  after  the  extraction  of  ail  the  impu- 
rities, are  conveyed  to  the  furnace  in  pots  made  of 
pipe-clay.  The  produce  of  this  process  is  called 
the  frit,  which  is  again  melted  in  large  pots  or  cru- 
cibles, till  the  whole  mass  becomes  beautifully  clear, 
and  the  dross  rises  to  the  top. 

Blowing  is  the  next  process,  which,  in  round  glass, 
as  phials,  drinking-glasses,&c.,  is  thus  performed : — 
The  workmen  dip  the  end  of  long  iron  pipes,  red  hot, 
into  the  liquid  glass,  then  roll  it  on  a  polished  iron 
plate  to  give  it  an  external  even  surface ;  they  next 
blow  down  the  iron  pipe,  till  it  enlarges  the  metal 
like  a  bladder,  and,  if  necessary,  roll  it  again  on  the 
iron  plate,  and  proceed  to  form  it  into  a  globular 


form,  or  any  other  one  required.  The  glass  is  Uwa 
transferred  from  the  blowing-pipe,  by  dipping  the  end 
of  another  iron  rod  into  tl^  liquid  glass,  which  ad- 
heres to  the  heated  rod,  and  with  wluch  the  workman 
sticks  it  to  the  bottom  of  the  vessel ;  then,  with  a 
pair  of  pincers,  wetted  with  water,  he  touches  the 
neck,  which  immediately  cracks,  and,  on  being  sli^dy 
struck,  separates  at  the  end  of  the  blowing-pipe,  and 
becomes  attached  to  the  iron  rod.  The  vessel  is 
next  irarried  up  to  the  mouth  of  the  furnace,  to  be 
heated  and  softened,  that  the  operator  may  finish  it. 
If  the  vessel  require  a  handle,  the  operator  fonns  it 
separately,  and  unites  it  while  melting  hot,  forming 
it  with  pincers  to  the  requisite  shape  and  pattern. 

We  have  now  to  notice  a  most  important  im- 
provement in  the  process  of  blowing  glass.  It  is 
effected  by  what  is  termed  a  glass-blower's  artificial 
lungs. 

"Diis  simple  little  uistrument  is  the  invention  of  a 
French  workman ;  it  enables  the  glass-blower  to 
give  a  blast  of  any  power  that  he  wishes  through  the 
pipe  or  cane,  and  Uiereby  blow  much  larger  objects 
than  by  the  lungs,  and  that  with  nearly  the  sharpness 
of  cut  glass.  This  discovery  has  reduced  the  price 
of  crystal  upwards  of  30  per  cent.,  as  all  melon 
ribbed  glasses,  decanters,  &c.»  are  now  blown  as 
perfectly  as  if  they  were  cut.  The  Institute  of 
France  decreed  M.  Montyon's  prize  of  5000  francs, 
"for  the  best  invention  for  preserving  the  health  of 
workmen,"  to  the  inventor. 

Sir  John  Byerley  brought  (me  of  these  instruments 
from  Paris,  and  exhibited  it  at  the  Royal  Institotion 
in  1832.  The  instrument  is  composed  of  a  tin  tnbe 
about  15  inches  long  and  li  inch  in  diameter:  in 
this  is  a  spiral  spring,  in  the  cup  of  which  is  an  air- 
tight piston,  about  2  inches  long,  perforated  in  the 
centre.  The  diameter  of  the  orifice  is  the  same,  or 
rather  less,  than  that  of  the  blowing-cane,  to  the 
other  end  of  which  the  glass  is  attached.  The  vitreous 
matter  being  placed  in  the  mould  in  the  usual  way, 
instead  of  blowing  through  the  tube  or  cane,  as 
formerly,  the  instrument  is  applied  to  the  end  of  it, 
and  pressed  smartly  down — the  spring  is  compressed* 
and  the  air  in  the  instrument  forced  into  the  cane, 
and  thence  into  the  object. 
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a  is  the  instrument  ready  for  work;  h,  the  tm 
cap,  which  fixes  on  to  the  tube  with  a  latch,  to  keep 
down  the  piston,  which  the  spring  would  otherwise 
force  out.  The  cap  is  perforated  with  a  hole  rather 
larger  than  the  diameter  of  the  cane. 

The  lower  figure  is  a  section  of  the  instrument,  ifi 
which  is  seen  the  piston  and  the  spiral  sprmg,  d. 
The  top  of  the  piston  is  hollowed  off  towards  the  mid- 
dle, that  the  cane  may  be  sure  to  be  applied  to  the 
orifice.  This  upper  part  of  the  piston  is  covered 
with  leather,  which  is  oiled,  so  that  the  cane  pressing 
upon  it  no  air  can  escape  laterally.  A  separate  view 
of  the  mouth  is  seen  at  c.  The  instrument  is  made 
of  tin ;  and  the  price  in  France  is  half  a  crown. 
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JnntaUng  is  the  removing  of  the  glass*  after  it  has 
been  blown  or  cast,  into  a  furnace  whose  heat  is  not 
sufficiently  intense  to  melt  it,  and  gradually  with- 
drawing the  article  from  the  hottest  to  a  cooler  part 
of  the  annealing  chamber,  till  it  is  cold  enough  to  be 
taken  out  for  use.  If  cooled  too  suddenly,  it  is 
extremely  brittle. 

CoUmring,  The  different  coloured  glasses  owe 
iheir  tints  to  the  different  metallic  oxides  mixed  with 
the  materials  while  in  a  state  of  fusion.  In  this 
manner  are  made  those  elegant  pastes,  which  so 
faithfully  imitate,  and  not  unfrequently  excel,  in 
brilliancy,  their  originals,  the  gems  of  antiquity. 
The  glass,  however,  for  this  purpose,  is  prepared  in  a 
pecuhar  manner,  and  requires  great  nicety.  It  com- 
bines purity  and  durability.  Opaque  glass  is  made 
by  the  addition  of  the  oxide  of  tin,  and  produces 
that  beautifxil  imitation  of  enamel  which  is  so  much 
admired.  Dials  for  watches  and  clocks  are  thus  made. 
The  principal  sorts  of  glass  may  be  now  described : — 

Crown-glass  is  the  ^t  sort  of  window  glass,  and 
differs  from  the  flint-glass  in  containing  no  lead,  nor 
any  metallic  oxide,  except  manganese,  and  sometimes 
oxide  of  cobalt  in  minute  portions,  not  as  flux,  but  for 
correcting  the  natural  colour.  This  glass  is  much 
harder  and  harsher  to  the  touch  than  the  flint-glass ; 
but,  when  well  made,  it  is  a  very  beautiful  article. 
It  is  compounded  of  sand,  alkali,  either  potash  or 
soda,  the  vegetable  ashes  that  contain  the  alkali,  and 
generally  a  small  portion  of  lime.  A  smaU  dose  of 
arsenic  is  often  added,  to  facilitate  the  fusion.  Zaffre, 
or  the  oxide  of  cobalt,  with  ground  flint,  is  often 
used  to  correct  the  dingy  yellow  of  the  inferior  sort 
of  crown-glass ;  and,  by  adding  the  blue,  natural  to 
glass  coloured  with  this  oxide,  to  convert  the  whole 
into  a  soft  light  green.  One  ounce  of  zaffre  is  suffi- 
cient for  1000  lbs.  But  when  the  sand,  alkali,  and 
time  are  very  fine,  and  no  other  ingredients  are  used, 
no  Zaffire,  or  corrective  of  bad  colour,  is  required.  A 
very  fine  glass  of  this  kind  may  be  made  by  200  parts 
of  pretty  good  soda,  300  of  fine  sand,  33  of  lime, 
and  from  250  to  300  of  the  ground  fragments  of 
glass.  We  had  formerly  in  London  two  kinds  of 
crown  glass,  distinguished  by  the  places  where  they 
were  wrought;  viz.  1.  Ratcliff  crown-glass,  which 
is  the  best  and  clearest,  and  was  first  made  at  the 
Bear  Garden,  on  the  Bank-side,  Southwark,  but  since 
«t  Ratcliff:  of  this  there  are  twenty-four  tables  to 
the  case,  the  tables  being  of  a  circular  form,  about 
three  feet  six  inches  in  diameter.  2.  Lambeth  crown- 
glass,  which  is  of  a  darker  colour  than  the  former, 
and  more  inclining  to  green. 

The  following  composition  has  been  recommended 
for  the  best  window  or  crown-glass :  white  sand, 
'COlbs. ;  purified  pearl-ashes,  30  lbs.;  salt-petre, 
'  15lbs. ;  borax,  lib.;  and  arsenic,  half  a  pound.  If 
f  the  glass  should  prove  yellow,  manganese  must  be 
added.  A  cheaper  composition  for  window-glass 
consists  of  fiOlbs.  of  white  sand,  25lbs.  of  unpurified 
pearl-ashes,  lOlbs.  of  common  salt,  5lbs.  of  nitre, 
2lbs.  of  arsenic,  and  1^  oz.  of  manganese.  The 
common  or  green  window-glass  is  composed  of 
60ibs.  of  white  sand,30lbs.  of  unpurified  pearl-ashes, 
lOlbs.  of  common  salt,  2lbs.  of  arsenic,  and  2  oz. 
of  manganese.  But  a  cheaper  composition  for  this 
purpose  consists  of  120lbs.  of  the  cheapest  white 
sand,  30lbs.  of  unpurified  pearl-ashes,  fiOlbs.  of  wood 
ashes,  well  burnt  and  prepared,  20lbs.  of  common  salt, 
and  Slbs.  of  arsenic. 


The  manufacture  of  the  common  window-glass, 
though  made  by  blowing,  is  conducted  differently 
from  that  of  the  flint-glass  articles,  as  it  is  the  object 
to  produce  a  large,  flat,  and  very  thin  plate  of  glass, 
which  is  afterwards  cut  by  the  glazier's  diamond 
into  the  requisite  shape.  Without  minutely  detail- 
ing the  several  gradations  of  the  process,  it  may  be 
here  mentioned  that  the  workman  takes  a  very  large 
mass  of  melted  glass  on  his  hollow  iron  rod,  and,  by 
rolling  it  on  an  iron  plate  and  swinging  it  backwards 
and  forwards,  causes  it  to  lengtiben  by  its  own 
weight  into  a  cylinder,  which  is  made  hollow  and 
brought  to  the  required  thinness  by  blowing  with  a 
fan  of  breath,  which  persons  accustomed  to  the  bu- 
siness know  how  to  command.  The  hollow  cylinder 
is  then  opened  by  holding  it  to  the  fire,  which,  by 
expanding  the  air  confined  within  it  (the  hole  of  the 
iron  rod  being  stopped),  bursts  it  at  the  weakest 
part,  and,  when  still  soft,  it  is  opened  out  into  a  flat 
plate  by  the  centrifugal  force,  and  finished  by  anneal- 
ing,  as  usual. 

Newcastle  glass  is  of  an  ash  colour,  frequently 
speckled,  streaked,  and  blemished.  It  is  made  from 
white  sand,  unpurified  barilla,  common  salt,  arsenic, 
and  manganese. 

The  bottle  or  green  glass,  usually  made  of  common 
sand,  lime,  and  some  clay,  fused  with  an  impure  al- 
kali, is  very  hard,  and  resists  the  corrosive  action  of 
all  liquids  much  better  than  flint-glass :  the  greeu 
colour  is  owing  to  the  iron :  and  it  is  well  adapted 
for  chemical  vessels. 

Flint-glass,  the  most  fusible  of  any,  is  used  for 
bottles,  utensils  intended  to  be  cut  and  polished,  and 
for  various  ornamental  purposes.  The  best  kind  is 
composed  of  white  silicious  sand,  pearl-ash,  red  oxide 
of  lead,  nitrate  of  potash,  and  the  black  oxide  of 
manganese.  It  fuses  at  a  lower  temperature  than 
crown-glass,  has  a  beautiful  transparency,  a  great  re- 
fractive power,  and  a  comparative  softness,  which 
enables  it  to  be  cut  and  polished  with  ease.  On  this 
account  it  is  much  used  for  glass  vessels  of  every  de- 
scription, and  especially  those  which  are  intended  to 
be  ornamented  by  cutting.  It  is  also  employed  for 
lenses  and  other  optical  glasses.  Flint-glass  is 
worked  by  blowing,  moulding,  pressing,  and  grind- 
ing. Articles  of  complex  form,  such  as  lamps  and 
wine-glasses,  are  formed  in  pieces,  which  are  af^r- 
wards  joined  by  simple  contact,  while  the  glass  is 
hot.  It  appears  that  the  red  lead  used  in  the  manu- 
facture of  flint-glass  gives  up  a  part  of  its  oxygen, 
and  passes  to  the  state  of  a  protoxide. 

Plate-glass,  so  called  from  its  being  cast  in  plates 
or  large  sheets,  is  the  most  valuable,  and  is  used  for 
mirrors  and  the  windows  of  carriages.  It  is  com- 
posed of  white  sand,  cleansed  with  purified  pearl- 
ashes  and  borax.  But,  should  the  metal  appear 
yellow,  it  is  restored  to  its  pellucid  transparency  by 
the  addition  (in  equal  proportions)  of  a  small  quan- 
tity of  manganese  and  arsenic.  It  is  cast  on  a  large 
horizontal  table,  and  all  excrescences  are  pressed  out 
by  passing  a  large  roller  over  the  metal.  To  polish 
the  glass,  it  is  laid  on  a  large  horizontal  table  of 
freestone,  perfectly  smooth;  and  then  a  smaller 
piece  of  glass,  fastened  to  a  plank  of  wood,  is  passed 
over  the  other  till  it  has  received  its  due  degree 
of  polish.  But,  to  facilitate  this  process,  water 
and  sand  are  used,  as  in  the  polishing  of  marble; 
and,  lastly,  Tripoli,  smalt,  emery,  and  putty,  to  give 
it  lustre. 
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GriniiMg  and  polishing  give  plate-glass  a  fine  lastre. 
The  grinder  takes  it  rough  out  of  the  hands  of  the 
caster,  and»  laying  it  upon  a  stone  table,  to  which  it 
is  fixed  with  stucco,  he  lays  another  rough  glass, 
half  the  size  of  the  former,  upon  it.  To  the  smaller 
glass  a  plank  is  fastened,  by  means  of  stucco,  and  to 
the  whole  a  wheel,  made  of  hard,  light  wood,  about 
six  inches  in  diameter,  by  the  pulling  of  which  from 
side  to  side,  and  from  end  to  end,  of  the  glass,  a  con- 
stant attrition  is  kept  up ;  and,  by  allowing  water 
and  fine  sand  to  pass  between  the  plates,  the  whole 
is  very  finely  polished ;  but,  to  give  the  finishing  po- 
lish, powder  of  smalt  is  used.  As  the  upper  glass 
grows  smoother,  it  is  taken  away,  and  a  rougher  one 
substituted  in  its  stead ;  and  so  on  till  the  work  is 
done.  Except  in  the  very  largest  plates,  the  work- 
men polish  their  glass  by  means  of  a  plank,  having 
four  wooden  handles  to  move  it ;  and  to  this  plank  a 
plate  of  glass  is  cemented,  as  above. 

Aekromaiie  Jiint-gltM'  The  excise  laws  of  Eng- 
land have  prevented  our  artists  from  attempting 
to  melt  glass  on  a  proper  scale  for  making  lenses  for 
achromatic  telescopes ;  but  in  France,  where  no  such 
restrictions  exist,  numerous  attempts  have  been 
made  to  perfect  the  manufacture  of  flint-glass  for 
optical  purposes ;  and  M.  Ouinaud's  labours  have 
been  finally  crowned  with  complete  success.  The 
almost  total  impossibility  of  procuring  flint-glass  ex- 
empt from  stris,  suggested  to  this  artist  the  construc- 
tion of  a  furnace  capable  of  melting  two  cwt.  of  glass 
in  one  mass,  which  he  sawed  vertically,  and  polished 
one  of  the  sections,  in  order  to  observe  what  had 
taken  place  during  fusion.  He  discovered  his  metal 
to  be  vitiated  by  striae,  specks  or  grains,  with  cometic 
tails ;  and,  from  time  to  time,  as  he  obtained  blocks, 
including  portions  of  good  glass,  his  practice  was  to 
separate  them  by  sawing  the  blocks  into  horizontal 
sections,  or  perpendicular  to  their  axes.  A  fortunate 
accident  conducted  him  to  a  better  process.  While 
his  men  were  one  day  carrying  a  block  of  this  glass, 
on  a  hand-barrow,  to  a  saw  mill  which  he  had  erected 
at  the  fall  of  the  Doubs,  the  mass  slipped  from  its 
bearers,  and,  rolling  to  the  bottom  of  a  steep  and 
rocky  declivity,  was  broken  to  pieces. 

M.Guinaud,  having  selected  those  fragments  which 
appeared  perfectly  homogeneous,  softened  them,  in 
circular  moulds,  m  such  a  manner  that,  on  cooling, 
he  obtained  disks  that  were  afterwards  fit  for  work- 
ing. To  this  method  he  adhered,  and  contrived  a 
way  for  clearing  his  glass  while  cooling,  so  that  the 
fractures  should  follow  the  most  faulty  parts.  When 
flaws  occur  in  the  large  masses,  they  are  removed  by 
cleaving  the  pieces  with  wedges;  then  melting  them 
again  in  moulds,  which  give  them  the  form  of  disks ; 
taking  care  to  allow  a  little  of  the  glass  to  project 
beyond  one  of  the  points  of  the  edge,  so  that  die  op- 
tician may  be  enabled  to  use  that  portion  of  glass  in 
making  a  prism,  which  shall  give  the  measure  of  the 
index  of  refraction,  and  thus  obviate  the  necessity  of 
cutting  the  lens.  The  Astronomical  Society  of  Lon- 
don have  tried  disks  of  M.  Ouinaud's  flint  achromatic 
glass,  which  seems  entirely  homogeneous,  and  exempt 
from  fault.  This  material  grinds  and  polishes  much 
easier  than  the  English  flint-glass.  (For  Professor 
Faraday's  improvements  in  the  manufacture  of  glass 
for  lenses,  see  Lens.) 

Various  ornamental  forms  are  given  to  the  surface 
of  glass  vessels  by  metallic  moulds.  The  mould  is 
usually  of  copper,  with  the  figure  cut  on  its  inside. 
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and  opena  with  hinges  to  permit  the  gkss  to  be  takn 
out.  The  mould  is  filled  by  a  workman,  who  blowi 
fluid  glass  into  its  top.  The  chilling  of  the  glass, 
when  it  comes  in  contact  with  the  mould,  impairs  its 
ductility,  and  prevents  the  impression  of  the  figure 
from  being  sharp.  Some  moulds,  however,  are  made 
in  parts,  which  can  be  suddenly  brought  together  oa 
the  inside  and  outside  of  the  glass  vessel,  and  produce 
specimens  nearly  equal  to  cut-glasa. 

Cut-glasa,  so  called,  is  produced  by  grinding  the 
surface  with  small  wheels  of  stone,  metal,  or  wood. 
The  glass  is  held  to  the  surface  of  the  wheels.  Hie 
first  cutting  is  with  wheels  of  stone ;  then  with  iron, 
covered  with  sharp  sand  or  emery;  and,  finally,  with 
brush  wheels,  covered  with  putty.  A  small  stream 
of  water  is  kept  continually  running  on  the  glass,  to 
prevent  the  fnction  from  exciting  too  much  heat 

The  physical  properties  of  glass  are  of  the  highest 
importance.  One  of  these  is  that  of  preserving  its 
transparency  in  a  considerable  heat,  and  remaining 
with  very  little  extension.  Its  expansibility  is  less 
aifected  by  heat  and  cold  than  that  of  most  other 
solid  substances  which  have  been  accurately  exa- 
mined. It  may  be  cut  by  the  diamond,  and  also  by 
a  hot  iron,  although  the  latter  manner  is  rather 
unsafe.  Should  this  plan  be  resorted  to,  a  pointed 
iron  wire  must  be  employed ;  and,  as  soon  as  the 
line  of  division  is  well  indicated,  the  glass  shouki 
be  moistened  with  cold  water,  which  causes  it  to 
separate. 

Drops  of  Glass,  which  have  been  let  fall,  while 
melted,  into  water,  commonly  called  Prince  Ruperi*i 
drops,  assume  the  form  of  an  oval  body,  terminating 
in  a  long  slender  stem.  They  are  also  called  gUm 
tears.  The  large  part  may  be  struck  with  a  hammer, 
or  filed,  without  breaking ;  but»  if  the  stem  is  broken, 
the  whole  flies  to  pieces. 

Glass  Galls;  a  substance  which  floats  upon  melted 
glass,  like  scum  or  froth,  called  by  the  French  ski, 
or  suif  de  verre.  It  is  principally  alkaline,  and  at- 
tracts moisture  from  the  air,  so  as  even  to  become 
fluid.  It  is  chiefly  used  for  soldering  silver,  stands  a 
strong  heat,  is  a  good  flux  for  substances  difllcult  to 
fuse,  and  keeps  them  long  in  a  state  of  fusion.  Potters 
also  use  it  for  glazing. 

Glass  Threads,  The  great  ductility  of  glass  enablo 
it  to  be  drawn  into  the  finest  threads.  A  piece  of 
glass  is  held  over  the  flame  of  a  lamp,  till  it  becomes 
soft :  a  hook  is  then  fixed  into  it,  and  it  is  drawn  oat 
into  a  thread.  The  hook  being  fixed  in  the  circom* 
ference  of  a  small  revolving  cylinder,  the  glass  thread 
is  wound  round  the  cylinder.  lUaumur  succeeded  in 
obtaining  these  threads  as  fine  as  a  spider's  web. 

Glass  Windows,  The  mode  of  preparing  glass  was 
known  long  before  it  was  thought  of  making  windows 
of  it.  Houses  in  Oriental  countries  had  conunonly 
no  windows  in  the  front,  and  towards  the  court-yard 
they  were  provided  with  curtains  or  a  moveable  trel- 
lis-work; and  in  winter  they  were  covered  with  oiled 
paper.  The  Chinese  made  use,  for  windows,  of  a  very 
fine  cloth,  covered  with  a  shining  varnish;  and,  after- 
wards, of  split  oyster  shells.  They  had  also  the  art 
of  working  out  the  horns  of  animals  into  large  and 
thin  plates,  with  which  they  covered  their  windows. 
In  Rome,  the  lapis  specularis  supplied  the  place  of 
glass,  and,  from  the  description,  seems  to  have  been 
nothing  but  thin  leaves  of  lade.  Rich  people  had  the 
windows  or  openings  in  their  badis  filled  with  thin 
plates  of  agate  or  marble.    It  was  hastilv  condo^ 
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ibmt  glass  was  used  for  windows  in  the  time  of  Titus, 
because  fragments  of  glass  plates  have  been  found  at 
Pompeii,  which  town  was  destroyed  in  his  reign ; 
but  the  first  certain  information  of  this  mode  of  using 
^lass  b  to  be  found  in  Gregory  of  Tours,  who  speaks 
of  the  churches  having  windows  of  coloured  glass  in 
the  fourth  century  after  Christ,  that  is,  in  the  reign 
^Constantine  the  Great,  when  they  were  to  be  seen 
in  the  church  of  St.  Paolo  Fuori  le  Mura.  In  France, 
tele  or  isinglass,  white  horn,  paper  soaked  in  oil,  and 
thin  shaved  leather,  were  used  instead  of  glass.    The 
oldest  glass  windows  at  present  existing  are  of  the 
twelfth  century,  and  are  in  the  church  of  St.  Denis : 
Aey  appear  to  have  been  preserved  as  part  of  die  old 
church,  which  was  erected  before  the  year  1 140,  by ' 
the  Abbot  Soger,  a  favourite  of  Louis  le  Gros.   Sugcr 
luid  sapphires  pounded  up  and  mixed  with  the  glass, 
to  give  it  a  blue  colour.    .£neas  Sylvius  accounted  it 
one  of  the  most  striking  instances  of  splendour  which 
lie  met  in  Vienaa,  in  1458,  that  most  of  the  houses 
liad  glass  windows.     Felibien  says  that,  in  bis  time 
<1600),  round  glass  disks  were  set  in  the  windows  in 
Italy.    In  Prance,  on  the  other  hand,  there  were 
glass  vnndows  in  all  the  churches,  in  the  sixteenth 
century,  although  there  were  but  few  in  dwelling- 
houses. 

Gla$8,  pcdtUing  on.    This  art  was,  perhaps,  known 
to  the  ancients,  as  Morisoli  attempts  to  prove  from 
passages  in  Seneca  and  Vopiscus  Firmius  ;  and  some 
persons  consider  the  fact  established  by  a  reUc  of 
art,   described    in   Buonarotti's    Observations    upon 
.tome  Fragments  of  Ancient  Vases  ^  Glass,    &c. — 
Painted  glass  was  much  used,  formerly,  to  ornament 
windows  in  churches  and  other  public  buildings,  and, 
in  unison  with  the  whole  style  of  Gothic  churches, 
threw  a  gloomy  shade  over   the  whole   interior. 
Speth  distinguishes  between  the  painting  on  glass, 
or  glass>enamel,  and  two  inferior  kinds  of  the  art ; 
one  painting  upon,  or  rather  behind,  glass  which  is 
not  perfectly  transparent;  and  the  other,  which  re- 
quires transparent  glass,  but  makes  use  only  of  co- 
loured varnishes,  or  transparent  colours,  which  do 
not  resist  moisture.     Painting  upon  glass,  properly 
so  called,  had  its  origin  in  the  3d  century,  about  the 
time  of  the  first  specimens  of  mosaic.    T%e  more  ex- 
tensive knowledge,  as  well  as  use,  of  coloured  glass, 
Was  communicated  from  France  to  England;   and 
from  thence,  in  the  8th  century,  by  means  of  mis- 
sionaries, to  Germany  and  Flanders,  and,  in  the  9th 
century,  was  carried  to  the  north.     Although  the 
Italians  used  painted  glass  for  mosaic  work,  yet  they 
appear  not  to  have  applied  it  to  church  windows  be- 
fore the  8th  century.     We  find  undoubted  traces  of 
it  in  Bavaria  towards  the  end  of  the  10th  century. 
There  was  a  glass-house  at  Tegemsee,  near  Mu- 
nich.   In  the  1 1th  century,  the  imitation  of  the  best 
pieces  of  mosaic  work  in  paintings  upon  glass  was 
commenced.    This  art  derived  great  advantages,  at 
the  end  of  the  14th  century,  from  the  important  in- 
vention of  enamel  painting,  or  the  art  of  fixing  the 
metallic  colours  in  glass.    The  art  flourished  most 
during  the  15th  and  l6th  centuries.     France,  Eng- 
land, and  the  Netherlands,  boasted  first-rate  artists 
in  this  department,  as  Henriet,  Monier  of  Blois,  and 
Ab.  von  Diepenbecke.    In  Germany,  Durer  gained 
celebrity  in  the  same  art    It  declined  in  the  1 7th 
century,  and,  yielding  to  the  force  of  fashion,  it 
ceased  to  be  heard  of  in  the  18th.    It  was  Uien 
carried  on  in  EI^;land  chiefly  by  foreign  artists.     In 


the  reign  of  James  I.,  a  school  was  founded  by  a 
Netherlander,  Bemh.  de  Linge,  who  may  be  regard- 
ed as  the  father  of  modern  painting  upon  glass.  The 
school  has  continued  to  this  day.  There  were  some 
artists,  in  the  17th  and  18th  centuries,  who  gained 
reputation  by  theu*  paintings  upon  glass,  as  Eginton 
of  Birmingham,  Wolfgang  Baumgartiier  of  Kufstein, 
in  flie  Tyrol  (who  died  1761),  and  their  contempo- 
rary Jouflfroy,  who  painted,  in  a  chapel  in  London, 
the  Resurrection  of  the  Saviour.  The  knowledge  ac- 
quired by  experience  was  not  lost,  but  the  practice 
of  the  art  was  very  limited.  The  great  window  of 
New  College,  Oxford,  affords  a  ime  specimen  of 
British  art  « 

In  Germany,  painting  upon  glass  was  revived  in 
the  19th  century.    M.  S.  Frank,  of  Nuremberg,  first 
attempted  to  restore  it  to  its  proper  rank.     He  was 
employed  as  a  painter  on  glass  at  the  royal  porce- 
lain manufactory,  at  Miinich.     The  royal  cabinet 
of  medals  possesses  a  Birth  of  Christ  by  him,  and 
the  chapel  a  Supper,  which  was  made  in  imitation  of 
Durer's  small  Passion.     The  works  in  painted  glass 
produced  at  Berlin  and  Vienna  are  not  comparable 
with  his.    In  the  castle  of  Marienburg,  in  Prussia, 
recently   rebuilt,    are  some   paintings  upon  glass, 
which  may  even  be  compared  to  the  ancient  speci- 
mens. 
Glauber  Salts.     See  Sulphate  of  Soda. 
Glazing.     To  prevent  the  penetration  of  fluids, 
it  is  necessary  that  earthen  vessels  should  be  glazed, 
or  covered  with  a  vitreous  coating.    The  materials  of 
common  glass  would  afford  the  most  perfect  glazing 
to  earthenware,  were  it  not  that  the  ratio  of  its  ex- 
pansion and  contraction  is  not  the  same  with  that  of 
the  day ;  so  that  a  glazing  of  this  sort  is  liable  to 
cracks  and  fissures,  when  exposed  to  changes  of  tem- 
perature.   A  mixture  of  equal  parts  of  oxide  of  lead 
and  ground  fiints  is  found  to  be  a  durable  glaze/ar 
the  common  cream-coloured  ware,  and  is  genendly 
used  for  that  purpose.    These  materials   are  first 
ground  to  an  extremely  fine  powder,  and  mixed  vnth 
water  to  form  a  thin  liquid.    The  ware  is  dipped  into 
this  fiuid  and  drawn  out    The  moisture  is  soon  ab- 
sorbed by  the  clay,  leaving  the  glazing  particles  upon 
the  surface.     These  are  afterwards  melted  by  the 
heat  of  the  kiln,  and  constitute  a  uniform  and  durable 
vitreous  coating.    The  English  and  French  manufac- 
turers find  it  necessary  to  harden  their  vessels  by 
heat,  or  bring  them  to  the  state  of  biscuit  before 
they  are  glazed ;  but  the  composition  used  by  the 
Chinese  resists  water^  ailer  it  has  been  once  dned  in 
the  air,  so  as  to  bear  dipping  in  the  glazing  liquid 
without  injury.    This  gives  them  a  great  advantage 
in  the  economy  of  fuel. 

Glee,  in  musics  a  vocal  composition  in  three  or 
more  parts,  generally  consisting  of  more  than  one 
movement,  l£e  subject  of  which  may  be  either  gay, 
tender,  or  grave,  bacchanalian,  amatory,  or  pathetic. 
Globe,  or  Artificial  Globe,  is  a  term  more 
particularly  used  to  denote  a  globe  of  metal,  plaster, 
paper,  pasteboard,  &c.,  on  the  surface  of  which  is 
drawn  a  map,  or  representation  of  either  the  heavens 
or  the  earth,  with  tftie  several  circles  which  are  con- 
ceived upon  them ;  the  former  being  called  the  ter^ 
resirial  globe,  and  ihe  latter  the  celestial  globe. 

The  celestial  globe  is  an  inverted  representation  of 
the  heavens,  on  whidi  the  stars  are  marked  according 
to  their  several  situations.  The  diurnal  motion  of  this 
globe  is  from  east  to  west  to  represent  the  apparenf 


608 


GLOBE. 


diurnal  motion  of  the  snn  and  stars.  The  eye  is 
supposed  to  be  placed  in  the  centre  of  this  globe,  but, 
in  fact,  it  is  beyond  the  stars. 

The  terrestrial  globe  is  an  artificial  representation 
of  the  earth,  exhibiting  its  great  divisions.  The  diur- 
nal motion  of  this  globe  is  from  west  to  east. — ^The 
axis  of  the  earth  is  an  imaginary  line  passing  through 
its  centre ;  and  the  wire  on  which  the  artificial  globe 
turns  represents  this  line.  The  poles  of  the  earth 
are  the  extremities  of  this  axis ;  that  on  the  north  is 
called  the  arctic,  that  on  the  south  the  antarctic  pole. 
The  celestial  poles  are  imaginary  points  in  the  hea- 
vens, exactly  above  the  terrestrial  poles.  The  brazen 
meridian  is  the  circle  in  which  the  artificial  globe 
turns,  divided  into  360  degrees.  Every  circle  is  sup- 
posed to  be  divided  into  360  equal  parts,  called  de- 
grees, each  degree  into  60  equal  parts,  called  minutes, 
each  minute  into  60  equal  parts,  called  seconds,  &c. ; 
a  degree  is  therefore  only  a  relative  idea,  and  not  an 
absolute  quantity,  except  when  applied  to  a  great 
circle  of  the  earth,  as  to  the  equator  or  to  a  meridian, 
in  which  cases  it  is  60  geographical  miles,  or  69i 
English  miles. 

A  degree  of  a  great  circle  in  the  heavens  is  a  space 
nearly  equal  to  twice  the  apparent  diameter  of  the 
sun ;  or  to  twice  that  of  the  moon,  when  considerably 
elevated  above  tha  horizon.  Degrees  are  marked 
with  a  small  cipher,  minutes  with  one  dash,  seconds 
with  two,  thirds  with  three,  &c. ;  thus,  25°  14'  22* 
35'"  are  25  degrees,  14  minutes,  22  seconds,  35 
thirds.  In  the  upper  semicircle  of  the  brass  meri- 
dian, these  degrees  are  numbered  10,  20,  &c.,  to  90, 
from  the  equator  towards  the  poles,  and  are  used  for 
finding  the  latitudes  of  places.  On  the  lower  semi- 
circle of  the  brass  meridian,  they  are  numbered  10, 
20,  &c.,  to  90,  from  the  poles  towards  the  equator, 
and  are  used  in  the  elevation  of  the  poles. 

Great  circles,  as  the  equator,  ecliptic,  and  the  co- 
lures,  divide  the  globe  into  two  equal  parts.  Small 
circles,  as  the  tropics,  polar  circles,  parallels  of  lati- 
tude, &c.,  divide  the  globe  into  two  unequal  parts. 
Meridians,  or  lines  of  longitude,  are  semicircles,  ex- 
tending from  the  north  to  the  south  pole,  and  cutting 
the  equator  at  right  angles.  Every  place  upon  the 
globe  is  supposed  to  have  a  meridian  passing  through 
it,  though  there  be  only  24  drawn  upon  the  terres- 
trial globe ;  the  deficiency  is  supplied  by  the  brass 
meridian.  When  the  sun  comes  to  tEe  meridian  of 
any  place  (not  within  the  polar  circles),  it  is  noon 
or  mid-day  at  that  place.  The  first  meridian  is  that 
from  which  geographers  begin  to  reckon  the  longi- 
tudes of  places.  In  English  maps  and  globes,  the 
first  meridian  is  a  semicircle,  supposed  to  pass  through 
London,  or  the  Royal  Observatory  at  Greenwich. 
The  equator,  a  great  circle  of  the  earth,  equidistant 
firom  the  poles,  divides  the  globe  into  two  hemi- 
spheres, northern  and  southern.  The  latitudes  of 
places  are  reckoned  from  the  equator  northward  and 
southward,  and  the  longitudes  are  reckoned  upon  it 
eastward  and  westward.  The  equator,  when  re- 
ferred to  the  heavens,  is  called  the  equinoctial,  be- 
cause, when  the  sun  appears  in  it,  the  days  and 
nights  are  equal  all  over  the  world,  viz.  12  hours 
each,  llie  declination  of  the  sun,  stars,  and  planets, 
is  counted  from  the  equinoctial  northward  and  south- 
ward ;  and  their  right  ascensions  are  reckoned  upon 
it  eastward  round  the  celestial  globe,  from  0  to  360 
degrees. 

The  ecliptic  is  a  great  circle  in  which  the  sun 


makes  his  apparent  annual  progress  among  the  fixed 
stars.  It  is  the  real  path  of  the  earth  round  the 
sun.  The  points  at  which  the  ecliptic  intersects  the 
equator,  at  an  angle  of  23°  28',  are  called  the  efd- 
noctial  points :  the  ecliptic  is  situated  in  the  middle 
of  the  zodiac.  The  apparent  path  of  die  sun  is 
either  in  the  equinoctial,  or  in  lines  nearly  parallel  to 
it,  and  his  apparent  annual  path  may  be  traced  in 
the  heavens,  by  observing  what  particular  constella- 
tion in  the  zodiac  is  on  the  meridian  at  midnight; 
the  opposite  constellation  will  show,  very  nearly,  the 
sun's  place  at  noon  on  the  same  day.  The  zodiac 
on  the  celestial  globe  is  a  space  which  extends  about 
8°  on*  either  side  of  the  ecliptic.  Within  this  belt 
the  motions  of  the  planets  are  performed. 

The  ecliptic  and  zodiac  are  divided  into  12  equal 
parts,  called  signs,  each  containing  30° ;  and  the  sun 
makes  his  apparent  annual  progress  through  the 
ecliptic,  at  the  rate  of  nearly  a  degree  in  a  day.  The 
names  of  the  signs,  and  the  days  on  which  the  sun 
enters  them,  are  given  in  the  article  Ecliptic  The 
colures,  two  great  circles  passing,  one  through  the 
points  Aries  and  Libra  and  the  poles  of  the  world, 
the  other  through  Cancer  and  Capricorn  and  the 
poles  of  the  world,  have  their  uses  in  mechanical 
geography.  That  passing  through  Aries  and  Libra 
is  called  the  equinoctial  colure ;  that  passing  through 
Cancer  and  Capricorn,  the  solstitial  colure.  The 
tropics  are  two  smaller  circles,  each  23°  28'  from 
the  equator,  with  which  they  are  parallel ;  the  north- 
em  b  called  the  tropic  of  Cancer,  the  southern  the 
tropic  of  Capricorn.  The  tropics  are  the  limits  of 
the  torrid  zone,  northward  and  southward ;  and  widi- 
in  these  boundaries  alone  is  the  sun  ever  seen  ver- 
tical. The  polar  circles  are  two  small  circles,  pa- 
rallel to  the  equator  (or  equinoctial),  at  the  disUnce 
of  66^  32'  from  it,  and  23°  28'  from  the  poles,  Tbs 
northern  is  called  the  arctic,  the  southern  theoa/- 
arctic  circle.  Parallels  of  latitude  are  small  circles 
drawn  through  every  ten  degrees  of  latitude,  on  the 
terrestrial  -  globe,  parallel  to  the  equator.  Every 
place  on  the  globe  is  supposed  to  have  a  parallel  of 
latitude  drawn  through  it,  though  there  are  generally 
only  16  parallels  of  latitude  drawn  on  the  terrestrial 
globe.  The  hour  circle,  on  the  artificial  globe,  is  a 
small  circle  of  brass,  with  an  index  or  pointer  fixed 
to  the  north  pole.  The  hour  circle  is  divided  into 
24  equal  parts,  corresponding  to  the  hours  of  the 
day ;  and  these  are  again  subdivided  into  halves  and 
quarters.  The  horizon  is  a  great  circle,  which  sepa- 
rates the  visible  half  of  the  heavens  from  the  invisible ; 
the  earth  being  considered  as  a  point  in  the  centre  of 
the  sphere  of  the  fixed  stars. 

Horizon,  when  applied  to  the  earth,  is  either  sen- 
sible or  rational.  The  sensible  or  visible  horizon  is 
the  circle  which  bounds  our  view,  where  the  sky  ap- 
pears to  touch  the  earth  or  sea.  "The  sensible  horizon 
extends  only  a  few  miles ;  for  example,  if  a  man  of 
six  feet  high  were  to  stand  on  a  large  plane,  or  on  the 
surface  of  the  sea,  the  utmost  extent  of  his  view,  upoo 
the  earth  or  the  sea,  would  be  only  a  very  few  miles. 
The  rational  or  true  horizon  is  an  imaginary  plane* 
passing  through  the  centre  of  the  earth,  parallel  to 
the  sensible  horizon.  It  determines  the  rising  and 
setting  of  the  sun,  stars,  and  planets.  The  wooden 
horizon,  circumscribing  the  artificial  globe,  repre- 
sents the  rational  horizon  on  the  earth.  This  hori- 
zon is  divided  into  several  concentric  circles,  arranged 
in  the  following  order : — One  contains  the  32  point* 
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of  the  compass,  divided  into  half  and  quarter  points. 
The  degrees  in  each  point  are  to  be  found  in  the  am- 
plitude circle.  AnoUier  contains  the  12  signs  of  the 
zodiac,  with  the  figure  and  character  of  each  sign ; 
and  another  contains  the  days  of  the  month,  answer- 
ing to  each  degree  of  the  sun's  place  in  the  ecliptic, 
ai^  the  12  calendar  months. 

The  cardinal  points  of  the  horizon  are  east,  west, 
north,  and  south.  The  cardinal  points  in  the  hea- 
vens are  the  zenith,  the  nadir,  and  the  points  where 
the  sun  rises  and  sets.  The  cardinal  points  of  the 
ecliptic  are  the  equinoctial  and  solstitial  points,  which 
mark  out  the  four  seasons  of  the  year ;  and  the 
cardinal  signs  are,  T  Aries,  s  Cancer,  ^  Libra, 
and  yp  Capricorn.  The  zenith  is  a  point  in  the 
heavens  exactly  over  head,  and  is  the  elevated  pole  of 
our  horizon.  The  nadir  is  a  point  in  the  heavens 
exactly  under  our  feet,  being  the  depressed  pole  of 
our  horizon,  and  the  zenith  or  elevated  pole,  of  the 
horizon  of  our  antipodes.  The  pole  of  any  circle  is 
a  point  on  the  surface  of  the  globe,  90*'  distant  from 
every  part  of  the  circle.  Thus  the  poles  of  the  world 
arc  90^  from  every  part  of  the  equator ;  the  poles  of 
the  ecliptic  (on  the  celestial  globe)  are  90^  from 
every  part  of  the  ecliptic,  and  23°  28'  from  the  poles 
of  the  equinoctial ;  consequently  they  are  situated  in 
the  arctic  and  antarctic  circles. 

Every  circle  on  the  globe,  whether  real  or  imagin- 
ary, has  two  poles  diametrically  opposite  to  each 
other.  The  equinoctial  points  are  Aries  and  Libra, 
where  the  ecliptic  cuts  the  equinoctial.  The  point 
Aries  is  called  the  vernal  equinox,  and  the  point  Libra 
the  mttvmnal  equinox.  When  the  sun  is  in  either  of 
these  points,  the  days  and  nights  on  every  part  of  the 
globe  are  equal  to  each  other.  The  solstitial  points 
are  Cancer  and  Capricorn.  When  the  sun  enters  Can- 
cer, it  is  the  longest  day  to  all  the  inhabitants  on  the 
north  side  of  the  equator,  and  the  shortest  day  to 
those  on  the  south  side.  When  the  sun  enters  Capri- 
corn, it  is  the  shortest  day  to  those  who  live  in  north 
latitude,  and  the  longest  day  to  those  who  live  in 
south  latitude.  A  hemisphere  is  half  the  surface  of 
the  globe ;  for  every  great  circle  divides  the  globe  into 
two  hemispheres.  The  horizon  divides  die  upper 
from  the  lower  hemisphere  in  the  heavens  ;  the  equa- 
tor separates  the  northern  from  the  southern  on  the 
earth;  and  the  brass  meridian,  standing  over  any 
place  on  the  terrestrial  globe,  divides  the  eastern  from 
the  western  hemisphere.  The  latitude  of  a  place,  on 
the  terrestrial  globe,  is  its  distance  from  the  equator 
in  degrees,  minutes,  or  geographical  miles,  &c.,  and 
is  reckoned  on  the  brass  meridian,  from  the  equator 
towards  the  north  or  south  pole. 

The  quadrant  of  altitude  is  a  thin  piece  of  brass, 
divided  upwards  from  0  to  90°,  downward,  from  0  to 
18° ;  when  used,  it  is  generally  screwed  to  the  brass 
meridian.  The  upper  divisions  determine  the  dis- 
tances of  places  on  the  earth,  the  distances  of  the  ce- 
lestial bodies,  their  latitudes,  &c. ;  and  the  lower 
divisions  are  applied  to  finding  the  beginning,  the 
end,  and  duration  of  twilight.  The  longitude  of  a 
place,  on  the  terrestrial  globe,  is  the  distance  of  the 
meridian  of  that  place  from  the  first  meridian,  reck- 
oned in  degrees  and  parts  of  a  degree,  on  the  equator. 
Longitude  is  either  eastward  or  westward  according 
as  a  place  is  to  the  east  or  west  of  the  first  meridian. 
No  place  can  have  more  than  180°,  or  half  the  cir- 
cumference of  the  globe.     (See  Longitude.) 

Hour  circles  are  the  same  as  meridians*   Thev  are 


drawn  through  ever}'  15°  of  the  equator,  each  answer- 
ing to  an  hour.  The  brass  meridian  and  these  cir- 
cles always  correspond.  The  crepusculum,  or  twi- 
light, is  that  faint  light  which  we  perceive  before  the 
sun  rises  and  after  he  sets.  It  is  produced  by  the  rays 
of  light  being  refracted  in  their  passage  through  the 
earth's  atmosphere,  and  reflected  from  the  different 
particles  thereof.  The  twilight  is  supposed  to  end  in 
the  evening,  when  the  sun  is  18°  below  the  horizon. 
The  angle  of  position  between  two  places  on  the  ter- 
restrial globe  is  an  angle  at  the  zenith  of  one  of  the  ^ 
places,  formed  by  the  meridian  of  that  place,  and 
a  vertical  circle  passing  through  the  other  place* 
measured  on  the  horizon,  from  the  elevated  pole  to* 
wards  the  vertical  circle.  Rhumbs  are  the  divisions 
of  the  horizon  into  32  parts,  called  the  poinU  of  the 
compass*  We  subjoin  a  few  problems  illustrative  of 
the  use  of  the  globes. 

Problem  1. — To  Jind  the  latitude  of  any  place,-—- 
Rule.  Turn  the  globe  till  the  place  comes  to  the 
graduated  edge  of  the  brazen  meridian,  and  the  degree 
on  the  meridian  with  which  the  place  corresponds  is 
the'  latitude  north  or  south,  as  it  may  be  north  or 
south  of  the  equator. 

Problem  2. — To  find  the  longitude  of  any  place, — 
Rule.  Turn  the  globe  till  the  place  comes  to  the 
brazen  meridian,  and  the  degree  on  the  equator,  inter- 
sected by  the  brazen  meridian,  shows  the  longitude. 

Problem  3. — To  find  anyplace  on  the  globe,  having 
the  latitude  and  longitude  of  that  place  given. — ^Rule. 
Find  the  longitude  of  the  given  place  on  the  equator, 
bring  it  to  that  part  of  the  brass  meridian  which  is 
numbered  from  the  equator  towards  the  poles ;  and 
then,  under  the  given  latitude,  on  the  brass  meridian* 
you  will  find  the  place  required. 

Problem  4. — To  find  the  difference  of  latitude  of  any 
two  places, — Rule.  If  the  places  are  in  the  same 
hemisphere,  bring  each  to  the  meridian,  and  subtract 
the  latitude  of  the  one  from  that  of  the  other ;  if  in 
different  hemispheres,  add  the  latitude  of  the  one  to 
that  of  the  other,  and  the  sum  will  show  the  differ- 
ence of  latitude. 

Problem  S.—To  find  the  difference  of  longitude  be* 
tween  any  two  places, — Rule.  Bring  one  of  the  places 
to  the  brazen  meridian ;  mark  its  longitude ;  then 
bring  the  other  place  to  the  meridian,  and  the  num- 
ber of  degrees  between  its  longitude  and  that  of  the 
first  mark  is  the  difference  of  longitude.  When  this 
sum  exceeds  180°,  take  it  from  360°,  and  the  re- 
mainder will  be  the  difference  of  longitude. 

Problem  6. — To  find  the  distance  between  two  places. 
— Rule.  When  the  distance  is  less  than  90°,  lay  the 
quadrant  of  altitude  over  both  the  places ;  so  that 
the  division  marked  O  may  be  on  one  of  the  places  ;  7 
then  the  degree  cut  by  the  other  place  will  show  the 
distance  in  degrees.  Multiply  these  degrees  by  69i, 
and  the  product  will  be  the  distance  in  English  miles. 
The  distance  between  two  places,  with  £e  angle  of  ' 
position,  may  be  found,  at  the  same  time,  in  the  fol- 
lowing manner:  Elevate  the  globe  for  one  of  the 
places,  bring  it  to  the  meridian,  screw  the  quadrant 
of  altitude  over  it ;  then  move  the  quadrant  till  it 
come  over  the  other  place,  and  observe  what  degree 
of  it  this  last  place  cuts.  Subtract  this  distance  from 
90°,  and  the  remainder  will  be  the  distance  in  degrees. 
The  quadrant  of  altitude,  on  the  horizon,  will  now 
show  the  angle  of  position.  When  the  distance  is 
greater  than  90^,  find  the  antipodes  of  one  of  the 
places*  and  measure  the  distance  between  this  and  the 
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otner  place  with  the  qoidrant  of  altitade.  Sabtract 
this  distance  from  180,  and  the  remainder  will  be  the 
whole  distance  required.  Whtn  the  angle  ofpoiiHon  is 
required,  this  case  may  be  performed  thus :  1.  Elevate 
the  globe  for  the  antipodes  of  one  of  the  places,  and, 
having  fixed  the  quadrant  over  it,  bring  its  edge  over 
the  other  place,  and  add  the  degree  cut  by  it  to  90^, 
and  the  sum  wiH  be  the  distance  required.  2.  Hie 
quadrant  will  show  the  position ;  only,  west  must  be 
read  for  east;  east  for  west ;« north  for  south;  and 
south  for  nor^ 

Problem  7* — The  homr  being  given  at  ang  place,  to 
Jtnd  what  hour  it  i$  in  ang  other  part  ^  the  unn-ld,-^ 
Rule.  Bring  the  place,  at  which  tke  time  is  given,  to 
the  meridian ;  set  the  index  to  the  ginen  hour ;  then 
torn  the  globe  till  the  other  place  comes  to  the  meri- 
dian, and  the  index  will  show  the  time  required. 

The  earth  turns  round  on  its  axis  from  the  west 
towards  the  east,  and  caused  a  different  part  of  its 
surface  to  be-  successively  presented  to  the  sim. 
When  the  meridian  of  any  place  is  directly  opposite 
to  the  sun,  it  is  then  noon  to  all  places  on  that  meri- 
dian. Meridians  towards  the  east  come  opposite  to 
the  sun  sooner  than  those  towards  the  west ;  and 
hence  the  people  there  have  noon  mudi  sooner,  and 
all  the  other  hours  of  the  day  will  be  proportionably 
advanced.  The  earth  takes  24  hours  to  turn  on  its 
axis,  and  the  rate  at  which  it  turns  every  hour  may  be 
found,  by  dividing  360^  by  24 ;  the  quotient,  15,  is 
the  number  of  degrees  the  earth  turns  in  an  hour. 
Hence  it  is  that  a  place  lying  IS*'  to  the  east  of  an- 
other will  have  noon  one  hour  sooner ;  if  it  is  SO*'  or 
45^,  it  will  have  noon  two  or  three  hours  sooner 
than  the  odier ;  and  so  on,  in  die  same  proportion, 
for  all  places  faither  removed.  Places  that  are  situate 
16<»,  30®,  or  45<»,  to  the  west  of  that  place  at  which 
it  is  noon,  will  have  noon  one,  two,  or  three  hours 
later ;  and  so  on,  in  the  same  proportion. 

Problem  8.— Tb  adjust  the  globe  for  the  latitude^ 
zenith,  and  eun's  plaee.^-Kuie.  For  Uie  latitude :  ele- 
Tate  the  pole  above  the  horizon  according  to  the  lati- 
tude of  the  place,  and  the  globe  wiU  be  adjusted  for 
the  latitude.  For  the  lenith :  screw  the  quadrant  of 
altitude  on  the  meridian,  at  the  given  degree  of  lati- 
tude, counting  from  the  equator  towards  the  elevated 
pole,  and  the  globe  will  be  rectified  for  the  zenidi. — 
For  the  sun's  place:  find  the  sun's  place  on  the  hori- 
zon, and  then  bring  the  place  which  conresponds 
thereto,  found  on  the  ecliptic,  to  the  meridian,  and 
set  the  hour  index  to  12  at  noon;  then  will  the  globe 
be  adjusted  for  the  sun's  place. 

Problem  9.— lb  find  the  sun's  decima/fon.— Rule. 
Bring  the  sun's  place  for  the  given  day  to  the  brass 
meridian,  and  the  degree  over  it  will  be  the  declina- 
tion sought;  or  bring  the  day  of  the  month  marked 
on  the  analemma  to  the  brass  meridian,  and  the  de- 
gree over  it  will  be  the  declination,  as  before.  1 .  The 
declination  of  the  sun  beii^  its  distance  nortii  or 
south  from  the  equator,  this  problem  is  exactly  the 
same  as  that  for  finding  the  latitude  of  a  place.  2. 
The  greatest  north  decimation,  23^  28',  is  when  the 
sun  enters  Cancer,  June  21st  The  greatest  south 
declination,  23^  28',  is  when  it  enters  Capricorn, 
December  21st. 

Problem  10. — To  find  the  sun's  rising  and  setting  for 
a  given  dag  at  a  given  place, — Rule.  Elevate  the  globe 
for  the  sun's  declination ;  bring  the  given  place  to 
the  meridian  ;  set  the  index  to  12,  and  turn  the  globe 
till  the  given  place  comes  to  the  eastern  «dge  of  the 


horizon ;  then  the  index  will  show  the  time  of  die 
sun's  rising.  Next  bring  the  given  place  to  the  western 
edge  of  the  horizon,  and  the  index  will  show  the  hour 
at  which  the  sun  sets.  If  the  hour  circle  hare  a 
double  row  of  figures,  make  use  of  that  which  in- 
creases towards  the  east ;  the  sun's  rising  and  setting 
may  then  be  found  at  once,  by  bringing  the  place 
only  to  tke  eastern  edge  of  the  horizon ;  for  the  mdex 
will  point  on  one  row  to  the  hour  of  rising;  and  on 
the  other  (that  which  increases  towards  the  west)  to 
the  hour  of  setting.  Bg  this  problem  mag  be  found 
the  length  </  the  dag  and  night.  Double  the  time  of 
the  sun's  setting,  and  it  will  give  the  length  of  the 
day.  Double  the  time  of  the  sun's  rising,  and  it  wifl 
give  the  length  of  the  night. 

Problem  11. — 7b  find  all  those  places  in  the  torrid 
gone  to  which  the  sun  is  vertical  on  a  given  dag. — Rule. 
Find  the  sun's  place  for  the  given  day,  bring  it  to  the 
meridian,  mark  the  declination,  and  turn  the  globe 
round,  when  all  those  places  which  pass  under  that 
mark  of  the  meridian,  will  have  the  sun  vertical  on 
the  given  day.  By  the  analemma,  bring  the  day  of 
the  month,  marked  upon  the  analemma,  to  the  brazen 
meridian,  and  mark  the  declination ;  then  the  places 
will  be  found  as  above. 

Problem  12.— The  dag,  hour,  and  place  being  given^ 
to  find  at  what  places  of  the  earth  the  sun  is  then  rising 
and  setting,  where  it  is  noon,  and  where  midmght. — 
Rule.  Find  the  place  to  which  the  sun  is  vertical  at 
the  given  hour,  bring  the  same  to  the  meridian,  and 
adjust  the  globe  to  a  latitude  equal  to  the  sun's  de- 
clination. Then,  to  all  places  under  the  western  side 
of  the  horizon,  the  sun  is  rising ;  to  those  above  the 
eastern  horizon,  the  sun  is  setting ;  to  all  those  under 
the  upper  half  of  the  brazen  meridian,  it  b  noon ;  and 
to  all  those  under  the  lower  half,  it  is  midnight. 

Problem  13. — 7b  show,  bg  the  globe,  the  cause  <f 
dag  and  night. — ^The  sun  shmes  upon  Uie  earth,  and 
illuminates  that  half  only  which  is  turned  towards 
him :  the  other  half  is  in  darkness.  But,  as  the  earth 
turns  round  on  its  axis  from  west  to  east  once  in  24 
hours,  every  meridian  upon  the  earth  will,  in  that 
time,  successively  be  presented  to  the  sun,  and  be 
deprived  of  its  light  again.  Rule.  Elevate  Uie  globe 
for  the  sun's  declination,  so  that  the  sun  may  be 
in  the  zenith,  and  the  horizon  will  be  the  tennina- 
tor,  or  boundary  circle,  of  hght  and  darkness :  that 
half  of  the  earth  above  the  horizon  enjoys  lig^t; 
that  half  below  the  horizon  will  be  in  darkn^». — 
Put  a  patch  upon  a  globe,  to  represenf  any  place, 
turn  the  globe  round  from  west  to  east,  and,  when 
the  place  comes  to  the  western  side  of  the  horizon, 
the  sun  appears  to  the  inhabitants  of  that  place  to 
be  rising  in  the  east ;  but  it  is  more  properly  the  in- 
habitants of  that  place  rising  in  the  west.  Go  on 
to  turn  the  globe  round,  and  the  place  will  as- 
cend higher  towards  the  meridian  m  a  contrary 
direction.  When  the  place  has  arrived  at  the  meri- 
dian, it  will  then  be  noon  there,  and  the  sun  will  be 
at  his  greatest  altitude  for  that  day.  Continue  to 
turn  the  globe,  and  the  place  will  gradually  recede 
from  the  meridian,  and  decline  towards  the  eastern 
horizon,  which  will  cause  the  appearance  of  the  sun 
descending  towards  the  west.  When  the  place  has 
arrived  at  the  eastern  horizon,  as  it  is  then  going 
below  the  boundary  of  light  and  darkness,  the  sun 
will  appear  to  be  setting  in  the  west.  The  place  beuDg 
now  at  a  greater  distance  than  90^  from  that  point 
where  the  sun  is  vertical  is  deprived  of  his  li^it. 


and  continues  in  darkness  till,  by  the  rerolntion  of 
the  earth,  it  arrives  again  at  the  western  horizon,  when 
the  snn  will  appear  to  rise  as  before.  The  sub  is 
obvionsly  rising  at  the  same  time  to  all  places  on 
the  western  side  of  the  horizon,  and  setting  at  the 
same  time  to  all  places  on  the  eastern  side  of  the 
horizon. 

Problem  14. — 7b  show,  bff  ike  globe,  tho  eatue  of 
the  varietf  of  the  eeaaons. — ^When  the  sun  is  in  the 
equator,  tiie  horizon  will  represent  the  terminatsr,  or 
boundary  cirde  of  li^ht  and  darkness ;  and,  the  poles 
being  made  to  coincide  with  it,  we  shall  have  a  fair 
representation  of  the  two  seasons^  spring  and  antnmn ; 
Ibr,  its  rays  then  extending  90°  every  way  from  the 
vertical  pomt,  both  poles  will  be  illuminated.  When 
the  sun  is  in  the  tropic  of  Cancer,  being  23  ^^  farther 
to  the  north  than  before,  his  rays  will  extend  23  i°  be- 
yond the  north  pole,  on  the  opposite  meridian :  they 
will  not,  however,  reach  the  south  pole  by  23^®;  they 
will  extend  to  the  antarctic  only,  being  90°  distant 
from  the  tropic  of  Cancer :  hence,  to  make  the  horizon 
the  terminator  in  this  case,  ihe  north  pole  must  be 
elevated  23  i°  above  the  horizon,  and  we  shall  have 
the  summer  season  to  Europeans. 

When  the  sun  is  in  the  tropic  of  Capricorn,  the 
reverse  of  this  takes  place ;  for  the  sun's  rays  then 
extend  23  i°  beyond  die  south  pole,  <m  the  opposite 
meridian,  and  only  as  far  north  as  the  arctic  circle : 
hence,  to  make  the  horizon  the  terminator  in  this 
case,  the  south  pole  must  be  elevated  23  i°  above  the 
horizon,  and  we  shall  have  the  winter  season  to 
Europeans.  The  problems  thus  gi?en  are  only  to  be 
considered  as  specimens  of  what  may  be  performed. 
On  the  terrestrial  globe,  Butler  describes  67;  while, 
on  the  celestial  sphere,  the  number  and  variety  are 
still  much  greater.  It  is  said  that  Anaximander  of 
Miletus,  a  pupil  of  Thales,  who  flourished  about  the 
50th  Olympiad  (580  B.  C),  invented  the  terrestrial 
globe.  That  Ptolemy  had  an  artificial  globe,  with 
the  universal  meridian,  appears  from  his  Almageet. 
The  ancients  likewise  made  celestial  globes.  Among 
the  modems,  several  have  distinguished  themselves 
in  the  construction  of  globes.  The  Venetian  Coronelli 
(who  died  1718)  prepared,  in  1683,  with  the  assist- 
ance of  Claudius  Molinet  and  other  Parisian  artists, 
a  terrestrial  globe,  for  Louis  XIV.,  twelve  Parisian 
feet  in  diameter.  The  same  artist  made  a  celestial 
,%^  globe  of  the  same  size.  Funk,  in  Leipsic,  published 
in  1780  m<Klels  in  the  form  of  cones  (coniglobia),  as 
substitutes  for  celestial  globes.  These  cones  may  be 
made  almost  as  serviceable  as  globes,  and  are  incom- 
parably cheaper.  Some  of  the  best  modem  globes 
are  those  made  since  1790,  at  Nuremberg,  after  the 
direction  of  the  famous  observer  Bode.  Newton's 
globes  are  very  good.  Globes  have  been  lately 
made  in  this  country,  for  the  use  of  learners,  with 
nothing  but  the  meridians  and  parallels  of  latitude 
drawn  indelibly  on  them.  They  are  covered  with  a 
substance  on  which  drawings  can  be  made  with  a 
slate  pencil,  and  easily  efiieured.  In  the  United  States, 
white  giob^  have  been  prepared,  on  which  the  pupil 
can  draw  with  a  black-lead  pencil,  and  rab  out  me 
work  at  pleasure.  Either  sort  must  be  highly  useful 
in  schools  where  geography  is  carefully  studied. 

Among  the  most  remarkable  globes  in  existence,  that 
of  Gottorp,  in  the  Academy  of  Science  of  Petersburg, 
is  worthy  of  notice.  This  is  a  large  concave  sphere, 
eleven  feet  in  diameter,  containing  a  table  and  seats 
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sents  Uie  visible  phennmeia  of  the  heavens.  The 
stars  are  distinguished  by  gilded  nails,  according  to 
their  respective  magnitudes,  and  arranged  in  groups, 
as  the  different  constellations  require.  The  outside 
b  a  terrestrial  globe,  representing  the  land  and  water 
on  the  surface  of  the  earth.  It  is  called  the  alobe  qf 
Gottorp,  from  being  substituted  for  one  originally 
made  m  that  place,  which,  with  inconceivable  labour, 
was  conducted  upon  rollers  and  sledges,  over  snow, 
and  through  forests,  to  Riga,  and  thence  by  sea  to 
Petersburg.  In  1751,  it  was  consumed  by  fire,  and 
from  its  iron  plates  and  materials  the  present  globe 
was  made.  But,  large  as  these  globes  are,  they  be- 
come diminutive  when  compared  with  the  sphere 
constmeted  by  the  late  Doctor  Long.  This  is  eigh- 
teen feet  in  diameter ;  and  it  will  enable  thirty  per- 
sons to  sit  within  its  concavity,  without  any  incon- 
venience. The  entrance  is  over  the  south  pole,  by 
six  steps.  This  wonderful  machine  stands  in  Pem- 
broke Hall,  in  the  University  of  Cambridge.  All  the 
constellations  and  stars  of  the  northern  hemisphere, 
visible  at  Cambridge,  are  painted  upon  plates  of 
iron,  which,  joined  together,  form  one  concave  sur- 
face. Unfortunately,  it  is  now  very  much  damaged. 
There  is  a  terrestrial  globe  exhibiting  in  Pkris,  sixty 
feet  in  diameter,  admirably  executed :  it  will  contain 
100  persons.   It  cost  5000^ 

Tie  Celeetial  Globe,  Hie  general  definitions  given 
of  the  terrestrial  globe  apply  also  to  the  celestial,  the 
various  circles  of  which  are  more  aptly  illustrated  by 
the  armillary  sphere,  which  is  well  adapted  to  give 
youth  just  notions  of  those  imaginary  circles  which 
astronomers  have  applied  to  what  is  vulgarly  called 
the  concave  epkere  qf  the  heavem;  but,  by  means  of 
those  circles,  we  investi^te.  with  the  nicest  accuracy, 
the  motions  of  the  celestial  bodies.  Hiere  are  six  great 
circlesof  Uie  sphere,  which  require  particular  attention, 
and  on  this  account  we  may  briefly  recapitulate  their 
general  arrangement.  They  are  the  horizon,  the  me- 
ridian, ihe  equator,  the  ecliptic,  the  equinoctial  colore, 
and  the  solstitial  colore.  The  sphere  is  contained  in  a 
frame,  on  the  tqp  of  which  is  a  broad  circle,  represent- 
ing the  meridian.  It  is  suspended  on  two  pins,  at 
opposite  points  of  the  meridian.  These  pins  are  a 
continuation  of  the  axis  of  the  sphere  both  ways,  and, 
as  the  sphere  tums  round  upon  them,  they  are  con- 
sidered as  poles,  north  and  south.  The  equator  goes 
round  the  sphere,  exactly  in  the  middle,  between  the 
two  poles.  The  ecliptic,  the  colures,  the  tropics, 
and  polar  circles,  have  been  already  defined,  and  are 
easily  discovered. 

The  horizon  is  graduated,  according  to  the  division 
of  the  circle,  into  quadrants  and  degrees ;  and,  to 
refer  celestial  objects  to  the  horizon,  we  have  also  the 
points  of  the  compass  laid  down.  Hence  the  ampli- 
tude, or  distance,  of  heavenly  bodies,  from  the  east 
and  west  points,  and  their  azimuth,  or  distance  frt>m 
the  meridian,  are  reckoned  on  the  horizon  of  the  ar- 
millary sphere.  The  graduation  of  the  eqtiator  en- 
ables us  to  fix  the  right  ascension  of  celestial,  and  the 
longitude  of  terrestrial  objects.  The  graduation  of 
the  ecliptic  serves  to  indicate,  in  the  armillary  sphere, 
the  latitude  and  longitude  of  celestial  bodies.  The 
colures  are,  in  a  manner,  the  limits  of  the  year,  point- 
ing out  the  seasons  by  the  two  opposite  points  of 
the  ecliptic.  The  hour  circle  tells  us  in  what  time 
any  motion  of  the  earth,  in  the  centre,  is  performed. 
In  fine,  many  details  of  the  science  may  be  pleas- 


for  twelve  persons,  to  whom  the  inside  surface  repre- 1  ingly  and  popularly  illustrated  by  this  contrivance. 
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By  placing  small  patches  of  paper  on  ^e  different  1  visible  in  the  mommg,  after  having  been  so  aesr  die 


circles,  to  represent  stars,  we  perceive,  that  those 
which  are  farthest  from  the  poles  will  describe  the 
greatest  circles ;  and  that  tiie  greatest  circles'  are  de- 
scribed by  those  stars  situated  in  the  celestial  equator. 
A  star  has  acquired  its  greatest  elevation  when  it 
comes  to  the  upper  semicircle  of  the  meridian,  and  its 
greatest  depression  when  it  is  at  the  lower  circle 
of  the  meridian :  the  meridian  bisects  its  arc  of  ap- 
parition. Some  circles  of  revolution  are  wholly  above, 
others  entirely  below,  the  horizon;  therefore  the 
patches  on  those  circles  show  us  which  stars  descend 
below,  or  which  never  ascend  above  the  horizon. — 
And  any  object,  whose  circle  of  revolution  is  on  the 
same  side  df  the  equator  with  the  elevated  pole,  is 
longer  visible  than  it  is  invisible ;  the  contrary  holds 
true  if  it  be  on  the  other  side  of  ihe  equator. 

The  follovnng  definitions  are  more  immediately  ap- 
plicable to  the  celestial  globe :  The  declination  of  the 
«un,  of  a  star,  or  planet,  is  its  distance  from  the  equi- 
noctial, northward  or  southward.  When  the  sun  is 
in  the  equinoctial,  he  has  no  declination,  and  en- 
lightens half  the  globe,  from  pole  to  pole.  As  he 
increases  in  north  declination,  he  gradually  shines 
finrther  over  the  north  pole,  and  leaves  the  south  pole 
in  darkness :  in  a  similar  manner,  when  he  has  a 
south  declination,  he  shines  over  the  south  pole,  and 
leaves  the  north  pole  in  darkness.  The  greatest  de- 
clination the  sun  can  have  is  23^  28' ;  Uie  greatest 
declination  a  star  can  have  is  90^,  and  that  of  a 
planet  30^  28',  north  or  south.  The  latitude  of  a  star, 
•or  planet,  is  its  distance  from  the  ecliptic,  north  or 
«outh,  reckoned  towards  the  pole  of  the  ecliptic,  on 
the  quadrant  of  altitude.  Some  stars,  situate  in  and 
about  the  pole,  have  90^  of  latitude ;  the  planets  have 
only  8^ ;  and  the  sun,  being  always  in  the  ecliptic, 
has  no  latitude.  The  longitude  of  a  star,  or  planet, 
is  reckoned  by  the  degrees  of  the  ecliptic,  from  the 
point  Aries  round  the  globe.  On  the  celestial  globe, 
the  longitude  of  the  sun  corresponds  with  the  sun's 
place  on  the  terrestrial  globe. 

Hie  right  ascension  of  the  sun,  of  a  star,  is  that 
degree  of  the  equinoctial  which  rises  with  the  sun, 
or  a  star,  in  a  right  sphere,  and  is  reckoned  from  the 
equinoctial  point  Aries  eastward  round  the  globe. 
Oblique  ascension  of  the  sun,  or  a  star,  is  that  de- 
gree of  the  equinoctial  which  rises  with  the  sun,  or  a 
star,  in  an  oblique  sphere,  and  is  likewise  counted 
from  the  point  Aries  eastward  round  the  globe. 
Oblique  descension  of  the  sun,  or  a  star,  is  that  de- 
gree of  the  equinoctial  which  sets  with  Uie  sun,  or  a 
star,  in  an  oblique  sphere.  The  ascensional  or  de- 
Bcensional  difference  is  the  difference  between  the 
right  and  oblique  ascension,  or  the  difference  between 
the  right  and  oblique  descension ;  and,  with  respect 
to  the  sun,  it  is  the  time  he  rises  before  six  in  the 
spring  and  summer,  or  sets  before  six  in  the  autumn 
and  winter.  The  angle  of  position  of  a  star  is  an  an- 
gle formed  by  two  great  circles  intersecting  each 
other  in  the  place  of  the  star,  the  one  passing  through 
the  pole  of  the  equinoctial,  the  other  through  ti^e 
pole  of  the  ecliptic. 

The  poetical  rising  and  setting  of  the  stars  is  so 
called  because  the  ancient  poets  referred  the  rising 
and  setting  of  the  stars  to  the  sun.  When  a  star 
rose  with  the  sun,  or  set  when  the  sun  rose,  it 
was  said  to  rise  and  set  comucaUy,  When  a  star 
rose  at  sunsetting,  or  set  with  the  sun,  it  vras  said  to 
rise  and  set  aehromcaUy.    When  a  star  first  became 


sun  as  to  be  hid  by  the  splendour  of  his  rays,  it  wm 
said  to  rise  heliaeattjf ;  and  when  a  star  fint  became 
invisible  in  the  evening,  on  account  of  its  nearness 
to  the  sun,  it  was  said  to  set  heliacalb/.  A  constel- 
lation is  an  assemblage  of  stars,  on  the  surface  of 
the  celestial  globe,  circumscribed  by  the  outlines  of 
some  assumed  figure,  as  a  bull,  a  bear,  a  lion,  &c 
This  divbion  of  die  stars  into  constellatioDS  diiedi 
us  ta  any  part  of  the  heavens  where  a  particalar 
star  is  situated.  The  zodiacal  constellations  are  13 
in  number ;  the  northern  constellations  41,  and  the 
southern  46,  making  in  the  whole  99.  The  largest 
stars  are  called  9tan  qf  the  fint  magnitude.  Those 
of  the  sixth  magnitude  are  the  smallest  that  can  be 
seen  by  the  naked  eye. 

Sir  John  Byerley  has  recently  introduced  into 
England  a  globe  of  a  new  and  important  character, 
invented  by  M.  Guesney,  an  advocate  of  Coutances 
in  Normandy,  and  described  by  him  in  a  work  en- 
titled, Mowemeni  Heliaque,  Paris,  1825.  Many  of 
the  more  important  phenomena  of  geology  and  phy- 
sical geography  have  given  birth  to  the  wildest 
theories.  M.  G.  being  \&dL  to  regard  them  as  produced 
by  the  precession  of  the  equinoxes  (see  Pbkcbssioic), 
attempted  their  solution  on  scientific  bases.  Unfor- 
tunately, M.  G.  is  a  sworn  enemy  of  the  Newtonian 
system,  and,  while  his  whole  theory  is  grounded  on 
the  precession  of  the  equinoxes,  he  denies  the  caoie 
of  that  precession,  and  affirms  that  the  earth  is  per- 
fectly spherical!  His  work  abounds  with  errors 
quite  as  easy  to  refute,  but  he  has  the  great  and  ex- 
clusive merit  of  having  first  had  the  idea  of  constract- 
ing  a  terrestrial  globe  in  harmony  with  the  celestiil, 
by  tracing  the  system  of  the  ecliptic  upon  it,  as  upon 
the  celestial  globe. 

We  may  here  observe,  that  the  whole  of  the  ap- 
pearances in  the  heavens  are  to  be  referred  to  the  two 
motions  of  the  earth.  The  polar  star  is  not  polar  to 
any  planet  but  our  own ;  and  the  poles  of  the  ecliptic 
in  the  folds  of  Draco  and  in  the  Dorado  are  only  so  in 
reference  to  the  earth.  The  axes  of  the  world,  as  they 
are  called,  or  those  of  the  ecliptic  and  the  equator, 
are  two  lines  crossing  each  other  in  the  centre  of  the 
earth,  at  an  angle  of  23^  28',  and  extending  to  the 
heavens ;  but,  we  repeat  it,  they  do  not  pass  throng 
the  centres  of  any  other  planets ;  and  are,  therefoie^ 
to  be  referred  to  the  earth  alone. 

The  points  where  these  lines  pass  through  the 
surface  of  the  earth  are  the  poles  on  whicH  its  motions 
are  performed,  the  movement  of  rotation,  or  diurnal 
motion,  on  the  poles  of  the  equator,  and  the  move- 
ment of  translation,  or  annual  motion,  on  the  poles  of 
the  ecliptic.  M.  Guesney's  great  difficulty  was,  to 
fix  the  seat  of  the  poles  of  the  ecliptic  on  Uie  terres- 
trial globe.  In  this  he  received  no  aid  from  astro- 
nomers, who  declare  the  ecliptic  to  be  a  circle  in  the 
heavens,  and  to  have  no  reference  whatever  to  the 
earth,  forgetting  that,  as  the  plane  of  the  ecliptic 
passes  through  the  centre  of  the  earth,  it  mint  ait 
its  surface  somewhere:  to  determine  those  points, 
then,  and  consequently  the  poles  of  the  terrestrial 
ecliptic,  was  the  object  of  M.  Guesney.  He  found 
that  the  magnetic  needle  and  its  dip  were  both  di- 
rected to  one  point  on  the  globe  near  the  polar  circle 
at  the  back  of  Iceland,  precisely  on  the  first  meridian 
adopted  by  order  of  Louis  XIII.,  passing  through 
the  island  of  Ferro.  He  found  tiiat,  by  supposing 
the  seat  of  the  pole  of  the  ecliptic  there,  it  gave  t 
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satisfactoiy  solution  of  many,  hitherto  inexplicable 
phenomena ;  he  therefore  fixed  it  there  by  approxi- 
mation. Sir  J.  B.  appears  to  be  the  only  scien- 
tific person  who  has  taken  the  trouble  to  sift  the 
wheat  from  the  chaff,  and  on  this  basis  to  erect  a 
theory  embracing  the  principal  phenomena.  Not, 
however,  satisfied  with  approximation,  where  mathe- 
matical accuracy  was  evidently  attainable,  he  endea- 
voured to  ascertain  precisely  the  poles  of  the  terres- 
trial ecliptic,  when,  fortunately,  he  found  that 
Laplace,  pursuing  another  object,  had  already  solved 
the  problem. 

To  avoid  the  confusion  of  every  maritime  nation 
using  a  different  first  meridian,  Laplace  wished  them 
to  take  that  "  of  which  the  midnight  corresponds 
with  the  instant  when  the  great  axis  of  the  ecliptic 
is  perpendicular  to  the  right  line  of  intersection  of 
the  equator  and  ecliptic,  which  meridian  is  166^ 
46'  12"  east  of  Paris,"  or  16^^  6'  27*^  east  of  Green- 
wich Observatory. 

On  the  authority,  therefore,  of  the  greatest  astro- 
nomer of  any  age.  Sir  J.  B.  has  had  a  terrestrial 
globe  prepared  by  Mr.  Nev^on,  with  the  system  of 
the  ecliptic  described  on  the  poles  as  fixed  by  La- 
place ;  the  north  pole  of  the  ecliptic  being  in  the 
polar  circle,  and  the  winter  solstitial  colure,  or  first 
meridian,  10**  53'  33"  west  of  Greenwich.  A  circle 
drawn  from  this  pole  as  a  centre,  on  a  radius  of 
23^  28',  will  pass  through  the  pole  of  the  earth,  and 
trace  its  line  of  motion  round  the  pole  of  the  ecliptic, 
in  25,920  years. 

This  revolution  of  the  pole  of  the  equator  round 
that  of  the  ecliptic  is  admitted  by  all  astronomers  to 
take  place  in  the  keavenst  but  not  in  the  earth.  They 
admit,  too,  that  the  axis  of  the  ecliptic  is  fixed  and 
immovable,  the  ecliptic  being  so  ;  but  they  have  not 
yet  shown  how  a  right  line  intersecting  another  fixed 
right  line  at  a  given  angle  shall  move  round  the 
latter  at  its  extremity,  and  not  at  a  given  distance 
from  the  point  of  intersection !  Assuming,  then, 
that  the  pole  of  the  equator  rovolves  round  the  pole 
of  the  terrestrial  ecliptic,  it  remains  to  show  a  few  of 
the  terrestrial  effects  of  such  motion. 

By  inspection  of  the  globe,  we  find  that  the  pole 
of  the  equator  is  now  at  nearly  its  greatest  distance 
from  western  Europe;  that  it  is  advancing  at  the 
rate  of  about  394  yards  annually  on  North  America, 
and  will  pass  through  Lancaster  Straits,  Hudson 
Straits,  over  Resolution  Isle,  enter  Europe  at  Cape 
Flnisterre,  pass  over  Bilbao  and  the  northern  frontier 
of  Spain,  through  France  over  Toulouse,  through 
Lombardy  over  Milan,  through  Germany  over  Vienna, 
and  pass  into  Russia  over  Moscow,  &c.  &c  It  is 
found  that  the  solstitial  colures  are  almost  entirely 
in  the  ocean,  cutting  only  a  small  portion  of  western 
Africa  and  a  portion  of  Kamtschatka,  and  proceeding 
without  interruption  until  they  meet  the  lower  part 
of  New  Zealand. 

On  inspecting  the  globe  farther,  we  find  that 
Kamtschatka  was,  at  a  given  period,  within  the  tro- 
pics, which  accounts  for  trc^ical  fossils  being  found 
m  the  polar  regions  ;  and  that  the  Oural  Mountains 
were  formerly  in  the  latitude  of  Mexico,  which  ex- 
plains why  the  precious  metals  are  found  in  such 
high  latitudes,  and  why  the  same  precious  stones 
are  found  in  Mexico  and  the  Oural  Mountains.  We 
find  also  that  the  direction  of  the  straits  in  the  higher 
latitudes  ran  from  west  to  east,  or  in  the  direction 
of  the  waters  of  the  pole.    The  debris  of  mountains 


are  found  in  the  same  direction  in  Ki^land,  France, 
Italy,  Scandinavia,  &c.  The  plains  of  Lombardy 
are  covered  with  Alpine  debris,  and,  in  Scandinavia, 
masses  of  50,000  tons  have  been  transported  (Dr. 
Buckland  fancies  on  the  back  of  an  iceberg)  by  the 
immense  force  of  the  Polar  Ocean. 

The  radius  of  the  earth  at  the  equator  is  about 
65,000  feet  greater  than  the  polar  radius,  owing  to 
the  centrifugal  force  (which  is  as  the  radii  of  the 
parallels   of   latitude).      And,  as   the  pole    moves 
through  46*^  56'  of  latitude  in  12,960  years,  in  that 
lapse  of  time  one  part  of  the  equator  villi  be  carried 
46°  56'  into  the  southern  hemisphere.  At  that  period 
all  western  Europe  will  be  buried  under  the  waters 
of  the   pole  (forming  the   period  of  a  deluge),  as 
it  was  at  three  distinct  periods,  at  intervals  of  nearly 
26,000  years;  which  ascertains  the  existence  of  the 
globe  in  its  present  state  (which  was  probably  its 
primitive)    for  70,000  years.     This  change  of'^  the 
plane  of  the  equator  is  probably  the  cause  of  all  the 
great  phenomena ;  it  changes  the  latitude  from  polar 
to  tropical  regions,  and  thus  renders  a  change  in  the 
action  of  the  centrifugal  force ;  and,  from  whatever 
part  the  pole  is  receding,  the  centrifugal  force  is  in- 
creasing, which  produces  an  alteration  of  surface; 
in  whatever  place  it  is  advancing  there  is  a  conse- 
quent depression.    There  is  thus  a  daily  tendency  to 
elevation  in  some  parts,  and  to  depression  in  others ; 
and  to  this  cause  Sir  J.  B.  attributes  earthqusjces  and 
volcanic  action.    According  to  this  theory,  as  the 
elevation  and  depression  must  be  greatest  in  the  direc- 
tion of  the  motion  of  the  pole,  so  ought  the  degree  of 
volcanic  action  to  be.  On  inspecting  the  globe,  we  find 
this  to  be  the  case,  and  that  volcanic  action  is  greatest 
on  the  meridians  of  South  America  and  the  Philip, 
pine  Isles.     Where  no  elements  of  combustion  exist 
we  have  eruptions  of  mud,  &c. 

The  difference  between  the  earth's  radius  at  the 
equator  and  at  45°  is  5340  French  toises,  or  about 
33,000  English  feet.  Now,  the  equator  changing  its 
position  nearly  47"*,  it  follows  that  in  the  solstitial 
colure  the  present  position  of  the  equator  vrill  be  de- 
pressed at  least  33,000  feet.  This  will  readily  ac- 
count for  marine  fossils  being  found  in  Chimborazo, 
15,500  feet  above  the  surface  of  the  ocean. 

The  above  is  a  brief  outline  of  the  system  to  which 
Sir  John  Byerley  intends  shortly  to  call  the  attention 
of  the  public.  He  courts  inquiry ;  for,  if  the  theory 
be  well  founded,  it  will  entirely  remodel  the  science 
of  physical  geography ;  and,  on  this  account,  we  have 
requested  Sir  John  to  furnish  us  with  the  preceding^ 
abstract  of  his  theory,  which  our  confined  limits  must 
render  naturally  imperfect. 

Glottis  (from  yXttrrat  the  tongue) ;  the  superior 
opening  of  the  larynx  at  the  bottom  of  the  tongue. 

Glucinb,  or  (^LuciNA  i  the  name  of  a  very  rare 
earth,  found  only  in  three  rare  minerals,  beryl  or 
emerald,  enclase  and  cluysoberyl.  It  is  usually 
procured  from  the  beryl,  in  which  it  exists  in  the 
proportion  of  fourteen  per  cent.,  combined  with  silex 
and  alumine.  The  process  for  obtaining  it  pure  is  as 
follows : — ^The  mineral  is  reduced  to  an  exceedingly 
fine  powder,  mingled  with  three  times  its  weight  of 
carbonate  of  potash,  and  exposed  to  a  strong  heat  for 
half  an  hour.  The  fused  mass  is  then  dissolved  in 
dilute  muriatic  acid,  and  the  solution  evaporated  to 
perfect  drjmese,  by  which  means  the  silex  is  rendered 
perfectly  insoluble.  The  alumine  and  glucine  are 
then  redissolved  in  water,  acidulated  wiUi  muriatic 
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acid^  and  tlirown  down  togeliher  by  fnire  ammonia. 
The  precipitate,  after  being  well  wa^ed,  is  macerated 
with  a  large  excess  of  carbonate  of  ammonia*  by 
which  ghicine  is  dissolved;  and,  on  boiling  the 
filtered  liquid,  carbonate  of  glucine  subsides,  which, 
on  being  heated  to  redness,  affords  pure  glucine.  In 
this  condition,  it  is  white,  tasteless,  wifiiout  odour, 
and  quite  insoluble  in  water.  Specific  gravity,  3. 
Vegetable  colours  are  not  affected  by  it.  It  is  sup- 
posed, by  analogy,  to  be  the  oxide  of  a  metal,  and  its 
supposed  metallic  base  is  called  glucimtm.  The  salts 
which  glucine  forms  with  acids  have  a  sweetish  taste. 
Carbonate  of  Glucine,  obtained  by  double  decom- 
position, is  precipitated  in  a  soft  state,  and  is  not 
easily  dried,  is  insipid,  insoluble  m  water,  and  u  not 
rendered  soluble  by  an  excess  of  acid. 

Nitrate  of  Glucine  cannot  be  crystallized,  but  by 
evaporation  formis  a  gelatinous  mass,  which  is  very 
deliquescent. 

Sulphate  of  Glucine  is  difficultly  crystallizable ;  its 
taste  is  saccharine  and  astringent ;  it  is  very  soluble 
in  water,  its  solution  assuming  by  concentration  the 
consbtence  of  a  syrup. 

Photphate  of  Glucine  is  in  the  form  of  a  white 
powder,  or  of  a  viscous  substance,  insipid,  and  inso- 
luble in  water,  but  rendered  soluble  by  an  excess  of 
acid. 

Muriate  of  Glucine  is  soluble  in  water,  and  by 
evaporation  can  be  obtained  in  small  crystals. 

Fluate  of  Glucine  is  obtained  by  mixing  fluate  of 
potash  and  muriate  of  glucine  :  it  is  thrown  down  in 
the  form  of  a  gelatinous  precipitate. 

Glub,  among  artificers ;  a  tenacious,  viscid  matter, 
which  serves  as  a  cement.  Glues  are  of  different 
kinds,  according  to  the  various  uses  they  are  designed 
for,  as  the  common  glue,  glove  glue,  parchment  glue, 
isinglass  glue,  &c.  The  common  or  strong  glue  is 
made  of  the  skins  of  animals,  as  oxen,  cows,  calves, 
sheep,  &c. ;  and  the  older  the  animal  is  the  better 
is  the  glue  made  of  its  hide.  Indeed,  whole  skins 
are  rarely  used  for  this  purpose,  but  only  the 
shavings,  parings,  or  scraps  of  them;  or  the  feet, 
sinews,  &c.  Those  who  make  glue  of  parings,  first 
steep  them  two  or  three  days  in  water,  then  wash 
them  well  out,  boil  them  to  the  consistence  of  a 
thick  jelly,  which  they  pass,  while  hot,  through 
osier  baskets,  to  separate  the  impurities  from  it,  and 
then  let  it  stand  some  time,  to  purify  it  farther; 
when  all  the  filth  has  settled  to  the  bottom  of  the 
vessel,  they  melt  and  boil  it  a  second  time.  They 
next  pour  it  into  flat  frames  or  moulds,  whence  it  is 
taken  out  pretty  hard  and  solid,  and  cut  into  square 
pieces  or  cakes.  They  afterwards  dry  it  in  the  wind, 
in  a  sort  of  coarse  net ;  and  at  last  string  it,  to  finish 
its  drying.  The  best  glue  is  that  which  is  oldest ; 
and  the  surest  way  to  try  its  goodness  is,  to  lay  a 
piece  to  steep  three  or  four  days,  and  if  it  swell  con- 
siderably without  melting,  and  when  taken  out  re- 
sume its  former  dryness,  it  is  excellent.  In  some 
large  manufactories,  it  is  now  found  advantageous  to 
employ  steam-pipes  for  heating  the  glue,  which  is  by 
this  means  better,  while  all  danger  of  fire  is  prevented. 
A  glue  that  will  hold  against  fire  and  water,  may 
be  made  thus  : — Mix  a  handful  of  quick  lime  with 
four  ounces  of  linseed  oil,  boil  them  to  a  good  thick- 
ness, then  spread  the  paste  on  tin  plates  in  the 
shade,  and  it  will  become  exceedingly  hard,  but  may 
be  dissolved  over  a  fire  as  glue. 
A  patent  has  been  obtained  for  the  manufacture  of 


glue  from  bonet,  which  promises  to  be  of  considerable 
advantage.    Ilie  apparatus  is  represented  benestL 


The  patentee  employs  steam  at  a  high  pressuref 
which  is  conveyed  into  the  globular  metallic  vessel  by 
the  hollow  axis.  In  this  also  is  placed  the  bones  from 
which  the  gelatine  is  to  be  extracted.  It  is  afterwardi 
evaporated,  and  dried  on  nets  in  the  ordinary  way. 
Motion  is  communicated  to  the  globe  by  the  wheel- 
work  and  winch. 

Parchment  glue  is  made  by  gently  boiling  shreds 
of  parchment  in  water,  in  the  proportion  of  ooe 
pound  of  the  former  to  six  quarts  of  the  latter,  till  it 
b  reduced  to  one  quart :  the  fluid  is  then  strained 
from  the  dregs,  and  afterwards  boiled  to  the  oonsiBt- 
ence  of  glue.  Isinglass  glue  is  made  in  the  same 
way ;  but  this  is  improved  by  dissolving  the  isinglass 
in  alcohol,  by  means  of  a  gentle  heat. 

Glutbn  ;  a  vegetable  compound,  procured  by  re- 
peatedly washing  wheat  flour  in  a  large  quantity  of 
water,  by  which  means  the  starch  is  dissolved,  leaving 
the  gluten  behind  in  a  very  tenacious,  ductile,  som^ 
what  elastic  state,  and  possessed  of  a  brownish-gnj 
colour.  It  has  scarcely  any  taste,  and  is  insoluble 
in  water,  alcohol,  and  ether,  but  is  taken  up  by  acids 
and  alkalies.  The  acid  solution  is  precipitated  by  an 
alkali,  and,  reciprocally,  the  alkaline  solution  by  an 
acid.  Dried  by  a  gentle  heat,  it  contracts  its  volume, 
and  becomes  hard  and  brittle.  Its  products  with 
fire,  or  nitric  acid,  are  nearly  the  same  as  those  of 
gum  and  sugar.  Gluten  is  present  in  most  kinds  of 
grain,  such  as  wheat,  barley,  rye,  oats,  peas,  and 
beans ;  but  the  first  contains  it  in  far  the  largest 
proportion,  which  is  the  reason  that  wheaten  bread 
is  more  nutritious  than  that  made  with  other  kinds 
of  flour ;  for,  of  all  vegetable  substances,  gluten  ap- 
pears to  be  the  most  nutritive.  It  is  to  the  presence 
of  gluten  that  wheat  flour  owes  its  property  of 
forming  a  tenacious  paste  witii  water,  to  which 
cause  IS  due  the  formation  of  light  spongy  bread. 
The  carbonic  acid,  which  is  disengaged  during  the 
fermentation  of  the  douffh,  being  detained  by  the 
viscid  gluten,  distends  me  whole  mass,  and  thos 
produces  the  rising  of  the  bread.  Good  wheat  floor 
contains  from  8  to  10  per  cent,  of  gluten. 

Gluten  consists  of  two  distinct  principles ;  to  one 
of  which  has  been  applied  the  name  of  gtiadiM, 
gluten,  and  to  the  other  that  of  ipnome,  a  ferment 
To  obtain  these  principles,  the  gluten  b  boiled  re- 
peatedly in  alcohol,  which  dissolves  the  gliadine,  and 
leaves  ihe  zymome  in  a  pure  state.  On  mixing  the 
powder  of  guaiacum  with  the  latter  substance,  a 
beautiful  blue  colour  instantly  appears;   and  tJie 
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same  pheDomeoon  ensiies,  tbougli  less  rapidly,  when 
it  is  kneaded  with  gluten,  or  the  ^ur  of  good  wheat 
moistened  with  water.  With  had  flour,  the  gluten 
of  which  has  suffered  decomposition,,  the  blue  tint  is 
scarcely  visible.  The  intensity  of  the  colour  thus 
produosd  is  entirely  dependent  on  the  rektire  quantity 
of  zymome  contained  in  the  flour ;  and,  since  the 
quantity  of  zymome  is  proportional  to  the  quantity 
of  gluten,  the  proportion  of  the  latter,  and  therefore 
the  quality  of  the  flour,  is  tested  by  the  action  of  the 
guaiacum. 

Gnomon,  in  aatnmomy,  is  an  instrument  or  appa- 
ratus for  measuring  the  altitudes,  declinations,  ^c, 
of  the  Sim  and  stars.  The  gnomon  is  usually  a  pillar, 
or  column,  or  pyramid,  erected  upon  level  ground,  or 
a  pavement.  For  making  the  more  consi£rable  ob- 
servations, both  the  ancients  and  modems  have  made 
great  use  of  it,  especially  the  former ;  and  many  have 
preferred  it  to  the  smaller  quadrants,  both  as  more 
accurate,  and  more  easily  made  and  applied.  The 
most  ancient  observation  of  this  kind  extant  is  that 
made  by  Pytheas,  in  the  time  of  Alexander  the  Great, 
at  Marseilles,  where  he  found  the  height  of  the  gno- 
mon was,  in  proportion  to  the  meridian  shadow  at 
the  summer  solstice,  as  213}  to  600 ;  just  the  same 
as  Gassendi  found  it  to  be,  by  an  observation  made 
at  the  same  place,  almost  2000  years  after,  viz.  in 
the  year  1636.  This  method  of  observation,  however, 
is  by  no  means  accurate^  as  is  proved  by  the  following 
deficiencies  in  the  ancient  observations  made  in  this 
manner:  1.  The  astronomers  did  not  take  into  ac- 
count the  sun's  parallait,  which  makes  his  apparent 
altitude  less  than  it  would  be  if  ihe  gnomon  were 
placed  at  the  centre  of  the  earth.  2.  "Hiey  neglected 
refraction,  by  which  the  apparent  height  of  the  sun 
is  somewhat  increased.  3.  They  made  their  calcu- 
lations as  if  the  shadows  were  terminated  by  a  ray 
coming  from  the  sun's  centre ;  whereas  it  is  bounded 
by  one  coming  from  the  Upper  edge  of  his  limb. — 
lliese  errors,  however,  may  be  easily  allowed  for; 
and,  when  this  lias  been  done,  the  ancient  observa- 
tions are  generally  found  to  coincide  nearly  with  those 
of  the  modems. 

Gnomon,  in  diaUing,  is  the  style-pin  of  a  dial, 
the  shadow  of  which  points  out  the  hours.  This  is 
always  supposed  to  represent  the  axis  of  the  world, 
to  which  it  is  therefore  parallel,  or  coincident,  the  two 
ends  of  it  pointing  straight  to  the  north  and  south 
poles  of  the  world. 

GoiTRB.    See  Wen. 

Gold  is  the  most  precious  metal  employed  in  com- 
merce. It  is  exceedingly  soft  and  flexible,  but  its  te- 
nacity is  sufficiently  great  to  sustain,  in  a  wire  one- 
tenth  of  an  inch  in  diameter,  500  lbs.  weight  without 
breaking.  In  hardness  it  is  superior  to  lead  and 
tin,  but  inferior  to  iron,  copper,  platina,  and  silver. 
Its  lustre  does  not  equal  that  of  steel,  platina,  or  sil- 
ver, but  it  surpasses  the  other  metab  in  this  respect. 
It  4nay  be  exposed  for  any  length  of  time  to  the  at- 
mosphere, without  suffering  the  least  change.  It  is 
also  unalterable  in  the  common  fire ;  but  on  being 
exposed  to  powerful  burning  mirrors,  or  to  the  heat 
of  the  oxy-hydrogen  blowpipe^  it  not  only  melts,  but 
evoi  rises  in  vapour. 

Gold  is  not  readily  oxidized  ox  dissolved  by  any  of 
the  pure  acids.  Its  best  solvents  are  chlorine  and 
nitro-muriatic  acid ;  and,  according  to  Sir  H.  Davy, 
the  chlorine  is  the  agent  in  both  cases,  since  the 
nitro-muriatic  acid  does  not  dissolve  gold,  except 


when  it  gives  rise  to  the  formation  of  chlorine.  It 
is  to  be  inferred,  therefore,  that  the  chlorine  unites 
directly  with  the  gold,  and  that  the  compound  formed 
b  a  cmoride  of  gold.  There  is  no  inconvenience, 
however,  in  regarding  it  as  a  muriate,  since  re-agents 
act  upon  it  as  if  it  were  such.  The  gold  is  precipi- 
tated from  its  solvent  by  a  great  number  of  substances. 
Lime  and  magnesia  precipitate  it  in  the  form  of  a 
yellowish  powder.  Alkalies  exhibit  the  same  appear- 
ance; but  an  excess  of  alkali  redbsolves  the  precipi- 
tate. The  precipitate  of  gold  obtained  by  a  fixed  alkali 
appears  to  be  a  true  oxide,  and  is  soluble  in  the 
sulphuric,  nitric,  and  muriatic  acids;  from  which, 
however,  it  separates  by  standing.  Grallic  acid  pre- 
cipitates gold  of  a  reddish  colour,  and  very  soluble  in 
nitric  acid,  to  which  it  communicates  a  fine  blue  co- 
lour. Ammonia  precipitates  the  solution  of  gold 
much  more  readily  than  fixed  alkalies.  Thb  preci- 
pitate, which  is  of  a  yellowish-brown  colour,  pos- 
sesses the  property  of  detonating  with  a  very  consi- 
derable noise,  when  greatly  heated.  It  is  known  by 
the  name  o{ fulminating  gold. 

Most  metallic  substances  precipitate  gold  from  its 
solution  in  nitro-muriatic  acid.  Lead,  iron,  and  silver 
precipitate  it  of  a  deep  and  dull  purple  colour ;  copper 
and  iron  throw  it  down  in  its  metallic  state.  A  plate 
of  tin,  immersed  in  a  solution  of  gold,  affords  a  pur- 
ple powder,  called  the  pitrple  powder  of  Camus,  which 
IS  used  to  paint  in  enamel.  £ther,  naphtha,  and  es- 
sential oils  take  gold  from  its  solvent,  and  form 
liquors,  which  have  been  called  potable  gold.  The 
gold  which  is  precipitated  on  the  evaporation  of  these 
fluids,  or  by  the  addition  of  sulphate  of  iron  to  the 
solution  of  gold,  is  of  the  utmost  purity.  The  prin- 
cipal use  of  gold,  as  is  well  known,  is  in  coinage. — 
It  has  been  with  mankind,  from  time  immemorial, 
the  representative  sign  of  every  species  of  property^ 
Even  before  the  art  of  coining  was  invented,  it  passed 
for  money  in  the  condition  in  which  it  was  found  in 
the  earth  ;  and  in  this  form  it  still  enjoys  a  currency 
in  many  parts  of  Africa.  It  is  rarely  employed  in  a 
state  of  perfect  purity,  but  is  almost  universally  al- 
loyed ¥rith  copper,  or  with  silver,  in  order  to  increase 
its  hardness.  The  alloy  of  gold  and  silver  is  found 
already  formed  in  nature,  and  is  that  most  generally 
known.  It  is  distinguishable  from  that  of  copper,  by 
possessing  a  paler  yellow  than  pure  gold,  while  the 
copper  alloy  has  a  colour  bordering  upon  reddish  yel- 
low. A  variety  of  means  are  employed  to  judge  of 
the  quality  of  alloys,  supposed  to  consist  in  part,  or 
principally,  of  gold,  without  resorting  to  a  regular 
analysis. 

The  art  of  gilding  metals  (see  Gilding)  depends 
upon  the  double  property  which  mercury  possesses^ 
of  amalgamating  with  gold,  and  of  becoming  volatile 
by  heat,  and  thus  quitting  the  gold,  which  adheres 
strongly  to  the  metal  upon  which  the  mercurial 
ftn|<|lgiim  has  been  spread.  The  composition  of  the 
amalgam  generally  used  is  eight  parts  of  mercury  to 
one  of  gokl.  The  malleability  and  extreme  divisi- 
bility of  gold  are  the  foundation  of  the  art  of  goUU 
hembng;  and  these  two  properties  are  so  remarkable 
in  this  art,  that  natural  philosophers  are  in  the  habit 
of  quoting  the  results  it  fumishes,  as  examples  of  the 
divisibility  of  matter.  Boyle  has  observed  that  a 
grain  of  gold,  reduced  to  leaves,  will  cover  a  surface 
of  50  square  inches ;  that  each  one  of  these  square 
inches  may  be  divided  into  46,656  other  little  squares, 
and  that,  of  course,  the  entire  amount  of  surface  de- 
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rived  from  one  grain  of  gold  is  capable  of  being  di- 
vided into  2«322«800  parts,  each  of  which  is  visible  to 
the  naked  eye. 

In  consequence  of  the  wonderful  extension  which 
the  gold-beater  is  enabled  to  give  to  tills  precious  metal, 
it  is  employed  for  ornamental  purposes  to  an  extent 


burnisher :  successive  lamiiue  are  thn*  applied^  tilt 
the  quantity  of  gold  amounts  to  100  grains  for  every 
pound  troy  of  silver.  This  gilt  sih^  rod  is  then 
drawn  successively  through  holes  made  in  a  strong 
steel  plate,  till  it  is  reduced  to  die  size  of  a  thick  quill, 
care  being  taken  to  anneal  it  accurately  after  eadi 


which,  from  its  comparative  scarcity,  would  otherwise  I  operation.    The  succeeding  process  is  sunilar  to  the 
be  impossible.    Thus  it  is  estimated  that  an  eques- 1  former,  except  that  a  mixed  metal,  somewhat  softer 

than  steel,  is  employed  for  the  drawing  plates,  io 
order  to  prevent  the  gilding  from  being  stripped  off; 
and  no  farther  annealing  is  requisite  after  it  is 
brought  to  be  as  slender  as  a  crow-quill.  When  the 
wire  IS  dravni  as  thin  as  is  necessary,  it  is  wound  on 
a  hollow  copper  bobbin,  and  carefully  annealed  by  a 
very  gentle  heat :  finally,  it  b  passed  through  a 
flatting-mill,  and  the  process  is  complete.  According 
to  Dr.  Halley,  6  feet  m  length  of  the  finest  gilt-wire, 
before  flatting,  will  counterpoise  no  more  than  a 
grain ;  and  as  the  gold  is  not  quite  ^  of  the  whole, 
a  single  grain  of  gold,  thus  extended,  will  be  345.6 
feet  long,  and  only  the  millionth  part  of  an  inch  m 
thickness.     (See  MnTALLUROY.) 

Goldsmith  ;  an  artist  who  makes  vessels,  utensils, 
and  ornaments,  in  that  metal.  The  work  is  cither 
performed  in  the  mould,  or  beaten  out  with  the  ham- 
mer, or  other  engine.  All  works  that  have  raised 
figures  are  cast  in  a  mould,  and  afterwards  chased 
and  finished :  plates,  or  dishes,  of  silver  or  gold, 
are  beaten  out  firom  tiiin  flat  plates,  and  tankards  and 
other  vessels  of  that  kind  are  formed  of  plates  sol- 
dered together,  and  their  mouldmgs  are  beaten,  not 
cast.  Tlie  goldsmith  mikes  his  own  moulds,  and 
for  that  reason  ought  to  be  a  good  designer,  and 
have  a  taste  in  sculpture :  he  also  ought  to  know 
enough  of  metallurgy  to  be  able  to  assay  mixed 
metals,  and  to  mix  the  alloy. 

GoNioMaTBR;  an  instrument  for  measuring  the 
angles  of  crystals. 

From  the  advances  that  have  been  made  of  late 
years  in  crystallography,  a  very  large  proportion  of 
mineral  substances  may  now  be  recognized,  if  we  can 
ascertain  the  angular  dimensions  of  their  external 
forms,  or  the  relative  position  of  those  surfoces  that 
are  exposed  by  fracture.  But  though  the  modifica- 
tions of  tetrahedrons,  of  cubes,  and  of  those  other 
regular  solids,  to  which  the  adventitious  aid  of 
geometry  could  be  correctly  applied,  was  deter- 
mined with  the  utmost  precision ,  yet  it  was 
often  a  subject  of  regret,  that  our  instruments  for 
measuring  Uie  angles  of  crystals  were  not  possessed 
of  equal  accuracy,  and  that  in  applying  the  goni- 
ometer to  small  crystals,  where  the  radius  in  con- 
tact with  the  surface  was  necessarily  very  short*  the 
measures,  even  when  taken  with  a  steady  hand, 
would  often  deviate  too  much  from  the  truth  to  de- 
termine the  species  to  which  a  substance  belonged. 

A  means  of  remedying  this  defect  was  suggested  by 
Dr.  Wollaston,  by  which  in  most  cases  the  inclina- 
tion of  surfaces  might  be  measured  as  exactly  as 
could  be  wanted  for  common  purposes ;  and,  when 
the  surfaces  were  sufficiently  smooth  to  relSect  a 
distinct  image  of  distant  objects,  the  position  of  foces 
only  l-50th  of  an  inch  in  breadth  might  be  deter- 
mined with  as  much  precision  as  those  of  any  larger 
crystals. 

For  this  purpose,  the  ray  of  light  reflected  from 
the  surface  is  employed  as  radius,  instead  of  the 
surface  itself ;  and  accordingly,  for  a  radius  of  1-SOdi 
of  an  inch,  we  may  substitute  either  the  distance  c*f 


trian  statue,  of  the  natural  size,  may  be  coated  with  a 
piece  of  gold  not  exceeding  ten  shillings  and  sixpence 
m  value.  The  gilding  of  the  dome  of  the  H6tel  de$ 
InvaUdt,  at  Paris,  cost  about  6000/.  And  in  India, 
where  it  is  common  to  gild  towers,  bridges,  gates, 
and  colossal  idols,  it  is  known  to  be  attended  with 
still  less  expense. 

The  following  is  a  short  account  of  the  ingenious 
art  of  gold-beating.    The  gold  used  is  as  pure  as  pos- 
sible, and  the  operation  is  commenced  with  masses 
weighing  about  two  ounces.    These  are  beaten  into 
plates  six  or  eight  inches  long,  by  three-quarters  of 
an  inch  wide.    They  are  then  passed  between  steel 
rollers,  till  they  become  long  ribands,  as  thin  as  paper. 
Each  one  of  these  is  now  cut  into  150  pieces,  each  of 
which  is  forged  on  an  anvil,  till  it  is  about  an  inch 
square,  after  which  they  are  well  annealed.    Each  of 
the  squares  in  this  state  weighs  6^  grains,   and  in 
thickness  is  equal  to  tIb  of  an  inch.    The  150  plates 
of  gold  thus  produced  from  one  mass  are  interlaid 
with  pieces  of  very  fine  vellum,  about  four  inches 
square,  and  about  twenty  vellum  leaves  are  placed  on 
the  outsides ;  the  whole  is  then  put  into  a  case  of 
parchment,  over   which  is  drawn   another  similar 
case,  so  that  the  packet  is  kept  close  and  tight  on 
all  sides.    It  is  now  laid  on  a  smooth  block   of 
marble,  or  metal,  of  great  weight,  and  the  work- 
man begins  the  beating  with  a  round-faced  hammer, 
weighing  sixteen  pounds  ;    the   packet   is   turned, 
occasionally,  upside  down,  and  beaten  with  strong 
but  not  acute  strokes,  till  the  gold  is  extended  nearly 
to  an  equality  with  the  vellum  leaves.    The  packet  is 
then  taken  to  pieces,  and  each  leaf  of  gold  is  divided 
into  four  with  a  steel  knife.    The  600  pieces  thus 
produced  are  interlaid  with  pieces  of  animal  mem- 
brane, from  the  intestines  of  the  ox,  of  the  same 
dimension  and  in  the  same  manner  as  the  vellum. 
The  beating  is  continued,  but  with  a  lighter  ham- 
mer, which  weighs  about  twelve  pounds,  till  the  gold 
is  brought  to  the  same  dimensions  as  the  interpdsed 
membrane.     It  is  now  again  divided  into  four,  by 
means  of  a  piece  of  cane,  cut  to  an  edge,  the  leaves 
being  by  this  time  so  light  that  any  accidental  mois- 
ture, condensing  on  an  iron  blade,  would  cause  them 
to  adhere  to  it.    The  2400  leaves  hence  resulting  are 
parted  into  three  packets,  with  interposed  membrane 
as  before,  and  beaten  with  thefiitUhmg,  or  gold  ham- 
mer, weighing  about  ten  pounds,  till  titiey  acquire  an 
extent  equal  to  the  former.     The  packets  are  now 
taken  to  pieces,  and  the  gold  leaves,  by  means  of  a 
cane  instrument  and  the  breath,  are  laid  flat  on  a 
cushion  of  leather,  and  cut,  one  by  one,  to  an  even 
square,  by  a  cane  frame ;  they  are  lastly  laid  in  books 
of  twenty-five  leaves  each,  the  paper  of  which  is 
previously  smoothed,  and  rubbed  with  red  bole,  to 
prevent  them  from  adhering. 

Gold  wire,  as  it  is  called,  is,  in  fact,  only  silver 
wire  gilt,  and  is  prepared  in  the  following  manner. 
A  solid  cylinder  of  fine  silver,  weighing  about  20lbs., 
is  covered  with  thick  leaves  of  gold,  which  are 
made  to  adhere  inseparably  to  it  by  means  of  the 


tiw  ey«  from  die  crystal,  which  would  natimUy  be 
■boat  tvdve  or  fifteen  incKes ;  or,  for  greater  occu- 
l*cy,  we  may,  by  a  second  mode,  substitute  the  dis- 
taDce  of  objects  seen  at  a  himdied  or  more  yards 
fromiu. 

Tie  iiutmmeut  coosists  of  a  circle  graduate  oi 
its  edge,  and  mounted  on  a  horizoDtsl  axle,  sup- 
ported by  an  upright  pillar.  This  axle,  being  per- 
bntcd,  admits  the  paasage  of  a  smaller  axle  through 
it,  to  which  any  crystal  of  modemte  size  may  be 
attached  by  a  piece  of  wax,  with  ita  edge,  or  intersec- 
tion of  the  snrfacea,  horizontal  and  parallel  to  the 
axis  of  motion. 

lliis  position  of  the 
crystal  is  first  adjust- 
ed, w>  tliat,  by  tomiug 
the  amBller  axle,  each 
of  the  two  enr&ces 
whose  inclination  is  to 
be  measured  will  re- 
flect the  same  light  to 

The  circle  ii  then 


nit. 

The  small  axle  is 
then  turned  till  the 
fiutber  surface  reflects 
the  light  of  a  candle, 
or  other  definite  ob- 
ject, to  the  eye ;  and, 
lastly  (the  eye  being  , 
kept  steadily  in  the 
tame  place),  the  circle 

ia  tuned  by  its  lai^r  axle,  till  the  second  sorfiice 
reflects  the  same  tight.  This  second  surface  is  thus 
aacBtained  to  be  in  the  same  position  as  the  former 
surface  had  been.  The  angle  through  which  the 
circla  has  moved  is,  in  fact,  the  sapplement  to  the 
iadinatioD  of  the  anrfkces;  but,  as  the  graduationB 
<m  its  mai^n  are  numbeied  aocordiogly  in  an  in- 
verted order,  the  angle  ia  correctly  shown  by  the 
index,  without  the  need  of  anv  computation. 

It  may  here  be  observed  that  it  is  by  no  means 
necessary  to  have  a  clean  uniform  fracture  for  this 
application  of  the  instrument  to  the  structure  of 
laminated  substances ;  for,  since  all  those  snmll  por- 
tions of  a  shattered  surface  that  are  painllel  to  one 
another  (though  not  in  the  same  plane)  glisten  at 
once  with  the  same  light,  the  angle  of  an  irregular 
tnetan  may  be  determined  nearly  as  well  as  when 
ike  reflecting  fragments  are  Actually  in  the  same 

In  this  method  of  taking  the  measure  of  an  angle, 
^fhen  the  eye  aiul  candle  are  only  ten  or  twelve 
mcbes  distaat,  a  small  error  may  arise  from  parallax, 
if  the  intersection  of  the  planes  or  edge  of  the  crystal 
be  not  Bccnrately  in  a  tiae  with  the  axis  of  motion : 
Irat  mch  an  error  may  be  rendered  insensiMe,  even 
in  that  mode  of  using  the  ioBtrument,  by  due  caze  in 
pladog  the  crystal ;  and,  when  the  surfaces  are  suf- 
ficiently smooth  to  reflect  a  distinct  image  of  objects, 
■11  error  from  the  same  source  may  be  entirely  ob- 
viated by  another  method  of  using  it. 

For  this  purpose,  if  the  eye  be  brought  within 
about  an  inui  of  the  reflecting  eutface,  the  reSected 
image  of  some  dbtant  chlmDey  may  he  seen,  inverted 
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beneath  Ks  true  place,  and  by  turning  the  small 
axle  may  be  brought  to  correspond  apparently  with 
the  bottom  of  the  house  (or  with  some  other  distant 
horizontal  line),  la  this  position  the  surface  accU' 
rately  bisects  the  angle  which  the  height  of  that 
house  subtends  at  the  eye  (or  rather  at  the  reflecting 
surface)  ;  then,  by  turning  the  whole  circle  and 
crystal  together,  the  other  surface,  however  small, 
may  be  brought  exactly  into  the  same  poaitbs ;  and 
the  angle  of  the  surfaces  may  thus  be  measured  with 
a  great  degree  of  precision. 

The  Inclination  of  the  surfaces  of  a  primitive  crystal 
of  carbonate  of  time  is  stated,  with  great  sppearaace 
of  precision,  to  be  104"  28'  40"  ;  a  result  deduced 
from  the  supposed  position  of  its  axis  at  an  angle  of 
45°  with  each  of  the  surfaces,  and  from  other  erro' 
neous  circumstances  of  appareat  harmooy  by  simple 
ratios.  But  however  strong  the  presumption  might 
be  that  this  aogle,  which  by  measurement  approaches 
to  45",  is  actually  so,  it  must  nevertheless  be  in 
fact  about  4S"  SO'  ;  for  the  inclination  of  the  surfaces 
to  each  other  is  very  nearly,  if  not  accurately,  105", 
as  it  was  formerly  determined  to  be  by  Huygens; 
and,  since  the  measure  of  the  superlicial  angle  given 
by  Sir  Isaac  Newton  corresponds  with  this  determi- 
nation of  Huygens,  his  evidence  may  be  considered 
as  a  farther  confirmation  of  the  same  result;  for  it 
may  be  presumed  that  he  would  not  adopt  the  mea- 
snres  of  others  witboot  a  careful  examination. 

GoDT,  or  Abthkitis,  a  disease  of  adults,  is  same- 
times  regular,  attended  with  the  secretion  of  the 
superfluous  earthy  matter  which  is  no  longer  neces- 
sary for  the  formation  of  the  bones ;  sometimes  irre- 
gular, when  the  vital  powers  are  weakened,  and  the 
superfluous  bony  matter,  iostead  of  being  carried  off 
by  the  organs  of  secretion,  is  deposited  beneath  the 
ikin,  or  Bccnmuhttes  internally,  thus  producingcbalk- 
stones  and  various  internal  concretions.  There  are 
two  principal  causes  of  the  gout— -bad  diet  and  sup- 
pression of  perspiration.  Frequent  use  of  wine,  in 
particular  of  acid  wines,  as  weU  as  the  dally  use  of 
very  nourishing,  fat,  and  high-seasoned  food,  con- 
tributes chiefly  to  the  production  of  the  disease,  both 
from  the  excess  of  nutritive  and  earthy  matter,  and 
from  it!>  exciting  effects  on  the  blood ;  since  so  great 
a  quantity  of  nutritive  matter  ia  not  required  by  the 
fully  developed  body,  and  is  not  assimilated  by  the 
we&kened  organs  of  digestion.  The  disease  in  these 
cases  is  called  podagra,  and  returns  at  regular  periods. 
(See  PoDASBA.) 

In  spring,  in  antnmn,  and  with  many  mnch  oftener, 
violent  pains  are  felt  in  or  near  the  jomt  of  the  great 
toe ;  the  part  becomes  inflamed,  red,  and  swollen. 
A  fever  is  usually  connected  with  it.  if  the  local  in- 
flammation re-acts  upon  the  whole  system  of  the 
blood.  Among  the  poorer  classes,  the  real  gout  ia 
seldom  met  wiUi ;  yet,  even  among  these,  overloading 
the  stomach  with  poor  and  badly-cooked  fbod,  re- 
peated exposure  to  cold,  an  accumulation  of  half- 
assimilated  matter  in  the  blood,  and  suppressed  se- 
cretion, sometimes  produce  irregular  gouty  attacks, 
wandering  pains,  depositions  of  an  cttraordioary 
qoantity  of  earthy  matter  in  the  limbs,  and  striking 
deformities.  Gout  and  rheumatism  are  frequently 
confounded,  but  they  are  very  different  in  their  nature. 
Rheumatism  attacks  every  age  of  life  ;  gout  only 
adults.  Rheumatism  is  an  inflammatory  state  of 
the  system  of  muscles  and  tendons  ;  in  the  gout,  this 
iollammation  is  in  the  joints,  the  capsular  ligaments, 
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and  the  bones.  Accordin^y»  in  the  former  the  pain 
it  rather  seated  in  the  mn^es,  spreads  according  to 
tiieir  course,  and  is  more  changeable  in  respect  to 
place ;  in  the  latter*  the  pains  are  in  the  joints  and 
aiong  the  bones.  Rheumatism  is  not  accompanied 
with  those  earthy  tnmonrs  and  accnmalations  which 
characterise  the  gout.  In  the  latter  disease,  the 
sweat  sometimes  leaves  a  fine  earthy  dust  upon  the 
akin  of  the  patient  Both  diseases  may,  however, 
be  present  in  the  body  at  the  same  time,  and  be 
combined  with  each  other.  Rheumatism  may  also 
diange,  with  time,  into  the  gout,  if,  with  the  ad- 
Tanclng  age,  the  di&ease  passes  from  the  muscular 
system  to  ihe  bones  and  joints.  If  nature  is  no 
longer  vigorous  enough  to  form  a  regular  eruption  of 
the  gout---if  the  individual  is  old,  or  the  disease  is 
checked  m  its  course,  it  often  attacks  the  internal 
parts,  the  stomach,  the  lungs,  the  brain,  and  may 
thus  prove  fatal. 

Respecting  the  treatment  of  gout,  the  diet  which 
b  to  be  observed,  &c.,  many  erroneous  opinions  still 
prevail.  Some  believe  that,  particularly  in  the  poda- 
gra, no  remedy  ought  to  be  taken ;  odiers  trust  en- 
tirely to  purgiUives ;  others  seek  a  remedy  in  absti- 
nence and  drinking  water;  others,  misled  by  the 
theory  of  Brown,  who  placed  the  podagra  entirely  in 
the  claas  of  asthenic  diseases,  seek  for  a  remedy  in 
strong  liquors.  There  is,  however,  no  specific  against 
gout.  Tlie  treatment  of  ihe  disease  must  be  regu- 
lated by  the  judgment  of  a  cautious  physician,  who 
carefully  observes  the  age  and  the  bodily  constitntion 
of  the  piatient,  his  habits,  the  condition  of  the  vital 
powers,  the  state  of  his  arterial  system,  and  the  pecn- 
liar  nature  of  the  case.  With  one  arthritic  patient, 
for  instance,  bleeding,  drinking  of  vTater,  and  the  use 
of  cooling  means,  may  be  very  necessary,  which  with 
another  may  become  mjurious,  nay,  fatal ;  as  may 
be  the  case,  on  the  other  hand,  with  exciting,  dia- 
phoretic, and  other  means. 

GoTsnifOR ;  a  contrivance  for  equalising  the  motion 
of  mills  and  machinery.  When  any  part  of  the  ma- 
chinery of  a  mill  is  suddenly  stoppal,  or  suddenly 
set  a-going,  and  the  moving  power  remains  the  same, 
an  alteration  in  the  velocity  of  the  mill  will  take  place; 
and  it  will  move  faster  or  slower.  Every  machine  hav- 
ing a  certain  velocity  at  which  it  will  work  to  more 
advantage  than  at  any  other,  the  change  of  velocity 
arising  from  the  foregoing  cause  is  in  all  cases  a  dis- 
advantage, and  in  delicate  operations  exceedingly 
hurtful.  In  a  cotton-mill,  for  bstance,  which  is 
calculated  to  move  the  spindles  at  a  certain  rate,  if 
from  anycause  the  velocity  is  increased,  a  loss  of 
work  immediately  takes  place,  and  an  increase  of 
waste  from  the  breaking  of  threads,  &c. ;  on  the 
other  hand,  there  must  be  an  evident  loss  from  the 
machinery  moving  slower  than  is  necessary.  Various 
contrivances  are  used  for  remedying  this  evil.  (See 
SrsAM-ENOiNa.) 

Grain  ;  the  name  of  a  small  weight,  the  20th  part 
of  a  scruple  in  apothecaries'  weight,  and  the  24di  of 
a  pennyweight  Troy. 

Gramme  ;  the  unit  of  weight  in  France,  which  has 
taken  the  place  of  the  groa;  equal  to  15.4441  grains 
Troy,  or  5.6481  drams  avoirdupois.  Ail  greater  or 
less  weights  are  formed  from  it  by  multiplication  or 
division :  for  instance,  the  decagrammej  a  weight  of 
10  grammet,  which  is  equal  to  6  drams,  10.44  grains ; 
the  hectogramme,  a  weight  of  100  grammes  (3  oz.  4 
dr.  8  gr.) ;  the  kilogramme,  a  weight  of  1000  gram- 
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flMf  (aboQt  3lbs.  8oz.) ;  the  wipim§rammt,aLW^^ti 
10,000  gtnmmtt  (about 261ba.  9oz.).  The dedgrmm 
is  ^th  of  a  gramme^  or  1  gr.  ^^ths ;  the  ooi^tfmae 
is  a  iJ|th  of  a  grawtme^  or  .154  of  a  grain ;  the  miik- 
gramwte  is  iJU^  P<^  ^^  ^  grwmme,  or  .0154  of  a 
grain :  it  supplies  the  place  of  the  oaraf. 

GRAKULATioif,  in  SMtgerff,  The  little,  grun-like^ 
fleshy  bodies,  which  form  on  the  snifiaces  of  akot 
and  suppurating  wounds,  and  serve  both  for  fiDiagip 
the  cavities  and  bringing  nearer  together  and  uaitiiig 
their  sides,  are  called  gnmmlaliom$.  Nature  is  actife 
in  bringing  parts  whose  disposition,  action,  and  itnic- 
ture  have  been  altered  by  accident  or  disease,  as 
nearly  as  possible  to  their  original  state ;  and,  after 
having,  in  her  operations  for  this  purpose,  forovd 
pus,  she  immediately  sets  about  forming  a  new  mat- 
ter upon  surfaces  in  which  there  has  been  a  bceacfa 
of  continuity.  This  process  has  received  ^  nameof 
grttmUaiing  or  mconui/toa.  The  colour  of  healdiy 
granulations  is  a  deep  florid  red.  When  livid,  they 
are  unhealthy,  and  have  only  a  languid  circalatiQiL 
Healthy  granulations  on  an  exposed  or  flat  sorfoce 
rise  nearly  even  with  the  surface  of  the  surromMfing 
skin,  and  often  a  little  higher ;  but  when  they  exceed 
this,  and  assume  a  glowing  appearance,  they  are  un- 
healthy, soft,  spongy,  and  without  any  dispositioo  to 
form  skin.  Healthy  granulations  are  always  prone 
to  unite. 

Grapb-Sbot  is  a  combination  of  small  shot,  pot 
into  a  thick  canvass  bag,  and  corded  strongly  togdher, 
so  as  to  form  a  kind  of  cylinder,  the  A\»ijnMtT  of 
which  is  equal  to  that  of  the  ball  adapted  to  the  can- 
non. The  number  of  shot  in  grape  varies  according 
to  the  service  or  size  of  the  guns. 

Graphite.     See  Plumbago. 

Grapnel,  or  Graplinq  ;  a  sort  of  small  anchor, 
fitted  with  four  or  five  flukes  or  daws,  and  commonly 
used  to  fasten  boats  or  other  small  vessels. 

Gratb  ;  a  frame  of  iron  bars,  used  for  buniing 
coal  as  fuel.  Grates  are  commonly  smaller  than  fire- 
places intended  for  the  consumption  of  wood,  on  ac- 
count of  the  greater  heat  emitted  by  coal.  Those 
used  for  burning  anthracite  should  be  made  deeper 
and  of  a  greater  height  than  others,  so  as  to  present 
a  comparatively  small  surface  to  the  air ;  for,  in  very 
cold  weather,  the  air  conducts  the  heat  from  the  sor- 
face  faster  than  combustion  renews  it,  so  that,  if  tlie 
amount  of  surface  exposed  be  large,  the  fidre  will  go 
out.  This  kind  of  coed  yields  no  visible  smoke.  Tlie 
chimney,  hovrever,  should  be  large  enough  to  trans- 
mit smoke,  otherwise  some  of  the  carbonic  add, 
which  is  formed  during  the  combustion,  will  be  aent 
into  the  room. — ^This  gas  is  the  suffocating  vapour 
of  burning  charcoal. 

Gratings,  in  ihtp-building ;  a  sort  of  openoofcr 
for  the  hatches,  resembling  lattioe-w<Nrk,  serving  to 
give  light  to  the  lower  apartments,  and  to  penaita 
circulation  of  air,  both  of  which  are  particulariy  ne- 
cessary, when,  from  the  turbulence  of  the  sea,  tbe 
ports  between  decks  are  obliged  to  be  shut. 

Grave,  in  maatc,  is  applied  to  a  sound  which  is  of 
a  low  or  deep  tone.  The  thicker  the  cord  or  string 
the  more  grave  is  the  note  or  tone ;  and  the  smalkr^ 
the  more  acute.  Grave,  in  the  Italian  music,  deaotes 
a  very  grave  and  slow  motion,  somewhat  fiuter  than 
adagio,  and  slower  than  largo. 

Graver.     See  £ngraving. 

Gravimbter.  This  is  a  very  valuable  inntroinent 
for  determining  the  specific  gravity  of  bodies.    The 
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one  represented  benesih  was  invented  by  Nicbolson. 
a  is  a  hollow  ball  of  brass  or  copper ;  e  is  a  dish  affixed 
to  the  ball  by  a  short  slender 
stem  d;  CIS  another  dish  af- 
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fixed  to  the  opposite  side  of 
the  ball  by  a  kind  of  stirrup. 
In  the  instrument  actually 
made,  the  stem  c,  is  of 
hardened  steel,  j^  of  an  inch 
in  diameter,  and  the  dish  c 
is  so  heavy  as  in  all  cases 
to  keep  the  stem  vertical, 
■    when  the    instrument    is 
made  to  float  in  any  liquid. 
The  parts  are  so  adjusted 
that  the  addition  of  1000 
grains,  in  the  upper  dish  e, 
will  just  sink  it  in  distilled 
water,  at  the  temperature  of 
6(f  of  Fahrenheit's  ther- 
mometer, so  that  the  sur- 
hce  shall  intersect  the  middle  of  the  stem  d.    Let  it 
now  be  required  to  find  the  specific  gravity  of  any 
finid.  Immerse  the  instrument  therein,  and  by  placing 
weights  in  the  dish  e  cause  it  to  float,  so  that  the 
middle  of  the  stem  d  shall  be  cut  by  the  surface  of 
the  fluid.    Then,  as  the  known  weight  of  the  instru- 
ment  added  to  1000  grains  is  to  the  same  known 
weight  added  to  the  weights  used  in  producing  the 
last  equilibrium,  so  is  the  weight  of  a  quantity  of 
distill^  water  displaced  by  the  floating  instrument  to 
the  weight  of  an  equal  bulk  of  the  fluid  under  con- 
sideration.   And  these  weights  give  the  ratio  of  the 
specific  gravities.    Again,  let  it  be  required  to  find 
lie  specific  gravity  of  a  solid  body  less  than  1000 
grains.     Place  the  instrument  in  distilled  water,  and 
put  the  body  in  the  dish  e.     Make  the  adjustment  of 
sinking  the  instrument  to  the  middle  of  the  stem,  by 
adding  weights  in  the  same  dish.    Take  those  weights 
from   1000  grains,  and  the  remainder  will  be  the 
weight  of  the  body.  Place  now  the  body  in  the  lower 
dish  e,  and  add  more  weight  in  the  upper  dish  e,  till 
the  adjustment  is  again  obtained.    The  weight  last 
added  will  be  the  loss  the  solid  sustains  by  immersion, 
and  is  the  weight  of  an  equal  bulk  of  water.     Conse- 
quently the  specific  gravity  of  the  solid,  compared  with 
water,  is  as  its  weight  to  the  loss  it  sustains  by  im- 
mersion. 

Gravxtt,  in  phy$ic$ ;  the  natural  tendency  or  in- 
clination of  bodies  towards  a  centre. 

Jhreftrial  gravity  is  that  force  by  which  all  bodies 
are  continually  urged  towards  the  centre  of  the  earth. 
It  is  in  consequence  of  this  force  that  bodies  are  ac- 
celerated in  their  fall,  and,  when  at  rest,  that  they 
press  the  body,  or  that  part  of  the  body,  by  which 
they  are  supported.    As  to  the  cause  of  gravity,  or 
its  nature,  nothing  is  known ;  and  it  would  be  useless 
to  detail  the  hypotheses  advanced  to  account  for  this 
most  important  law  of  nature.    All  that  can  be  said 
is*  that  it  appears  to  be  an  essential  property  of  mat- 
ter, or,  at  least,  of  all  matter  that  has  hitherto  be- 
come the  object  of  human  investigation,  though  it  is 
by  no  means  certain  that  matter  may  not  exist  which 
is  not  subject  to  its  influence.    This  part  of  the  sub- 
ject appears  to  be  beyond  human  comprehension.  In- 
stead, therefore*  of  wasting  our  time  in  useless  specu- 
lation as  to  the  cause,  lei  us  only  attend  to  its  effects, 
and  content  oursel'^es  with  examining  more  particu- 
larly the  manner  in  which  this  principle  operates  on 


material  bodies,  and  the  laws  by  which  it  appears  to 
be  regulated ;  the  principal  of  which,  as  deduced  from 
experiment,  or  from  the  most  unequivocal  inferences, 
are  as  follows:  1.  that  gravitation  takes  place  be- 
tween the  most  minute  particles  of  bodies ;  2.  that  it 
is  proportional  to  the  masses  of  these  bodies ;  3.  that 
it  varies  inversely  as  the  square  of  the  distance,  in 
proceeding  from  ik%  surface  of  the  body  outwards,  or 
from  its  centre ;  4.  that  it  varies  directly  as  the  db- 
tance,  in  descendmg  from  the  surface  to  die  centre  in 
uniform  spherical  bodies ;  5,  that  it  acts  equally  on 
bodies  in  a  state  of  rest  as  on  those  in  motion,  and 
that  its  action  in  the  latter  case  is  always  the  same, 
whether  that  motion  be  to  or  from  the  centre  of 
attraction,  or  in  any  other  direction ;  6.  that  it  is 
transmitted  instantaneously  from  one  body  to  an- 
other. 

Gravity,  as  relating  to  the  science  of  mechanics, 
is  divided  into  absoUUe  and  reUUive. 

Absolute  gravity  is  that  by  which  a  body  descends 
freely  and  perpendiculariy  in  a  vacuum  or  non-resist- 
ing medium.  Relative  gravity  is  that  by  which  a 
body  descends,  when  the  absolute  gravity  is  con- 
stantly counteracted  by  a  uniform,  but  inferior  force, 
such  as  in  the  descent  of  bodies  down  inclined  planes, 
or  in  resisting  mediums.  (See  HYoaosTATics,  Spe- 
cific Gravities,  and  MBCHAmcs.) 

Grenade  ;  a  hollow  sphere  of  iron,  differing  from 
a  bomb  by  the  smallness  of  its  diameter.  The  smallest 
grenades,  or  those  thrown  by  the  hand,  are  called 
hand-grenades;  they  are  from  2i  to  3i  inches  in  dia- 
meter. The  fusee  is  calculated  to  bum  from  twelve 
to  fifteen  seconds,  so  that  time  is  allowed  for  throw« 
ing  them.  The  short  distance  to  which  they  can  be 
thrown,  and  the  danger  of  accidents,  have  occasioned 
them  to  be  disused.  The  small  grenades  are  now 
employed  only  for  what  are  called,  in  French,  per^ 
dreaux,  several  of  them  being  fastened  to  a  board, 
and  thrown  from  mortars.  Tlie  grenades  in  general 
use  are  thrown  from  howitzers,  and  are  of  very 
different  sizes,  from  two  to  twenty  pounds'  weight. 
They  are  chiefly  calculated  to  act  against  cavalry  and 
distant  columns,  where  they  may  do  great  harm.  In 
the  battle  of  Wagram,  one  grenade  killed  and  wound- 
ed forty  men.  As  the  utility  of  large  grenades  at  sea 
is  acknowledged,  but  objections  exist  to  the  use  of 
howitzers  of  large  calibre,  the  United  States  intro- 
duced the  use  of  oval  grenades  in  1815,  which  may 
be  fired  from  twelve  and  twenty-four  pounders. 
In  the  British  service  the  grenades  are  made  with 
a  spiral  thread  on  the  8urfiu:e,  that  the  opposition 
of  the  air  may  give  them  a  rotatory  motion,  and 
thus  more  certainty  of  direction.  Grenades  are 
often  thrown  from  cannons.  During  the  siege  of 
Gibraltar,  they  were  thrown  3000  ywcdz  upon  the 
Spanish  works. 

Grenadier  ;  originally  a  soldier  destined  to  ttirow 
the  hand-grenades.  Soldiers  of  long  service  and  ac- 
knowledge bravery  were  selected  for  this  service,  so 
that  they  soon  formed  a  kind  of  ^Ute.  They  were  the 
first  in  the  assaults.  When  hand-grenades  went  out 
of  use,  the  name  grenadier  was  preserved,  and  the 
troops  so  called  generally  formed  one  company  of  a 
regiment,  distinguished  by  the  height  of  the  men  and 
a  particular  dress,  as,  for  instance,  the  high  bear-skin 
cap.  This  continues  to  be  the  case  in  most  armies. 
In  the  Russian  and  Prussian  armies,  the  grenadiers 
form  whole  regiments  belonging  to  corps  d'ovWe  of 
the  guards.    With  the  French,  the  gr^iadier  (^m- 
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pany  is  (and  was  under  Napoleon)  the  first  of  each 
battalion.  The  dragoons  among  them  also  had  gre- 
nadier companies,  which  were  afterwards  united 
rnder  the  name  of  gremadien  t  cheval,  a  kind  <^  ca- 
valry between  cuirassiers  and  dragoons.  Our  own 
greiiadters  have  generally  been  found  the  most  ef- 
fective men  in  the  service. 

Gxonr,  among  builders,  is  the  angular  curve  made 
^T  tbv  intersection  of  two  semi- cylinders  or  arches, 
and  ii  either  regular  or  irregular : — reguhr,  as  when 
the  intersecting  arches,  whether  semi-circular  or  semi- 
elliptical,  are  of  the  same  diameters  and  heights ; 
and  irregular,  when  one  of  the  arches  is  semi-circular, 
and  the  other  semi-elHptical. 

GaoscHaif ;  a  silver  coin,  so  called  from  the  Latin 
pm$na  (thick);  thick  coins,  in  opposition  to  thin 
lead  coins.  The  oldest  groschen  known  were  struck 
in  Treves,  in  1104.  The  first  Bohemian  groschen 
were  coined  in  1296,  at  Kuttenburg.  In  1525,  the 
groschen  vras  divided  into  twelve  pfennige.  In  1504, 
die  small  groschen,  now  in  use,  were  first  struck  at 
the  city  of  Gosslar.  The  Marien-groschen  are  valued 
at  ei^t  pfennige,  and  thirty  modem  groschen  of 
Prussia  are  equal  to  a  thaler. 

Oro9eh  is  also  the  name  of  a  Russian  copper  coin, 
iforth  two  copecks. 

Gboss,  in  opposition  to  net,  is  applied  to  merchan- 
dise including  that  in  which  it  is  packed.  It  refers 
particularly  to  weight.  Thus  we  say,  "  The  bag  of 
coffee  weighs  nine  hundred  weight  gro$$/'  that  is, 
including  the  weight  of  the  bag. 

Grotbsqub,  in  painting,  is  often  confounded  with 
ara&efftte.  All  ornaments  compounded  in  a  fantas  • 
tical  manner,  of  men,  beasts,  fiowers,  plants,  &c., 
are  called  sometimes  arabetques,  and  sometimes  gro' 
tt9qu€$:  but  there  is  a  distinction  between  them. 
Arabesques  are  flower-pieces,  consbting  of  all  kinds 
of  leaves  and  fiowers,  real  or  imaginary.  They  are 
so  called  from  the  Arabians,  who  first  used  them, 
because  tiiev  were  not  permitted  to  copy  beasts  and 
men.  As  they  were  also  used  by  the  Moors,  they 
are  sometimes  called  moresques.  The  Romans  orna- 
mented their  saloons  with  paintings  in  which  flowers, 
genii,  men  and  beasts,  buildings,  &c.,  are  mingled 
together  according  to  the  fancy  of  the  artist.  These 
ornaments  are  properly  called  grotesques,  because  they 
were  found  in  the  ruined  buildings  of  the  ancient 
Romans,  and  in  subterranean  chambers,  which  the 
Italians  call  grottoes. 

The  origin  of  these  fantastic  compositions  is  traced, 
by  Bottiger,  to  the  carpets  of  Persia  and  India, 
adorned  with  all  the  wonders  of  Oriental  fable.  In 
the  baths  of  Titus  and  Livia,  at  Rome,  in  Adrian's 
villa  at  Tivoli,  in  the  houses  in  Herculaneum  and 
Pompeii,  and  many  other  places,  such  grotesques 
have  been  found;  sometimes,  indeed,  showing  an 
excess  of  ornament,  but  generally  valuable  for  their 
arrangement  and  execution.  Raphael  was  well  aware 
of  their  beauty,  and  caused  his  pupils,  particularly 
Giov.  Nanni  da  Udine,  to  use  them  as  patterns  in 
painting  the  porticoes  of  the  Vatican.  He  likewise 
used  them,  as  the  ancients  did,  for  borders.  The 
taste  for  grotesques  has,  in  part,  degenerated  into  the 
monstrous  and  unnatural;  grotesque  has  therefore 
become  a  term  of  art  to  express  a  distorted  figure,* a 
strange  monster,  the  offspring  of  an  unrestrained 
imafl^ination. 

Grotto  ;  a  small  artificial  edifice  made  in  a  gai- 
den,  in  imitation  of  a  natural  grotto.  The  outsides  of  ^ 


these  grottoes  are  usiiaUy  adorned  with  rustic  ardu- 
tecture,  and  their  inside  with  shell- work,  coral,  &c 

Grouping,  in  the  Jme  arts,  is  that  arrangement  of 
objects  by  which  their  individual  characteristics  ire 
severally  resolved  into  the  component  parts  of  t  whole, 
which  is  then  called  a  group.  A  group  may  consist  of 
as  many  parts  or  objects  as  the  sldil  of  the  artist  en- 
ables hun  to  combine  together,  but  cannot  be  fonnea 
with  less  than  two.  One  object  can  never  bear  the 
name  of  a  group ;  and  even  ti^ugh  there  shoold  be 
many  objects  introduced,  unless  they  mutually  assist 
each  other  in  forming  something  more  complete  than 
either  of  them  when  separate  and  alone,  they  cannot 
be  termed  a  group,  for  it  is  the  essential  principle  of  a 
group,  that  the  parts  should  be  so  intimately  combined 
and  blended  together,  that  they  should  lose  their  cha- 
racter as  distinct  objects  and  become  an  unalienable 
portion  of  a  mass  which  should  appear  to  be  one--an 
undivided,  indivisible  whole.  The  parts  should  bear 
such  a  relation  to  each  other,  that  if  ever  separated,  as  is 
the  case  sometimes  in  sculpture,  they  should  lose  much 
of  their  character,  and  should  evidently  show  that  they 
are  but  part  of  a  group,  and  not  complete  in  themselves. 

Grouping  is  the  first  requisite  of  any  work  of  art 
in  which  more  objects  than  one  are  introduced,  and 
may  be  divided  into  two  classes,  close  and  open,  the 
former  applicable  to  both  masses  and  lines,  the  latter 
to  lines  only  ;  or,  to  speak  less  technically,  the  close 
group  may  be  formed  of  objects,  some  of  which  shall  be 
broad  and  occupying  a  large  space,  as  drapery,  and 
others  of  a  more  slender  nature,  such  as  naked  limbs, 
staves,  &c. ;  in  this  case  the  character  of  the  group  will 
depend  principally  on  the  relation  of  quantities,  bat 
the  direction  of  lines  in  such  objects  as  naked  limbs 
are  still  available  materially  to  increase  the  effect, 
and  the  most  perfect  group  must  necessarily  be  of 
this  class.  The  open  group  is  rather  tolerated  as  a 
skilful  evitation  of  disadvantages,  by  a  harmonious 
arrangement  of  slender  objects,  than  held  up  to  ad- 
miration for  its  intrinsic  beauty.  This  species  of 
group  is  by  far  the  most  difficult  to  achieve  success- 
fully, from  the  want  of  variety  in  the  quantities;  and 
its  character  will  principally  depend  on  the  direction 
of  the  lines  formed  by  Uie  main  objects.  Lightness 
is  generally  the  advantage  proposed  by  this  style  of 
grouping,  but  disunion  is  too  often  the  result ;  and 
it  never  can  equal  a  skilful  arrangement  of  lines, 
threading  and  overlaying  well  varied  and  properly 
combined  masses. 

From  the  above  it  would  appear  that,  as  grouping 
is  dependent  upon  the  relation  of  quantities  and 
lines,  it  must  be  subject  to  mathematical  rules, 
though  they  have  never  been  strictly  defined.  What 
is  termed  the  science  of  grouping,  or  composition, 
comprises  merely  a  few  vague  and  general  principles, 
gleaned  from  the  works  of  those  who  have  been  great 
in  practice  and  experience.  These  differ  in  painting 
and  sculpture,  what  is  deemed  right  in  the  one  being 
rejected  in  the  other.  From  the  different  nature  d 
the  materials  eihployed,  and  the  different  process  of 
working  them,  inductions  of  principles  widely  diflfer- 
ing  have  resulted.  The  pyramidal  form  of  groups  is, 
in  sculpture,  almost  a  matter  of  necessity,  from  the 
solidity  required  in  the  base  to  support  the  weight  of 
the  upper  part.  Unless  worked  in  metal,  lightness 
of  composition  is  nearly  proscribed  to  this  branch  of 
the  arts.  The  example  we  have  chosen  of  a  group 
from  the  antique  sculpture,  the  Toro  Farnese  (see 
Arts,  Fine,  Plate  V.),  is  c.arried  as  far  in  the  way  of 
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lightness  as  the  art  will  allow  in  so  extensive  a  cora- 
position ;  but  it  will  be  seen  that,  to  support  the 
superincumbent  weight,  blocks  or  stems  of  trees  have 
been  introduced,  which  can  be  looked  upon  as  no 
other  than  unavoidable  defects.  Many  attempts  have 
been  made  to  avoid  the  use  of  these  incumbrances ;  but 
we  are  not  aware  of  any  instance  in  which  it  has 
been  so  successfully  done  as  in  the  noble  group  of 
the  Archangel  Michael  and  Satan,  by  our  own  Flax- 
man,  in  the  possession  of  the  Earl  of  Egremont,  to 
which  we  shall  presently  have  occasion  again  to  refer 
on  another  ground.  In  this  instance,  the  tail  of  Satan 
is  so  admirably  entwined  with  the  legs  of  the  angel 
aa  to  afford  all  the  requisite  support  for  the  upper 
part  of  the  figure,  whilst  it  conceals  nothing  in  the 
principal  view  of  the  group. 

In  sculpture,  a  group  requires  to  be  so  composed 
as  to  display  a  harmonious  arrangement  of  lines,  and 
a  due  balance  of  masses,  from  more  points  of  view 
than  one — frequently  from  all  points,  which  compels 
a  more  t>arely  scientific  arrangement  than  is  abso- 
lutely necessary,  and  we  may  say  usually  adopted, 
in  the  sister  art,  which  professes  to  affbid  but  one 
pomt  of  view ;  and  it  may  probably  be  concluded 
that  the  absence  of  due  investigation  on  the  part  of 
the  most  numerous  class  of  professors,  those  of 
painting,  has  left  us  decidedly  without  true  prin- 
ciples either  of  grouping  or  judging  of  groups  when 
executed.  The  sculptor,  from  the  nature  of  his  ma- 
terials, can  achieve  all  that  is  required  of  him  by 
positive  experiment.  Elxperience,  therefore,  supplies 
the  want  of  science  with  him,  and  man  is  apt  to  be 
too  indolent  to  search  for  a  principle  to  supply  what 
he  can  with  facility  obtain  by  practice.  The  painter, 
on  the  other  hand,  has  not  such  ready  means  of  ex- 
periment ;  to  alter  is  with  him  to  re-execute :  but  he 
has  an  all-powerful  veil  in  chiaro-scuro  to  hide  the 
errors  he  was  not  sufficiently  skilful  or  industrious 
to  avoid.  Most  of  the  artists  have  a  kind  of  bed  of 
Procrustes  to  which  they  reduce  all  their  subjects ; 
and  by  the  application  of  the  few  vague  rules,  gathered 
from  the  practice  of  their  predecessors,  whom  they 
strictly  imitate,  they  produce  what,  with  the  aid  of 
colour  and  chiaro-scuro,  pass  current  for  scientific 
works,  from  the  want  of  some  true  standard  or 
•principle  to  judge  by. 

The  few  principles  established  may  be  comprised 
within  the  followmg  rules  : — 

1.  The  principal  objects  should  occupy  the  largest 
spaces,  and  form  the  largest  masses  of  the  group, 
and  should  be  set  off  and  contrasted  by  smaller 
parts  of  different  character. 

2.  The  two  sides  should  be  varied  both  in  quantity 
and  character. 

3.  The  general  form  or  outline  of  the  group  should 
be  free  from  harsh,  angular  projections,  or  vacuities 
of  any  decided  shape,  and  the  ground-plan  as  varied 
as  the  nature  of  the  objects  will  allow. 

These  rules,  amplified  with  such  necessary  con- 
sequences as  setting  off  projecting  parts  with  re- 
ceding ones,  convex  forms  with  concave  or  flat, 
upright  with  diagonal  or  horizontal,  straight  with 
curved  lines,  are  all  that  are  at  present  agreed  upon. 
The  arts  have  progressed  rather  by  strong  feeling 
or  genius  than  any  decided  principle,  which  at  once 
explains  the  inequality  found  in  the  works  of  all  the 
great  masters,  and  the  utter  incapability  of  their 
pupils  to  preserve  the  acquirements  of  what  is  from 
hence  evidently  falsely  termed  science.  Frequently  the 


eye  has  acquired  correctness  and  taste,  and  the  hand 
great  facility ;  but  the  exercise  of  the  mind  has  had 
so  little  to  do  with  it  that  though  the  artist  could 
perceive  errors,  and  point  out  their  remedy,  he  was 
unable  to  explain  the  principle  on  whidi  his  de- 
cision was  formed. 

The  pyramidal  form  is  one  of  the  roost  approved 
for  the  general  shape  of  a  group,  as  conventionally 
settled  to  be  the  roost  universally  agreeable,  and, 
perhaps  we  may  add,  to  the  artist  most  useful,  roost 
easily  managed,  and,  under  any  circumstances,  most 
readily  come  at.  But,  unless  to  produce  a  peculiar 
effect,  which  will  be  treated  of  under  the  head  of 
Illustration,  it  will  be  the  better  if  the  apex  of 
the  pyramid  be  removed  a  space  from  the  centre, 
for  the  sake  of  obtaining  more  variety  and  inequality 
in  the  two  sides.  The  principal  differences  in  groups 
will  be  found  to  exist  in  the  ground- plans,  on  which 
various  theories  have  been  adopted.  Raffaelle  has 
given  us  a  specimen  of  an  oval  or  circular  arrange- 
ment of  figures  in  his  cartoon  of  the  Death  of 
Ananias.  Titian  took  a  bunch  of  grapes  for  his 
system,  which  gave  a  central  convexity  with  retreat- 
ing ends.  Others  have  adopted  the  opposite  scheme, 
making  their  groups  on  a  concave  ground-plan. 
But  these  are  incidental  applications  of  the  foregoing 
rules  to  particular  cases,  and  perhaps  too  evidently 
systematic  to  bear  much  repetition.  One  of  the 
most  powerful  engines  in  grouping  is  the  arrangement 
of  the  lines  formed  by  the  objects,  so  as  to  secure  a 
sweep  or  convolution,  as  the  group  is  intended  to  be 
of  a  graceful  or  an  energetic  character. 

Long  and  flowing  lines  have  always  an  agreeable 
effect  in  a  composition  of  numerous  parts,  as  they 
give  the  appearance  of  connection  and  union,  which 
we  have  already  shovni  to  be  the  essential  principle 
of  grouping.  Some  remarkable  effects  may  be  found 
produced  by  this  means,  of  which  one  of  the  most 
striking  instances  exists  in  Fuseli's  stupendous 
Lazar  House.  The  long  line  formed  by  the  principal 
figure,  with  his  drapery  blended  into  that  of  the 
female  about  his  knees,  is  carried  on  to  the  other 
figures  behind  so  judiciously,  that  it  would  be  impos- 
sible to  detach  any  portion,  however  slight,  without 
breaking  a  link  of  the  mighty  chain  with  which  those 
horrors  are  bound  together.  Another  instance,  of  a 
more  graceful  and  agreeable  character,  will  be  found 
in  the  Paolo  and  Francesca,  in  the  Whirlwind,  from 
Dante,  by  the  same  artist.  Here  the  flowing  lines 
of  two  exquisitely  drawn  figures  are  so  intimately 
and  beautifully  blended,  so  naturally  and  yet  so  in- 
geniously lengthened,  by  making  one  figure  con- 
siderably higher  than  the  other,  that,  as  a  composi- 
tion of  two  figures,  it  is  perhaps  without  its  equal 
in  the  world.  The  same  principle  pervades  Flax- 
man's  celebrated  group  of  the  Archangel  Michael 
and  Satan.  Being  in  sculpture,  and  to  be  viewed 
from  different  points,  it  was  constructed,  almost  of 
necessity,  with  a  view  to  agreeable  variety  and  play 
of  line  alone.  In  it  you  have  a  long  flowing  line, 
twisted  into  a  kmd  of  knot  at  the  base,  in  the  figure 
of  Satan,  and  thereby  affording  a  solidity  which 
supports,  and  at  the  same  time  contrasts,  the  light- 
ness and  tenuity  of  the  angel  above.  But  there 
would  be  no  end  to  instances  of  the  application  of 
the  rules  already  laid  down  :  all  the  finest  works  of 
art  are  constructed  according  to  them,  with  variations 
in  manner  and  style,  which  form  the  peculiarit!^ 
merits  or  demerits,  distinguishing  each  school. 
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It  b  advisable  to  avoid  too  sodden  and  violent 
contrasts  near  the  principal  figure  or  object,  if  there 
be  more  than  two  components  to  the  group.  A  kind 
of  echo  of  the  actions  has  sometimes  a  beautiful 
effect,  as  giving  strength  and  preponderance  to  what 
is  intended  to  be  a  lei^ing  feature ;  but  these  delica- 
cies in  grouping  require  considerable  practice,  be- 
fore success  can  be  ensured.  Some  remarkable  in- 
stances of  unity  have  been  produced  by  these  means, 
but  more  frequently  sameness  and  want  of  variety 
are  the  result.  In  fiie  Witches,  from  Macbeth,  poe- 
tical expression  allows  of  great  similarity,  and  the 
character  of  the  objects  almost  preclude  much  differ- 
ence of  attitude :  here  the  pyramid  reigns  in  fVdl 
force ;  and  this  is  one  of  the  instances  in  which  the 
equality  of  the  two  sides  might  have  been  admitted ; 
but,  upon  a  principle  belonging  to  ittuatration  rather 
than  grouping,  Mr.  Frank  Howard  has  preferred 
an  arrangement  by  which  his  "Weird  Sisters"  be- 
come an  admirable  specimen  for  the  present  subject, 
without  being  in  any  way  deficient  in  poetical  cha- 
racter. To  obtain  originality,  he  has  made  one  of 
the  side  figures  principal,  and  occupying  the  largest 
space,  and  contrasted  the  broad  and  simple  folds  of 
her  drapery  by  the  narrow  and  diverging  folds  of  the 
dress  of  the  centre  figure.  The  third  assimilates  to 
both  her  sisters,  having  some  parts  of  her  vestment 
in  ample  folds,  and  some  more  close  and  contracted. 
There  is  no  violent  contrast :  the  lines  formed  by  the 
drapery  and  staves  on  which  the  witches  rest,  are 
gradually  raised  from  each  other,  until  the  two  sides 
are  inclined  in  opposite  directions ;  the  group  is 
solid ;  and  the  external  form  without  decided  angles 
or  vacuities,  will  not  bear  the  removal  of  a  line. 
The  similaritv  of  the  attitudes  of  the  figures  ensures 
that  union  which  is  the  first  requisite  of  a  group. 

We  find  few  groups  among  the  relics  of  antiquity, 
and  those,  with  one  or  two  exceptions,  constructed 
on  the  most  simple  plan.  But,  celebrated  as  some 
of  these  are,  they  do  not  reach  the  perfection  of  the 
single  figures.  It  must  be  allowed  that,  having  little 
more  than  sculpture  remaining,  we  have  not  so  good 
an  opportunity  of  judging  as  could  be  wished ;  but 
the  fame  of  the  most  admired  pictures  has  come  down 
to  us,  and  we  do  not  find  the  Venus  of  Apelles,  or  that 
of  Praxiteles,  rivalled  by  a  group.  The  most  extensive 
and  elaborate  composition  in  sculpture  which  has  been 
preserved  is  that  already  referred  to  as  our  exemplar 
(see  Arts,  Fine,  plate  Y.),  the  Toro  Famese,  more 
remarkable  as  a  scarce  specimen,  than  for  any  parti- 
cular merit  as  a  group.  The  bull,  fron\  which  it  takes 
its  name,  occupies  the  apex  of  the  pyramidal  form 
to  which  it  generally  tends ;  and  the  avenging  sons, 
Zethus  and  Amphion,  one  pushing  and  the  other 
pulling  the  infuriated  animal,  are  skilfully  varied 
without  any  violent  contrast,  both  aidmg  to  complete 
the  general  form  by  leaning  forward.  But  from  hence 
the  skill  declines.  Dirce,  seated  upon  the  rock  on 
which  Zethus,  Amphion,  and  the  bull  are  standing, 
seems  rather  in  the  character  of  a  support  to  the  ani- 
mal than  a  principal  of  the  composition.  Antiope, 
in  a  quiet  attitude  on  the  other  side,  fills  up  an  un- 
pleasant opening  between  the  bull  and  one  of  her  sons, 
and  serves  by  her  calmness  to  give  vigour  to  the  group, 
but  to  which,  strictly  speaking,  she  can  hardly  be  said 
to  belong.  The  unfortunate  Lycus  is  likewise  de- 
tached, and  serves  to  ornament  the  rocky  base  as  an 
adjunct  rather  than  a  component  part  of  the  group. 
Altpgether,  it  does  not  display  science  in  arrangement 


commensurate  with  the  exquisite  execution  of  indin- 
dual  parts,  for  whidi  the  antique  sculpture  is  so  re- 
markable, and  in  which  we  are  tau^  to  consider 
the  remains  unrivalled  at  present,  and  impossible  to 
be  surpassed  at  an^  time.  The  ancients  do  not  seem 
to  have  held  groupmg  in  equal  esteem  with  indtridual 
character  of  form  and  fine  proportion.  This  lore  of 
simplicity,  in  opposition  to  complexity  and  combina- 
tion, is  aiso  apparent  in  another  art,  that  of  music, 
in  which  their  prejudices  were  so  strong  as  to  induce 
the  memorable  infliction  of  punishment  for  adding  • 
few  notes  to  their  scale,  and  affording  greater  capa- 
bilities for  the  display  of  any  power  they  might  pos- 
sess :  an  act  more  worthy  of  nations  deemed  by  them 
barbarians.  But  the  same  feeling  predominating  in  aU 
the  relics  of  their  works  of  art,  whether  of  painting 
or  sculpture,  we  are  compelled  to  search  for  its  actuat- 
ing principle  in  vrant  of  skill  to  combine,  or  iqipreda- 
tion  to  admire  the  combination  of  beauties  of  different 
characters. 

The  earliest  grouping  of  any  extent  is  to  be  found 
in  the  works  of  the  Florentine  school :  the  Campo 
Santo  of  Pisa,  and  the  gates  of  Ghiberti,  so  admired 
by  Michael  Angelo,  who  afterwards  carried  gronping 
to  a  perfection  that  has  never  yet  been  excelled. 
And,  if  the  ancients  are  alone  in  the  representation 
of  single  and  simple  figures,  Michael  Angelo  must  be 
considered  alone  in  the  combination  of  extensive  and 
energetic  groups. 

Grouping  has,  since  his  time,  been  an  object  of 
unceasing  study,  and  is  now  considered  one  of  the 
most  essential  requisites  in  a  work  of  art,  and  one 
of  the  highest  objects  of  attainment.  Still  the  science 
has  been  neglected  for  practical  facility,  and  we  can- 
not but  think  that  the  arts  decline  in  consequence. 
One  great  mind  arises,  and  from  an  intuitive  per- 
ception of  the  relations  of  quantities  and  lines,  or 
from  some  strong  impression  produced  by  accidentid 
circumstances,  originates  a  splendid  work,  of  a  differ- 
ent character  from  any  of  his  predecessors.  If  really 
scientifically  constructed,  it  seldom  happens  that  tiie 
artist  is  able  or  willing  to  explain  the  principles  on 
which  he  acted  ;  his  pupils,  therefore,  merely  imbibe 
some  portion  of  their  master's  feeling,  and,  parrot-like, 
imitate  his  style,  which  soon  degenerates  into  man- 
nerism, because  attempted  without  a  knowledge  of  the 
originating  principle,  and  without  the  same  percep- 
tion of  the  qualities  of  mass  and  line. 

The  fewer  the  objects  the  more  difficult  to  groop, 
which  gave  Fuselli  occasion  to  say  that  "to  invent  a 
good  smgle  figure  was  a  very  difficult  thing,  tiiat  to 
compose  two  was  not  very  easy,  but  that  three  figures 
would  compose  themselves."  The  slightest  attention 
to  diversifying  the  quantities  and  lines  of  two  figures 
on  either  side  of  a  third  in  the  centre,  so  completely 
ensures  an  agreeable  general  form,  and  a  due  balance 
of  parts,  as  almost  to  justify  this  quaint  remark. 
Thus,  in  the  celebrated  group  of  Laocoon  and  his  two 
sons,  the  attitudes  of  the  latter  are  combined  with 
that  of  the  principal  figure,  so  as  to  produce  a  py- 
ramidal form,  varied  on  each  side  in  shape  and  quan- 
tity ;  and  the  vacuities  formed  by  the  extended  action 
of  the  father  are  filled  up,  by  the  limbs  of  the  sons, 
in  such  a  simple  and  natural  manner  as  to  appear 
almost  the  necessary  consequence  of  the  materials. 
But  suppose  the  abstraction  of  one  of  the  children, 
and  the  difficulties  of  the  grouping  are  inunensdy 
increased.  Had  the  remaining  child  been  on  either 
side,  the  due  balance  of  parts  co^ld  hardly  have  been 
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prewrved  Tbe  disprOportioB  of  ftize  between  the 
figures  would  have  created  too  great  a  contrast  to 
aUow  of  harmony,  and  the  preponderance  of  the  one 
side  would  have  given  a  tottering  character  to  the 
groop,  that  would  have  excited  an  apprehension  of 
more  danger  to  the  son  from  the  overwhehning  weight 
of  his  father  than  from  the  bite  of  the  serpent. 

Mr.  OtUey  remarks  that  the  Florentine  and  Roman 
schools  arranged  their  groups  of  figures  so  as  to  make 
complete  compositions  without  &e  intervention  of 
drapery,  and  mat  they  clothed  their  figures  in  such  a 
manner  as  not  to  interfere  with  the  first  arrangement ; 
bttt,  in  the  schools  which  followed,  the  drapery  be- 
came an  essential  part  of  the  composition,  which 
style  prevails  strongly  in  the  present  day,  having  de- 
rived a  charm  from  being  peculiarly  adapted  to  splen- 
dour of  colour  and  chiaro«scuro. 

Guides  ;  in  some  armies,  persons  particularly  ac- 
quainted with  the  ground,  who  serve  in  the  staff,  to 
give  the  necessary  information,  and  point  out  the 
best  route  for  an  army.  As  it  is,  however,  impossi- 
ble always  to  have  officers  of  this  kind,  some  armies 
have  geographical  engineers  attached  to  the  staff, 
whose  particular  studies  are  geography  and  topogra- 
phy. Ni4)oleon  gave  the  name  of  guides  to  his 
first  body  of  guards,  formed  after  he  had  been  on  the 
point  of  being  surprised  and  taken  prisoner  in  a 
castle  on  the  Mincio. 

Guild,  in  commerce;  a  society,  fraternity,  or 
company,  associated  for  carrying  on  commerce  or 
some  particular  trade.  The  merdiant  guilds  of  our 
ancestors  answer  to  our  modern  corporations.  The 
societies  of  tradesmen,  exclusively  authorized  to 
practise  their  art,  and  governed  by  the  laws  of  their 
constitution,  played  a  very  important  part  in  the 
middle  ages.  Few  institutions  snow  the  progress  of 
civilization  in  a  stronger  light  than  that  of  guilds, 
from  the  first  rude  mixture  of  all  kinds  of  labour, 
its  division,  the  establishment  of  corporations,  the 
corruption  of  these  by  privileges  which  are  in  some 
cases  highly  absurd,  down  to  their  total  abolition, 
and  the  restoration  of  liberty  to  human  industry. 
Tliough  the  division  of  labour  is  comparatively  of 
recent  date,  yet  the  division  of  the  people  by  occu- 
pations is  one  of  the  oldest  and  rudest  political  insti- 
tutions of  which  history  makes  mention.  These 
divisions  by  occupations  or  castes  generally  took 
their  rise,  however,  from  a  difference  of  national 
origin,  as  with  the  Egyptians,  Indians,  &c.  The  Ro- 
mans  had  various  mechanical  fraternities,  which 
might  be  compared  to  modern  guilds,  as  they  had 
the  right  to  enact  b^-laws.  In  Qie  later  times  of  the 
republic,  these  societies  not  unfrequcntly  appeared 
as  political  parties ;  and,  on  this  account,  their  in- 
fluence was  restrained,  and  they  were  partly  abo- 
lished after  the  establishment  of  the  monarchy.  In 
Italy,  the  cradle  of  the  class  of  free  citizens  in  the 
middle  ages,  and  particularly  in  the  Lombard  cities, 
those  connecting  links  between  the  ancient  and  mo* 
dem  civilization,  some  remains  of  these  Roman  in- 
stitutions, or  recollections  of  them,  probably  contri- 
buted to  revive  the  guilds,  which  naturally  presented 
themselves  as  an  excellent  means  of  supporting  the 
citizens  against  the  nobility,  by  uniting  them  into 
powerful  bodies. 

With  the  increasing  importance  of  the  cities,  which 
became  the  seats  of  industry,  and  with  the  establish- 
ment of  their  constitutions,  begins  also  the  extension 
o(  guilds.     The  chief  reason  that  mechanical  in- 


dustry was  freely  developed  in  the  middle  ages,  at 
the  same  time  with  agricultural,  which  had  been  ex- 
clusively cultivated  by  the  Greeks  and  Romans,  was 
the  independence  which  the  mechanics  acquired  with 
the  growth  of  municipal  and  c?vil  liberty.  Mechan- 
ical industry  has  always  been  essentially  of  a  demo- 
cratic character,  and  would  never  have  flourished 
under  the  feudal  system.  It  is  not  possible  now  to 
give  the  exact  date  of  the  origin  of  these  societies  in 
Upper  Italy.  Traces  of  them  are  found  in  the  10th 
century.  Thus,  in  Milan,  we  find  the  mechanics 
united  under  the  name  credentia.  It  is  certain  that 
small  societies  of  mechanics  existed  as  early  as  the 
i2th  century,  which  appear,  in  the  following  century 
to  have  been  in  the  possession  of  important  political 
privileges.  We  even  meet  with  abuses  in  these  bo- 
dies as  early  as  this  period ;  and,  several  centuries 
later,  the  guUds  became  the  subject  of  bitter  and  just 
complaint,  particularly  those  in  Germany. 

When  the  advantages  of  these  associations  became 
known  and  felt,  they  rapidly  increased ;  and,  in  the 
struggles  of  the  citizens  and  the  nobility,  the  prin- 
cipal resistance  against  the  latter  was  made  by  the 
corporations.  As  soon  as  the  citizens  acquired  an 
influence  on  the  administration,  the  guilds  became 
the  basis  of  the  municipal  constitutions,  and  every 
one  who  wished  to  participate  in  the  municipal  go- 
vernment was  obliged  to  become  the  member  of  a 
guild.  Hence  we  often  find  distinguished  people  be- 
longing to  a  class  of  mechanics,  of  whose  occupa- 
tion they  probably  did  not  know  any  thing.  This 
mixture  of  social  and  political  character,  as  well  as 
the  insignificance  of  the  individual,  considered  merely 
as  such,  is  a  natural  consequence  of  the  rudeness  of 
the  period.  Just  principles  are  the  work  of  time.  It 
is  only  by  slow  degrees  that  the  true  is  separated 
from  the  false,  the  essential  from  the  unessential. 
Political,  like  religious  and  scientific  principles,  are 
at  first  always  vague  and  incoherent.  Men  must 
have  long  experience  of  the  concrete  before  they  form 
just  notions  of  the  abstract.  Thus  it  is  a  charac- 
teristic of  the  middle  ages,  that  political  rights  were 
considered  as  arising  from  special  privileges.  All 
that  men  enjoyed  was  looked  upon  as  a  gift  from  the 
lord  paramount.  In  fact,  the  idea  of  the  rights  of 
man,  as  an  individual,  has  been  developed  only  in 
very  recent  times.  Even  the  ancient  republics  had 
no  just  conception  of  it. 

In  Germany,  tbe  establishment  of  guilds  was  also 
intimately  connected  with  that  of  the  constitutions 
of  the  cities.  The  latter  were  different  according  as 
the  ancient  Roman  or  the  old  German  organization 
of  the  community  prevailed ;  the  relations  among  the 
mechanics  were  also  very  different.  The  mechanical 
arts  were  at  first  practised  chiefly  by  the  villeins; 
and,  even  in  the  time  of  Charlemagne,  they  appear  to 
have  been  pursued  on  the  estates  of  the  feudal  lords, 
by  the  bondsmen,  as  is  still  the  case  on  the  great 
possessions  of  Russian  noblemen.  Commerce  on 
any  very  extended  scale  could  not,  however,  be  car- 
ried on  by  bondsmen.  Although  there  early  existed 
free  mechanics,  yet  they  were  also  under  the  pro- 
tection and  jurisdiction  of  the  feudal  lord,  before  the 
privileges  of  the  cities  were  acknowledged,  except 
in  cities  of  Roman  origin.  These  privileges  early 
secured  to  them,  as  a  distinct  class  of  vassals,  a  sort 
of  organization  under  the  direction  of  the  masters  of 
each  trade,  as  appears  from  the  oldest  law  of  the 
city  of  Strasburg,  which  seems  to  belong  to  the  15th 
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century;  and  out  of  this  the  guilds  in  Germany  inay 
have  originated.  The  full  developement  of  the  guil<6 
in  Germany  occurred  in  the  last  half  of  the  12th  cen- 
tury, and  the  oldest  examples  are  those  of  the  cloth- 
shearers  and  retailers  in  Hamburg  (1 152),  the  drapers 
(1153)  and  shoemakers  in  Magdeburg  (1157).  But 
they  possessed  no  political  importance  in  Germany 
before  the  13th  century,  when  a  struggle  arose  be- 
tween them  (the  labouring  classes)  and  the  citizens 
belonging  to  ancient  families,  the  civic  aristocracy. 
The  guilds  were  victorious,  and  became  so  powerful, 
that  even  persons  of  "  free  occupations"  joined  these 
associations,  as  the  allodial  possessors  of  land  some- 
times placed  themselves  under  feudal  lords.  The 
corporations  of  merchants  and  mechanics  became 
more  and  more  confirmed  in  their  privileges  and  mo- 
nopolies, whilst  the  country  people  suffered  by  being 
made,  in  many  respects,  the  slaves  of  the  guilds. 
Particular  branches  of  industry  were  often  subject 
to  restrictions  in  favour  of  the  guilds,  which  were 
sometimes  of  a  most  offensive  nature.  The  guilds 
became  insupportable  aristocracies,  sometimes  allow- 
ing only  a  certain  number  of  master  mechanics  in 
the  place,  and  seldom  admitting  any  one  into  their 
associations  except  favourites  of  the  masters.  The 
examinations  for  the  admission  of  a  journeyman  to 
the  rank  of  a  master  were  used  as  means  of  extorting 
money,  and  were  often  combined  with  the  most  ab- 
surd humiliations. 

The  guilds  are  now  abolished  in  a  considerable 
portion  of  Germany  ;  and  yet  many  persons  wish  to 
restore  the  ancient  order  of  things,  as  a  support  of 
aristocratical  distinctions,  and  as  tending  to  repress 
that  free  exercise  of  industry  which  is  so  favourable 
to  the  growth  of  the  democratic  spirit.  Attempts 
were  made  to  check  the  insolence  of  the  guilds  by 
the  laws  of  the  empire,  in  1731,  but  without  success. 
In  France,  the  guilds,  also  originated  with  the  in- 
creasing importance  of  cities,  and  became  general  in 
the  reign  of  Louis  IX. ;  but  they  were  subject  to 
abuses,  as  in  Germany,  and  were  abolished  at  the 
time  of  the  revolution.  In  this  country,  the  socie- 
ties of  mechanics  are  important  principally  in  a  po- 
litical respect,  on  account  of  their  connection  with 
the  democratic  element  of  our  constitution. 

Guillotine.  This  instrument  has  been  errone- 
ously considered  the  invention  of  Guillotin,  a  physician 
of  Paris,  during  the  French  revolution.  A  similar 
instrument,  called  tnannaia,  was  used  in  Italy  for  be- 
heading criminals  of  noble  birth.  The  maiden,  for- 
merly used  in  Scotland,  was  also  constructed  on  the 
same  principle.  The  Convention  having  determined, 
on  the  proposition  of  Guillotin,  to  substitute  decapi- 
tation for  hanging,  as  being  less  ignominious  for  the 
family  of  the  person  executed,  the  guillotine  was 
adopted,  also  on  his  proposition,  as  being  the  least 
painful  mode  of  inflicting  the  punishment.  It  was 
erected  in  the  Place  de  Greve,  and  the  first  criminal 
suffered  by  it  April  25,  1792.  Portable  guillotines, 
made  of  iron,  were  afterwards  constructed.  They 
were  carried  from  place  to  place,  for  the  purpose  of 
executing  legislative  enactments.  This  machine  con- 
sists of  two  upright  pillars,  in  the  grooves  of  which 
a  mass  of  iron,  sharpened  at  the  lower  extremity, 
is  made  to  move  by  cords.  Being  raised  to  a  cer- 
tain height,  it  falls,  and  at  once  severs  the  head  of 
the  criminal  (who  is  laid  upon  a  horizontal  scaffold- 
ing) from  his  body.  It  is  much  surer  than  the 
sword  or  axe,  which  is  sometimes  used  for  decapi- 
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tation,  and  of  which  we  read,  m  many  instances*  tlial 
several  blows  have  been  necessary  to  put  an  end  to 
the  life  of  the  sufferer.  In  the  reign  of  terror,  it 
was  called  by  the  most  violent  political  flEUiatics  noire 
trh  Sainte-Guillotime.  It  is  still  the  common  instru- 
ment of  capital  punishment  in  France. 

Guinea;  an  English  gold  coin,  legally  WOTth 
twenty-one  shillmgs  sterling.  Guineas  were  first 
coined  in  the  reign  of  Charles  II.  (1662),  of  pAd 
which  the  English  procured  from  Guinea,  vad  hence 
the  name.  Tdi  1718,  they  were  of  the  value  of 
twenty  shillings  sterling. 

Guinea  Cloth.  Mariners  give  the  name  of  Giii« 
nea  to  a  much  greater  extent  of  the  African  coast 
than  is  recognized  by  geog^phy ;  and,  in  commerce, 
several  articles  made  for  tide  African  trade  are  called 
by  this  name.  Guinea  cloth  is  a  kind  of  calico,  cid- 
culated  for  the  African  market,  where  it  is  an  im- 
portant article  of  barter.  There  are  also  Goinea 
knives,  &c. 

Gum  ;  one  of  the  proximate  principles  of  vegetables, 
distinguished  by  the  following  properties  : — It  ia  an 
insipid,  inodorous,  uncrystallizable  solid,  more  or  less 
transparent,  the  various  -  colours  which  the  different 
kinds  possess  being  derived  from  mixture  with  coloior- 
ing  principles,  while  exuding  in  a  fluid  state.  It  is 
insoluble  in  sdcohol,  and  extremely  soluble  inw«ter, 
in  which  properties  it  is  the  reverse  of  resin.  It  dif- 
fers from  mucilage  only  in  being  deprived  of  the 
water  which  rendered  it  fluid ;  and,  of  course,  when 
water  is  added,  it  again  becomes  mucilage.  Thb 
mucilage  is  apparently  not  susceptible  of  fermenta- 
tion, and  may  be  kept  for  a  long  time,  as  it  is  less 
disposed  to  spontaneous  changes  than  almost  any 
vegetable  product.  Its  chemical  composition  so  nearly 
approaches  sugar,  that  it  may  be  converted  into  it  by 
means  of  nitric  acid.  Gum,  as  above  defined^  b 
identical  in  all  vegetables,  and  the  different  kinds  Tary 
only  in  the  ouantity  and  quality  of  the  substances 
united  with  them.  It  exists  naturally  almost  pore 
in  gum-Arabic  and  gum-Senegal,  and,  more  or  less 
mixed,  in  the  gum  which  exudes  from  the  plam, 
cherry,  and  other  fruit-trees,  as  also  in  the  mucilage 
of  flax-seed,  slippery  elm,  &c.  Various  resins  anid 
gum-resins  are  commonly  confounded  under  this  ap- 
pellation. 

Gum-Arabic  is  the  product  of  the  minuaa  nUotiea 
and  some  other  species  of  the  same  genus,  inhabitini; 
the  sand^  parts  of  Arabia,  Egypt,  Senegal,  and  On- 
tral  Africa.  It  exudes  spontaneously,  in  a  flaid 
state,  and  remains  attached  to  the  branches  after  it 
has  concreted  and  become  solid.  This  exudation 
takes  place  continually,  during  the  whole  of  the  dry 
season,  from  October  to  June,  but  more  copionslv 
immediately  after  the  rains.  December  and  ManJi 
are  the  two  mouths  in  which  this  gum  is  collected 
by  the  Arabs,  with  whom  it  is  an  important  aliment, 
those  tribes  that  are  continually  wandering  in  the 
desert  often  making  it  their  principal  article  of  food 
during  a  great  part  of  the  year. 

Gum-Arabic  is  obtained  in  rounded  masses,  trans- 
parent, or  of  a  light  yellow  colour,  capable  of  being 
easily  reduced  to  a  powder,  insipid  to  the  taste,  sr 
possessing  a  slight  acidity,  which,  however,  is  per- 
ceptible only  by  those  who  use  it  habitually.  It  is 
easily  soluble  in  water,  and  the  solution  has  the 
property  of  conveying  pulverised  solids  through  a 
filter,  which  would  separate  them  were  they  sus- 
pended merely  in  water  •  thus  it  is  imposail^  by 
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tiiis  meaB»,  to  separate  powdered  charcoal  fnm  gum- 
water.  In  pharmacy,  gam •  Arabic  is  employed  to 
suspend  in  water  substances  which  otherwise  could 
not  be  kept  equally  diffused,  as  balsams,  fixed  oils, 
resins,  &c. ;  but  its  principal  consumption  is  in  manu- 
factures, forming  the  basb  of  crayons  and  cakes  of 
water-colours,  as  well  as  of  writing-ink,  and  several 
liquid  colours,  serving  to  increase  the  consistency  of 
these  colours,  and  to  prevent  their  spreading  in 
calico-printing,  affording  a  clear  cement  for  joining 
light  substances,  which  may  be  prepared  in  a  mo- 
ment, giving  a  lustre  to  ribands,  silks,  &c.,  which, 
however,  is  destroyed  by  the  application  of  water. 
It  is,  besides,  used  for  a  {p-eat  variety  of  purposes. 
In  medicine,  it  is  frequently  employed,  especially  in 
dysenteries,  as  a  demulcent,  and  enters  into  the 
composition  of  a  variety  of  emollient  preparations. 
Gum-Senegal,  as  it  is  called,  has  the  same  chemical 
character  with  gum- Arabic :  indeed,  the  chief  part  of 
the  gum-Arabic  of  commerce  is  brought  ftt>m  Sene- 
gal, and  constitutes  the  most  important  article  of 
trade  with  that  country. 

Gum  Resins  apparently  combine  the  properties  of 
gums  and  resins,  being  partly  soluble  in  water, 
partly  in  alcohol ;  but  they  arc  evidently  compound 
substances,  formed  of  two  or  more  vegetable  princi- 
ples, which,  indeed,  are  often  in  a  state  of  mere  mecha- 
nical mixture.  Aloes,  assafoetida,  galbanum,  gamboge, 
olibanum,  scammony,  and  a  great  variety  of  concrete 
juices,  are  referred  to  this  head.     (See  Resin.) 

Gun;  a  fire-arm,  or  weapon  of  offence,  which 
fbrcibly  discharges  a  ball,  shot,  or  other  offensive 
matter,  through  a  cylindrical  barrel,  by  means  of 
gunpowder.  Chtn  is  a  general  name,  under  which 
are  included  divers,  or  even  roost  species  of  fire-arms. 
They  may  be  divided  into  great  and  smalL  Great 
guns,  called  also  by  the  general  name  camums, 
make  what  we  also  call  ordnance,  or  artilkry,  under 
which  come  the  several  sorts  of  cannon.  Great 
guns  of  all  sorts,  cannons,  carronades,  ficc,  whether 
of  iron  or  brass,  arc  cast  in  sand,  and  afterwards 
bored.  Small  guns,  muskets,  fowling-pieces,  &c., 
are  forged  from  bars  of  malleable  iron,  hammered  to 
a  proper  width,  and  then  turned  over  a  mandril,  or 
cylindrical  rod,  so  as  to  form  a  tube  with  a  bore 
smaller  than  that  of  the  intended  piece.  The  edges 
overlap  about  half  an  inch,  and  are  firmly  welded 
together.  The  tube  is  then  hammered,  in  semicircular 
grooves,  on  an  anvil  hollowed  for  the  purpose.  It  is 
afterwards  bored  with  several  instruments,  of  dif- 
ferent sizes,  in  succession,  till  the  hollow  is  suffi- 
ciently large  and  smooth.  A  plug  is  firmly  screwed 
into  tne  breech,  so  as  to  make  it  perfectly  close.  The 
projecting  parts  of  the  barrel,  the  sight,  the  loops 
which  fasten  it  to  the  stock,  &c.,  are  soldered  on. 

Gunnery  signifies  the  science  of  using  artillery 
against  an  enemy  judiciously,  and  to  the  greatest 
effect.  Besides  an  accurate  acquaintance  with  the 
management  of  ordnance  of  all  kinds,  the  military 
engineer  should  understand  the  range,  the  charge, 
and  direction  necessary  for  different  distances,  their 
materials,  with  the  manner  of  making  and  of  pre- 
serving them.  He  should  also  know  Sie  component 
parts,  the  fabrication,  the  effect  of  gunpowder,  and 
the  method  of  preserving  it,  with  the  manner  of  pre- 
paring and  managing  ever^  thing  that  appertains  to 
ammunition.  The  artillerist  must  be  able  to  in- 
struct his  men  in  their  exercises,  both  on  horse- 
back and  on  foot ;  he  must  be  well  acquainted  with 


the  management  of  the  horses  that  are  used  to  trans- 
port the  cannon  and  to  mount  the  flying  artillery ; 
he  must  know  how  to  harness  them  to  the  can^ 
non,  how  to  move  and  manoeuvre  with  them  on 
ground  of  every  kind,  how  to  repair,  at  the  moment* 
any  sudden  damage,  and  must  be  thoroughly  ac- 
quainted with  tactics,  especially  with  the  peculiarities 
of  the  ground,  and  with  the  art  of  availing  himself 
of  them  most  judiciously  in  the  disposition  of  his 
artillery.  He  must,  finally,  be  able  to  attack  or 
defend  any  position ;  he  must  have  an  accurate  ac- 
quaintance with  the  science  of  fortification  ;  bat  es- 
pecially he  must  be  practically  skilled  in  throvring  up 
batteries  and  other  field-works,  so  that  he  may  be 
able,  by  deposing  his  artillery  before  or  within  a 
strong  place,  to  assist  the  engineer  most  effectually 
in  its  attack  or  defence.  Besides,  the  artillerist  has 
often  the  regulation  of  the  lights,  and  other  signals, 
in  time  of  war,  of  the  fire- works  in  peace,  &c.  All 
this  must  be  learned  by  experience,  and  by  the  study 
of  auxiliary  sciences.  Mathematics  (particularly  the 
doctrine  of  curves,  to  calculate  the  path  of  the  balls), 
physics,  and  chemistry,  are  also  very  necessary,  in 
order  to  understand  the  effect  of  powder,  and  the 
manu&cturing  of  ammunition,  as  well  as  that  of  all 
kinds  of  fire-works. 

Gunpowder  is  a  mixture  of  saltpetre,  sulphur, 
and  charcoal.  If  we  may  believe  the  relations  of 
the  missionaries,  and  the  reports  of  the  Chinese  his- 
torians, the  Chinese  were  first  acquainted  vrith  &e 
application  of  gunpowder.  Perhaps  it  proceeded 
from  them  to  the  Arabs ;  for,  in  1331,  the  Moors 
used  it  in  their  operations  before  Alicant,  and  cer- 
tainly in  1342.  at  Algesiras.  Among  the  Euro- 
peans, the  traces  of  this  invention  are  still  more 
ancient ;  for  the  Greek  fire,  which  was  first  employed 
in  668,  must  have,  at  least,  contained  saltpetre  mixed 
with  pitch,  naphtha,  &c.,  since  it  was  customary,  by 
means  of  it,  to  hurl  stones  from  metallic  tubes.  The 
first  information  of  the  knowledge  of  the  Europeans 
with  regard  to  the  chemical  mixture  of  powder  is 
found  in  the  ninth  century,  in  a  book  composed  by 
Marcus  Gracchus,  preserved  in  the  University  of 
Oxford,  which  also  accurately  explains  its  corapo* 
sition.  Roger  Bacon  (who  died  in  1394)  was  like- 
wise acquainted  with  the  power  which  saltpetre  has» 
when  jet  on  fire,  of  burning  vividly. 

The  discoverer  of  the  power  of  powder,  when  con- 
fined and  set  on  fire,  of  propelling  heavy  bodies, 
was,  according  to  common  report,  B^thold  Schwartz, 
a  monk,  who  is  said  to  have  lived  at  Mayence,  be- 
tween 1290  and  1320.  He,  in  some  of  his  experi- 
ments in  alchemy,  had  put  the  mixture  into  a  mortar, 
and,  having  accidentally  dropped  into  it  a  spark  of 
fire,  to  his  astonishment  saw  the  pestle  fiy  off  into 
the  air.  In  1356,  powder  is  mentioned  in  the  ac- 
counts of  the  treasury  of  Nuremberg ;  in  1360  the 
House  of  Assembly  at  Liibeck  was  burned  by  the 
imprudence  of  the  powder  manufacturers ;  and,  in 
1365,  the  Margrave  of  Misnia  had  pieces  of  artillery 
in  his  possession.  In  the  course  of  a  few  years 
afterwards,  it  was  known  through  Europe.  Thus 
the  first  traces  of  this  invention  would  appear  to  be 
found  in  Germany;  other  nations,  however,  have 
put  in  their  claims  to  this  honour. 

The  proportion  of  the  ingredients  in  the  compo- 
sition of  gunpowder  is  difierrat  in  different  countries : 
in  the  Prussian  powder-mills,  75  parts  of  saltpetre, 
II  parts  of  sulphur,  and  13)  parts  of  charcoal,  are 
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used  but  in  the  Frendi  milb,  75  parts  of  saltpetre, 
12i  of  coal,  and  12i  of  salphur.  In  the  mannfac- 
tnre  of  this  article,  which  is  carried  on  in  rery  dif- 
ferent ways,  much  depends  upon  the  goodness  of  the 
ingredients.  The  crude  saltpetre  is  broken  np, 
moistened,  and  exposed  to  the  action  of  a  slow  fire, 
continually  skimmed  and  violently  agitated,  till  all 
the  moisture  evaporates,  and  the  saltpetre  remains  in 
the  form  of  a  fine  powder.  The  sulphur  is  pulverized 
after  having  been  well  purified.  The  charcoal  is  that 
derived  frnn  the  alder,  or  any  other  soft  wood  or 
b«ishes,  as»  for  example,  hemp-stalks,  which  are 
burned  wi^  great  care  in  a  confined  room,  and  re- 
duced to  a  fine  powder. 

These  three  ingredients  are  moistened,  and  brought 
under  a  stamping,  or  more  commonly  a  roUing-mill, 
where  two  metallic,  or,  which  are  better,  marble  cy- 
linders, turn  round  a  fixed  v^iicai  wooden  pillar,  and 
crush  to  pieces  the  mixture,  which  lies  upon  a  round 
smooth  surface  of  the  same  material.  Other  mills 
efi^  this  bruising  operation  by  several  large  iron 
runners,  revolving  upon  a  metallic  plate,  similar  to  a 
painter's  grindmg-stone,  or  by  a  rapid  revolution  of 
the  mixture  in  casks  containing  metallic  balls.  After 
the  mixture,  in  some  one  of  these  ways,  has  been 
acted  on  in  the  mills  for  the  space  of  six  or  eight 
hours,  and  when  the  ingredients  are  united,  and 
form  one  homogeneous  mass,  it  is  pressed,  while  yet 
wet,  by  means  of  cylindric  rollers  of  wood,  through  a 
perforated  sieve,  by  which  the  powder  is  formed  into 
grains.  In  other  mills,  this  process  of  forming  it  into 
grains  takes  place  after  the  powder  has  been  pressed 
between  two  boards  into  a  solid  cake,  and  then  sub- 
mitted twice  to  the  operation  of  a  grooved  roller  of 
wood  or  copper. 

The  powder,  after  it  has  been  grained,  is  spread 
Qpon  boards  in  the  drying  houses,  and  exposed  to 
the  strong  heat  of  an  oven  for  two  days.  In  order 
to  prevent  its  taking  fire,  the  oven  is  well  lined  with 
clay  and  copper.  Of  late  years,  this  process  of 
drying  has  been  generally  effected  by  means  of 
steam.  Finally,  the  powder  is  sorted  by  being  passed 
through  several  sieves.  In  the  first,  or  coarsest, 
remains  what  is  entirely  useless ;  through  the  second 
passes  the  second-sized,  or  cannon  powder;  and 
through  the  third  and  last  the  finest,  or  musket 
powder.  The  powder,  thus  prepared,  is  packed  in 
oaken  casks. 

Gunpowder  should  be  of  a  slate  colour,  with  a 
round  and  pure  grain,  and  also  have  a  uniform 
colour  on  being  broken  up ;  nor  should  it  leave  be- 
hind it,  either  on  the  hand  or  on  paper,  any  bhick 
spots.  When  set  on  fire,  it  should  bum  at  once, 
without  crackling,  or  leaving  upon  paper  any  ap- 
pearances of  its  combustion.  When  applied  to  the 
tongue,  the  taste  should  be  extremely  cooling.  In 
order  to  prove  its  strength,  let  any  person  apply  an 
accurately  fitting  ball  to  a  small  mortar,  and  the 
distance  to  which  the  ball  is  thrown  will  prove  the 
strength  of  the  powder.  The  French  government 
eprottvsf /« is  a  mortar  seven  French  inches  in  dia- 
meter, and  three  ounces  of  powder  must  throw  a 
copper  globe,  of  60  pounds  weight,  300  feet ;  other- 
wise the  powder  is  not  admissible.  Anotfier  method 
is,  to  suspend  a  small  cannon  as  a  pendulum,  and  to 
judge  of  the  strength  of  the  powder  by  the  force  of 
the  recoil,  which  will  describe  a  greater  or  less  arc 
of  a  circle.  In  the  preservation  of  powder,  ^st  and 
water  must  both  bt  carefully  fnacded  i^;ainat* 


Powder  destined  for  mBitary  pnrposes  shonld  be 
deposited  in  an  airy  building,  removed  at  least  1000 
paces  from  any  habitation,  provided  with  ligHHtrng 
rods,  and  surrounded  with  walls,  ditches,  and  pali- 
sadoes ;  there  should  be  a  guard  constantly  set;  to 
prevent  the  introduction  of  fire,  and  to  hinder  all 
persons  from  entering  who  have  things  about  them 
that  will  produce  fire.  These  buildings  should  con- 
tain openings  for  the  free  passage  of  the  air ;  the 
casks  should  stand  upon  a  platform  of  wood,  at  a 
distance  from  the  wall,  and  the  powder  itself  should 
be  sunned  and  dried  every  one  or  two  years.  If  the 
powder  is  to  be  kept  in  damp  places,  as,  for  eximiple, 
m  the  casemates  (arched  passages  under  ground)  of 
fortresses,  the  walls  should  be  internally  covered 
with  lead,  and  a  vessel  filled  with  unslaked  lime 
placed  in  the  middle  of  the  apartment,  so  diat  the 
moisture  of  the  atmosphere  may  be  attracted  by  the 
lime. 

In  the  transportation  of  gunpowder,  dust,  which 
is  liable  to  penetrate  the  cracks  and  joints  of  the 
casks,  should  be  carefully  gudlrded  against,  as  the 
friction  may  produce  explosion.  It  is  also  necessary 
for  its  good  preservation,  that  the  carriages  and  ves- 
sels in  which  it  is  transported  should  be  water-tight 
We  may  effectually  preserve  it  from  moisture,  by 
dipping  the  cask  and  the  sackcloth  covering  into 
melted  pitch.  Vessels  prepared  in  this  way,  and 
containing  powder,  may  be  immersed  in  the  water 
for  weeks,  without  having  their  contents  in  the  least 
injured.  The  effects  of  this  substance,  when  set  on 
fire,  are  truly  wonderful.  When  powder  is  heaped 
up  in  the  open  air,  and  then  inflamed,  it  detonates 
without  report  or  efliect.  A  small  quantity  of  pow- 
der left  free  in  a  room,  and  fired,  merely  blows  out 
the  windows ;  but  the  same  quantity,  when  confined 
in  a  bomb  within  the  same  chamber,  and  inflamed^ 
tears  in  pieces  and  sets  on  fire  the  whole  house. 
Count  Rumford  loaded  a  mortar  with  one-twentieth 
of  an  ounce  of  powder,  and  placed  upon  it  a  24- 
pound  cannon,  weighing  8081  lbs. ;  he  then  closed 
up  every  opening  as  completely  as  possible,  and  fired 
the  charge,  which  burst  the  mortar  with  a  tremend- 
ous explosion,  and  raised  up  this  immense  weight. 

GuKTsa's  LiNB ;  a  logarithmic  line,  usually  gra- 
duated upon  scales,  sectors,  &c.  It  is  called  the 
Hne  qf  tuit$,  and  Um  qf  numbers,  being  only  the  log- 
arithms graduated  upon  a  ruler,  which  therefore 
serves  to  solve  problems  instrumentally,  in  the  same 
manner  as  logarithms  do  it  arithmetically.  It  b 
usually  divided  into  a  hundred  parts,  every  tenth  of 
which  is  numbered,  beginning  with  1,  and  ending 
with  10,  so  that,  if  the  first  great  division,  marked  1« 
stand  for  one-tenth  of  any  integer,  the  next  division* 
marked  3,  will  stand  for  two-tenths,  3,  three-tentfaa» 
and  so  on ;  and  the  intermediate  division  will,  in  like 
manner,  represent  one-hundredth  parts  of  an  integer. 
If  each  of  the  great  divisions  represent  ten  integers, 
then  will  the  lesser  divisions  stand  for  integers ;  and 
if  the  great  divisions  be  supposed  each  100,  the  sub- 
divisions will  be  each  10. 

U89  of  Gunier^s  l4fte:— 1.  Tb  find  ike  prodrnd  qf 
two  mtmbert.  From  1  extend  the  compass  to  the 
multiplier;  and  the  same  extent,  applied  the  same 
way  from  the  multiplicand,  will  reach  to  the  product. 
Thus,  if  the  product  of  4  by  8  be  required,  extend 
the  compasses  from  1  to  4,  and  that  extent,  laid 
from  8  the  same  way,  will  reach  to  32,  their  product. 

2.  7b  divide  one  number  bff  onofAer.    llie  extant 
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from  the  divisor  to  unity  will  reach  from  die  di- 
vidend to  the  quotient ;  thus,  to  divide  36  by  4,  ex- 
tend the  compasses  from  4  to  1,  and  the  same  extent 
will  reach  from  36  to  9,  the  quotient  sought. 

3.  Th  find  a  fourth  proporHonal  to  three  given  ftttm- 
htrt.  Suppose  the  numl>ers  6,  8>  9 :  extend  the  com- 
passes from  6  to  8 ;  and  this  extent,  laid  from  9  the 
same  way,  will  reach  to  13,  the  fourth  proportional 
required. 

4.  Tki  jM  a  fMan  propoTtimal  between  amf  two  given 
manbere.  Suppose  8  and  32 :  extend  the  compasses 
from  8,  in  the  lefk-hand  part  of  the  line,  to  32  in  the 
right ;  then  bisecting  this  distance,  its  half  will  reach 
from  8  forward,  or  tmm  32  backward,  to  16,  the  mean 
{Moportional  sought. 

5.  7b  estiraet  the  square  root  of  a  number.  Suppose 
25 :  bisect  the  distance  between  1  on  the  scale  and 
the  point  representing  25 ;  then  half  of  this  distance, 
set  off  from  1,  will  give  the  point  representing  the 
root  5.  In  the  same  manner,  the  cube  root,  or  that 
of  any  higher  power,  may  be  found  by  dividing  the 
distance  on  the  line,  between  1  and  the  given  number, 
into  as  many  equal  parts  as  the  index  of  the  power 
expresses ;  tiien  one  of  those  parts,  set  from  1,  will 
find  the  point  representing  the  root  required. 

GuNTBR'a  Quadrant  is  a  quadrant  made  of  wood, 
brass,  or  some  other  substance,  being  a  kind  of  ste- 
reographic  projection  on  the  plane  of  the  equinoctial, 
the  eye  being  supposed  in  one  of  the  poles,  so  that 
the  tropic,  ecliptic,  and  horizon  form  the  arches  of 
circles ;  but  the  hour  circles  are  other  curves,  drawn 
by  means  of  several  altitudes  of  the  sun  for  some 
particular  latitude  every  year.  This  instrument  is 
used  to  find  the  hour  ot  the  day,  the  sun's  azimuth, 
&c.,  and  other  common  problems  of  the  sphere  or 
globe ;  as  also  to  take  the  altitude  of  an  object  in 
degrees. 

Guntbr's  Scale,  usually  called  by  seamen  the 
punter,  is  a  large  plain  scale,  having  various  lines 
upon  it,  of  great  use  in  working  the  cases  or  questions 
in  navigation.  This  scale  is  usually  two  feet  long, 
and  about  an  inch  and  a  half  broad,  with  various  lines 
upon  it,  both  natural  and  logarithmic,  relating  to  tri- 
gonometry, navigation,  ^cc  On  the  one  side  are 
the  natural  lines,  and  on  the  other  the  artificial  or 
logarithmic  ones.  The  former  side  is  first  divided 
into  inches  and  tenths,  and  numbered  fron  1  to  24 
inches,  running  the  whole  length,  near  one  edge. 
One  half  of  the  length  of  this  side  consists  of  two 
plane  diagonal  scales,  for  taking  off  dimensions  for 
three  places  of  figures.  On  the  other  half  of  this  side 
are  contained  various  Unes  relating  to  trigonometry, 
as  performed  by  natural  numbers,  and  marked  thus, 
▼iz.  Rhumb,  the  rhumbs  or  points  of  the  compass ; 
Chord,  the  line  of  chords ;  Sine,  the  line  of  sines ; 
Thng.;  the  tangents ;  S.  T.,  the  semi-tangents ;  and 
ikt  the  other  end  of  this  half  are  Leag,,  leagues  or 
equal  parts ;  Rhmnb,  anotl^r  line  of  rhumbs ;  M,  L,, 
miles  of  longitude ;  Chor,,  another  line  of  chords. 
Also  in  the  middle  of  this  foot  are  L,  and  P.,  two 
other  lines  of  equal  parts  :  and  all  these  lines  on  this 
aide  of  the  scale  serve  for  drawing  or  laying  down  the 
figures  to  the  cases  in  trigonometry  and  navigation. 
On  the  other  side  of  the  scale  are  the  following  arti- 
ficial or  logarithmic  lines,  which  serve  for  working  or 
resolving  those  cases,  viz.  S,  R,,  the  sine  rhumbs ; 
7.  R,,  the  taagent  riiumbs ;  Numb.,  line  of  numbers ; 


GuNWALB,  or  CrUTfNXL,  OF  A  Srip,  IS  diat  pieco 
of  timber  which  reaches,  on  either  side  of  the  ship^ 
from  the  half-deck  to  tiie  forecastle,  being  the  upper* 
most  bend,  which  finishes  tbe  upper  works  of  the 
hull  in  that  part,  and  wherein  they  put  the  stanchions 
which  support  the  waist-trees.  This  is  called  the 
gunwale,  whether  there  be  guns  in  the  ship  or  not. 

The  lower  part  of  any  port,  where  any  ordnance 
is,  is  also  termed  the  gunwale. 

Gut  ;  a  rope  used  to  keep  steady  any  weighty 
body  from  bearing  or  felling  against  the  ship's  side 
while  it  is  hoisting  or  lowering,  particulariy  when 
the  ship  is  shaken  by  a  tempestuous  sea. 

Oug  is  also  the  name  of  a  tackle  used  to  confine  a 
boom  forward  when  a  vessel  is  going  large,  and  to 
prevent  the  sail  from  shifting  by  any  accidental 
change  of  the  wind  or  comrse,  which  would  endanger 
the  springing  of  die  boom,  or  perhaps  the  apsetting 
of  the  vessel. 

Guy  is  likewise  a  large  slack  rope,  extending  from 
the  head  of  die  main- mast  to  the  head  of  the  fore- 
mast, and  having  two  or  three  large  blocks  fastened 
to  it.  It  is  used  to  sustain  a  tackle  to  load  or  unload 
a  ship  with,  and  is  accordingly  removed  as  soon  aa 
that  operation  is  finished. 

Gtmn ASTics,  if  we  understand  by  this  word  alt 
bodily  exercises,  may  be  most  conveniently  divided 
into— 1.  Military  exercises ;  2.  Exercises  systemati- 
cally adapted  to  develope  the  physical  powers,  and 
preserve  them  in  ]>erfecdon,  which  constitutes  the 
art  of  gymnaeties,  properly  so  called ;  3.  Exercises  for 
the  sick,  a  most  important  branch,  which  has  beenr 
very  little  attended  to.  llie  ancients  divided  their 
gymnasdcs  into  ggmnaetica  miUtaria,  gymnaetica  me* 
aica  (including  under  this  head  our  second  and  third 
divisions),  and  gynmattica  otMetica,  or,  as  Galen  calls 
them,  vitioea,  which  were  practised  by  professional 
athlete  at  the  gymnasdc  games,  and  were  in  bad 
repute  with  reflecting  men,  even  in  those  times,  on 
account  of  their  injurious  c^cts  on  the  health  and 
morals.  The  class  of  gymnastics  which  we  have 
enumerated  under  the  second  head  have  their  origin 
in  the  exeroises  of  war  and  the  ch^e.  The  prepara- 
tion of  youth  for  those  occupations  leads  to  the  in- 
troduction of  gymnastics ;  and  the  chase  itself  has. 
been  considered  by  many  nations  as  a  preparation 
for  vrar ;  the  Spartans  and  American  Indians,  are  in- 
stances. The  ancients  do  not  inform  us  precisely  of 
the  origin  of  gymnastics,  considered  as  a  branch  of 
education.  We  first  find  them  in  a  systematic  form 
among  the  Greeks. 

The  first  gymnasium  is  said  to  have  been  esta- 
blished in  Sparta.  In  Adiens,  always  disposed  to 
mingle  the  element  of  the  beautiful  in  whatever  she 
undertook,  gymnastics  were  refined,  from  the  rudo 
military  character  which  they  bore  among  the  Spar- 
tans, into  an  art ;  and  die  gymnasia  became  temples 
of  the  graces.  In  each,  there  was  a  place  called  ^- 
lastra,  in  which  wrestling,  boxing,  running,  leaping, 
throwing  the  discus,  and  other  exercises  of  this  kind, 
were  taught.  Gymnastics  were  afterwards  divided 
into  two  principal  branches — the  palsestric,  taking  its 
name  from  the  paUeetra,  and  the  orchestric.  The 
former  embraced  the  whole  class  of  athletic  exercises ; 
the  latter,  dancing  and  the  art  of  gesticulation.  It  is 
not  known,  with  accuracy,  what  particular  exercises 
were  usually  practised  in  the  gymnasia.  The  enthu- 
sines ;  K  8.,  the  versed  maes ;  Timg.,  the  tan-  JMsm  for  athletic  sports  among  die  Gredcs,  their  love 
geats ;  l^pri.,  aMridit>Dal  parts ;  £.  P.,  eq^  parts.    |  of  the  beautiftd,  which  was  gratified  in  the  gymaa- 
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sia  by  the  sight  of  th«  finest  haman  forms  in  the 
prime  of  youth,  and  by  the  halls  and  colonnades 
adorned  with  statues  and  pictures  and  occupied  by 
teachers  of  wisdom  and  philosophy,  rendered  these 
places  the  favourite  resort  of  the  old  and  young. 
Gymnastics  even  formed  an  essential  part  of  the  cele- 
bration of  all  the  great  festivab. 

After  a  time,  however,  the  character  of  the  compe- 
titors at  the  Olympian,  Isthmian,  Nemaean,  and  other 
great  games  of  Greece,  degenerated,  as  they  became 
more  and  more  a  separate  class,  exercising,  at  least 
in  many  cases,  in  buildings  exclusively  devoted  to 
them.  Euripides  calls  them  useless  and  injurious 
members  of  tne  state.  It  is  not  precisely  known  to 
what  extent  their  exercises  were  practised  in  the  gym- 
nasia. The  Greeks,  as  well  as  the  Romans,  set  a 
very  high  value  upon  the  art  of  swimming.  In 
Sparta,  even  the  young  women  swam  in  the  Eurotas ; 
and  a  common  phrase  of  contempt  was,  "  he  can  nei- 
ther swim  nor  write." 

Running  was  also  much  esteemed,  and  the  Olym- 
piads were,  for  a  long  time,  named  from  the  victors 
in  the  race.  Riding  on  horseback  was  deemed  a 
liberal  exercise.  Dancing  (by  which  we  are  not  to 
understand  the  modem  dancing  pt  the  two  sexes  in- 
termingled, but  the  art  of  gracefiil  motion,  including 
oratorical  gesture,  together  with  certain  formal  dances 
performed  at  festivals)  was  likewise  indispensable  to 
an  accomplished  man.  Wrestling  was  also  much 
valued. 

There  are  not  many  materials  remaining,  to  enable 
us  to  judge  of  the  exercises  practised  by  the  Grecian 
women.  In  later  and  corrupt  times,  diey  took  part 
in  the  public  games  with  men.  With  the  decline  of 
Greece,  the  gymnastic  art  naturally  degenerated,  and 
became  gradually  reduced  to  the  exercises  of  profes- 
sional a&lets,  which  survived  for  a  long  time  the 
ruin  of  the  land  of  their  birth.  The  Olympic  games 
continued  to  be  celebrated  several  centuries  after 
Christ.  Some  late  travellers  have  thought  that  they 
could  find  traces  of  the  ancient  games  remaining 
even  in  our  day.  "  You  have  the  Pyrrhic  dance  as 
yet,"  says  Byron.  The  Romans,  under  the  emperors, 
imitated  the  gymnasia,  as  they  did  every  thing  Gre- 
cian ;  but  their  establishments  were  little  better  than 
places  of  vicious  gratification.  The  therme,  or  baths, 
in  Italy,  took  the  place  of  the  gymnasia  in  (jFreece. 
Among  the  Romans,  gymnastics  never  became  na- 
tional, as  they  may  be  said  to  have  been  among  the 
Greeks.  There  are  some  indications,  indeed,  of  early 
gymnastic  games, — ^we  mean  the  consualia;  but  with 
this  stem,  martial,  and  practical  nation,  gymnastics 
took  altogether  a  more  military  character.  They 
were  considered  merely  as  preparatory  to  the  military 
service,  or,  when  they  constituted  a  part  of  the  exhi- 
bitions at  festivals,  were  practised  only  by  a  particu- 
lar class,  trained  for  bratad  entertainments,  at  which 
large  bets  were  laid  among  the  spectators,  as  is  still 
the  custom  on  our  own  race-course. 

Vegetius  gives  us  information  concerning  the  exer- 
cises in  which  the  young  soldiers  were  trained,  and 
they  were  of  a  very  useful  character.  When  ail  the 
acquisitions  of  the  human  intellect  were  lost  in  the 
utter  corraption  of  the  latter  ages  of  the  Roman  em- 
pire, and  the  emptions  of  wandering  barbarians,  the 
gymnastic  art  perished. 

We  may  date  its  revival  from  the  commencement 
of  tournaments,  the  first  of  which  were  held  in  the 
ninth  and  tenth  centuries  in  France,  and  may  have 


had  their  origin  in  the  military  games  of  tiie  Romany 
aided  by  the  martial  spirit  of  the  descendants  of  the 
German  conquerors  of  France.  They  received,  how- 
ever, their  full  perfection  from  the  spirit  of  chivalry. 
Hie  first  tournaments  were  fought  with  blunt  wea- 
pons, which  were  called  armes  yroctevjev.  At  a  later 
period,  sharp  weapons  were  introduced,  and  many 
fatal  encounters  happened  before  the  eyes  of  the 
ladies.  About  the  year  1066,  Godefroy  de  Prenelly 
collected  the  rales  and  customs  of  tournaments  into 
a  code,  which  was  afterwards  generally  adopted.  At 
a  later  period,  the  character  of  these  celebrations  de- 
generated so  much,  that  they  were  finally  prohibited 
by  the  pope  and  the  emperor,  as  the  Ronuui  btdi 
had  several  times  been  by  the  emperors.  With  the 
superiority  which,  in  the  course  of  time,  infantry 
began  to  acquire  over  cavalry,  as  it  always  does  with 
the  advance  of  civilization  cmd  scientific  tactics,  and 
the  invention  of  gunpowder,  the  institutions  of  chi- 
vahy  declined.  The  heavy  steel  coats  were  done 
away,  and  the  art  of  skilful  fencing  began  to  be  in- 
troduced. 

The  first  treatises  upon  this  subject  appeared  in 
the  sixteenth  century.  The  Italians  were  the  first 
teachers,  and  three  different  schools,  the  Italiai^ 
French,  and  German,  were  soon  formed.  We  speak 
here  of  fencing  with  the  small-sword ;  but  the  Ger- 
mans also  practised  the  art  of  fencing  with  a  stsaight 
broad-svrord,  perhaps  owing  to  their  neighbourhood 
to  the  Sclavonian  nations,  who  all  prefer  the  cat  to 
the  thrust.  The  weapon  of  the  Sclavoniane,  however, 
is  the  crooked  sabre.  At  the  same  time,  vaulting 
began  to  be  much  practised.  The  Roman  dettdi9rt$, 
indeed,  lead  us  to  suppose  that  the  Romans  knew 
something  of  this  art ;  and  it  was  no  doubt  also  prac- 
tised by  the  knights  of  the  middle  ages  i  but  the  pre- 
sent art  of  vaulting  is  modem  in  its  character,  and 
carried  to  the  greatest  perfection  in  France.  Fi^bt- 
ing  with  a  dagger,  and  even  with  a  knife,  was  taugfatp 
as  useful,  in  this  turbulent  age,  and  much  skill  was 
attained  in  Holland,  in  defence,  by  the  weapon  last 
mentioned.  Wrestling,  as  an  art,  was  also  revived, 
and  many  treaties  were  written  on  it  in  the  sixteenth 
and  seventeenth  centuries,  from  which  we  learn  that 
it  was  often  practised  in  connection  with  boxing, 
forming  the  same  compound  as  the  ancient  /laaem- 
/tam.  The  famous  painter,  Albert  Durer,  wrote 
Armorum  tradandomm  MediiaHo  (m  1412).  It  still 
exists  in  manuscript  at  Breslau.  Modem  horseman- 
ship had  its  origin  in  Italy,  and  the  first  riding- 
school  was  established  at  Naples.  In  the  reign  of 
Henry  VIII.  it  was  introduced  into  England.  Rnn- 
ning,  shooting,  hurling,  leaping,  were  not  taught  sys- 
tematically ;  yet  much  importance  was  attached  to 
proficiency  in  them,  in  many  parts  of  Europe,  on 
account  of  the  numerous  popular  meetings,  like  those 
which  still  exist  in  Svritzeriand.  Swimming,  at  this 
period,  was  not  taught  as  an  art.  Where  there  wcte 
convenient  places  for  bathing,  children  naturally 
learned  it.  Elsewhere  little  pains  were  taken  to  in- 
stract  them  in  this  useful  branch  of  gymnastics; 
though  in  many  parts  of  Ecurope  there  were  races  on 
and  in  the  water. 

The  Greeks  had,  besides  the  combat  with  the 
etutus,  a  contest  of  boxing  termed  Mpktaromackia,  be- 
cause the  combatants  had  balls  in  their  hands.  Box- 
ing, taught  with  caution,  is  an  invigorating  exerctae, 
and  the  skilful  boxer  is  always  furnished  with  natniii 
arms.  The  art  of  cudgel-playing  is  a  useful  exerdae. 


GYPSUM,    HAIL. 


629 


a«»  prtictised  in  France,  where  it  is  different  from  that 
^hich  is  practised  in  England.  In  the  last  century, 
when  men  broke  loose  from  the  yoke  of  authority, 
and  thinking  and  thoughtless  heads  began  to  specu- 
late deeply  or  frivolously  on  the  existing  order  of 
things,  education  began  to  receive  its  share  of  atten- 
tion, and  the  better  sort  of  teachers  saw  that  gymnas- 
tics must  soon  be  introduced  among  the  other  branches 
of  instruction.  Salzmann,  a  Grerman  clergyman,  was 
the  first  instructor  of  youth  at  whose  institution  in 
Thuringia  bodily  exercises  were  taught,  in  the  latter 
part  of  the  last  century.  These  were  principally 
running,  leaping,  swimming,  climbing,  and  balancing. 
€ruts-Mnths  wrote  a  very  respectable  treatise  upon 
modem  gymnastics,  which,  as  the  first,  deserves 
mnch  praise.  He  afterwards  wrote  a  more  enlarged 
work  on  the  same  subject. 

A  German  of  the  name  of  Volker  established  the 
first  gymnasium  in  London.  At  the  same  time. 
Captain  Clias,  a  Swiss,  established  a  gymnasium  at 
Chelsea,  in  the  Royal  Military  Asylum.  He  soon  after 
published  his  work  on  gymnastics,  the  chief  merit  of 
which  is  its  brevity  and  clearness.  Dr.  Jahn  and  his 
pupil  Eiselen  published,  soon  after  the  peace  of  Paris, 
a  work  on  modern  gymnastics,  which  is  excellent  in 
many  respects,  though  it  is  sometimes  too  minute 
and  pedantic. 

G^'mnasia  have  since  been  opened  in  various  parts 
of  Germany,  but  they  are  now  strictly  confined  to 
bodily  exercises.  In  1825,  Doctor  Beck,  a  German, 
and  pupil  of  Doctor  Jahn,  established  the  first  gjrm- 
nasium  in  the  United  States  of  America.  Others 
have  been  subsequently  establbhed  in  different 
parts  of  the  country.  It  generally  happens,  that  the 
papils  of  a  gymnasium  after  a  while  lose  their  inter- 
est in  the  exercises.  This  was  observed  even  in  Ger- 
many, where  patriotic  feelings  were  mingled  with  the 
exercises.  The  reason  of  &is  appears  to  be,  that 
little  or  no  difference  is  made  in  the  exercises  of 
different  ages,  and  it  is  natural  that  an  exercise  re- 
peated for  years  should  become  wearisome.  Gym- 
nastics therefore,  when  they  are  taught  as  a  regular 
branch  of  education,  ought  to  be  divided  into  two 
courses.  In  the  first  course  we  would  include  walk- 
ing and  pedestrian  excursions ;  elementary  exercises 
of  various  sorts;  running,  1.  quick,  2.  long  con- 
tinaed ;  leaping  in  height,  length,  and  depth ;  leaping 
with  a  pole,  in  length  and  height;  vaulting;  ba- 
lancing; exercises  on  the  single  and  parallel  bars; 
climbing;  throwing;  dragging;  pushing;  lifting;  car- 
rying ;  wrestling ;  jumping,  1.  with  the  hoop,  2.  with 
the  rope;  exercises  with  the  dumb-bells;  various 
gymnastic  games  ;  skating ;  dancing ;  some  military 
exercises ;  swimming,  which  we  include  in  the  first 
coarse,  because  it  can  be  easily  taught  to  children. 
Some  of  these  exercises,  of  coarse,  are  not  suitable 
for  very  young  children,  and  they  should  be  distri- 
buted in  a  regular  gradation,  which  caution  and  ex- 
perience will  teach. 

Gymnastics,  properly  so  called,  may  be  begun  by 
a  boy  from  six  to  eight  years  old.  The  second  coarse 
consists  of  repetitions  of  some  of  the  former  exercises 
of  vaulting,  both  on  the  wooden  and  the  living  horse, 
either  standing  or  running  in  a  circle ;  boxing,  driving, 
riding  on  horseback,  and  fencing  with  the  broad- 
sword and  the  small-sword.  Fencing  with  the  small- 
sword is  one  of  the  noblest  of  gymnastic  exer- 
cise?. No  other  is  so  well  entitled  %o  the  name  of 
an  art ;  no  other  calls  the  powers  into  such  active 


exercise ;  no  other  requires  such  quickness  of  limb^ 
of  mind,  and  of  eye,  together  with  so  much  self- 
possession;  no  other  developes  so  completely  the 
whole  frame.  It  is  a  noble  art.  Riding,  indeed^ 
deserves  likewise  the  name  of  an  art,  in  which  a  man 
may  make  continual  improvement.  It  cannot,  how- 
ever, be  called  so  pure  a  gymnastic  exercise  as  fencing, 
and,  in  its  nature,  it  is  more  mechanical.  Many 
excellent  horsemen  are  men  of  very  inactive  or  limited 
minds ;  but  all  good  fencers  whom  we  have  known 
were  men  of  quick  apprehension  and  lively  intellect. 
This  accounts  for  the  circumstance  that  the  artists  of 
the  middle  ages  valued  fencing  so  highly.  Almost 
all  the  great  masters  and  distinguished  puets  of  those 
times  were  skilful  swordsmen,  and  some  of  them, 
as  Leonardo  da  Vinci  and  Bacculio,  wrote  treatises 
on  the  use  of  their  favourite  weapon.  Boxing,  riding, 
and  the  various  exercises  on  the  living  horse,  should 
not  be  commenced  much  before  the  sixteenth  year. 

Gypsum,  sulphate  of  lime,  or  common  plaster  of 
Paris,  is  found  in  a  great  variety  of  forms.  It  is 
either  in  regular  crystals,  in  which  form  it  is  some- 
times called  selemie,  or  in  large  crystalline  plates 
and  masses,  which  is  perfectly  transparent,  and  as 
pure  as  the  finest  plate-glass ;  or  it  occurs  in  fascicu- 
lar or  radiated  masses,  which  are  also  crystallized  ( 
it  is  sometimes  found  in  snow* white,  scaly  flakes, 
like  foam  or  snow;  it  is  at  other  times  semi-trans- 
parent, like  horn ;  and,  lasUy,  it  is  met  with  most 
commonly  in  large,  fine  or  cross-grained  compact 
masses,  forming  rocks,  and  constituting  large  and 
extensive  strata.  In  this  form,  it  exhibits  a  great 
variety  of  colours — ^white,  red,  brown,  bluish- white,. 
&c.  The  variety  of  gypsum  last  described  consti- 
tutes all  the  hills  and  beds  of  this  mineral,  which  are. 
so  frequent  among  secondary  rocks,  and  in  what  are 
called  the  salt  and  coal  formaHons,  It  occurs  rarely, 
if  ever,  among  the  primitive  rocks,  and  not  often 
among  those  of  the  transition  class.  It  is  almost 
always  found  associated  with  the  rock  salt,  whereon, 
salt-springs  are  found.  It  contains  but  few  vege- 
table or  animal  remains ;  those  that  occur  are  chiefly 
bones  nf  quadrupeds,  amphibia,  fresh-water  shells, 
and  vegetable  remains.  Caves  are  of  firequent  occur-^ 
rence  in  gypsum. 

The  purer  semi-transparent  specimens  of  gypsum 
are  used  for  ornamental  works,  in  vases,  urns,  &c.» 
and  for  statuary ;  for  which  purposes  its  softness 
makes  it  very  usefiil,  and  easy  to  work ;  but  this  also 
renders  it  difficult  to  polish.  In  this  last  form,  it  is 
the  alabaster  of  the  arts.  It  constitutes  the  material 
used  in  making  the  fine  plastering  for  the  internal 
finishing  of  costiy  edifices,  and  gives  the  walls  a  most 
beautiful  whiteness.  It  is  also  used,  after  being 
burned,  for  the  composition  of  stucco-work  of  aU 
sorts.  But  the  great  and  important  use  of  gypsum, 
or  plaster,  as  it  is  usually  called,  is  for  manuring 
graS9  and  grain  lands ;  in  which  cases  it  is  truly  in- 
valuable. And  it  is  inconceivable  how  great  an 
additional  quantity  of  grass  will  be  obtained,  by  the 
sprinkling  a  peck  of  ground  plaster  upon  the  acre  of 
land.  It  is  certainly  the  cheapest  and  best  manure 
for  grass  or  grain  when  it  can  be  readily  procured. 

HAIL  appears  to  be  a  species  of  snow,  or  snowy 
rain,  which  has  undergone  several  congelations  and 
superficial  meltings,  in  its  passage  through  different 
zones  of  the  atmosphere,  some  temperate  and  others 
frozen.  It  is  generally  formed  in  sudden  alternations 
of  variable  weather.    Hail-stones  are  often  of  con- 
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Biderable  dimensions,    lliey  sometimes  foil  with  a 

velocity  of  70  feet  a  second,  or  about  50  miles  an 
hour.    Their  great  momentum,  arising  from  this  ve- 
locity, renders  them  very  destructive,  particularly  in 
hot  climates.    They  not  only  beat  down  the  crops, 
and  strip  trees  of  their  leaves,  fruits,  and  branches, 
but  sometimes  kill  even  large  beasts  and  men.    The 
phenomena  attending  the  formation  and  fall  of  hail 
are  not  well  understood.     But  it  is  certain  that  they 
are  connected  with  electricity.    This  fact  we  find  no- 
ticed by  Moses,  who  relates  that  "  the  Lord  sent 
thunder  and  hail,  and  the  fire  ran  along  upon  the 
ground"  (Gen,  ix.  23).    ^is  has  been  supposed  to 
account  for  the  great  variations  of  temperature  to 
which  the  hail  has  been  subjected,  in  its  passage 
tiirough  the  different  strata  of  the  atmosphere.  Arti- 
ficial hail  can  be  produced  by  an  electrical  apparatus, 
and  volcanic  eruptions  are  often  followed  by  a  fall  of 
hail-stones  of  great  size.  Hail-rods  have  been  erected 
at  the  suggestion  of  Volta,  in  countries  much  exposed 
to  the  ravages  of  hail  storms,  on  the  same  principle 
as  lightning-rods.    They  consist  of  lofty  poles,  tip- 
ped with  metallic  points,  and  having  metallic  wires 
communicating  with  the  earth.     By  thus  subtracting 
the  superabundant  electricity  from  clouds,  he  ima- 
gined tiiat  the  formation  of  hail  might  be  prevented. 
These  rods  are  used  in  Germany  and  Switzerland,  but 
their  success  is  not  proportionate  to  the  expectations 
entertained  of  them.    The  violence  with  which  hail 
is  discharged  upon  the  earth,  under  an  oblique  angle, 
and  independently  of  the  wind,  would  be  explained 
by  Volta's  supposition,  that  two  electrical  clouds  are 
drawn  towards  each  other  in  a  vertical  direction,  and 
by  their  shock  produce  hail,  which,  by  the  law  of  the 
composition  of  forces,  would  be  projected  in  the  dia- 
gonal of  its  gravity,  and  of  the  result  of  the  direction 
of  the  clouds.     In  Germany,  there  are  companies 
which  insure  against  damage  by  hail. 

Haib;  the  fine,  threadlike,  more  or  less  elastic 
substance,  of  various  form  and  colour,  which  consti- 
tutes the  covering  of  the  skin,  particularly  of  the  class 
of  mammalia.  It  is  of  a  vegetative  nature,  and  appears 
also  in  animals  of  the  lower  orders,  and  indeed  in 
all  animals  which  have  a  distinct  epidermis ;  there- 
fore in  insects.  In  the  crustaceons  animals,  it  some- 
times appears  in  particular  places,  as  the  feet,  on  the 
margins  of  the  shell,  on  the  outside  of  the  jaws,  and 
grows  in  tufts.  Hair  is  most  distinctly  developed  in 
diose  insects — as  caterpillars,  spiders,  bees,  &c.,  which 
have  a  soft  skin ;  in  this  case,  it  even  appears  of  a 
feathery  form ;  and  butterflies  are  covert  all  over 
widi  a  coat  of  woolly  hair,  of  the  most  variegated  and 
beautiftil  colours.  Hie  same  variety  and  brilliancy 
is  displayed  in  the  feathers  of  birds,  which  may  be 
considered  as  analogous  to  hair,  whilst  the  two  other 
classes  of  animals — fishes  and  reptiles — ^have  no  hair 
whatever.  No  species  of  mammalia  is  without  hair 
in  an  adult  state,  not  even  the  cetacea.  In  quadru- 
peds, it  is  of  the  most  various  conformation,  from  the 
finest  wool  to  the  quills  of  a  porcupine  or  the  bristles 
of  the  hog.  Hie  hair  which  is  spread  over  almost 
the  whole  of  the  skin  is  comparatively  short  and  soft. 
On  particular  parts,  a  longer,  thicker,  and  stronger 
kind  is  found ;  as,  for  instance,  the  mane,  fetlocks,  and 
tail  of  the  horse,  the  lion's  mane,  the  covering  of 
man's  occiput,  his  beard,  the  beard  of  goats,  &c. 

The  colour  of  the  hair  generally  affords  an  external 
characteristic  of  the  species  or  variety ;  but  climate, 
food,  and  age  produce  great  changes  in  it.    The  hu- 


man body  is  naturally  covered  with  long  hair  only  ia 
a  few  parts ;  yet  the  parts  which  we  should  genetally 
describe  as  destitute  of  it  produce  a  fine,  short,  co- 
louriess,  sometimes  hardly  perceptible  hair.  Tht  (mly 
places  entirely  free  from  it  are  the  palms  of  the  hands 
and  the  soles  of  the  feet ;  but  the  body  of  the  male 
often  produces  hair  like  that  of  the  head,  on  the 
breast,  shoulders,  arms,  &c.  Each  hair  originates  in 
the  cellular  membrane  of  the  skin,  from  a  small 
cylindrical  root,  which  is  surrounded  by  a  covering 
or  capsule,  furnished  with  vessels  and  nerves,  called 
the  bulb.  The  root  is  tubular,  and  contains  a  clear 
gelatinous  fluid.  The  pulp  on  which  the  hair  is 
formed,  passes  through  the  bottom  of  the  bulb,  in 
order  to  enter  the  tube  of  the  hair,  into  which  it  pe- 
netrates for  a  short  distance,  never,  in  common  hairs^ 
reaching  as  far  as  the  external  surface  of  the  skin. — 
According  to  Vauquelin,  black  hair  consists  of,  1.  an 
animal  matter,  which  constitutes  the  greater  part ;  2. 
a  white  concrete  oil,  in  small  quantity ;  3.  another 
oil,  of  a  grayish 'green  colour,  more  abundant  than 
the  former ;  4.  iron,  the  state  of  which  in  the  hair  is 
uncertain ;  5.  a  few  particles  of  oxide  of  manganese; 
6.  phospate  of  lime ;  7*  carbonate  of  lime,  m  very 
small  quantity;  8.  silex,  in  a  conspicuous  quantity; 
9.  lastly,  a  considerable  quantity  of  sulphur. 

The  same  experiments  show  that  red  hair  differs 
from  black  only  in  containing  a  red  oil,  instead  of  a 
blackish-green  oil ;  and  that  white  hair  differs  fhna 
both  these  only  in  the  oil  being  nearly  colourless, 
and  in  containing  phosphate  of  magnesia*  which  is 
not  found  in  them.  The  human  hair  varies  according 
to  age,  sex,  country,  and  other  circumstances.  With 
the  seventh  montb,  the  first  traces  of  hair  on  the 
head  are  visible  in  the  embryo.  At  birth,  an  infant 
generally  has  light  hair :  it  always  grows  darker  and 
stiffer  with  age.  The  same  is  the  case  with  the  eye- 
lashes and  eyebrows.  At  a  later  period,  it  begins 
gradually  to  lose  its  moisture  and  pliability,  and 
finally  turns  gray,  or  falls  out.  These  effects  are 
produced  by  the  scanty  supply  of  the  moisture  above 
mentioned,  and  a  mortification  of  the  root.  But 
age  is  not  the  only  cause  of  this  change ;  dissipation* 
grief,  anxiety,  sometimes  turn  the  hair  gray  in  a 
very  short  time.  It  begins  to  fall  off  on  the  top  of 
the  head.  The  hair  of  men  is  stronger  and  stiSer ; 
that  of  females  lon|;er  (even  in  a  state  of  nature), 
thicker,  and  not  so  hable  to  be  shed. 

Blnmenbach  adopts  the  following  national  dififer- 
ences  of  hair: — 1.  brown  or  chestnut,  sometimes 
approaching  yellow,    sometimes   black,   soft,    full, 
waving ;  this  is  the  hair  of  most  nations  of  central 
Europe ;  3.  black,  stiff,  straight,  and  thin,  the  hair 
of  the  Mongolian  and  native  American  races ;   3. 
black,  soft,  curiy,  thick,  and  full  hair ;  most  of  the 
inhabitants  of  the  South  Sea  Islands  have  it;  4. 
black,  curiy  wool,  belonging  to  the  negro  race.    The 
hair,  with  the  nails,  hoofs,  horns,  Ike,  is  one  of  the 
lower  productions  of  animal  life.    Hence,  in  a  healthy 
state,  it  is  insensible,  and  the  pain  which  we  fed 
when  hairs  are  pulled  out  arises  from  the  nerves 
which  surround  the  root.    It  grows  again  after  being 
cut,  and,  like  plants,  grows  the  more  rapidly  if  the 
nutritive  matto*  is  drawu  to  the  skin  by  cutting ; 
yet,  in  a  diseased  state,  and  particularly  in  the  disease 
called  the  pUca  pohndca,  it  becomes  sensitive  and 
inflamed  to  a  certain  degree,  bleeds,  and  is  clotted  by 
a  secretion  of  lymph,  which  coagulates  into  large 
lumps.    Hair  not  onl>  serves  as  a  cover  or  omameot 
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to  tlw  body,  but  exercises  an  important  ioflnence  on 
absorptioD  and  perBpiration  ;  whi^re  the  hair  is  thick, 
the  perspiration  is  more  free.  If  the  root  is  destroyed, 
there  is  no  means  of  reprodnciag  the  hair ;  bnt  if  it 
falls  oat  without  Xtte  root  being  destroyed,  as  is  often 
the  case  after  nervous  fevers,  the  hairgrowsout  apain 
of  itself.  Though  hair,  in  a  healthy  stale,  grows  only 
on  the  external  parts  of  the  body,  cases  are  not  c 
frequent  in  which  it  is  formed  inside  of  the  body 
diseased  parts. 

How  much  the  hair  differs  in  its  character  from 
the  other  parts  of  the  body  (being,  as  we  have  said, 
of  a  vegetable  nature),  is  strikingly  shown  from  the 
circumstance  that  it  continues  to  grow  after  death. 
As  the  hair  ta  a  very  conspicuous  object,  and  capable 
of  much  alteration,  the  arrangement  of  it  has  always 
been  one  of  the  most  important  daties  of  the  toilet. 

Haib's  Bsbasth  ;  a  measure  of  length,  being  the 
46th  part  of  an  inch. 

Halbb&t,  id  the  art  <if  tear,  a  well-known  wea- 
pon carried  by  the  sergeants  of  foot,  it  a  sort  of 
apear,  the  shatt  of  which  is  about  six  feet  long.  Its 
liead  U  armed  with  a  steel  point,  edged  on  both 
sides  )  hut,  besides  this  sharp  point,  which  is  in  a 
line  with  the  shaft,  there  is  a  cross  piece  of  steel,  flat, 
and  pointed  at  both  eods,  but  generally  with  a  cut- 
ting edge  at  one  extremity,  and  a  bent  aharp  point 
at  the  other. 

Hai.f-Mook,  in  fortificalion ;  an  out- work  com- 
posed of  two  faces,  forming  a  salient  angle,  whose 
gorge  is  in  the  form  of  a  half-moon. 

Half-Pike  ;  a  defensive  weapon,  composed  of 
an  iron  spike,  tiied  on  an  ashen  staff.  Its  use  is  to 
repel  the  assault  of  boarders  in  a  manner  similar  to 
the  defence  of  the  charged  bayonet  among  infantry ; 
hence  it  is  frequently  termed  a  boarding  pUtr.  It 
takes  the  epithet  of  half  from  its  having  a  much 
shorter  staff  than  the  whole  pike. 

.Halo  is  an  extensive  luminous  ring,  including 
a  circular  area,  in  the  centre  of  which  the  enn  or 
moon  appears,  whose  li{;ht,  passing  through  an 
interrening  cloud,  gives  rise  to  the  phenomenon : 
those  about  the  moon  are  most  common.  When 
the  sun  or  moon  is  seen  through  a  thin  cloud,  a  por- 
tioa  of  the  cloud  round  the  sun  or  moon  appears 
lighter  than  the  rest,  and  this  luminous  disc  is  called 
a  tonna.  Coronas  are  of  various  sizes,  but  they  sel- 
dom exceed  10°  in  diameter;  they  are  generally  faint- 
ly coloured  at  their  edges.  Frequently,  when  a  halo 
encircles  the  moon,  a  corona  surrounds  it.  ParMia, 
or  mock  suns,  vary  considerably  in  general  appear- 
ance :  sometimes  the  sun  is  encircled  by  a  largo  halo, 
in  the  circumference  of  which  the  mock  suns  usually 
appear,  which  have  often  small  haloa  round  them. — 
(See  Mbtbok.) 

Hammbb  1  a  well-knotni  tool  used  by  mechanics, 
of  which  there  are  various  sorts ;  but  they  all  consist 
of  an  iron  head  fixed  crosswise  to  a  handle  of  wood. 
Among  bUcksmiths  there  are  the  hand-hammer, 
the  uphand- sledge,  the  about-sledge  (which  is  swung 
overhead  with  both  arms),  &c. 

Hahhoce,  in  naval  affain ;  a  (nece  of  hempen 
doth,  six  feel  long  and  tiiree  feet  wide,  gathered  ta- 

Cer  at  the  two  endsbymeansof  aclew,  and  slung 
tontally  wtder  the  deck,  forming  a  receptacle  for 
abed.  Here  are  about  from  14  to  20  inches  In 
breadth  allowed  between  the  decks  for  everyhammock 
in  a  ship  of  war.  In  pitparing  for  battle,  the  ham- 
mocks, with  their  roDtents,  are  alifirmly  corded,  taken 


upon  deck,  and  fixed  in  vanous  nettings,  to  u  to 

form  a  barricade  against  small  shot. 

Hand  ;  a  very  useful  part  of  the  human  body, 
which  we  particularly  notice,  to  call  attention  to  a 
very  ingeniooa  subttitate  for  it,  contrived  by  Mr. 
Morison. 

The  inventor  of  the  implements  described  in  this 
article  had  the  misfortune  to  lose  both  his  hands,  . 
and  was  from  necessity  induced  to  contrive  such  in- 
struments as  might  supply  the  deficiency  as  far  as 
possible.  He  made,  by  the  use  of  his  Instnunents, 
several  neat  drawings  (now  in  the  possession  of  the 
Society  for  the  Encouragement  of  Arts,  Btc.)  to  ex- 
plain the  construction  of  a  great  varietj'  of  instrn- 
ments  which  he  had  invented  at  various  times,  and 
from  among  which  those  now  to  be  referred  to  were 
selected,  as  being  tome  of  the  mo«t  ingenious  and 
useful  in  their  application. 


a  is  a  tube  or  socket,  formed  of  a  strong  leathn', 
XI  receive  the  stump  of  the  arm ;  it  is  open  at  one 
lide  next  the  open  end,  and  has  several  holes  to  lace 
t  on  tight ;  but,  to  prevent  any  Janger  of  its  coming 
iff,  it  is  connected  with  a  band,  b,  encompassing  the 
irm  above  the  elbow  by  two  rings,  tine  of  which  is 
marked  a;  the  band  is  fttstened  by  two  double  straps 
with  a  clasp.  At  the  other  end  of  the  tube  a  piece 
of  wood  is  fitted  in,  and  faced  with  a  circular  iron 
plate ;  in  the  centre  of  this  is  a  socket  to  receive  va- 
rious implements,  one  of  which,  d,  is  represented  a* 
affixed  to  the  tntie;  itterminates  in  an  iron  hook,  d, 
&c.,  or 
other  part  of  the  instrument 
IS  made  hollow,  to  receive  a  button-hook,  e  jp,  and 
pen  or  pencil -holder,  F,  either  of  which  can  be  turned 
outforuse;  they  are  retained  in  die  positions  of  either 
shut  oropen  by  springs  similar  to  that  of  a  knife;  be- 
hind theee,  a  knife  is  placed,  which  can  be  opened 
out  in  a  line  with  the  instrument  for  use,  or  shut  up 
within  the  instrument ;  there  is  also  a  hook  to  open 
the  knife  by.  The  dotted  lines,  k,  show  the  manner 
in  which  a  pen,  or  any  similar  instrument,  can  be 
held,  the  springs  of  the  button-hook  and  pen-holder 
being  sufficiently  strong  to  hold  such  articles. 

This  instrument  ia  adapted  to  the  right  arm ;  tbt 
left  IS  provided  with  a  similar  leather  socket,  into 
which  the  iuatniment  shown  beneath  ia  fitted ;  it 


contains  the  bKton-hook  i,  and  the  foit  d,  etdier 
of  which  can  be  opened  out  for  use ;  c  is  the  spring 
by  which  they  are  held ;  6  is  a  pair  of  spring-tong^ 
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which  slide  through  a  socket^  and  are  by  that 
closed  up ;  they  have  two  pair  of  jaws,  one  at  the 
end  S,  the  other  by  the  side  at  ^ ;  t  is  a  small  hook, 
by  which  the  tongs  can  be  opened  by  the  button-hook 
of  the  other  h^d.  The  whole  of  the  instrument 
bends  at  a  joint  h,  just  where  it  joins  the  stomp, 
and  the  end  of  the  spring  e  catches  in  notches  in  the 
joint  to  hold  it  sufficiently  firm  at  any  particular 
point  where  it  is  set,  by  pressing  the  instrument  on 
the  knee,  a  table,  or  other  fixture. 

m  is  the  pin  which  enters  the  stump ;  it  has  a 
notch  all  round  it  at  the  end,  into  which  a  wedge  in 
the  stump  is  received  to  hold  it  in ;  this  wedge  comes 
to  the  outside  of  the  leather  in  the  upper  figure,  and 
has  a  hook  by  which  it  can  be  pulled  by  the  button- 
hook of  the  other  hand,  so  as  to  release  the  instru- 
ment. This  wedge  does  not,  however,  prevent  the 
whole  instrument  from  turning  round  in  the  stump ; 
but  by  means  of  holes  in  the  circular  plate  A,  and  a 
spring-catch  at  m,  which  enters  any  of  them,  the  in- 
strument can  be  fixed  in  any  position ;  the  catch  m 
is  relieved  by  pressing  it  upon  the  table,  &c. ;  the  in- 
strument can  then  be  turned  round,  but  becomes 
fixed  when  the  catch  is  at  liberty. 

Hand  ;  a  measure  of  four  inches.  In  painling  and 
seuipture,  it  signifies  also  the  style  of  the  artist. 

Hands,  in  heraldry,  are  borne  in  coats  of  armour, 
right  and  left,  expanded  or  open ;  and  a  bloody  hand, 
in  the  centre  of  an  escutcheon,  b  the  badge  of  a 
haronet  of  Great  Britain. 

Handcuffs  ;  instruments  formed  of  two  circular 
pieces  of  iron,  each  fixed  on  a  hinge  at  the  ends  of  a 
very  short  iron  bar,  which,  being  locked  over  the 
wrists  of  a  malefactor,  prevents  his  using  his  hands. 

Hard-a-Lbb;  an  order  to  the  helmsman  to  put 
the  heln  close  to  the  lee-side  of  a  ship. 

ffard-O'Port ;  an  order  to  put  the  helm  close  to 
the  larboard. 

Hard-C' Starboard ;  an  order  to  put  the  helm  close 
to  the  right  side  of  the  ship. 

Hakdnsss,  in  physica ;  the  resistance  opposed  by 
a  body  to  impression,  or  to  the  separation  of  its  par- 
ticles. This  property  depends  on  the  force  of  cohe- 
sion,  or  on  that  which  chemists  call  affinity,  joined 
to  the  arrangement  of  the  particles,  to  their  figure, 
and  other  circumstances.  A  body,  says  M.  Hauy, 
is  considered  more  hard  in  proportion  as  it  presents 
greater  resistance  to  the  friction  of  another  hard 
body,  such  as  a  steel  file ;  or  as  it  is  more  capable  of 
wearing  or  working  into  such  other  body,  to  which 
it  may  be  applied  by  friction.  Lapidaries  judge  of 
the  hardness  of  fine  stones,  &c.,  from  Uie  difficulty 
with  which  they  are  worn  down,  or  polished. 

Harblip  is  a  single  or  double  fissure  of  the  upper 
lip,  by  which  it  is  divided  into  two  or  three  parts, 
and  is  thus  made  to  resemble  the  lip  of  the  hare. 
Children  are  not  unfrequently  bom  with  this  de- 
formity. The  fissure  is  sometimes  confined  to  the 
lip,  but  more  commonly  extends  to  the  gums  and 
palate,  which  it  divides  mto  two  parts.  It  produces 
great  difficulty  in  speech,  and  besides  keeping  the 
mouth  open,  and  thus  suffering  the  saliva  to  escape, 
is  a  dreadfal  deformity  in  appearance.  It  is  very 
common,  but,  fortunately,  is  easily  curable,  so  that 
it  seldom  goes  long  unremedied,  unless  from  choice 
or  timidity.  The  operations  for  removing  this  most 
unfortunate  deformity,  in  its  worst  forms,  are  among 
the  merits  which  have  given  celebrity  to  the  name  of 
i>essattlt. 
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Hauiont  ;  the  agreement  or  conscmanoe  of  two 
or  more  unitai  sounds.  Harmony  is  either  natural 
or  artificial.  Natural  harmony,  properly  so  called, 
consists  of  the  harmonic  triad,  or  common  chord. 
Artificial  harmony  is  a  mixture  of  concords  and  dis- 
cords, bearing  relation  to  the  harmonic  triad  of  the 
fundamental  note.  The  word  harmony  being  origin- 
ally a  proper  name,  it  is  not  easy  to  determine  the 
exact  sense  in  which  it  was  used  by  the  Greeks ;  but, 
from  the  treatises  they  have  left  us  on  the  subject,  we 
have  great  reason  to  conclude  that  they  limited  its 
signification  to  that  agreeable  succession  of  sounds 
which  we  call  air,  or  melody.  The  modems,  how- 
ever, do  not  dignify  a  mere  succession  of  single 
sounds  with  the  appellation  of  harmomf :  for  the  for- 
mation of  harmony  they  require  a  union  of  melodies, 
a  succession  of  combined  sounds,  composed  of  con- 
sonant intervals,  and  moving  according  to  the  stated 
laws  of  modulation. 

Habmony,  Figured,  in  music,  is  that  in  which, 
for  the  purpose  of  melody,  one  or  more  of  the  parts  of 
a  composition  move,  during  the  continuance  of  a 
chord,  through  certain  notes  which  do  not  form  any 
of  the  constituent  parts  of  that  chord.  These  inter- 
mediate notes  not  being  reckoned  in  the  harmony, 
considerable  judgment  and  skill  are  necessary  so  to 
dispose  them  that,  while  the  ear  is  gratified  widi  their 
succession,  it  may  not  be  offended  at  their  dissonance 
with  respect  to  the  harmonic  notes. 

Harmony,  in  painting ;  a  term  used  in  speaking 
both  of  ordonnance  and  composition,  as  well  as  the 
colours  of  a  picture.  In  the  ordonnance  it  signifies 
the  union  or  connection  of  the  figures  with  respect  to 
the  subjectW  the  piece. 

Harp  ;  a  stringed  instrument,  consistino:  of  a  tri- 
angular frame,  and  the  chords  of  which  are  distended 
in  parallel  directions  from  the  upper  part  to  one  of 
its  sides.  Its  scale  extends  through  the  common 
compass,  and  the  strings  are  tuned  by  semitonic  in- 
tervals. It  stands  erect,  and,  when  used,  is  placed  at 
the  feet  of  the  performer,  who  produces  its  tones  by 
the  action  of  the  thumb  and  fingers  of  both  hands  on 
the  strings.  The  ancients  had  a  triangular  instru- 
ment, called  trigonum,  corresponding  somewhat  to 
our  harp.  Some  authors  say  that  this  instrument 
came  originally  from  the  Syrians,  from  whom  the 
Greeks  borrowed  it.  The  ancient  sambuca  is  believed 
by  some  to  correspond  to  the  harp. 

Some  writers  say  that  the  harp  came  to  us  from 
the  nations  of  the  north  of  Europe,  in  whose  lan- 
guages they  trace  its  etymology.  Papias  andDu  Cange 
assert  that  the  harp  derives  its  name  from  the  Arpip 
a  people  of  Italy,  who  invented  it ;  but  Galileo  maio- 
tains  that  the  Italians  received  it  from  the  Irish. 
Whatever  may  have  been  its  origin,  its  invention  b 
very  ancient  It  was  known  to  the  Egyptians,  as  ap- 
pears from  the  travels  of  Bruce  and  Denon.  The  four 
harps  of  which  the  latter  traveller  has  given  drawings 
are  almost  the  same  in  shape  as  ours.  The  first  two 
have  twenty-one  strings,  the  third  eighteen,  and  the 
fourth  only  four.  The  designs  are  from  the  paint- 
ings found  in  the  tombs  of  the  kings  in  the  moun- 
tains west  of  Thebes.  The  Hebrews,  the  Greeks,  and 
the  Romans  appear  to  have  made  particular  use 
of  this  instrument.  The  ivory  harp,  with  seven 
strings,  belonged  to  the  Greeks,  who,  no^ever,  neg- 
lected it.  The  Homans  preserved  the  use  of  it  a  loi^ 
time  in  sacrifices.  The  Anglo-Saxons  excelled  ui 
playing  on  the  harp,  which  they  generally  accom* 
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panied  wiCb  the  violin  and  the  cornicinus.  The 
aacient  Irisb,  Scotch,  and  Welsh  also  made  much  use 
of  this  instramenC,  aud  the  harp  figures  conspicuously 
in  the  armg  of  Ireland.  The  Anglo-Normans  also  were 
skilful  performers  oo  this  instrument.  Strutt  in  his 
England,  Ancient  and  Madem,  has  given  engravings 
of  the  harps  used  by  the  people  of  the  North,  about 
the  9tb  century.  They  are  triangular,  like  ours,  but 
have  only  12  strings.-  In  the  13th  century,  the 
harp  bad  only  1?  strings,  as  a|)pears  from  a  manu- 
script of  the  time,  cited  and  analyzed  by  Lebeuf.  No 

ceived  greater  im- 
provement from  mo- 

tiiis.  In  Its  present 
state,  while  it  forms 
one  of  the  roost  ele- 
gant objects  to  the 

of  the  moBt  agree- 
able effects  to  the  car 
of  any  instrument  in 
practice. 

We  have  carefully 
copied  the  figure  of 
an  ancient  harp  from 
a  sculptured  bas-re- 
lief; and  it  will  be 
seen  that  in  point  of 
picturesque  appear- 
ance it  is  Dot  at  all 
behind  those  which 
are  employed  in  the 
present  day. 

Habpoon.  The  harpoon  is  an 
of  about  three  feet  in  length.  It  consists  of  three 
conjoined  parts,  called  the  toctet,  thank,  and  tnnutk, 
the  last  of  which  includes  the  barbi,  or  leilher*. 
Tliis  instrument,  if  wb  cKcept  a  small  addition  to  the 
barbs,  and  some  enlargement  of  dimensions,  main- 
tains nearly  the  same  form  in  which  it  was  used 
in  the  fishery  two  centuries  ago.  At  that  time,  the 
mouth,  or  barbed  extremity,  was  of  a  triangular 
shape,  united  to  the  shank  in  the  middle  of  one  of 
the  sides,  and  this,  being  scooped  out  on  each  side 
of  the  shaok,  formed  two  simple  Hat  barbs.  Id  the 
course  of  the  laet  century  an  improvement  was  mode, 
Ly  adding  another  small  liHrb.  resembling  the  beard 
of  a  Gsh-hook,  within  each  of  the  former  withers, 
in  a  reverse  position.  The  two  principal  withers,  in 
the  present  improved  harpoon,  measure  about  eight 
inches  in  length,  and  six  in  breadth;  the  shank  is  from 
eighteen  inches  to  two  feet  in  length,  and  I'tlis  of  an 
inch  in  diameter;  and  the  socket,  which  is  hollow, 
swells  from  the  size  of  the  ahaak  to  nearly  two  inches 
in  diameter,  and  is  about  six  laches  in  length.  To 
this  wi^apon  is  fastened  a  lung  cord,  called  the  ahaU- 
line,  which  Ties  carefully  coiled  in  the  boat,  in  such  a 
manner  as  to  run  out  without  being  interrupted  or 
entangled.  As  soon  as  the  boat  has  been  rowed 
within  a  competent  distance  of  the  whale,  the  har- 
pooner  launches  his  instrument ;  and  the  fish,  being 
■wounded,  immediately  descends  under  the  water  with 
amazing  rapidity,  carrying  the  harpoon  along  with 
him,  and  a  considerable  length  of  the  line,  which  is 
purposely  let  down,  to  give  him  room  to  dive.  Being 
soon  exhausted  with  the  fatigue  and  loss  of  blood, 
he  re-ascends  in  orderto  breatlie,  when  he  presently 
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'  expires,  and  floats  upon  the  surface  of  the  water, 
'  when  the  whalers  appioach  the  carcass  by  drawing 
in  the  whale-line.  The  line  is  from  60  to  70  fathoms 
long,  and  made  of  the  finest  and  softest  hemp,  that 
it  may  slip  the  easier;  if  not  well  watered,  liy  its 
friction  against  the  boat  it  would  soon  be  set  on  fire; 
and,  if  not  sufficiently  long,  the  boat  would  be  souu 
overset,  as  it  frequently  is.  With  the  harpoon,  other 
lai^e  fish,  ai  sturgeons,  &c.,  are  also  caught. 

When  the  harpoon  is  forced,  by  a  blow,  into  the 
fat  of  the  whale,  and  the  line  is  held  tight,  the  prin- 
cipal withers  seize  the  strong  ligamentous  fibres  of 
the  blubber,  and  prevent  it  from  being  withdrawn; 
and,  in  the  event  of  its  being  pulled  out  so  far  as  to 
remain  entangled  by  one  wither  only,  which  is  fre- 
quently the  case,  then  the  tittle  reverse  barb,  or  tlop- 
wither,  as  it  is  called,  collecting  a  number  of  the 
same  reticulated  sinewy  fibres,  which  are  very  nume- 
rous near  the  skin,  prevents  the  harpoon  from  being 
shaken  out  by  the  ordinary  motions  of  the  whale. 
The  point  and  exterior  edges  of  the  barbs  of  the  har- 
poon are  sharpened  to  a  rough  edge  by  means  of  a 
file.  This  part  of  the  harpoon  is  not  formed  of  steel, 
as  it  is  frequently  represented,  but  of  common  soft 
iron,  so  that,  when  blunted,  it  can  be  readily  sharpened 
by  a  file,  or  even  by  scraping  it  with  a  knife.  The 
most  important  part  in  the  construction  of  this  in- 
strument is  the  shank.  As  this  part  is  liable  to  be 
forcibly  and  suddenly  extended,  twisted,  and  bent,  it 
requires  to  be  made  of  the  softest  and  most  pliable 

Harpoon  Gun,  He  harpoon  gun  is  well  calcu- 
lated to  facilitate  the  capture  of  whales,  under  par- 
ticular circumstances,  especially  in  cairn  weaUier, 
when  the  fish  are  apt  to  take  the  alarm  at  the  ap- 
proach of  boats  within  fifteen  or  twenty  yards  of 
them.  The  harpoon  gun  was  invented  in  the  year 
1731,  and  used  by  some  individuals  with  success. 
Being  found  somewhat  difficult  and  dangerous  in 
its  application,  it  was  laid  aside  for  many  years. 
It  hss,  however,  subsequently  been  highly  improved, 
and  rendered  capable  of  throwing  a  harpoon  nearly 
forty  yards  with  effect;  yet,  an  account  of  Ihe  addreaa 
which  is  requisite  for  the  proper  management  of  it, 
and  the  loss  offish  which,  in  unskilrnl  hands,  it  has 
been  the  means  of  occasioning,  together  with  some 
accidents  which  have  resulted  from  its  use,  it  has  not 
been  so  generally  adopted  as  might  have  been  ei- 

In  its  present  improved  form,  the  harpoon  gun 

consists  of  a  kind  of  swivel,  having  a  barrel  oi 
wrought  iron,  from  twenty-four  to  twenty-six  inches 
in  length,  of  three  inches  exterior  diameter,  and  ij 
inches  bore.  It  is  furnished  with  two  locks,  which 
act  simultaneously,  for  the  purpose  of  dimioisbing 
the  liability  of  the  gun  missing  fire.  The  shank  of 
the  harpoon  fired  from  it  is  double,  terminating  in  ■ 
cylindrical  knob,  fitting  the  bore  of  the  gun.  Between 
the  two  parts  of  the  shank  a  wire  ring  slides  freely, 
to  which  is  attached  the  line.  When  the  harpoon  is 
introduced  into  the  barrel  of  the  gun,  the  ring  with 
the  attached  line  slides  up,  and  remains  on  the  out- 
side, near  the  mouth  of  the  harpoon ;  but  the  instant 
that  it  is  fired,  the  ring,  of  course,  flies  hack  against 
the  cylindrical  knob.  Some  harpoons  have  i>een 
lately  made  with  a  single  shank,  similar  to  the  com- 
mon hand  harpoon,  but  swell  at  the  end  to  the  thick- 
ness of  the  bore  ofthegun.  The  line,  closely  spliced 
round  the  shaiik,  is  slipped  towards  the  mouth  of  tht 
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harpoon,  when  it  is  placed  in  the  gun,  and,  when 
fired,  is  prevented  from  disengaging  itself  by  the  size 
of  the  knob  at  the  end. 

Harpsichord  ;  a  stringed  instrument,  consisting 
of  a  case,  framed  of  mahogany  or  walnut-tree  wood, 
and  containing  the  belly,  or  sounding-board,  over 
which  the  wires  ai*e  distended,  supported  by  bridges. 
In  the  front  the  keys  are  disposed,  the  long  ones  of 
which  are  the  naturals,  and  the  short  ones  the  sharps 
and  flats.  These  keys  being  pressed  by  the  fingers, 
their  enclosed  extremities  raise  tittle  upright  oblong 
slips  of  wood,  called  jac^x,  furnished  with  crow-quill 
plectrums,  which  strike  the  wires.  The  great  ad- 
vantage of  the  harpsichord  beyond  most  other  stringed 
instruments  consists  in  its  capacity  of  sounding  many 
notes  at  once,  and  forming  those  combinations,  and 
performing  those  evolutions  of  harmony,  which  a 
single  instrument  cannot  command.  This  instru- 
ment, called  by  the  Italians  clavicemhalo,  by  the 
French  clavecin,  and  in  Latin  grave  cymbalum,  is  an 
improvement  upon  the  clavichord,  which  was  bor- 
rowed from  the  harp,  and  was  for  more  than  a  cen- 
tury in  the  highest  esteem  throughout  Europe  ;  but, 
since  the  invention  of  that  fine  instrument  the  grand 
piano-forte,  the  use  of  it  has  considerably  diminished. 

Harquebuss  (in  the  ancient  statutes  called  also 
arquebus,  haquehut,  or  hagbut)  is  a  hand-gun,  or  fire- 
arm, of  a  portable  length,  usually  borne  on  the  arm. 
The  word  is  formed  of  the  French  arquebuse,  and 
that  from  the  Italian  archibuso,  or  arco  a  buso  (of 
arco,  a  bow,  and  buio,  a-  hole),  on  account  of  the 
touch-hole,  in  which  powder  is  put  to  prime  it, 
and  the  circumstance  of  its  having  succeeded  to  the 
bows  of  the  ancients.  The  harquebuss  is,  properly, 
a  fire-arm  of  the  ordinary  length  of  a  musket  or 
fowling-piece,  rocked,  usually  with  a  wheel.  Han- 
zelet  describes  its  legitimate  length  to  be  forty  ca- 
libres, and  the  weight  of  its  ball  one  ounce  seven- 
eighths;  its  charge  of  powder  as  much,  lliere  is 
also  a  larger  kind,  called  ar^uebuse  h.  croc,  much  of 
the  nature  of  our  blunderbusses.  This  was  used,  in 
time  of  war,  to  defend  places,  being  usually  rested 
on  something  when  discharged.  The  first  time  these 
instruments  were  seen  was  in  the  imperial  army 
which  drove  Bonnivet  out  of  the  state  of  Milan. 
They  were  so  heavy  that  two  men  were  employed 
to  carry  them. 

Hartshorn;  the  horns  of  the  common  male 
deer,  to  which  many  very  extraordinary  medicinal 
virtues  were  attributed ;  but  the  experience  of  late 
years  gives  no  countenance  to  them.  The  horns  are 
of  nearly  the  same  nature  as  bones,  and  the  prepara- 
tions from  them  by  heat  are  similar  to  those  from 
solid  animal  substances  in  general ;  so  that  the  ar- 
ticles denominated  spirit  ofharisJiom  and  salt  of  harts- 
horn, though  foriHerly  obtained  only  from  the  horns 
of  different  species  of  deer,  are  now  chiefly  prepared 
from  bones.  The  former  of  these,  which  is  a  volatile 
alkali  of  a  very  penetrating  nature,  is  an  eflica- 
cions  remedy  in  nervous  complaints  and  fainting-fits ; 
and  the  latter  has  been  successfully  prescribed  in 
fevers.  The  scrapings  or  raspings  of  tlie  horns,  under 
the  name  of  hartshorn  shavings,  are  variously  em- 
ployed in  medicine.  Boiled  in  water,  the  horns  of 
deer  give  out  an  emollient  jelly,  which  is  said  to  be 
remarkably  nutritive.  Burnt  hartshorn  is  employed 
in  medicine.  The  horns  of  the  stag  are  used,  by 
cutlers  and  other  mechanics,  for  the  handles  of 
knives  and  catting  instruments  of  different  kinds* 


Hautelissb,  and  Basselissk  ;  French  words  ap- 
plied to  tapestry.  Hautelisse  carpets  are  those  which 
are  worked  with  a  perpendicular  warp,  and  Bamlim 
carpets  those  with  a  horizontal  warp.  The  latter  are 
preferred  in  modem  times,  because  they  are  easier  to 
be  made,  and  yet  possess  equal  beauty.  In  the  Ne- 
therlands, Brussels  and  Doornik  furnish  the  best 
works  of  this  kind  ;  and,  in  France,  the  manufactory 
at  Gobelins. 

Hazel  ;  a  small  shrub  or  tree  very  common  m 
paost  parts  of  England  and  America.  Both  the  hazel 
and  filbert  are  much  esteemed,  but  partici^larly  the 
latter,  the  flavour  of  its  kernels  being  very  delicious. 
Tliey  are,  however,  difficult  of  digestion,  and,  when 
eaten  in  large  quantities,  sometimes  produce  very 
unpleasant  effects.  The  oil  which  is  obtained  from 
hazel-nuts,  by  pressure,  is  little  inferior  in  flavour  to 
that  of  almonds ;  and,  under  the  name  of  nut -oil,  is 
often  preferred,  by  painters,  on  account  of  its  drying 
more  readily  than  any  other  of  the  same  quality.— 
Chemists  employ  it  as  the  basis  of  fragrant  oils  arti- 
ficially prepared,  because  it  easily  combines  with  and 
retains  odours.  This  oil  is  found  serviceable  in  ob- 
stinate coughs.  If  nuts  be  put  into  earthen  pots  and 
well  closed,  and  afterwards  buried  eighteen  inches  or 
two  feet  deep  in  the  earth,  they  may  be  kept  sound 
through  the  winter.  In  many  parts  of  England,  ha- 
zels are  planted  in  coppices  and  hedge- rows  for  several 
useful  purposes,  but  particularly  to  be  cut  down,  pe- 
riodically, for  charcoal,  poles,  fishing-rods,  &c.  Being 
extremely  tough  and  flexible,  the  branches  are  used 
for  makmg  hurdles,  crates,  and  springles  to  fasten 
down  thatch.  They  are  also  formed  into  spars,  handles 
for  implements  of  husbandry,  and,  when  split,  are 
bent  into  hoops  for  casks.  The  roots  are  used  by 
cabinet-makers  for  veneering ;  and,  in  Italy,  the  chips 
of  hazel  are  sometimes  put  into  turbid  wine,  for  the 
purpose  of  fining  it. 

Head  ;  the  part  of  the  animal  body  which  contains 
the  brain  and  the  higher  organs  of  sense.  In  many 
animals,  it  is  connected  with  the  trunk  by  the  neck, 
and  is  more  or  less  movable;  in  some  animals,  how- 
ever, it  is  inamovable,  and  is  merely  a  prolongation 
of  the  trunk.  The  head  in  animals  is  more  distinct 
in  proportion  as  the  brain  is  more  fully  developed  as 
the  centre  of  the  nervous  system.  It  is  entirely 
wanting  in  the  lowest  classes  of  animals,  which, 
therefore,  from  the  intestinal  worms  downward,  form 
a  third  class,  in  the  system  of  Latreille,  under  the 
name  of  acephala  (headless  animals);  while  those 
provided  with  heads  are  divided  into  two  classes, 
the  vertebral  animals,  having  distinct  and  proper 
heads,  and  the  cephalidia,  having  small  and  less 
distinctly  formed  heads.  In  this  part  the  mouth 
(see  Mouth),  as  the  opening  of  the  oesophagus,  is 
always  situated. 

In  the  second  class  of  animals,  in  which  the  head 
is  less  distinct,  that  part  of  the  body  which  is  pro- 
vided with  the  mouth  may  be  called  the  head  e»l 
In  the  vertebral  animals  (mammalia,  birds,  reptiles 
and  fish),  the  head  has  a  bony  basis  (cartilaginoos 
only  in  the  cartilaginous  fishes).  In  fishes,  the  bonei 
of  the  head  are  not  united  with  each  other ;  and  the 
formation  of  the  separate  bones  is  various.  In  carti- 
laginous fishes  the  head  is  more  or  less  oblong  and 
angular;  in  osseous  fishes,  it  is  less  flattened,  and 
composed  of  a  considerable  number  of  bones  con- 
nected in  various  ways ;  in  all  fishes,  the  cavi^  of 
the  brain  b  very  small  and  oblong.    Equally  various 
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HEART. 
H  the  formation  of  the  head  in  the  different 
of  reptiles.  In  geaeial,  the  head  ia  compoaed  of  few 
bones,  and  more  rounded  in  proportion  aa  the  biain 
IB  more  developed.  In  birds,  the  bones  of  the  head 
are  more  closely  formed  into  one  whole,  conatitoting 
a  ekall  more  or  leas  round,  which  contains  the  brain, 
and  to  the  fbre  part  of  which  the  beak  is  attached. 
But  the  bead  is  moat  perfect  in  the  mammalia,  and 
resembles  the  human  head  more  nearly  as  the  animal 
approaches  more  nearly  to  man. 

In  genera],  the  human  head  may  be  considered  as 
the  standard,  which  may  be  traced,  with  gradual 
deviations,  throogh  the  different  classes,  until  " 
entirely  ceases  in  the  lower  orders  of  animals.  ?< 
where  ia  its  proper  office  (to  serve  for  the  recepti 
of  the  nervous  system)  >  diatinct  as  in  the  human 
head  )  the  cavity  of  the  sLiill  containing  the  principal 
organ  of  sensitive  life — the  brain ;  as  the  great  cavi- 
ties of  the  trunk  contain  the  cheat,  the  organs  of 
irritable  life  (the  heart  and  lungs),  and  the  abilominai 
cavity  contains  the  oi^ans  of  reproductive  life  (the  or- 
gans of  digestion  and  generation).  The  auperloriCy  of 
the  head  over  the  other  two  parts  just  mentioned  ap- 
pears, also,  from  these  circumstances,  that,  whilst  it  is 
pre-eminently  the  seat  of  the  nervous  system,  it  also 
'  'is  organs  eEjseotial  for  fuuctions  of  the  irritable 
m  ;  an  the  inspiration  and  ex- 
e  effected  through  the  nostrils 
ntnmce  of  food  into  the  abdo- 
is  the  preparation  of  it  for  di- 
n  and  the  production  of  saliva, 
s  effected  by  the  mouth ;  and  these  o^ana  appear 
more  prominent  in  the  heads  of  animals,  as  their 
sensitive  system  sinks  lower  in  the  scale- 
It  muat  not  be  forgotten  that  the  bead  also  con- 
tains the  tongue,  an  organ  not  only  important  in 
respect  to  nourishment,  but  also  communicating  the 
desires  and  thoughts,  nntil  it  becomes  in  man  the 
organ  of  oral  intercourse,  of  language,  and  of  the 
finest  of  all  music — the  human  voice  in  singing.  The 
liuman  head,  and,  more  or  less,  the  head  of  other 
Bjiimals,  is  divided  into  two  chief  parts,  the  skull  (see 
Skull)  and  the  face.  The  importance  of  the  head, 
as  the  noblest  part  of  the  animal  system,  has  occa- 
sioned it  to  he  used  metaphorically,  in  all  languages, 
to  denote  that  which  is  chief. 

Hb&kt  ;  a  hollow,  muscular  organ,  the  function  of 
Tvhich  is  to  muntain  the  circalatlon  of  the  blood,  and 
'wbich  ia  of  dilferent  formations  in  different  animals. 
The  tir^ana  of  circulation  are  the  heart,  the  arteries, 
the  veins,  and  Che  capillary  vessels.  The  blood  is 
divided  into  the  arterial  blood  and  the  venous  blood. 
The  object  of  the  circulation  is  to  carry  the  venous 
blood,  which  has  returned  from  the  body,  into  the 
lungs,  where,  by  the  influence  of  the  air.  it  is  con- 
verted into  arterial  blood,  wbich  is  then  again  sent 
out  into  the  system,  to  nourish  it  and  repair  its 
losses.  The  heart  in  men,  qoadnipeds,  and  birds,  ia 
compoaed  of  fonr  cavities,  two  aoriciea  and  two  ven- 
tricles (thence  called  dvi^lf).  It  is  enveloped  in  a 
membrane  called  the  prricardnm,  situated  towards 
the  left  of  the  cavity  of  the  chest,  between  the  longs, 
and  resting  on  the  diaphragm.  Its  form  ia  that  of  a 
cone  flattened  on  its  inferior  and  anperior  faces,  the 
latter  formed  principally  by  the  right,  the  former  by 
the  left  auricle  and  ventricle. 

The  right  auricle  communicates  with  the  right 
ventricle,  besides  which  tliere  are  in  it  three  openings, 
that  of  tlw  SMa  cava  inftrior,  that  of  the  t>«tui  com 
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tttprrior,  and  that  of  the  coronary  vem.  The  cum- 
mnnicatioD  between  this  auricle  and  ventricle  ia  cloaed 
by  a  valve  when  the  heart  contracts.  The  right  or 
pulraonary  ventricle  commnnicates  with  the  pul- 
monary artery,  which  is  provided  with  three  valves. 
When  these  valves  ore  brought  together,  they  inter- 
rupt the  communication  between  the  ventricle  and 
the  artery. 

The  letl:  auricle  communicates  with  the  lefl  ventri- 
cle, and  contains  also  the  uriSces  of  the  four  pulmo- 
nary veins.  The  lefl  ventricle,  besides  the  commu- 
nication with  the  lelt  aaricle,  contains  the  orifice  of 
the  aorta.  The  ventricles  are  divided  from  each 
other  by  a  fleshy  wall,  called  the  ttpttm  cordU. 
The  valves  at  the  openings  of  the  arteries  are  called 
laaitiatar;  that  at  the  orilice  of  the  right  auricle,  Iri- 
cutpid;  that  at  the  orifice  of  tiie  left  auricle,  mtral; 
and  that  at  the  orifice  of  the  vaia  com  ixftrivr,  the 
EuatoBhitM  vaive. 

The  heart,  which  with 
its  immediate  append- 
ages of  veins  and  arte- 
shown  in  the 
accompanying  engrav- 
foroied  of  a  firm, 
thick,  muscular  tissue, 
posed  of  fibres,  in- 
terlacing with  each 
other.  It  is  also  com- 
posed of  nerves,  mem- 
branes, and  vessels.  The 
coronary  arteries  arise 
from  the  aorta,  and  are 
distributed  in  the  heart. 
The  coronary  veins  re- 
turn the  blood  of  the 
heart    into    the    right 

auricle.  Toe  arteries  are  the  vessels  which  serve  to 
carry  the  blood  from  the  heart  to  all  porta  of  the 
body.  They  terminate  in  the  capillary  vessels,  a 
series  of  eitremely  minute  tubes,  which  pass  over 
into  the  veins. 

The  veins  are  the  channels  by  which  the  blood 
passes  back  from  the  body  into  the  auricles  of  the 
heart.    The  blood  which  is  returned  from  the  veins 

black,  and  is  called  venow ;  that  which  leaves  the 
heart  is  red,  and  is  called  arterial.  The  red  blood, 
possessing  nourishing  and  vital  properties,  rises  in 
the  capillary  system  of  the  lungs,  flows  into  the  pul- 
monary veins,  thence  is  received  into  the  left  cavitiea 
of  the  heart,  from  which  it  passes  into  the  aorta, 
and  is  transmitted  to  all  parts  of  the  body,  to  the 
capillary  system.  It  there  loses  two  degrees  of  tem- 
perature, and  undergoes  other  changes,  by  the  loss 
of  some  of  its  elements  in  the  important  functions  of 
nutrition,  calorification,  and  the  secretions.  It  is 
become  black,  passes  through  the  veins,  from 
the  extremities  of  tike  body  towards  the  heart,  receives 
the  chyle  and  the  lymph,  and  ia  emptied  into  the 
right  cavities  of  that  organ,  which  returns  it,  through 
the  pulmonary  artery,  to  the  capillary  vessels  of  the 
lungs,  where  it  ia  subjected  Co  the  mfluence  of  the 
'r,  reaumea  the  qualities  of  red  or  arterial  blood, 

.d  is  ready  for  a  new  course. 

Having   thus   described   the  route   of  the   blood 

through  the  different  parta  of  the  aystem,  we  will 

explain  the  mechanism  of  the  sanguineous  sys. 

The  blood  contained  in  the  two  vaut  eoB»  is 

poured  into  the  light  auricle,  which  conttacta,  and 
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thas  forces  the  fluid  to  escape;  but  the  vena  cava 
Buperior  opposes  to  its  passage  the  column  of  blood 
which  it  contains,  the  other  veins  are  closed  bv 
valves,  and  it  must  therefore  pass  into  the  right  ven- 
tricle. The  ventricle  then  contracts,  and,  the  tricus- 
pid valve  closing  the  passage  tiirough  which  the 
liquid  entered,  it  is  forced  forward  into  the  pulmonar}' 
artery,  which  contracts,  and,  its  orifice  being  closed 
by  the  semi-lunar  valve,  propels  the  blood  still  for- 
ward into  the  capillary  system  of  the  lungs,  whence 
it  passes  into  the  pulmonary  veins,  which  pour  it 
into  the  left  auricle  by  their  four  orifices.  The  con- 
traction of  the  auricle  impels  it  into  the  left  ventricle, 
by  which  it  is,  in  the  same  manner,  driven  forward 
into  the  aorta  (the  mitral  valve  preventing  its  return 
into  the  auricle),  and  thence  into  the  general  circula- 
tion as  above  described.  The  two  auricles  contract 
and  dilate  simultaneously  with  each  other,  as  do  also 
the  two  ventricles.  The  dilatation  is  called  diastole ; 
the  contraction,  systole.  It  is  difficult  to  determine 
what  quantity  of  blood  the  heart  projects  at  each 
systole.  It  is  generally  estimated  at  two  ounces. 
The  causes  of  the  alternate  contraction  and  dilatation 
of  the  heart  are  not  less  difficult  to  decide.  They 
are  entirely  involuntary  and  dependent  on  the  ner- 
vous system.  The  force  of  its  contractions  is  like- 
wise unknown.  The  systole  of  the  ventricles  is  the 
cause  of  the  motion  of  the  blood  in  the  arteries,  which 
also  dilate  with  each  wave  driven  into  them  by  the 
motion  of  the  heart. 

By  what  means  the  blood  is  made  to  penetrate  the 
thousand  windings  of  the  capillary  system,  and  what 
causes  impel  it  to  flow  back  through  the  veins,  are 
yet  subjects  of  dispute  among  physiologists.  The 
time  »n  which  a  drop  of  blood  completes  its  circle  of 
motion  has  been  diflerently  estimated,  at  from  twen- 
ty-four hours  to  a  few  minutes.  Among  the  lower 
orders  of  animals,  the  organization  of  the  circulating 
system  is  very  different.  The  infusoria,  polypi,  and 
intestinal  worms  have  no  distinct  vessels,  much  less 
a  heart ;  the  echinodermata  have  distinct  organs  of 
circulation,  but  no  part  resembling  a  heart.  Insects 
have  a  small  cylindrical  vessel,  running  along  the 
back,  which  is  rather  the  rudiment  of  a  vascular 
S)'stcm  than  of  a  heart.  The  first  traces  of  a  heart 
are  found  in  some  worms,  in  which  some  expansions 
are  perceptible  in  a  part  of  the  vessel  which  runs  the 
whole  length  of  the  body.  In  the  spiders,  lateral 
vessels  are  given  off  from  the  main  vessel,  and  a  pul- 
sation is  perceptible.  The  Crustacea  have  a  heart 
composed  of  or.e  fleshy  ventricle.  In  the  moUusca, 
the  heart  appears  completely  formed ;  some  of  them 
have  three  cavities.  The  four  classes  of  vertebral 
animals  have  red  blood ;  but  flshes  and  reptiles  have 
only  what  is  called  sl  single  heart,  that  is,  composed  of 
one  auricle  and  one  ventricle. 

Heat.     Sec  Caloric  and  Temperature. 

Hbatiko  Buildings.  The  subject  of  heat  and 
cold,  as  applied  to  domestic  purposes,  has  already 
been  discussed  under  a  variety  of  heads  in  this  work. 
The  theory  of  specific  fieat  will  be  found  under  the 
article  Temperature,  and  the  radiation  and  reflec- 
tion of  heat  may  properly  be  discussed  under  those 
heads.  The  heating  of  buildings  by  artificial  means 
is,  however,  so  important  as  to  require  a  distinct 
notice. 

It  is  admitted  on  all  hands  that  open  fire-places 
are  of  all  others  the  least  fitted  for  heating  buildings. 
On  this  account,  through  the  who.e  of  the  north  of 


Europe,  iron  or  earthenware  grates,  similar  to  what 
we  call  German  stoves,  are  generally  adopted. 

The  principal  objection  to  the  German  stove  is 
that,  even  with  the  most  careful  management,  it  pro- 
duces a  strong  and  unwholesome  eflluvia.  ITic  at- 
mosphere in  its  neighbourhood  speedily  acquires  the 
smell  of  "  burnt  air,"  and  the  ordinary  deposit  of 
dust  on  the  surface  of  the  iron  adds  to  the  annoy. 
ance.  To  prevent  this  inconvenience  in  the  heating 
of  a  large  building,  the  heating  surface  of  the  stove 
should  be  much  larger  than  it  is  in  those  generallr 
employed. 

If  there  be  space  beneath  the  building,  the  stove 
shown  in  the  accompanying  engraving  will  be  found 
both  economical  and  effective.  It  consists  of  a  larg? 
central  iron  box,  surrounded 
by  another  box  of  the  same 
material.  Between  the  two 
boxes  is  placed  a  series  of 
flat  plates,  through  which  the 
air  rushes  from  the  outside  of 
the  building ;  and  by  the  ra- 
pidity with  which  it  passes 
prevents  the  burning,  and 
consequently  the  empyreu- 
matic  odour  exhaled  from  the 
common  stove.  The  hot  air 
is  conveyed  by  a  tube  passing 
from  the  outer  case,  and  the 
smoke  is  carried  off  by  a 
chimney  placed  behind. 

In  some  cases  steam  has 
been  found  very  advanta- 
geous, and,  though  somewhat 
less  economical,  is  more 
agreeable,  and  produces  a 
more  equable  temperature. 
The  steam-pipes  employed 
for  the  purpose  are  usually  of  large  dimensions,  and 
after  it  is  deprived  of  its  heat,  the  condensed  water 
returns  to  the  boiler  for  a  new  supply. 

The  employment  of  hot  water  is,  in  some  respects, 
more  valuable.  It  depends  on  an  arrangement  very 
similar  to  the  circulation  of  the  blood  in  the  human 
frame.  The  water  in  the  first  instance  has  its  tern 
perature  raised  in  a  boiler  of  the  ordinary  kind,  and, 
rising  to  the  upper  strata,  is  conveyed  away  by  a 
pipe  at  the  surface.  It  will  thus  pass  through  many 
hundred  feet  of  pipe,  and  ultimately  return  to  the 
bottom  of  the  boiler,  where  it  remains  till  its  specific 
gravity  is  so  far  diminished  as  to  cause  it  again  to 
traverse  through  the  same  circuit.  In  this  arrange- 
ment a  temperature  much  below  the  boiling  point 
may  be  advantageously  employed. 

Mr.  Perkins  has  obtained  a  patent  for  some  im- 
portant novelties  in  the  apparatus  for  heating  build- 
ings by  the  circulation  of  hot  water.  These  improve- 
ments are  designed  to  increase  the  temperature  of  the 
water ;  and  the  apparatus  is  described  as  applicable 
also  to  **  a  variety  of  purposes  which  require  the  heat- 
ing medium  to  be  higher  than  that  of  boiling  water." 

The  patentee  states  that  his  "  improvements  con- 
sist in  circulating  water  in  tubes  or  pipes,  which  are 
closed  in  all  parts,  allowing  a  sufficient  splice  for  the 
expansion  of  the  water  which  is  contained  within 
the  apparatus,  by  which  means  the  water  will  at  all 
times  be  kept  in  contact  with  the  metal,  howcw 
high  the  degree  of  heat  such  apparatus  may  be  sub- 
mitted  to,  and  yet  at  the  same  time  there  will  be  do 


danger  of  buratiug  the  apparatas,  in  coneequence  of 
the  water  having  suiBcieiit  apace  to  expand." 
A  section  of  the  apparatus  is  shown  b«neatli. 


In   this  figure,   a  is   a  (oil  of  tubing,  which  is 

E laced  within  the  furnace,  as  shown  in  the  figure ; 
is  a  tube  by  which  the  wate^  passes  from  the  coil 
a,  when  in  a  heated  ntatc,  and  c  is  the  tube  by  which 
the  water  is  returned  to  the  coil,  after  having  given 
off  the  heat,  to  elTect  the  object  to  which  the  appa- 
ratus is  applied,  whether  for  heating  the  air  in 
buildings,  evaporating  fluids,  heating  metal,  or  other 
domestic  purposes.  The  furnace  consists  of  two 
compartments,  d  and  t;  the  compartment  d  is  that 
in  wbich  the  fuel  is  burned,  and  the  compartment 
t  aurmunds  it,  and  b  a  sort  of  hot  chamber,  in 
wbich  the  coil  of  tnbes,  a,  is  placed,  and  the  watei 
therein  becomca  heated  bj'  the  fire  in  the  compart- 
ment d,  the  amoke  and  heated  air  passing  from  thi 
ignited  fuel  into  the  compartment  r,  and  tlicoce 
into  the  chimney,  jp.   The  fuel  is  supplied  at  k. 

There  is  another  patent  contrivance  that  must  no« 
be  noticed,  the  particulor  feature  of  which  is,  that  Ihi 
hottest  part  of  the  current  of  water  by  this  im])rove- 
ment  is  made  to  descend  from  the  boiler,  and  tht 
cooler  water  to  rise  up  into  the  boiler,  which  is  con- 
trary to  the  natural  course  of  fluids,  where  the  heat- 
ed portion  ascends  by  its  levity,  and  the  cooler  part 
descends  by  its  gravity. 

The  contrivance  consist*  in  producing  a  small  de- 
gree of  vacuum  over  the  top  of  the  ascending  pipe, 
wbich  brings  the  water  into  the  boiler,  by  means  of 
a  rapidly  revolving  beater,  driven  by  a  smoiie-jack  fly 
in  tlie  chimney.  The  inventor 
of  this  ttrmngement  (Mr.  Bus- 
by, of  Brighton)  has  suggest- 
ed a  variety  of  modifications 
of  his  apparatus  ;  but  its  ge- 
neral form  will  be  beat  under- 
stood by  a  reference  to  the  ac- 
companying diagram.  A  com- 
mon flre-grate  is  shown  at  a. 
at  the  back  of  which  is  placed 
the  boiler,  g.     The  revolving 
wheel,  or  beater,  is  shown  at 

A,   the  smoke-jack   fir   being  ,  - 

iUk>vc,  at  i.     The  colder  fluid,  Z 

being  thus  raised  by  the  va- 
cuum, thehotter  is  allowed  topaasdown  the  piper,  at 
the  reverse  end  of  the  range,  and  hence  a  continued 
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current  of  hot  water  ia  kept  flowing  from  a  boiler 

placed  in  any  upper  part  of  the  building. 

Heaven,  in  a  physical  sense,  is  the  azure  vaglt 
wbich  spreads  above  us  tike  a  hollow  hemisphere, 
and  appears  to  rest  on  the  limits  of  the  horizon. — 
Modern  astronomy  has  taught  us  that  this  blue  vault 
is,  in  fact,  the  immeasurable  space  in  which  our  earth, 
the  9un,  and  all  the  planets,  with  the  countless  host 
of  filed  stars,  revolve.  The  blue  colour  of  the  heavens 
is,  according  to  NoUet,  an  eflect  of  the  light  of  the 
sun  and  stars.  According  to  this  explanation,  the 
boundless  fields  of  unillumined  space  must,  like  all 
tbings  else  in  the  absence  of  light,  appear  black ;  but 
the  light  of  the  celestial  bodies,  which  is  reflected  by 
the  earth  to  the  air.  and  thence  again  to  the  earth, 
the  blue  colour-  Saussure  derives  the  blue 
cotonr,  indeed,  from  the  reflected  light,  but  attributes 
the  reflection  not  to  the  air,  but  to  the  vapours  which 
it  contains.  He  supports  his  opinion  by  observing 
that,  if  this  were  owmg  to  the  reflection  of  light  from 
~  e  air.  glaciers  and  mountains  covered  with  snow,  seen 
a  distance  of  from  seventy  to  ninety  miles,  would 
appear  blue.  That  the  rays  of  light  are,  in  fact,  re- 
flected by  the  vapours  in  the  atmosphere  appears 
also  from  this  circumstance,  that  the  heavens,  seen 
from  a  high  mountain,  appear  of  a  much  darker  blue 
than  when  seen  from  a  plain ;  and,  even  from  the  latter 
situation,  the  blue  is  very  different  at  different  times, 
and  appears  dark  in  proportion  to  the  purity  of  the 
atmosphere.  Saussure,  on  the  basis  of  these  observa- 
ins,  has  invented  an  apparatus,  called  a  cyatomelrr, 
order  to  determine  the  quantity  of  vapour  in  the 
atmosphere,  from  the  degree  of  blaeness  in  the  colour 
of  the  eky. 

Heavfn,  in  the  ancient  astronomy,  denoted  an  orb 
cireular  region  of  the  ethereal  heaven.  The  an- 
;nt  astronomers  assumed  as  many  differeot  heavens 
as  they  observed  diSerent  celestial  motions.  Tliese 
they  supposed  to  be  all  solid,  thinking  they  could  not 
otherwise  sustain  the  bodies  fixed  in  diem;  and 
spherical,  that  being  the  most  proper  form  for  motion. 
Thus  the;-  have  seven  heavens  for  the  seven  planets, 
the  Moon,  Mercurv,  Venus,  the  Sun,  Mars,  Jupiter, 
and  Saturn.  The  eighth  was  that  of  the  fixed  stars, 
which  was  particularly  deoominuted  the  fimament. 
Ptolemy  adds  a  ninth  heaven,  which  he  calls  the 
prinmm  mobile.  After  him,  two  crystalline  heavens 
were  added  by  Alphonso,  king  of  Castile,  to  account 
for  some  irregularities  in  the  motions  of  the  other 
heavens  ;  and,  lastly,  an  empyrean  heaven  was  drawn 
over  the  whole,  for  the  residcuce  of  the  Deity ;  which 
made,  in  all,  twelve  heavens.  But  others  admitted 
many  more  heavens,  according  as  their  different  vievrs 
and  hypotheses  required. 

HaiaHTs,  MEASvaBHBNT  OF.  A  knowledge  of 
the  elevation  of  a  country  enables  us  to  determine  its 
climate,  to  lay  ont  roads  and  aqueducts  properly,  and 
to  guard  against  inundations.  The  geuiugist  must, 
in  the  chart  of  the  country-  which  he  wishes  to  de- 
scribe, make  divisions,  according  to  the  most  promi- 
nent pomta ;  but,  in  order  to  do  this,  he  must  first 
have  a  knowrsdge  of  the  measurement  of  attitudes. 
The  military  man,  onless  he  is  acquainted  with  the 
altitude  of  the  points  upon  the  chart  before  him,  can- 
not form  an  accurate  idea  of  the  ground  on  wbich  he 
is  to  execute  his  plan  of  operations.  The  topographer 
who  wishes  to  represent  a  country  in  plaster  of  Paris, 
clay.  Sec,  roust  also  be  acquainted  with  all  its  eleva- 
tions and  depressions.     It  was,  thetefore,  verv  im- 
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portant  to  inyent  a  method  for  quickly  and  accurately 
determining  heights,  by  a  knowledge  of  the  atmo- 
sphere, and  by  the  use  of  instruments,  particularly  of 
the  barometer  and  thermometer. 

As  soon  as  it  was  discovered  that  the  air  which 
surrounds  our  globe  was  possessed  of  gravity  and 
elasticity,  the  operation  of  which  had  been  perceived 
on  the  barometer,  it  was  inferred  that  its  effects  on 
the  barometer  would  be  different  at  different  heights 
in  the  atmosphere,  and  that  these  variations  must 
follow  a  certain  law.  Efforts  were  made  to  discover 
this  law  by  experiment.  The  barometer  and  ther- 
mometer were  carried  to  known  heights,  observations 
were  there  m^de,  and  from  these  observations  rules 
were  derived  for  finding  the  elevation  of  a  place  above 
the  level  of  the  sea.  The  celebrated  Pascail,  upon  the 
19th  of  September,  1648,  on  the  Puy  de  Dome,  near 
Clermont,  made  the  first  experiment,  the  result  of 
which  he  had  already  anticipated.  It  appeared  that 
the  barometer  stood  at  the  height  of  twenty-six 
French  inches  three  lines  and  a  half,  in  the  garden 
of  the  monastery  at  Clermont,  but  at  only  twenty- 
three  inches  two  lines  upon  the  summit  of  the  above- 
mentioned  mountain.  It  followed,  as  a  necessary  con- 
sequence, that  the  height  of  the  column  of  mercury 
was  diminished  in  the  same  proportion  as  the  mass  of 
the  atmosphere  which  supported  it  in  the  barome- 
ter; and  Pascal  concluded  that,  by  this  process,' 
we  could  determine  whether  two  places  were  at 
the  same  height,  or  which  of  them  was  the  higher, 
even  though  they  were  at  a  great  distance  from  each 
other. 

Succeeding  philosophers  followed  this  idea ;  but 
the  little  success  which  they  met  with  at  first  shows 
how  many  difficulties  the  subject  presented,  although 
it  now  appears  so  simple.  They  had  the  scales,  but 
were  unacquainted  with  the  value  of  the  weights. 
Barometrical  admeasurements  first  acquired  preci- 
sion and  accuracy  with  Deluc  (1754).  This  philo- 
sopher distinguished  the  effects  produced  by  heat,  on 
the  air  and  on  mercury,  from  those  which  depend  upon 
their  weight ;  and  the  improvements  which  he  made 
form  an  epoch  in  the  history  of  the  barometer.  This 
history  has  been  written  by  Pictet,  who  himself 
played  an  honourable  part  in  it.  Biot  also  published 
inquiries  made  for  the  purpose  of  perfecting  the 
theory  of  barometrical  measurements,  and  some  ta- 
bles to  facilitate  the  calculations. 

Since  Deluc's  observations  the  remarkable  formula 
proposed  by  the  author  of  the  M^anique  celeste  is 
the  most  distinguished  discovery  on  this  subject.  He 
reduced  to  a  certain  point,  in  a  more  natural  and 
simple  manner,  all  the  corrections  which  are  to  be 
made  on  account  of  the  influence  of  temperature, 
of  moisture,  and  gravity,  on  the  mercury  and  the  air. 
He  rested  his  theory  on  the  most  accurate  data ;  but 
the  co-efficient  which  he  had  assumed,  in  order  to 
represent  the  relation  between  the  weight  of  the  at- 
mosphere and  that  of  the  mercury,  appeared  to  have 
too  little  foundation :  the  formula  was  to  be  proved  ; 
the  length  of  the  columns  to  be  substituted  for  their 
weight ;  many  causes  of  errors  remained  to  be  as- 
certained ;  the  co-efficient  was  to  be  improved,  or, 
rather,  a  new  one  was  to  be  determined.  Ramond 
has  done  all  this.  By  a  comparison  between  baro- 
metrical observations  and  actual  measurements  of 
the  heights  where  the  observations  were  taken,  he 
has  determined  the  co-efficient,  which  is  contained  in 
Laplace's  last  formula.     Ramond  and  many  other 
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observers  have  shown,  by  experiment,  that  this  for- 
mula is  not  only  adapted  to  small  as  well  as  great 
heights,  but  is  also  useful  in  taking  measurements 
under  the  surface  of  the  earth. 

Barometrical  observations  may  attain  great  accu- 
racy, when  they  are  made  with  good  instruments,  bj 
eood  observers,  and  under  favourable  circomstaDces. 
In  order  to  ascertain  the  relative  height  of  two 
points,  two  barometers  and  four  thermometers  are 
requisite ;  two  of  the  thermometers  being  attached  to 
the  barometers,  and  two  of  them  being  free.  These 
instruments  must  be  as  simple  as  is  consistent  with 
convenience  and  accuracy ;  and  they  must  agree 
perfectly.  The  observers  must  be  well  acquainted 
with  their  instruments,  in  order  to  be  able  to  ase 
them ;  and  it  is  particularly  necessary  that  they 
should  know  on  what  the  observations  depend.  If 
two  or  more  observers  undertake  to  ascertain  the  ele- 
vation of  a  place  or  country  by  barometrical  mea- 
surement, they  must  attend  especially  to  the  follow- 
ing particulars  : — a,  that  the  instruments  bang  per- 
pendicularly, protected  from  the  sun,  and  that  the 
free  thermometer  be  raised,  at  least,  nine  feet  from 
the  ground,  and  from  any  objects  which  might  have 
an  influence  on  their  temperature  ;  6,  the  barometers 
should  be  accurately  regulated,  and  the  degree  at 
which  the  mercury  stands  in  the  barometer  and  ther- 
mometer should  be  carefully  noted ;  and,  c,  after  the 
instruments  are  made  to  correspond,  the  observatioDs 
should  be  made  contemporaneously :  finally,  the  ob- 
server must  be  particularly  careful  to  note  the  state  of 
the  atmosphere.  Observations  should  not  be  taken 
in  stormy  weather,  or  when  the  quicksilver  in  the 
barometer  is  liable  to  sudden  variations ;  moderate 
weather,  when  the  atmosphere  is  calm,  being 
clear  or  cloudy,  or  when  there  is  a  light  wind,  is 
the  most  suitable  time  for  making  observations. 
The  instruments  should  not  be  at  too  great  a  dis- 
tance from  each  other.  The  greatest  intervening 
space  should  not  exceed  ten  miles. 

If  these  general  rules  for  measuring  heights  by 
the  barometer  are  attended  to,  it  is  far  preferable  to 
every  other  instrument,  to  ascertain,  expeditiously, 
the  height  of  a  mountain,  the  descent  of  a  river,  &c. 
for  a  certain  space ;  the  relative  height  of  ditierent 
points,  the  depth  of  a  cavity,  and  the  thickness  of 
the  strata  of  a  mountain.  We  cannot,  indeed,  as- 
certain the  fall  of  a  river  to  an  inch  by  barometrical 
measurement ;  but,  by  careful  observations,  we  may 
come  very  near  the  truth.  Tables,  founded  on  La- 
place's formula,  give  great  facility  in  calculating 
these  observations.  Among  many  others,  Ihbitt 
Hypsom/triques  (Paris,  1809)  are  particularly  good, 
on  account  of  their  correctness  and  adaptation  for 
use.  The  labours  of  the  distinguished  natural  phi- 
losopher and  mineralogist  D'Aubuisson  (1809)»  the 
progress  and  result  of  which  are  detailed  in  a  memoir 
read  before  the  mathematico-physical  class  of  the  in- 
stitute, at  Paris,  March  26  and  April  9,  1810,  are 
particularly  worthy  of  notice.  (See  Air,  Barombtib* 
and  Mountains.) 

Heliacal,  as  applied  tct  the  rising  of  a  star,  pis- 
net,  &c.,  denotes  its  emerging  out  of  the  sun's  rays,  in 
which  it  was  before  hid.  When  applied  to  the  setting 
of  the  star,  it  denotes  the  entering  or  immerging  into 
the  sun's  rays,  and  thus  becoming  lost  in  the  lastre 
of  his  beans.  A  star  rises  heliacally  when,  after  it 
has  been  in  conjunction  with  the  sun  and  on  that 
account  invisible,  it  gets  at  such  a  distance  from  the 
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sun  as  to  be  seen  in  the  morning  before  the  rising  of 
that  inminary. 

Hbliocbntric  Place  op  a  Planet  is  that  place 
in  the  ecliptic  in  which  the  planet  would  appear  if 
viewed  from  the  centre  of  the  sun ;  and  consequently 
the  heliocentric  place  coincides  with  the  longitude  of 
a  planet,  as  viewed  from  the  same  centre. 

Heliometbr  ;  an  instrument  for  measuring  small 
distances  on  the  sky,  particularly  the  apparent  dia- 
meters of  the  sun  and  of  the  moon,  more  conveniently 
than  can  be  done  with  the  micrometer.  There  are 
different  ways  of  constructing  it.  The  heliometer  of 
Bouguer  is  an  astronomical  telescope,  provided  with 
two  object-glasses,  one  of  which  is  moveable,  and 
which  form  two  distinct  images  of  the  same  object, 
visible  through  the  same  eye-glass.  If,  in  contem- 
plating a  celestial  body,  the  object-glasses  are  placed 
so  as  to  bring  the  images  to  touch  each  other,  the 
distance  of  the  centres  of  the  glasses  gives  the  dia- 
meter of  the  image.  In  this  manner,  the  instrument 
gives,  for  instance,  the  difference  of  the  diameter  of 
the  sun  in  the  perigee  and  apogee. 

Helioscope  is  a  telescope  behind  which  the  image 
of  the  sun  is  received  upon  a  plane  surface.  An  as- 
tronomical telescope  is  drawn  out  a  little  farther 
than  is  necessary  for  common  use,  and  directed 
towards  the  sun.  The  image  which  is  formed  is 
received  in  a  dark  place.  For  this  purpose,  a  dark 
chamber  is  employed,  or  the  telescope  is  placed  in  a 
dark  funnel-shaped  enclosure,  the  bottom  of  which 
is  covered  with  oiled  paper,  or  closed  with  ground 
glass,  on  which  the  sun's  image  is  formed.  Upon 
ihh  paper  or  glass  a  circle  is  described  equal  to  the 
image,  and  divided,  by  five  concentric  circles,  into 
twelve  digits.  With  this  instrument  the  spots  on 
the  sun,  eclipses^  &c.,  may  be  observed  without  in- 
juring the  eyes.  For  greater  exactness,  however,  it 
is  better  to  observe  the  sun  through  a  telescope  the 
glasses  of  which  are  smoked  or  coloured.  Astrono- 
mical telescopes  are  commonly  provided  with  coloured 
plane  glasses,  which  may  be  screwed  on  when  the 
sun  is  to  be  observed. 

Hellebore;  a  plant  formerly  much  used  in  medi- 
cine, and  still  employed  in  many  species  of  disease. 
It  has  a  bitter  and  acrid  taste :  the  acrimony  being 
felt  on  the  tip  of  the  tongue  and  then  spreading  itself 
immediately  to  the  middle,  without  being  much  per- 
ceived in  the  intermediate  part.  On  chewing  the  root 
for  a  few  minutes,  the  tongue  seems  benumbed,  and 
affected  with  a  kind  of  paralytic  stupor,  as  when 
burnt  by  eating  any  thing  too  hot.  Black  hellebore 
root,  which  is  a  strong  cathartic,  has  been  celebrated 
for  the  cure  of  maniacal  and  other  disorders  proceed- 
ing from  what  the  ancients  called  afra-bilis,  in  which 
cases  medicines  of  this  kind  are  doubtless  occasion- 
ally of  use,  though  they  are  by  no  means  possessed 
of  any  specific  virtue.  Our  black  hellebore  does  not 
however  act  with  so  much  violence  as  that  of  the 
ancients,  whence  many  have  supposed  it  to  be  a  dif- 
ferent species  of  plant :  and  indeed  the  descriptions 
which  the  ancients  have  left  us  of  their  hellebore  do 
not  agree  with  those  of  any  of  the  sorts  usually  taken 
notice  of  by  modem  botanists.  Vauquelin  ascribes 
its  acrimony  to  a  peculiar  oil,  which  he  separated 
from  the  infusion  in  alcohol,  by  distilling  off  the 
latter. 

Helm  ;  a  long  and  flat  piece  of  timber,  or  an 
assemblage  of  several  pieces,  suspended  down  the 
hind  part  of  a  ship's  stern-post,  where  it  turns  upon 


a  species  of  hinge  to  the  right  or  left,  serving  to 
direct  the  course  of  a  vessel,  as  the  tail  of  a  fish 
guides  the  body.  The  helm  is  usually  composed  of 
three  parts,  viz.  the  rudder,  the  tiller,  and  the  wheel, 
except  in  small  vessels,  where  the  wheel  is  unneces- 
sary. The  rudder  becomes  gradually  broader  in 
proportion  to  its  distance  fron)  the  top,  or  its  depth 
under  water.  The  back  or  inner  part  of  it,  which 
joins  the  stem-post,  is  diminished  into  the  form  of  a 
wedge  throughout  its  whole  length,  so  that  it  may  be 
more  easily  turned  from  one  side  to  the  other,  when 
it  makes  an  obtuse  angle  with  the  keel.  The  length 
and  thickness  of  the  rudder  is  nearly  equal  to  that  of 
the  stem-post.  The  tiller  is  a  long  bar  of  timber, 
fixed  horizontally  in  the  upper  end  of  the  mdder, 
within  the  vessel.  The  movements  of  the  tiller  to 
the  right  and  left  accordingly  direct  the  efforts  of  the 
radder  to  the  government  of  the  ship's  course  as  she 
advances,  which  is  called  steering. 

The  operations  of  the  tiller  are  guided  and  assisted 
by  a  tackle,  communicating  with  the  ship's  side, 
called  the  tiUer-rope,  which  is  usually  composed  of 
untarred  rope-yams,  for  the  purpose  of  traversing 
more  readily  through  the  blocks  or  pulleys.  In  order 
to  facilitate  the  management  of  the  helm,  the  tiller- 
rope,  in  all  large  vessels,  is  wound  about  a  wheel, 
whidi  acts  upon  it  with  the  powers  of  a  windlass. 
The  rope  employed  in  this  service,  being  conveyed 
from  the  fore-end  of  the  tiller  to  a  single  block  on 
each  side  of  the  ship,  forms  a  communication  with 
the  wheel  by  means  of  two  blocks,  fixed  near  the 
mizzen-mast,  and  two  holes  immediately  above,  lead- 
ing up  to  the  wheel,  which  is  fixed  upon  an  axis  on 
the  quarter-deck,  almost  perpendicularly  over  the 
fore-end  of  the  tiller.  Five  turns  of  the  rope  are 
usually  wound  about  the  barrel  of  the  wheel,  and, 
when  the  helm  is  a-midship,  the  middle  turn  is 
nailed  to  the  top  of  the  barrel  with  a  mark,  by  which 
the  helmsman^  readily  discovers  the  situation  of  the 
helm.  The  spokes  of  the  wheel  generally  reach 
about  eight  inched  beyond  the  rim  or  circumference, 
serving  as  handles  to  the  person  who  steers  the 
vessel.  As  the  effect  of  a  lever  increases  in  propor- 
tion to  the  length  of  its  arm,  it  is  evident  that  the 
power  of  the  helmsman  to  turn  the  wheel  will  be 
increased  according  to  the  length  of  the  spokes 
beyond  the  circumference  of  the  barrel ;  so  that,  if 
the  helmsman  employ  a  force  of  30  lbs.,  it  will  pro- 
duce an  effect  of  from  90  to  120  lbs.  upon  the  tiller 
(the  barrel  being  one-fourth  or  one-fifth  of  the  radius 
of  the  spokes),  which  again  forming  the  long  end  of 
a  lever  10  or  15  times  the  length  of  its  shorter  arm, 
the  force  of  the  radder  will,  by  consequence,  be  from 
10  times  90  to  15  times  120,  or  from  900  to  ISOOlbs. 
When  the  helm  operates  by  itself,  the  centre  of  rota- 
tion of  the  ship  and  her  movements  are  determined 
by  estimating  the  force  of  the  rudder  by  the  square 
of  the  ship's  velocity.  When  the  helm,  instead  of 
lying  in  a  right  line  with  the  keel,  is  turned  to  one 
side  or  the  other,  it  receives  an  immediate  shock 
from  the  water,  which  glides  along  the  ship's  bottom 
in  ranning  aft,  on  the  side  towards  which  the  helm 
is  turned,  and  pushes  it  towards  the  opposite  side, 
whilst  it  is  retained  in  this  position ;  so  that  the 
stern,  to  which  the  rudder  is  confined,  receives  the 
same  impression,  and  accordingly  turns  in  one  direc* 
tion,  whilst  the  head  of  the  ship  moves  in  the  oppo- 
site. The  more  the  velocity  of  a  ship  increaset'.  the 
more  powerful  will  be  the  effect  of  the  rudder,  because 
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the  water  will  act  against  it  with  a  force  which  in- 
creases as  the  square  of  the  swiftness  of  the  fluid, 
whether  the  ship  advances  or  retreats.  The  direction 
given  in  the  two  cases  will  of  course  be  contrary. 
By  a  late  improvement,  suggested  by  Captain  Basil 
Hall,  the  helmsman  is  placed  in  the  bow  of  the 
vessel,  instead  of  the  stem;  and  this  arrangement 
has  been  found  peculiarly  advantageous  in  steam- 
vessels. 

Hblmet;  a  defensive  aimour,  for  the  protection 
of  the  head,  composed  of  skins  of  animals,  or  of 
metals.  Some  of  Homer's  heroes  are  represented  as 
wearing  brazen  helmets,  with  towering  crests,  adorned 
with  plumes  of  the  tails  or  manes  of  horses.  Among 
the  Romans,  the  cassia  was  a  metallic  helmet ;  the 
galea,  a  leathern  one. 

Helminthaooga  ;  medicines  against  worms. 
Helminthiasis  ;  the  disease  which  proceeds  from 
intestinal  worms. 

HEMoaauAOB ;  a  flux  of  blood  from  the  vessels 
which  contain  it,  whether  proceeding  from  a  rupture 
of  the  blood-vessels  or  any  other  cause.  Hemor- 
rhages produced  by  mechanical  causes  belong  to 
surgery ;  those  produced  by  internal  causes,  to  medi- 
cine. The  cutaneous  system  is  rarely,  and  the  cellu- 
lar and  serous  systems  are  never  the  seats  of  hemor- 
rhages ;  that  of  the  mucous  membranes  is  the  most 
subject  to  them.  The  symptoms  of  the  disease  are 
not  less  various  than  its  causes  and  its  seats,  and  the 
treatment  must  of  course  be  adapted  to  all  these  dif- 
ferent circumstances.  A  hemorrhage  from  the  lungs 
is  called  hemoptysis ;  from  the  urinary  organs,  hema- 
turia ;  from  the  stomach,  hematemesis ;  from  the  nose, 
epistaxis. 

Hemorrhoids,  literally,  a  flow  or  flux  of  blood. 
Until  the  time  of  Hippocrates,  this  word  was  used, 
conformably  to  its  etymolog)%  as  synonymous  with 
hemorrhage.  It  was  afterwards  used  in  a  narrower 
sense,  to  indicate  the  flux  of  blood  at  the  extremity 
of  the  rectum,  and  in  some  other  cases  which  were 
considered  analogous  to  it ;  thus  we  hear  it  applied 
to  the  flow  of  blood  from  the  nostrils,  the  mouth, 
the  bladder,  and  the  matrix.  It  is  at  present  used  to 
signify  a  particular  affection  of  the  rectum,  although 
the  disease  is  not  always  attended  with  a  flux ;  in 
this  sense  it  is  called  piles.  Certain  general  causes 
may  produce  a  predisposition  to  this  disease ;  in  some 
cases,  it  appears  to  be  the  effect  of  an  hereditary  dis- 
position ;  in  general,  it  manifests  itself  between  the 
period  of  puberty  and  old  age,  although  infants  and 
aged  people  are  not  entirely  exempt  from  its  attacks. 
The  bilious  temperament  seems  to  be  more  exposed 
to  it  than  any  other.  Men  are  oftener  affected  with 
it  thiln  women,  in  whom  it  is  sometimes  produced  by 
local  causes.  It  often  shows  itself  in  persons  who 
pass  suddenly  from  an  active  to  a  sedentary  life,  or 
from  leanness  to  corpulency'.  Any  circumstance  which 
produces  a  tendency  to  stagnation  of  the  blood  at 
the  extremity  of  the  rectum  is  to  be  reckoned  among 
the  local  causes.  The  accumulation  of  fecal  matter 
in  the  intestines,  the  pressure  produced  by  polypi, 
the  obstruction  of  any  of  the  viscera,  especially  of  the 
liver,  worms,  the  frequent  use  of  hot  bathing,  of 
drastic  purges,  and  particularly  of  aloes,  long  con- 
tinuance in  a  sitting  posture,  riding  on  horseback,  the 
accumulation  of  water  by  ascites, — such  are  some  of 
the  ordinary  causes  of  hemorrhoids.  , 

They  are  distinguished  into  several  sorts,  as  exter- 
nal, when  apparent  at  the  anus  ;  internal,  when  con- 


cealed within  the  orifice,  blind  or  open,  regular  or 
irregular,  active  or  passive,  periodical  or  anomalous, 
&c.  There  is  also  a  great  difference  in  the  quantity 
of  blood  discharged  ;  it  is  usually  inconsiderable,  but 
in  some  cases  is  so  great  as  to  threaten  the  life  of  the 
subject.  The  quality,  colour,  &c.,  of  the  blood,  also 
differ  in  different  cases.  The  number,  seat,  and  form 
of  the  hemorrhoidal  tumours  likewbe  present  a  great 
variety  of  appearances. 

When  the  disease  is  purely  local,  we  may  attempt 
its  cure ;  but,  in  the  greatest  number  of  cases,  it  is 
connected  with  some  other  affection,  or  with  the 
constitution  of  the  subject.  In  these  cases,  if  the 
tumours  are  not  troublesome  on  account  of  their  size, 
or  if  the  quantity  of  blood  discharged  is  not  very 
considerable,  the  cure  may  be  attended  with  bad 
consequences.  The  best  mode  of  treatment  is,  then, 
to  recur  to  hygietic  rather  than  medicinal  influences. 
The  subject  should  avoid  violent  exercises ;  but  mode- 
rate exercise  will  be  found  beneficial ;  the  food  should 
not  be  too  stimulating  or  nutritious.  Travelling,  or 
an  active  life,  should  succeed  to  sedentary  habits.  The 
constipation,  with  which  the  subjects  of  this  disea^ 
are  liable  to  be  affected,  should  be  remedied  by  laxa- 
tives or  gentle  purgatives.  If  bathing  is  used,  it 
should  be  in  lukewarm  or  cold  water.  Any  thing 
which  may  be  productive  of  a  local  heat  should  be 
avoided  ;  as  warm  seats,  soft  beds,  too  much  sleep. 
If  the  pain  be  considerable,  recourse  should  be  had  to 
sedatives,  gentle  bleeding,  leeches.  If  the  disease  ap- 
pear under  a  more  severe  form,  more  violent  remedies 
will  become  necessary.  If  the  sanguineous  fluxion 
become  excessive,  particular  care  must  be  paid  to 
regulate  it.  If  the  tumours  acquire  a  considerable 
volume,  surgical  operations  may  become  necessar)'. 
If  any  bad  consequences  result  from  the  suppression 
of  the  hemorrhoids,  care  must  be  taken  to  give  the 
blood  the  salutary  direction  which  it  had  previously ; 
this  may  be  effected  by  the  use  of  laxative  baths  and 
emollient  fomentations. 

Hemp.  This  plant  possesses  a  strong  odour,  with 
intoxicating  and  narcotic  properties,  on  which  ac- 
count it  is  usual,  in  India  and  other  Eastern  coun- 
tries, to  mix  the  leaves  with  tobacco  for  smoking. 
It  is  a  native  of  India  and  Persia,  and  was  trans- 
ported into  Europe,  where  it  is  now  cultivated  suc- 
cessfully. The  seeds  do  not  preserve  their  vegetative 
properties  beyond  one  season,  on  account  of  the 
quantity  of  oil  they  contain.  Their  goodness  may 
also  be  determined  by  the  taste.  If  an  acrid  or  ran- 
cid flavour  be  present,  the  seeds  have  lost  the  power 
of  germination  ;  all  that  have  a  white  or  pale-green- 
ish colour  should  likewise  be  rejected.  A  strong, 
heavily-manured  soil,  is  the  most  suitable  for  its 
cultivation,  on  which  account  it  succeeds  so  well 
on  newly  cleared  lands.  It  should  be  sown  more  or 
less  densely,  according  to  the  use  for  which  it  is  in- 
tended ;  if  very  thick,  the  fibres  are  finer,  have  a 
better  lustre,  are  more  easily  bleached,  and  of  course 
more  suitable  for  the  finer  kinds  of  cloth ;  if  scat- 
tered sparingly,  the  plants  attain  a  greater  elevation, 
pft)duce  a  stronger,  coarser,  and  longer  fibre,  better 
adapted  for  cordage.  Care  should  be  taken  not  to 
cover  the  seed  too  deeply  with  earth,  and,  when  a 
few  inches  high,  it  should  be  thinned  and  cleared  of 
weeds ;  once  is  sufficient,  for  the  hemp  soon  acquires 
such  an  ascendency  as  entirely  to  prevent  the  growth 
of  other  plants.  The  harvest  is  at  two  distinct  pe- 
riods.  Soon  after  flowering,  the  male  plants. should  be 
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pulled  up  without  disturbing  the  roots  of  the  fe- 
males, which  are  to  remain  some  weeks  longer,  in 
order  to  bring  the  seed  to  perfection.  With  un- 
scientific people,  however,  these  terms  are  trans- 
posed, the  males  are  called  females  and  vice  versd. 
The  males  should  be  tied  immediately  in  bundles, 
the  roots  cut  off  while  fresh,  the  upper  leaves  also 
beaten  off ;  and  it  is  the  most  eligible  practice  to 
immerse  them  in  water  without  delay,  for  rotting. 
Ttic  females,  which  are  three  times  more  numerous 
than  the  males,  should  be  pulled  very  carefully,  with- 
out shaking  or  inclining  the  summits,  and  the  flail 
should  not  be  used,  as  it  bruises  the  seed.  The  seed, 
when  separated,  should  be  spread  out,  turned  at  in- 
tervals, and  exposed  to  a  current  of  air,  otherwise 
there  will  be  danger  of  fermentation. 

The  process  of  rotting  consists  in  the  decomposi- 
tion of  the  substance  which  envelopes  and  unites  the 
fibres,  and  takes  place  much  more  rapidly  in  stag- 
nant pools  than  in  running  water  or  extensive  lakes — 
in  warm  weather  than  in  the  reverse.  The  time  re- 
quisite varies  from  five  to  fifteen  days,  even  in  stag- 
nant water,  llie  water  in  which  hemp  has  been 
rotted  acquires  an  excessively  disagreeable  odour 
and  taste,  proving  fatal  to  fishes,  and  should  be  at  a 
distance  from  any  inhabited  place,  lest  it  engender 
pestilential  diseases  ;  neither  should  it  be  permitted 
to  corrupt  those  sources  which  are  used  for  drink  by 
man  or  beast.  When  water  is  not  at  hand,  hemp 
may  be  rotted  in  the  open  air,  by  spreading  it  at 
night  upon  the  green-sward,  and  heaping  it  together 
in  the  morning  before  the  sun's  rays  have  much 
power.  In  wet  weather,  it  may  be  left  upon  the 
ground  during  tjie  whole  day,  and,  should  the  nights 
be  very  dry,  it  is  better  to  water  it.  This  process  is 
called  dew-rotting,  and  is  very  tedious,  requiring 
three,  six,  or  even  eight  weeks.  Another  method, 
again,  is  by  placing  it  in  a  pit,  and  covering  it  with 
about  a  foot  of  earth,  after  having  watered  it  abun- 
dantly a  single  time ;  but  even  this  method  requires 
double  the  time  of  water.  After  being  rotted  and 
rapidly  dried,  the  hemp  is  ready  for  combing,  beat- 
ing, &c. ;  but  these  subsequent  manipulations  are 
found  by  experience  to  be  very  unhealthy,  probably 
on  account  of  the  fine,  penetrating  dust  which  is 
created;  wherefore,  in  this  instance,  at  least,  the 
employment  of  some  of  the  various  machines  which 
have  been  invented  is  supported  on  the  plea  of  hu- 
manity. 

Henbanb  possesses  a  heavy,  disagreeable  odour, 
and  dangerous  narcotic  properties.  Cases  of  poison- 
ing, from  eating  this  plant  through  mistake,  have 
been  frequent  in  Europe.  This  plant  was  originally 
imported  from  the  eastern  continent,  but  has  now  be- 
come naturalized  in  this  country :  it  occurs  in  waste 
places,  along  road-sides,  and  in  most  places  where  a 
weed  will  thrive.  From  its  narcotic  qualities,  it  is 
occasionally  employed  in  medicine.  Twelve  species 
of  hyascyamus  are  known,  all  of  them  natives  of  the 
eastern  continent. 

Henna.  Plant.  This  plant  grows  in  moist 
situations  throughout  the  north  of  Africa,  Arabia, 
Persia,  and  the  East  Indies,  and  has  acquired  ce- 
lebrity from  being  used  by  the  inhabitants  of  those 
countries  to  dye  the  nails  of  their  fingers,  and  the 
manes,  hoofs,  &c.,  of  their  horses.  For  this 
purpose  the  leaves  are  dried,  powdered,  and  made 
into  a  paste  with  hot  water,  which,  when  applied 
to  the  above-mentioned  pcu*ts,  leaves  a  yellow  coloctr, 
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requiring  to  be  renewed  about  every  three  or  four 
weeks.  The  Egyptian  mummies  have  their  nails 
stained  yellow,  probably  by  the  use  of  the  henna, 
though  the  circumstance  is  by  some  referred  to 
the  various  drugs  used  in  the  process  of  embalming. 
Henna  is  cultivated  extensively  in  Egypt,  and  the  pow- 
dered leaves  form  a  large  article  of  export  to  Persia 
and  the  Turkish  possessions.  The  colouring  matter 
of  this  plant  is  very  abundant,  and  it  may  be  advan- 
tageously used  for  dyeing  woollens,  not  only  yellow, 
but  brown  of  various  shades,  provided  that  alum  and 
sulphate  of  iron  be  employed. 

Herald.  This  ofiSce  is  as  old  as  that  of  the 
priesthood.  Heralds  are  found  among  all  nations, 
the  parlementaires  of  the  modems  being  the  same  as 
the  heralds  of  the  ancients.  Their  persons  were  in- 
violable, otherwise  they  could  not  have  accomplished 
the  object  of  their  institution.  The  Romans  had  three 
sorts  of  heralds — the  caduceafores,  feciales  (heralds  of 
war  and  peace),  and  preeconcs  (criers  or  messengers 
of  the  superior  magistrates).  The  caduceator  carried 
certain  plants,  as  myrtle,  olive-branches,  rosemary, 
&c.,  in  his  hand,  as  a  symbol  of  his  office,  and  for 
his  security.  Among  the  Grecians  he  carried  a  wand 
of  laurel  or  olive  {caduceus),  Tlie  Athenian  herald 
carried  a  wand  bound  round  with  wool,  and  orna- 
mented with  various  kinds  of  fruits.  He  often  united 
other  employments  with  his  office  of  herald,  as  that 
of  cook  and  cup-bearer.  The  Spartan  heralds  must 
have  been  derived  from  Talthyhius,  the  herald  of 
Agamemnon,  who  was  worshipped  in  a  temple  in 
Sparta.  The  feciales,  forming  a  college  of  twenty 
members,  established  by  Numa,  had  also  a  diploma- 
tic character,  as  their  department  embraced  every 
thing  connected  with  the  declaration  of  war  and  the 
making  of  treaties.  If  war  was  determined  upon, 
they  solemnly  proclaimed  it.  If  Rome  considered 
herself  injured,  a  fecialis  demanded  satisfaction.  If 
this  demand  was  not  complied  with  within  thirty- 
three  days,  the  fecialis  went  again  to  the  hostile 
frontiers,  threw  a  bloody  spear,  and  declared  war  by 
a  solemn  formula. 

As  the  frontiers  of  the  Roman  territory  extended 
farther  and  farther  from  the  capital,  this  ceremony 
was  performed  upon  a  field  without  the  city.  The 
feciales  wore  the  sacred  verbena  as  a  wreath  round 
their  temples ;  and,  if  they  were  sent  to  conclude  a 
treaty,  they  carried  a  flint.  The  priBcones  were  em- 
ployed to  proclaim  matters  of  public  interest  to  the 
people,  at  religious  ceremonies,  in  the  comiiia,  at 
public  sales,  judicial  trials,  in  the  senate,  on  the  pub- 
lication of  the  laws  (which  they  read),  at  funerals, 
at  games,  in  the  army  (if  a  general  wished  to  address 
his  men),  at  executions,  and  at  all  public  meetings. 
In  the  middle  ages,*  indigent  knights,  grown  old  in 
battle,  were  appointed  heralds.  Their  duty  was  to 
be  arbiters  at  the  tournaments,  to  pass  judgment  on 
coats  of  arms  and  the  right  of  knighthood.  The 
study  of  armouries  was  therefore  indispensable  to 
them ;  hence  the  name  heraldry.  They  were  also  the 
chroniclers  of  those  times,  and  were  present  on  all 
occasions  of  public  ceremony. 

In  France,  the  first  herald  {roi-d'armes)  wascrowned 
and  consecrated  with  religious  ceremonies.  There 
were  thirty  heralds  of  the  realm ;  the  second  in  rank 
was  called  Montjoye  St,  Denis,  from  the  war-cry  of 
King  Dagobert.  The  heralds  were  united  in  associ- 
ations, and  their  duties  formed  a  branch  of  science 
which  was  communicated  only  to  the  members.     If 
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aziy  person  pretended  to  the  character  of  a  herald, 
who,  on  examination,  was  found  not  to  belong  to  the 
corporation,  he  was  driven  away  with  insults,  and 
sometimes  treated  with  violence.  Most  of  the  Euro- 
pean orders  have  their  heralds,  who  are  masters  of 
ceremonies.  There  are  three  kings  at  arms  in  Eng- 
land. The  highest  is  the  garter  king  at  arms ;  the 
second  for  the  southern  provinces ;  the  third  for  the 
northern  provinces.  These  three  kings  at  arms,  with 
six  subordinate  heralds  and  four  pursuivants,  form, 
under  the  presidency  of  the  Earl  Marshal,  Duke  of 
Norfolk,  the  herald's  college,  or  herald's  office,  esta- 
blished in  1340. 

Heraldry.  Arms  may  belong  to  individuals,  to 
families,  or  to  countries.  Badges  and  emblems  on 
shields  and  helms  occurred  in  the  earliest  times.  In 
Numbers  (chap.  i.  52),  the  children  of  Israel  are  en- 
joined to  pitch  their  tents,  "  every  man  by  his  own 
camp,  and  every  man  by  his  own  standard,"  with 
the  ensigns  of  his  father's  house.  The  poets  of  the 
Greeks  and  Romans  speak  of  paintings  and  devices 
on  shields  and  helmets.  These  symbols  were,  more- 
over, hereditary.  Tlius  Xenophon  relates  that  the 
kings  of  the  Medes  bore  a  golden  eagle  on  their  shields. 
Suetonius  asserts  that  Domitian  had  a  golden  beard 
for  his  coat  of  arms ;  and  Tacitus  says  of  the  ancient 
Germans  that  they  marked  their  shields  with  bril- 
liant colours,  and  that  certain  standards  were  borne 
before  them  in  battle.  Notwithstanding  these  traces 
of  armorial  bearings  in  the  ancient  world,  our  heraldry 
is  no  older  than  the  tournaments.  That  armoury 
first  became  common  and  regulated  by  certain  rules 
at  these  solemn  festivals  is  corroborated  by  the  fol- 
lowing reasons  : — In  the  first  place,  we  find  no  tomb, 
or  monument,  with  escutcheons,  older  than  the  ele- 
venth century.  The  most  ancient  monument  of  this 
kind  is  said  to  be  the  bearings  of  Valmond,  Count  of 
Vasserburg,  in  the  church  of  St.  Emmeran,  at  Ratis- 
bon.  The  shield  is  coup^  of  argent  and  sable  ;  over 
it  is  a  lion,  with  the  words  "  Anno  Domini  MX.'* 
On  most  of  the  other  tombs,  even  of  the  eleventh 
century,  no  arms  are  foand ;  and  the  use  of  them 
seems  to  have  first  become  common  in  the  twelfth 
centur}'. 

The  first  pope  who  can  be  proved  to  have  had  a 
coat  of  arms  is  Boniface  VIII.,  who  filled  the  papal 
see  from  1294  to  1303.  All  the  eailier  p'ipal  arms 
are  the  fanciful  inventions  of  later  historians.  On 
coins,  also,  no  armorial  ensigns  are  found  till  the 
thirteenth  century.  A  second  proof  of  our  assumed 
origin  of  coats  of  arms  is  the  word  bkuton,  which 
denotes  the  science  of  heraldry  in  French,  English, 
Italian,  and  Spanish.  This  word  has  most  probably 
its  origin  in  the  German  word  blasen  (to  blow  the 
horn) ;  for,  whenever  a  new  knight  appeared  at  a 
tournament,  the  herald  had  to  sound  the  trumpet, 
and,  because  all  appeared  with  close  visors,  to  pro- 
claim and  explain  the  bearing  of  the  shield  or  coat  of 
arms  belonging  to  each.  Because  this  was  performed 
by  the  hersUd,  this  knowledge  was  called  heraldry  ; 
and  because,  in  doing  so,  he  blew  the  trumpet,  it  was 
called  blazoning  the  arms.  That  this  was  a  prevailing 
practice  at  tournaments  may  be  proved  from  the 
poetry  of  the  Troubadours  of  the  twelfth  and  thir- 
teenth centuries.  From  the  Germans,  this  custom 
was  transmitted  to  the  French ;  for  there  is  no  doubt 
that  tournaments  were  usual  in  Germany  much  ear- 
lier than  in  France.  But  the  French  carried  to  far 
greater  perfection  the  tournament,  and  the  blazon  or 


heraldry  connected  with  it,  as  they  did  the  whole 
system  of  chivalry.  And,  as  the  French  language 
prevailed  at  the  court  of  the  Norman  kings  in  Eng- 
land, pure  French  expressions  have  been  preserved  in 
British  heraldry.  Thus  the  green  tincture  (colour) 
in  a  coat  of  arms  is  termed  vert  (though  in  Frendi 
nnople),  which  originally  denoted  a  reddish  brown; 
bright  red  is  termed  gules,  probably  with  an  alia- 
sion  to  the  bloody  revenge  of  wild  animals,  which 
play  so  conspicuous  a  part  in  heraldry.  In  a  coat 
of  arms,  the  helm  is  placed  upon  the  shield,  and  the 
latter  is  surrounded  by  the  wreath.  At  a  tourna- 
ment, the  mantle  of  the  knight,  with  the  helm  and 
shield,  was  suspended  in  the  lists.  The  colours  or 
tinctures  of  the  shields  had  their  foundation  in  the 
custom  of  the  most  ancient  Germans  of  giving  their 
shields  various  colours — a  custom  which  received  a 
tender  meaning  in  the  tournaments  of  the  middle 
ages,  the  knight,  bound  to  defend  the  honour  of 
dames,  and  devote  himself  to  their  protection,  wear- 
ing their  colours  on  his  shield.  By  degrees,  the 
partitions  or  sections  on  shields  came  into  use ;  for 
when,  as  often  occurred,  a  knight  was  the  champion 
of  several  ladies,  he  bore  several  colours  on  his  shield, 
which  had  therefore  to  be  divided  mto  fields. 

The  escutcheon,  or  shield,  in  arms,  means  the  ori- 
ginal shield  used  in  war,  and  on  which  arms  were 
originally  borne ;  the  surface  of  the  escutcheon  b 
termed  the  field,  because  it  contains  such  honourable 
marks  as  anciently  were  acquired  in  the  field,  &c. 

Points  of  the  escutcheon  mean  certain  points  or 
locations,  in  which  the  figures  or  charges  of  the 
field  happen  to  be  particularly  placed.  The  shield  is 
shown  in  plate  I.  Heraldry,/^.  2.  A  signifies  that 
part  to  be  the  dexter  chief ;  B,  the  precise  middk 
chief ;  C,  the  sinister  chief ;  D,  the  collar,  or  homur 
point ;  as  knights  of  the  garter,  thistle,  &c.,  wear 
their  badges  of  honour  about  their  necks ;  in  like 
manner  is  E  called  the  heart,  or  fess  point,  as  being 
the  exact  middle  of  the  shield  ;  F,  the  nombrUf  or  na- 
vel point ;  G,  H,  I,  the  dexter,  middle,  and  nnirier 
points. 

The  colours  used  in  the  science  of  heraldry  are 
generally  red,  blue,  black,  green,  purple ;  termed  in 
this  science  gules,  azure,  sable,  vert,  and  purpure. 
Yellow  and  white,  termed  or  and  argent,  are  me- 
tals: 

Nttmes.  Colours. 

Or        Yellow. 

Argent White. 

Gules         Red. 

Azure        Blue. 

Sable Black. 

Vert     ......     Green. 

Purpure Purple. 

Colours  and  metals,  when  engraved,  are  known  by 
points  and  hatched  lines ;  as  or,  the  metal  gold,  is 
known  in  engraving  by  small  dots  or  points ;  argent, 
a  metal  that  is  white,  and  signifies  silver,  is  always 
left  plain ;  gules,  this  colour  is  expressed  by  lines 
perpendicular  from  top  to  bottom  ;  azure,  a  colour 
known  by  horizontal  lines  from  side  to  side ;  sabkf 
a  colour  expressed  by  horizontal  and  perpendicular 
lines  crossing  each  other ;  vert,  a  colour  described 
by  hatched  lines  from  right  to  lefl  diagonally ;  pwr- 
pure,  a  colour  known  by  hatched  lines  from  the  si- 
nister chief  to  the  dexter  base,  diagonally.  The  co- 
lours marked  as  already  desci'ibed  arc  shown  in 
plate  I.  IIeraldhy,  fig.  1  to  7. 
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Futm  are  not  only  used  for  the  linings  of  robes  and 
of  dresses  of  state,  the  linings  of  the  mantle,  and 
other  ornaments  of  the  shield,  but  also  in  the  coat- 
armours  themselves:  viz.  ermine,  ermine$,  ermitiois, 
ermimtee,  pean,  vair,  vair-en-point,  counter-vair,  po- 
tent-counter -potent. 

Ermine  is  represented  by  black  spots  on  a  white 
field ;  ermines  is  a  field  black  with  white  spots ;  er^ 
nUnois  is  a  field  gold  with  black  spots  ;  vair  is  white 
and  blue,  represented  by  figures  of  small  escutcheons, 
ranged  in  a  line,  so  that  the  beue  argent  is  opposite  to 
the  base  azure ;  counier-vair  is  when  the  bells  or  cups 
of  the  same  colour  are  placed  base  against  base,  and 
point  against  point;  potent-counter-potent  is  a  field 
covered  with  figures  like  crutch-head,  termed  potenta 
counter  placed. 

Partition  lines  are  such  as  party  per  pale,  party 
per  bend,  party  per  fess,  party  per  chevron,  party  per 
cross,  party  per  saltire,  by  which  is  understood  a 
shield  divided  or  cut  through  by  a  line  or  lines, 
either  perpendicular,  diagonal,  transverse,  &c.,  agree- 
ably to  the  form  of  the  ordinaries,  llie  crooked 
lines,  such  as  the  engrailed,  wavy,  &c.,  are  used  in 
heraldry  to  form  a  difference  between  bearings  which 
would  be  otherwise  the  same ;  for  an  escutcheon 
charged  with  a  chief  engrailed  diflfers  from  a  chief 
wavy  as  much  as  if  the  one  bore  a  cross  and  the 
other  a  saltire. 

Party  per  pale  is  the  field  divided  by  a  perpendicu- 
lar line,  Bsfig.  8.  Party  signifies  parted  or  divided, 
and  is  applied  to  all  divisions  of  the  field  or  charges. 
Party  per  bend  is  a  field  divided  by  a  diagonal 
line  from  the  dexter  chief  to  the  sinister  base,  as 
shown  at^^.  9>  Party  per  bend,  or,  and  vert,  name 
Hawly.  Party  per  fess  is  a  field  equally  divided  by 
a  horizontal  line,  as  at  fig.  10.  Party  per  chevron 
is  a  field  divided  by  such  a  line  as  helps  to  make  the 
chevron,  as  at  fig.  11.  Party  per  chevron,  sable  and 
argent,  name  Aston.  Party  per  cross,  or  quarterly, 
is  a  field  divided  by  two  lines,  the  one  perpendicular 
and  the  other  horizontal,  crossing  each  other  in  the 
centre  of  the  field,  as  at  fig.  1 2.  Party  per  cross, 
argent  and  gules,  name  Sir  Henry  Cock,  of  Hert- 
fordshire. Party  per  saltire  is  a  field  divided  by  two 
diagonal  lines,  dexter  and  sinister,  crossing  each 
other  in  the  centre  of  the  field,  as  at^.  13. 

The  crooked  lines  of  partition  are  the  engrailed, 
inverted,  wavy,  nebule,  imbaitled,  raguly,  dancette, 
indented,  and  dove-taiL   * 

Ordinaries  are  those  figures  which,  by  their  ordi- 
nary and  frequent  use,  are  become  most  essential  to 
the  science,  viz :  The  chief,  pale,  bend,  bend  sinister, 
fess,  bar,  chevron,  cross,  and  saltire ;  these  have 
their  diminutives. 

We  may  take  for  an  example  the  chief,  which  is 
formed  by  a  horizontal  line,  and  contains  in  depth 
the  third  of  the  field,  as  shown  at  fig.  14. 

The  pale  consists  of  two  perpendicular  lines, 
drawn  from  the  top  to  the  base  of  the  shield. 

The  pale  has  two  diminutives — ^the  half  of  the  pale 
is  called  a  pallet ;  and  the  half  of  the  pallet  is  called 
an  endorse. 

The  bend  is  formed  by  two  parallel  lines  drawn 
from  the  dexter  chief  to  the  sinister  base.  The  bend 
has  four  diminutives,  the  bendkt,  the  garter,  the  cost, 
and  riband. 

The  betid  sinister  passca  diagonally  from  the  si- 
nister chief  to  the  dexter  base  of  the  shield.  The 
bend  smister  has  two  diminutives,  the  scarp,  which 
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is  half  the  bend,  and  the  baton,  which  is  half  of  the 
scarp. 

The  fess  is  formed  by  two  horizontal  lines  across 
the  shield,  and  contams  the  third  part  of  the  field, 
and  is  always  confined  to  the  centre. 

The  bar  is  formed  by  two  horizontal  lines,  and 
contains  the  fiflh  part  of  the  field.  The  bar  is  never 
borne  single ;  the  bar  has  two  diminutives,  the  closet, 
which  is  half  the  bar,  and  the  barrulet,  which  b 
half  the  closet. 

The  chevron  is  formed  by  two  lines  placed  pyra- 
midically,  like  two  rafters  of  a  house,  joined  together 
in  chief,  and  descending  in  form  of  a  pair  of  com- 
passes to  the  extremities  of  the  shield.  The  chevron 
has  two  diminutives,  the  chevronel,  which  is  half  the 
chevron;  and  the  couple-close,  which  is  half  the 
chevronel. 

The  cross.  The  cross  is  formed  by  the  meeting  of 
two  perpendicular  with  two  horizontal  lines  near  the 
fess  point,  where  they  make  four  right  angles ;  the 
lines  are  not  drawn  throughout,  but  discontinued  the 
breadth  of  the  cross. 

The  saltire  is  formed  by  the  bend-dexter  and  bend- 
sinister  crossing  each  other  in  right  angles. 

The  pile  is  composed  of  two  lines  which  form  a 
long  wedge. 

The  quarter  is  formed  of  two  lines,  one  perpendi- 
cular, the  other  horizontal,  taking  up  one-fourth  of 
the  field,  and  is  always  placed  in  the  chief. 

The  canton  is  a  square  figure  like  the  quarter,  pos- 
sessing only  the  third  part  of  the  chief. 

A  gyron  is  of  a  triangular  figure,  composed  of  two 
lines,  one  diagonally  from  the  dexter  chief  angle  to 
the  centre  of  the  shield  ;  the  other  is  drawn  horizon- 
tal from  the  dexter  side  of  the  shield,  meeting  the 
other  line  in  the  centre  of  the  field,  as  shown  at 
fig^  15. 

Flanches  are  formed  by  two  circular  lines,  and  arc 
always  borne  double. 

The  orle  is  an  inner  border  of  the  same  shape  as 
the  escutcheon. 

The  tressure  is  a  diminutive  of  the  orle  half  in 
breadth,  and  is  generally  borne  fiory  and  counter- 
flor\'. 

"thefrett  is  composed  of  six  pieces,  two  of  which 
form  a  saltire,  and  the  other  four  a  mascle,  which  is 
placed  in  the  centre. 

A  border  is  a  bearing  that  goes  all  round  and 
parallel  to  the  boundary  of  the  shield  in  form  of  & 
hem,  and  contains  the  fifth  part  of  the  field. 

A  border  engrailed.  This  border  is  bounded  by 
two  small  semicircles,  the  points  of  which  enter  the 
field. 

A  border  indented  is  the  same  in  shape  as  the  par- 
tition  line  indented. 

A  border  quarterly  is  a  border  divided  into  four 
equal  parts  by  a  perpendicular  and  horizontal  line. 

The  cross  is  one  of  the  most  important  ordinaries. 
It  is  borne  indented,  engrailed,  &c.,  as  well  as  plain  ; 
but  when  plain,  as  in  Uie  example  fig.  16,  you  only 
mention  a  cross,  which  is  understood  to  be  plain. 

A  cross  moline  signifies  a  cross  which  turns  round 
both  ways  at  the  extremities. 

A  cross  potent.  This  cross  terminates  like  the 
head  of  a  crutch,  which  anciently  was  called  a 
potent. 

A  cross  pattie  is  proper  for  a  cross  that  is  small 
in  the  centre,  and  so  g  oes  on  widening  to  the  endsj 
which  are  very  broad. 
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Charges  are  figures  or  bearings  borne  in  an  escut- 
cheon. We  may  take  the  lozenge  as  an  example. 
The  shape  is  the  same  with  that  of  a  pane  of  glass 
in  old  casements.  In  this  form  the  arms  of  maidens 
and  widows  should  be  borne.  The  true  proportion 
of  the  lozenge  is  to  have  its  width  three  parts  in  four 
of  its  height. 

We  may  now  proceed  to  examine  the  rules  of 
blazoning.  This  branch  of  the  science  of  heraldry,  ac- 
cording to  the  Notitia  Anglicana,  is  merely  employed 
to  describe  the  things  borne  in  proper  terms,  accord- 
ing to  their  several  gestures,  positions,  and  tincturas ; 
and  how  to  marshal  or  dispose  regularly  various  arms 
en  a  field,  in  which  care  ought  to  be  particularly 
observed,  because  the  adding  or  omitting  any  part  is 
oftentimes  an  alteration  of  the  coat. 

In  blazon  the  following  rules  are  to  be  carefully 
observed : — 

First,  in  blazoning  a  coat  you  must  always  begin 
with  the  field ;  noticing  the  lines  wherewith  it  is 
divided,  whether  per  pale,  per  fess,  per  bend,  &c.,  as 
also  the  difference  of  those  lines,  whether  indented, 
engrailed,  &c. ;  then  proceed  to  the  next  immediate 
charge.  By  an  immediate  charge  is  meant  that 
which  lieth  next  the  field,  and  nearest  the  centre ; 
this  must  first  be  named ;  and  then  those  that  are 
more  remote ;  for  example,  azure,  a  crescent  between 
three  stars,  argent ;  thus  the  crescent  is  first  named,  as 
being  next  the  centre  of  the  field.  We  may  take  one 
example  of  the  rules  of  blazoning:  it  is  shown  at 
Jig,  18,  and  is  thus  described, — Argeni,on  a  chitf  gules, 
two  mullets  pierced,  or. 

We  come  next  to  examine  the  exterior  ornaments 
of  the  escutcheon,  which  consist  of  the  helmet, 
mantling,  wreath,  crest,  badge,  motto,  supporters, 
and  crown  or  coronet. 

The  helmet,  being  placed  at  the  top  of  the  escut- 
cheon, claims  our  first  attention.  These  pieces  of 
armour  for  the  head  have  varied  in  different  ages 
and  countries,  both  in  form  and  the  materials  of  which 
they  were  made ;  viz.  those  of  sovereign  princes  are 
of  gold ;  those  of  the  nobility,  of  silver ;  and  those  of 
gentlemen,  of  polished  steel. 

The  mantling  was  anciently  attached  to  the  helmet ; 
it  was  used  as  a  covering  or  trimming  which  com- 
manders wore  over  their  helmets  to  defend  them  from 
the  weather. 

Mantlings  are  now  used  like  cloaks  to  cover  the 
whole  achievement,  instead  of  the  ancient  mode  of 
representing  them  as  being  coverings  for  the  head,  or 
ornaments  fiowing  from  the  helmet. 

The  crest  is  the  highest  part  of  the  ornaments  of 
a  coat  of  arms,  and  is  placed  on  the  wreath.  Anciently 
it  was  worn  on  the  heads  of  commander^  in  the 
field,  and  then  only  in  order  to  distinguish  them  from 
others,  by  their  followers. 

After  the  institution  of  the  order  of  the  garter, 
and  in  imitation  of  King  Edward  III.,  who  was  the 
first  king  of  England  that  bore  a  crest  on  his  helmet, 
all  knights  companions  of  the  order  began  to  wear 
crests.  This  practice  soon  bccamemore  general, until 
at  length  they  were  assumed  discretionally  by  all 
those  who  considered  themselves  as  legally  entitled  to 
bear  arms. 

Badges  anciently  were  intended  to  be  placed  on 
banners,  ensigns,  caparisons,  and  the  breast  or  shoul- 
ders of  private  soldiers,  servants,  and  attendants,  and 
that  without  any  wreath  or  other  thing  under  them. 
Badges  were  much  used  from  the  reign  of  King  Ed- 


ward I.  until  that  of  Queen  Elizabeth^  when  they 
grew  into  disuse. 

The  supporters  are  exterior  ornaments,  being  placed 
at  the  sides  of  the  escutcheon  to  support  it.  Minis- 
trier  says  that  supporters  had  their  origin  from  tilts 
and  tournaments,  wherein  the  knights  caused  thdr 
shields  to  be  carried  by  servants  or  pages  under  die 
disguise  of  lions,  bears,  griffins.  Moors,  &c.,  who  also 
held  and  guarded  the  escutcheons,  which  the  knights 
were  obliged  to  expose  to  public  view  some  time  be- 
fore the  lists  were  opened. 

Having  thus  given  a  general  outline  of  the  principal 
divisions  of  heraldry,  we  may  proceed  to  notice  the 
orders  of  knighthood.  According  to  the  most  authen- 
tic accounts,  the  order  of  the  garter  was  instituted  by 
Edward  III.,  anno  1350,  in  the  twenty-fourth  year 
of  his  reign.  This  order,  which  has  ever  been  con- 
sidered as  the  highest  in  rank  and  dignity  of  knight- 
hood, and  with  which  kings  and  princes  of  all  na- 
tions have  deemed  it  most  honourable  to  be  invested, 
consists  of  the  sovereign  and  twenty-five  companions, 
called  knights  of  the  garter.  There  are  besides  five 
principal  officers:  the  prelate,  the  chancellor,  regis- 
trar, garter  king  of  arms,  and  usher,  or  black  rod. 
The  habit  and  insignia  of  the  order  are  garter,  snr- 
coat,  mantle,  hood,  George,  collar,  cap,  and  feathen. 

The  garter,  of  dark-blue  velvet,  edged  with  gold, 
bearing  the  motto  of  "  Honi  soit  qui  mal  y  pease," 
in  letters  of  gold,  with  buckle  and  pendant  of  richly 
chased  gold,  is  worn  on  the  left  leg,  below  the  knee. 
The  mantle  is  of  blue  velvet,  lined  with  taffeta.  The 
hood  affixed  to  the  mantle  is  of  crimson  velvet.  The 
hat  is  of  black  velvet,  lined  with  white  taffeta,  and 
adorned  with  a  large  plume  of  white  ostrich  feathers, 
with  a  tuft  of  black  heron's  feathers  in  the  centre, 
affixed  to  the  hat  by  a  band  of  diamonds.  The  coUer 
is  of  gold,  composed  of  twenty-six  pieces  (in  allusion 
to  the  number  of  knights),  each  in  the  form  of  a  gar- 
ter, enamelled,  blue,  with  the  motto.  To  whi(£  is 
appended  the  badge,  or  figure  of  St.  George  on  horse- 
back.    It  is  shown  at  fig,  19. 

llie  order  of  the  bath  was  instituted  at  the  corona- 
tion of  Henry  IV.,  1399,  who  conferred  the  dignity 
upon  46  esquires,  who  had  watched  during  the  pre- 
vious night,  and  had  bathed  themselves;  from  which 
originated  the  title  of  knights  of  the  bath.  After  the 
coronation  of  Charles  II.,  who  created  sixty-eight 
knights,  the  order  was  neglected  till  the  year  I7'i^, 
when  George  I.  determined  to  revive  and  re-organiie 
it,  to  consist  of  the  sovereign,  grand-master,  and 
thirty-six  companions ;  since  which  time  several 
alterations  have  been  made.  In  January,  IS  15,  it 
was  declared  that,  "  for  the  purpose  of  commemo- 
rating the  auspicious  termination  of  the  long  and 
arduous  contests  in  which  this  empire  has  been  en- 
gaged," the  order  should  be  composed  of  three  classes. 

The  first  class  to  consist  of  not  exceeding  seventy- 
two  knights  grand-crosses,  exclusive  of  the  sovereign 
and  princes  of  the  blood.  The  badge  is  commonly 
pendant  by  a  ring  on  a  broad  red  riband  over  the 
right  shoulder,  hanging  on  the  left  side  ;  but  on  par- 
ticular occasions  it  b  worn  pendant  to  the  collar,  as 
shown  at  fig,  23. 

The  knights  commanders  to  be  entitled  to  the  dis- 
tinctive appellation  of  knighthood,  and  to  have  the 
same  rights  and  privileges  as  knights  bachelors, 
taking  precedence  of  them.  The  companions  of  the 
order  take  precedence  of  esquires,  but  are  not  en- 
titled to  the  appellation  of  knights  bachelors. 
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The  order  of  the  thistle  is  supposed  to  have  been 
instituted  by  King  Achaius,  on  the  occasion  of  a 
bright  cross,  similar  to  that  on  which  the  patron, 
St.  Andrew,  suffered  martyrdom,  appearing  in  the 
heavens  to  him  and  Thurgus,  king  of  the  Picts,  on 
the  night  previous  to  the  battle  gained  by  them  over 
Athelstane,  king  of  England.  Some  have  thought 
the  order  of  later  date.  It  was,  however,  revived  in 
1540,  by  James  V.,  of  Scotland,  and  again  by  James 
II.,  in  1679*  and  has  since  been  re-organized.  The 
order  now  consists  of  the  sovereign  and  12  knights. 
The  collar  has  thistles  and  sprigs  of  rue,  of  gold 
enamelled,  to  which  is  appended  the  badge.  Jig.  20. 
The  star  is  worn  on  the  left  side,  and  the  jewel  is 
pendant  to  a  green  riband  over  the  left  shoulder, 
tied  under  the  arm.  Motto — "Nemo  me  impune 
lacesaet." 

The  order  of  St.  Patrick  was  instituted  by  King 
George  III.,  February  5,  1783,  and  consists  of  the 
sovereign,  grand -master,  a  prince  of  the  blood  royal, 
and  thirteen  knights ;  the  Lord  Lieutenant  of  Ireland 
being  grand-master  pro  tempbre. 

The  collar  is  of  pure  gold,  composed  of  six  harps 
and  five  roses,  alternately  joined  together  by  twelve 
knots ;  in  the  centre  is  a  crown,  and  pendant  thereto 
by  a  harp  is  the  badge.  The  star  is  of  silver  em- 
broidery, upon  a  circular  centre  or,  a  cross  saltire 
gule$,  surmounted  by  a  trefoil  slipped  proper,  each 
leaf  charged  with  a  crown  or,  within  a  circular  fillet 
of  gold,  with  the  motto,  "  Quia  separabit."  The  collar 
and  star  are  shown  at^.  21. 

The  Royal  Hanoverian  Guelphic  Order  was  founded 
by  George  IV.  when  Prince  Regent,  in  1815,  in  com- 
memoration of  the  raising  of  Hanover  into  a  kingdom, 
and  for  rewarding  those  persons  who  had  performed 
any  signal  service  to  their  country.  His  J/ajesty,  as 
king  of  Hanover,  is  grand-master.  Hie  order  is  com- 
posed of  three  classes,  into  which  civil  and  military 
men  are  admitted,  viz.  grand-crosses,  commanders, 
and  knights.  The  badges  of  the  military  grand-crosses, 
military  commanders,  and  military  knights,  differ  only 
in  size  according  to  their  class.  On  the  reverse,  upon 
the  centre,  is  a  double  cipher  of  G.  R.,  with  the 
crown,  and  date  of  foundation. 

The  badges  of  the  civil  grand-crosses,  commanders, 
and  knights  are  also  alike,  only  differing  in  size,  having 
a  crown  upon  the  upper  limb  of  the  cross  (without 
the  swords),  by  which  it  is  suspended,  and  a  wreath 
of  oak  leaves  instead  of  laurel.  It  is  worn  on  grand 
occasions  suspended  from  the  collar,  but  on  ordinary 
occasions  it  is  worn  pendant  from  a  sky-blue  riband 
scarfwise.  Commanders  suspend  it  by  a  sky-blue 
riband  worn  round  the  neck,  and  knights  by  a  riband 
and  gold  buckle  from  the  button-hole. 

The  star  worn  by  the  military  grand  crosses  is  of 
eight  points,  &c.,  with  the  motto,  "  Nee  aspera  ier- 
rent,"  See  fig.  22.  That  worn  by  the  civil  grand- 
crosses  only  differs  in  the  omission  of  the  swords,  and 
a  wreath  of  oak  leaves  being  substituted  for  laurel. 

The  order  of  St.  Michael  and  St.  George  was  also 
instituted  by  George  IV.,  when  Prince  Regent,  in  18 19> 
in  commemoration  of  the  United  States  of  the  Ionian 
Islands  being  placed  under  his  sovereign  protector- 
ship. 

The  order  is  composed  of  three  classes,  and  con- 
sists of  the  sovereign,  a  grand-master,  a  first  and 
principal  knight  grand-cross,  eight  grand-crosses, 
twelve  knights  commanders,  and  twenty-four  knights, 
exclusive  of  British  subjects  holding  high  and  confi- 


dential employ  in  the  service  of  the  United  States  oi 
Malta. 

The  collar  and  badge  are  worn  round  the  neck  on 
grand  occasions;  but  ordinarily  the  badge  is  worn 
pendant  from  a  red  riband  with  blue  edges.  / 

The  star  worn  by  the  knights  grand-crosses  is  shown 
at^.  24.  That  worn  by  the  knights  commanders  is 
of  a  similar  description,  but  of  less  beauty.  Motto, 
'*  Auspicium  mpliorua  avi^'* 

The  regalia  and  crowns  of  England  and  Scotland, 
as  well  as  those  of  the  principal  states  of  Europe, 
may  now  be  illustrated.  The  crown  of  England, 
with  which  the  kings  of  England  have  generally 
been  crowned,  is  called  St.  Edward's  crown.  It  is 
made  in  imitation  of  the  ancient  crown  supposed  to 
have  been  worn  by  that  monarch,  and  which  was 
kept  in  the  abbey  phurch  of  Westminster  till  the  be- 
ginning of  the  late  civil  wars  in  the  reign  of  King 
Charles  I.,  when,  with  the  rest  of  the  regalia,  it 
was  taken  away,  and  sold  in  1642.  The  present 
crown  was  made  against  the  coronation  of  King 
Charles  II.,  and  is  embellished  with  pearls  and 
precious  stones.  There  is  a  mound  of  gold  on 
the  top  of  it,  enriched  with  a  band  or  fillet  of  gold, 
embellished  also  with  precious  stones.  Upon  the 
mound  is  a  cross  of  gold,  embellished  likewise 
with  precious  stones,  and  three  very  large  oval  pearls, 
one  of  them  being  fixed  on  the  top,  and  two  others 
pendant  at  the  ends  of  the  cross.  It  is  composed  of 
four  crosses  patt^e,  and  as  many  fleurs-de-lis  of  gold, 
placed  on  a  rim  or  circlet  of  gold,  all  embellished 
with  precious  stones.  From  these  crosses  arise  four 
circular  bars  or  arches,  which  meet  at  the  top  in  fonn 
of  a  cross.  The  cap  within  this  crown  is  of  purple  vel- 
vet, lined  with  white  taffeta, and  turned  up  with  ermine. 

The  golden  sceptre,  with  its  cross,  is  shown  aAfig, 
1,  plate  II.  Hbraldut.  It  is  set  upon  a  large  ame- 
thyst, of  great  value,  garnished  round  with  table 
diamonds.  The  handle  of  the  sceptre  is  spiral,  but 
the  pummel  is  set  round  with  rubies,  emeralds,  and 
small  diamonds.  The  top  rises  into  a  fleur-de-lis 
of  six  leaves,  all  enriched  with  precious  stones,  from 
whence  issueth  a  mound  made  of  the  amethyst  al- 
ready mentioned.  The  cross  is  decorated  with  pre- 
cious stones;  the  sceptre  is  about  thirty- three  inches 
in  length. 

The  sceptre  has  a  dove,  the  emblem  of  peace, 
perched  on  the  top  of  a  Jerusalem  cross,  ornamented 
with  diamonds.  This  emblem  was  first  used  by 
Edward  the  Confessor,  as  appears  by  his  seal.  The 
length  of  the  sceptre,  which  is  shown  at  fig.  2,  is 
forty-three  inches. 

St.  Edward's  staff,  in  length  fifty- five  inches  and  a 
half,  and  three  inches  and  three-quarters  in  circum- 
ference, all  of  gold.  This  sceptre  is  carried  before 
the  king  at  his  coronation.     See  fig.  3. 

llie  sceptre,  fig.  4,  was  made  by  order  of  Queen 
Mary. 

The  ivory  sceptre,  fig.  5,  with  a  dove  on  the  top, 
was  made  for  King  James  II.'s  Queen;  it  is  orna- 
mented in  gold,  and  the  dove  on  Uie  top  is  of  gold, 
enamelled  white. 

The  royal  coronation  rings  are  shown  at  fig9.  6 
and  7. 

Fig.  8  represents  the  golden  orb  or  globe,  put 
into  tiie  king's  right  hand  before  he  is  crowned ;  and 
borne  in  his  left,  with  the  sceptre  in  his  right,  upon 
his  return  into  Westminster  Hall,  after  he  is  crowned. 
It  is  about  six  inches  in  diameter^  edged  with  pearls. 
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And  enriched  with  precious  stones.  On  the  top  is 
an  amethyst  of  a  violet  colour,  nearly  an  inch  and  a 
half  in  height,  set  upon  a  rich  cross  of  gold,  adorned 
with  precious  stones. 

The  ancient  regalia  of  Scotland  was  only  hrought 
to  light  in  18 17.  The  crown,  shown  BXfig.  9,  is  sup- 
posed to  be  the  same  with  which  Bruce  was  crowned 
in  the  year  1306;  the  old  regalia  having  previously 
been  taken  away,  at  the  degradation  of  Baliol,  in 
1296,  by  Edward  1.  It  is  of  an  elegant  form,  the  lower 
part  being  a  golden  diadem  of  two  circles,  embel- 
lished with  pearls  and  precious  stones ;  the  upper 
circle  surmounted  by  fleurs-de-lis  and  crosses  fieury, 
interchanged  with  large  pearls  alternately.  The 
arches  of  gold,  with  enamelled  figures,  crossing  each 
other,  and  surmounted  by  a  ball  of  gold  enamelled, 
over  which  is  a  cross  patt^e  of  pearls,  were  added  by 
James  V.  The  cap  is  of  crimson  velvet,  turned  up 
with  ermine,  and  decorated  with  pearls. 

The  sceptre  is  a  slender  rod  of  silver,  thirty-two 
inches  in  length,  with  three  figures  at  the  head,  re- 
presenting the  Virgin  Mary,  Saint  Andrew,  and 
Saint  James,  surmounted  by  a  ball  of  rock-crystal, 
&c.  See  Jig.  10.  This  was  made  in  the  reign  of 
James,  at  the  time  of  the  alteration  of  the  crown, 
and  was  used  by  the  Lord  Chancellor  to  touch  acts 
of  parliament,  in  token  of  the  royal  assent.  The 
sword  of  state  is  shown  eXjig,  11.  It  is  of  beautiful 
workmanship,  and  was  presented  to  James  IV.  by 
Pope  Julius  II.  The  hilt  is  of  silver,  gilded,  and 
the  cross  beautifully  adorned  with  filigree  work. 
The  sheath  and  belt  are  also  of  excellent  taste  and 
beautifully  ornamented. 

The  last  Scottish  coronation  ceremony  which 
took  place  was  that  of  Charles  II.,  at  Scone,  1651, 
when  the  crown  was  borne  by  the  unfortunate 
Argyle,  who  soon  after  died  on  the  scaffold,  and  at 
the  place  of  execution  said,  "  I  placed  the  crown  on 
the  king's  head,  and,  in  reward,  he  brings  mine  to  the 
block." 

The  principal  varieties  of  crowns  as  insignia  of 
regal  and  heraldic  state  may  now  be  enumerated. 
The  crown  of  Great  Britain  is  shown  Sit  fig.  12. — 
The  Papal  tiara,  fig.  13. — Russian  crown,  fig.  14. 
— Swedish,  fig.  15. — ^Turkish,  fig.  16. — Sardinian, 
fig.  17. — French,  fig,  18. — Hungarian,  fig.  19. — 
Spanish,  fig.  20. 

Hbrmaphrodits  ;  a  term  formerly  applied  exclu- 
sively to  signify  a  human  creature  possessed  of  the 
organs  of  both  sexes.  The  term  is  now  applied  to 
other  animals,  and  to  plants.  It  is  now  well  known 
that  there  is,  strictly  speaking,  no  such  thing  as  an 
hermaphrodite  in  the  human  species. 

Hermetic  Art.     See  Alchemy. 

Hbrmetical  Sealing  is  used  to  denote  a  peculiar 
manner  of  stopping  or  closing  glass  vessels  for  chemi- 
cal and  other  operations,  so  that  not  the  rarest  me- 
dium can  either  escape  or  enter.  This  is  usually  done 
by  heating  the  neck  of  the  vessel  in  the  flame  of  a 
lamp  with  a  blow-pipe,  till  it  be  ready  to  melt,  and 
then,  with  a  pair  of  hot  pincers,  twisting  it  close 
together. 

Hermitage;  one  of  the  finest  French  wines,  which 
is  produced  along  the  Rhone,  between  Valence  and 
Valiere,  in  the  cidevant  Dauphiny.  It  is  of  two  kinds, 
red  and  white ;  the  former  is  preferred.  It  takes  its 
name  from  Mount  Hermitage,  lying  opposite  the  vil- 
lage of  Tain.  Much  is  exported  by  the  way  of  Cette, 
or  carried  into  the  country  to  mix  with  inferior  wines. 


Hernia  ;  a  tumour  formed  by  the  displacement  of  a 
soft  part,  which  protrudes,  by  a  natural  or  accidental 
opening,  from  the  cavity  in  which  it  U  contained.—- 
The  three  great  cavities  of  the  body  are  subject  to 
these  displacements.  The  brain,  the  heart,  the  loDgs» 
and  most  of  the  abdominal  viscera,  may  become  totally 
or  partially  displaced,  and  thus  give  rise  to  the  forma- 
tion of  herniary  tumours  :  displacements  of  the  brain, 
and  of  the  organs  of  the  chest,  are,  however,  ex- 
tremely rare,  and  are,  in  general,  the  result  or  symp- 
tom of  some  other  disease.  Every  part  of  the  abdo- 
men  may  become  the  seat  of  hernias ;  but  they  most 
commonly  appear  in  the  anterior  and  inferior  region, 
which,  being  destitute,  in  a  great  measure,  of  fleshy 
fibres,  and  containing  the  natural  openings,  offers  less 
resistance  to  the  displacement  of  the  viscera.  They 
dre  most  common  in  the  groin,  at  the  navel,  more 
rarely  in  the  vagina,  at  the  interior  and  upper  part  of 
the  thigh,  at  its  lower  and  posterior  part.  They  have 
received  different  names,  from  their  positions.  Ail 
the  abdominal  viscera,  with  the  exception  of  the  duo- 
denum,  the  pancreas,  and  the  kidneys,  may  form  a 
hernia,  but  Uiey  are  not  all  displaced  with  the  same 
facility.  The  omentum  and  intestinal  canal  escape 
easily ;  but  the  stomach,  the  liver,  and  the  spleen 
form  hernias  more  rarely.  Most  of  the  viscera,  'when 
displaced,  push  the  peritoneum  forward  before  them : 
this  membrane  thus  forms  an  envelope  of  the  hernia, 
which  is  called  the  hernial  sack.  If  the  hernia,  with 
its  sack,  can  be  entirely  replaced,  it  is  said  to  be  re« 
ducible ;  if,  from  its  size  or  other  causes,  it  cannot  be 
replaced,  it  is  irreducible. 

Among  the  predisposing  causes  of  hernia,  may  be 
ranked  any  circumstances  which  diminish  the  resist- 
ance of  the  abdominal  walls,  whether  natural  or  ac- 
cidental ;   such  as  the  defect  of  fleshy  fibres,  the 
weakening  of  the  walls  of  the  stomach  by  a  forced 
distension,  as  in  pregnancy  or  the  dropsy,  or  by  an 
accident,   as  a  wound.     Any  circumstance  which 
tends  to  increase  or  relax  the  openings  through  which 
the  vessels  pass,  as  a  violent  extension  of  the  body, 
long  stadding,  &c.,  may  have  the  same  effect.     Any 
prolongation  of  the  viscera,  which  tends  to  bring 
them  in  contact  with  points  at  which  they  may  pro- 
trude, and  articles  of  dress  which  push  the  organs 
towards  the  weaker  parts  of  the  abdominal  wall  (as 
corsets),  may  also  produce  the  hernia.    The  efficient 
causes  of  the  hernia  are  all  circumstances  which 
may  break  the  equilibrium  existing  between  the  ab- 
dominal walls  and  the  viscera,  which  re-act,  and  mu- 
tually press   upon  each  other.     The  simultaneoos 
contraction  of  the  abdominal  muscles  and  of  the  dia- 
phragm, which  takes  place  on  every  violent  effort,  is 
one  of  the  chief  of  these  causes.     Hence  sneezing, 
coughing,  leaping,  playing  on  wind  instruments,  &c., 
may  be  the  occasion  of  a  hernia.    The  symptoms  of 
a  hernia  are  the  existence  of  a  tumour  or  swelling  at 
any  point  of  the  abdomen,  but  particularly  towards 
the  opening  of  the  vessels.    A  reducible  hernia  is  not 
a  very  troublesome  disease,  but  may  become  so  by 
acquiring  an  increase  of  size,  and  the  strangulation 
to  which  it  is  liable.    A  hernia  is  said  to  be  strangu- 
lated, when  it  is  not  only  irreducible,  but  also  sub- 
jected  to    a    continual    constriction,    which    may 
become   fatal;   this    constriction    may    arise   from 
different  causes,  but  it  is  generally  produced  by  the 
opening  through  which  the  hernia  protrudes.    As 
soon  as  a  patient  perceives  that  he  is  affected  with  a 
hernia,  he  should  have  recourse  to  medical  advic«» 
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for  the  disease  is  then  in  its  most  favourahle  state 
for  treatment.  The  hernia  is  immediately  reduced, 
and  must  then  be  subjected  to  a  constant  compres- 
sion. This  is  done  by  means  of  the  truss.  (See 
Truss.)  An  irreducible  hernia  must  be  supported 
"with  great  care. 

All  violent  exercises,  and  excess  in  diet,  must  be 
avoided,  llie  strangulated  hernia,  presenting  great- 
er danger,  requires  more  prompt  relief.  The  object 
of  treatment  is  to  relieve  the  constriction.  If  the 
reduction  cannot  be  effected  by  other  means,  an  ope- 
ration will  be  necessary.  This  consists  m  dividing 
the  parts  which  produce  the  constriction.  The 
longer  this  operation  is  delayed,  the  more  dangerous 
it  becomes.  Afler  the  parts  are  healed,  the  open- 
ing must  be  subject  to  compression,  as  in  the  case  of 
a  simple  hernia. 

Hbxachoro  ;  a  chord  in  the  ancient  music,  equiva- 
lent to  that  which  the  modems  call  a  sixth,  Guido 
divided  his  scale  by  hexachords,  of  which  it  contained 
seven ;  three  by  B  quadro,  two  by  B  natural,  and 
two  by  B  moUe.  It  was  on  this  account  that  he 
disposed  his  gamut  in  three  columns.  In  these 
columns  were  placed  the  three  kinds  of  hexachords, 
according  to  their  order.  Hexachord  is  also  the  name 
for  a  lyre  with  six  strings. 

HiBROGLYPHics ;  a  specics  of  sacred  engravings. 
This  term  was  applied  by  ancient  writers  exclusively 
to  the  sculpture  and  inscriptions  on  public  monu- 
ments in  E^pt,  because  it  was  thought  that  they 
were  intelligible  only  to  the  priests,  and  those  who 
were  initiated  in  their  mysteries;  but,  in  modem 
times,  the  word  has  been  used  for  any  picture-writing ; 
any  mode  of  expressing  a  series  of  ideas  by  the  re- 
presentations of  visible  objects.  Thus  we  speak  of 
Mexican  hieroglyphics,  waving  the  idea  of  sacred, 
which  the  name  implies  according  to  its  etymology. 
In  this  article,  however,  we  shall  treat  of  Egyptian 
hieroglyphics,  especially  considered  as  a  branch  of 
art,  and  yet  it  will  be  necessary  to  mention  cursorily 
some  of  the  principal  stages  in  the  developement  of 
that  most  admirable  art,  writing,  in  order  to  under- 
stand to  which  of  them  the  Egyptian  art  of  writing 
(hieroglyphics)  belongs. 

Man  loves  the  past.  Whether  prosperous  or  ad- 
verse events  have  marked  the  course  of  his  life,  he 
wishes  to  remember  them,  and  wishes  them  to  be 
remembered  by  his  children.  This  feeling  b  one  of 
those  innate  desires  which  Providence  implanted  deep 
in  the  human  mind,  which  elevates  man  above  the 
brutes,  and  which  is  intimately  connected  with  the 
consciousness  that  he  does  not  stand  alone,  but 
belongs  to  a  human  society,  and  not  only  to  the 
present,  but  also  to  the  past  and  the  future.  Who 
IS  so  stupid  as  not  to  desire  to  know  what  his  parents 
did,  and  to  inform  his  children  of  what  he  has  done  ? 
What,  then,  was  the  expedient  which  at  first  offered 
itself  to  man  to  enable  him  to  commemorate  events, 
to  fix,  as  it  were,  the  evanescent  act  ?  We  answer 
the  picture,  the  physical  representation  of  the  event. 
What  can  be  more  natural,  for  instance,  than  a  mde 
delineation  of  water,  and  persons  drowning,  if  men 
wish  to  record  a  great  inundation  ?  This  mode  of 
writing,  mixed  with  very  few  symbolical  or  conven- 
tional signs,  is,  to  the  present  day,  in  use  among  the 
Indians  of  North  America:  witness  their  descrip- 
tions of  battles  on  buffalo  skins,  or  the  directions 
which  one  hunting  party  gives  to  others,  or  their 
inacriptions  upon  graves,  explaining  why  and  whea 


certain  persons  were  slain.  Picture-writing — we 
mean  here  actual  pictures,  executed  for  the  purpose  of 
commemorating  an  event — exists  among  aJl  but  the 
most  savage  tribes,  as  ancient  and  modem  writers 
amply  prove.  But  it  is  plain  that,  if  certain 
events  occur  often,  a  certain  sign,  simpler  than  a 
complete  pictorial  representation  of  the  event,  will  be 
adopted ;  for  instance,  to  designate  a  battle,  only  a 
few  dead  bodies,  and,  in  course  of  time,  perhaps, 
only  two  arrows,  will  be  drawn ;  or,  to  indicate  a 
victory,  the  head  of  the  conquered  general  will  be 
represented  at  the  feet  of  the  conqueror,  with  a  plant 
peculiar  to  the  conquered  country  (as  is  the  case  in 
the  Mexican  hieroglyphics  above  mentioned).  Thus 
men  would  soon  arrive  at  symbolical  and  conven- 
tional hieroglyphics,  as  a  matter  of  convenience,  if 
for  no  other  reason  ;  but,  as  their  ideas  enlarge,  they 
become  desirous  to  represent  invisible  things,  ideas ; 
for  instance,  in  order  to  reckon  time,  the  natural 
month  would  probably  be  designated  by  a  moon  (in 
many  languages  the  words  month  and  moon  are  re- 
lated), and  the  number  of  them  by  points.  But 
man  goes  farther ;  he  wishes  to  express  abstract  ideas, 
such  as  power;  and  what  is  more  natural  than  that 
he  should  designate  this  idea  by  some  familiar  object, 
which  most  strongly  suggests  the  notion  of  strength 
or  power,  as,  for  instance,  the  picture  of  a  lion? 
Tlius  he  arrives  at  the  symbolical  hieroglyphics. 

The  art  of  writing  takes  the  same  course  which 
we  su])pose  language  to  have  previously  taken ;  that 
b,  it  begins  with  concrete  objects,  and  goes  on  to 
abstractions — a  course  which  can  be  traced,  in  many 
instances,  in  all  original  languages.  Language  is 
first  concrete,  then  symbolical,  &en  abstract.  All 
nations,  at  a  certain  stage  of  their  existence,  speak 
symbolically ;  and  the  language  of  poetry,  in  all  ages, 
is  symbolical.  How  many  instances  do  we  not  find 
in  the  language  of  the  Old  Testament  ?  And  if  Pytha- 
goras, when  he  says,  "  During  the  storm  go  and  wor- 
ship the  echo,"  means  Retire  to  solitude  during  civil 
contention,  the  whole  phrase  is  symbolical.  This 
circumstance,  which  springs,  at  the  same  time,  from 
dbposition  and  necessity  (because  the  human  mind 
cannot  elevate  itself  immediately  to  abstraction,  but 
can  reach  it  only  by  gradual  generalization),  is  of 
great  assistance  to  man,  when  hb  efforts  to  express 
himself  by  visible  signs  have  reached  the  stage  above- 
mentioned.  An  eye,  with  a  sceptre  beneath,  would 
not  be  understood  so  easily  to  signify  a  king  at  pre- 
sent, as  it  was  by  the  Egyptians. 

Symbolical  hieroglyphics  must  immediately  pro- 
duce conventional:  they  are,  indeed,  conventional 
themselves,  as  the  symbol  chosen  is  not  the  only  one 
by  which  the  same  idea  might  have  been  expressed ; 
and,  besides,  a  sign  which  is  symbolical  for  one  gene* 
ration  may  be  merely  conventional  for  the  next. 
Besides,  the  more  men  have  to  write  the  less  time 
can  they  bestow  on  their  writing ;  and,  in  the  same 
proportion  as  the  symbol  gradually  expresses  more 
and  more  the  general  idea,  the  sign  itself  becomes 
less  and  less  similar  to  the  original  symbol,  until  at 
last  it  b  no  longer  to  be  recognized  as  the  picture  of 
an  object,  but  takes  the  character  of  a  mere  conven- 
tional sign.  Thb  b  the  case  with  most  of  the  signs 
of  the  Chinese  writing,  which  no  one  could  recognize 
as  pictures  of  the  objects  for  which  they  were  ori« 
ginally  intended. 

We  have  thus  traced  writing  to  the  stage  in  which 
signs  representing  the  object  itself,  symbols  desig- 
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Dating  the  object  by  asBOciation  of  ideas,  and  con- 
ventional or  arbitrary  characters,  are  used  together. 
Of  this  manner  of  writing  we  still  find  instances 
among  the  most  civilized  nations.     The  Germans 
use  a  f,  in  works  where  the  saving  of  space  is  im- 
portant, for  the  word  died.     This  is  an  instance  of 
symbolical  hieroglyphics,  the  cross  indicating  death, 
either  because  it  was  generally  planted  upon  graves, 
or  because  it  called  to  mind  the  death  of  Him  whose 
death   is   most  important.     In  the  same  way  they 
write    o   ^'f  for  square  miles.     This  is  a  figurative 
hieroglyphic.     The  Atlas  of  Las  Cases  (Le  Sage)  is 
full  of  symbolical,  figurative  and  conventional,  or,  as 
they  should  rather  be  called,  arbitrary  hieroglyphics. 
Afler  the  human  mind  has  reached  the  point  above- 
mentioned  in  the  formation  of  signs,  it  has  two  ways 
of  farther  progress.     It  may  either  generalise  the 
sign,  or  generalise  the  thing  signified  by  the  sign. 
The  first  mode  was  adopted  by  the  Egyptians.    Thus 
the  sign  of  an  eagle,  which,  in  the  Coptic,  that  is, 
the  £g)^tian  language,  was  called  ahbrn,  was  used 
by  the  Egyptians  for  the  sound  A  in  general.    The 
other    direction    was  taken   by   the  Chinese,   who 
founded  their  art  of  writing  on  the  analogy  of  ideas. 
Thus,   for   instance,   all   the  words  which   express 
manual  labour  or  occupation  are  composed,  in  their 
written  language,  of  the  character  which  represents 
the  word  liand,  with  some  other,  expressive  of  the 
particular  occupation  intended  to  be  designated,  or 
of  the  material  employed. 

Plato  tells  us  that  Thoth,  secretary  to  the  £g)'p- 
tian  King  Thamus,  invented  the  alphabet,  and  Cham- 
poUion  has  actually  discovered  that  the  Egyptians 
had  a  kind  of  hieroglyphic  writing  which  was  merely 
phonetic,  that  is,  was  composed  of  a  series  of  signs 
not  having  reference  to  the  objects  represented,  but 
merely  to  the  sounds  of  the  words  expressed.     Thus 
the  figurative  signs  passed  over  into  mere  phonetic 
characters.    This  was  not  only  the  case  in  Egyp- 
tian writing  :  the  names  of  the  letters  of  the  Hebrew 
alphabet  lead  us  to  suppose  a  similar  transformation. 
We  quote  the  following  passage  from  a  note  of  Pro- 
fessor Moses  Stuart  to  his  son's  translation  of  J.  G.  H. 
Greppo's  Essay  on  the  Hieroglyphic  system  of  M. 
ChampoUion.     "  One  need  only  to  read  the  interpre- 
tation of  the  names  of  the  Hebrew  alphabet  succes- 
sively, in  order  to  believe  that,  originally,  there  was 
some  analogy  between  the  shape  of  the  respective 
letters  and    the  objects  by  whose  names  they  are 
called.     For  example,  beginning  with  the  alphabet, 
we  proceed  thus  :  ox,  house,  camel,  IwUow,  hook,  ar- 
mour, travelling -scrip,  serpent,  hand,  Iiollow-Jiand,  ox- 
goad,  water,  fish,  prop,  eye,  mouth,  screech-locust,  ear, 
head,  tooth,  cross,     'JTiese  make  out  the  whole  ori- 
ginal alphabet  of  the  Hebrews  ;  and  no  one  can  well 
suppose  that  these  names  rather  than  others  were 
given  to  the  letters,  except  on  account  of  some  re- 
semblance between  them  and  the  objects  which  bore 
these  names.    That  the  resemblances  to  these  re- 
spective objects  are  not  found  in  the  present  Hebrew 
alphabet  is  no  argument  against  the  position ;    for 
all  critics  are  agreed  that  the  ancient  Hebrew  letters 
have  exchanged  their  forms  for  those  of  a  later 
alphabet,"  &c.    So  far  Professor  Stuart.     Before  we 
give  the  system  of  Egyptian  hieroglyphics,  according 
to  ChampoUion's  ingenious  discoveries,  one  remark 
may  be  allowed  to  us. 

In  a  certain  sense  of  the  word,  the  course  which 
the  Chinese  have  taken  may  be  considered  more  phi- 


losophical than  that  of  the  invention  ascribed  tn 
Thoth,  the  former  being  founded  on  the  corabination 
of  ideas,  and  the  latter  on  the  mere  external  sounds  *, 
and  yet  the  latter  system  has  become,  at  least  in  our 
view  of  the  matter  (a  Chinese,  of  course,  would  differ 
from  us),  much  the  more  important.     By  about  forty 
signs  we  are  able  to  express  almost  every  sound,  and, 
through  them,  every  idea  in  its  various  shades  (and, 
with  most  languages,  from  twenty-three  to  twenty- 
seven  signs  are  sufficient),  whilst  the  Chinese  ha^-e 
10,000  characters  in  common  use.     Our  system  has 
become  much  the  most  abstract,  and  with  this  the 
Chinese  reproach  it,  when  they  say,  "  That  which 
enters  the  mind  of  a  European  enters  through  the  ear" 
(meaning  that  our  letters  represent  sounds),  "  while 
what  enters  the  mind  of  a  Chinese  enters  through  the 
eye ;"  and  the  learned  Remusat  mentions  the  lively 
effect  of  the  Chinese  picture-writing,  in  comparison  to 
that  of  our  conventional  signs.   Suppose  the  Chinese 
to  designate  the  word  tyrant  by  a  sign  which  their 
well-executed  writing   should   show  to   be  derived 
from  a  tiger :  the  ferocity  of  the  man  would  at  once 
be  pourtrayed  by  the  habits  of  the  animal,      fiot 
the  difference,   in  common  cases,   is   not  probably 
so  great  as  at  first  appears.     In  general,  if  we  read 
a  book,  the  signs  do  not  suggest  to  us  the  sounds 
which  they  represent,   and  then  the  idea  (tboogh 
this  is  the  case  with  children  and  illiterate  people, 
who  are  accustomed  to  read  aloud,  or,  at  least,  mov- 
ing the  lips,  a  proof  that,  to  them,  the  characters 
actually  represent  the  sounds),  but,  from  habit,  the 
word  suggests  an  idea.     If  we  read,  for  instance,  a 
word  like  loveliness,  the  idea  which  it  represents  is 
not  produced  within  us  by  the  slow  process  that  the 
characters  for  love  reminds  us  of  the  sound  love,  and 
then  of  the  idea,  next  li  of  like,  and,  at  last,  nes$  of 
the  sound  and  the  general  meaning  of  this  syllable, 
and  then  the  whole  word  of  the  sound  loveliness,  and 
the  idea  which  this  sound  is  intended  to  convey ;  hot 
the  whole  word  presents  itself  as  one  sign  to  the  eye, 
and  suggests,  at  once,  the  idea  of  loneliness.  Now,  ge- 
nerally speaking,  there  is  probably  the  same  process  in 
the  mmd  of  a  Chinese  in  common  cases.     He  sees  the 
sign,  and  it  produces,  at  once,  the  idea.    We  may  re- 
mark, too,  as  an  advantage  of  our  mode  of  writing,  that 
the  etymology  of  a  word  frequently  has  a  wonderfol 
effect  on  us,  particularly  in  original  languages,  as 
Greek  or  German,  and,  to  a  certain  extent,  in  deriva- 
tive languages,  as  Italian  and  English.     With  these 
reservations,  we  may  allow  that,  in  certain  cases,  the 
Chinese  writing  may  have  a  much  superior  effect 
upon  the  mind,  by  presenting  a  visible  image  of  the 
thing  signified,,  since  impressions  received  by  the  eye 
are  almost  always  much  more  lively  than  those  con- 
veyed by  sounds.     A  play,  read  in  a  room,  does  not 
excite  our  sorrow  or  our  mirth  so  much  as  if  we  see  it 
represented,  and  a  hundred  things  may  well  be  said  or 
written,  which  would  be  considered  highly  improper  or 
disgusting  if  painted  or  drawn.    This  explains  what 
ChampoUion  says  of  the  remarkable  efi*ect  which 
hieroglyphics  have  on  one  who  understands  them, 
because   they  include   both  symbolic  and  phonetic 
characters. 

We  may  now  give  a  survey  of  the  hieroglyphic 
system.  The  characters  used  by  the  ancient  Egyp* 
tians,  before  their  conversion  to  Christianity  (aiber 
which  they  adopted  the  Greek  alphabet,  with  a  few 
supplementary  letters),  were  threefold:  1.  hierogly- 
phic; 2.  hieratic  $    3.  demotic.      The  first  wera 
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compoeed  of  images  of  visible  objects ;  the  second,  of 
rude  and  indistinct  outlines  of  the  whole,  or  of  parts 
of  such  images ;  and  the  third,  of  a  still  farther  reduc- 
tion of  such  outlines  in  a  similar  manner.  The  first 
kind,  from  which  the  others  were  derived,  was  origin- 
ally a  real  picture-writing,  representing  ideas  by  their 
visible  images  when  possible,  or  by  obvious  symbols 
when  any  direct  representation  was  impossible. 
This  mode  of  writing  is  only  suited  for  a  nation  in 
the  first  stages  of  civilization,  and  man  would  soon 
discover  some  more  complicated  but  more  perfect 
mode  of  representing  what  is  usually  expressed  by 
words,-— of  speaking,  in  short,  by  means  of  visible 
«ign6.  But  words  are  combinations  of  sounds,  and 
the  next  step,  therefore,  was  to  devise  some  method 
of  expressing  sounds.  As  soon  as  such  a  device  Was 
adopted,  any  combination  of  sounds, — ^that  is,  any 
word,  whether  the  name  of  a  visible  object  or  of  a 
mere  abstraction,— could  be  immediately  represented 
to  the  eye. 

The  Egyptians,  who  were,  as  every  day  shows 
more  clearly,  the  most  civilized  of  all  nations  known 
to  us  at  a  very  remote  period,  arrived  at  this  point 
very  early.  They  selected  several  common  and  well- 
known  hieroglyphics,  such  as  immediately  suggested 
some  word  of  frequent  occurrence,  and  used  tihem  to 
express  the  initial  sound  of  that  word,  or,  as  we 
ehonld  say,  its  first  letter.  The  more  simple  outlines 
or  fragments  of  these  hieroglyphics,  used  in  the  hiera- 
tic character,  would  therefore  have  the  appearance 
as  well  as  perform  the  functions  of  letters ;  and  when 
rounded  off  into  the  demotic,  epistolographic,  encho- 
rial or  running-hand,  would  lose  all  resemblance  to 
the  figures  from  which  they  were  originally  derived. 

It  is  plain  that  these  last  characters  mig^t  entirely 
Bopersede  tiie  use  of  hieroglyphics,  or  other  symbols, 
from  the  facility  with  which  they  were  formed.  We 
riiall  see  tiiat  they  actually  did  so,  for  the  ordinary 
purposes  of  life.  Thus  the  demotic  characters  v^n, 
as  has  been  now  settled  beyond  doubt,  nearly  if  not 
strictly  alphabetical.  The  hieroglyphic  character  was 
thus  rendered  capable  of  expressing  sounds,  and  con- 
sequently words,  independently  of  pictured  signs. 
These  signs  are,  according  to  Champollion's  great 
work.  Precis  du  Sy$teme  Hi&oghfphique,  divisible  into 
three  distinct  classes:  1.  figurative  signs^  such  as 
were  the  images  of  the  things  expressed ;  3.  symbo- 
lic ;  3.  phonetic,  or  expressive  of  sound.  At  a  later 
period,  probably,  a  fourth  class  was  brought  into 
use ;  that  of  enigmatical  symbols,  derived  either  from 
some  very  remote  affinity  between  the  object  repre* 
seated  and  the  idea  implied,  or  formed  by  a  combina^ 
tton  of  different  figures,  apparently  incapable  of  being 
thus  united.  We  will  mention  here,  in  the  outset, 
that  ChampoUion's  object,  in  the  work  above  re- 
ferred to,  is  to  demonstrate  the  six  following  import" 
aiit  points  :«— 

1.  That  the  phonetic-hieroglyphical  alphabet  can 
he  applied  with  success  to  the  legends  of  every  epoch 
indiscriminately. 

2.  Which  is,  in  fact,  the  consequence  of  the  first 
statement,  that  this  phonetic  alphabet  is  the  true  key 
of  the  whole  hieroglyphical  system. 

3.  That  the  ancient  Egyptians  constantly  employed 
this  alphabet  to  represent  the  sounds  of  the  words  in 
their  language. 

4.  That  all  hieroglyphical  legends  and  inscriptions 
composed  principally  of  signs  purely  alphabetical. 

5.  That  these  alphabetical  signs  were  of  three  dif- 
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ferent  kinds,  the  demotic,  hieratic,  and  the  hierogly* 
phical,  strictly  so  called ;  and, 

6.  That  th(B  principles  of  the  graphic  system  which 
he  has  laid  down,  and  which  he  proves  by  a  great 
variety  of  applications  and  examples,  are  precisely 
those  which  were  in  use  among  the  ancient  Egyp- 
tians. 

As  all  visible  objects,  with  all  their  parts,  and  in 
almost  any  position,  besides  an  endless  variety  of 
arbitrary  combinations,  come  within  the  scope  of  the 
hieroglyphic  draughtsman,  it  might,  at  first,  be  sup- 
posed that  the  number  of  the  characters  would  be 
almost  unlimited:  but  the  necessity  of  limitation 
must  soon  have  been  felt;  for,  unless  the  sense  as- 
signed to  each  character  was  fixed,  the  reader  would 
be  lost  in  vague  conjectures,  and,  unless  the  number 
of  characters  was  confined  within  certain  bounds,  no 
memory  could  retain  them  all.  The  whole  number 
therefore  observed  by  M.  ChampoUion,  after  more 
than  twenty  years'  study,  wns  only  864,  of  which 
perhaps  some  are  duplicates.  He  arranges  them  in 
the  eighteen  following  classes : 

Celestial  bodies lo 

Human  figures  in  various  positions   ....  130 

Human  limbs,  taken  separately 60 

Wild  quadrupeds 24 

Domestic  quadrupeds lo 

Limbs  of  animals 22 

Birds,  either  whole  or  in  parts     .....  50 

Fishes lo 

Reptiles,  either  whole  or  in  parts      ....  30 

Insects 14 

Vegetables,  plants,  flowers,  and  fruits    ...  60 

Buildings 24 

-Furniture ^  loo 

Coverings  for  feet  and  legs,  head-dresses,  > 
weapons,  ornaments,  and  sceptres    .    .    5 

Tools  and  instruments  of  various  sorts  .     .     .  150 

Vases,  cups,  and  the  like Sd 

Geometrical  figures 20 

Fantastic  forms 50 


Total 


864 


The  figures  were  arranged  in  columns,  vertical  or 
horizontal,  and  grouped  together  as  circumstances 
required*  so  as  to  leave  no  spaces  unnecessarily  va- 
cant, which  of-  course  would  often  have  happened 
had  they  written  their  signs  successively,  as  we  do 
our  letters,  since  the  signs  differ  so  much  in  shape 
and  size.  Here  we  must  remember  that  the  hiero« 
glyphic  writing  is  eminently  monumental.  Its  spe* 
cial  use  was  in  inscriptions  that  were  engraved  or 
sculptured  upon  public  edifices.  It  is  also  found 
executed  in  similar  ways  upon  objects  which  pre- 
serve the  religious  or  domestic  usages  of  ancient 
Egypt.  It  is  delineated  in  numerous  manuscripts ; 
also  on  the  wooden  coffins  of  the  munmiies,  and, 
finally,  upon  harder  substances,  such  as  baked  or 
enamelled  earth,  &c.  Hence,  both  from  the  nature 
of  the  signs  employed,  and  from  the  situations  in 
which  they  were  chiefly  used,  the  hieroglyphic  writ- 
ing is  a  species  of  painting,  and  the  reason  of  the 
rule  just  stated  b  therefore  easy  to  be  conceived 
Beauty  of  appearance  was  never  forgotten,  and  Cham* 
pollion,  in  his  letters  from  Egypt,  dwells  on  the  fino 
appearance  of  these  various  oQects,  executed  with  ad- 
mirable exactness,  and  often  painted  with  colours, 
which  still  continue  very  bright* 
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The  genera)  order  in  which  the  characters  are  to 
l>e  perused  is  shown  by  the  direction  in  which  they 
are  placed,  as  their  heads  are  invariably  turned  to- 
wards the  reader,  or,  which  is  the  same  thing,  to  that 
side  of  the  tablet  at  which  the  inscription  begins, 
whether  it  be  right  or  left ;  for  either  was  admissible 
in  the  pure  hieroglyphic,  though  not  in  the  demotic 
character.  To  this  general  rule,  ChampoUion  has 
met  with  only  one  exception,  which  occurs  in  a  hiero- 
glyphical  MS.  in  the  royal  collection ;  the  figures,  there- 
fore, form  a  sort  of  procession,  and  seem,  from  their 
relative  position,  to  be  connected  with  each  other. 

The  figurative,  or,  as  they  are  called,  the  pure 
hieroglyphics,  or  the  images  of  the  things  signified, 
occur  often  either  in  an  entire  or  an  abridged  but 
intelligible  form  ;  and  some  of  that  class  w^ere  often 
used  merely  to  determine  the  sense  of  the  preceeding 
figures,  just  as  capital  letters  are  employed  by  us  to 
distinguish  proper  names  or  words  of  peculiar  import- 
ance. This  was  the  more  necessary  among  the 
Egyptians,  as  their  names  were  all  significant,  and 
liable  to  be  taken  as  such,  unless  accompanied  by 
some  indication  of  their  peculiar  use.  The  hierogly- 
phic of  man  or  woman,  god  or  goddess,  was  conse- 
quentiy  subjoined,  according  to  the  sex  of  the  person 
or  deity  named.  Thus  the  characters  expressing 
Ammon  mat,  when  alone,  signify  Beloved  by  Amman ; 
but,  when  followed  by  that  which  stands  for  man, 
represent  a  proper  name,  which  the  Greek  would 
probably  have  expressed  by  Philammon  or  Ammono- 
philus:  temple,  image,  statue,  child,  asp,  and  monu- 
mental pillar,  were,  in  like  manner,  expressed  by 
figures,  evidently  representing  the  things  meant.  In 
the  bass-reliefs  at  Medinet-t&bu,  the  scribe  recording 
a  victory  has  a  hand  with  ciphers,  expressing  3000, 
placed  in  the  hieroglyphic  column  over  his  head, 
plainly  indicating  3000  heads  of  men,  slain  or  con- 
quered in  battle.  Above  this  is  the  figure  of  a  man, 
followed  by  1000,  evidcntiy  signifying  1000  prison- 
ers taken.  The  figure  or  outline  of  a  boat,  followed 
by  a  line  signifying  n  {of),  and  the  name  of  a  god, 
signifies  the  vessel  of  that  god,  in  which  his  image  or 
shrine  was  carried  on  solemn  occasions.  Sun,  moon, 
star,  vessel,  scales f  bed,  hull,  loqf,  sistrum,  fish,  goose, 
tortoise,  og,  cow,  calf,  haunch,  antelope,  bow,  arrow, 
dish,  altar,  censer,  flower-pot,  enclosure,  chapel,  shrine, 
&c.,  are  among  the  words  expressed  hieroglyphic- 
ally  by  images  of  the  objects  themselves.  These 
hieroglyphics,  therefore,  are  called,  by  ChampoUion, 
figurative  proper. 

Other  terms,  such  as  sky  orfirmament,  and  the  names 
of  the  different  gods,  are  rendered  by  very  obvious 
symbols,  still  in  some  degree  representing  tiie  object 
expressed,  at  least,  according  to  the  notions  and  dog- 
mas of  the  Egyptians ;  the  former,  by  the  section  of 
a  ceiling,  with  or  without  stars  subjoined ;  the  latter, 
by  an  outiine  of  the  animals  sacred  to  the  deity 
to  be  represented.  These  are  termed  j^ra/toe  con- 
ventionah 

Sometimes  only  part  ,of  the  object  to  be  represent- 
ed is  painted  or  engraved,,  as  the  plan  of  a  house, 
instead  of  a  house  itself.  These  hieroglyphics  are 
called  figurative  abridged.  Abstract  ideas,  however, 
could  not  well  be  expressed  by  images  of  visible  ob- 
jects ;  and  metaphors,  common  in  spoken  language, 
when  clothed  in  a  visible  form,  gave  birth  to  a  second 
class  of  hieroglyphics— that  of  images  used  in  a  sym- 
bolical sense.  These  are  the  characters  generally 
alluded  to  by  the  ancients,  when  tiiey  speak  of  hie- 
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roglyphics ;  and  the  circnmttance  that  they  are* 
their  nature,  more  abstruse  and  difficnit  of  interfile- 
tation,  was  the  occasion  of  the  prevalent  bat  mia- 
taken  notion  that  all  the  figures  on  the  Egyptian 
monuments  are  stricUy  symbolical — an  error  'whidi 
led  the  learned  world,  for  so  many  centuries,  to  audi 
extravagant  and  contradictory  interpretations. 

Almost  all  the  figures  of  speech  are,  if  we  may  ao 
express  it,  placed  before  the  eye  by  this  class  of  hie- 
roglyphics. "  Two  arms  stretchc^l  up  towards  hea- 
ven" express  the  word  offering;  "  a  censer  with 
some  grains  of  incense,"  adoraiiom  ;  "  a  man  tlirow- 
ing  arrows,"  tumult.  These  instances,  tiierelbre^ 
furnish  examples  of  synechdoches.  MetomfmieB  are 
exhibited  in  "  a  crescent,  with  its  horns  bait  dawn/* 
for  month;  in  "  a  pencil  and  a  pfldlette,"  or  " ^  reed 
and  an  inkstand,"  for  writer,  writing,  letier,  &c 
The  "  bee,"  to  signify  an  obedient  people;  "  lore- 
quarters  of  a  lion/'  for  strength;  "  a  hawk  od  the 
wing,"  for  the  ti;^ ;  "  an  asp,"  for  power  ef  1^ 
and  death;  are  so  many  metaphors  symbc^cally 
expressed.  As  we  are  unacqnamted  with  many  of 
the  ancient  notions,  prejudices,  &c.,  and  therefore 
with  many  of  their  associations  of  ideas,  and  with 
the  transitions  of  meaning  which  many  signs  must 
have  undergone,  this  cli^  is  the  one  which  will 
always  cause  the  greatest  trouble  to  the  dedplierer. 

An  ancient  Egyptian  writer,  Horapollo,  tells  as 
that  paternity  and  the  world  were  expressed  by  the 
figure  of  a  "  beetie ;"  maternity  by  a  "  Toltare.'' 
Who  could  have  ascertained  the  signification  of  these 
signs,  if  not  assisted  by  direct  mformation  of  this 
kind  ?  The  head  of  the  animal  sacred  to  a  deity  b 
often  placed  upon  the  figure  of  a  man,  to  signify  tbe 
deity  itself.  This  certainly  produced  figures  mon- 
strous to  us,  but  it  is  founded  on  the  notion,  wfaidi 
has  prevailed  among  mankind  from  time  tmmemonal, 
that  some  particular  animal  enjoyed  the  protectioii 
of  ^  particular  god.  Even  at  present,  in  many 
Christian  countries,  certain  animals  are  believed  to 
be  under  the  particular  protection  of  certain,  saints ; 
certain  animals,  too,  are  used  in  paintings,  as  sym- 
bolical accompaniments  of  aposties  and  saints. 

Now  the  £g3rptians,  in  writing  their  hiooglypliicsy 
put  the  head  of  this  animal  npon  the  stattae,  instead 
of  putting  it  by  the  side  of  it,  as  the  owl  is  placed, 
by  the  Greeks,  by  the  side  of  Minerva ;  thus  tbe  fi- 
gure of  a  man,  with  the  head  of  a  ram,  signified  Ju- 
piter Ammon;  with  the  head  of  a  hawk,  the  god 
Phr4;  with  die  head  of  a  jadutl,  AuMs,  and  so  on. 
The  gods  were  also  represented  by  leaving  oat  alto- 
gether the  figure,  and  exhibiting  only  the  sacted  ani- 
mal, with  some  of  the  divine  attributes.    Hum  a 
hawk,  with  a  circle  on  its  head,  signifies  Pimi;  a 
ram,  having  its  horns  surmounted  by  a  feather,  or, 
more  generally,  by  a  circle,   Cwtpihis,  h.c,     LiKtly, 
there  is  a  kind  of  hieroglyphics  for  the  Egyj^ian 
gods  which  we  may  call  either  symboUe  or  emgnta- 
tical ;  such  as  an  «ye  for  Osiris  ;  an  obeUsk  for  Ju- 
piter Ammon  ;  a  nilometer  for  the  god  Ph^Ui.     Spt- 
neto    (see  lectnre  iv.  of  his  valuable  Lectures  m 
the  Elements  of  Hieroglyphics,  &c.,  London,  1829) 
ascribes  these  hieroglyphical  representations  of  the 
deities  to  the  sacred  dread  which  all  Oriental  na- 
tions, and  even,  in  some  degree,  the  Ghreeks  and  Ro- 
mans, had  of  pronouncing  the  names  of  the  gods. 
"  And  although  we  find,"  he  says,  "  these  mystic 
names  expressed  phonetically  in  the  hieroglyphical 
legends^  yet  we  are  to  rememb^  that  the  diaracten 
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tbemeelves  wore  eonsfidered  as  sacred^  and  peculiarly 
fitted  to  be  employed  in  retigtous  matters.  This  is 
so  true  that,  in  all  documents  "written  in  the  de- 
motic or  common  characters  of  the  country,  the 
names  of  the  gods  and  goddesses  were  invariably 
writt^i  symbolically ;  just  as  the  Jews  never  wrote 
at  full  length  the  ineffable  name  of  Jehovah,  but  al- 
ways expressed  it  by  a  short  mark,  which  they  pro- 
nounced Adonai." 

ChampoUion  asserts  that  the  Egyptians  wrote  the 
names  of  their  prindpal  deity,  at  least,  in  one  way, 
and  pronounced  it  in  another.  As  the  Egyptians 
were  a  very  civilized  nation,  it  is  clear  that  hierogly- 
phics like  those  described  (we  mean  the  figurative 
and  symbolical)  could  by  no  means  suffice  to  desig- 
nate their  various  wants,  occupations,  and  ideas ; 
and  this  want  may  be  reasonably  supposed  to  have 
led  to  the  invention  of  the  third  class  of  hierogly- 
phics, which  M.  ChampoUion  calls  phonetic,  as  de- 
signating a  sound.  He  has  also  discovered  the  prin- 
ciple on  which  these  signs  were  chosen  to  express  one 
certain  sound;  it  is  £is,  Uiat  the  hieroeiyphic^of 
any  object  might  be  used  to  represent  uie  initial 
sound  of  the  name  of  that  object. 

The  following  table  shows  this  more  clearly :  the 
first  column  gives  the  letter  expressed  by  a  hierogly- 
phic ;  the  second,  the  English  name  of  the  object  re- 
presented ;  and  the  third,  the  corresponding  word  in 
the  Coptic,  or  rather  Egyptian  language. 


Lettai. 

Hieroglyphic. 

Egyptian  Name. 

A. 

an  eagle. 

ahom. 

""■» 

a  piece  of  meat. 

af  or  ab. 

A,0, 

a  reed. 

aka  or  oke. 

B, 

accuser. 

berbe. 

K. 

a  knee. 

keli. 

K, 

a  basin. 

kuikiji. 

G. 

gnikiji. 
klaft. 

# 

K. 

a  cup. 

T,    1 

111,) 

a  beetle. 

(  torres. 
C  thorres. 

L. 

a  lion. 

laboi. 

M. 

an  owl. 

moulaj. 

■""# 

water. 

m6ou. 

N. 

inundation. 

neph. 

"■"# 

vulture. 

noure. 

Ph,5 

mat. 

^  pr^h. 
iphr^. 

E. 

mouth. 

r6. 

"■""» 

tear 

rim^. 

■■"*# 

pomegranate,    . 

roman. 

8. 

star. 

sion. 

p 

child. 

si. 

^"^9 

egg 

soouhi. 

T, 

hand. 

tot. 

*■"» ' 

wing. 

ten-h. 

SH, 

garden. 

shn6. 

•"■^^ 

antelope. 

shash. 

J, 

swallow. 

jal. 

Kh. 

&n. 

khai. 

This  principle  being  admitted,  it  follows  that  the 
Bumber  of  phonetic  hieroglyphics  might  be  increased 
afanoet  wi^ut  limit,  as  the  names  of  a  great  many 
different  objects  might  have  the  same  initial  sound. 

The  whole  number  of  elementary  sounds  intended  to 
be  represented  was  twenty-nine,  which  is  certainly  very 
great  for  so  early  an  alphabet— a  circumstance  which 
deserves  still  more  attention,  if  we  consider  that  pho- 
netic hieroglyphics  were  in  use  with  the  Egyptians 
tpom  time  immemorial  (see  Spineto,  page  95,  etseq.). 


The  great  number  of  hieroglyphics  which  the  pnn- 
ciple  above-mentioned  would  assign  to  each  of  these 
sounds  would  have  been  a  continual  source  of  error. 
The  characters,  therefore,  thus  applied,  were  soon  rc« 
duced  to  a  few;  and,  as  far  as  has  been  hitherto  ascer- 
tained, eighteen  or  nineteen  is  the  largest  number  as<» 
signed  to  any  one  letter,  while  few  have  more  than  five 
or  six  representatives,  and  several  only  one  or  two. 
The  pronunciation  of  the  Egyptian  language  was 
probably  rapid  and  indistinct ;  besides,  several  dia- 
lects were  spoken  in  different  parts  of  the  country,  * 
and  thus  consonants  were  easily  interchanged,  as  we 
find  to  be  the  case  at  present  with  so  many  other  lan- 
guages. This  was  probably  one  of  the  reasons,  or 
the  only  one,  why  the  vowels  were  so  often  left  out  in 
the  hieroglyphics ;  just  as  is  the  case  in  Hebrew. 

The  rule  which  may  be  considered  as  having  ge- 
nerally guided,  in  choosing  between  so  many  signs 
for  the  same  sound,  was,  to  take  that  sign  which 
seemed  most  appropriate  to  the  meaning  of  the  word 
which  was  to  be  written  phonetically.  If  the  namq 
of  a  king  was  to  be  written,  those  phonetic  hierogly- 
phics would  be  taken  which  represented  things  of  a 
noble  character.  The  goose,  called  chenalopex,  we 
find  usually  representing  the  S  of  Si,  the  word  for 
son,  on  account,  as  Horapollo  says,  of  the  attach- 
ment of  this  bird  for  its  young.  If  we  had  to  write 
the  word  London  in  hieroglyphics,  and  were  to 
choose  between  the  sign  of  the  lamb  and  of  the  Uon, 
both  of  which  might  be  used  for  an  L,  we  should 
certainly  take  the  latter,  on  account  of  the  heraldic 
relation  which  this  animal  bears  to  England ;  and, 
for  the  N,  we  might  choose,  among  the  many  figures 
capable  of  representing  it,  that  of  a  fishing-net  or  a 
nany,  as  reminding  us  of  the  sea,  to  which  London 
is  so  much  indebted ;  and  so  on.  Thus  the  eagle  b 
frequently  used  for  J,  in  the  names  of  Roman  em- 
perors, and  the  lion  for  L,  in  those  of  Ptolemy  and 
Alexander.  With  the  Chinese  Img-ching,  or  phonetic 
signs,  a  similar  choice  takes  place.  This  is  a  great 
ac&ition  in  writing  certain  words,  because  it  assists 
in  conveying  a  favourable  or  unfavourable  idea,  and 
thereby  ad<£  to  the  force  of  the  word  itself.  What 
a  scope  for  wit  virould  such  a  choice  of  signs  afford, 
in  the  correspondence  of  modem  fashionable  society! 

The  Egyptians  used  a  veiy  great  number  of  abbre-  » 
viations  in  writing  phonetically,  of  which  the  late 
Doctor  Young  has  shown  many  in  the  registries  of 
deeds,  drawn  up  under  the  Ptolemies,  and  published 
by  him.  Though,  as  we  have  stated,  ChampoUion 
considers  the  phonetic  alphabet  the  true  key  to  the 
whole  hieroglyphical  system,  yet  all  the  sorts  of 
hicroglyphical  characters  are  used  together;  and, 
had  not  so  much  already  been  done  by  the  critical 
ingenuity  of  the  learned,  we  should  almost  despair 
of  ever  being  able  to  read  inscriptions  in  which  such 
different  signs  are  used  promiscuously;  yet  it  is 
stated  that  ChampoUion  has  acquired  much  skiU 
in  deciphering  these  writings,  so  mysterious  for 
thousands  of  years,  and  reads  most  of  them  with 
comparative  ease.  Those  hieroglyphics  which  are 
called  enigmaiical  may  be  considered  a  division  of 
the  symbolical.  They  are  a  more  complicated  and 
obscure  kind,  probably  formed  by  the  anaglyphs  or 
allegorical  sculptures,  mentioned  by  Clement  of 
Alexandria.  They  appear  to  have  been  oass-reliefs 
or  tablets,  containing  mythological  or  historical  sub- 
jects, expressed  in  allegorical  deUneations,  or  implied 
-by  the  figures  of  human  beings,  with  the  heads  of 
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birds  and  beasts,  such  as  those  with  which  the  Egyp- 
tian temples  were  filled,  and  among  which  we  must 
rank  the  sphinxes,  forming  avenues  at  their  entrance. 
Symbols  such  as  these,  grouped  and  combined  ac- 
cording to  certain  rules,  might  be  so  disposed  as  to 
form  an  allegorical  representation  of  the  religious  and 
philosophical  doctrines  of  the  Egyptians. 

None  but  the  initiated  were  suffered  to  dive  into 
these  mysteries,  and  the  key  to  them  was  kept  exclu- 
sively in  the  hands  of  the  priesthood.  As  the  ordi- 
nary style  of  hieroglyphics  must  have  been  legible  for 
every  well-educated  Egyptian,  a  more  refined  system 
was  devised :  a  language  more  strictly  ideographical 
was  invented ;  metaphors,  similes,  imagery,  and  al- 
legory were  embodied  in  actual  forms,  and  the  links 
connecting  the  chain  of  ideas  thus  expressed  were 
implied,  by  the  relative  position  of  figures,  their 
attributes,  or  their  ornaments,  so  as  to  present  to  the 
eye  of  the  initiated  an  intelligible,  and,  if  such  an  ex- 
pression may  be  allowed,  a  legible  picture,  in  what 
appeared  to  the  uninitiated  an  incoherent  tissue  of 
extravagance.  "  The  images  of  the  gods  in  the  sanc- 
tuaries^ the  human  beingS  with  heads  of  beasts,  or 
beasts  with  human  limbs,  might  be  termed,"  says 
Champollion,  "  the  letters  of  that  secret  writing 
which  consisted  of  the  anaglyphs  or  enigmatical 
sculptures,  forming  the  fourth  class  of  hieroglyphics." 
"It  was  in  this  sense,  probably,"  he  adds,  "  that 
the  Egyptian  priests  called  the  ibis,  the  hawk,  and 
the  jackal,  the  images  of  which  were  carried  in  pro- 
cession on  certain  solemn  occasions,  letters,  as  being 
the  true  elements  of  a  sort  of  allegorical  mode  of 
writing." 

It  is  in  the  interior  of  their  temples  and  their  se- 
pulchres that  these  symbolical  records  are  found 
"  distinguishable  without  difficulty,"  says  the  same 
writer,  "  from  the  historical  scenes,  and  civil  or  re- 
ligious ceremonies,  represented  in  tEe  bass-reliefs 
and  paintings  on  the  walls  of  their  public  buildings." 
The  origin  and  characteristics  of  thp  hieratic  or  sa- 
cred character,  so  denominated  to  distinguish  it  from 
the  demetic,  or  popular,  have  already  been  briefly 
stated.  It  consists  of  nothing  more  tban  imperfect 
and  diishing  sketches  of  the  hieroglyphics,  which 
thus  assumed  the  form  of  a  flowing  and  rapid  hand. 
For  figures  and  symbols,  it  often  substitutes  phonetic 

groups,  or  arbitrary  characters,  which  bear  no  resem- 
lance  to  the  hieroglyphics  for  which  they  stand. 
Religion  and  science,  both  fostered  by  the  priest, 
seem  to  be  the  only  subjects  for  which  this  character 
was  used ;  nor  did  it  undergo  any  material  change  in 
its  form  and  structure,  during  the  many  ages  through 
which  it  was  used,  resembling,  in  this  respect,  the 
use  of  a  court  hand,  as  it  was  called  for  centuries,  in 
copying  records  and  other  legal  proceedings  in  Eng- 
land and  the  continent  of  Europe,  and  the  long 
continuance  of  a  particular  phraseology  in  legal  in- 
struments. 

The  real  hieratic  character  resembles  the  Chinese, 
and  b  written  with  as  much  rapidity.  One  peculi- 
arity of  this  character  deserves  n.otice  here.  In  hie- 
ratic texts,  the  oval  frame  enclosing  the  name  of 
kings,  called  cartouche,  is  expressed  by  a  semi-circle 
at  the  beginning  of  the  word,  as  might  be  expected ; 
but  at  the  end,  instead  of  a  corresponding  curve  fol- 
lowed by  a  straight  line,  expressive  of  the  remainder 
of  the  frame,  as  is  usually  the  case  in  the  demotic 
character,  three,  four,  or  five  dashes,  either  straight 
or  slightly  curved,  are  substituted  for  it. 


Hie  common  Egyptian  character,  called  demoHe 
from  its  popular  use,  epistohgnqtkie  from  its  fifwfai 
for  letter- writing,  and  enchorial  from  its^  being  pecu- 
liar to  Egypt  and  distinct  from  the  Greek,  so  fami- 
liarly known  there  under  the  Ptolemies,  seems  to 
have  been  derived  from  the  hieratic  by  nearly  the 
same  process  as  the  latter  from  the  hierogly^cs. 
It  is,  however,  more  simple ;  not  strictly  alphabetic, 
because  a  small  number  of  images  or  figures  are  sdil 
found  in  it ;  some  few  symbols,  also,  connected  with 
religious  subjects,  occur  ;  but  these  figures  and  sym- 
bols are  almost  invariably  so  curtailed  and  simplified 
as  to  lose  all  resemblance  to  the  objects  expressed. 
The  whole,  therefore,  has  the  appearance  of  a  writ- 
ten alphabet.  The  number  of  equivalent  signs  is 
much  smaller,  the  whole  of  those  which  clearly  differ 
from  each  other  not  exceeding  forty-two.  In  the 
direction  of  the  lines  from  right  to  left,  and  in  the 
suppression  of  many  vowels,  this  system  of  writing 
resembles  that  of  the  Phoenicians  and  Hebrews. 

Numeration  hy  Hierogkfphics.  The  units  are  ex- 
pressed by  single  upright  strokes,  and  they  are  always 
repeated  to  mark  any  number  below  10.  The  num- 
ber 10  is  represented  by  an  arch,  either  round  or  an- 
gular. The  repetition  of  these  arches  produces  the 
repetition  of  as  many  tens  up  to  90.  A  hundred  is 
exhibited  by  a  fi^re  very  much  resembling  oar  9« 
This  same  figure  is  again  repeated  for  every  100,  for 
any  number  below  1000.  One  thousand  is  repre- 
sented by  a  cross,  over  which  is  a  figure  like  D.  Thus, 
to  express  the  numbers  2,  3,  4,  7,  &c.,  we  are  to 
mark  2,  3,  4,  or  7  upright  strokes.  To  signify  20  or 
90,  we  are  to  write  2  or  9  angular  or  round  ardies : 
the  number  42,  for  instance,  is  exp^-essed  by  4  arches. 
which  mean  4  times  10  ==  40,  and  by  two  upri^t 
strokes,  which  mean  2.  To  signify  the  ordinal  num- 
bers, we  are  to  place  at  the  top  oi  each  of  the  num- 
bers a  figure,  wnich  resembles  our  8  placed  horizon- 
tally (00 ) ;  thus  a  single  upright  mark,  with  the  ho- 
rizontal 00  over  it,  would  signify  first ;  and,  if  thb 
figure  be  changed  into  one  like  three  sides  of  a  square, 
then  the  numbers  will  signify  the  jErs/  time^  &c.  (^n- 
neto,  lect.  ii.  p.  72).  This  system,  though  muc^.  in- 
ferior to  that  admirable  invention  by  which  the  |daoe 
of  the  number  indicates  what  product  of  10,  or  100, 
or  1000,  &c.,  it  is,  is  yet  greatly  superior  to  the 
Greek  and  Roman  numeration. 

High  Water  ;  that  state  of  the  tides  when  they 
have  flowed  to  the  greatest  height,  in  which  state 
they  remain  nearly  stationary  for  about  fifteen  or 
twenty  minutes,  when  the  water  begins  again  to  ebb. 
The  time  of  high  water  is  always  nearly  the  same  in 
the  same  place  at  the  full  of  the  moon,  and,  a^  all 
other  times,  the  time  of  high  water  depends  upon  the 
age  pf  the  moon ;  the  rule  for  finding  which,  the 
age  of  the  moon  being  given,  is  as  follows,  viz. :  add 
four-fifths  of  the  days  of  the  moon's  age,  as  so  many 
hours,  to  the  time  of  high  water  at  the  full  of  the 
moon,  and  the  sum  is  the  time  of  high  water  answer- 
mg  to  that  day,  nearly. 

Hold  ;  the  whole  interior  cavity  or  belly  of  a  ship» 
or  all  that  part  of  her  inside  whidi  is  comprehended 
between  the  floor  and  the  lower  deck,  throughout 
her  length.  This  capacious  apartment  usually  con- 
tains the  ballast,  provisions,  and  stores  of  a  diip  of 
war,  and  the  principal  part  of  the  cargo  in  a  mer- 
chantman ;  in  the  former,  it  is  divided  into  several 
apartments  (by  bulk- heads),  which  are  denominated 
according  to  the  articles  which  they  contain,  as  the 
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fish-room,  the  fpirii-room,  the  magazine,  the  bread- 
room,  &c. 

The  qfter-hold  is  that  which  lies  abaft  the  main- 
mast, and  is  usually  set  apart  for  the  stowage  of  the 
provisions  in  ships  of  war. 

The  fore-liold  denotes  that  part  of  the  hold  which 
is  situated  in  the  fore  part  or  the  ship,  or  about  the 
fore  hatchway.  It  is  usually  in  continuation  with 
the  main-hold,  and  serves  the  same  purposes. 

The  main-hold  is  that  part  which  is  just  before  the 
main-mast,  and  which  generally  contains  the  fresh 
water  and  beer,  for  the  use  of  the  ship's  company. 

Hollow  Square,  in  the  military  art ;  a  body  of 
foot  soldiers  drawn  up  with  an  empty  space  in  the 
middle. 

Holly  is  a  wood  much  employed  in  manufactures. 
It  is  very  hard,  susceptible  of  a  fine  polish,  and  more 
capable  of  receiving  a  black  colour  than  any  other : 
it  is  used  principally  for  veneering ;  the  black  lines 
with  which  cabinet  work*  is  frequently  ornamented 
are  formed  of  this  wood,  dyed  with  sulphate  of  iron. 
It  is  a  good  wood  for  turning  the  cogs  of  wheels,  and 
for  the  pulleys  of  machinery ;  but  for  the  latter 
purpose  lignum  vitae  is  preferable.  The  European, 
holly  is  verv  similar  to  the  American  in  size,  appear- 
ance, and  the  qualities  of  the  wood. 

HoMB-sicKNBSs,  in  medicine  nostalgia.  The  na- 
tural feeling  of  grief  at  a  separation  from  the  paternal 
home  and  native  soil  becomes,  in  men  of  great  sensi- 
bility, who  go  to  a  different  climate  (especially  from  a 
mountainous  to  a  champaign  country),  and  are  sur- 
rounded by  different  scenery,  without  active  occupa- 
tion, a  real  disease.  It  shows  itself  by  a  deep  melan- 
choly, under  which  the  whole  nervous  system  in  a  short 
time  suffers.  The  mind  of  the  patient  is  filled  with 
thoughts  of  his  country,  and  with  associations  which 
serve  to  recal  it.  The  desire  of  seeing  it,  and  de- 
spair of  gratifying  the  desire,  engross  him.  As  the 
disease  of  the  nerves  increases,  spasms  come  on. 
The  respiration  of  the  individual  becomes  difficult, 
interrupt^,  and  consists  almost  wholly  of  sighs. 
His  appetite  is  lost.  A  deadly  paledess  extends 
over  all  his  countenance,  and  his  sight  grows  dim  and 
weak.  His  heart  beats  immoderately,  and  throbs 
with  the  slightest  motion.  His  secretions  become 
irregular ;  sleep  flies  from  him,  or  consists  princi- 
pally of  dreams,  which  are  filled  with  the  scenes  he  has 
left.  Sudden  death  sometimes  puts  an  end  to  this 
situation ;  but  more  commonly  a  slow,  nervous,  and 
hectic  fever  ensues,  which  carries  off  the  individual, 
if  it  is  impossible  to  overcome  the  disease.  A  re- 
turn to  his  home  is  the  most  effectual  remedy.  The 
confidence  that  this  will  happen  has  cured  many. 
But,  when  this  is  impossible,  agreeable  occupation  b 
a  better  remedy  than  medicine.  It  is  a  curious  fact 
that  those  who  inhabit  mountain  districts  are  much 
more  susceptible  of  this  home-sickness  than  those 
bom  in  savannahs  or  level  ground.  The  love  of 
country  exhibited  by  the  Swiss  mountaineer  has  be- 
come proverbial. 

HoMCEOPATRT ;  the  name  of  a  system  of  medicine, 
introduced  by  Samuel  Hahneman,  and  which,  for 
about  twenty  years,  has  attrajcted  much  attention  in 
Germany,  and.'  of  late,  in  other  countries  also.  The 
name  expresses  the  essential  character  of  the  new 
system,  which  consists  in  this — that  such  remedies 
should  be  employed  against  any  disease  as,  in  a 
healthy  person,  would  produce  a  similar,  but  not 
precisely  the  same  disease.    The  fundamental  prin- 


ciple of  this  system  is,  therefore,  similia  similibus  r,u- 
rantur.  To  find  such  medicines  against  any  given 
disease,  experiments  are  made  on  healthy  persons,  in 
order  to  determine  the  effect  on  them.  In  the 
conviction  that  every  disease  carries  with  it  a  great 
susceptibility  for  the  proper  medicine,  and  that  the 
power  of  medicine  increases  by  minute  division,  the 
homoeopathist  gives  but  one  drug  at  a  time,  and  does 
not  administer  another  dose,  or  a  new  medicine,  until 
the  former  has  taken  effect.  At  the  same  lime,  a 
strict  diet  is  prescribed,  that  the  operation  of  the 
medicine  m^y  not  be  disturbed.  Homoeopathy  directs 
the  attention  chiefly  to  the  symptoms  of  the  disease, 
which  are  followed  up  and  observed  with  much  greater 
accuracy  than  formerly.  Disease  is  considered  by  it 
as  only  an  aggregate  of  symptoms ;  and  therefore  the 
business  of  the  physician  is  to  extinguish  the  symp- 
toms. The  disciples  of  this  system  care  little  about 
the  customary  names  and  divisions  of  diseases ;  they 
regard  only  the  particular  pains  and  debilities  of 
which  the  varieties  of  sickness  are  composed.  The 
proximate  causes  of  diseases,  therefore,  are  little  re- 
garded, though  the  more  remote  causes  are  studied, 
at  least  in  relation  to  diet. 

Every  disease  is  considered  as  requiring  a  specific 
remedy.  Homoeopathy  is  thus  placed  in  opposition  to 
the  Hippocratic  system,  which  has  existed,  under  va- 
rious forms,  for  twenty-two  centuries ;  and  it  has  been 
exposed  to  numerous  attacks  on  this  account.  We 
will  mention  some  of  the  points  in  dispute.  Homoe- 
opathy objects  to  the  Hippocratic  system,  that  it  acts 
on  the  maxim  contraria  contrariis  atrantur,  and  there- 
fore effects  merely  a  palliative  cure.  This  reproach 
is  unjust,  because  the  judicious  physician  endeavours 
to  restore  the  diseased  organs  by  the  influence  of  the 
healthy  organs,  and  the  merest  empiric  alone  attempts 
to  cure  by  absolute  contraries.  The  Hippocratic  me- 
dicine does  not  even  reject  the  homoeopathic  prin- 
ciple, as  the  treatment  of  nervous  diseases  proves. 
Secondly,  the  homoeopathists  accuse  their  opponents  of 
directing  their  efforts  against  what  cannot  be  known, 
the  proximate  cause  of  the  disease ;  while,  in  turn, 
the  homoeopathist  may  be  reproached  with  attaching 
himself  merely  to  the  superficial  external  appearance 
of  the  disease,  and  with  a  pedantic  minuteness  in 
regard  to  those  symptoms  which  disease  assumes  in 
a  given  case.  Thirdly,  the  homoeopathist  accuses 
the  others  of  administering  remedies  of  which  they  do 
not  know  the  effects;  to  which  it  may  be  replied 
that  the  effect  of  a  medicine  becomes  perfectly  known 
only  through  a  patient,  never  by  a  healthy  person. 
Fourthly,  the  minuteness  of  the  dose  prescribed  by 
the  homoeopathists  is  objected  to  by  other  physicians* 
who,  however,  should  not  forget  that  they  constantly 
order  a  solution  of  one  grain  of  tartar-emetic  in 
eight  ounces  of  water.  T^e  injudicious  mixture  of 
medicines  has  become  less  common  than  formerly 
among  the  Hippocratic  physicians.  The  Hippocratic 
school  cannot  reconcile  itself  to  the  idea  that  all  clas- 
sification of  diseases  under  generic  names  is,  in  itself, 
without  meaning,  and  that  the  course  of  acute  dis- 
eases, the  doctrine  of  the  crisis,  &c.  (the  basis  of  the 
Hippocratic  medicine),  is  imaginary,  since  it  rests  on 
a  faithful  observation  of  nature.  The  old  system, 
therefore,  reproaches  homoeopathy  not  only  with  not 
knowing,  but  with  disdaining  to  know  the  nature  of 
diseases.  Since  the  knowledge  of  the  nature  and  the 
course  of  diseases  is  the  indisputable  basis  of  the 
Hippocratic  medicine,  a  great  revolution  in  medicine 
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is  not  to  be  expected  from  homoeopathy.  If  its  prin- 
ciples should  prove  true,  it  will  result  in  a  knowledge 
of  specific  means  of  cure,  and  thus  make  a  valuable 
addition  to  medicine,  as  other  systems  have  done. 

HoNx;  a  species  of  whetstone,  employed  for 
sharpening  cutlery.  This  useful  implement  b  now 
likely  to  be  superseded  by  a  metallic  cylinder,  in- 
vented by  Mr.  Knight,  President  of  the  Horticultural 
Society.  It  is  highly  spoken  of  as  perfectly  effective 
and  much  more  convenient  than  an  oil-stone,  answer- 
ing all  the  purposes  of  a  hone,  and  rendering  a  strop 
unnecessary. 

This  instrument  is  a  cylindrical  rod  of  steel,  about 
a  quarter  of  an  inch  thick,  and  five  inches  long.  It 
is  rendered  perfectly  smooth  in  the  first  instance, 
while  in  its  soft  state,  and  is  then  worked  into  ex- 
tremely fine  longitudinal  lines,  by  means  of  fine 
emery  or  glass-paper,  previous  to  the  steel  being 
hardened.  It  has  a  silver  or  plated  knob  at  the  top- 
end,  by  which  it  is  to  be  held  when  in  use ;  and,  when 
out  of  use,  it  is  slipped  into  a  cylindrical  sheath,  as 
a  guard  to  its  surface. 

In  using  this  instrument  for  sharpening  the  finer 
kinds  of  cutlery,  such  as  razors,  its  surface  is  to  be 
first  moistened  with  a  small  quantity  of  sweet  oil,  and 
a  little  rotten-stone,  or  rouge,  or  indeed  any  kind  of 
extremely  fine  grit,  is  to  be  powdered  upon  it.  The 
razor,  being  then  held  perfectly  flat  upon  the  surface 
of  the  cylinder,  is  to  be  worked  about  in  the  same 
way  as  on  a  hone ;  and,  if  it  has  not  been  previously 
rounded  by  careless  setting,  the  fine  lines  and  the 
powder  upon  the  steel  will  very  soon  bring  it  to  a 
beautiful  smooth  cutting  edge. 

HoNBT ;  a  valuable  product,  very  similar  in  its 

groperties  to  sugar.  It  is  found,  in  large  quantities, 
1  a  number  of  vegetables,  is  collected  by  the  bee, 
and  is  fed  upon  by  many  insects.  It  is  always  formed 
in  the  flower,  chiefly  at  the  base  of  the  pistil,  and 
seems  designed  to  receive  and  retain  the  fecundating 
pollen.  Honey  differs  much  in  colour  and  in  consist- 
ence ;  it  contains  much  saccharine  matter,  and  pro- 
bably some  mucilage,  from  which  it  derives  its  soft- 
ness and  viscosity.  It  very  readily  enters  into  the 
vinous  fermentation,  and  yields  a  strong  liquor  called 
mead.  There  are  two  species  of  honey ;  the  one  is  yel- 
low, transparent,  and  of  the  consistence  of  turpentine; 
the  other  white,  and  capable  of  assuming  a  solid  form, 
and  of  concreting  into  regular  spheres.  These  two 
species  are  often  united ;  they  may  be  separated  by 
means  of  alcohol,  which  dissolves  the  liquid  honey 
much  more  readily  than  the  solid. 

Honey  has  never  been  accurately  analyzed,  but 
some  late  experiments  go  to  prove  it  to  be  com- 
posed of  sugar,  mucilage,  and  an  acid.  The  honey 
made  in  mountainous  countries  is  more  highly  fla- 
voured than  that  of  low  grounds ;  that  which  is  made 
in  the  spring  is  more  esteemed  than  that  gathered  in 
the  summer;  and  that  of  the  summer  more  than  that  of 
the  autumn :  there  is  also  a  preference  given  to  that  of 
young  swarms.  Yellow  honey  is  obtained,  by  pres- 
sure, from  all  sorts  of  honey-combs,  old  as  well  as 
new,  and  even  from  those  whence  the  virgin  honey 
has  been  extracted.  The  combs  are  broken,  and 
heated,  with  a  little  water,  in  basins  or  pots,  being 
kept  constantly  stirrinff ;  they  are  then  put  into  bags 
of  thin  linen  cloth,  and  these  into  a  press,  to  squeeze 
out  the  honey.  The  wax  stays  behind  in  the  bag, 
excepting  som?  piMticles  which  pi^s  through  witii 
t|i«  honey. 


Honey  Is  the  production  of  mostcooBtries;  itisy 
however,  more  abundant  in  the  island  of  Candia,  lod 
in  the  greater  part  of  the  islands  of  the  Archipelago, 
than  any  where  else.  The  Sicilian  honey  seetns  to 
be  particularly  high-flavoured,  and,  in  some  psrts  of 
the  island,  even  to  surpass  that  of  Minorca,  which 
no  doubt  is  owing  to  the  quantity  of  aromatic  planti 
with  which  that  country  is  overspread.  This  honef 
is  gathered  three  times  in  the  year,  in  July,  Aogmt, 
and  October.  It  is  foimd,  by  the  peasants,  in  the 
hollows  of  trees  and  rocks.  The  country  of  the  lesser 
Hybla  is  still,  as  formerly,  the  part  of  the  island  that  is 
most  celebrated  for  this  article.  Considerable  qoan- 
titles  of  honey  are  produced  by  the  wild  bees  in  tht 
woods  of  North  America.  Honey  is  used  in  preserves 
and  confectionery,  and,  in  its  pure  state,  to  put  opon 
bread ;  also  as  a  demulcent  medicine  against  hoarse- 
ness, catarrhs,  &c.,  and  externally,  as  a  softening 
application,  to  promote  suppuration.  In  its  clarified 
state,  it  is  used  to  sweeten  certain  medicines.  It 
is  more  aperient  and  detergent  than  augar,  and  is 
particularly  serviceable  in  promoting  expectoration 
in  disorders  of  the  breast,  and  as  an  ingredient  in 
cooling  and  detergent  gargles.  For  these,  and  other 
similar  purposes,  it  is  sometimes  mixed  with  vinegar, 
in  the  proportion  of  two  pounds  of  clarified  honey  to 
one  pint  of  the  acetic  acid,  boiled  down  to  a  proper  eoc- 
sistence  over  a  slow  fire,  and  thus  forma  the  oxymd 
simple  of  the  shops.  It  is  also  impregnated  with  the 
virtues  of  different  vegetables,  by  boiling  it  in  the 
same  manner,  with  their  juice  or  infusiOTS,  till  the 
VTatery  parts  have  exhaled.  It  is  the  basis  of  several 
compositions  in  pharmacy,  though  in  this  way  it  is 
less  used  than  formerly.  When  collected  from  poi- 
sonous plants,  as  rhododendron,  poniiemm,  8cc.,  it  par- 
takes of  the  qualities  of  the  plants.  The  inferior 
qualities  of  honey,  and  what  remains  when  it  is 
purified,  can  be  used  in  the  preparation  of  braadj, 
vinegar,  or  any  other  fermented  liquor. 

Hone)%  as  may  be  easily  imagined,  was  one  of  the 
first  articles  of  human  nourishment.  Tl^  gods  of 
Greece  were  supposed  to  live  on  milk  and  honey 
(ambrosia).  Aristotle,  Celsns,  Pliny,  ^lian,  and 
probably  the  ancients  in  general,  did  not  know  where 
noney  originally  came  from ;  they  thought  it  was  a 
dew  which  fell  from  heaven.  Pliny  does  not  decide 
whether  it  issued  fh>m  the  heavens  in  general  or 
from  the  stars,  or  was  a  juice  produced  by  ike  puri- 
fication of  the  air,  and  which,  afterwards,  was  col- 
lected by  the  bees.  The  juice  of  the  flowers,  they 
believed,  produced  only  the  wax.  Hence  we  find 
the  honey  flowing  from  the  trees  in  great  abundance, 
in  the  descriptions  which  the  poets  give  of  the  golden 
age.  In  the  Bible,  we  find  mention  made  of  bees'- 
honey,  grape-honey  (must,  boiled  to  a  syrup,  and 
still  used),  and  tree  honey,  which  is  found  upon  the 
leaves  of  certain  trees  and  shrubs,  having  been  thrown 
out  by  certain  insects.  In  all  the  works  on  agricol- 
ture  left  by  the  ancients,  we  find  much  importance 
attached  to  honey  and  the  care  of  bees.  The  andents 
also  ascribed  medicinal  powers  to  honey. 

HoNSY-coiiB  ;  a  waxen  structure,  full  of  cells, 
framed  by  the  bees  to  deposit  their  honey  and  eggs 
in.  The  construction  of  the  honey-comb  seems  one 
of  the  most  surprising  works  of  the  insect  kingdom. 
The  wax  is  secreted,  by  the  peculiar  organisatioa  of 
the  insect,  in  the  form  of  small  and  thin  oval  scales, 
in  the  incisures  or  fokls  of  the  abdomen.  The  re- 
gular structnre  of  the  comb  b  also  equally  wonderfsJ* 
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llie  comb  b  composed  of  a  number  of  cells,  most  of 
them  exactly  hexagoDaI>  constructed  with  geome- 
trical accuracy,  and  arranged  in  two  layers,  placed 
end  to  end,  the  openings  of  the  different  layers  being 
in  opposite  directions.  The  comb  is  placed  verti- 
cally ;  the  cells,  therefore,  are  horizontal.  The  dis- 
tance of  the  different  cakes  of  comb  from  each  other 
is  sufficient  for  two  bees  to  pass  readily  between 
them,  and  they  are  here  and  there  pierced  with 


however,  protracted  for  several  months,  or  even  a 
year.  It  is  seldom  fatal,  except  to  very  young  child- 
ren, who  are  always  likely  to  suffer  more  from  it 
than  those  of  a  more  advanced  age.  The  danger 
seems,  indeed,  always  to  be  in  proportion  to  the 
youth  of  the  person,  and  the  degree  of  fever  and  dif- 
ficulty of  breathing  which  accompanies  the  disease, 
as  likewise  the  state  of  debility  which  prevails. 
Hops.    The  mode  of  cultivating  this  plant  will  be 


passages,  affbrdmg  a  communication  between  all  parts   found  in  our  division  devoted  to  Natural  History. 


of  the  hive.  The  construction  of  the  cells  is  such  as 
to  afford  the  greatest  possible  number  in  a  given 
space,  with  the  least  possible  expenditure  of  material. 
The  base  of  each  cell  is  composed  of  three  rhomboidal 
pieces,  placed  so  as  to  form  a  pyramidal  concavity. 
Tlius  the  base  of  a  cell  on  one  side  of  the  comb  is 
composed  of  part  of  the  bases  of  three  on  the  other. 
The  angles  of  the  base  are  found,  by  the  most  accu- 
rate geometrical  calculation,  to  be  those  by  which 
the  least  possible  expense  was  required  to  produce  a 
given  degree  of  strength.  The  sides  of  the  cells  are 
all  much  thinner  than  the  finest  paper ;  and  yet  they 
are  so  strengthened  by  their  disposition,  that  they  are 
able  to  resist  all  the  motions  of  the  bee  within  them. 
Hong  Mbrchants;  a  body  of  from  eight  to 
twelve  Chinese  merchants  at  Canton,  who  alone  have 
the  privilege  of  trading  with  Europeans,  and  are  re- 
sponsible for  the  conduct  of  the  Europeans  with  whom 
they  deal. 

Hoopino-couob  ;  a  disease  known  by  a  convul- 
sive, strangulating  cough,  with  hooping,  returning 
by  fits,  which  are  usually  terminated  by  a  vomiting. 
It  is  contagious.  Children  are  most  commonly  the 
subjects  of  this  disease,  and  it  seems  to  depend  on  a 
specific  contagion,  which  affects  them  but  once  in 
their  life.  The  disease  being  once  produced,  the  fits 
of  coughing  are  often  repeated  witiiout  any  evident 
cause;  but,  in  many  cases,  the  conta^on  may  be 
considered  as  only  giving  the  predisposition,  and  the 
frequency  of  the  fits  may  depend  upon  various  excit- 
ing causes,  such  as  violent  exercise,  a  full  meal,  the 
having  taken  food  of  difficult  digestion,  and  irritation 
of  the  lungs  by  dust,  smoke,  or  disagreeable  odours. 
Emotions  of  the  mind  may  likewise  prove  an  exciting 
cause.  Its  proximate  or  immediate  cause  seems  to 
be  a  viscid  matter  or  phlegm  lodged  about  the  bron- 
chia, trachea,  and  fauces,  which  adheres  so  closely 
as  to  be  expectorated  with  the  greatest  difficulty. 

The  hooping-cough  usually  comes  on  with  a  dif- 
ficulty of  breathing,  some  degree  of  thirst,  a  quick 
pulse,  and  other  slight  febrile  symptoms,  which  are 
succeeded  by  a  hoarseness,  cough,  and  difficulty  of 
expectoration.  These  symptoms  continue,  perhaps, 
for  a  fortnight  or  more,  at  the  end  of  which  time  the 
disease  puts  on  its  peculiar  and  characteristic  form, 
and  is  now  evident,  as  the  cough  becomes  convulsive, 
and  is  attended  with  a  sound,  which  has  been  called 
a  hoop,  Tlie  coughing  continues  till  either  a  quantity 
of  mucus  is  thrown  up  from  the  lungs,  or  the  con- 
tents of  the  stomach  are  evacuated  by  vomiting.  On 
the  first  coming  on  of  the  disease,  mere  is  little  or 
no  expectoration  ;  or,  if  any,  it  consists  only  of  thin 
mucus ;  and,  as  long  as  this  b  the  case,  the  fits  of 
coughing  are  frequent  and  of  considerable  duration; 
but,  on  the  expectoration  becoming  free  and  copious, 
the  fits  of  coughing  are  less  frequent,  as  well  as  of 
shorter  duration.  The  disease,  having  arrived  at  its 
height,  usually  continues  for  some  weeks  longer,  and 


The  fruit  is  a  sort  of  cone,  composed  of  membranous 
scales,  each  of  which  envelopes  a  single  seed.  These 
cones  are  the  object  for  which  it  is  so  extensively 
cultivated,  and  their  principal  use  is  to  communicate 
to  beer  its  strength  and  their  agreeably  aromatic 
bitter.  The  young  shoots,  however,  are  sometimes 
boiled  and  eaten  like  asparagus ;  the  fibres  of  the 
old  stems  make  good  cords ;  and  it  is,  besides,  em- 
ployed in  medicine  as  a  tonic,  sudorific,  and  sedative. 
The  cultivation  of  the  hop  is  more  car^ully  attended 
to  in  England  than  in  any  other  country.  A  light* 
and  somewhat  substantial  soil  should  be  selected. 
The  time  of  planting  is  in  the  autumn,  and  that  of 
harvesting  about  six  weeks  or  two  months  after  the 
flowers  are  expanded ;  if  the  fruit  is  suffered  to  get 
too  ripe,  it  loses  many  of  its  good  qualities.  Other 
low  plants  may  be  cultivated  in  the  intervals  between- 
the  hop-poles.  The  hopfl,  on  being  gathered,  should 
be  taken  immediately  to  the  kiln  for  drying,  and' 
afterwards  packed  in  bags,  the  closer  the  better  will 
they  preserve  their  smell  and  flavour.  The  whole 
process,  from  the  time  of  planting  to  tiie  preparation 
for  the  purposes  of  commerce,  requires  much  expe- 
rience and  many  precautions.  The  crops  are  exces- 
sively variable,  often  in  a  ten-fold  proportion  in 
different  seasons  and  situations.  The  excellence  of 
hops  is  tested  by  the  clammy  feeling  of  the  powder 
contained  in  the  cones. 

Horary,  or  Hour  Ctrclb  op  a  Globb,  is  a  small 
brazen  circle,  fixed  upon  the  braz&n  meridian,  divided 
into  twenty-four  hours,  having  an  index  movable 
round  the  axis  of  the  globe,  which,  upon  turning  the 
globe  15^,^will  show  what  places  have  liie  sun  an 
hour  before  or  after  us. 

Horary  Cireles  or  Iam9,  in  dialling,  are  the  lines  or 
circles  which  mark  the  hour  on  sun-dials. 

Horary  Motion  of  the  Earth;  the  arch  it  describes 
in  the  space  of  an  hour,  which  is  nearly  15^,  though 
not  accurately  so,  as  the  earth  moves  with  different 
velocities. 

Horizon  ;  the  line  that  seems  to  link  the  land  or 
sea  and  sky,  and  it  is 'either  rational  or  aensible,  Tlie 
rational,  true,  or  astronomical  horizon,  which  is  also 
called  simply  and  absolutely  the  horizon,  is  a  great 
circle,  whose  plane  passes  through  the  centre  of  the 
earth,  and  whose  poles  are  the  zenith  and  nadir.  It 
divides  the  sphere  into  two  equal  parts  or  hemi- 
spheres. The  sensible,  visible,  or  appitrent  horizon  is 
a  lesser  circle  of  the  sphere,  which  divides  the  visible 
part  of  the  sphere  from  the  invisible.  Its  poles  are 
likewise  the  zenith  and  nadir ;.  and,  consequently, 
the  sensible  horizon  is  parallel  to  the  rational,  and  it 
is  cut  at  right  angles,  and  into  two  equal  parts,  by 
the  vertical.  These  two  horizons,  though  distant 
from  each  other  by  the  semi-diameter  of  tiie  earth, 
will  appear  to  coincide  when  continued  to  the 
sphere  of  the  fixed  stars,  because  the  earth,  com- 
pared with  this  sphere,  is  but  a  point.    The  sensible 


at  length  goes  off  fcradually.    In  some  cases,  it  \b  ;  horizon  is  divided  into  eastern  and  western.    The 
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HORIZON   OP   A    QLOBE,     HORN. 


9aMiem  horizon  is  that  {Mut  of  the  horizon  wherein 
the  heavenly  bodies  rise.  The  w€$iam  horizon  is 
that  wherein  the  stars  set.  By  9en$ihle  horizon  is 
also  frequently  meant  a  circle  which  determines  the 
segment  of  the  surface  of  the  earth,  over  which  the 
eye  can  reach,  called  also  the  phytical  horizon.  In 
this  sense  we  eay, "  a  spaeioua  horizon,  a  narrow,  scanty 
horizon."  It  is  manifest  that  the  higher  the  spectator 
is  raised  above  the  earth  the  farther  this  visible 
horizon  will  extend.  On  account  of  the  refraction 
of  the  atmosphere,  distant  objects  on  the  horizon 
appear  higher  than  they  really  are,  or  ^>pear  less 
depressed  below  the  true  horizon,  and  may  be  seen 
at  a  greater  distance,  especially  on  the  sea.  Le- 
gendre  says  that,  from  several  experiments,  he  is 
induced  to  allow  for  refraction  a  fourteenth  part  of 
the  distance  of  the  place  observed,  expressed  in 
degrees  and  minutes  of  a  great  circle.  Thus,  if  the 
distance  be  14,000  toises,  the  refraction  will  be  1000 
toises,  equal  to  the  fifty-seventh  part  of  a  degree, 
or  1'  3". 

HoaizoN  or  ▲  Globb  ;  the  broad,  wooden,  circular 
ring  on  which  the  globe  is  fixed.  On  this  are  several 
ooncentric  circlet,  which  contain  the  months  and 
days  of  the  year,  the  corresponding  signs  and  degrees 
of  the  ecliptic,  and  the  tiiirty-two  points  of  the 
compass. 

Horn,  in  phjftiologif ;  a  tough,  flexible,  semi- 
transparent  substance.  The  hollow  horns  of  the  ox, 
goat,  &c.,  the  hoof,  the  homy  claw  and  nail,  and  the 
scale  of  certain  animals,  as  the  shell  of  the  tortobe, 
resemble  each  other  in  chemical  characters ;  but 
they  differ  very  widely  from  stag's  horn,  ivory,  &c. 
Horn  is  distinguished  fh>m  bone  in  being  softened 
very  completely  by  heat,  either  applied  immediately 
Or  through  the  medium  of  water,  so  as  to  be  readily 
bent  to  any  shape,  and  to  adhere  to  other  pieces  of 
horn  in  the  same  state.  It  contains  but  a  small 
portion  of  gelatine,  and  in  this  it  differs  from  bone, 
which  contains  a  great  deal. 

Horn  consists  chiefly  of  condensed  albumen,  com- 
bined  with  a  small  and  varying  portion  ofgelatine, 
with  a  small  part  of  phosphate  of  line.  The  fixed 
alkalies  readily  and  totally  dissolve  horn  into  a  yellow 
saponaceous  liquor.  With  some  animals,  the  horn 
is  an  instrument  of  defence ;  with  others,  not.  In 
some  species  of  animals,  the  males  only  have  horns ; 
as,  for  instance,  the  stag.  Female  sheep  seldom 
have  horns.  The  female  goats  have  horns,  but  they 
are  always  smaller  than  those  of  the  male.  In 
oattle,  the  horn  is  particularly  developed.  The  bull 
generally  has  a  shorter,  denser,  firmer  horn  than  the 
cow.  There  are,  however,  hornless  cattle.  In  the 
case  of  most  homed  animals,  the  horns  are  not  en- 
tirely developed  until  they  have  become  capable  of 
contiouing  their  species. 

Horns  admit  of  being  divided  into  at  least  four 
kinds  :  1.  those  of  the  rhinoceros ;  2.  of  the  ox,  an- 
telope, goat,  and  sheep;  3.  of  the  camelopard  or 
giraffe;  4.  of  the  deer  kind.  The  horns  of  the 
rhinoceros  are  composed  entirely  of  a  homy  sub- 
stance. They  are  situated  not  upon  the  o»  frontis, 
but  on  the  nasal  bones,  and  are  attached  to  the  skull 
only  at  the  surface  of  their  basis.  They  appear  to 
be  composed  of  a  number  of  fibres,  resembling  strong 
hairs,  consolidated  together.  They  are  not  deciduous, 
but  increase  from  the  root  or  base  in  proportion  as 
they  wear.  Those  of  the  second  sort  are  most  com- 
mon.   They  belong  to  many  of  the  ruminating  quad- 


mpeds,  and  some  birds  have  similar  ptoceasM  oi 
their  heads.    They  consist  of  three  parts — ^an  oiaeoQt 
substance,  a  vascular  investment,  and  the  ezteraii 
sheath.    The  bone  is  first  formed.     It  appears  is  i 
knob,  covered  with  skin,  and  movable  on  the  ot 
frontiM,    As  it  elongates,  the  skin  becomes  callonSf 
and  appears  to  wear  off,  when  the  osseous  process  is 
found  to  be  clothed  in  a  real  case  of  hom.    It  then 
becomes  fixed  to  the  m  frontii  by  anchylosis.   The 
horny  case  grows  from  the  roots,  and  the  increase  in 
each  year  b  marked  by  a  circular  groove  near  the 
root  of  the  hom.    The  third  sort  are  the  short 
straight  processes  on  the  head  of  the  camelopard, 
which  are  a  porous  bone,  united  to  the  o»  fhmtis  by 
anchylosis,  and  terminating  in  a  convex  knob ;  the 
stem  is  covered  with  the  skin,  but  the  bulb  on  tiie 
eod  sustains  a  number  of  short,  strong  hairs,  analo- 
gous to  the  fibres  composing  the  horns  of  the  rhino- 
ceros.   Those  of  the  fourth  kind  are  peculiar  to  the 
deer  genus.    They  are  composed  entirely  of  bone, 
and  are  shed  and  reproduced  annually.    They  first 
^>pear  like  two  small  knobs  under  the  skin,    lliese 
develope  their  different  branches  in  succession,  still 
covered  with  the  skin,  and  a  delicate  soft  hair,  form- 
ing together  what  has  been  called  their  velvet  coat, 
which  is  extremely  vascular.    When  the  hom  b 
completely  formed,  the  velvet  coat  becomes  insensible 
and  dry,  and  is  rubbed  off  bv  the  deer.    The  horns 
of  the  deer  appear  to  be  entirely  analogous  to  the 
osseous  parts  of  the  horns  of  the  other  rumintnt 
quadrupeds.    The  horns  of  the  rhinoceros,  and  those 
of  the  deer,  are  the  two  extremes  in  these  organs : 
the  one  wants  the  osseous  basis,  the  other  the  horny 
covering.    Those  of  the  camelopard  and  qx  exhibit 
examples  of  the  intermediate  stmcttire.    Instances  are 
given  of  horses,  cats,  and  particularly  hares,  fonnd 
with  homs,  but  they  want  confirmation.    The  ha« 
man  body  sometimes  produces  homy  protuberances 
on  various  parts. 

The  homs  of  animals,  literally  speaking,  formed 
the  most  ancient  drinking  cups.  Pindar,  iEschy- 
lus,  and  Xenophon  make  mention  of  them  as  being 
appropriated  to  this  purpose.  Philip  of  Macedon 
is  said  to  have  made  use  of  one.  It  is  from  this 
ancient  usage  that  the  general  name  of  hona  has 
been  given  to  a  species  of  drinking  cup,  as,  after 
the  actual  employment  of  the  animal  substance  had 
been  discontinued,  the  shape  remained  in  use.  IV 
horns  of  victims  sacrificed  to  the  gods  were  gilt,  and 
suspended  in  the  temples,  more  especially  in  those  of 
Apollo  and  Diana.  From  the  most  remote  times, 
the  altars  of  the  heathen  divinities  were  likewise  em- 
bellished with  homs,  and  such  as  fled  thither  to  seek 
an  asylum  embraced  them.  Originally  the  hons 
were  doubtless  symbolical  of  power  and  dignity,  since 
they  are  the  principal  feature  of  gracefulness  in  some 
animals,  and  the  only  instrument  of  defence  in  others. 
Hence  these  ornaments  have  been  frequently  bestowed 
on  pictorial  representations  of  gods  and  heroes ;  an- 
cient medals  frequently  present  the  figures  of  SeiaptSt 
of  Ammon,  of  Bacchus,  and  of  Isis,  with  diese  ad- 
ditions. The  kings  of  Macedon  were  actually  in  the 
habit  of  wearing  the  homs  of  a  ram  in  their  casqvesi 
and  the  same  thing  is  asserted  of  various  other 
princes  and  chieftains. 

There  is  a  new  patent  process  for  manufactorinf 
articles  of  horn  which  must  not  be  passed  ovfi 
without  a  particular  notice.  The  patentee,  in  his 
specification,  describes  the  precise  mode  of  makiBg 
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riDgfl  for  beU-pulls;  knife  ftnd  fork  handles;  the 
knobs  for  drawers,  and  knobs  or  pins  for  other  articles 
of  furniture. 

In  making  a  ring  of  horn,  the  required  piece  is  to  be 
first  cut  out  of  the  flat  horn,  of  its  proper  dimensions, 
and  nearly  in  the  shape  of  a  horse-shoe ;  it  is  then 
pressed  in  a  pair  of  dies  to  give  its  surface  the  desired 
pattern,  but,  prerioos  to  pressing,  both  the  piece  of 
horn  and  the  dies  are  to  he  heated ;  the  piece  of  horn 
i&  to  be  introduced  between  the  dies,  and  pressed  in 
a  vice,  and,  when  cold,  the  impression  or  pattern  will 
be  fixed  upon  the  horn. 

One  particular  feature,  however,  is  to  be  observed 
in  the  construction  of  the  dies  for  forming  a  ring. 
They  are  to  be  so  made  that  the  open  ends  of  the 
horse-shoe  piece  of  horn,  after  being  pressed,  shall 
have  at  one  end  a  nib  and  at  the  other  a  recess,  of  a 
dove-tailed  form,  corresponding  to  each  other ;  and 
the  second  operation  in  forming  this  ring  of  horn  is 
to  heat  it,  and  place  it  in  another  pair  of  dies,  which 
shall  bring  its  open  ends  together,  and  cause  the 
dove-tailed  joints  to  be  locked  fast  into  each  other, 
which  completes  the  ring,  and  leaves  no  appearance 
of  the  junction.  • 

In  forming  the  handles  of  table-knives  and  forks, 
or  other  things  which  require  to  be  made  of  two 
pieces,  each  of  the  two  pieces  or  sides  of  (he  handle 
IS.  formed  in  a  separate  pair  of  dies  :  the  one  piece  is 
made  with  a  counter-sunk  groove  along  each  side,  and 
the  other  piece  with  corresponding  leaves  or  project- 
ing edges.  When  these  two  pieces  are  formed,  by 
first  b^g  cut  out  of  the  flat  horn,  and  then  press^  in 
the  dies  in  a  heated  state,  for  the  purpose  of  giving 
the  pattern,  the  two  pieces  are  agam  heated  and  put 
together,  the  leaves  or  edges  of  the  one  piece  drop- 
ping into  the  counter-sunk  grooves  of  the  other  piece  ; 
and,  being  introduced  between  another  pair  of  heated 
dies,  the  joints  are  pressed  together,  and  the  two 
pieces  formed  into  one  handle. 

In  making  the  knobs  for  drawers  which  have  me- 
tal stems  or  pins  to  fasten  them  into  the  furniture, 
the  face  of  the  knob  is  to  be  first  made  to  a  die,  as 
above  described,  and  then  the  back  part  of  the  knob 
with  a  hole  in  it ;  a  metal  disc  of  plate-iron  is  then 
provided,  in  which  the  metal  stem  or  screw-pin  is 
fited,  and  the  stem  being  passed  through  the  aper- 
ture in  the  back  piece,  and  the  two— that  is,  4he 
back  and  front  pieces  of  horn — put  together,  the^  are 
then  heated  and  pressed  in  dies  as  above  described, 
the  edge  of  the  back  piece  falling  into  the  counter- 
sunk groove  of  the  front  piece ;  and  by  the  heat  they 
are  perfectly  cemented  together. 

Horn,  or  Bugle-Horn  ;  a  vnnd  instrument, 
used  chiefly  in  hunting,  to  animate  the  chase  and 
call  the  dogs  together.  The  hunting  horn  was 
formerly  flexible,  whence  the  old  phrase  to  "wind 
a  horn." 

•  Horn,  French.  The  French  horn,  or  cor  de  chas$e, 
is  a  wind  instrument,  consisting  of  a  long  tube  twisted 
into  several  circular  folds,  and  gradually  increasing 
in  diameter  from  the  end  at  which  it  is  blown  to  that 
at  which  the  sound  issues.  The  intervals  of  the 
natural  scale  of  the  French  horn  are  conformable  to 
those  of  the  trumpet,  but  its  pitch  is  an  octave  lower. 
In  order  to  produce  tones  which  the  horn  does  not 
otherwise  yield,  the  performer  puts  his  hand  into  the 
horn,  so  as  to  prevent,  more  or  less,  the  egress  of  the 
The  Germans  have  done  most  for  the  horn,  and 
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by  their  inventions  of  valve-homs,  and  even  machine 


horns,  have  carried  this  instrument  to  much  perfection. 
The  horn  is  not  proper  for  the  expression  of  the 
grand,  but  the  tender  and  plaintive.  Nevertheless, 
in  Grermany,  some  of  the  rifle  regiments  have  only 
horn  music,  which  sounds  very  finely ;  and  aRussia^ 
horn  band  of  more  than  twenty  instruments  have 
lately  exhibited  their  peculiar  powers  in  our  own 
metropolis. 

Hornblende,  or  Amphiboly  is  one  of  the  most 
abundant  and  widely-diffused  substances  in  the  mi- 
neral kingdom,  next  to  quartz,  feldspar,  and  mica». 
and  is  very  remarkable  on  account  of  the  varioua 
forms  and  compositions  of  its  crystals  and  crystalline 
particles,  and  of  its  exceedingly  diversified  colours, 
thus  giving  rise  to  almost  numberless  varieties^  many 
of  which  have  obtained  distinct  appellations.  The 
primitive  form  of  the  species  is  an  oblique  rhombic 
prism  of  124"^  30^  and  55^  30^,  in  which  the  terminal 
planes  are  inclined  to  the  obtuse  lateral  edges,  under 
angles  of  105^  and  75^.  The  former  planes  are  easily 
developed,  by  cleavage  from  its  crystals  and  crystal-* 
line  masses ;  but  the  latter  have  never  been  obtained 
in  this  way,  having  been  inferred  firom  calculation* 
See  Natural  History. 

HoROLoeY.    See  Watch  and  Clock  Making* 

Horoscope  ;  a  scheme  or- figure  of  the  position  of 
the  heavens  at  any  time.  The  heavens  were  divided 
by  astrologers,  for  this  purpose,  into  twelve  partsw 
called  houm$,  to  each  of  which  was  assigned  its  par- 
ticular  virtue  or  influence.  The  ascendant  was  that 
part  of  the  heavens  which  was  rising  in  the  east  at 
the  moment ;  this  is  the  first  house,  or  house  of  life, 
and  contained  the  five  degrees  immediately  above  the 
horizon  and  the  twenty-five  beneath  it ;  the  second 
was  the  house  of  riches,  &c. ;  the  seventh,  or  angle  of 
the  west,  the  house  of  marriage;  the  eighth,  the 
house  of  death. 

Horse  Power,  in  mec/Miiitct.  A  horse's  power 
of  draught  or  carriage  of  course  diminishes  as  his 
speed  increases.  The  proportion  which  it  bears,  ac- 
cordmg  to  Professor  Leslie,  is  as  follows  :^— If  we 
represent  his  force  when  moving  at  the  rate  cf 
two  miles  an  hour  by  the  number  100,  his  foree 
at  three  miles  per  hour  will  be  eighty-one ;  at  four 
miles,  sixty-four;  at  five  miles,  forty-nine;  at  six 
miles,  thirty-six;  which  results  agree  pretty  nearly 
with  the  observations  of  Mr.  Wood  (TVeaiise  on  Rail*' 
Roads).  At  his  height  of  speed,  of  course,  he  can 
carry  only  his  own  weight.  A  horse  draws  to  the 
greatest  advantage  when  the  line  of  draught  inclines 
a  little  upwards.  Desaguliers  and  Smeaton  consider 
the  force  of  one  horse  equal  to  that  of  five  men,  but 
writers  diffier  on  this  subject.  The  measure  of  a 
horse's  power,  as  the  standard  of  the  power  of  ma*- 
chinery,  given  by  Mr.  Watt,  is,  that  he  can  raise  a 
weight  of  33,000  lbs.  to  the  height  of  one  foot  in 
a  minute.  Care  should  be  taken,  when  a  horse  draws 
in  a  mill,  or  an  engine  of  any  kind  in  which  he  moves 
in  a  circle,  that  the  circle  be  large ;  for,  since  he  pulls* 
obliquely,  and  advances  sideways  as  well  as  forwards, 
his  fatigue  is  greater  as  the  circle  is  smaller.  In  some 
paddle-boats,  and  machinery,  horses  are  placed  on  a 
revolving  platform,  which  passes  backward  by  the 
pressure  of  their  feet,  as  they  pull  forward  against  a 
fixed  resistance,  so  that  they  propel  the  machinery 
without  moving  from  their  place.  A  horse  may  act 
within  still  narrower  limits,  if  he  stand  on  the  cir- 
cumference of  a  large  vertical  wheel,  or  on  a  bridge 
supported  by  endless  chains,  which  pass  round  two 
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dmoMy  and  are  otiierwise  supported  by  fHction- 
wheels.  Various  other  modes  of  applying  the  force 
of  animals  are  practised,  bat  most  of  them  are 
attended  with  great  loss  of  power,  either  from 
friction  or  from  the  unfavourable  position  of  the 
animal. 

HoasBMANBHiF.  The  earliest  writer  on  this  sub- 
ject whose  work  has  come  down  to  us  is  Xenophon. 
He  gives  rules  for  judging  of  horses,  dressing  them, 
and  riding.  The  Romans  have  left  us  no  work  on  the 
manege;  and  though  the  mounted  hordes  who  over- 
threw die  Roman  empire,  and  the  knights  of  the  later 
periods  of  chivalry,  must  have  been  skilled  in  the  care 
and  guidance  of  the  horse,  the  earliest  modem  treatise 
on  horsemanship  was  written  in  the  l6th  century,  bv 
Grisone,  an  Italian.  "There  are,"  says  a  French 
writer,  "three  principal  European  races,  the  Latin,  the 
Teutonic,  and  the  Sclavonic,  each  of  which  is  no  less 
characterized  by  its  manner  of  riding  on  horseback 
than  by  its  lai^age.  The  Poles  and  Hungarians, 
however,  who  belong  to  the  Sclavonic  race,  have 
adopted  the  Teutonic  manner ;  but  the  three  Latin 
nations — the  French,  Italians,  and  Spaniards — are  all 
of  the  Italian  school."  The  English,  according  to 
this  very  erudite  division,  belong  to  the  Teutonic 
school ;  and,  among  "  the  noble  and  royal  authors  "  of 
Walpole,  the  Duke  of  Newcastle  appears  as  the  author 
of  two  treatises,  whidi  later  writers  have  done  iitUe 
more  than  copy  or  abridge.  The  principi^  matters 
in  which  the  pupil  is  to  be  instructed  at  the  manege 
are,  to  sit  on  horseback  with  firmness*  ease,  and  grace- 
fulness, and  to  guide  his  horse  accurately  in  going 
straight  forward,  to  the  right  or  left,  or  sideways,  at 
a  walk,  trot,  or  gallop,  to  halt  at  once,  and  to  rein 
back  vrithout  difficulty.  In  mounting,  the  rider  ap- 
proaches- the  horse  near  the  left  shoulder,  and,  grasp- 
ing the  reins  firmly,  takes  a  handful  of  the  mane  in 
his  bridle-hand,  puts  the  left  foot  into  the  stirrup, 
and,  raising  himself  up,  passes  the  right  leg  clear  over 
the  saddle.  The  reins  must  not  be  taken  too  short, 
lest  it  diould  make  the  horse  rear,  run  or  fall  back ; 
but  they  ought  to  be,  of  equal  length,  and  neither 
tight  nor  slack.  The  rider  should  be  placed  upright 
in  the  saddle,  with  the  body  rather  back,  and  the 
head  held  up  with  ease,  but  without  stiffness.  The 
breast  should  be  pushed  out  a  little ;  the  thighs  and 
legs  turned  in  without  restraint,  so  that  the  fore  part 
of  the  inside  of  the  knees  may  press  on  the  saddle, 
and  the  legs  hang  down  easily  and  natuhUly,  the  feet 
being  parallel  to  the  horse's  sides,  neither  turned  in 
nor  out,  but  so  that  the  toes  should  be  kept  a  little 
higher  than  the  heels. 

By  this  position,  the  natural  weight  of  the  thighs 
has  a  proper  and  sufficient  pressure  of  itself,  and  the 
le^  are  in  readiness  to  act  when  necessary.  For 
this  purpose,  they  should  always  be  near  the  horse's 
sides,  but  without  touching  or  tickling  them.  The 
body  must  be  kept  easy  and  firm  wh^  in  motion ; 
the  left  elbow  should  lean  gently  against  the  body,  a 
little  forward,  and  the  hand,  in  general,  should  be  of 
about  the  same  height  as  the  elbow ;  the  right  arm 
must  be  placed  in  symmetry  with  the  left,  only  let 
the  right  hand  be  a  little  more  forward  or  back- 
ward, as  occasion  may  require.  The  left  hand, 
which  holds  the  reins,  must  be  kept  clear  of  the  body, 
about  two  inches  and  a  half  forward  from  it,  and  im- 
mediately above  the  pommel  of  the  saddle ;  the  nails 
should  be  turned  towards  the  buttons  of  the  waist- 
coaty  and  the  wrist  a  little  rounded  with  ease,  the 


joint  being  kept  easy  and  pliable,  yielding  and  taking 
ooeasionally,  as  necessary. 

A  firm  and  well-balanced  position  of  die  body  is 
of  the  utmost  consequence,  as  it  affects  the  horse  in 
every  motion.  The  body  must  always  go  along 
with  the  horse,  and  the  leaning,  therefore,  shcmld 
be  towards  that  side  to  which  he  moves.  It  is  requi- 
site, in  horsemanship,  tiiat  the  hand  and  legs  should 
act  in  correspondence  with  each  other  in  every  thing, 
the  latter  being  always  subservient  to  the  former. 
Upon  circles,  the  outward  leg  (the  one  horn  the  cen- 
tre) is  the  only  one  to  be  used,  and  that  only  for  a 
moment  at  a  time,  to  make  the  horse  go  tree,  if  he  be 
false.  If  the  horse  be  lazy,  or  in  any  way  retain  him- 
self, both  legs  must  be  used,  and  pressed  to  his  sides 
at  the  same  time.  In  general,  however,  the  less  the 
legs  are  used  the  better.  In  reining  back,  the  rider 
should  be  careful  not  to  use  his  legs,  unless  the  hoiae 
backs  his  shoulders,  in  which  case  they  must  both  be 
applied  gently,  at  the  same  time,  and  correqmnd 
widi  the  hand*  If  the  horse  refuse  to  back  at  all, 
the  legs  must  be  gently  approached,  until  he  lift 
up  a  leg  as  if  to  go  forward,  when  the  rein  of  die 
same  side  with  the  lifted  leg  will  easily  bring  him 
backward.  If  he  attempt  to  rear,  the  legs  must  be 
instanUy  removed  and  the  reins  slackened. 

HouTicuLTuaa  includes,  in  its  most  extensive 
signification,  the  ailttvation  of  esculent  vegetables, 
fruits,  and  ornamental  plants,  and  the  formation  and 
management  of  rural  scenery  for  the  purposes  of 
utility  and  embellishment.  The  classification  of  the 
vegetable  kingdom,  as  wdl  as  the  descrtptioii  and 
particular  treatment  of  piabts  individually,  b^onga  tc 
another  dtvifton  of  this  work ;  we  shall,  theref<xe,  in 
the  pi eaent  article,  apply  ourselves  to  the  history  of 
horiicuUwre  only  as  it  is  connected  with  general 
science.  The  earliest  effort  of  man  to  emerge  from 
a  state  of  barbarism  was  directed  to  the  tillage  of  the 
earth :  the  first  seed  which  he  planted  was  the  first 
act  of  civilization,  and  gardening  was  the  first  step 
in  the  career  of  refinement ;  but  still  it  is  an  art  in 
which  he  last  reaches  perfection. 

When  the  savage  exchanges  the  wild  and  wander- 
mg  life  of  a  wamor  and  hunter  for  the  confined  and 
peaceful  pursuits  of  a  planter,  the  harvests,  herds* 
and  flocks,  take  the  place  of  the  simple  garden.  The 
mechanic  arts  are  next  developed;  then  commerce  cona- 
mences,  and  manufactures  soon  succeed.    As  wealth 
increases,  ambition  manifests  itself  in  the  splendour  of 
apparel,  of  mansions,  equipages,  and  entertainments. 
Science,  literature,  and  the  fine  arts  are  unfolded,  and 
a  high  degree  of  civilization  is  attained.     It  is  not 
until  all  this  has  taken  place  that  horticulture  is  cul- 
tivated as  one  of  the  ornamental  arts.    Egypt,  the 
cradle  of  civilization,  so  far  perfected  her  tillage  that 
the  banks  of  the  Nile  were  adorned  by  a  succession 
of  luxuriant  plantations,  from  the  cataract  of  Syene 
to  the  shores  of  the  Delta ;  but  it  was  when  Tliebea* 
with  its  hundred  brazen  gates,  and  the  cities  of  Mem- 
phis and  Heliopolis,  were  rising  in  magnificence* 
and  her  stupendous  pyramids,  obelisks,  and  temples, 
became  the  wonders  of  the  world. 

The  hills  and  plains  of  Palestine  were  celebrated 
for  beautiful  gardens ;  but  it  was  not  until  the  walls 
and  temple  of  Jerusalem  announced  the  power  and 
intelligence  of  the  Israelites,  and  the  prophets  had 
rebuked  their  luxury  and  extravagance.  The  queen 
of  the  East  "  had  heard  of  Uie  fame  of  Solomon  ;*' 
his  fleets  had  brought  him  the  gold  of  Ophir,  and  the 
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trtiwares  of  Asia  «nd  Africa ;  the  kings  of  Tyre  and 
Arabia  were  his  tributaries,  and  princes  his  merchants, 
when  he  ''  made  orchards,"  '*  delighted  to  dwell  in 
gardens/'  and  planted  the  "vineyard  of  Baalhaman." 
The  Assyrians  had  peopled  the  borders  of  the  Tigris 
and  Euphrates,  irom  the  Persian  Gulf  to  the  moun- 
tainous regions  of  Ararat,  and  their  monarchs  had 
founded  Nmeveh  and  Babylon,  before  we  hear  of  the 
gardens  of  Semiramis.  The  Persian  empire  had  ex- 
tended from  the  Indus  to  the  Archipelago,  when  the 
paradise  of  Sardis  excited  the  astonbhment  of  a 
Spartan  general,  and  Cyrus  mustered  the  Qrecian 
auxUiaries  in  the  spacious  garden  of  Ceisne.  The 
Greeks  had  repulsed  the  invasions  of  Darius  and 
Xerxes,  and  Atnens  had  reached  the  height  of  her 
glory,  when  Cimon  established  the  Academus,  and 
presented  it  to  his  fellow  citizens  as  fL  public  garden. 
Numerous  others  were  soon  planted,  and  decorated 
with  temples,  porticoes,  altars,  statues,  and  tri- 
umphal monun^ents ;  but  this  was  during  the  po- 
lished age  of  Pericles,  when  Socrates  and  Plato 
taught  philosophy  in  the  sacred  groves-'when  the 
tiieatre  was  thronged  to  listen  to  the  poetry  of  Euri- 
pides and  Aristophianes— when  the  genius  of  Phidias 
was  displayed  in  rearing  the  Parthenon  and  sculp- 
turing the  statues  of  the  gods— when  eloquence  and 
painting  had  reached  perfection,  and  history  vnis 
illustrated  by  Herodotus, Thuoydides,  and  Xenophon. 
Rome  had  subjugated  the  world,  and  emulated  Athens 
in  literature,  science,  and  the  arts,  when  the  superb 
villas  of  Sallust,  Crassus,  Pompey,  Caesar,  Maecenas, 
and  Agrippina  were  erected,  and  the  palaces  of  the 
emperors  were  environed  by  magnificent  gardens. 

The  history  of  modem  nations  presents  similar  re- 
sults. Horticulture  long  lingered  in  the  rear  of  other 
pursuits.  Most  of  the  common  fruits,  flowers,  and 
vegetables  which  had  been  collected  by  the  Greeks  and 
Romans,  from  Egypt,  Asia,  and  other  distant  climes, 
were  successively  extended  over  Western  Europe ;  but 
so  gradual  was  their  progress,  after  the  dark  ages, 
that,  till  the  reign  of  Henry  VHI.,  scarcely  any  kitchen 
vegc^les  were  cultivated  in  England,  and  the  small 
quantity  consumed  was  imported  from  Holland.  Ful- 
ler observes  that  "gardening  was  first  brought  into 
England  for  profit,  about  the  commencement  of  the 
seventeenth  century.  Peaches,  nectarines,  apricots, 
plums,  pears,  cherries,  strawberries,  melons,  and 
loupes,  were  luxuries  but  little  enjoyed  before  the  time 
of  Charles  H.,  who  introduced  French  gardening  at 
Hampton  Court,  Carlton,  and  Marlborough,  and  built 
the  first  hot  and  ice  houses.  At  this  period  Evelyn 
translated  the  Complete  Qardmier,  and  a  treatise  on 
orange  trees,  bv  Quintinyne ;  and,  having  devoted  the 
remainder  of  his  life  to  the  cultivation  of  his  rural  seat 
at  Sayes  Court,  near  Deptford,  and  the  publication  of 
his  Syha,  Terra,  Pomona,  and  Jcetaria,  he  "first  taught 
gardening  to  speak  proper  English."  In  the  Nether- 
umds,  France,  Germany,  and  Italy,  a  formal  and  very 
imperfect  system  of  gardening  was  practised,  vritb  con- 
siderable success ;  but  it  v^as  generally  in  a  languishing 
condition  throughout  the  worid,  until  the  commence- 
ment of  the  eighteenth  century,  when  it  attracted  the 
attention  of  some  of  the  first  characters  of  Great 
Britain ;  but  the  establishmei^  of  the  present  im- 
proved style  of  horticulture  is  of  very  recent  date. 
"  Bacon  was  the  prophet,  Milton  the  herald,  and  Ad- 
dison, Pope,  and  Kent  the  champions  of  true  taste." 
The  principles  which  were  developed  in  their  writings, 
mod  those  of  Shenstone^  the  Masons,  and  Wheatly^ 


were  successfully  applied  by  Bridgenuuw  Wright, 
Brown,  and  Eames ;  the  system  soon  became  popu- 
lar, and  gradually  extended  over  Europe. 

But  the  labours  of  the  London  Horticultural 
Society  have  mainly  contributed  to  the  perfection 
and  present  high  estimation  of  gardening.  That 
noble  institution  has  given  an  impetus  to  culti- 
vation, which  is  felt  in  the  remotest  countries.  Its 
example  has  been  followed  in  the  most  flourishing 
kingdoms  of  the  pastern  continent,  and  many  similar 
institutions  have  been  founded  in  the  United  States 
of  America.  The  effect  of  these  is  to  diffuse  through 
every  country  the  knowledge  and  products  of  all. 
The  history,  literature,  and  science  of  gardening, 
open  a  wide  field  for  study  and  inquiry.  The  plea- 
sure which  gardens  afforded  men,  even  m  the  earliest 
times,  appears  from  the  scriptural  account  of  the 
garden  of  Eden.  The  garden  of  Gethaemane,  and 
that  of  tiie^od  and  just  Arimathean,  are  memorable 
in  the  sacred  history  of  the  Messiah.  The  Elysian 
fields  were  the  heaven  of  classic  mythology,  and  the 
devout  Mussulman  hopes  to  renew  his  existence  in  a 
celestial  garden.  The  bards,  scholars,  and  philoso- 
phers of  the  classic  ages,  have  transmitted  descrip- 
tions of  the  gardens  of  the  ancients,  from  those  in 
which  Homer  places  the  palace  of  Alcinous  and  the 
cottage  of  Laertes,  to  the  splendid  villas  of  Pliny  and 
Lucullas.  Among  the  ancient  Greek  writers,  Hesiod, 
Theof^rastus,  Xenophon,  and  ^iian  treated  of  gar- 
dens to  a  certain  extent ;  and  the  works  of  those  who 
wrote  after  the  seat  of  government  was  removed  to 
Constantinople  were  collected  under  the  title  of  Geo-' 
poniea,  and  have  been  translated  by  Owen.  Among 
the  Latins,  Varro  was  the  first  author,  to  whom  suc- 
ceeded Cato,  Pliny  the  Elder,  Columella,  and  PalUdius. 
Passages  are  to  be  found  relative  to  the  subject  in 
Martial,  Virgil,  and  Horace ;  but  Pliny's  Natural  Hie^ 
tory,  and  Columella's  book  on  gardens,  contain  the 
most  correct  information  on  Roman  horticulture. 

literature  and  the  arts  having  revived  in  Italy,  that 
country  was  the  first  to  produce  books  on  agriculture 
and  gardening,  and  that  of  Crescenzia  became  cele- 
brated. The  field  and  garden  cultures  of  Italy  are  so 
nearly  allied,  and  horticulture  and  agriculture  have 
been  so  blended  by  the  writers,  that  is  difficult  to  as- 
certain under  which  department  to  include  their 
works.  The  best  for  general  information  on  the  til- 
lage of  that  delightful  region  is  the  Jnnali  deW 
AgrieoUura,  The  Germans,  as  in  all  the  branches 
of  letters,  science,  and  arts,  have  an  immense  num- 
ber of  books  in  Uie  department  of  gardening,  espe- 
cially on  the  subject  of  planting  and  forest  trees.  The 
Dutch  excel  more  in  the  practice  than  the  literature 
of  gardening.  The  Journal  of  a  Horticultural  Tour 
in  Holland  and  Flanders,  by  a  deputation  of  the 
Caledonian  Horticultural  Society,  gives  the  most  satis- 
factory account  of  gardening  in  that  part  of  the  con- 
tinent, in  1817.  The  TVausactione  of  the  Stockhohn 
and  Upsal  academies  furnish  the  chief  information 
which  is.  to  be  obtained  in  relation  to  the  rural  eco- 
nomy of  Sweden.  The  first  author  was  Rudbeck, 
•who  was  a  contemporary  of  Commelin. 

Russia  and  Poland  Imve  produced  but  very  few 
original  books  on  horticulture.  The  Agricultural 
TYemsaciions,  occasionally  published  by  a  society  in 
Warsaw,  with  those  of  the  Economical  Society  of 
St.  Petersburg,  may  be  considered  as  affording  the 
most  accurate  intelligence  as  to  the  culture  of  those 
countries.    In  the  latter  city  b  an  extensive  imperial 
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botanical  garden,  "^liicb,  being  under  the  direction 
of  able  professors,  emulates  those  of  the  more  favoured 
portions  of  southern  Europe.    The  only  recorded 
mformation  on  the  subject  of  Spanish  tillage  will  be 
Ibund  in  the  Transactunu  of  the  Royal  Agricultural 
Society  of  Madrid.     The  horticultural  literature  of 
France  is  of  an  early  date,  and  the  authors  are  not 
only  numerous,  but  many  of  them  in  the  highest  re- 
pute.  Etienne  and  Belon  were  the  pioneers,  while  Du 
Hamel,  Girardin,  D'Argcnville,  Rosier,  Tessier,  Cal- 
vel.  Noisette,  Du  Petit  Thours,  Jean  and  Gabriel 
Thouin,  Bosc,  and  Vicomte  Hericart  de  Thury,  may 
be  considered  as  among  the  most  able  of  their  fol- 
lowers, in  the  various  branches  of  rural  economy. 
For  a  general  knowledge  of  French  culture,  the  Nau^ 
veau  Coun  d'AgricuUure,  in  thirteen  volumes,  pub- 
lished in  1810,  should  be  consulted;  butthe  most  valu- 
able publications  on  the  existing  mode  of  gardening 
arc  the  Armalet  de  la  SocUU  d*  Horticulture,  the  An-' 
nalea  de  Vhutitut  Royal  Horticole  de  F)ramont,  and  the 
BonJardimer,    The  first  English  treatise  on  rural 
economy  was  Fitzherbert's  Book  of  Husbandrtf,  which 
was  published  in  1634.  The  works  of  Tusser,  Googe, 
ahd  Piatt  soon  after  appeared,  and,  early  in  the  eigh- 
teenth century,  the  celebrated  treatise  of  Jethro  TuU 
excited  much  attention,  and  several  new  works  of  con- 
siderable merit  were  announced  before  1764,  when 
the  valuable  publications  of  Arthur  Young,  Marshal, 
and  numerous  other  authors,  spread  a  knowledge  of 
cultivation,  and  cherished  a  taste  for  rural  improve- 
ments throughout  Great  Britain.  Thus  the  literature 
of  horticulture  rapidly  advanced;  but,  as  many  of 
the  most  eminent  writers  have  been  named  in  treat- 
ing of  the  science  and  art  of  Gardening,  it  is  unne- 
cessary to  mention  them  in  this  place. 

The  scientific  relations  of  horticulture  are  numerous, 
and  require  an  extensive  acquaintance  with  the  vari- 
ous branches  of  natural  history  and  physics.  Botany, 
mineralogy,  chemistry,  hydraulics,  architecture,  and 
mechanics,  must  furnish  their  several  contributions, 
which  it  is  the  province  of  the  artist  to  apply. 

After  the  illustrious  Lmnsras  published  his  System 
nf  Nature,  botany  became  a  popular  science,  and  a 
variety  of  interesting  elementary  works  awakened 
attention  to  the  beauties  of  nature,  so  that  a  passion  for 
experimental  and  ornamental  plantij\g  was  induced, 
which  has  been  productive  of  great  results.  Mine- 
ralogy enables  us  to  obtain  an  accurate  knowledge  of 
terrestrial  substances,  and  the  mode  of  distinguishing 
the  divers  kinds  of  earths  which  constitute  a  good 
soil;  and  chemistry  instructs  us  as  to  the  nature 
and  properties  of  these  various  earths,  having  for  its 
objects,  when  applied  to  horticulture,  all  those  changes 
in  the  arrangements  of  matter  which  are  connected 
with  the  growth  and  nourishment  of  plants,  the  com- 
parative value  of  their  produce  as  food,  the  constitu- 
tion of  soils,  and  the  manner  in  which  lands  are  en- 
riched by  manure,  or  rendered  fertile  by  the  diflferent 
processes  of  cultivation.  Inquiries  of  such  a  nature 
cannot  but  be  interesting  and  important,  both  to  the 
theoretical  horticulturist  and  the  practical  gardener. 
To  the  first  they  are  necessary  in  applying  most  of 
the  fundamental  principles  on  which  the  theory  of 
the  art  depends.  To  the  second  they  are  useful  in 
affording  simple  and  easy  experiments  for  dbrecting 
his  labours,  and  for  enabling  him  to  pursue  a  certain 
and  systematic  plan  of  improvement. 

To  hydraulics  belong,  not  only  the  conducting  and 
raising  of  water,  with  the  construction  of  pumps 


and  other  engines  for  those  purposes,  but  the  Iaw» 
which  explain  the  nature  of  sprmgs  and  fountains. 
By  the  principles  of  that  science,  artificial  lakes* 
canals,  and  aqueducts  are  formed,  irrigations  pro- 
jected, and  water  rendered  subservient  to  the  useful 
purposes  of  life,  as  well  as  to  the  embellishment  of 
pleasure-grounds  by  jet»  d^eau,  cascades,  and  streams. 

Architecture,  as  a  branch  of  horticulture,  is  of  the 
first  importance.    Without  its  aid,  it  woold  be  im- 
possible to  give  that  propriety  and  elegance  to  the 
scenery,  and  to  produce  that  pleasing  effect,  which 
is  the  chief  object  of  landscape  gardening.     Mecha- 
nics, in-all  its  branches,  is  required  for  the  purposes  ot 
horticulture.    Great  improvements  have  been  effected 
in  gardening  within  the  last  half  century.    Dnrias 
the  age  of  Cicero,  a  formal  kind  of  gardening  prevailed, 
characterized  b);  clipped  hedges  and  long  avenues 
of  trees.    Pliny  the  Younger  has  given  an  account 
of  his  villa  at  Laurentum,  and,  judging  from  the  de- 
scription, it  was  rather  distinguished  for  its  nunsefoos 
superb  edifices,  extensive  prospects,  and  the  system- 
atical arrangement  of  the  pleasure  grounds^  than  for 
the  improvements  and  decorations  of  the  surroondin^ 
scenery,  in  accordance  with  those  principles  which 
are  derived  from  a  close  observance  of  the  pleasing 
effects  of  nature.  The  rural  residences  of  the  Romans 
^>pear  to  have  been  mere  places  of  temporary  fetreat^ 
they  were  planted  with  odoriferous  flowers  and  8hnib8» 
and  ornamented  rather  by  the  civil  architect  than  the 
horticultural  artist.     From  the  establishment  of  die 
papal  government  to  the  commencement  of  the  thir- 
teenth century,  the  monks  were  the  only  class  of 
persons  who  attended  to  ornamental  gardening. 

After  that  period,  the  style  prevalent  througboot 
Europe  consisted  in  tall  hedges,  square  parterres 
fantastically  planted,  straight  walks,  and   rows  d 
trees  uniformly  placed  and  pruned.     In  fact,  but 
little  improvement  was  made  from  the  time  of  the 
emperors  Vespasian  and  Titixs  until  the  beginning  of 
the  reign  of  George  III.    It  is  true,  Hampton  Coort 
had  been  laid  out  by  Cardinal  Wokey;  Le  N6toe 
had  planted  Greenwich  and  St.  James's  Park  during 
the  reign  of  Charles  II. ;  and,  in  that  of  George  11., 
Queen  Caroline  had  enlarged  Kensington  GvdenSk 
and  formed  the  Serpentine  River ;  but  Lord  Bathunt 
was  the  first  who  deviated  firom  straight  lines,  as  ap- 
plied to  ornamental  pieces  of  water,  by  following  ^ 
natural  courses  of  a  valley.  Still,  what  has  been  em- 
phatically called  the  Dutch  system  universally  pre- 
vailed :  the  sheannj^  of  yew,   box,  and  hollT  into 
formal  figures  of  various  kinds,  and  the  shaving  of 
river  banks  into  regular  slopes,  went  on  until  their 
absurdity  became  contemptible,  and  a  better  and 
more  natural  taste  was  induced. 

Verdant  sculpture,  regular  precision  in  the  distri- 
bution of  compartments,  and  rectangular  boundary 
walls,  yielded  to  more  chaste  designs.    Bridgeman 
succeeded  to  Loudon  and  Wise,  and  became  a  dis-» 
tinguished  artist;  he  rejected  many  of  the  absurd 
notions  of  his  predecessors,  and  enlarged  the  bounds 
of  horticulture.     Other  innovators  departed  from 
the  rigid  rules  of  symmetry ;  but  it  was  reserved  for 
Kent  to  realize  the  beautiful  descriptions  of  the  poets, 
and  carry  the  ideas  of  Milton,  Pope,  Addiscn,  and 
Mason  more  extensively  into  execution.    According 
to  Lord  Walpole,  he  was  painter  enough  to  taste  the 
charms  of  landscape,  sufficieatiy  bold  and  opini(m» 
ative  to  dare  and  to  dictate,  and  bom  with  a  genius 
to  strike  out  a  great  system  from  the  twilight  d  h 
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perftct  essays.  He  leaped  the  fence,  and  saw  tiiat 
all  nature  was  a  garden.  The  great  principles  on 
which  he  worked  were  perspective,  light,  and  shade. 
Groups  of  trees  broke  a  too  extensive  lawu ;.  ever- 
greens and  wood  were  opposed  to  the  glare  of  the 
champaign,  and  by  selecting  favourite  objects,  and 
▼eiling  (kformities,  he  realized  the  compositions  of 
the  great  masters  in  painting*  Where  objects  were 
wanting  to  animate  his  horizon,  his  taste  as  an 
architect  could  immediately  produce  them.  His 
buildings,  his  temples,  his  seats,  were  more  the  work 
of  his  pencil  than  of  his  science  as  a  constructor. 
He  bade  adieu  to  all  the  stiff  modes  of  canals,  circular 
basins,  and  cascades  tumbling  over  marble  steps. 
Defding  in  none  but  the  true  colours  of  nature,  and 
seizing  upon  its  most  interesting  features,  a  new 
creation  was  gradually  presented.  The  living  land- 
scape was  chastened  or  polished,  not  transformed. 

'nie  elegant  works  of  Repton,  the  unrivalled  essays 
of  Price  on  the  picturesque,  and  the  valuable  publi- 
cations of  Gilpin,  MadOck,  Panty,  Sang,  and  Loudon, 
with  those  of  many  other  writers  on  landscape  and 
ornamental  gardening,  have  had  an  extensive  influ- 
ence in  promoting  correct  ideas  of  natural  scenery. 
The  improved  style  of  horticulture  every  where  ap- 
parent in  Great  Britain  attracted  the  attention  of  the 
other  nations  of  Europe,  and  English  gardening  be- 
came the  designation  for  all  that  was  beautifol  in 
that  pleasing  art — ^the  synonyme  of  perfection  in 
rural  culture.  At  the  period  when  this  new  system 
of  laying  out  grounds  was  gaining  converts,  and  be- 
gan to  be  practically  adopted.  Viscount  Girardin,  a 
French  military  officer  of  high  rank,  travelled  through 
England,  and,  on  his  return,  he  not  only  improved 
bis-  seat  at  Ermenonville  in  conformity  to  that  style, 
but  published  a  work  of  great  ceiebri^  on  the  Com- 
positioH  de$  Pay»age$  tut  le  Terrain,  ou  den  Moyen» 
itembelHr  la  Nature  prh  des  Habiiations. 

The  French  style  of  laying  out  gardens  had  been 
settled  by  Le  N6tre,  during  the  reign  of  Louis  XIV., 
and  eontinued  in  repute  for  upwards  of  a  century ; 
for  it  appears  to  have  been  in  vogue  as  late  as  1770. 
Tbt  «ourt  and  nation  wished  to  be  dazzled  by  novelty 
and  singularity,  and  his  long,  clipped  alleys,  trium- 
phal anhes,  ridily  decorated  parterres — ^his  foun- 
tains and  cascades,  with  their  grotesque  and  strange 
ornaments — his  groves  full  of  architecture  and  gUt 
trellisses — and  his  profusion  of  statuea,  enchanted 
every  dass  of  observers.  His  principal  works  were 
the  gardens  of  Versailles,  Meudon,  St.  Cloud,  Sceaux, 
Chimdlly,  and  the  terrace  of  St.  Germain.  Gray, 
the  poet,  was  struck  with  their  splendour  when  filled 
with  company,  and  when  the  water- works  were  in 
fall  action ;  but  Lord  Kaimes  says,,  they  would  tempt 
one  to  believe  that  nature  was  below  the  notice  of 
a  great  monarch.  Le  N6tre  was  succeeded  by  Du- 
fresny,  who,  differing  considerably  in  taste  from  that 
great  artist,  determined  on  inventing  a  more  pic- 
turesque style :  but  his  suggestions  were  rarely  carried 
into  full  execution.  He,  however,  constructed,  in  a 
manner  superior  to  his  predecessor,  the  gardens  of 
Abb^  P^ot  and  those  of  MoulonandChemin  Creux. 

After  the  peace  of  1762,  the  English  system  began 
to  pass  into  France,  and  portions  of  ancient  gardens 
were  destroyed,  to  make  way  for  young  plantations 
h  ^AngloMe,  Laugier  was  the  first  author  who 
espoused  the  English  style,  and  the  next  in  order 
was  Prevot.  It  was  at  this  time  that  Viscount  Gi- 
rardin commenced  his  improvements  at  Ermenon- 


I  ville,  and  the  change  of  the  horttealtaral  taste  in 
'  France  may  be  referred  to  the  last  quarter  cf  the 
eighteenth  century.  The  English  style  has  gradually 
found  its  way  into  most  civilized  countries.  A  hor- 
ticultural society  was  established  in  Paris  in  1S26, 
and  has  already  more  than  two  thousand  members, 
and  the  number  is  rapidly  increasmg.  It  has  been 
patronised  by  the  court,  and  most  of  the  nobles  and 
men  of  distinction  in  France  have  eagerly  united  with 
the  propriet(Mrs  of  estates  and  practical  cultivators  to 
collect  and  disseminate  intelligence  throughout  that 
flourishing  empire. 

In  the  various  provinces  where  horticultural  socie- 
ties have  not  been  founded,  those  of  agriculture,  or 
of  the  sciences  and  arte,  have  established  depart- 
mento  expressly  devoted  to  that  interesting  pursuit ; 
and  during  the  year  1827  a  practical  and  tiieoreticaV 
institution  was  founded  at  Fromont,  by  the  enhght- 
ened  and  munificent  Chevalier  Soulange  Bodin,  for 
educating  gardeners,  and  introducing  improvements 
in  every  department  of  horticulture.  Hie  garden  is 
divided  into  compartments  for  every  variety  of  cul- 
ture. Extensive  green-houses,  stoves,  and  orange-' 
ries  have  been  erected,  and  all  the  other  appendages 
furnished  which  are  requbite  for  rendering  the  esta- 
blishment effectual  for  instruction  and  experiment. 
The  nursery  of  the  Luxembourg  long  supplied  a  great 
part  of  Europe  with  fruit-trees. 

The  Jardm  des  PUmiee,  in  P^iris,  includes  com- 
partmente  which  may  be  considered  as  schoob  for 
horticulture,  plainting,  agriculture,  medical  botany, 
and  general  economy,  and  is  unquestionably  the 
most  scientific  and  best  managed  establishment  ia 
Europe.  The  flower  garden  of  Malmaison,  the  bo- 
tanical garden  of  Trianon,  and  numerous  nursery, 
herb,  medicinal,  experimental,  and  botanical  gardens, 
in  various  parte  of  the  kingdom,  are  pre-eminent  for 
the  variety,  number,  and  excellence  of  their  producto. 

Holland  has  been  distinguished,  since  the  period 
of  the  crusades,  for  her  fiower-gardens,  culinary 
vegetables,  and  plantations  of  fruit  trees.  The 
north  of  Europe  and  the  United  States  of  Ame- 
rica are  still  dependent  upon  her  fioriste  for  the 
most  splendid  varieties  of  bulbous-rooted  plante. 
From  St.  Petersburg  to  the  shores  of  the  Mediterra- 
nean, horticulture  has  made  a  rapid  progress,  and 
each  nation  is  emulous  to  perfect  ite  culture,  in  ac- 
cordance with  the  most  improved  principlea  of 
science,  art,  and  taste.  In  the  United  States  of 
America,  a  like  spirit  has  been  more  recently  de- 
veloped. 

Horticultural  societies  have  been  instituted  in 
New  York,  Philadelphia,  Boston,  Albany,  Geneva* 
and  South  Carolina,  and  a  zealous  disposition 
evinced  to  ocnnpete  with  the  nations  of  the  eastern 
continent.  The  environs  of  many  of  the  cities  are 
in  a  high  state  of  cultivation,  and  the  markete  are  be- 
ginning to  be  well  stocked  with  numerous  varieties 
of  fruite  and  vegetebles.  Many  of  the  most  useful 
and  magnificent  acquisitions  of  the  groves,  fields, 
gardens,  and  conservatories  of  Europe  are  natives  of 
tiie  western  hemisphere.  The  indigenous  forest  trees, 
omamentel  shrubs,  flowers,  fruite,  and  edible  vege- 
tables of  North  America,  are  remarkable  for  their  va- 
riety, size,  splendour,  or  value.  Extending  from  the 
pole  to  the  tropics,  and  from  the  Atiantic  to  the  Pa- 
cific, North  America  embraces  every  clime,  and  every 
variety  of  soil,  teeming  with  innumerable  spedmenst 
of  the  vegetable  kingdom. 
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The  natarlil  dmsibns  of  boiticiiltiire  are  Ihe  eeca- 
tent  or  kitten  g^en,  seminary,  nuraery,  fratt-trees, 
and  vtne8>  flower  garden,  green-honse^  ujftiJN^wa  of 
omamentel  trees  and  shrubs,  the  botanical  and  me- 
dical ourden,  and  landscape  or  pictoresqoe  garden- 
ing. Each  of  these  departments  requires  to  be  se- 
parately studied  before  it  can  be  managed  so  as  to 
combine  utiUty  and  comfort  with  ornament  and  re* 
.creation.  To  aooompUsh  this  on  a  large  scale,  artists, 
scientific  professors,  and  intelligent  and  experienced 
practical  superintendents,  are  employed  in  Europe, 
but  they  have  not  as  yet  been  much  required  in 
America.  The  owners  of  the  soil  have  generally 
designed  and  executed  such  improvements  as  have 
been  made  in  the  conveniences  and  embellishments 
of  country  residences.  The  kitchen  garden  is  an  in- 
dispensable appendage  to  every  rural  establishment. 
In  its  simplest  form,  it  is  the  nucleus  of  all  others : 
containing  small  compartments  for  the  culture  of 
esculent  v^petables,  fniits,  and  ornamental  plants, 
tiiese  may  be  gradually  extended,  until  the  whole 
country  assumes  the  imposing  aspect  of  picturesque 
or  laa^bcapa  seenery. 

Among  ti&e  European  productions  on  horticulture, 
there  Is  no  single  work  in  the  English  language  so 
valuable  as  Loudon's  Emcjfclop^edia  of  Gardettmg ; 
but  all  the  numerous  publications  of  that  distin- 
guished writer,  in  the  various  branches  of  rural  eco- 
nomy, are  remarkable  for  die  fiind  of  intelligence 
which  they  contain. 

HoBTUs  Siccus.    See  Natueal  Histobt. 

Hospital  ;  a  building  appropriated  for  the  recep- 
tion of  sick,  infirm,  and  helpless  persons,  who  are 
supported  and  nursed  b^  charity ;  also  a  house  for 
the  reception  of  sick  or  insane  persons,  or  an  esta- 
Uishment  for  seamen,  soldiers,  foundlings,  &c.,  who 
are:  supported  by  charity.  Hospitals  for  the  sick 
and  wounded,  and  also  those  for  the  poor  or  infirm, 
were  wholly  unknown  among  the  ancients.  In 
Athens^  those  who  had  suffered  in  the  public  service 
were  fed  in  ti&e  prftaneum,  but  there  was  no  asylum 
for  them  in  case  of  sickness.  In  Sparta,  where  all 
the  cttiaens  ate  together,  there  was  no  institution  for 
the  sick.  In  Rmne,  neither  Numa  nor  Servius, 
neither  the  consuls  nor  the  emperors,  thought  of 
making  any  provision  for  the  poor  or  the  infirm. 
The  first  establishment  of  hospitals  must  be  ascribed 
to  Christians ;  some  attempts  had  already  been  made 
by  them  in  Rome,  about  the  end  of  the  fourth  cen- 
tury. Fabiola,  a  pious  Roman  lady,  established  an 
institution  for  receiving  poor  and  sick  persons ;  and, 
after  the  establishment  of  Christianity,  the  emperors 
at  Constantinople  built  many  hospitals  for  poor 
inCunts,  for  aged  people,  lor  orphans*  for  strangers, 
&c  llie  Emperor  Julian  attrtboted  the  rapid  pro- 
gress of  the  Christian  religi<ai,  in  great  part,  to  these 
charitable  institutions,  and  proposed  to  imitate  ti&e 
example  of  the  Chnstians  in  his  attempts  to  restore 
paganism.  Piety  impelled  many  individuals  to  ^>- 
propriate  a  part  of  their  funds  to  religious  and  cha- 
ritable purposes.  Institutions  thus  formed  were  of 
great  benefit  to  the  sick  poor,  but  soon  became 
liable  to  abuses.  The  funds  devoted  to  charitable 
purposes  were  alienated,  and  the  monastic  institu- 
tions with  which  they  were  connected  were  con- 
taminated with  looseness  and  extravagance. 

In  Catholic  countries,  the  hospitals  are  generally 
attended  by  nuns,  sisters  of  mercy,  &c.,  of)  whom  I 
even  Voltaire  says  that  there  is  nodiing  nobler  than  I 


die  sight  of  delicate  females  sacrifidng  beasty,  joatk, 
often  wealth  and  rank,  to  devote  themsehres  to  tiba 
relief  of  human  miseries,  under  the  moat  revoUing 
forms.  Ho^pitalft  are  an  honour  to  the  nations  of 
Europe.  In  less  civilized  countries,  we  find  them  to 
be  frightful  abodes  of  misery.  Tlie  plague  koapitBl 
at  Alexandria*  described  by  Madden,  or  the  insane 
hospital  at  Cairo,  presents  a  scene  of  horrors  not 
inferior  to  Dante's  description  of  the  feverish  people, 
one  above  the  odier,  in  hb  Ii^ferm,  If  possible,  it 
is  best,  in  infirmaries,  to  separate  certain  patients. 
Thus,  in  all  populous  cities  there  should  be  an  hospital 
for  incurables.  It  is  never  adviuible  to  have  tht  in- 
sane hospital  nor  the  lying-in  hospital  connected  with 
others ;  still  less,  as  is  the  case  in  many  piaoes  in  En- 
rope,  to  connect  the  workhouses  and  the  hospitals. 
In  Paris  there  are  thirty-two  hospitak:  in  London 
about  the  same  number.  Those  m  France^  Russia, 
and  TuiiLey,  are  supported  by  government. 

The  name  of  kSijplUal  is  generally  applied  to  the 
establishments  for  the  sick,  and  that  of  koapiee  to 
those  in  which  the  aged,  children,  and  infirm  people, 
are  received.  More  than  15,000  beds  are  made  up  at 
these  different  establishments,  and  the  annual  expen- 
diture is  very  considerable.  From  40,000  to  50,000 
persons  are  annually  accommodated  in  MpUamx, 
or  about  4000  at  a  time.  The  hotpiem  generally 
contain  nearly  10,000  persons  at  the  same  time. 
The  hospitab  of  Paris  are  usually  dean  and  in 
good  order,  for  whtch  they  are  indebted  to  the  memn 
de  la  ekariii,-'who  wait  upon  the  sick,  and  nurae 
them  with  the  greatest  care.  They  are  not  always 
favourably  situated,  being  often  too  much  confined. 

The  H6tel  de$  InvaUdea  is  destined  for  military 
veterans,  and  contains  7000  men.  It  has  a  library 
of  20,000  vohimes.  The  Hotel  Dim  is  the  most 
ancient  hospital  in  Paris,  and  is  situabed  in  the  most 
populous  part  of  the  citv.  Before  the  revolution, 
5000  sick  were  here  huddled  togedier  in  1400  beds ; 
but  several  monasteries  were  then  converted  into 
hospitab,  and  lying-in  women,  scrofolous  patients, 
lunatics,  childr^,  &c.,  who  had  all  been  crowded 
together,  were  separated,  and  placed  in  different 
establishments.  The  Hoipice  de  la  Salpitriire  gene- 
rally contains  several  thousand  poor  women,  who  aie 
kept  at  work.  In  one  part  is  a  prison  for  prostitutes. 
The  Hdpital  de  la  CkariU  receives  only  men  attacked 
by  acute  diseases ;  the  HipUal  St.  Louia  is  used  as 
a  pest-house ;  the  Hospice  dea  E9{fa$tt9  Trowfia  is  for 
foundlings,  about  6000  of  whom  are  annually  bom 
or  received  in  it ;  the  Hoapiee  de  VAoooudkememt  re- 
ceives  about  3000  women  annually. 

Among  the  hospitals  in  London  and  ito  vicinity 
are  the   Foundling;  Hospital;  the  Magdalen  Hos- 
pital, for  reclaiming   prostitutes;   the   Greenwich 
Hospital  and  Naval  Asylum.     The  Chelsea  Hos- 
pital b  appropriated  for  the  reception  of  sick  and 
superannuated  soldiers ;  the  number  of  pensioners 
is  about  400,  besides  the  out  or  extraordmary  pen- 
sioners.    The  principal  hospitals  for  the  reception 
of  sick  persons  in  the  metropolis  are  St.  Thomas's, 
Guy's,  St  Bartholomew's,  St.  George's,  the  London, 
the  Westminster,  and  Middlesex.    The  whole  of  thess 
establishments  are  easy  of  access,  and  noble  monu- 
ments of  the  real  Chrbtian  feeling  of  their  founders. 

Hoapital  Fever  is  a  malignant  form  of  fever,  whkh 
has  received  this  titb  from  its  being  most  frequently 
met  with  in  places  of  thb  sort,  especially  in  military 
and  other  large  hospitals^  where  many  men  are  shut 
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n^  in-  a  small  space  and  in  dose- air.  Under  tnch 
circumstances*  almost  any  fever  will  assume  a  more 
malignant  character^  and  become  more  or  less  con- 
tagious. The  causes  of  common  hospital  fever  are 
to  be  found  in  the  want  of  good  and  wholesome 
provisions,  fatigue,  care,  and  anxiety,  and,  more  es- 
pecially, the  corruption  of  the  air,  which  is  always 
produced  by  many  men  living  in  even  a  large  build- 
ing, or  by  fewer,  if  shut  up  in  a  small  space ;  and 
these  causes  are  found  to  produce  this  eifect  not  only 
upon  the  soldier,  but  upon  the  poor  of  all  kinds  and 
in  all  places. 

A  similar  disease  is  developed  among  those  confined 
in  prisons  and  ships,  and  among  the  inhabitants  of 
damp,  narrow  huts,  and  b  called  gaol,  »kip,  or  typhus 
/ever.  The  common  fever,  which  often  prevails  un- 
der the  last  name,  has  not,  indeed,  all  the  character- 
istics of  this  form  of  fever,  although  it  easily  assumes 
them.  The  hospital  fever  is  only  a  high  degree  of 
that  form  of  disease  which  is  usually  called  a  putrid, 
or  putrid  nervous  fever ;  that  is,  a  fever  with  dimi- 
nished power  and  action  of  the  whole  nervous  system, 
llie  contagion  produced  by  hospital,  or  putrid  fever, 
is  capable  of  producing  fever  in  others,  although  the 
fever  so  produced  is  onen  of  a  different  character  and 
appearance ;  and  it  should  be  remarked  that  it  al- 
most ceases  to  be  contagious  by  a  removal  to  a  pure 
air  and  well-ventilated  apartments. 

The  form  assumed  by  the  disease  b  much  affected 
by  the  general  state  of  the  weather,  and  by  the  con- 
stitution of  the  individual.  In  strong,  young,  well- 
fed,  and  full-blooded  persons,  in  whom  the  arte- 
rial system  is  full,  and  an  inflammatory  disposition 
rnuch  developed  by  stimulating  drinks,  or  a  dry,  cold 
air,  which  is  very  favourable  to  inflammation,  an  in- 
flammatory excitement  of  the  whole  nervous  system 
takes  place,  which  may  even  run  to  the  height  of  an 
inflammation  of  the  brain,  with  delirium,  &c.  In 
others,  who  have  been  much  reduced  by  bad  diet,  and 
by  exposure  to  warm,  moist  weather,  a  gastric  form 
of  fever  is  developed,  attended  also  with  violent  ner- 
vous symptoms.  If  it  happens  to  seize  persons  in 
whom  the  neryous  and  circulatory  systems  are  much 
debilitated  by  any  oif  the  causes  above  named,  a  fever 
more  like  the  true  hospital  fever  is  produced,  which 
18  termed  a  typhus,  putrid,  or  a^^fnamic  fever.  In  truth 
"wc  scarcely  ever  see  a  form  of  this  fever  which  is  quite 
unmixed,  but  all  the  forms  pass  into  each  other, 
w^ith  innumerable  shades  of  accidental  difference, 
mrising  from  difference  of  the  parts  most  affected,  &c. 
It  will  therefore  be  at  once  evident  that  no  universal 
mode  of  treatment  can  be  laid  down,  but  that  the 
treatment  must  be  varied  according  to  the  causes  of 
the  disease,  the  state,  constitution,  and  previous  ha- 
bits of  die  sick,  &c.,  and  according  to  the  changes 
which  aro  constantly  occurring  in  the  course  of  the 
disease.  The  most  important  modes  of  guarding 
against  the  hospital  fever  are — ^to  remove  the  causes 
of  it,  to  purify  the  air,  to  improve  the  nourishment, 
ililowing  a  generous  diet,  and  to  prevent  the  sick  from 
being  accumulated  in  great  numbers  in  one  apart- 
ment. The  wards  or  rooms  in  which  they  are  or 
have  been  collected  should  be  purified  by  the  va- 
pours of  strong  mineral  acids,  which  are  easily  ob- 
tained by  nuxing  common  salt  with  black  oxide  of 
xxumganese  in  a  vessel  of  any  sort,  and  then  stirring 
into  it  a  portion  of  oil  of  vitriol  or  sulphuric  acid. 
But,  above  all,  the  rooms  should  be  well  ventilated, 
and  the  clothes  v  <  all  kinds  should  be  changed  daily. 


Houn;  the  twenty-fourth  port  of  a  day.  In 
many  countries,  the  hours  are  counted  fVom  midnight, 
and  twelve  hours  are  twice  reckoneid.  But  m  some 
parts  of  Italy  twenty-foor  hours  are  counted,  begin* 
ning  with  sunset,  so  that  noon  and  midnight  are  every 
day  at  different  hours.  £aeh  hour  is  divided  into 
sixty  minutes,  these  into  sixty  seconds,  these  into 
sixt^  thirds,  &c.  Many  nations  are  totally  unac- 
quamted  with  the  division  of  the  day  into  twenty- 
four  equal  parts  ;  with  others,  the  hours  of  the  (na- 
tural) day  are  longer  or  shorter  than  those  of  the 
night.  (See  SinjBaiuL  Timb.)  The  fixed  stars  com- 
plete their  apparent  revolution  round  the  earth  in- 
twenty- four  hours  of  sidereal  time,  and  therefore  pass 
through  360  degrees  in  twenty-four  hours,  or  fifteen 
degrees  in  one  hour.  If  we  suppose  two  observers 
fif^en  degrees  of  longitude  distant  from  each  other, 
one  of  them  has  the  fixed  star  one  hour  of  sidereal 
time,  or  the  sun  one  hour  of  solar  time,  later  in  his 
meridian  than  the  other.  Meridians  are  thence  called 
howr-circles,  or  horary  ctrcfes,  by  which  name  they 
are  known  in  dialling.  A  horary  angle  is  that  angle 
which  any  hour-circle  makes  with  the  meridian  of 
the  observer.  If,  for  instance,  it  is  10  o'clock  A.  M. 
according  to  the  sun-dial  at  the  place  of  observation, 
and  the  sun  is  therefore  two  hours  distant  from  the 
meridian,  its  hour-circle  makes  an  angle  of  30P  with 
the  meridian. 

Howitzer  ;  a  piece  of  ordnance  which  ranks  mid- 
way between  the  cannon  and  mortar.  .  It  is  mounted 
upon  a  carriage,  and  throws  its  grenades  in  a  curve 
approaching  a  horizontal  line  (at  the  highest  16^. 
llie  arrangement  of  the  chamber,  and  the  extensive 
range  of  the  piece,  resemble  those  of  the  mprtar. 
The  length  of  the  tube  amounts  to  six  times  the 
caliber.  The  howitzer  is  used  to  tlirow  grenades, 
case-shot,  and  sometimes  fire-balls.  Its  principal 
object,  however,  is  the  discharge  of  grenades.  Th>opa 
upon  an  open  plain,  who  are  secure  from  the  fire  of 
cannon,  can  be  reached  and  injured  by  the  discharge 
and  bursting  of  grenades.  By  the  same  means  yU- 
lages  and  towns  can  be  set  on  fire,  and  garrisons  dis- 
lodged from  their  works.  Howitzers  are  of  German 
invention,  and  bore,  originally,  the  name  of  Ha^fenitx, 
when  they  were  loaded,  with  old  nails,  broken  glass, 
&c.  From  thence  is  derived  the  French  obusier,  and 
the  English  howitzer. 

Humoral,  in  medicine ;  what  has  relation  to  the 
humours  or  fluids  of  the  system.  The  humoral  pa- 
thology is  a  medical  theory  which  long  prevailed,  and 
attributed  all  diseases  to  irregular  changes  in  the  fluid 
parts  of  the  body,  without  assigning  any  influence  to 
the  state  of  the  solids.  The  opposite  theory  is  that 
which  refers  every  thing  to  the  nervous  energy  re* 
sident  in  the  solids,  and  considers  diseases  as  arising 
from  irregularities  in  their  functions.  The  humoral 
pathology  is  exposed,  in  nuiny  ways,  to  the.  objection 
that  it  rests  on  hypothesis,  and  is  very  partial  ii^  its 
views.  The  views  of  the  adherents  of  this  thepry 
have  differed  continually,  with  the  progress  of  know- 
ledge, from  the  days  of  Hippocrates  and  Galen,  its 
great  supporters,  down  to  very  late  times.  The  ner- 
vous paUiology  is  also  liable  to  the  objection  of  being 
of  a  partial  and  hypothetical  character.  Of  late,  the 
two  systems  have  been  blended,  and  both  fluids  and 
solids  allowed  a  share  in  the  changes  of  the  body. 

HuRRicANs ;  a  violent  tempest  of  wind,  attended 
with  thunder  and  lightning,  and  rain  or  hail.  Ifur- 
ricanes  appear  to  have  an  electric  origin :  at  the  mo- 
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meatthkt  the  electric  ^ark  produces  a  combination 
of  oxygen  and  hydrogen,  a  codden  fall  of  rain  or  hail 
is  thus  occasioned,  and  a  yacuum  formed,  into  which 
the  circumambient  air  rushes  with  great  rapidity  from 
all  directions.  The  West  Indies,  the  Isle  of  France,  and 
the  kingdoms  of  Siam  and  China,  are  the  countries 
most  subject  to  dieir  ravages.  What  are  called  hur- 
ricanes, in  the  more  northern  latitudes,  are  nothing 
but  strong  whiHwinds,  occasioned  by  the  meeting  of 
opposite  currents.  But,  in  the  real  hurricane,  all  the 
elements  seem  to  have  armed  themselves  for  the 
destruction  of  human  labours,  and  of  nature  herself: 
the  velocity  of  the  wind  exceeds  that  of  a  cannon 
ball;  com,  vines,  sugar-canes,  forests,  houses,  every 
thing  is  swept  away.  The  hurricane  of  the  temperate 
lone  moves  with  a' velocity  of  about  sixty  feet  a  se- 
cond ;  those  of  the  torrid  zone,  from  150  to  300  feet 
ia  the  same  time.  They  begin  in  various  ways ; 
sometimes  a  little  black  cloud  rolls  down  the  moun- 
tains, and  suddenly  unfolds  itself  and  covers  the 
whole  horiton ;  at  others,  the  storm  comes  on  in  the 
shape  of  a  fiery  cloud,  which  suddenly  appears  in  a 
calm  and  serene  sky. 

Hydraulics  ;  that  branch  of  hydrodynamics  which 
has  for  its  object  the'  investigation  of  the  motions  of 
liquids,  the  means  by  which  they  are  produced,  the 
laws  by  which  they  are  regulated,  and  the  force  or 
effect  which  they  exert  against  themselves  or  against 
solid  bodies.  This  subject  naturally  divides  itself  into 
three  heads:  1.  the  effects  which  take  place  in  the 
natural  flowing  of  fluids  through  the  various  ducts  or 
channels  which  convey  them ;  2.  the  artificial  means 
at  producing  motion  in  fluids,  and  destroying  their 
natural  equilibrium  by  means  of  pumps  and  various 
hydraulic  engines  and  machines ;  and,  3.  the  force 
and  power  which  may  be  derived  from  fluids  in  mo- 
tion, whether  that  motion  be  produced  naturally  or 
artificially.  The  particles  of  fluids  are  found  to  flow 
o^rer  or  amongst  each  other  with  less  fViction  than 
CHrer  solid  substances ;  and,  as  each  particle  is  under 
the  influence  of  gravitation,  it  follows  that  no  quan- 
tity of  homogeneous  fluid  can  be  in  a  state  of  rest, 
unless  every  part  of  its  surface  is  on  a  level,  that  is, 
not  a  level  plane,  but  so  far  convex  as  that  every  part 
of  the  surface  may  be  equally  distant  from  tiie  centre 
of  die  earth.  As  the  particles  of  all  liquids  gravitate, 
any  vessel  containing  a  liquid  will  be  drawn  towards 
the  earth  with  a  power  equivalent  to  the  weight  it 
contains,  and  if  the  quantity  of  the  fluid  be  doubled, 
tripled,  &c.,  the  gravitating  mfluence  will  be  doubled, 
tripled,  &c.  The  pressure  of  fluids  is,  therefore, 
simply  as  their  heights, — a  circumstance  of  great  im- 
portance in  the  construction  of  pumps  and  engines  for 
raising  water.  As  liquids  gravitate  independently. 
If  a  hole  be  made  in  the  bottom  of  the  vessel,  tde 
liquid  will  flow  out,  those  particles  directly  over  the 
hole  being  discharged  first.  Their  motion  causes  a 
momentary  vaeuuro,  into  which  the  particles  tend  to 
flow  from  all  directions,  and  thus  the  whole  mass  of 
the  water,  and  not  merely  the  perpendicular  column 
above  the  orifice,  is  set  in  motion.  If  the  liquid  fall 
perpendiculariy,  its  descent  will  be  accelerated  in  the 
same  manner  as  that  of  falling  solid  bodies.  When 
water  flows  in  a  current,  as  in  rivers,  it  is  in  conse- 
quence of  the  inclination  of  the  channel,  and  its 
motion  is  referable  to  that  of  solids  descending  an 
inclined  plane ;  but,  from  want  of  cohesion  among  its 
particles,  the  motions  are  more  irregular  than  those 
of  solids,  and  involve  some  difficult  questions.    The 


friction  between  a  solid  and  the  surface  on  whids  ft 
moves  can  be  accurately  ascertained ;  but  this  is  not 
the  case  with  liquids,  one  part  of  which  may  be 
moving  rapidly  and  another  slowly,  while  anotber  is 
stationary.  This  is  observable  in  rivers  and  pipes, 
where  the  vrater  in  tlie  centre  moves  with  greater 
rapidity  than  at  the  sides,  so  that  a  pipe  do^  not 
discharge  as  much  water  in  a  given  time,  in  propor- 
tion to  its  magnitude,  as  theoretical  calculation  would 
lead  us  to  suppose.  As  water,  in  descending,  follows 
the  same  laws  as  other  falling  bodies,  its  motion  will 
be  accelerated ;  in  rivers,  therefore,  the  velocity  and 
quantity  discharged  at  different  depths  would'  be  as 
the  square  roots  of  those  depths,  did  not  the  friction 
against  the  bottom  check  the  rapidity  of  the  flow, 
llie  same  law  applies  to  the  spouting  of  water  through 
jets  or  adjutages.  Thus,  if  a  hole  be  made  in  the  side 
of  a  vessel  of  water,  the  water  at  this  orifice,  whidi 
before  was  only  pressed  by  the  simple  weight  of  tbft 
perpendicular  column  above  it,  will  be  pressed  by  tiie 
same  force  as  if  the  water  were  a  solid  body  descend- 
ing from  the  surface  to  the  orifice ;  that  is,  as  the 
square  root  of  the  distance  of  these  two  points ;  and, 
in  the  same  way,  water  issuing  from  any  other  ori- 
fices, vrill  run  in  quantities  and  velocities  propor- 
tionate to  the  square  root  of  their  depths  below  the 
surface.  Now,  the  quantity  of  water  spouting  from 
any  hole,  in  a  given  time,  must  be  as  the  velocity  witii 
which  it  flows :  af,  therefore,  the  hole  c,  fig.  5,  Piaie  L, 
be  four  times  as  deep  below  the  surface  as  a  hole,  s,  it 
fbllows  that  c  will  discharge  twice  as  much  water  in  a 
given  time  as  a,  because  two  is  the  square  root  of  four. 
A  hole,  h,  in  the  centre  of  such  a  column  of  water  win 
project  the  water  to  the  greatest  horizontal  distance 
(or  range),  which  will  be  equal  to  twice  the  length  of 
ihe  column  of  which  the  orifice  is  the  centre.  In  like 
manner,  two  jets  of  water,  spouting  from  holes  at 
ec^ual  distances  above  and  below  the  central  orifice, 
will  be  thrown  equal  horizontal  distances.  The  path 
of  the  spouting  liquid  will  always  be  a  parabola*  be- 
cause it  is  impelled  by  two  forcesj  the  one  horizontal, 
and  the  other  perpendicular. 

Fountains  owe  their  operation  to  the  weight  or 
pressure  of  a  column  of  water,  and  the  Jet  d'eam 
shown  Hi  fig.  3  acts  on  this  principle.  The  support 
of  a  ball  on  a  simple  column  of  water  may  be  best 
understood  by  a  reference  to  fig,  4.  The  ascending^ 
column  of  water  carries  with  it  a  stream  of  air,  re- 
presented by  the  arrows,  which  completely  encloses 
the  fluid,  and  the  ball  has  a  species  of  oscillatory 
balance,  continually  revolving  round  the  centre  of 
the  jet. 

Pipes  for  the  conveyance  of  water  are  usually 
arranged  on  very  imperfect  principles.  It  must  be 
obvious  that  fluids  will  flow  most  freely  throu^  a 
straight  pipe ;  but,  as  there  are  many  cases  in  whidi 
water  must  be  conveyed  in  an  angular  direction,  the 
workman  should  always  form  the  pipe  with  as  large 
a  sweep  or  curve  as  possible.  Ftg.  6  shows  the  two 
forms  ;  a  being  the  best,  and  h  the  worst.  It  might, 
at  first  view,  be  supposed  that  the  expansion  at  c  was 
advantageous  to  the  passage  of  the  water ;  but,  so 
far  from  this  being  the  case,  it  would  be  considerably 
retarded  by  it,  as  the  pipe  should  be  as  nearly 
straight  as  possible. 

The  second  division  of  the  subject,  mentioned  in 
the  beginning  of  this  article,  is  of  the  greatest  prac- 
tical utility,  as  embracing  an  account  of  the  various 
pumps  and  machines  which  have  been  employed  to 
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ruM  wtter ;  mnd,  naraerons  ts  thcM  may  appear,  it 
will  be  laaod  that  they  may  all  be  comprehended 
mtdcr  fonr  general  li^i;  I.  those  machines  in 
vhich  water  is  lifted  in  vtssets  by  the  application  of 
some  mechanical  force  to  them.  The  earlier  by- 
dfanlic  machines  weie  cotutrucled  on  thb  principle, 
which  is  the  Bimplest;  such  as  the  Persian  wheel, 
consisting  of  apright  buckets  attached  to  the  rim  of  a 
wfaeet,  moTtng  in  a  reservoir  of  water ;  the  buckets 
are  filled  at  bottom  as  they  pass  through  the  water, 
and  emptied  at  top,  so  that  the  water  is  laiBed  to  a 
beight  equal  to  the  diameter  of  the  wheel. .  The 
wheel  may  be  turned  by  living  power,  or,  if  in  running 
water,  by  fastening  float-boards  to  the  circumference. 
Tlie  Archimedian  screw,  the  bucket-engine  or  chain- 
pomp,  and  the  rope-pnmp  of  Vera,  are  modifications 
of  the  same  principle.  2.  The  next  class  of  ma- 
chines are  those  in  which  the  water  is  raised  by  the 
pressure  of  the  atmosphere,  and  comprises  all  those 
machines  to  which  the  name  of  pvmp  is  more  par- 
ticularly applied.  (See  Puup.)  These  act  entirely 
by  removing  the  pressure  of  the  atmosphere  from  the 
surface  of  the  water,  which  may  thus  be  raised  to 
the  height  of  about  thirty-two  feet.  Whenever  it 
becomes  necessary  to  raise  water  to  greater  heights, 
the  third  class  of  machines,  or  those  which  act  by 
compression  on  the  water,  either  immediately  or  by 
the  intervention  of  condensed  air,  ore  employed.  All 
pumps  of  this  description  are  called  forcing-pumpt. 
Although  atmospheric  pressure  is  not  necessary  in 
the  constmcticin  of  forcing'pumps,  it  Is,  in  most 
cases,  resorted  to  for  raising  the  water,  in  the  first 
place,  into  the  body  of  the  pump,  whsK  the  forcbg 
ocdon  takes  place.  In  machines  of  this  kind,  the 
water  may  be  raised  to  any  height. 

In  the  accompanying  dia- 
gram are  shown  two  forms 
of  the  sucking-pump.  This 
species  of  pomp  acts  bv  the 
pressare  of  the  atmospnere, 
and  consists  of  a  cylinder 
famished  with  a  piston 
mAde  to  fit  air-tight.  When 
the  piston  is  raised,  a  va- 
cuum is  formed  in  the  tube 
beneath,  and  the  water 
raised  by  the  pressure  of 
the  air.  On  depressing  the 
piston,  the  water  passes 
through  a  valve  or  trap- 
door placed  in  the  centre; 
and  on  the  second  elevation 
the  water  is  forced  to  the  : 
top  of  the  pnmp-barrel.  To  ! 
prevent  the  water  returning 
to  the  well  when  the  piston  is  deprcMed,  a  vahe 
Bimilar  to  that  in  the  piston  is  placed  at  the  bottom 
of  the  pomp. 

The  force-pump  is  of  more  general  application 
than  the  one  already  described.  It  consists  of  a  cy- 
linder and  piston  as  in  the  former  case,  but  the  latter 
is  constructed  without  a  valve.  In  the  right-hand 
figure  of  the  following  engraving,  the  piston  sucks 
the  water  by  its  upward  motion,  but.  on  depressing 
it,  the  water  passes  by  the  side-pipe  and  enters  the 
air  veMel.  The  pipe  placed  in  the  centre  serves  to 
diacharge  the  water,  and  the  air  by  its  elasticity  en- 
Hirea  a  continoous  flow.  In  the  left-lumd  figure,  the 
piston  is  pierced  for  a  valve,  which  would  be  too 
Art*  fc  SciBNCBB. — Vol.  I. 


small  to  be  indicated  in  the  engraving,  and,  when  the 
water  is  above  the  piston,  it  Is  discharged  by  the  air- 
vessel  placed  at 
the  top,  OS  in  the 
former  case.  In 
this  arrangement 
of  the  pump,  the 

raised  to  any  re- 
quired height. 
The  fourth  class 
of  hydraulic  ma- 
chines for  rais- 
ing water  con- 
sists of  such  en- 
gines as  act  either  < 
by  the  weight  of 
a  portion  of  the 
water  which  they 

that  con  be 
used  for  such  pur- 
pose, or  by  its  centrifugal  force,  momentum,  or  other 
natural  powers  ;  aod  this  class,  therefore,  inclndea 
some  very  beautiful  end  truly  philosophical  con- 
trivances, too  numerous  for  us  to  describe ;  the 
Hungarian  machine,  the  centrifugal  pump,  and  the 
water-ram,  ore  among  thenumber.  SeeW&TKB-RAM. . 
The  third  general  division  of  the  subject  relates  to 
the  means  by  which  motion  and  power  may  be  ob- , 
tained  from  liquids,  and  includes  the  general  con- 
sideration of  water-wheels  and  other  contrivances 
for  moving  machinery.  Motion  is  generally  obtained 
from  water  either  by  exposing  obstacles  to  the  action 
of  it*  current,  as  in  water-wheels,  or  by  arresting 
it*  progress  in  movable  buckets,  or  receptacles  which 
retain  it  during  a  part  of  its  descent.  Water-wheels 
have  three  denominations,  depending  on  their  par- 
ticular construction,  on  the  manner  in  whidi  they 
are  set  or  used,  and  on  the  manner  in  which  the- 
water  is  made  to  act  upon  them;  but  all  water- 
wheels  consist,  in  common,  of  a  hollow  cylinder  or 
drum,  revolving  on  a  central  aile  or  spindle,  from 
which  the  power  to  be  used  is  communicated,  while 
their  extenor  surface  is  covered  with  vanes,  float- 
boards,  or  cavities,  upon  which  the  water  is  to  act. 
The  undershot- wheel  is  the  oldest  construction  oi 
this  kind:  it  is  merely  a  wheel,  fiimished  with  %. 
series  of  plane  surfaces,  or  floats,  projecting  from  its 
circumference,  for  the  purpose  of  receiving  the  im- 
pulse of  Ihewater,  which  is  delivered  under  the  wheel. 
As  it  acts  chiefly  by  the  momentum  of  the  water, 
the  positive  weight  of  which  is  scarcely  called  into 
action,  it  is  proper  to  be  used  only  where  there  is  a 
great  supply  of  water  always  in  motion.  It  is  the 
cheapest  of  all  water-wheels,  and  is  more  applicable 
to  rivers  in  their  natural  state  than  any  oUier  form 
of  the  wheel ;  it  is  also  useful  in  tide-cnrrents,  where 
the  water  sets  in  opposite  directiona  at  diflerent 
times,  because  it  receives  the  impulse  equally  well  on 
either  side  of  its  floats.  In  the  over-shot  wheel,  the- 
circumference  is  furnished  with  a  scries  of  cavitiesor 
buckets,  into  which  the  water  is  delivered  fVom  above, 
and  is  of  course  more  powerful. 

Fig.  8,  Piatt  I.,  exhibits  a  very  simple  mode  of  em- 
ploying a  small  stream  of  water,     ab  c  represents  a 
lever,  supporting  the  bucket  t.     Any  smalt  stream  of 
water  max  be  allowed  to  flow  into  this  bucket :  and, 
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meatthkt  the  electric  spark  produces  a  coodbinatioii 
of  oxygen  and  hydrogen,  a  sudden  fall  of  rain  or  hail 
is  thus  occasioned,  and  a  yacuum  formed,  into  which 
the  circumambient  air  rushes  with  great  rapidity  from 
all  directions.  The  West  Indies,  the  Isle  of  France,  and 
the  kingdoms  of  Siam  and  China,  are  the  countries 
most  subject  to  dieir  ravages.  What  are  called  hur- 
ricanes, in  the  more  northern  latitudes,  are  nothing 
but  strong  whiiiwinds,  occasioned  by  the  meeting  of 
opposite  currents.  But,  in  the  real  hurricane,  all  the 
elements  seem  to  have  armed  themselves  for  the 
destruction  of  human  labours,  and  of  nature  herself: 
the  velocity  of  the  wind  exceeds  that  of  a  cannon 
ball ;  com,  vines,  sugar>canes,  forests,  houses,  every 
thing  is  swept  away.  The  hurricane  of  the  temperate 
lone  moves  with  a  velocity  of  about  sixty  feet  a  se- 
cond ;  those  of  the  torrid  zone,  from  150  to  300  feet 
ia  the  same  time.  They  begin  in  various  ways ; 
sometimes  a  little  black  cloud  rolls  down  the  moun- 
tains, and  suddenly  unfolds  itself  and  covers  the 
whole  horizon ;  at  others,  the  storm  comes  on  in  the 
shape  of  a  fiery  doud,  which  suddenly  appears  in  a 
calm  and  serene  sky. 

H  Y  DRAtJLics ;  that  branch  of  hydrodynamics  which 
has  for  its  object  the'  investigation  of  the  motions  of 
liquids,  the  means  by  which  they  are  produced,  the 
laws  by  which  they  are  regulated,  and  the  force  or 
effect  which  they  exert  against  themselves  or  against 
solid  bodies.  Tlus  subject  naturally  divides  itself  into 
three  heads:  1.  the  effects  which  take  place  in  the 
natural  flowing  of  fluids  through  the  various  ducts  or 
channels  which  convey  them ;  2.  the  artificial  means 
a(  producing  motion  in  fluids,  and  destroying  their 
natural  equtlibnum  by  means  of  pumps  and  various 
hydraulic  engines  and  machines ;  and,  3.  the  force 
and  power  which  may  be  derived  from  fluids  in  mo- 
tion, whether  that  motion  be  produced  naturally  or 
artificially.  The  particles  of  fluids  are  found  to  flow 
over  or  amongst  each  other  vrith  less  friction  than 
CHrer  solid  substances ;  and,  as  each  particle  is  under 
the  influence  of  gravitation,  it  follows  that  no  quan- 
tity of  homogeneous  fluid  can  be  in  a  state  of  rest, 
unless  every  part  of  its  surface  is  on  a  level,  that  is, 
not  a  level  plane,  but  so  far  convex  as  that  every  part 
of  the  surface  may  be  equally  distant  from  tiie  centre 
of  die  earth.  As  the  particles  of  all  liquids  gravitate, 
any  vessel  containing  a  liquid  will  be  drawn  towards 
the  earth  v/ith  a  power  equivalent  to  the  weight  it 
contains,  and  if  the  quantity  of  the  fluid  be  doubled, 
tripled,  &c.,  the  gravitating  mfluence  will  be  doubled, 
tripled,  &c.  The  pressure  of  fluids  is,  therefore, 
simply  as  their  heights, — ^a  circumstance  of  great  im- 
portance in  the  construction  of  pumps  and  engines  for 
raising  water.  As  liquids  gravitate  independently, 
if  a  hole  be  made  in  the  bottom  of  the  vessel,  the 
liquid  will  flow  out,  those  particles  directly  over  the 
hole  being  discharged  first.  Their  motion  causes  a 
momentary  vacuum,  into  which  the  particles  tend  to 
flow  from  all  directions,  and  thus  the  whole  mass  of 
the  water,  and  not  merely  the  perpendicular  column 
above  the  orifice,  is  set  in  motion.  If  the  liquid  fall 
perpendiculariy,  its  descent  will  be  accelerated  in  the 
same  manner  as  that  of  falling  solid  bodies.  When 
water  flows  in  a  current,  as  in  rivers,  it  is  in  conse- 
quence of  the  inclination  of  the  channel,  and  its 
motion  is  referable  to  that  of  solids  descending  an 
inclined  plane ;  but,  from  want  of  cohesion  among  its 
particles,  the  motions  are  more  irregular  than  those 
of  solids,  and  involve  some  difficult  questions.    The 


friction  between  a  solid  and  the  surface  oa  which  H 
moves  can  be  accurately  ascertained ;  btit  this  is  not 
the  case  widi  liquids,  one  part  of  whidi  may  be 
moving  rapidly  and  another  slowly,  while  aootber  h 
stationary.  This  is  observable  in  rivers  and  pipes, 
where  the  vrater  in  the  centre  moves  with  greater 
rapidity  than  at  the  sides,  so  that  a  pipe  does  not 
discharge  as  much  vrater  in  a  given  time,  in  propor- 
tion to  its  magnitude,  as  theoretical  calculation  wooki 
lead  us  to  suppose.  As  water,  in  descending,  follows 
the  same  laws  as  other  falling  bodies,  its  motion  will 
be  accelerated ;  in  rivers,  therefore,  the  velocity  and 
quantity  discharged  at  different  deptiis  would'  be  as 
me  square  roots  of  those  depths,  did  not  the  friction 
against  the  bottom  check  the  rapidity  of  the  flow. 
Tike  same  law  applies  to  the  spouting  of  wato*  thro^igh 
jets  or  adjutages.  Thus,  if  a  hole  be  made  in  the  Mt 
of  a  vessel  of  water,  the  vrater  at  this  orifice,  whici 
before  was  only  pressed  by  the  simple  weight  of  the 
perpendicular  column  above  it,  wQl  be  pressed  by  the 
same  force  as  if  tiie  water  were  a  solid  body  descend- 
ing from  the  surfeure  to  the  orifice ;  that  is,  as  the 
square  root  of  the  distance  of  these  two  points ;  and, 
in  the  same  way,  water  issuing  from  any  other  ori- 
fices, vrill  run  in  quantities  and  velocities  propor- 
tionate to  the  square  root  of  their  depths  beu>w  the 
surface.  Now,  the  quantity  of  water  spouting  from 
any  hole,  in  a  given  time,  must  be  as  the  velocity  widi 
which  it  flows  :4f,  therefore,  the  hole  c,  fig,  5,  Plate  L, 
be  four  times  as  deep  below  the  surface  as  a  hole,  a,  it 
fbllows  that  c  will  discharge  twice  as  much  water  in  a 
given  time  as  a,  because  two  is  the  square  root  of  four. 
A  hole,  h,  in  the  centre  of  such  a  column  of  water  wQf 
project  the  water  to  the  greatest  horizontal  distance 
(or  range),  which  will  be  equal  to  twice  the  length  of 
the  column  of  which  the  orifice  is  the  centre.  £  like 
manner,  two  jets  of  water,  spouting  from  holes  at 
equal  distances  above  and  below  the  central  orifke, 
will  be  thrown  equal  horizontal  distances.  The  path 
of  the  spouting  liquid  will  always  be  a  parabola,  be- 
cause it  is  impelled  by  two  forces,  the  one  horizontal, 
and  the  other  perpendicular. 

Fountains  owe  their  operation  to  the  weight  or 
pressure  of  a  column  of  water,  and  the  jei  d'em 
shown  at^.  3  acts  on  this  principle.  The  support 
of  a  ball  on  a  simple  column  of  water  may  be  best 
understood  by  a  reference  to  fig,  4.  The  ascending 
column  of  water  carries  with  it  a  stream  of  air,  re- 
presented by  the  arrows,  which  completely  encloses 
the  fluid,  and  the  ball  has  a  species  of  oscillatory 
balance,  continually  revolving  round  the  centre  of 
the  jet. 

Pipes  for  the  conveyance  of  water  are  usually 
arranged  on  very  imperfect  principles.  It  must  he 
obvious  that  fluids  will  flow  most  freely  through  a 
straight  pipe ;  but,  as  there  are  many  cases  in  which 
water  must  be  conveyed  in  an  angular  direction,  tlie 
workman  should  always  form  the  pipe  with  as  large 
a  stpeep  or  curve  as  possible.  Fig,  6  shows  the  two 
forms  ;  a  being  the  best,  and  h  the  worst.  It  might, 
at  first  view,  be  supposed  that  the  expansion  at  c  was 
advantageous  to  the  passage  of  the  water ;  but,  so 
far  from  this  being  the  case,  it  would  be  considerably 
retarded  by  it,  as  the  pipe  should  be  as  nearly 
straight  as  possible. 

The  second  division  of  the  subject,  mentioned  in 
the  beginning  of  this  article,  is  of  the  greatest  prac- 
tical utility,  as  embracing  an  account  of  the  various 
pumps  and  machines  which  have  been  employed  to 
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raiw  water ;  and,  nniiMmMu  u  thcK  may  appear,  it 
will  be  foand  that  the^  ma;  all  be  comprehended 
mider  four  gcDenl  hcadi:  1.  those  machines  in 
which  water  it  lifted  in  veaacU  b;  the  application  of 
■ome  mechaniod  force  to  them.  The  earlier  hy- 
draulic machines  were  constructed  oa  this  principle, 
which  is  the  simpleat ;  suc^  aa  the  Periian  wheel, 
contiiting  of  npiigbt  buckets  attached  to  the  rim  of  a 
wheel,  moriag  in  a  reservoir  of  water ;  the  buckets 
are  filled  at  bottom  as  they  pass  through  the  water, 
and  emptied  at  top,  so  Uiat  the  water  is  raised  to  a 
height  equal  to  the  diameter  of  the  wheel. .  The 
wheel  maybe  tnmedbylivingpower.ar,  if  in  running 
water,  by  fastening  float- boards  to  the  circumfereuce. 
Hie  Archimedian  screw,  the  bucket- engine  or  chain- 
pump,  and  the  rope-pnmp  of  Vera,  are  modifications 
of  the  same  principle.  3.  The  neit  class  of  ma- 
chines are  those  in  which  the  water  is  raised  by  the 
pressure  of  the  atmosphere,  and  comprises  all  those 
machines  to  which  the  name  of  pmnp  is  more  par- 
ticularly applied.  (See  Pduf.)  Tliese  act  entirely 
by  removing  the  pressure  of  the  atmosphere  from  the 
surface  of  ike  water,  which  may  thus  be  raised  to 
the  height  of  about  thirty-two  feet.  Whenever  it 
becomes  necessary  to  raise  water  to  greater  heights, 
the  third  class  of  machines,  or  those  which  act  by 
compression  on  the  water,  either  immediately  or  bv 
the  intervention  of  condensed  air,  are  employed.  All 
pumps  of  this  description  are  called /orctn^-piinjM. 
Although  atmospheric  pressure  is  not  necessary  in 
the  GonstructiDn  of  forcing- pumps,  it  is,  in  most 
cases,  resorted  to  for  raising  the  water,  in  the  first 
place,  into  the  body  of  the  pump,  where  the  forcing 
acdon  takes  place.  In  machines  of  this  kind,  the 
water  may  be  raised  to  any  height- 
la  the  accompanying  dia- 
gram arc  shown  two  forms 
of  the  sucking-pump.  This 
spenes  of  pump  acts  by  the 
pressure  of  the  atmosphere, 
and  consists  of  a  cylinder 
furnished  with  a  piston 
made  to  fit  air-tight.  When 
the  piston  is  raised,  a  va- 
cnum  is  formed  in  the  tube 
beneath,  and  the  water 
rmised  by  the  pressure  of 
the  air.  On  depressing  the 
piston,  the  water  passes 
through  a  valve  or  trap- 
door placed  in  the  centre; 
and  on  the  second  elevation 
the  water  is  forced  to  the  : 
top  of  the  pump-barrel.  To  * 
prevent  the  water  returning 
to  the  well  when  the  piston 
einilar  to  that  in  the  piston  is 
of  the  pump. 

The  force-pump  is  of  more  general  application 
that)  the  one  alreajly  described.  It  consists  of  a  cy- 
linder and  piston  as  in  the  former  case,  but  the  latter 
is  constructed  without  a  valve.  In  the  right-hand 
figure  of  the  following  engraving,  the  piston  sucks 
the  water  by  its  upward  motion,  but,  on  depressing 
it,  the  water  Huses  by  the  side-pipe  and  enters  " 
air  vesael.  The  pipe  placed  in  the  centre  servet 
discharge  the  water,  and  the  air  by  its  elasticity  __ 
■area  a  continuous  flow.  In  the  left-hand  figure,  the 
piston  a  pierced  for  a  valve.  wWch  would  be  too 
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all  to  be  indicated  in  the  engraving,  and,  when  the 

ter  is  above  the  piston,  it  b  discharged  by  the  uir- 

sel  placed  at 
the  top,  as  in  the 
former  case.  Id 
this  arrangement 
of  the  pump,  the 
water  may  be 
raised  to  any  ra- 
il height, 
fourth  class 
of  hydraulic  ma- 
chines for  rais- 
ing water  con- 
sists of  such  en> 
ginesasact  either 
by  the  weight  of 
a  portion  of  the 
water  which  they 
have  to  raise,  or 
of  any  other  wa- 
ter that  can  be 
used  for  suchpur- 

pose,  or  by  its  centrifugal  force,  momentum,  or  other 
natural  powers  ;  and  this  class,  therefore,  includes 
very  beautiful  and  truly  philosophical  con- 
trivances, too   numerous    for    us   to   describe :    the 

ungarian  machine,  the  centrifugal  pump,  and  the 
ater-ram,  are  among  the  nnmber.  See  Wats  a -Ram.  . 

Tbe  third  general  division  of  the  subject  relates  to 
the  means  by  which  motion  and  power  may  be  ob> 
tained  from  liquids,  and  includes  the  general  con- 
sideration of  water-wheels  and  other  contrivances 
for  moving  machinery.  Motion  is  generally  obtained 
from  water  either  by  exposing  obstacles  to  the  action 
of  its  current,  as  in  waler-wheels,  or  by  arresting 
movable  buckets,  or  receptacles  which 
during  a  part  of  its  descent.  Water-wheels 
have  three  deDominations,  depending  on  their  par- 
ticular construction,  on  the  manner  in  which  they 
are  set  or  used,  and  on  the  manner  in  which  ths' 
water  is  made  to  act  upon  them ;  but  all  water- 
wheels  consist,  in  common,  of  a  hollow  cylinder  or 
drum,  revolving  on  a  central  aile  or  spindle,  from 
which  the  power  to  be  used  is  communicated,  while 
their  exterior  surface  is  covered  with  vanes,  6oat- 
boardSi  or  carities,  upon  which  the  water  is  to  act.. 
The  undershot-wheel  is  the  oldest  construction  oi 
this  kind :  it  is  merely  a  wheel,  furnished  with  a. 
series  of  plane  surfaces,  or  floats,  projecting  from  its 
circumference,  for  the  purpose  of  receiving  the  im- 
pulse of  the  water,  whiui  is  delivered  under  the  wheel. 
As  it  acts  chiefly  by  the  momentum  of  the  water, 
the  positive  weight  of  which  is  scarcely  called  into 
action,  it  is  proper  to  be  used  only  where  there  b  a 
great  supply  of  water  always  in  motion.  It  is  the 
cheapest  of  ail  water-wheels,  and  is  more  applicabla 
to  rivers  in  Uieir  natural  state  than  any  other  form, 
of  the  wheel ;  it  is  also  useful  in  tide-currents,  whero 
the  water  sets  in  opposite  directions  at  different 
times,  because  it  receives  the  impulse  equally  well  on 
either  side  of  its  floats.  In  the  over-shot  wheel,  the- 
circumference  is  furnished  with  a  series  of  cavities  or 
bnckets,  into  which  the  water  is  delivered  from  above, 
and  is  of  course  more  powerful. 

fig.  8,  Piatt  I.,  exhibits  a  very  simple  mode  of  em- 
ploying a  small  stream  of  water,     ab  e  represents  a 
lever,  supporting  the  bucket  a.     Any  small  stream  of 
water  mu  be  allowed  to  flow  Into  thb  bucket :  and, 
2T 
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when  it  acquires  a  gi^eB  weight,  the  lever  is  depressed, 
carrying  with  it  the  pump-rod  at  b.  When  the 
bucket  reaches  the  ground,  a  valve  is  opened  in  the 
bottom,  which  allows  the  fluid  to  escape ;  the  pump- 
rod  win  then  preponderate;  and  thus,  by  a  con- 
tinuous reciprocating  motion  of  the  great  beam,  the 
pump  d  is  inade  to  raise  water. 

Htdrocsphalus.    See  Dropsy. 

Htdrogbn  ;  a  simple  body,  producing  water  by 
its  combination  with  oxygen,  in  allusion  to  which  the 
name  hydroaen  has  been  applied.  The  most  simple 
state  in  which  we  can  procure  it  is  in  that  of  a  gas, 
i.  e.  in  union  with  caloric,  and  possibly  with  elec- 
tricity and  Ught.  To  effect  this,  water  is  employed, 
and  one  of  the  followmg  arrangements  is  usually 
adopted  :  water,  in  the  state  of  vapour,  is  passed 
over  clean  iron  heated  to  redness,  by  adjusting  a 
retort,  half  filled  with  this  fluid,  to  one  extremity  of 
an  iron  tube  containing  clean  iron  wire,  and  laid 
across  a  heated  furnace,  the  other  extremity  having 
a  bent  tube  connected  with  it,  and  dipping  under  the 
shelf  of  a  pneumatic  cistern ;  the  water  in  the  retort 
is  made  to  boil  briskly,  and  the  steam  to  come  in 
contact  with  the  heated  iron ;  upon  which  hydrogen 
gas  is  copiously  disengaged,  and  collected  in  the 
*>neumatic  apparatus.  Or  slips  of  sheet  zinc,  iron 
xiiings,  or  turnings,  or  small  iron  nails,  are  introduced 
into  a  small  gas-bottie  wilii  a  bent  tube,  or  into  a 
common  retort,  upon  which  sulphuric  acid,  diluted 
with  five  or  six  times  its  weight  of  water,  is  poured ; 
effervescence  ensues,  and  the  escaping  gas  may  be 
collected  in  the  usual  manner.  One  Troy  ounce  of 
zinc  gives  about  356  oz.  measures  =  about  676  cubic 
mches ;  and  1  oz.  of  iron,  412  oz.  measures  =  792 
cubic  inches,  of  hydrogen  ^.  The  hydrogen  ob« 
tained  in  these  processes  is  not  absolutely  piire. 
The  gas  evolved  during  the  solution  of  iron  is  con- 
taminated by  a  compound  formed  firom  hydrogen  and 
the  carbon  contained  in  the  iron.  This  compound 
is  removed  by  transmitting  the  gas  through  alcohol. 
The  gas  obtained  by  means  of  zinc  is  more  free  from 
impurities ;  though  the  small  proportion  of  sulphur 
and  carbon  still  remaining  in  the  zinc  of  commerce 
gives  rise  to  the  same  compound  as  in  the  former 
case,  and  also  to  a  little  sulphuretted  hydrogen. 

The  impurities  in  this  instance  are  removed  by 
passing  the  gas  through  a  solution  of  caustic  potash. 
Thus  purifl^,  hydrogen  gas  has  neither  taste  nor 
odour ;  it  is  colourless,  and  the  lightest  of  all  pon- 
derable matter  known,  its  specific  gravity  being  0.073, 
that  of  atmospheric  air  being  1.000,  or  about  thir- 
teen times  lighter  than  common  air.  This  remarkable 
levity  allows  it  to  ascend  with  the  greatest  readiness 
through  all  liquids  and  gases,  and  is  the  cause  of  its 
being  employed  to  fill  balloons,  which,  notwith- 
standing the  weight  of  the  materials  of  which  they 
are  constructed,  are  sufilciently  light,  compared  vtrith 
tiie  atmosphere,  to  rise  to  verj'  great  elevations,  or 
until  they  meet  with  a  medium  whose  density  is 
such  as  to  render  them  stationary. 

Hydrogen  gas  is  a  powerful  refractor  of  light,  and 
has  hitherto  resisted  all  attempts  to  compress  it  into 
a  liquid.  It  is  sparingly  absorbed  by  water,  100 
cubic  inches  of  that  liquid  taking  up  about  li  of  the 
pas.  It  is  incapable  of  supporting  respiration ;  nor 
IS  it  a  supporter  of  combustion ;  for,  when  a  lighted 
taper  is  passed  up  into  an  inverted  glass  full  of  hy- 
drogen gas,  it  is  immediately  extinguished.  But  its 
Aost  characteristic  property  b  that  of  its  inflamma- 


bility, though,  like  other  combiutibles,  it  ttqaaan 
the  aid  of  a  supporter  for  enabling  its  combustioato 
take  place.  This  is  exemplified  by  bringing  a  lig^ited 
candle  or  taper  to  the  mouth  or  a  narrow  jar,  or 
wide-mouthed  bottie,  filled  with  the  gas ;  it  is  nnme- 
diately  kindled,  but  only  bums  where  it  ia  in  contwt 
with  the  air,  the  combustion  going  on  quietly  in 
successive  strata  from  the  orifice  to  £e  bottom  of  the 
vessel.  Mingled  with  oiygen  gas,  no  action  takes 
place  so  long  as  the  compound  remains  cold ;  but, 
on  the  approach  of  a  flame,  the  whole  is  kindled  at 
the  same  instant ;  a  flash  of  light  passes  tiirough 
the  mixture,  fbllowed  by  a  violent  ffiqilooion.  The 
report  is  the  loudest  when  the  proportioDa  obeerred 
in  the  mixture  are  two  volumes  of  hydn^;ea  and  one 
of  oxygen. 

The  same  phenomena  take  place,  though  leas  strik- 
ingly, when  atmospheric  air  is  substituted  for  oxyges 
gas :  in  the  latter  case,  hovirever,  the  proportions  are 
two  measures  of  hydrogen  to  %vt  or  six  of  air.  And 
not  only  is  hydrogen  gas  inflamed  when  in  contact 
vrith  air  or  oxygen  gas  by  the  contact  of*  a  burning 
taper,  but  by  a  solid  body  heated  to  redness,  and  ^ 
the  electric  spark.  If  a  jet  of  hydrogen  b  delivered 
upon  recently-prepared  spongy  platinum  (see  Plati- 
num), this  metal  very  quickly  becomes  red-hot,  and 
then  sets  fire  to  the  gas.  The  electric  spark  ceases  to 
cause  detonation  when  the  explosive  mixture,  formed 
of  two  measures  of  hydrogen  to  one  of  oxygen,  is  di- 
luted with  twelve  times  its  volume  of  air,  fourteen  of 
oxygen,  or  nine  of  hydrogen,  or  when  it  is  ezpanded 
to  sixteen  times  its  bulk  by  diminished  pressure. 
Sudden  and  violent  compression,  IM^ewis^  causes  an 
explosion  of  the  gaseous  mixture,  apparency  from 
the  heat  emitted  during  the  operation ;  for  an  equal 
degree  of  condensation,  slowly  produced,  has  not 
the  same  effect.  When  the  action  of  heat,  the  elec- 
tric spark,  and  spongy  platinum,  no  longer  cause  an 
explosion,  a  silent  and  gradual  combination  between 
the  gases  may  still  be  occasioned  by  them.  Oxygen 
and  hydrogen  gases  unite  slowly  vrith  one  MifrfKtr 
when  exposed  to  a  temperature  above  the  boiliBg 
point  of  mercury,  and  below  that  at  which  g^ais 
begins  to  appear  luminous  in  the  dark.  An  explosive 
mixture,  diluted  with  air  to  too  great  a  degree  to  ex- 
plode by  electricity,  is  made  to  unite  silently  by  a 
succession  of  electric  sparks.  Spongy  platinum 
causes  them  to  unite  slowly,  though  mixed  with  100 
times  their  bulk  of  oxygen  gas.  A  very  high  tem- 
perature is  excited  by  the  combustion  of  hydn^en  gas, 
especially  when  it  is  burned  in  oxygen  gas,  as  in  the 
compound  blow-pipe  of  Doctor  Hare.  Water  is  the 
sole  product  of  the  combustion  of  hydrogen— a  fbct 
first  demonstrated  by  Cavendish,  who  burned  oxygen 
and  hydrogen  gases  in  a  dry  glass  vessel,  and  ob- 
tained a  quantity  6f  pure  water  exactly  equal  to  that 
of  the  gases  which  had  disappeared  during  the  ex- 
periment. The  synthetic  proof  of  the  composilioa 
of  water  is  obtained  also  by  detonating  two  measures 
of  hydrogen,  mixed  with  one  of  oxygen,  in  a  tube, 
over  the  merourial  cistern ;  the  whole  is  condensed 
into  water.  Lavoisier  first  exhibited  the  composition 
of  water  analytically,  by  passing  a  knovm  quantity 
of  watery  vapour  over  metallic  iron  heated  to  redness 
m  a  glass  tube.  Hydrogen  gas  was  disengaged ;  and 
the  weight  of  the  hydrogen,  added  to  the  increase 
which  the  iron  had  experienced  from  combining  wift 
oxygen,  exactly  corresponded  to  the  quantity  of  water 
which  had  been  decomposed. 
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The  prooesset  for  procuring  a  supply  of  hydrof;eB, 
described  at  the  commencement  of  the  present^article^ 
will  now  be  intelligible.  The  first  is  ibunded  on  the 
Utt  that  iron,  at  a  red  heat,  decomposes  water,  the 
oxygen  of  which  unites  with  the  metal,  while  the 
hydfogen  gas  is  set  free.  That  the  hydrogen  which 
IS  evolved,  when  zinc  or  iron  is  put  into  dilute 
sulphuric  acid,  is  derived  from  water,  b  obvious 
from  the  consideration  that,  of  the  three  substances 
iron  or  zinc,  sulphuric  add,  and  water,  the  last  is  the 
only  one  which  contains  hydrogen.  The  product  of 
the  operation,  besides  hydrogen,  is  the  sulphate  of  the 
protoxide  of  iron,  if  iron  is  used,  or  of  the  oxide  of 
sine,  when  zinc  is  employed.  Hydrogen,  therefore*  is 
one  of  the  most  abundant  substances  in  nature.  Be- 
sides, with  carbon  and  oxygen,  it  enters  into  the 
composition  of  all  ve^table  substances ;  and,  with 
oxygen,  carbon,  and  nitrogen,  it  forms  a  part  of  all 
animal  substances.  Large  quantities  of  it,  often 
united  with  more  or  less  of  carbon,  are  continually 
evolved  into  the  atmo^>here  from  the  decomposition 
of  vegetable  and  animal  matters. 

HTDKOoaAPHT;  that  part  of  geography  which 
treats  of  waters. — Hydrogrophic  mapi ;  soch  as  make 
the  rivers  and  other  collections  of  water  their  chief 
subject. 

HTonoMBTBR,  a  measmrer  of  density  (for  fluids), 
vk  an  instrument  which,  being  immersed  in  fluids,  as 
in  water,  brine,  beer,  brandy,  determines  the  propor- 
tion of  their  densities  or  their  specific  gravities,  and 
thence  their  qualities.  The  use  of  the  hydrometer 
depends  on  the  foUowisg  prop  sitions : — 1.  The  hy- 
drometer will  sink  in  Afferent  fluids  in  an  inverse.' 
proportion  to  the  density  of  the  fluids ;  S.  the  weight  | 
required  to  sink  a  hydrometer  equally  far  in  different 
fluids  will  be  directly  as  the  densities  of  the  fluids. 
£ach  of  these  two  propositions  gives  rise  to  a  parti- 
cular kind  of  hydrometer:  the  first  with  the  gra- 
duated scale ;  the  second  with  weights.  The  latter 
deserves  the  preference. 

There  are  various  instruments  used  as  hydrometers; 
one  is  a  glass  or  copper  ball,  with  a  stem,  on  which 
is  marked  a  scale  of  equal  parts  or  degrees.  The 
point  to  which  the  stem  sinks  in  any  liquid  being  as- 
certained and  marked  on  the  scale,  we  can  tell  how 
many  degrees  any  other  liquid  is  heavier  or  lighter, 
by  observing  the  point  to  which  the 
stem  sinks  in  it.  This  instrument 
is  shown  in  the  accompanying 
figure. 

Another  kind  is  formed  by  pre- 
paring a  number  of  hollow  glass 
beads  of  diffsrent  weights,  and  find- 
ing which  bead  will  remain  station- 
ary in  any  liquid,  wherever  it  is 
placed.  An  instrument  of  great  deli- 
cacy, which  will  even  detect  any  im- 
purity in  water  too  slight  to  be  detect- 
ed by  any  ordinary  test,  or  by  the 
taste,  consists  of  a  ball  of  glass  three 
inches  in  diameter,  with  another 
joining  it,  and  opening  into  it,  one 
inch  in  diameter.  A  wire,  about 
ten  inches  long  and  one- fortieth  of 
an  inch  in  diameter,  divided  into  inches  and  tenths,  is 
screwed  into  the  laiger  ball.  A  tenth  of  a  grain,  placed 
on  the  top  of  the  wire,  will  sink  it  a  tepth  of  an  inch. 
Now  it  will  stand  in  one  kind  of  water  a  tenth  of  an 
inch  lower  than  in  another,  which  shows  that  a  bulk  of 


one  kind  oi  water  equal  to  the  bulk  of  the  instrument 
(which  weighs  4000  grs.)  weighs  one-tenth  of  a  grain 
less  than  an  equal  bulk  of  the  other  kind  of  water ; 
so  that  a  difference  in  specific  gravity  of  one  part  in 
40,000  b  detected. 

The  armometmr  b  more  simple  and  accurate.  A 
glass  phial,  about  two  inches  in  diameter,  and  seven 
or  eight  long,  b  corked  tight ;  into  the  cork  b  fixed  a 
straight  wire  one-twentieth  of  an  inch  in  diameter  and 
thirty  inches  long.  The  phial  b  loaded  with  shot  so 
as  to  sink  in  the  heaviest  liquid,  leaving  the  wire  just 
below  the  surface.  The  liquor  is  then  placed  in  a 
glass  cylinder  three  or  four  feet  long,  with  a  scale  of 
equal  parts  on  the  side,  by  which  the  point  to  which 
the  top  of  the  wire  sinks  b  marked.  Ilib  instrument 
b  so  delicate  that  the  sun's  rays  falling  upon  it  will 
cause  the  wire  to  sink  several  inches ;  and  it  will  rise 
again  when  carried  into  the  shade. 

Hydrophobia  ;  a  specific  dbease,  arising  from  the 
bite  of  a  rabid  animal.  The  animab  most  liable  to 
be  afflicted  with  madness  are  dogs ;  but  cats,  wolves, 
foxes,  &c.,  are  also  subject  to  it.  The  accompanying 
description  of  the  way  m  which  rabies  affects  dogs  is 
highly  important  when  danger  from  the  disease  b 
apprdiended.  The  symptoms  of  rabies  in  the  dog 
are  the  following,  and  are  given  nearly  in  the  order 
in  which  they  usually  appear : — ^An  earnest  licking, 
or  scratching,  or  rubbing  of  some  particular  part ; 
sullennessy  and  a  dbposidon  to  hide  from  observa- 
tion ;  considerable  costiveness  and  occasional  vomit- 
ing ;  an  eager  search  for  indigestible  substances — as 
bits  of  thread,  hair,  straw,  and  dung.  The  dog  be- 
comes irritable;  quarrels  with  his  companions; 
eagerly  hunts  and  worries  the  cat;  mumbles  the 
lumd  or  foot  of  his  master,  or  perhaps  suddenly  bites 
it,  and  then  crouches  and  asks  pardon.  As  the  dis- 
ease proceeds,  the  eyes  become  red :  they  have  a  pe- 
culiar bright  and  fierce  expression.  Some  degree  ot 
strabismus,  or  squinting,  verj*  early  appears — ^not  the 
protrusion  of  the  memorana  nicHtans  over  the  eye, 
which,  in  distemper,  often  gives  the  appearance  of 
squinting,  but  an  actual  distortion  of  the  eyes ;  the 
lid  of  one  eye  b  evidently  more  contracted  than  that 
of  the  other ;  tvntchings  occur  round  that  eye ;  they 
gradually  spread  over  that  cheek,  and  finally  over  the 
whole  face.  In  the  latter  stage  of  the  disease,  that 
eye  frequently  assumes  a  dull  green  colour,  and  at 
length  becomes  a  mass  of  ulceration. 

After  the  second  day  the  dog  usually  begins  to  lose 
a  perfect  control  over  the  voluntary  murfcles.  He 
catches  at  his  food  with  an  eager  snap,  as  if  uncertain 
whether  he  could  seize  it ;  and  he  often  fails  in  the  at- 
tempt. He  either  bolts  his  meat  almost  unchewed, 
or,  m  the  attempt  to  chew  it,  suffers  it  to  drop  fVom 
his  mouth.  This  want  of  power  over  the  muscles  of 
the  jaw,  tongue,  and  throat  increases,  until  the  lower 
jaw  becomes  dependent,  the  tongue  protrudes  from 
the  mouth,  and  is  of  a  dark  and  almost  black  colour. 
The  animal  b  able,  however,  by  a  sudden  convulsive 
effort,  to  close  his  jaws,  and  to  inflict  a  severe  bite. 
The  dog  b  in  incessant  action ;  he  scrapes  his  bed 
together,  disposes  it  under  him  in  various  forms,  shifts 
hb  posture  every  instant,  starts  up,  and  eagerly  gazes 
at  some  real  or  imaginary  object ;  a  peculiar  kind  of 
delirium  comes  on;  he  traces  the  fancied  path  of 
some  imaginary  object  floating  around  him ;  he  fixes 
hb  gaze  intently  on  some  spot  m  the  wall  or  partition, 
and  suddenly  plunges  and  snaps  at  it ;  hb  eyes  then 
dose^  and  his  head  droops,  but  the  next  moment  he 
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•tarts  agam  to  renewed  acthrity :  he  ia  in  an  instant 
recalled  from  this  deiirinm  by  the  voice  of  his  master, 
and  listens  attentively  to  his  commands ;  bat,  as  soon 
as  his  master  ceases  to  address  him,  he  relapses  into 
his  former  mental  wandering.  His  thirst  is  excessive 
(there  is  no  hydrophobia,  or  fear  of  water,  in  the 
dog),  and,  the  power  over  the  muscles  concerned  in 
deglutition  being  impaired,  he  plunges  his  face  into 
the  water  up  to  the  very  eyes,  and  assiduously, 
but  ineffectually,  attempts  to  lap.  (In  Johnson's 
Shooter's  Companion  tiie  author  observes,  "In 
those  instances  of  hydrophobia  which  have  fallen 
under  my  notice,  the  animal  has  always  been  ca- 
pable of  lapping;  however,  in  the  disease  called 
dumb  madness,  I  have  noticed  symptoms  similar  to 
the  above.")  His  desire  to  do  mischief  depends 
much  on  his  previous  disposition  and  habits.  He 
springs  to  the  end  of  his  chain ;  he  darts  with  fero- 
city at  some  object  which  he  conceives  to  be  within 
his  reach ;  he  diligently  tears  to  pieces  every  thing 
about  him ;  the  carpet  or  rug  is  shaken  with  savage 
violence ;  the  door  or  partition  is  gnawed  asunder ; 
and  so  eager  is  he  in  this  work  of  demolition,  and  so 
regardless  of  bodily  pain,  that  he  not  unfrequently 
breaks  one  or  all  of  his  teeth.  If  he  effects  his  escape, 
he  wanders  about,  sometimes  merely  attacking  those 
dogs  which  fall  in  his  way ;  and  at  other  times  he 
diligently  and  perseveringly  hunts  out  his  prey :  he 
overcomes  every  obstacle  to  effect  his  purpose ;  and, 
unless  he  has  been  stopped  in  his  march  by  death,  he 
returns  in  about  four  and  twenty  hours,  completely 
exhausted,  to  the  habitation  of  his  master.  He  fre- 
quently utters  a  short  and  peculiar  howl,  which,  if 
once  heard,  can  rarely  be  forgotten ;  or,  if  he  barks,  it 
is  with  a  short,  hoarse,  inward  sound,  altogether 
dissimilar  from  his  usual  tone. 

In  the  latter  stages  of  the  disease,  a  viscid  saliva 
flows  from  his  mouth,  with  which  the  surface  of  the 
water  that  may  be  placed  before  him  is  covered  in  a 
few  minutes ;  and  his  breathing  is  attended  with  a 
harsh  grating  sound,  as  if  impeded  by  the  accumula- 
tion of  phlegm  in  the  respiratory  passages.  The  loss 
of  power  over  the  voluntary  muscles  extends,  afler 
the  third  day,  throughout  hb  whole  frame,  and  is 
particularly  evident  in  the  loins ;  he  staggers  in  his 
gait ;  there  is  an  uncertainty  in  all  his  motions ;  and 
he  frequently  falls,  not  only  when  he  attempts  to 
walk,  but  when  he  stands,  balancing  himself  as  well 
as  he  can.  On  the  fourth  or  fifth  day  of  the  disease, 
he  dies,  sometimes  in  convulsions,  but  more  fre- 
quently without  a  struggle.  Afler  death,  there  will 
invariably  be  found  more  or  less  inflammation  of  the 
mucous  coat  of  the  stomach ;  sometimes  confined  to 
the  rugae,  at  other  times  in  patches,  generally  with 
spots  of  extravasated  blood,  and  occasionally  intense, 
and  occupying  the  whole  of  that  viscus.  The  sto- 
mach will  likewise  contain  some  portion  of  indiges- 
tible matter  (hair,  straw,  dung),  and,  occasionally,  it 
will  be  completely  filled  and  distended  by  an  incon- 
gruous mass.  The  lungs  will  usually  present  appear- 
ances of  inflammation,  more  intense  in  one,  and  ge- 
nerally the  left  lung,  than  in  the  other.  Some  parti- 
cular points  and  patches  will  be  of  a  deep  colour, 
while  the  neighbouring  portions  are  uuaffected.  The 
sublingual  and  parotid  glands  will  be  invariably 
enlarged,  and  there  will  also  be  a  certain  portion 
of  inflammation,  sometimes  intense,  and  at  other 
times  assuming  only  a  faint  blush,  on  the  edge  of 
the  epiglottis,  or  on  the  rima  glottidis,  or  in  the  angle 


of  the  larynx  at  die  hick  of  it  The  hydrophobia 
seems  to  be  spontaneous,  and  capable  of  being  com- 
municated only  by  certain  animals — the  dog,  the 
wolf,  the  fox,  and  the  cat. 

All  animals  which  have  become  rabid  by  a  bite  do 
not  appear  to  be  able  to  transmit  it  to  others ;  as  the 
hog,  cow,  sheep.  In  regard  to  man,  it  is  not  certain 
whether  the  disease  b  communicable  from  the  hu- 
man subject.  The  hydrophobia  is  not  commonly 
manifested  in  the  time  of  greatest  cold  or  great- 
est heat,  but  usually  in  March  and  April  in  wolves, 
and  in  May  and  September  in  dogs.  It  is  rare  in 
very  warm  or  very  cold  climates.  No  partkular 
cause  of  the  rabies  is  known;  it  b  a  mistake  to 
attribute  it  to  a  total  privation  of  food,  as  a  great 
number  of  experiments  prove  that  thb  b  not  the 
effect  of  such  a  treatment.  Ail  observationa  seem 
to  prove  the  existence  of  a  rabid  virus,  which  b  more 
violent  when  it  proceeds  from  wolves  than  from  dogs; 
as,  out  of  a  given  number  of  persons  bitten  by  a  rabid 
wolf,  a  greater  number  will  die  than  out  of  the  same 
number  bitten  by  a  dog.  The  communication  of  tht 
virulent  hydrophobia  by  inoculation  cannot  be  denied, 
and  is  the  best  proof  of  the  exbt^ice  of  tiie  virus. 
The  virus  appears  to  be  contained  solely  in  the  salivi, 
and  does  not  produce  any  effect  on  the  healthy  skin. 
But  if  the  skin  be  deprived  of  the  epidermb,  or  if  the 
virus  be  applied  to  a  wound,  the  inoculation  will  takt 
effect.  The  developement  of  the  rabid  symptoms  is 
rarely  immediate ;  it  seldom  takes  place  before  tiis 
fortieth  or  after  the  sixtieth  day.  It  begins  widi  a 
slight  pain  in  the  scar  of  the  bite,  sometimes  attended 
with  a  chill ;  if  the  bite  was  on  the  lower  limbs,  the 
pain  extends  and  reaches  the  base  of  the  breast,  or, 
if  on  the  upper  extremities,  the  throat.  The  patient 
becomes  silent;  frightful  dreams  dbturb  hb  sleep; 
the  eyes  become  brilliant;  pains  in  the  neck  and 
th]f>at  ensue.  These  symptoms  precede  the  rabid 
symptoms  two  or  three  days.  They  are  followed  by 
a  general  shuddering  at  the  approiach  of  any  liquid 
or  smooth  body,  attended  with  a  sensation  of  oppres- 
sion, deep  sighs,  and  convubive  starts,  in  whi^  ^btt 
muscular  strengUi  b  mudi  increased.  After  the  rabid 
fit  the  patient  is  able  to  drink.  The  dbposition  to 
bite  does  not  appear  to  belong  to  any  animals  except 
those  whose  teeth  are  weapons  of  offence :  thus  rabid 
sheep  do  not  bite,  though  they  butt  furiously.  A 
foamy,  viscid  slaver  b  discharged  firom  the  mo«th ; 
the  deglutition  of  solid  matters  b  difficult;  the  respira- 
tion hard ;  the  skin  warm,  burning,  and  afterwards 
covered  with  sweat ;  the  pulse  strong.  The  fits  are 
often  followed  by  a  syncope ;  they  return  at  first 
every  few  hours,  then  at  shorter  intervals,  and  death 
takes  place  generally  on  the  second  or  third  day. 

A  great  number  of  applications  have  been  recoen- 
mended,  but  without  success.  The  treatment  of  the 
disease  is  of  two  sorts :  the  oue  consists  in  preventing 
its  developement ;  the  other  in  checking  its  progress. 
The  former  consists  in  cauterizing  the  wound  with 
iron  heated  to  a  white  heat,  the  pain  of  the  cantefT 
being  less  as  the  temperature  is  greater.  Tlie  ca»- 
tery  b  preferable  to  the  use  of  lotions,  liaimGQta^  ftc, 
but  it  should  be  employed  within  twelve  hours  after 
the  bite.  It  has  been  said  that,  in  patients  who 
were  about  to  become  rabid,  several  little  pustules 
filled  with  a  serous  matter  appeared  unider  the 
tongue,  the  opening  of  which  would  prevent  the 
disease ;  but  this  b  not  well  established.  A  mode  of 
treatment  which  has  in  many  cases  been  attended 
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with  sQCcess  nmst  now  be  adverted  to.  It  consists 
in  the  application  of  a  cupping-glass  to  the  lacerated 
part,  which,  by  forming  a  vacaom  over  the  wound, 
prevents  the  virus  being  imbibed,  and  taken  into  the 
system.  It  will  be  obvious  that  the  application  of  the 
cupping  instrument  must  speedily  follow  the  infliction 
of  the  wound,  and,  when  the  poison  is  brought  to  the 
surface,  the  knife  or  cautery  may  be  resorted  to. 
Various  remedies  have  been  prescribed  for  the  cure 
of  a  declared  hydrophobia.  Bleeding,  even  to  syn- 
cope, appears  to  have  produced  the  greatest  effect, 
but  without  complete  success.  Preparations  of  opium 
administered  internally  or  by  injection,  mercurial 
frictions,  belladonna,  emetics,  sudoriflcs,  purgatives, 
&c.,  have  been  tried  ineffectually.  Yet  the  physician 
should  not  despair,  as  a  remedy  which  has  failed  in 
one  case  may  succeed  in  another.  Above  all,  the 
patient  should  be  treated  gently,  and  his  sufferings 
alleviated  by  consulting  his  comfort  as  much  as  pos- 
sible; and  the  attencUnts  should  not  forget  that 
tliere  is  no  instance  of  the  rabies  having  been  com- 
municated from  one  man  to  another. 

Hydrostatics  is  the  science  which  treats  of  the 
weight,  pressure,  and  equilibrium  of  liquid  fluids. 
The  particles  in  liquids  are  freely  movable  among 
each  other,  so  as  to  yield  to  the  least  disturbing  force ; 
but,  though  it  was  formerly  believed  that  liquid 
fluids  were  mcompressible,  recent  experiments  have 
shown  that  they  may  be  indefinitely  condensed  by 
pressure.  The  fundamental  truth,  on  which  the  whole 
science  of  hydrostatics  rests,  is  equality  of  pressure. 
All  the  particles  of  fluids  are  so  connected  together 
that  they  press  equally  in  every  direction,  and  are 
continually  pressed  upon ;  each  particle  presses 
equally  on  all  the  particles  that  surround  it,  and  is 
equally  pressed  upon  by  them;  it  equally  presses 
upon  the  solid  bodies  which  it  touches,  and  is  equally 
pressed  by  those  bodies.  From  this,  and  from  their 
gravity,  it  follows  that  when  a  fluid  is  at  rest,  and 
left  to  itself,  all  its  parts  rise  or  fall  so  as  to  settle  at 
the  same  level,  no  part  standing  above  or  sinking 
below  the  rest. 

The  freedom  of  motion  which  is  peculiar  to  all 
fluid  bodies  is  supposed  to  arise  from  their  particles 
being  of  a  spherical  form.  Fig,  1,  Plate  I.,  Hydro- 
statics AND  Hydraulics,  represents  a  series  of 
these  particles ;  and  a  slight  reference  to  their  ar- 
rangement must  show  that  they  can  only  arrange 
themselves  in  a  position  parallel  to  the  plane  of  the 
horizon.  The  perpendicular  line  of  globules  would 
evidently  slide  by  each  other  and  assume  parallel 
horizontal  strata,  occupying  the  lower  part  of  the 
vessel ;  and  between  the  interstices  of  the  circles 
smaller  spherules  might  be  placed,  as  is  the  case  when 
we  add* certain  crystalline  bodies  to  water  without 
increasing  its  bulk. 

In  j^.  2  we  have  an  illustration  of  this  fact,  the 
water  rising  to  the  same  height  in  the  small  tube  as 
in  the  larger  vessel. 

The  general  rule  for  estimating  the  pressure  of  any 
£uid  is  to  multiply  the  height  of  the  fluid  by  the  ex- 
tent of  the  surface  on  which  it  stands.  If  any  por- 
tion of  the  fluid  be  Supported  by  a  tube  above  the 
remainder,  the  pressure  on  the  bottom  of  the  vessel 
will  be  the  same  as  if  the  water  were  throughout  at 
the  same  height  as  that  in  the  tube,  so  that  the  height 
of  the  tube  is  properly  multiplied  by  the  extent  of 
the  bottom  of  the  vessel  to  determine  the  whole  pres- 
siire«     This  principle  of  equal  pressure  has  been 


called  the  hydrostatic  paradox,  though  there  is  no- 
thing in  reality  more  paradoxical  in  it  than  that  one 
pound  at  the  long  end  of  a  lever  should  balance  ten 
pounds  at  the  short  end :  it  is,  indeed,  but  another 
means,  like  the  contrivances  called  mechanical  powers, 
of  balancing  different  intensities  of  force  by  applying 
them  to  parts  of  an  apparatus  which  move  with  di^ 
ferent  velocities. 

The  glass  apparatus  for  ex- 
hibiting the  hydrostatic  paradox 
is  shown  in  the  accompanying 
wood-cut.  This  law  of  pressure 
is  rendered  very  striking  in  the 
experiment  of  bursting  a  strong 
cask  by  the  action  of  a  few 
ounces  of  water.  Suppose  a  cask 
already  filled  with  water,  and  let 
a  long  tube  be  screwed  tightly 
into  its  top,  which  tube  will  con- 
tain only  a  few  ounces  of  water; 
by  filling  this  tube  the  cask  will 
be  burst.  The  explanation  of  the  experiment  is  this : 
if  the  tube  have  an  area  of  a  fortieth  of  an  inch,  and 
contain  half  a  pound  of  water,  this  will  produce  a 
pressure  of  half  a  pound  upon  every  fortieth  of  an 
mch  over  all  the  interior  of  the  cask.  The  same  ef- 
fect is  produced  in  what  is  called  the  kjftbrosiaiie 
bellows.  The  tube  is  made  to  communicate  with  an 
apparatus  constructed  like  a  common  bellows,  but 
without  a  ^'alve.  If  the  tube  hold  an  ounce  of  water, 
and  have  an  erea  equal  only  to  one-thousandth  of  that 
of  the  top  board  of  the  bellows,  an  ounce  of  water  in 
the  tube  will  balance  weights  of  a  thousand  ounces 
resting  cm  the  bellows.  The  bellows  as  usually  con- 
structed for  this  experiment  are  shown  at  fig,  9, 
Plate  I.,  Hydrostatics  and  Hydraulics. 

Hydrostatic  Prrss.  The  press  originally  in- 
vented by  Mr.  Bramah  is  one  of  the  most  valuable 
hydrostatic  machines  yet  constructed.  Plate  II.» 
Hydrostatics  and  Hydraulics,  contains  a  very 
accurate  view  of  its  various  parts,  drawn  to  such  a 
scale  as  to  admit  of  any  competent  workman  making 
a  similar  press. 

Fig,  10  is  an  elevation  of  the  press,  consisting  of 
wrought- iron  rods,  connecting  cast  plates,  which  form 
the  base  and  upper  part  of  the  frame.  In  l^is  rises 
the  ram-head,  a,  which  operates  on  the  materials  to 
be  pressed  at  b.  At  the  side  of  the  press  is  placed  a 
force-pump  with  its  handle  and  pbton,  de.  Hie 
water  raised  by  the  pump  is  injected  by  the  pipe  e. 
A  plan  of  the  machine,  taken  from  the  base  of  the 
press,  b  given  at^.  11. 

The  principle  of  the  press  may  be  best  explained 
by  reference  to  fig,  12.  If  we  suppose  the  area  of 
the  piston  a  to  contain  100  inches,  and  the  injecting 
pipe  c  to  be  equal  to  one  inch,  a  column  of  water 
entering  with  a  force  of  20 lbs.  would  operate  with  a 
force  of  2000  lbs.  on  the  piston.  To  make  this  more 
clear,  we  should  bear  in  mind  that,  as  fluids  press 
equally  in  every  direction,  each  inch  of  the  piston 
must  be  acted  upon  with  a  force  equal  to  that  in  the 
injecting  pipe.  It  must  not,  however,  be  forgotten 
that  the  ascending  velocity  of  the  piston  will  only  be 
one-hundredth  of  that  of  the  water  in  the  force- 
pump  ;  and,  as  such,  that  it  will  take  100  times 
longer  to  press  the  goods  than  would  be  the  case  if 
that  enormous  power  could  at  once  be  i^fiplied  to  tkt 
great  {nston.  The  force-pomp,  by  which  the  water 
I  is  introduced,  is  shown  at  jE^.  13.    At  each  elevatict: 
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of  die  pirton,  tf,  the  water  Hm*  by  die  suction-pipe  I 
■nd  wnen  it  is  depieued  the  water  puses  oa  towards 
ths  screw  y.  If  that  be  forced  down  by  the  lever 
aboTe,  the  water  pssses  along  by  a  side-pipe,  and 
enters  the  great  cylinder. 

The  safety-valve  with  its  weight  is  showa  in  fig: 
10  and  II.  In  fy.  13  an  end  view  of  the  safety' 
valve  is  giveo,  and  at  Jig.  14  the  entire  series  oi 
valves  are  delineated  on  a  larger  scale.  The  screw 
which  holds  down  the  first  valve  is  shown  at  fig. 
To  insure  the  sccurats  fitting  of  the  piston,  a  very 
beaotifol  contrivance  is  usually  resorted  to  :  it  con- 
sists in  the  employment  of  a  flexible  band  of  leather, 
a  portion  of  which  is  given  at  fig.  1 6 ;  so  that,  when 
ths  pressure  of  the  water  is  increased,  it  raises  the 
leather,  and  increases  the  resistance,  thus  preventing 
the  escape  of  the  fluid. 

If  we  suppose  the  goods  to  have  received  the  re- 
quisite amount  of  compression,  the  piston  is  de- 
pressed by  slightly  withdrawing  the  screw  g,  when 
the  water  descends  the  pipe,  and  enters  the  cistern, 
whmce  it  may  be  raised  by  the  pump,  as 
previous  operation. 

HreBOMaTEK,  Hraaoscopx.  It  is  of  the  greatest 
importance  in  meteorology  to  ascertain  at  uy  time 
the  quantity  of  water  contained  in  the  air.  Tlie  in- 
stniments  used  for  this  purpose  are  called  hggrameltn 
(measurers  of  moisture).  Daily  experience  shows 
that  some  bodies  possess  a  great  capability  of  absorb- 
ing the  humidity  suspended  in  the  atmosphere,  and, 
according  to  their  respective  construction,  becoming 
longm'  or  shorter  in  the  direction  of  the  fitires  of 
their  length  or  breadth.  Thus,  for  example,  cord~ 
age   and   catgut    are   ahortened   and  untwisted  by 


Thereisamodeofconstmctin^thisinstnimeatwhich 
is  cheap  as  well  as  delicate  in  ita  operation.  It  con- 
nsts  of  a  small  bag  made  of  the  internal  membrane 
of  the  arwida  piragmitet.  This  bag  or  bladder  is  tied 
to  the  end  of  a  c^illary  tube,  and  filled  with  mer- 
cury. Any  change  in  the  moisture  of  the  atmosphere 
will  change  the  dimensions  of  the  bag,  and,  as  such, 
cause  the  mercury  to  rise  or  fall  in  the  tube-  The 
Hro  of  the  scale  in  this  instrument  marks  absolute 
humidity,  and  the  other  extremity  absolute  dryness. 
The  lower  end  of  the  glass  tube,  instead  of  being 
merely  insetted  in  the  top  of  the  bag,  may  pass 
through  it,  the  mercury  in  the  bag  communicating 
with  that  in  the  tube  by  one  or  more  open- 
ings made  through  the  sides  of  the  tnbe.  By  this 
means,  the  bag  may  be  supported  by  the  glass  and 
prevented  from  being  injured  by  any  slight  accident, 
and  the  instrument  is  also  less  affected  by  any  change 
of  temperature. 

The  prmciple  thus  developed  is  the  foundatioti  <rf  the 
hygrometer  of  Lambert,  which,  however,  on  account 
oftheinegularityofthemotion  produced  in  the  catgut 
by  the  humidity,  does  not  altogether  answer  its  pVlH.  I 
pose,  but  properly  deserves  the  name  of  a  kggrotcope'' 
(indicator  of  moisture).  Saussnre  and  De  Luc,  there- 
fore, sought  for  other  substances,  which  are  rcgolaily 
lengthened  or  shortened  by  the  absorption  or  loss  of 
humidity.  Saosaure  believed  this  property  might  be 
found  in  a  human  hair,  freed  from  all  nnctuosity  by 
boiling  in  ley )  De  Luc,  in  a  very  thin  piece  of  wbale- 
booc,  cut  in  a  direction  transverse  to  the  fibre.  Saos- 
aure stretched  the  hair,  properly  prepared,  and  faat- 
cned  at  one  end,  over  a  delicate  and  easily  movable 
vheel,  by  a  small  weight,  while  De  Lnc  made  use  of 
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asmallwireofgcJdtoatretchthcwhalehone.  Vha- 
ever  the  hair  in  Saussure's  hygrometer  is  li 
or  shortened  by  the  action  of  the  moisture  oi 
the  wheel,  and  an  index  attached  to  it, 
turned,  and  thus  mark  the  increa^  or  diminution  of 
the  water  suspended  in  the  atmosphere. 
This  species  of  hygrometricap- 
paratoa  is  shown  in  the  accom- 
panying figure.  Thefollowiag 
means  were  employed  to  find 
the  points  of  exbeme  moisture 
and  dryness.  Saussure  fi:ied 
the  point  of  extreme  moisture 
in  his  hygrometer  by  placing  it 
in  a  glass  receiver,  enclosed  in 
water  and  moistened  with  wa- 
ter within  i  De  Luc,  on  the 
other  hand,  accomplished  the 
same  object  by  simply  immers- 
ing his  hygrometer  in  water. 
Tbx  point  of  extreme  dryness 
Sanssnre  determined  by  placing 
his  hygrometer  under  a  re- 
ceiver, which  stood  on  a  tin 
plate,  heated  to  a  red  heat, 
and  covered  with  red-hot  pot- 
ash ;  De  Luc  by  auspending 
the  hygrometer  in  a  close 
vessel,  partly  filled  whh  hot  * 
quick- lime- 
There  it  a  very  simple  form  of  the  hygrometer 
which  msy  now  be  adverted  to-  The  instrnmcal 
consists  of  a  balance  beam,  fnniisbed  with  a  piece  ef 
Eponge  at  one  extremity,  and  a  slender  rod  or  iodet 
at  the  other.  The  sponge  should  be  prepared  In 
steeping  in  pearl-ash  and  water,  which  rendera  it 
more  hygrometric.  The  balance  is  usually  cod- 
structed  so  that  the  points  of  sospension  are  conaida'- 
ably  higher  than  the  centre  of  gravity  of  the  entire 
beam,  so  that,  when  the  sponge  imbibes  mcuatma 
from  the  air,  the  opposite  end  gradoally  ascends;  and 
when,  on  the  contrary,  the  water  ia  again  absorbed, 
the  index  passes  towards  the  opposite  end  of  the  gra- 
duated circle  shown  in  the  figure. 
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le  wcWit  *t  the  index  end  of  the  balance  b  ia 
the  pTe0ent^t■s'  employed  only  aa  a  conolcrpoisc  to 
"le  sponge.  A 

The  hjmtilS^'  invmted  by  Mr-  Daniel!  is  iwn 
accurate  uiant^KP^  '^'  ^^  already  described.  It 
>,  however,  more  cMftly,  and  requires  a  longer  period 
of  time  for  registers  ewl"  observation.    Aa  ••■ 


gtanng  oi  the  ipparatoa  Ja  g 
•iat*  of  two  ttiin 
plusbaJbof  U 
incbindiuneter, 
Eonnected  toge- 
ther by  a  tdbe, 
havini;  a  bore  of 
ahou  tone-eighth 
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right  angles  over 
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a  unall  tber- 
mometer,  whose 
balb,  whicL  muit 
be  of  a  length- 
cited  form,  de-  i 
sceodt  into  the  / 
baJt.  This  ball,  I 
being  aboDt  two-  ^ 
thirds  filled  with 
ether,  is  heated 
orer  a  lamp  till 
the  fluid  boils, 
and  the  vapour 
iames  from   the 

capillary  tube,  which  terminate*  the  highest  ball. 
'Hie  vapour  baviug  expelled  the  air  from  both  balU, 
the  capillar)'  tube  is  closed  benaetically  by  the  flame 
of  a  lainp.  Ttit  upper  bail  is  now  to  be  covered  with 
a  piece  of  maslin.  He  stand  is  of  brass,  and  the 
tranavene  socket  at  top  is  made  to  bold  the  glass 
tnbe,  in  the  manner  of  a  spring,  allowing  it  to  turn 
Bitd  be  taken  out  with  little  difficulty.  A  small 
tberauuneter  is  inserted  into  the  pillar  of  the  stand. 

The  manner  of  using  the  instrument  may  be  thn* 
daaciibed; — After  having  driven  all  the  ether  into  the 
knrsT  ball,  by  the  heat  of  the  hand,  it  is  to  be  placed 
in  an  open  window,  or  out  of  doors,  with  the  ball  bo 
hitnatedas  that  tbe 'surface  of  the  liquid  maybe  upon 
a  level  with  the  eye.  A  few  drops  of  ether  are  uien 
to  be  poured  upon  tbe  covered  biUI.  Evaporation  im- 
mediately takes  place,  which,  producii^  cold  upon 
the  ball,  causes  a  rapid  and  continuous  condensation 
of  the  ethereal  vapour  in  the  interior  of  the  instru- 
ment. The  consequent  evaporation  from  tbe  included 
ether  produces  cold  in  the  lower  ball,  tbe  degree  of 
which  is  measured  by  tbe  thermometer  within.  This 
action  is  almost  instantaneous.  The  thennraneter 
begin*  to  fall  in  two  seconds  after  the  ether  has  been 
dropped.  A  deptMBion  of  thirty  degrees  is  easily 
produced,  and  sometimes  the  ether  boils,  and  the 
thermometer  falls  below  0"  of  Fahrenheit's  scale. 
Tbe  artificial  cold  thus  produced  cause*  a  condenaa- 
tion  of  the  atmospheric  vapour  upon  the  lowest  ball, 
which  first  makes  its  appearance  in  a  thin  ring  of  dew 
coincident  with  the  surface  of  the  ether.  The  de- 
gree at  which  this  takes  place  is  to  be  carefully  noted. 
A  little  practice  may  be  necessary  to  seize  the  exact 
moment  of  the  first  deposition,  but  certainty  is  very 
■ooD  acquired.  It  is  advisable  to  have  some  dark 
object  behind  the  instrument,  such  as  a  house  or  a 
tree,  as  the  cloud  is  not  so  soon  perceived  against  an 
open  horizon.  Tbe  depression  of  temperature  ia  first 
produced  at  the  surface  of  the  liquid  where  evapo- 
ration takes  place ;  and  the  currents  which  imme- 
diately ensue,  to  restore  the  equilibrium,  are  very 
perceptible.     The  bulb  of  tbe  tkenaomettr  ia  not 
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n  beneath.  It  con-  Q^'te  immersed  in  the  ether  inclosed  in  the  bulb. 
llie  greatest  difference  that  Mr.  Daniel!  observed. 
in  the  course  of  four  months'  daily  experiments,  be- 
tween the  external  thermometer  and  the  internal  one, 
at  the  moment  of  precipitation,  in  the  natural  state  of 
tbe  atmosphere,  was  twenty  degrees.  In  very  damp 
weather  the  ether  should  be  slowly  dropped  upon 
the  ball,  otherwise  the  descent  of  the  thermometer  is 
so  rapid  as  to  render  it  impossible  to  be  certain  of  the 
degree.  In  dry  weather,  on  the  contrary,  the  bait 
requires  to  be  well  wetted  more  than  once,  to  produce 
the  requisite  degree  of  cold.  It  is  almost  superfluous 
to  observe  that  care  should  be  taken  not  to  permit 
the  breath  to  affect  the  glass.  With  these  precau- 
ona  the  observation  is  sunple,  easy,  and  certain. 
When  the  instrument  is  required  to  act  merely  as 
weather-glaaa,  to  predict  the  greater  or  less  proba- 
bility of  rain,  be,  which  is  the  commonest  use  to 
which  it  can  be  applied,  the  difference  between  the 

nt  temperature  of  the  vapour  and  that  of 
the  air  is  ail  thkt  is  necessary  to  be  known.  The 
-  ^obability  of  rain,  or  other  precipitation  of  moistuni 
om  the  atmosphere,  is  in  aii  inverse  proportion  to 
this  difference.  As  a  weather-glass,  thia  hygrometer 
ia  more  to  be  depended  upon  than  any  iostnuneut 
that  ha*  yet  been  proposed. 

Ry  combining  the  rise  and  fall  of  the  barometer 
with  the  ^ect*  of  this  instrument,  we  learn  to  modify 
their  resulta,  and  by  so  doing  can  hardly  be  deceived 
in  the  weather  for  many  hours  in  advance.  The  in- 
dications are  to  be  corrected  accordbg  to  circum- 
stances in  tbe  following  manner : — In  summer  time, 
when  the  diurnal  variations  of  temperature  are  great, 
regard  ia  to  be  bad  to  the  time  of  day  at  which  the 
experiment  is  made.  In  the  morning,  supposing 
the  difference  between  the  temperature  of  the  air  and 

itnenttemperatnre  of  the  vapour  to  be  small, 

be  recollected  that  the  accession  of  heat 
during  the  day  is  great,  and  that  the  difference  will 
therefore  probably  increase.  If  the  point  of  con- 
densation should  at  the  same  time  be  lowered,  it  is 
mdication  of  very  fine  weather.  If,  on  tbe  con- 
trary, the  heat  of  both  shonld  increase  with  the  day 
in  nearly  equal  progression,  rain  wilt  almost  infalli- 
bly follow,  as  the  heat  of  the  air  falls  with  the  set- 
ting sun.  In  showery  weather  the  mdicatione  of 
this  instrument  vary  rapidly  three  or  four  degrees, 
and  a  person  making  obgenatioDS  at  short  interrala 
of  time  may  easily  predict  the  approach  of  a  storm. 

Fogs  also,  and  mists,  must  be  taken  into  con- 
sideration. They  produce  the  same  effect  upon  the 
instrument  as  the  greater  precipitation  of  rain.  A 
change  from  fine  Weather  to  rain  is  more  quickly 
perceptible  in  low  situations  than  one  from  wet  ta 
fine ;  for  the  effect  of  a  shower  lasts  rather  loiter  than 
the  state  of  the  atmosphere  in  higher  regions  would 

on  account  of  the  damp  exhalations  fmn 
the  moistened  ground. 

""  u  of  mist,  fog,  and  cloud,  the  instrament 

^imea  exhibit  a  different  kind  of  action.  If 
it  be  brought  from  an  atmosphere  of  a  higher  tem- 
perature inta  one  of  a  lower  degree,  in  which  con- 
densed aqueous  particles  are  floating,  tbe  mist  will 
begin  to  form  upon  the  ball  at  a  temperature  several 
degrees  higher  than  that  of  the  air.  The  diflerence, 
Mr.  Daniel  believes,  is  proportionate  to  the  density 
of  Uie  doud  or  mist ;  but,  tnis  philosopher  says,  "  I 
speak  with  diffidence  upon  this  point,  aa  I  have  not 
bad  aufficient  opportnnitiea  of  Terifying  it  by  ci|teri< 
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uent.  I  have  sometimes  thought  that  I  have  per- 
ceived a  difference  in  this  respect  in  different  modi- 
fications of  the  cloud,  but  this  must  be  referred  to 
future  more  extended  observations.  This  action  upon 
floating  wafer  docs  not  at  ail  interfere  with  it  as 
measuring  the  force  and  quantity  of  vapour ;  for  in 
all  such  cases  the  full  saturation  of  the  atmospheric 
temperature  must  take  place,  and  consequently  the 
temperature  of  the  vapour  must  be  coincident  with 
that  of  the  air." 

The  hygrometer  we  have  now  described  excels  all 
others  in  the  sensibility  and  accuracy  with  which  it 
marks  the  comparative  degrees  of  moisture  and  dry- 
ness in  the  atmosphere,  and,  by  exhibiting  them  in 
degrees  of  the  thermometer,  refers  them  to  a  known 
standard  of  comparison,  and  thus  speaks  in  a  lan- 
guage which  every  body  understands. 

Hypochondriasis  ;  one  of  the  most  troublesome 
of  diseases.  Its  seat  is  in  the  abdomen,  particularly 
under  the  short  ribs ;  but,  when  it  has  increased  to  a 
certain  degree,  it  manifests  itself  in  the  most  various 
ways  in  the  whole  body,  as  there  are  few  diseases  of 
which  the  hypochondriac  does  not  at  some  time  or 
other  complain.  He  feels  a  pressure  on  the  right 
side,  and  thinks  it  is  owing  to  a  complaint  of  the 
liver ;  he  has  pains  in  the  breast,  and  immediately 
apprehends  inflammation  of  the  lungs;  his  head 
feels  heavy,  and  nothing  is  more  certain  than  an 
approaching  apoplexy ;  he  sees  specks  before  his 
eyes,  and  a  cataract  is  unavoidable ;  and,  if  the  heart 
beats  stronger  than  usual,  a  polypus  in  that  organ  is 
probable.  All  these  effects  of  the  disease  are  ex- 
plicable, from  its  nature,  seat,  and  causes. 

Hypochondria  is  a  disturbance  of  the  functions  of 
the  nervous  system  of  the  abdomen.  Hence  the 
sensibility  of  the  nervous  system  is  morbidly  height- 
ened, but  its  power  of  action  lessened.  At  the  same 
time,  the  separation  between  the  nervous  system  of 
the  abdomen  and  that  of  the  brain  is  rendered  less 
complete,  so  that  certain  feelings  reach  the  brain, 
and  thus  affect  the  thoughts  much  more  than  in  a 
state  of  health.  The  disturbance  in  the  function  of 
the  abdominal  nervous  system  produces  next  a  weak 
ness  and  disturbance  in  Uie  digestion,  which  generally 
produce  the  first  and  most  numerous  attacks  of  hypo- 
chondria, from  which  all  the  others  originate,  in 
proportion  as  the  morbid  sympathy  extends  over  the 
whole  body.  Hence,  first,  is  produced  spasmodic 
contractions  under  the  short  ribs,  sometimes  on  one 
side,  sometimes  on  the  other,  sometimes  in  the  pit 
of  the  stomach ;  torpidity  of  the  bowels,  flatulency, 
inflation  of  the  abdomen,  want  of  appetite,  increased 
pressure,  and,  generally,  disagreeable  feelings  after 
eating. 

In  the  progress  of  the  disease,  a  slow  and  some- 
what difficult  inspiration  comes  on,  indescribable 
anxiety,  and  pain  and  giddiness  in  the  head.  Also, 
when  the  stomach  is  empty,  this  organ  som^imes 
suffers  pain  and  sickness,  and  vomiting  takes  place. 
For  moments,  particularly  after  digestion  is  finished, 
the  hypochondriac  feels  easy,  well,  and  serene ;  but, 
all  at  once,  the  old  complaints  seize  again  upon  their 
victim.  Tlie  disturbance  of  the  nervous  system  also 
has,  as  may  well  be  conceived,  a  great  influence  upon 
the  mind  and  humour  of  the  patient.  Sometimes  he 
is  melancholy,  sometimes  gay  to  an  excess.  Uninter- 
ruptedly occupied  with  the  state  of  his  body»  he  takes 
notice  of  every  feeling,  and  wishes  to  have  every 
trifling  pain  explained,  considering  every  one  as  a 


symptom  .of  a  serioiis  disease.    For  etcry 
wants  medicine.    In  the  hours  of  anxiety, 

driacs  are  constantly  in  dread  of  death.     

anxiety  attacks  than  so  suddenly  that  they 
jump  up,  and  cannot  find  qui«t  any  where.     £ 

times  memory  leaves  them,  so  that  they  cannot 

of  their  name.  In  the  midst  of  the  moat  serioaa  ooa- 
yersation,  nay,  even  of  prayers,  the  most  htdkrovi 
ideas  or  images  strike  them.  Others,  all  at  oooe, 
feel  a  desire  to  perform  the  strangest  actions,  from 
which  they  can  restrain  themselves  only  with  gn«t 
difllculty. 

This  deplorable  disease  may  be  occasioned  by  any 
circumstances  whkh  disturb  the  functions  of  the  ab- 
dominal nervous  system,  heighten  its  rirniiitiNnisi, 
debilitate  digestion,  and  lessen  the  sepwatioa  of  the 
reproductive  nervous  system  from  the  sensitive. 
Among  the  chief  causes  are  great  exertions  of  the 
mind  in  studying,  a  sedentary  or  dissipated  life,  ex- 
cess in  exciting  liquors,  and  even  coffee ;  idso  wvft 
of  exercise  of  the  physical  and  menUl  powers,  pro- 
ducing eituMt.  Hypochondria  is  physically  considcfsd 
not  a  dangerous  disease.  It  is  true,  the  genioae 
hypochondriac  believes,  at  least  for  six  days  of  every 
week,  that  his  hour  is  come.  He  passes  a  wretdHi 
existence,  and  is  a  real  torment  to  his  family  and 
physician.  Hypochondria  can  be  cured  bat  slowly. 
A  hypochondrmc  most  abstain  from  much  mediciBe, 
but  the  difficulty  is  to  persuade  him  to  do  so.  He 
ought  to  master  his  feelings,  but  the  body  has  becooM 
the  governing  power ;  he  ought  to  take  much  excrase* 
but  bis  indolence  finds  continual  excuses  for  omittiaf 
it ;  he  ought  to  observe  a  strict  diet  for  years,  but  he 
is  impatient  to  be  cured  immediately,  and  his  most 
solemn  promises  are  forgotten  in  a  week.  Thus  It 
happens  that  a  hypochondriac  is  seldom  entiiely 
cured,  but,  after  having  suffered  for  years,  he  dies  of 
some  additional  disease :  or,  in  very  advanced  age, 
when  the  irritability  of  the  nerves  is  lessened*  tbe 
disease  disappears. 

Hypogastric  (from  vir«,  under,  and  yomip,  the 
abdomen) ;  seated  in  the  lower  part  of  the  belly. 

Htstbrics  are  with  women  nearly  the  M>m^  as 
hypochondria  with  men,  the  difference  which  rcidly 
exists  arising  from  the  peculiar  chancter  and  consti- 
tution ol  women.  It  arises  from  a  morbid  excttonent 
of  the  nervous  system,  and  manifests  itself  by  gntf 
uneasiness,  unusual  susceptibility,  occasioning  greet 
trouble,  often  from  imaginary  causes,  and  aSecting 
the  sufferer  even  to  tears.  To  th^e  is  added  the 
sensation  of  a  ball  mounting  from  the  abdomen,  and 
particularly  from  the  pit  of  the  stomach,  where  the 
most  important  nerves  concentre,  and  occasioDtng  a 
feeling  of  strangulation.  From  the  greater  susceptible 
lity  in  the  system  of  women,  these  afl^ons  are  moie 
universal,  and  appear  quicker  in  other  parts  of  the 
body,  particularly  m  the  muscles,  than  in  men.  Hence 
spasms  of  various  kinds,  contractions  of  the  neck, 
pains  in  the  head,  fainting  fits,  palpitation  of  tiie 
heart,  appear  very  frequently,  and  are  sometimes  ss 
severe  tbjit  persons  afflicted  with  than  seem  to  be 
dying.  These  complaints  were  once  ascribed  to 
vapours  arising  from  the  stomach,  and  were  caOed 
by  that  name.  Women  of  a  delicate  habit,  and 
whose  nervous  system  is  extremely  sensible,  are  the 
most  subject  to  hysterical  affections ;  and  the  habft 
which  predisposes  to  these  attacks  is  acquired  by 
inactivity  ana  a  sedentary  life,  grief,  ttixiety,  awl 
various  physical  disorders.    They  are  readily  excite^ 
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in  tibose  wIk)  are  subject  to  them,  by  strong  emotions, 
especially  if  sudden.  Hysterical  complaints  are  best 
pievented  b^  a  judicions  care  of  the  moral  and  phy- 
sical education  of  girls.  Men  of  uncommon  nervous 
•ensibility  are  sometimes  subject  to  disorders  not 
essentially  different. 

ICE ;  every  frozen  liquid :  in  a  more  limited  sense, 
frozen  water.  As  soon  as  the  temperature  is  raised, 
the  solid  state  again  gives  way  to  the  liquid.  We 
eee,  then,  that  ice  is  nothing  but  water  deprived  of  its 
caloric.  The  freezing  of  water  is  a  phenomenon  so  re- 
markable that  the  greatest  naturalists  have  thought 
it  worthy  of  a  careful  investigation.  Expose  a  glass, 
filled  with  water,  to  a  degree  of  cold  producing  ice ; 
an  extrem^  thin  film  of  ice  is  observed  first  on  the 
snrfice  of  the  water  in  contact  with  the  cold  air. 
Slender  threads  of  ice  are  soon  seen  to  shoot  out 
from  the  sides  of  the  vessel,  generally  forming  with 
it  obtuse  or  acute,  seldom  right  angles ;  from  these 
rajrs,  new  ones  continually  shoot  out,  till  the  whole 
surface  is  covered  with  a  single  coating ;  while  this 
process  is  going  on,  a  great  number  of  air-bubbles 
arise,  as  in  boiling,  which  pass  out  of  the  water  when 
the  congelation  is  slow ;  but,  when  it  is  sudden,  they 
are  frozen  in,  and  by  their  expansion  cause  rents  in 
the  ice. 

Although  cold  generally  produces  contraction,  ice 
occupies  a  larger  space  than  water ;  it  is  hence  spe- 
cifically lighter,  and  floats  upon  it.  Those  persons 
are  in  an  error  who  suppose  that  ground-ice,  as  it  is 
called,  rises  from  the  bottom  of  the  water  after  freez- 
ing. A  species,  however,  called  anchor-ice,  appears 
to  be  formed  at  the  bottom,  or,  at  least,  under  the 
surface,  of  rapid  rivers,  perhaps  owing  to  the  com- 
paratively slow  motion  of  the  water  at  uie  bottom  of  a 
stream.  It  is  well  known  that  stagnant  water  fret2.es 
auoiier  than  flowing  water:  perfect  rest,  however, 
seems  to  be  unfavourable  to  freezing;  for  we  know  by 
experience  that  water  perfectly  still  is  not  frozen 
when  its  temperature  is  reduced  much  below  the 
freezing-point ;  but  a  little  agitation  is  sufficient  to 
change  it  into  ice.  Sea- water,  and  in  general  all  salt 
5vater,  freeze  with  greater  difllculty,  because  the  salt 
and  other  ingredients  retain  the  caloric  longer.  Salt  | 
is,  moreover,  separated  in  the  process  of  freezing, 
and  precipitated  to  the  bottom,  so  that  ice  from 
sea-water  sometimes  affords  water  which  is  fit  for 
drinking. 

The  more  severe  the  cold,  the  greater  the  hardness 
and  firmness  of  the  ice ;  and  the  ice  of  the  polar  re- 
gions can  hardly  be  broken  with  a  hammer.  In  the 
severe  winter  of  1740,  a  house  was  built  at  Peters- 
buiv,  from  the  ice  of  the  Neva,  fifty-two  feet  and  a 
half  long,  sixteen  and  a  half  wide,  and  twenty  high  ; 
and  notwithstanding  the  enormous  weight  of  tiie  roof, 
-which  was  likewise  of  ice,  the  lower  parts  of  the 
building  did  not  receive  the  smallest  injury.  The 
pieces  of  ic6  were  hewn  to  the  form  and  shape  re- 
quired, adorned,  and  arranged  according  to  the  rules  of 
architecture.  Before  the  edifice  stood  six  cannons  of 
ice,  which  were  turned  in  a  lathe,  with  the  carriages 
and  wheels  of  ice,  and  two  mortars  formed  like  cast 
pieces.  The  cannons  were  six- pounders,  which  are 
commonly  loaded  with  three  pounds  of  powder;  these, 
however,  were  loaded  with  only  a  quarter  of  a  pound, 
and  carried  a  ball  of  stuffed  hemp,  and  sometimes  of 
iron.  The  balls,  at  a  distance  of  sixty  paces,  passed 
tiirough  a  board  two  inches  in  thickness  :  the  ice  of 
tfae  cannons  could  not  have  been  much  more  than 


three  or  four  inches  in  thickness,  and  yet  it  resisted 
the  force  of  the  explosion. 

IcB- HILLS  are  a  species  of  structure  common  upon 
the  river  Neva,  at  St.  Petersburg.  They  are  con- 
structed in  the  following  manner : — ^A  scaffolding  is 
raised  upon  the  river  about  thirty  feet  in  height,  with 
a  landing-place  on  the  top,  the  ascent  to  which  is  by  a 
ladder.  From  the  summit  a  sloping  plane  of  boards, 
about  four  yards  broad  and  thirty  long,  descends  to 
the  superficies  of  the  river :  it  is  supported  by  strong 
poles  gradually  decreasing  in  height,  and  its  sides 
are  defended  by  a  parapet  of  planks.  Upon  these 
boards  are  laid  square  masses  of  ice.  about  four  inches 
thick,  which,  being  first  smoothed  with  the  axe,  and 
laid  close  to  each  other,  are  then  sprinkled  with 
water :  by  these  means  they  coalesce,  and,  adhering 
to  the  boards,  immediately  form  an  inclined  plane  of 
pure  ice.  From  the  bottom  of  this  plane  the  snow 
IS  cleared  away  for  the  length  of  200  yards  upon  the 
level  bed  of  the  river,  and  the  sides  of  this  course,  as 
well  as  the  sides  and  top  of  the  scaffolding,  are  orna- 
mented with  firs  and  pines.  Each  person,  being  pro- 
vided with  a  sledge,  moimts  the  ladder;  and,  having 
attuned  the  summit,  he  seats  himself  upon  his  sledge 
at  the  upper  extremity  of  the  inclined,  plane,  down 
which  he  suffers  it  to  glide  with  considerable  rapidity, 
poising  it  as  he  goes  down,  when  the  velocity  ac- 
quired by  the  descent  carries  it  above  100  yards 
upon  the  level  ice  of  the  river.  At  the  end  or  Uiis 
course,  there  is  usually  a  similar  ice-hill,  nearly  pa- 
ralled  to  the  former,  which  begins  where  the  other 
ends,  so  that  the  person  immediately  mounts  again, 
and  in  the  same  manner  glides  down  the  other  in- 
clined plane  of  ice.  Th<^  boys  dso  are  continually 
employed  in  skstins;  doTn  these  Kills;  th«3'  glide 
cMe.iy  upon  one  skacc,  as  tney  a^'o  able  to  poise  them-, 
selves  better  on  one  leg  than  upon  two.  These  ice- 
hills  exhibit  a  pleasing  appearance  upon  the  river,  as 
well  from  the  trees  with  which  they  are  oma- 
meiited  as  from  the  moving  objects  which  at  parti- 
cular times  of  the  day  are  descending  without  mter- 
mission. 

Ice- HOUSE.  The  preservation  of  ice,  as  an  article 
of  luxury,  is  less  attended  to  in  this  country  than  in 
any  other  part  of  Europe ;  we  propose,  therefore,  in  the 
present  article,  pointing  out  die  mode  of  constructing 
an  ice-house  by  which  it  may  be  preserved  at  all  sea- 
sons, and  at  a  comparatively  small  expense. 

The  best  soil  for  an  ice-pit  to  be  made  in  is  chalk« 
as  it  conveys  away  the  waste  water  without  any  arti- 
ficial drain ;  and  next  to  that  a  loose  stony  earth,  or 
gravelly  soil,  is  the  most  advantageous.  The  site 
should  be  elevated,  that  there  may  be  a  sufficient  de- 
scent to  convey  off  any  wet  that  may  happen  to  enter, 
or  from  the  ice  melting ;  and  it  should  be  as  much 
exposed  to  the  air  as  possible ;  not  under  a  fall  of 
water,  or  in  the  shade  of  trees,  as  is  too  often  the 
practice,  under  the  supposition  that  if  exposed  to  the 
sun  the  ice  will  melt  away  in  the  summer. 

The  external  shape  of  the  building  may  be  accord- 
ing to  the  convenience  of  the  owner ;  but,  for  the  well 
into  which  the  ice  is  put,  a  circular  form  is  the  most 
convenient,  the  depth  and  diameter  of  it  being  pro- 
portioned to  the  quantity  of  ice  wanted ;  but  it  is 
always  best  to  have  sufficient  room,  as,  when  the 
house  is  well  built,  it  will  keep  the  ice  two  or  three 
years. 

Where  the  quantity  wanted  is  not  great,  a  well  ot 
six  feet  diameter,  and  eight  feet  deep,  will  be  large 
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gntvelly,  v  undy  kiad,  the  pit  mxf  be  made  entiicly 
below  die  Mtface  of  the  g;muMl ;  but  in  itraDg  tammy, 
dayey,  or  moiit  graund,  it  will  be  better  to  raise  it 
M  high  abore  the  nrfiKX  as  that  then  may  be  do 
danger  from  the  wetnm  of  the  aoil  abont  it.  lie 
McompasyiDg  engiaviDg  repreeente  a  well  of  av«U 
CMl,  bat  wdl  fitted  for  ita  inteoded  object. 


At  the  bottom  of  the  well  there  tlumld  be  a  apace 
about  two  feet  deep  left,  for  receiTing  any  nioutare 
that  may  drun  from  the  ice,  and  a  Bmall  under-ground 
drain  should  be  laid  from  this,  to  cany  off  the  wet ; 
over  tlu*  space  shoold  be  placed  a  strong  grate  of 
wood  to  let  the  moisture  fall  down,  which  may  at 
any  time  happen,  from  the  melting  of  the  ice.  The 
sides  of  the  well  mnst  be  walled  up  with  hrick  or  stone, 
at  least  two  feet  thick ;  bat  if  it  be  thicker  it  will  be 
better,  as  the  thicker  the  walls  are  made  the  leM 
flanger  there  is  of  the  well  beiog  affected  by  eitemal 
causes.  When  the  wall  of  the  well  is  brooght  within 
three  feet  of  the  surface,  there  most  be  another  oater 
arch  or  wall  b^un,  which  must  be  carried  up  to  the 
height  of  the  tup  of  the  intended  arch  of  the  well ; 
anC  if  there  be  a  second  arch  toroed  over  this,  the 
house  will  be  so  much  the  better ;  bnt  this  must  de- 
pepd  OQ  the  KSouTcet  of  the  peraon  who  builds. 
When  complete,  the  plate  into  which  the  roof  is  to  be 
framed  must  be  laid  on  the  outer  wall,  which  should 
be  carried  high  enough  above  the  inner  aich  to  admit 
of  a  door  way  for  reaching  the  ice.  Where  the  build- 
ing is  to  be  covered  with  slate  or  tiles,  there  should 
be  a  thickness  of  reeda,  straw,  or  other  similar  ma- 
terials laid  under,  to  guard  against  the  effects  of  the 
lun  and  eitemal  air ;  where  they  are  laid  two  feet 
thick,  and  plastered  over  with  lime  and  hair,  there 
wilt  be  no  danger  of  the  heat  penetrating  ia  such 
way  as  to  prove  injurious.  The  door  to  enter  by,  fc 
taking  out  the  ice,  should  be  no  larger  than  absolutely 
necessary  for  that  purpose,  and  must  be  strong  and 
close,  to  exclude  the  air ;  and,  at  five  or  six  feet  dis- 
tance from  this,  another  door  should  be  contrived, 
which  should  be  shut  before  the  iimer  door  is  opened, 
whenerer  the  ke  ia  taken  out  of  the  house. 


APUf,    IDEAU 

In  the  Aoiee  of  the  ice,  th«  thinnot  ihoBld  be  M- 
Icctadi  ii^eed,  the  smaller  it  ia  broken  the  better,  a>  it 
will  the  more  readily  unite  when  pat  into  the  welL 
In  patting  it  lo,  the  ice  ehould  be  rammed  cloae,  aad 
a  apace  lelt  between  it  and  the  wall  of  the  well,  by 
placing  straw  for  that  parposc,  so  as  to  admit  iIm 
pasaage  of  any  moisture  that  may  b«  collected  by  the 
partial  melting  of  the  frozen  water. 

IcoHosaaPBT;  the  representation  of  statues,  baata 
hoosebold  gods,  mosaic  works,  and  pictures  in  walet^ 
coloors.  Michael  Angeio  and  Uramus  were  the  re- 
storera  of  this  art,  which  was  carried  farther  by  John 
Angelas  Canini  and  Bernard  de  Mantfaa^on.  Canini 
pobliahed  his  Iconography  at  Rome,  in  1669  (1  vol. 
4to.),andMont<au^nthe^nJifKtf«£ip£9>Aa^  The 
irk  of  thw  kind  is  Vlaconti's  Icomogrmplut 

(Paria,  1808—23,  6  vols.  <to.) ;  it  coataini 

the  portraits  of  the  princes  arul  celebrated  m^  of 
antiqtuty.  Hirec  volumes  form  the  leonoftapkk 
Gncfme;  the  following  the  leanegrapAie  Aoauae; 
the  fifth  Tolumc  was  published,  in  IB2I,  by  A-  Uoa- 
gei ;  the  sixth  volume  concludes  the  whole. 

in  the  jEae  arts,  is  distingoiihed  from  tfec 
Cation  of  reality,  by  avoiding  the  impcf- 
fections  which  always  disfigure  the  individual,  aad 
giving  to  each  excellence  its  highest  perfection.  Ima- 
gination creates  ideals,  in  the  fine  arts,  by  abstrac- 
tions from  individual  forma,  septtrating  the  irtdividiial 
and  casual  from  the  general  and  the  essential,  and 
thus  prodociog  ideals  of  a  particular  kiikd.  If  it  per- 
forms the  same  process  on  these,  again  abstractiag 
the  general  and  essential,  it  creates  new  ideals  of  a 
still  higher  kind ;  and,  if  this  abetractioD  b  carried 
on  farther,  we  arrive  at  last  at  the  pure  ideal,  wUdi 
is  incapable  of  any  farther  separation  and  geBcraliia- 
tion — the  ideal  form  of  the  whole  geuus.  Thua  man 
creates  fonaa  elevated  above  the  real  forts*  of  i>atare: 

,  say  above  nature  itself,  because  we  onda- 

staod  by  nature  not  only  the  actual  appearancea  of 
the  sensible  world,  but  also  the  laws  and  prototypes 
which  lie  at  their  foundation,  and  at  which  imagina- 
tion anives  in  the  way  indimted.  As  in  thooaasds 
of  crystals  we  do  not  find  one  which  forma  a  perfect 
mathematical  figure,  while  the  effort  of  nature  to 
produce  such  a  figure  is  obvious  in  all,  so  is  it  with 
the  beantifnl.  All  the  individual  instances  may  be 
regarded  as  the  imperii  attempt*  of  nature  tn  pro- 
duce a  faultless  model. 

In  creating  the  ideal  of  beauty,  man  does  not  fol- 
low, aa  some  suppose,  the  arbitrary  snggestioos  id 
fancy,  but  strives  to  discover  and  present  the  proto- 
types of  rutare.  Im^nation  finds  the  matoial*  cf 
the  ideal  in  reality,  but  she  unites  the  separate  trait* 
of  the  grand  and  the  beantifol,  ditperaed  throogh 
natnre  in  one  perfect  ideal  So,  too,  there  may  be 
ideals  of  the  hateful,  the  horrid,  the  malignant;  br 
the  ideal  aims  merely  at  completeness,  whether  in 
the  good  or  the  bod,  the  grand  or  tbte  mean,  the 
graceful  or  the  ugly,  the  heroic  or  the  ridicolooa. 
Dante  often  gives  us  the  ideal  of  physical  uaffaing; 
whilst  the  Koran  aims  to  present  the  ideal  of  atsanal 
enjoyment.  The  caricature  is,  under  a  certain  point  of 
view,  an  ideal.  The  characteristic,  which  i*  fonnded 
on  the  deviation  of  the  individual  form  from  the 
generic,  is  therefore  opposed  to  the  ideal,  whidi  loMa 
by  any  deviation  from  the  generic  form ;  but,  on  die 
other  band,  the  representation  gains  in  character,  and 
thua  satisfies  the  claims  of  the  fine  arts,  which  require 
not  only  the  beautiiiil,  but  the  tme.    Truth  nut  i» 
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no  case  be  sacrificed  to  beauty, ,  A  medium  must 
therefm«  be  employed,  by  which  the  trutib  may  be 
represeDted  as  beautifhL  This  medium  is  the  true 
ideal  of  the  intuitive  arts.  Crenius  only  can  decide 
how  far  the  characteristic  and  the  generic  are  to  be 
mingled. 

Idiostncbact  means  the  peculiar  effect  produced 
by  certain  agents  upon  the  bodily  frame ;  or  the  pe- 
culiar, and  frequently  morbid  state  of  feeling,  of  liking 
or  dislike  which  a  person  has,  with  regard  to  certain 
objects,  whether  physical  or  intellectual. 

loNis  Fatuus.  a  very  interesting  description  of 
this  curious  natural  phenomenon,  ^raich  is  seen  in 
the  neighbourhood  of  lakes  and  stagnant  pools,  has 
lately.been  published  in  the  EdMurgk  New  PlUlow- 
fhical  Journal;  and  the  author,  Mr.  Blesson,  has 
investigated  the  matter  with  such  care  and  accuracy 
as  to  warrant  our  quoting  the  description  in  his  own 
words. 

''  The  first  time,"  says  Mr.  Blesson,  "  I  saw  the 
Ignis  fatuus  was  in  a  valley  in  the  forest  of  Gorbitz, 
in  the  New  Mark.  This  valley  cuts  deeply  in  compact 
loam,  and  is  marshy  on  its  lower  part.  The  water 
of  the  marsh  is  ferru^nous,  and  covered  with  an 
iridescent  crust.  Durmg  the  day^  bubbles  of  air 
were  seen  rising  from  it,  and  in  the  night  blue  flames 
were  observed  shooting  from  and  pCiying  over  its 
surface.  As  I  suspected  that  there  was  some  con- 
nection between  these  flames  and  the  bubbles  of  air, 
I  marked  during  the  day-time  the  place  where  the 
latter  rose  up  most  abundantly,  and  repaired  thither 
during  the  night ;  to  my  great  joy  I  actually  observed 
bluish-purple  flames,  and  did  not  hesitate  to  approach 
them.  On  reaching  the  spot  they  retired,  and  I 
pursued  them  in  vain ;  all  attempts  to  examine  them 
closely  were  ineffectual.  Some  days  of  very  rainy 
weather  prevented  farther  investigation,  but  afforded 
leisure  for  reflecting  on  their  nature.  I  conjectured 
that  the  motion  of  the  air,  on  my  approachmg  the 
sjpot,  forced  forward  the  burning  gas,  and  remarked 
that  the  flame  burned  darker  when  it  was  blown 
aside;  hence  I  concluded  that  a  continuous  thin 
stream  of  inflammable  air  was  formed  by  these  bub- 
bles, which,  once  inflamed,  continued  to  bum,  but 
which,  owing  to  the  paleness  of  the  light  of  the  flame, 
could  not  be  observed  during  the  day. 

On  another  day,  in  the  twilight,  I  went  again  to 
the  place,  where  I  waited  the  approach  of  night : 
the  flames  became  gradually  visible,  but  redder  &an 
formerly,  thus  showing  that  they  burnt  also  during 
the  day:  I  i^iproached  nearer^  and  they  retired. 
Convinced  that  they  would  return  again  to  the  place 
of  their  origin  when  the  agitation  of  the  air  ceased,  I 
remained  stationary  and  motionless,  and  observed 
them  again  gradually  approach.  As  I  could  easily 
xeach  them,  it  occurred  to  me  to  attempt  to  light 
paper  by  ijieans  of  them ;  but  for  some  time  I  did 
not  succeed  in  this  experiment,  which  I  found  was 
owing  to  my  breathing.  I  therefore  held  my  face 
from  the  flame,  and  also  held  a  piece  of  cloth  as  a 
screen ;  on  doing  which  I  was  able  to  singe  paper, 
which  became  tnrown-coloured,  and  covered  witii  a 
viscous  moisture.  I  next  used  a  narrow  slip  of  paper, 
and  enjoyed  the  pleasure  of  seeing  it  take  fire.  The 
gas  was  evidentiy  inflammable,  and  not  a  phospho- 
rescent luminous  one,  as  some  have  maintained. 
But  how  do  these  lighti  originate  ?  After  some  re- 
flection, I  resolved  to  make  the  experiment  of  extin- 
guishing them.    I  followed'  the  flame ;  I  brought  it 


so  far  from  the  marsh  that  probably  the  thread  of 
connection,  if  I  may  so  express  myself,  waa  broken, 
and  it  was  extinguished.  But  scarcely  a  few  minutes 
had  elapsed  when  it  was  again  renewed  at  its  source 
(over  die  air-bubbles),  without  my  being  able  to 
observe  any  transition  from  the  neighbouring  flames, 
many  of  which  were  burning  in  the  valley.  I  re- 
peated the  experiment  frequentiy,  and  always  witii 
success.  The  dawn  approached,  and  the  flames, 
which  to  me  appeared  to  approach  nearer  to  tiie 
earth,  gradually  disappeared. 

On  the  follovnng  evening  I  went  to  the  spot  and 
kindled  a  fire  on  the  side  of  the  valley,  in  order  to 
have  an  opportunity  of  trying  to  inflame  the  gas. 
As  on  the  evening  before,  I  first  extinguished  the 
flame,  and  then  hastened  with  a  torch  to  the  spot 
from  which  the  gas  bubbled  up,  when  instanta- 
neously a  kind  of  explosion  was  heard,  and  a  red 
light  was  seen  over  eight  or  nine  square  feet  of  the 
marsh,  which  diminished  to  a  small  blue  flame,  from 
two  and  a  half  to  three  feet  in  height,  that  continued 
to  bum  with  an  unsteady  motion.  It  was  therefore 
no  longer  doubtful  that  tiiis  ignis  fatuus  was  caused 
by  the  evolution  of  inflammabb  gas  firom  the  marsh.'* 

Ignition  (glowing  heat)  denotes  that  state  of  cer- 
tain bodies  in  which,  from  being  exposed  to  a  hij^ 
temperature,  they  appear  luminous.  Two  kinds  of 
ignitible  bodies  are  distinguished :  namely,  such  as 
become  entirely  changed  by  ignition,  as  charcoal, 
sponge,  ^. ;  and  such  as  retain  their  former  state,  as 
iron,  for  example.  The  first  is  a  regular  combustion, 
in  which,  however,  no  gas  rises  from  the  bodies  in 
the  form  of  flame.  The  second  is  mere  heat. 
Of  the  metals,  many  liquefy  before  they  become  ig- 
nited :  for  example,  lead  and  tiiL  Iron,  on  the  other 
hand,  becomes  ignited  long  before  it  melts.  Three 
stages  of  ignition  may  easily  be  distinguished.  Iron, 
at  about  770^  of  Fahrenheit,  becomes  brownish-red, 
which  is  the  commmcement  of  ignition.  At  a  higher 
temperature,  it  becomes  red  hot ;  at  about  1000^  of 
Fahrenheit,  it  becomes  white  hot;  and  emits  a  very 
white  brilliant  light.  If  gradually  cooled,  ignition 
dinunishes  in  the  same  inverse  order.  In  this  gradual 
transition,  we  perceive  all  the  different  colours  of 
li^t. 

Impression,  in  the  arts,  is  used  to  signify  the 
transfer  of  certain  figures  by  pressure  from  a  hard  to 
a  soft  substance,  lliis  transfer  affords  the  means  of 
multiplying  copies,  and  takes  place  in  typography, 
copper-plate  printing,  lithography,  &c.  Engravers  m 
copper  and  wood  work  in  plain  surfaces ;  the  gem 
and  stamp  engravers,  however,  produce  elevated  or 
sunk  figures ;  consequentiy,  the  impressions  appear 
in  relievo,  and  the  substances  which  receive  them 
must  be  susceptible  of  bemg  raised  or  depressed.  In 
order  to  obtain  impressions  from  copper-plates,  a 
colouring  substance  must  be  put  in  the  incisions  of 
the  plate.  In  the  case  of  wood-cuts,  the  colouring 
matter  is  applied  to  the  elevations.  In  both  cases, 
the  copy  is  procured  by  pressure. 

There  are  two  kinds  of  impressions : — 1 .  That  exe- 
cuted upon  plane  surfaces,  as  in  lithography,  copper- 
plate printing,  and  copies  from  wood-cuts.  The 
instraments  for  it  are  the  printing,  rolling,  and  litiio- 
graphic  press.  The  goodness  of  the  copies  depends 
partly  on  the  care  and  skill  of  the  pnnter ;  partiv 
also  on  the  degree  in  which  the  plate  has  been  used. 
The  best  copies  are  always  among  the  first  hundred. 
These  are  sold  at  a  higher  price  toan  the  subsequent 
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impressloiis.  An  engrtred  plate  sftrnk  more  good 
copies  tiim  ftn  etdied  one,  and  tiiii  more  timn  ooe 
in  aqua  tinta.  Copies  are  taken  from  wood-cuts  in 
the  same  way  as  from  copper-plates,  only  the  ink 
b  applied  to  the  surface  of  the  figore  as  m  typo- 
graphy. 2.  Copies  in  relievo  are  impressifms  of 
medals  and  gems,  or  stamps,  so  as  to  leave  raised 
or  sunken  figures.  Medals  and  engraved  gems  are 
valuable  as  historical  monuments  and  works  of 
art,  and  the  mode  in  which  copies  of  tiiem  are 
made  is  a  matter  of  importance.  Representations 
of  them  in  copper-plate  engravings  cannot  properly 
express  their  character  as  works  of  art.  Impressions 
are  therefore  taken  immediately  from  them,  by  means 
of  fine  sealing-wax,  sulphur,  wax,  glass,  &c.  Copies 
in  vitreous  substances  are  called  paste$, 

iNCLiifATioif,  in  mathemaHcM,  means  the  direction 
of  a  line,  with  regard  to  a  certain  point  (according  to 
the  sense  of  the  ancient  mathematicians,  ApoUonius 
and  Pappus  particularly).  In  astronomy,  this  word 
signifies  the  angle  which  the  orbits  of  the  planets  and 
comets  make  with  the  ecliptic  or  orbit  of  the  earth. 
This  angle  is  the  smaller,  the  less  the  planet  or  comet 
is  dbtant  from  the  ecliptic  According  to  the  latest 
-observations  of  Lalande  and  Bode,  this  angle  of  in- 
clination is,  in  the  different  planets,  as  follows:^ 
Mercury  7^  Venus  3°  23'  20*,  Mars  1°  51'  Pallas 
about  30°,  Ceres  \(f  ^T,  Jupiter  1°  \^  \{f,  Saturn 
•  2°  30^  20",  Uranus  0°  43'  45''.  More  exact  determi- 
nations  with  regard  to  Ceres,  Pallas,  Juno,  and  Vesta 
may  be  expected  at  some  future  period.  The  comets 
make  frequently  very  great  angles  with  the  ecliptic, 
for  they  traverse  the  heavens  in  all  directions.  The 
inclination  of  the  moon's  path  is  different,  according 
as  the  sun  affects  it  differently,  but  it  is  between 
fP  V  and  5<>  17'. 

Inclined  Plans.  The  inclined  plane  is  one  of 
the  three  mechanical  powers,  or  simple  machines, 
formed,  as  its  name  imports,  by  a  plane  surface,  sop- 
posed  to  be  perfectly  hard  and  inflexible,  and  which 
IS  always  inclined  obliquely  to  the  weight  or  resist- 
ance to  be  overcome.  'Hie  wedge  is  s  modification  of 
this  machine,  being  formed  of  two  inclined  planes 
placed  base  to  base.  The  screw  is  another  modifica- 
tion, being,  in  fact,  merely  an  inclined  plane  wound 
round  a  cylinder.  This  machine  enables  us  to  raise 
a  given  weight  along  the  inclined  surface  to  a  given 
elevation,  with  less  expense  of  force  than  would  be 
required  to  raise  it  perpendicularly  to  the  same  eleva- 
tion. The  perpendicular  height  is  called  the  elevatum 
of  the  pkuie,  and  the  two  lines  enclosing  the  angle 
which  it  subtends  are  called  the  toe  and  the  length 
of  the  plane. 


length  of  the  perpcadicvlar  lift,  it  will  leqabe 
only  one-third  the  weight  to  raise  the  carnage,  bst 
then  it  will  require  three  times  as  loog  to  arfomplish 
the  work. 

In  the  second  arrangement  of  the  inclined  plane, 
the  mechanical  advantage  is  precisely  the  same,  btt 
the  plane  itself  is  put  in  motion.  This  is  in  ceslity 
the  operating  power  in  a  common  screw. 


There  are  two  modes  of  exhibiting  die  power  of  the 
inclined  phme.  The  arrangement  exhibited  above 
consists  of  three  paths,  inclined  to  the  plane  of  the 
horizon  at  different  angles.  To  carry  a  loaded  car- 
riage up  the  first  would  require  a  weight  of  one 
pound,  the  second  two  pounds,  and  the  steepest  plane 
three  pounds.    If  the  inclined  path  be  three  times  the 
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Inobtbeminatb  Problem  and  Akaltbis,  m 
algebra-;  that  which  admits  of  innumerable  sohitkBs. 
In  such  cases,  the  number  of  unknown  quantities 
concerned  is  greater  than  the  number  of  conditioeSk 
or  equations,  by  which  they  are  to  be  found,  whence  it 
happens  that  some  other  quantities  are  assumed  t> 
supply  the  defect.  Diophantes  was  the  first  writer 
on  this  subject,  and  the  result  of  his  labours  wm 
published  by  Xylander  in  1575.  Mr.  Leslie  km 
given  an  ingenious  paper  on  the  solution  of  indeter- 
minate problems  in  the  second  volume  of  the 
bttrgh  PMloeophical  f\ran»acHon». 

Indigo.  The  knowledge  of  thb  most 
vegetable  substance,  which  forms  an  important  part 
of  East  and  West  Indian  conmierce,  and  is  beginm^ 
to  receive  considerable  attention  as  a  domestic  pro- 
duction, is  alike  interesting  to  the  chemist  and  to  the 
dyer.  The  ancients  were  acquainted  with  it  aider 
the  name  of  iudietm.  Pliny  knew  that  it  wras  a  pre- 
paration of  a  vegetable  substance,  though  he  wm 
ignorant  of  the  plant  whidi  furnished  it,  and  of  die 
process  by  which  it  was  prepared.  From  its  colov, 
and  the  country  from  which  it  was  imported, 
authors  call  it  airaimenium  imdiemm,  and 
nigrym.  The  American  name  is  ml,  or  ami, 
which  the  Portuguese  have  adopted  their 
the  other  European  nations  geneially  call  it 

In  treating  of  indigo,  it  wiU  be  the  most  convemeMt 
to  explain,  in  the  first  place,  its  physical  and  chemical 
properties,  and  afterwards  to  allude  to  the  sooreei 
from  which  it  is  derived,  and  the  method  by  vrhidi 
it  is  manufactured.  As  it  is  found  in  commerce,  k 
presents  the  form  of  little  square  or  oblong  cakes,  of 
an  intense  blue  colour,  approaching  to  blad:;  is 
brittle  and  friable ;  rather  light,  and  without  taste  or 
odour.  When  heated,  it  has  a  disagreeable  odour,  sob- 
liming  at  55^  F., — a  degree  of  heat  near  that  at 
which  it  is  decomposed.  Its  vapour  is  of  a  rich 
violet  red-colour,  and  condenses  by  cold  into  deticate 
acicular  crystals,  which  consist  of  perfectly  pine  in- 
digo. Water,  by  being  boiled  on  indigo,  diasohpes 
oiSy  about  a  ninth  or  a  twelfth  its  weight;  Hie  aohi- 
tion  is  of  a  reddish-brown  colour,  and  contains  what 
may  be  called  the  extractive  part  or  the  substaBor; 
but  the  colouring  matter  remains  unaltered,  except  m 
having  assumed  a  brighter  hue.  Alcohol  and  ether, 
when  digested  upon  it,  are  also  attended  vrith  sanadar 
effects.  Sulphuric  acid  is  the  only  single  agent  timt 
dissolves  indigo  without  destroying  its  colour.  Wben 
it  is  put  into  this  acid,  a  yellow  solution  is  at  fest 
formed,  which,  after  a  few  hours,  acquires  a  deep 
blue  colour.  From  the  solution,  diluted  with  Wiilv, 
potash  and  its  sulphate  throw  down  a  deep  dadt- 
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Utie  precipitate,  capable  of  impariiQg  to  water,  con- 
taining only  ^g^  of  its  weight,  a  distinctly  blue 
tinge.  It  is  no  longer  subject  to  yapoiization,  bow- 
erer ;  from  wbicb  circumstance,  and  its  property  of 
solubility  in  water,  it  is  inferred  to  be  a  different  sub- 
stance from  indigo,  and  bas  received  the  name  of 
eerttUn.  When  properly  diluted  witb  water,  it  forms 
the  liquid  blue,  or  Saton  blue,  of  ^e  dyers. 

Another  compound  of  indigo  and  water,  under  the 
name  of  pbenecU,  is  obtained  when  water  is  added  to 
a  solution  of  indigo  in  sulphuric  acid,  which  has 
been  suflfered  to  stand  for  several  bours,  till  it  has 
lost  its  yellow  colour,  and  become  blue.  It  appears 
to  consist  of  one  equivalent  of  indigo  and  two  of 
water.  In  the  formation  of  these  substances,  indigo 
is  conceived  to  combine  witb  water ;  but  whether  the 
effect  is  produced  by  the  sulphuric  acid,  or  whether 
the  sulphuric  acid  operates  merely  to  prepare  the  in- 
digo for  combining  with  water  afterwards,  is  not  yet 
fully  determined.  Wben  indigo,  suspended  in  water,  is 
brought  into  contact  with  certain  deoxidizing  agents, 
it  is  deprived  of  a  pari  of  its  oxygen,  becomes  green, 
and  is  rendered  soluble  in  water,  and  still  more  so  in 
the  alkalies.  It  recovers  its  former  colour,  however, 
on  exposure  to  the  air,  by  again  absorbing  oxygen  of 
1  or  }  of  the  whole  weight  of  the  resultiog  indigo. 
Its  deoxidlzement  is  effected  either  by  allowiug  it  to 
ferment  along  with  bran,  or  other  vegetable  matter, 
or  by  decomposing  in  contact  with  it  the  proto-sul- 
phate  of  iroD,  by  the  addition  of  lime.  Substances 
dyed  by  deoxidized  indigo  receive  a  green  tint  at 
first,  which  becomes  blue  by  exposure  to  the  air. 
Hiis  is  the  usual  method  of  colouring  cloth  by 
means  of  indigo,  which,  when,  fully  oxidized,  affords 
a  permanent  dye,  not  removable  by  soap  or  by  acids. 

Chlorine,  whose  power  in  extmguishing  vegetable 
colours  is  universal,  destroys  the  colour  of  indigo ; 
and,  from  the  known  fact  that  a  given  quantify  of 
free  chlorine  discolours  always  the  same  quantit}*  of 
pure  indigo,  a  solution  of  indigo  in  sulphuric  acid 
has  been  employed  for  measuring  the  strength  of 
aoiotions  of  chlorine  and  of  chloride  of  lime,  in  order 
to  regulate  their  application  to  the  art  of  bleaching ; 
wid,  reciprocally,  a  solution  containing  a  known 
quantity  of  chloride  of  lime  may  be  employed  as  a 
test  of  the  strength  or  value  of  indigo.  Indigo  may 
be  said  to  be  a  rare  production  of  the  vegetable  king- 
dom, it  hitherto  having  been  found  only  in  a  small 
number  of  species  belonging  to  the  genera  indigofera, 
iMotU,  and  neriwm ;  but  it  is  almost  exclusively  from 
the  first  of  these  that  the  indigo  of  commerce  is 
extracted.  In  describing  the  culture  of  the  indigo 
plant,  and  the  mode  of  manufacturing  the  indigo,  we 
shall  draw  our  materials  mainly  from  the  methods 
pursued  in  the  East  Indies,  where  this  article  is  pre- 
pared in  its  greatest  perfection.  The  plant  requires 
a  rich,  light  soil,  and  a  warm  exposure.  It  succeeds 
best  on  newly-cleared  lands,  on  account  of  their 
moisture ;  it  requires  protection  against  high  winds, 
and  needs  irrigation  in  times  of  drought.  The  ground, 
after  being  properly  prepared  for  the  reception  of  the 
seed  by  ploughing,  is  sown  pretty  thickly,  the  time 
of  sowing  being  so  chosen  that  rain  may  fall  upon 
the  plant  as  soon  as  it  shows  itself  above  the  ground, 
by  which  it  is  not  only  greatly  invigorated,  but 
cleansed  from  those  innumerable  insects  which  other- 
wise are  liable  to  destroy  it.  From  this  time,  com- 
paratively little  rain  is  needed ;  for  the  dews  are  so 
cf^ious  as  to  supply  nearly  all  the  moisture  required ; 


and,  besides,  its  spindle-shaped  root,  whicb  descend* 
into  the  ground  perpendicularly,  to  the  depUi  to 
nearly  three  feet,  enables  it  to  endure  temporary 
droughts.  The  prevalence  of  cloud  v  weather  and 
much  moisture,  however,  cause  the  mdigo  plant  to 
thrive  more  luxuriantly,  but  occasion  a  great  defi- 
ciency in  the  colouring  matter,  which,  as  it  contains 
an  extraordinary  quantity  of  carbon,  requires  the 
plant  to  decompose  carbonic  acid  gas  very  abun- 
dantly, — an  operation  which  it  is  unable  to  perform 
when  deprived  of  the  direct  influence  of  the  sun's 
rays.  As  the  youn^  shoots  furnish  larger  and  more 
numerous  leaves,  it  is  usual  to  plant  every  year ;  but 
the  Egyptians,  who  seem  to  cultivate  it  most  suc- 
cessfully, plant  only  every  third  or  fourth  year.  As 
the  plant  approaches  to  maturity,  the  leaves  undergo 
a  sudden  change  in  colour,  from  a  light  to  a  dark 
green.  As  soon  as  this  change  is  observed,  the 
branches  are  severed  from  the  parent  stem  early  in 
the  morning,  and  Fpread  out  in  the  sun  till  the  ailler* 
noon,  by  which  time  they  become  sufficiently  dry 
to  be  beaten  from  the  branches  by  a  stick.  The 
leaves,  so  separated,  are  housed  in  warehouses,  closely 
packedand  well  trodden  down  by  natives.  The  plants 
from  which  the  leaves  have  been  severed  send  forth 
a  new  crop,  which  is  gathered,  when  mature,  like  the 
first.  Rain,  however,  is  nexressary  after  the  cutting, 
to  enable  the  plant  to  shoot  again  in  a  thriving  man- 
ner. The  cuttings,  in  a  favourable  season,  are  re- 
peated three  or  four  times,  after  which  the  ground  is 
ploughed  up  for  another  sowing ;  but  each  successive 
growth  of  the  branches  produces  an  increased  dete- 
rioration of  the  qualities  of  the  leaves,  so  that  one 
part  of  the  leaves  of  the  first  cutting  yields  as  much 
mdigo  as  two  parts  of  the  third  crop. 

^The  dried  leaves  are  not  immediately  used,  but  are 
kept  packed  for  one  month,  during  which  time  they 
suffer  a  material  change,  which  is  indicated  by  their 
having  passed  to  a  light  lead-colour.  By  additional 
keeping,  the  lead-colour  gradually  darkens,  until  it 
becomes  black.  The  maximum  quantity  of  indigo  is 
to  be  obtained  when  the  lead-colour  is  effected ;  and 
any  delay  in  extracting  it,  after  it  has  reached  this 
point,  is  attended  with  a  loss  in  the  quantity  of  the 
indigo.  The  lead-colour,  however,  docs  not  appear 
in  a  month  afler  the  leaves  are  gathered,  unless,  from 
fear  of  rain,  or  any  other  cause,  they  were  cut  before 
being  ripe ;  and,  on  the  other  hand,  if  the  cutting 
was  deferred  till  after  the  plant  was  fully  ripe,  the 
leaves  will  not  require  to  be  kept  so  long.  The  dried 
leaves,  after  having  suffered  the  change  of  colour  al- 
luded to,  are  transferred  to  the  steeping- vat  (an  un- 
covered reservoir,  thirty  feet  square,  and  twenty-six 
inches  deep,  constructed  of  brick,  and  lined  with 
stucco),  where  they  are  mingled  with  water,  in  the 
proportion  of  about  one  volume  of  leaves  to  six 
of  water,  and  allowed  to  remain  two  hours.  The 
great  affinity  of  indigo  for  oxygen  is  here  very 
manifest,  in  the  quick  change  of  the  colour  of  the 
leaves  which  float  on  the  surface,  and  are  exposed  to 
the  action  of  the  atmosphere,  to  a  blackish-blue, 
when  contrasted  with  those  below,  which  remain 
unchanged.  On  this  account  the  vat  is  frequently 
stirred,  so  that  the  floating  leaves  may  be  immersed. 
After  two  hours'  infusion,  the  water,  which,  from  the 
solution  of  imperfectly  oxygenized  indigo,  has  ac- 
quired a  fine  green  colour,  is  allowed  to  run  off  from 
tbe  leaves,  through  strainers,  into  the  beating-vat, 
where  it  b  agitated  by  the  paddles  of  ten  or  twelve 
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itatiTes  for  about  two  honn,  during  whicli  thnc  the  fine 
green  liqnor  gradually  darkens  to  a  blackish-blne.  This 
part  of  the  process  requires  a  longer  or  shorter  time, 
depending  on  the  former  preparation  of  the  leaf,  and 
the  imm^ate  influence  of  the  sun.  The  critmon  for 
judging  when  it  is  completed  is  deriyed  from  the 
incipient  separation  of  the  particles  of  indigo,  which 
become  visible  by  pouring  a  small  quantity  of  the 
fluid  into  a  white  earthen  dish.  At  Uiis  time,  lime- 
water  18  thrown  into  the  Tat,  and  thoroughly  agitated 
with  the  whole  mass  of  fluid.  The  mass  is  then  left 
to  subside  for  the  space  of  three  hours,  when  the  su- 
pernatent  liquid,  which  is  of  a  fine  bright  Madeira 
colour,  is  withdrawn,  by  orifices  in  the  vat  at  differ- 
ent heights.  The  indigo  is  then  remoyed  to  the 
covered  part  of  the  manufactory,  where  it  is  put  on  a 
straining-cloth,  and  allowed  to  drain  throughout  the 
night.  On  the  following  morning,  it  is  transferred 
to  a  copper  boiler,  where  it  is  mingled  with  a  quan- 
tity of  water,  and  raised  to  ebullition.  As  the  mass 
is  ^;radually  heating,  a  quantity  of  scum  rises,  which 
is  immediately  removed,  and,  as  soon  as  the  whole 
is  brought  to  the  boiling  point,  tiie  fire  is  withdrawn. 
Ihe  coBtoits  of  tiie  copper  are  retaken  to  the  strainers, 
and  the  drained  indigo  is  then  divided  into  small  por- 
tions, each  portion  being  well  worked  by  the  hands  of 
the  natives,  in  order  to  free  it  from  air-bubbles.  It  is 
then  carried  to  the  pressing-boxes,  which  are  usually 
square,  and  of  sufficient  depth  to  leave  the  cake  about 
two  inches  and  a  quarter  in  thickness.  By  means  of 
a  powerful  screw,  the  water  is  separated  from  the  in- 
digo ;  the  cakes  are  gradually  dried  in  the  shade,  and 
thus  rendered  fit  for  exportation. 

In  the  West  Indies  and  America,  the  old  process, 
formerly  employed  in  India,  of  fermenting  the  leaves 
as  soon  as  cut,  instead  of  drying  them,  and  obtain* 
ing  the  indigo  by  simple  infusion,  is  still  in  use.  The 
plant  is  allowed  to  stand  until  it  is  fully  in  blossom, 
when  it  is  cut  down  with  reaping-hooks,  tied  in  loads, 
and  carried  to  the  works,  where  it  is  deposited  in 
strata  in  the  steeping- vat.  As  soon  as  the  vat  is  filled 
with  the  green  plant,  water  is  admitted  sufficient  to 
cover  it,  and  the  whole  is  left  to  digest  and  ferment, 
until  the  greatest  part  of  the  pulp  is  abstracted,  with- 
out letting  the  tender  tops  ran  to  putrefaction ;  and 
it  is  the  management  of  this  point  which  occasions 
the  planter  the  greatest  difficulty ;  for,  if  he  draws 
off  the  water  but  two  hours  too  soon,  he  inevitably 
loses  the  greatest  part  of  the  pulp,  and,  if  the  fermen- 
tation runs  but  two  hours  too  long,  the  whole  is 
spoiled.  To  ascertain  the  due  degree  of  fermentation, 
the  workman  draws  out,  from  time  to  time,  a  hand- 
ful of  the  plant,  and  when  he  finds  the  tops  grow 
very  tender  and  pale,  and  observes  the  stronger  leaves 
change  their  colour  to  a  less  lively  tint,  he  draws  the 
liquor  off  without  delay.  An  experienced  manufac- 
turer will  also  form  a  tolerable  estimate  of  the  degree 
of  fermentation  by  the  grain  of  the  infusion,  of  which 
h3  frequently  beats  a  little  in  a  silver  cup.  When  the 
pulp  is  believed  to  be  extracted,  the  infusion  is  drawn 
off  into  the  beating- vat,  after  which  it  is  treated  in  a 
manner  similar  to  that  above  described. 

Infantry.  If  cavalry  are  to  be  called  Varme  du  fno- 
ment,  the  great  work  of  the  battle  is  to  be  performed 
by  the  infantry,  which  composes  the  principal  part  of 
an  army,  and  is,  in  point  of  character,  the  most  im- 
portant part,  because  it  can  be  used  every  where — 
m  mountains,  on  plains,  in  woods,  on  rivers,  and  at 
tea,  in  the  redoubt,  in  the  breach,  in  cities  and  fields. 


aad,  depending  only  on  it^alf,  has  a  great  advaata^ 
over  the  two  other  dasees  of  trQope,  who,  depending 
in  a  great  measure  for  their  efficiency  on  the  strength 
and&  will  of  horses,  are  far  less  fitted  to  endure  de- 
privation, and  a  noxious  climate,  .or  to  contend  witii 
the  snows  ofRussia,  or  the  deserts  of  Egypt.  The  in- 
fantry are  pre-eminentiy  the  moral  power  of  armies ; 
and  on  no  class  of  troops  has  a  general,  who  knows 
how  to  act  on  his  soldiers,  such  influence. 

Foot-soldiers  were  armed,  in  old  times,  with  a 
spear,  sometimes  with  a  sword,  arrows,  lance,  and 
sling;  at  present,  with  a  gun  and  bayonet,  whidi  is 
occasionally  accompanied  with  a  sword.  Sometinies, 
but  rarely,  they  are  armed  with  pikes.  Some  foot- 
soldiera,  in  most  armies,  have  rifles,  generally  so 
constructed  that  the  rifleman  may  put  his  short  sword 
on  the  rifle,  to  be  used  as  a  bayonet.  The  swocd 
given  to  foot-soldien,  and  used  by  hand,  is  of  bat 
little  advantage,  and  is  generally  intended  principaBy 
for  ornament,  to  complete  the  soldierlike  look,  rather 
than  to  be  used  in  fignring.  Hie  foaUaoMier  has  as 
defensive  covering,  or  very  little.  The  greatest  is  his 
mantle,  rolled  up,  and  worn  on  one  shoulder  by  die 
Prussian  and  Russian  troops.  The  helmet  or  ap 
protects  the  head,  and  epaulettes  are  sometimes  used 
to  protect  the  shoulden. 

Infantry  is  divided  into  light  infantry  and  that  of  the 
line.  The  latter  forms  die  great  mass,  which  is  in- 
tended to  fight  in  line,  to  decide  attacks  by  the  bayonet, 
to  make  assaults,  and  is  itself  again  divided  into  gre- 
nadiers and  musketeera.  The  light  infantry  is  parti- 
cularly intended  to  serve  in  the  outposts,  to  act  as 
sharp-shootere,  to  make  bold  expeditions,  and  harass 
and  disquiet  the  enemy.  It  includes  the  riflemen.  The 
light  infantry  form  from  the  thirtieth  to  the  sixtieth 
part  of  an  army.  The  character  of  military  operations, 
however,  has  changed  of  late  so  much  that,  in  a  good 
army,  it  is  necessary  that  the  infantry  of  the  line 
should  take  part  readily  in  the  li^t  service,  and  the 
light  infantry  be  ready  to  fight  in  the  line,  from  which 
the  riflemen  only  are  excepted.  These  are  only  used  as 
sharp-shooters.  In  some  armies,  there  are,  besides  the 
riflemen,  whole  regiments  of  light  infantry :  in  others, 
as  in  the  Prussian  army,  each  regiment  has  two  bat- 
talions of  infantry  of  the  line,  and  one  battalion  of  li^ 
infantry ;  in  o^era,  as  in  the  French,  each  battalion 
has  its  grenadiera  and  iirmUfium  (sharp-^u>oters) .  In- 
fantry is  divided  into  battalions,  these  into  companies, 
and  these  again  into  platoons.  Several  battalions, 
two  or  three,  sometimes  four  and  ^ve,  form  a  regi- 
ment. The  tactics  of  infantry  admit  three  different 
modes  of  arranging  this  species  of  troops  in  battle— 
1.  in  line,  when  they  are  drawn  up  in  line  two  or 
three  men  deep,  an  order  very  rarely,  if  ever,  used  at 
present ;  2.  in  column,  when  several  lines,  three  or 
two  men  deep,  are  drawn  up  one  behind  the  other; 
3.  in  dispersed  order. 

The  excellence  of  infantry  depends  on  their  good 
order  in  advancing  and  retreating,  perfect  acquaint- 
ance with  their  exercises  and  duties,  on  a  just  appli- 
cation of  their  fire,  and  great  calmness  both  in  as- 
saulting and  when  assaulted  in  the  square,  which  b 
acquired  by  experience.  As  long  as  the  infantiT 
remain  calm,  the  general  need  not  lose  hope ;  but  aU 
is  to  be  feared  when  they  are  disordered,  whether 
through  ardour  or  fear.  In  countries  affording 
horses,  men  alwa3j^  prefer  to  fight  on  horseback, 
and  civilization  alone  gives  more  importance  to  is- 
fantry. 
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With  dte  Asiatiea,  bttidci  die  me  cf  inbnttr  ted 
caialry,  princes  tad  nobltmcn  foogfat  in  chM^ota. 
71m  iidutry  wm  the  pwt  leut  eatcemed,  and,  with 
the  Penions,  coitaiited  of  the  heevy.«rined,  the  alii^;- 
en,  uid  orchera.  Probably  thii  wa«  one  resaoo  ol 
the  Tictoriet  of  the  Greeks  aver  the  Peniuis,  u  they 
h>d  cultifated  infantry  more,  auA  had  giTen  up  the 
chariots,  described  by  Homer  me  common  in  the  Tro- 
jan war.  Eren  their  kingt  and  geiwr«]e  fought 
fooL  They  h*d  both  heavy  and  light  inlantry.  Tie 
Greeks  were  conquered,  in  their  turn,  by 


coaqner  the  Persians.  With  the  Komana,  infantry 
vai  the  itrength  of  dieir  amies.  Their  legions, 
consisting  mostly  of  inftmtry,  conqnered  the  world. 

The  principal  value  of  infantry  troops  arises  from 
their  power  of  resisting  the  attacks  of  borae-soldiers. 
No  matter  bow  impehioDs  the  charge  of  the  cavalry, 
the  square  of  infantry  is  perfectly  safe.  The  ancients 
•ppear  to  have  been  aware  of  this  foct;  for  we  And 
them  invariably  uniting  together  their  masses,  so  as 
to  form  compact  mathematical  fignres  for  resisting 
the  attacks  of  cavalry. 


the  Romans  is  shown  io  the  above  engraving. 
cDDiisted  of  a  circle,  with  the  men  so  closely  locked 
together  that  the  sFiields  they  supported  above  their 
heads  would  a^it  of  the  passage  of  a  chariot  with- 
oDt  deranging  their  order  c^  battle.  The  objection  to 
this  arrangement  is,  that  a  very  large  proportion  of 
the  soldiery  must  be  entirely  nseless  in  the  moment  of 
action,  as  they  could  not  rapidly  deploy  in  column, : 
or  present  an  extended  face  to  the  enemy. 

Their  shields  formed  their  principal  weapons  of  de- ' 
fence.  Intheopenfield  they  protected  them  only  from 
tfcefalliog  arrows)  but,  when  their  duty  ted  the  l^ona 
to  attack  walls  and  high-raised  ramparts,  the  shield 
^waa  found  peculiarly  valuable.  Prior  to  the  invention 
of  gtupowder,  melted  metal  and  burning  resin  were 
tlie  common  means  of  offence ;  and  fhun  £ese  formid- 
able materials  the  raised  shield  of  the  infantry  af- 
forded a  safe  protection.  The  shields  were  inclined, 
and  the  second  rank  climbing  on  the  first,  which 
formed  a  base  for  its  snpport,  assisted  in  raising 
another  and  still  higher  barrier  of  men  and  shields, 
till  they  ultimately  attained  the  battlement. 

At  a  later  period  we  find  the  triangle,  or  wedge, 
■ncceeding  to  tbe  line  and  circle.  This  form  admitted 
of  many  displays  of  individual  heroism,  as  an  opening 
'Mraa  frequently  made  by  the  devotion  of  a  few  men  to 
dieveryheart  of  the  enemy's  lines.  This  was  effected 
by  placing  at  one  of  the  angles  tbe  devoted  band, 
which  rushing  forward  seized  the  enemy's  weapons. 


or  tvcHved  them  In  tbcir  body,  thus  thiowHig  the 
columns  into  confusion,  when  they  might  easily  be 
devtioyed  by  die  cavalry. 


With  the  ancient  Germans  and  Gsuls,  infantry  was 
considered  very  important ;  but  when,  in  the  great 
migration  of  nations,  tiie  Huns  and  other  MongoUc 
tribes  arrived  in  Europe  on  small  and  fleet  horses, 
and  earned  victory  with  them,  spreading  the  terror  of 
their  arms  for  and  wide,  and  when  the  Fmnks  in 
Northern  Spain  became  acquainted  with  tbe  Moors, 
who  came  from  Arabia,  and  the  plateau  of  Asia,  on 
beautiful  horses,  cavalry  was  considered  as  more  im- 
portant. When  the  feadal  system  was  developed,  the 
horse,  of  course,  was  more  a^preeable  to  the  adrentur- 
ous  knigbtthan  the  foot  service.  The  crusades,  where 
the  Europeans  were  obliged  to  fight  with  the  fine  ca- 
valry o(  the  Seljooks,  favoured  this  tendency  still 
more.  Infantry  now  fell  into  total  disrepute,  and  con- 
sisted of  the  poorer  people,  who  cared  litUe  in  whose 
service  they  fought  in  those  times  of  violence  and 
oppression,  wben  a  change  of  rulers  made  no  change 
in  their  sufferings,  and  no  reliance  could  be  placed 
upon  them.  Among  those  people  who  were  not  in 
fendal  bondage,  and  fought  for  tbe  defence  of  their  own 
liberty,  infantry  maintained  its  old  importance,  as 
with  the  Swiss;  and  the  penetrating  Machiavelli,  who 
burned  to  free  his  country  from  its  numberless  foreign 
and  native  tyrants,  saw  tbe  great  value  of  infantry, 
and  urged  its  establishment  upon  a  respectable  foot- 
ing. The  invention  of  gunpowder  changed  the  whole 
art  of  WOT,  and  brought  infantry  again  into  repute. 

The  Swedish  infantry,  in  the  thirty  years'  war,  was 
excellent.  The  arrangement  became,  in  the  course 
*  ''me,  more  judicious,  and  all  unnecessary  ma- 
noeuvring was  avoided.  The  Austrians,  at  this  time, 
employed  soldiers  from  their  Turkish  frontiers — the 
Croats  and  Pandoors,  semi-savages — as  a  sort  of  ir- 
regular light  infantry;  and  other  armies  had  troops 
of  a  similar  character ;  but  they  were  so  rude  and 
disorganized,  because  their  warfare  was  little  better 
than  legalized  robbery,  that  Gustavns  Adolphus  would 
not  admit  them  into  bis  forces ;  but  Frederick  the 
Great  again  established  free  corps  during  tbe  seven 
years'  war.  Infantry  remained  nithout  much  change 
in  the  eighteenth  century.  Prince  Leopold  of  Dessau, 
during  this  thne,  first  introduced,  in  the  Prussian 
army,  the  iron  ramrod,  the  lock-step,  and  several 
other  improvements.  Tbe  bayonet  came  more  and 
re  into  use,  and  enabled  the  squares  to  resist  th» 
airy ;  but  a  great  change  in  tiie  use  of  infantry 
took  place  towards  the  end  of  the  eighteenth  century, 
when,  in  the  American  war  of  independence,  the 
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people  beii^  obl^ed  to  mtkttndp  witiioat  dttci{iltiie» 
agftinit  weU-tnuned  troops^  adc^itod  the  irrqunlar 
mode  of  fightings  protected  by  trees  or  otbcr  objecti, 
being,  at  the  same  time,  mostly  skiUol  marksmen. 
The  efficiency  of  this  method  of  ^g^ting  was  evident ; 
and  when,  m  1791,  the  French  rerolutionary  war 
began,  the  French  sent  swarms  of  iiraiUeim  against 
the  allies,  and  injured  them  exceedingly.  In  the 
wars  from  1791  to  1802,  the  French  greatly  improved 
this  mode  of  fighting,  which,  in  the  interval  of  peace 
that  followed,  was  reduced  to  a  system,  the  conse- 
quences of  which  were  seen  in  1805, 1806,  and  1807, 
against  the  Anstrians,  Prussians,  and  Russians. 
l%ese  nations,  after  the  disasters  which  they  suf- 
fered, adopted  the  same  system,  as  well  as  the  greater 
use  of  columns,  particularly  as  the  ordinary  mode  of 
arranging  the  troops  before  they  came  into  the  fire. 
Under  equal  circumstances,  well-trained  infiauitry  b 
generally  successful  against  any  other  kind  of  troops. 

Influenza  ;  a  term  used  in  wudicine  to  denote  an 
epidemic  catarrh  which  has,  at  various  times,  spread 
more  rapidly  and  extensively  than  any  other  disorder. 
It-has  seldom  occurred  in  any  country  of  Europe, 
without  appearing  successively  in  every  other  part  of 
it.  It  has  sometimes  apparently  traversed  the  whole 
of  the  eastern  continent,  and  in  some  instances  has 
been  transferred  to  America,  and  has  spread  over  this 
continent  likewise.  The  French  call  it  la  grippe. 
In  all  the  known  instances  of  its  occurrence  from  the 
fourteenth  century,  its  phenomena  have  been  pretty 
nniform,  and  have  differed  little,  except  in  severity, 
from  those  of  the  common  febrile  catarrh.  In  1802, 
such  an  influenza  attracted  universal  attention.  In 
February  it  set  out  from  the  frontiers  of  China,  tra- 
versed ail  Russia,  extended  along  the  Baltic,  to  Poland 
and  Denmark,  reached  Germany  and  Holland  in 
April  and  May,  and  France  and  Spain  in  June.  It 
could  even  be  followed  to  Gibraltar.  No  sex,  age,  or 
state  of  health  was  exempted.  It  showed  itself  chiefly 
as  a  severe  cold,  attended  vritb  a  catarrhal  fever  of  a 
more  or  less  imflammatory  or  bilious  character. 
Generally,  it  passed  over  within  a  few  days,  yet,  in 
some  places,  it  gave  a  check  to  business.  Few  persons 
died  ci'  it,  except  those  who  were  afflicted  at  the  same 
time  with  other  diseases,  but  almost  every  one  was 
attacked.  G.  F.  Mort,  aGerman  physician,  attempted 
to  prove  that  Europe  suffered  periodically  from  the 
influenza.  He  maintained  that,  during  the  greater 
part  of  the  period  which  had  elapsed  since  1712,  this 
epidemic  had  visited  Europe  at  intervals  of  about 
twenty  years,  and  still  more  frequently  in  the  early 
part  of  the  period.  Accordingly,  he  prophesied  anew 
one  for  1820,  which,  however,  did  not  happen. 

The  epidemic  which  commenced  in  the  month  of 
February  of  the  present  year  (1833)  may  be  con- 
sidered as  one  of  the  most  rapid  and  dangerous  in- 
stances of  influenza  which  has  ever  appeared.  More 
persons  fell  victims  to  its  insidious  attacks  in  the 
metropolis  than  were  destroyed  in  a  similar  time  by 
the  cholera.  Not  that  the  influenza  was  in  itself  a 
mortal  ailment  to  persons  previously  in  good  health; 
but  it  developed,  and  brought  into  active  operation, 
almost  every  disease  which  might  previously  have  been 
considered  of  a  constitutional  character. 

Ingot,  in  the  arts,  is  a  small  bar  of  metal,  made  of 
a  certain  form  and  size,  by  casting  it  in  moulds. 
The  term  b  chiefly  applied  to  the  small  bars  of  gold 
and  silver  intended  either  for  coining  or  exportation 
to  foreign  countries. 


iHJBcnoKa  beioiig  partfy  to  sufery  aad  pv^  to 
anatomy.  In  surgery,  flnida,  difeing  aeeardivgto 
the  difoent  effects  doired  to  be  prodooed,  are 
by  means  of  a  small  ayringe  into  the  natmal 
ties  of  the  body,  or  those  occasioned  by 
partly  to  remove  unhealthy  matter,  and  partly  to 
bring  the  remedy  immediately  to  the  seat  of  the  dis- 
order, and  thus  effect  a  cure.  Woanda  and  aores  aie 
usuaUy  deansed  in  this  way,  when  they  extend  te 
below  the  skin»  or  an  excitement  and  core  are  pro- 
duced by  the  same  method.  Cato  the  Censor  Ittd 
one  applied  to  himadf  when  he  suffered  fi-^ios  a  fis- 
tula. In  diseases  of  the  nose  and  the  cavitiea  con- 
nected with  it,  in  those  vdiich  have  their  seat  in  tha 
neck,  in  disorders  of  the  ears,  the  bladder  and  nt^rti—^ 
the  uterus  and  vagina,  and  for  the  radical  care  of 
hydrocele,  injections  are  often  used,  and  with  im- 
portant advantages.  Pure  warm  water  is  injected,  wilk 
the  hi^^iest  success,  for  the  removal  of  pus,  bkxi4,  cr 
even  foreign  bodies.  Sometimes  astringent  medicines 
to  restrain  excessive  evacuations,  sometimes  stiom- 
lating  ones  to  excite  inflammation,  as  in  ]i3?«koeele, 
or  even  to  increase  and  improve  evacuations,  aoaie- 
times  soothing  medicaments  to  mitigate  pain*  he, 
are  added  to  the  water.  In  diseases  of  the  thinat 
which  hinder  the  patient  from  swallowing,  and  thus 
tend  to  produce  death  by  starvation,  nouri^iing  fiaids 
are  bjected  into  the  stomach. 

The  blood  of  beasts,  or  of  men,  has  been  sometiaes 
injected  into  the  veins,  which  b  odled  iram/mmoM,  In 
the  same  way  medicines  are  introduced  immediately  to 
the  blood ;  for  instance,  tartar  emetic  to  excite  voaitiBg, 
if  a  foreign  body  is  fixed  in  the  tiiroat  so  firmly  as  to 
restrain  the  patient  from  swallowing,  and  can  neither 
be  moved  up  nor  down.  According  to  the  place 
where  the  injection  is  to  be  made,  the  instnimcBC 
must  be  either  longer  or  shorter,  a  strai^t  or  a  carved 
tube.  The  size  is  regulated  by  the  quantity  of  the 
liquid  to  be  injected,  and  the  force  which  is  to  be 
applied.  Anatomists  inject  into  the  vessels  of  bodks 
various  coloured  fluids,  which  are  liquid  when  hot. 
and  coagulate  when  cold,  to  make  the  smaller  ones 
visible.  Thus  the  arteries,  veins,  and  lymphatic  ves- 
sels are  injected.  Anatomy  has  carried  this  art  so 
far  as  to  make  very  minute  vessels  visible  to  the  naked 
eye.    (See  Traitsfusion.) 

Ink,  Writing.  This  material  can  be  prepared 
of  various  colours,  but  black  is  the  most  common. 
Doctor  Lewis  gives  the  following  recipe : — In  Uuee 
pints  of  white  win$,  or  vinegar,  let  three  ounces  of 
gall-nuts,  one  ounce  of  powdered  logwood,  and  one 
ounce  of  sulphate  of  iron,  be  steeped  half  an  hour; 
then  add  one  ounce  and  a  half  of  gum-Arabic,  and, 
when  the  gum  is  dissolved,  pass  the  whole  mix- 
ture through  a  hair-sieve.  Van  Mons  recommended 
the  following  preparation  : — Let  four  ounces  of 
gall-nute,  two  ounces  and  a  half  of  sulphate  of  iroa 
calcined  to  whiteness,  and  two  pints  of  vrater,  stand 
in  a  cool  place  twenty-four  hours ;  then  add  one 
ounce  and  a  quarter  of  gum-Arabic,  and  keep  it  ia 
a  vessel  open,  or  slightly  stopped  with  paper.  Another 
recipe  is  this: — ^Take  one  pound  of  gall-nute,  six 
ounces  of  gum-Arabic,  six  ounces  of  sulphate  of  iroa, 
and  four  pinte  of  beer  or  water.  The  gall-nute  are 
broken,  and  stand  as  an  infusion  twenty-four  hours; 
then  coarsely-pounded  gum  is  added,  and  8u6fered  to 
dissolve ;  lastly,  a  quantity  of  sulphate  of  iron  is  in- 
troduced, and  the  whole  passed  through  a  hair-aicfe. 
It  is  generally  observed  that  nuboiled  inks  are  km 
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perrMmwt  thsn  tiiose  ndiich  have  undergone  that 
proeev.  A  remarkably  good  red  ink  is  obtained  as 
fcrfknvs :«— A  <)narter  of  a  pound  of  the  best  logwood 
is  bofled  witii  an  ounce  of  pounded  alum,  and  the  same 
quantity  of  cream  of  tartar>  with  half  the  quantity  of 
water,  and,  while  the  preparation  is  still  warm,  sugar 
and  good  gum*Arabic,  of  each  one  ounce,  are  dissolved 
in  it.  SohntionB  of  indigo  with  pieoes  of  alumina,  and 
mixed  with  gum,  form  a  blue  ink^  Green  ink  isob- 
tainedl&om  ferdigris,  distilled  with  vinegar  and  mxed 
witii  a  little  gum*  Saffron,  almn,  and  gum-water, 
form  a  yeUow.  It  is  not  well  ascertained  how  soon  the 
present,  kind  of  vnriting-ink  came  into  use.  It  has 
certainly  been  employed  for  many  centuries  in  most 
European  countries;  but  the  ancient  Roman  inks 
were,  for  the  most  part,  of  a  totally  different  compo- 
sition, being  made  of  some  vegetable  carbonaceous 
matter,  like  lamp-black,  diffused  in  a  liquor.  Some- 
times the  ink  of  very  old  writings  is  so  much  feided. 
by  time  as  to  be  illegible.  Doctor  Blagden  iPhUo^ 
sopkkal .  JhnuoeHmu,  voL  77)  in  his  experiments 
on  thb  svAjeet,  found  that,  in  most  of  these,  the 
colour  might  be  restored,  or  rather  a  new  body  of 
colour  given,  by  pencilling  them  over  with  a  solu- 
tion of  prussiate  of  potash,  and  then  vrith  a  dilute 
acid,  either  sulphuric  or  muriatic ;  or  else,  vice  vend, 
ff  rat  with  tlie  acid,  and  then  vrith  the  prussiate. 

Imland  Naviuatioit.  a  general  account  of  Canal 
Nati«ation  has  already  been  given  under  that  head ; 
and  a  view  of  river  narigation  vrill  appear  under 
RiTAKs.  We  now  purpose  giving  a  general  view  of 
the  caonab  in  Canada.  Those  of  the  United  States  of 
America  vrill  be  noticed  in  their  several  geographical 
diviiions,  as  they  are  too  numerous  to  be  brought 
into  one  article. 

fFMmd  Caimi  was  constructed  between  the  years 
1834  and  1829'  Its  length  is  forty-one  miles  and 
a  half;  its  breadth  at  the  surface  fifty-eight  feet,  at 
tile  bottom  twenty-six  feet,  and  its  depth  eight  feet. 
This  line  of  navigation  passes  from  the  mouth  of 
Oose  River,  on  like  Erie,  north-eastward,  to  strike 
at  a  point  of  the  Welland  or  Chippewa  River ;  and, 
taking  the  course  of  ^at  river,  downwards,  eleven 
miles,  proceeds  thence  northward,  across  the  moun- 
tain ridge,  and  down  to  the  mouth  of  Twelve- 
Mile  Creek,  on  Lake  Ontario.  The  distance  from 
lake  to  lake  is  forty-three  miles.  The  deepest  cut- 
ting, near  ti^e  summit,  is  fifty-six  feet.  It  has  thirty- 
fire  locks,  one  hundred  to  one  hundred  and  twenty- 
five  feet  long,  twenty-two  to  thirty-two  feet  wide. 
The  capital  stock  of  the  company  is  300,000^. ;  the 
number  of  shares  16,000.  This  canal  admits  of 
sloop  navigation,  and  opens  a  communication  between 
Lake  Erie  and  Lake  Ontario  in  the  same  ves8el8> 
which  are  thus  enabled  to  navigate  those  lakes  with- 
out discharging  and  reloading  cargoes.  One  of  the 
purposes  of  its  construction  was,  to  prevent  the  trade 
of  tiiat  part  of  Upper  Canada  which  communicates 
witJi  the  great  western  Inkea  froxs  being  diverted  to 
New  York,  by  the  route  of  the  Erie  Canal,  it  was 
an  arduous  and  stupendous  work,  as  appears  suf- 
ficiently from  the  dimensions  and  length  of  the  canal. 
Its  execution  was,  however,  facilitated  by  taking 
advantage  of  natural  channels  of  slaek-vvater. 

La  Chime  Canal  is  ten  miles  in  length,  from 
Montreal,  on  the  St.  Lawrence,  directly  to  Upper 
La  Chine,  on  Lake  St.  Louis,  cutting  off  a  bend  in 
the  river,  and  avoiding  the  rapids  of  St.  Louis.  Cost, 
230,000/.;  for  Sloop  navigation. 
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L'lile  PerravU  Comal  is  a  projected  work  of  five 
miles  in  length,  from  St.  Louis  Lake,  at  the  foot  of 
St.  Anne's  rapids,  to  the  head  thereof,  by  a  canal, 
passing  either  at  the  back  of  St.  Anne's  or  else 
across  the  Isle  Perrault. 

QreiwiUe  Canal  is  a  projected  work  of  twelve  miles 
in  length,  from  the  head  of  Long  Sault,  or  Ottawa 
falls,  at  the  village  of  Grenville,  by  a  lateral  canal 
to  the  foot  of  Carillon  rapids,  opposite  Point  Fortune ; 
for  sloop  navigation.     Eistimated  cost,  250,000/. 

La  Petite  Nation  Canal  is  a  projected  artificial 
channel  of  navigation,  of  fifty  miles  in  length,  from 
the  foot  of  Carillon  rapids,  at  Hawkesburv,  on  the 
Ottawa,  across  the  peninsula,  to  the  St.  Lawrence, 
at  Prescott 

The  Bideau  Canal,  which  is  now  just  completed, 
is  described,  and  a  view  of  its  locks  given,  under  the 
cut  Canada,  in  the  Second  Division  of  this  work. 

Instrumbnt,  in  mmic  ;  any  sonorous  body,  arti- 
ficially constructed  for  the  production  of  musical 
sound.  Musical  instruments  are  divided  into  three 
kinds— wind-instruments,  stringed  instruments,  and 
instruments  of  percussion.  Of  the  stringed  instru- 
ments among  the  ancients,  the  most  known  are  the 
lyre,  psalterium,  and  tri^nium ;  the  principal  wind- 
instruments  are  the  tibia,  fistula,  tuba,  comu,  and 
lituus ;  those  of  percussion^  the  tympanum,  cymba- 
lum,  end  crq>ita(mlum. 

iNarauMBNTAL  Music;  music  produced  by  ia- 
etrwmente,  as  contradistinguished  from  vocal  music. 
The  term  inetrmneiUal  is  particularly  applied  to  the 
greater  compositions,  in  which  the  human  voice  has 
no  part.  Tne  first  instrument  invented  was  probably 
the  pipe  or  fiute.  An  idle  shepherd  might  very  na- 
turally»  from  accident,  or  in  imitation  oixhe  effects  of 
the  wind,  blow  through  a  simple  reed,  and  thus  in- 
vent the  pipe,  from  which  the  flute  would  readily  ori- 
ginate. The  pipe  is,  in  fact,  found  among  many  sa- 
vages. The  invention  of  stringed  instruments,  as 
they  are  more  artificial,  is  of  later  origin.  The  in- 
strumental music  of  the  Greeks  was  confined  to  a 
few  instruments,  among  which  the  flute,  the  cithara, 
the  sackbut,  though  not  precisely  like  those  instru- 
ments among  the  modems,  were  me  most  important 
The  violin  Was  invented  in  the  middle  ages,  and  soon 
became  the  principal  instrument,  taking  place  above 
the  flute,  though  the  latter  is  of  much  more  ancient 
origin,  because  the  playing  on  a  stringed  instrument  is 
less  ffttiguing,  and  the  tone  of  the  violin  is  more  dis- 
tinct from  the  human  voice,  and  therefore  better 
fitted  to  be  used  with  it;  besides,  the  instrument 
permits  much  more  perfect  execution.  Until  the 
middle  of  the  last  century,  Uie  Italian  composers  used 
no  other  instruments  in  their  great  pieces  than  vio- 
lins and  bass-viols  ;  at  that  time,  however,  they  be- 
gan to .  use  the  hautboy  and  the  horn ;  but  the  flute 
has  never  been  much  esteemed  in  Italy,  particularly 
in  music  exclusively  instrumental.  livese  were  the 
only  wind'^instruments  in  Italy,  used  in  instrumental 
music,  until  the  end  of  the  last  century ;  and  even 
to  this  day  the  Italians  use  wind-instruments  much 
less  than  the  Germans,  and  particulariy  the  French. 
Since  Mozart,  every  instrument  has  been  used  which 
appeared  adapted  to  answer  a  particular  purpose. 
Tlus  is  the  cause  of  the  fewness  of  Uie  notes  in  the 
Italian,  and  of  their  great  number  in  German,  and 
their  excess  in  the  modem  French  scores.  In  gene- 
ral, symphonies  and  overtures,  solos,  duets,  terzettos, 
quartettos,  quintettes,  fcc,  sonatas^  fantasias*  con* 
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cei  t08  for  single  instruments^  dances^  maizes,  9bc„ 
belong  to  instrumental  music, 

Insurancb  is  a  contract  whereby,  for  a  stipulated 
consideration,  called  a|>mimMi,  one  paity  undertakes 
to  indemnify  another  against  certain  risks.  The 
narty  undertaking  to  make  the  indemnity  is  called  tiie 
insurer  or  underwriter,  and  the  one  to  be  ladeBunfied 
the  assured  or  insured.  Thit  instrument  by  which 
the  contract  is  made  is  denominated  a  fiiejf ;  the 
events  or  causes  of  loss  insured  against,  rkks  or  pe» 
rils ;  and  the  thin|;  insured,  the  sulffect  or  insurMe 
interest.  Marine  msurance  relates  to  property  and 
risks  at  sea ;  insurance  of  property  on  shore  against 
lire  is  called  JIre  insunmce;  and  the  written  eontracts/ 
in  such  cases,  are  often  denominated  JIre  policies. 

There  was  a  kind  of  insurance  in  use  among  the 
Greeks  and  Romans,  called  bottomry  or  respondentia, 
which  is  where  the  owner  of  a  vesael  or  goods  bor- 
rows money  upon  bottomry,  upon  the  vessel,  or  upon 
respondentia  on  die  f;oods,  for  a  cntain  voyage, 
agreeing  that,  if  the  ship  or  goods  arrive  at  a  certain 
port,  the  money  shall  be  repaid,  and  alao  interest, 
eiceedmg  the  legal  rate ;  but,  if  lost  by  the  risks 
specified  in  the  bond  before  Arriving  at  the  port  named, 
the  lender  is  to  lose  the  money  loaned.  This  risk 
of  losing  tiie  whole  capital  is  the  cause  of  tiie  ex- 
cess of  interest  allowed  in  case  of  ^  anival  of 
the  ship  or  goods ;  and  it  is  called  marine  intensi, 
whidi  oug^  to  be  equal  to  the  common  rate  of  in- 
terest added  to  the  rate  of  premium  for  insuring  the 
ship  or  goods  for  the  same  voyage  against  the  same 
risks,  ifds  sort  of  contract  was  anciently  in  use, 
and,  as  the  laws  then  gave  less  security,  or,  at  least, 
as  credit  and  confidence  were  not  so  widely  diffused, 
and  correspondence  was  less  extensive  among  mer- 
diants,  it  was  usual  for  the  lender  to  send  some  per- 
son viith  the  property,  to  receive  repayment  of  the 
money  loaned  and  tne  marine  interest,  at  the  port 
where  the  risk  terminated.  In  modem  times,  it  is 
not  usual  to  send  any  person  vrith  the  property,  who 
would  not  be  of  service  during  the  voyage ;  and,  at  its 
termination,  some  agent  of  the  lender,  at  the  port  of 
arrival,  if  he  is  not  there  himself,  looks  after  his  in- 
terest. 

The  wide  extension  of  correspondence,  among 
merchants  in  all  parts  of  the  world,  in  modem  times, 
gives  a  facility  for  this  purpose,  and  renders  the  exe- 
cution of  this,  as  well  as  other  commercial  contracts, 
more  economical,  and  at  the  same  time  more  secure. 
But  contracts  of  insurance,  strictly  so  called^  are  of 
modem  invention ;  and  their  importance,  in  relation 
to  commerce,  is  scarcely  inferior  to  that  of  biUs  of 
exchange.  Every  merdiant  is  liable  to  losses  and 
worses,  by  the  tihange  of  the  markets.  The  risks  of 
this  description  may,  however,  be  calculated  upon 
with  some  degree  of  probability ;  but  those  of  fire,  the 
peifls  of  die  seas,  or  capture,  cannot  be  so  well  esti- 
mated ;  and,  when  they  come,  they  would*  in  many 
•eases,  bringiuin  upon  tke  merchant,  if  it  were  not  for 
the  system  of  intacBDce,  the  oA>ject  of  which  is  to 
apportion  the  losses  from  these  disasters  among  all 
those  whose  property  is  exposed  to  the  same  hazards. 
If,  for  instance,  aU  persom  engaged  in  tradkig  were 
to  enter  into  a  general  agnement  to  contribute  for  the 
losses  of  each  other,  occastoned  l^  those  casualties, 
kk  the  proportions  of  the  amounts  that  thcry  should 
reqpectiveLy  have  at  risk,  every  individnal  would 
thra  only  run  the  Tisk  of  the  pfoportion  of  losses 
oocn^ring  upon  ite  .general  aggregate  of  property 
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at  risk.  B«t  as  such  a  general  cGnnfaiiuitiaB  wmM 
be  complicated,  and  practically  inoasvaiknt,  misrj 
simple  system  is  devised,  by  mesns  of  nsufaaes,  l» 
effecting  the  same  object;  for  one  peisoa    the  — dir« 

writer— agrees  to  take  upon  himself  those  risks  for  a 
hundred  merchants,  more  or  less,  for  a  certnia  pre- 
mium  on  each  risk,  calculating  that  Uie  ptemramsoa 
the  fortunate  advcnturera  will  ^^'■^r'^trtT  hia  for  the 
losses  he  may  incur  on  those  iHiidi  are  iin^iiliiMh. 
and  leave  him  some  sulcus,  as  a  compensathm  for 
his  thne  and  trouble;  and  a  little  cxpcrienoe isil 
enable  him  to  cslcukte  the  chances  wiUiTCfycea- 
siderable  aocaracy.  The  result  sccordingiy  is»  thst 
all  the  persons  who  procure  their  peopeity  to  be  is- 
sored  by  him,  hi  effect,  nratuaily  contiihuCe  for 
other's  losses,  by  the  bai^iaitL  of  each  with  the 
mon  receiver  of  the  contnbations  of  aU.  This 
tract  was  subjected  to  a  sjrstem  of  definite  i^m 
much  earlier  in  Italy  and  France  than  ia  £nglmid; 
and,  as  the  contract  b  the  same  in  principle  aadveijr 
similar  ia  form  in  different  countries^  the  ralss  of 
construction  adapted  to  it  in  one  country  ara  eqaalfy 
i^pplicable  in  another. 

Insurances  oa  human  life  amy  now  he  aotiBsl 
The  duration  of  Hfe,  over  vriudi  the  moot  Ivaltkf 
and  tiie  most  tempemte  man  has  no  certaia  coatnl, 
must  necessarily  appear  a  matter  of  diaaoe  vHica  ia- 
dividn^ly  considered.  If,  however,  we  t^aid  Ihr 
human  species  in  masses,  we  are  enabled  to  asov- 
tam  with  considerable  precision  the  average  of  life: 
and  dius  to  apply  a  system  of  insurance,  not  to  Uk 
itself,  for  that  is,  of  course,  dependent  opon  a  hi|^ 
power  than  mao,  but  against  the  injorioas  mast 
quences  whidi  proceed  from  the  death  of  those  upos 
whom  the  support  of  others  depends.  If  we  take  tm 
■ullions  of  pcMspk,  for  instance,  and  asoertaia  the 
age  to  which  each  person  arrived  previofiaiy  to  Im 
death,  by  dividing  the  total  of  their  i^;es  by  At 
number  of  individuals,  we  establish  the  average  tcm 
of  the  duration  of  life.  This  term  vanes  ia  par- 
ticular countries  and  under  differoU  states  of  sodctf ; 
but  it  b  invariably  found  to  increase  with  the  in- 
crease of  the  means  of  comfort.  The  aven^  tens 
of  life  in  Great  Britain  is  thus  longer,  by  almost  oos- 
third,  than  it  was  during  the  last  centuiy.  The  nk 
of  mortelity  in  1780  was  one  in  forty ;  in  leJl  i 
was  one  in  fift^-eight.  Vacdnation,  and  the  gra^ 
improvements  u  medical  science^  have  doubtlesa  cea- 
tributed  to  this  result  To  establish  data  for  de- 
terauning  this  mean  length  of  life  has  becA  an  oi- 
portant  object  with  stetesmen,  of  late  years,  and  foam 
a  great  branch  of  the  science  of  statistics.  The  ts- 
bles  which  have  been  constructed  upon  the  experi- 
ence of  most  European  nations  enable  us,  not  oaly 
to  detennine  the  average  term  of  life,  but  the  proba- 
bilities of  the  number  of  years  a  person  of  any  par- 
ticular age  has  to  live.  Upon  these  calculations  it 
founded  the  system  of  life-assurances  and  annnitaes; 
and  the  various  corporations  which  grant  Iifo-«s- 
surances  are  enabled  to  conduct  their  oporationa 
a  just  and  solid  foundation,  in  proportion  as 
form  their  estimates  upon  avenges  e(|oaDy  i 
by  science  and  experience.  To  all  persons 
come  is  not  permanent,  and  who  are  unable  to  lay  by 
a  sufficiencv  to  prevent  the  lamentable  coasequeaoes 
to  their  children  of  an  inadequate  provision,  the  prin- 
ciple of  life-assurance  offen  a  siic  and  effectual  re- 
miedv  against  the  diances  of  mortality,  which  no 
praoent  father  shoold  fon;goi,  if  the  annual 
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be  at  tU  withiii  hb  abiUty-  We  subjoin  a  table  of 
the  nine  of  an  annuity  of  1002.  on  a  tingle  life  from 
tMTth  to  70  years  of  age. 


A^ 


Valne. 


Age. 


ValM.     I  Afe. 


Valne. 


£.  t. 

£. 

9. 

£.  «. 

Birth.  1032  14  | 

94 

1556 

0 

48 

1168  10 

1 

1346  10 

95 

1543 

16 

49 

1147  10 

9 

1563  6 

26 

1531 

4 

50 

1126  8 

3 

1646  4 

97 

1518 

8 

51 

1105  14 

4 

1701  0 

98 

1505 

6 

59 

1084  18 

5 

1724  16 

99 

1491 

16 

53 

1063  14 

6 

1748  4 

30 

1478 

9 

54 

1042  2 

7 

1761  9 

31 

1463 

18 

55 

1020  2 

8 

1766  4 

39 

1449 

10 

56 

997  14 

9 

1762  10 

33 

1434 

14 

57 

974  18 

10 

1752  6 

34 

1419 

10 

58 

951  12 

11 

1739  6 

36 

1403 

18 

59 

928  0 

13 

1795  9 

36 

1388 

0 

60 

903  16 

13 

1710  6 

37 

1371 

19 

61 

879  10 

14 

1695  0 

38 

1354 

16 

69 

854  14 

IS 

1679  9 

39 

1337  10 

63 

829  2 

16 

1669  10 

40 

1319 

14 

64 

803  0 

17 

1646  4 

41 

1301 

16 

65 

776     2 

IB 

1630  18 

49 

1983 

16 

66 

748  16 

19 

1616  14 

43 

1265 

14 

67 

721  2 

20 

1603  6 

44 

1947 

4 

68 

693  0 

ai 

1691  4 

45 

1998 

6 

69 

664  14 

99 

1579  14 

46 

1208 

18 

70 

636  9 

93 

1568  0 

47 

1189 

0 

Intaglio.    See  Gem. 

iMTBassT  is  the  allowance  made  for  the  loan  or 


bat  from  C  to  D  is  two  half  tones,  or  a  componnd 
interval. 

Itctbstinb.  The  convoluted  membraneons  tube 
that  extends  from  the  stomadi  to  the  anus,  receives 
the  ingested  food,  retains  it  a  certain  time,  mixes 
with  it  the  bile  and  pancreatic  juice,  propels  the  chyle 
into  the  lacteals,  and  covers  the  feces  with  mucus,  is 
so  called.  The  intestines  are  situated  in  the  cavity  of 
the  abdomen,  and  are  divided  into  the  small  and  large, 
which  have,  besides  their  size,  other  circumstances  of 
distinction.  The  small  intestines  are  supplied  inter- 
nally with  folds,  called  vahmldB  ooumventes,  and  have  no 
bands  on  their  external  surface.  The  large  intestines 
have  no  folds  internally,  but  are  supplied  externally 
with  three  strong  muscular  bands,  which  run  parallel 
upon  the  surface,  and  give  the  intestines  a  saccated 
appearance ;  they  have  also  small  fatty  appendages, 
called  tq^pendieulm  eptpUnea,  The  first  portion  of  the 
intestinal  tube,  for  about  the  extent  of  twelve  fingers' 
breadUi,  is  called  the  duodemtm;  it  lies  in  the  epi- 
gastric region,  makes  three  turnings,  and  between  the 
first  and  second  flexure  receives,  by  a  common  open** 
ing,  the  pancreatic  duct,  and  the  ductw  commtnttt 
eholedoekia. 

It  is  in  thb  portion  of  the  uitestines  that  chylifica- 
tion  is  chiefly  performed.  The  remaining  portion  of 
the  small  intestines  is  distinguished  by  an  imaginary 
divbion  into  the  jejunum  and  ileum.  The  jt^num, 
which  commences  where  the  duodenum  ends,  is  situ- 
ated in  the  umbilical  region,  and  is  mostly  found 
empty ;  hence  its  name :  it  is  every  where  covered  with 
red  vessels,  and,  about  an  hour  and  a  half  after  a 


forbearance  of  a  sum  of  money,  which  is  lent  for,  or  meal,  with  distended  lacteals. — ^The  t^etiiii  occupies 


Ijecomes  due  at,  a  certain  time ;  this  allowance  being 
generally  estimated  at  so  much  per  cent,  per  annum, 
uat  is.  so  much  for  the  use  of  100/.  for  a  year.  In- 
terest is  either  simple  or  compound.  Simple  interest  is 
that  which  is  allowed  upon  the  principal  only,  for  the 
Tvhole  time  of  the  loan  or  forbearance.  The  money 
lent,  or  forborne,  b  called  the  principal;  the  sum  paid 
for  the  use  of  it  the  interest.  The  interest  of  100/.  for 
one  year  is  called  the  rate  per  cent.,  and  the  sum  of 
any  principal,  and  its  interest,  together,  the  amount, 
Conqfound  interest  b  that  which  arises  from  any  sum 
or  principal  in  a  given  time,  by  increasing  the  princi- 
pal, at  fixed  periods,  by  the  mterest  then  due,  and 
bence  obtaining  interest  upon  both  interest  and  prin- 
cipal. The  accumulation  of  money,  when  placed  at 
compound  interest^  after  a  certain  number  of  years. 
Is  exceedinf^lv  rapid,  and  in  some  inst^ces  appears 
truly  astomsning. 

iNTsavAL ;  the  difference  in  point  of  gravity  or 
licnteness  between  ahy  two  sounds.  Taking  the  word 
11^  its  more  general  sense,  we  must  allow  that  the 
possible  intend  of  sound  are  infinite ;  but  we  now 
speak  only  of  those  intervals  which  exbt  between  the 
different  tones  of  any  established  system.  The  an- 
cients divided  the  intervals  into  simple  or  uncom- 
posite,  which  they  called  diaeteme,  and  composite  in- 
tervab,  which  they  called  systenu.  The  least  of  all 
the  intervals  in  the  Greek  music  was,  according  to  Bac* 
cbins,  the  enharmonic  diesb,  or  fourth  of  a  tone ; 
but  our  scale  does  not  notice  so  small  a  divbion>  since 
all  oar  tones  concur  in  consonances,  to  which  order 
oDiy  one  of  the  three  ancient  genera,  viz.  the  diatonic, 
-was  accommodated.  Modem  musicians  consider  the 
semitone  as  a  simple  interval,  and  only  call  those 
composite  which  consist  of  two  or  more  semitones : 
thus  from  B  to  C  b  a  semitone,  or  simple  interval* 


the  hypogastric  region  and  the  pelvb,  is  of  a  more 
pallid  colour  than  the  former,  and  terminates  by  a 
transverse  opening  into  the  large  intestines,  which  b 
odled  the  vake  qf  the  ileum,  the  vahe  qfthe  c^seum,  or 
the  vahe  qf  TWpnw.  The  beginning  of  the  large  in- 
testines b  firmly  tied  down  in  the  right  iliac  region, 
and,  for  the  extent  of  about  four  fingers'  breadth,  b 
called  the  cacum,  having  adhering  to  it  a  worm-like 
process,  called  the  processus  C€Bci  vermtformis,  or  ap- 
pendieutar  aeci  vermtformis.  The  great  intestine  then 
takes  the  name  of  colon,  ascends  towards  the  liver, 
passes  across  the  abdomen,  under  the  stomach,  to 
the  left  side,  where  it  b  contorted  like  the  letter  S, 
and  descends  to  the  pelvb ;  hence  it  b  divided,  in 
thb  course,  into  the  ascending  portion,  the  transverse 
arch,  and  Ute  sigmoid  flexure.  When  it  has  reached 
the  pelvis,  it  b  called  the  rectum,  whence  it  proceeds 
in  a  straight  line  to  the  anus. 

The  intestinal  canal  b  composed  of  three  membranes 
or  coats ;  a  common  one  from  the  peritoneum,  a  mus- 
cular coat,  and  a  villous  coat,  the  vHU  being  formed 
of  the  fine  terminations  of  arteries  and  nerves,  and 
the  origins  of  lactcab  and  lymphatics.  The  intestines 
are  attached  to  the  body  by  the  mesentery ;  the  cbMKieattsi 
has  also  a  peculiar  connecting  cellular  substance,  as 
have  likewise  the  colon  and  rectum,  by  whose  means 
the  former  is  firmly  accreted  to  the  back,  the  colon 
to  the  kidneys,  and  the  latter  to  the  os  cocq/gis,  and 
in  women  to  the  vagina.  The  remaining  portion  of 
the  tube  b  loose  in  the  cavity  of  the  abdomen.  The 
arteries  of  thb  canal  are  branches  of  the  ei^erior  and 
Wifsrter  mesenteric,  and  the  duodenal*  The  veins 
evacuate  their  blood  into  the  vena  porttB*  The  nerves 
ace  branches  of  the  eighth  pair  and  intercostals.  The 
lacteal  vesseb,  wlii<^  originate  principally  from  the 
pjmmth  proceed  to  the  glands  in  the  mesentery. 
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684  INTONATION- 

liiTON&TioiT,  in  nuuie,  relate«  both  to  the  conio- 
nance  and  to  the  strength  or  wealmeM  of  toundd. 
IntonatioD  Dot  only  includes  the  act  of  tuning,  but 
the  giving  to  the  tones  of  the  voice  or  instrument 
that  occasional  impulse,  swell,  and  decrease,  on  which, 
in  a  gnat  measure,  a!l  expresaion  depends.  A  good 
intonation  is  one  of  the  Qiat  qualifications  in  the 
higher  walks  of  execution. 

In  church  muaic,  those  antiphonies  are  called  into- 
Dalioiu  which  are  first  sung  by  the  priest,  and  then 
responded  by  the  choir  or  the  congregation ;  also  the 
•hort  sentence,  mostly  taken  from  the  bible,  which 
the  minister  sings  before  the  collect,  and  which  is 
responded  by  the  choir  or  community.  Such  are  the 
Gloria,  "The  Lord  be  with  yon,"  &c. 
Intoxication.    See  Dbunkbnnbss   and  Tbm- 


INVISIBLB    GIRL, 
der  this  name,  bnt  the  one  repie*ented  beneaai  icnw 
the  best  mechanical  arrsAgetnest  for  the  puipose. 


Ihtbbncbmbnt  ;  any  work  that  fortifies  a  post 
against  the  attack  of  an  enemy.  The  word  is  gene- 
Tally  Dsed  to  denote  a  ditch  or  trench  with  a  parapet. 
Intrenchments  are  sometimes  made  of  faseioes  with 
earth  thrown  over  them,  of  gabions,  hogsheads,  or 
bags  filled  with  earth,  to  fover  the  men  from  the 
enemy's  Qre. 

Ixv&Lins  1  soldiers  and  officers,  who  are  disabled 
for  foreign  service  by  wounds,  disease,  or  age,  and 
who  arc  generally  maintained  for  life  in  public  esta- 
bliehmeDts  (hospitals),  at  the  publi-  '''^- 


It  is  the  invention  of  Mr.  Karl,  and  conaists  of  a 
strong  frame  supporting  a  jointed  bedstead.  Tlie  n- 
toation  of  the  pillow  points  out  the  part  of  the  appa- 
ratus which  supports  the  upper  portion  of  the  body. 
The  mattress  should  be  either  of  horse-hair  or  wool, 
and  nailed  round  its  edges  to  the  upper  drrisioti  of 
the  movable  frame. 

Another  form  of  bed  for  an  invalid  has  been  wg- 
gested  by  Dr.  Amott.  It  consists  of  a  trough  cod- 
Uining  water,  and  covered  with  a  cloth  compoacd  of 
cotton  coated  with  Indian  rubber.  Hub  fonns  om 
of  the  softest  and  most  Aeiible  bed*  that  haa  mv 
been  devised. 


also  made  some,  though  small,  provision  for  invalids. 
At  a  later  period,  they  were  taken  care  of  in  the 
monasteries.  Philip  Augustus  of  France  firstforroed 
the  plan  of  an  hospital  for  invalids ;  but,  as  Pope 
Innocent  III.  would  not  permit  this  institution  to  be 
placed  undcrthe  direction  of  the  bishop,  the  king  re- 
linquished the  plan.  Louis  XIV.  was  the  first  who 
carried  this  designinto  eiecntion.  Between  16^1  and 
1679,  he  erected  a  splendid  hospital  at  Paris,  in  the 
suburb  of  St.  Germain.  A  chureh,  a  department  for 
the  sick,  a  governor,  and  other  officers,  are  attached 
to  it.  A  soldier  must  have  served  ten  years  to  be 
received  into  this  hospital  on  account  of  poverty  or 
infinuity.  The  invalids  who  mount  guard  are  the 
only  ones  who  bear  arms.  This  inslitution  suffered 
very  much  at  the  commencement  of  the  revolution; 
but,  during  the  imperial  government,  it  was  put  in  a 
better  condition  than  ever.  The  architect  of  the  hos- 
pital was  Bryant.  It  is  composed  offive  courts  sur- 
rounded by  buildings.  A  vast  esplanade,  bordered 
by  rows  of  trees,  and  decorated  with  a  fountain, 
gives  the  principal  fofade,  towards  the  Seine,  a  noble 
perspective.  TfaeASfrl  has  alibrary  of  20,000  volumes. 
It  is  capable  of  containing  7000  men,  and  b  governed 
by  a  marshal  of  France.  The  church  is  considered 
a  chef-d'auvre  of  French  architecture;  its  dome  sup- 
ports a  lantern,  which  is  surmounted  by  a  cross  308 
feet  high.  From  the  dome  were  formerly  suspended 
3000  colours,  taken  from  different  nations ;  hut  they 
were  taken  down  and  burnt  by  the  invalids,  at  the 
time  when  the  allies  entered  Paris,  that  they  might 
not  be  retaken.  Works  in  statuary  and  painting, 
by  Lafosse,  Boullongne,  Coypcl,  Coustou,  Coysevox, 
&c.,  adorn  the  ceilings,  niches,  and  other  parts  of 
the  bnildings.  Frederick  the  Great,  in  1748,  built 
the  hospital  at  Berlin,  with  the  inscription  Lmio  tt 
imiKto  milili.  Our  own  hospitals  at  Greenwich  and 
Chelsea  are  the  best  regulab^  of  the  kind. 
Ihvalio  Bkd.     There  are  many  cont;'ivances 


comry,  as  Implying  more  creative  combining  p 
and  generally  signifies  the  application  of  a  diac 
to  a  certain  purpose.  But  the  distinction  ia  onm 
very  nice,  and  it  Is  difficult,  in  many  cases,  ta  My 
which  word  is  the  more  suitable.  Every  invention  in- 
cludes a  discovery.  Inventions  owe  their  origin-  •■ 
discoveries  do,  eiUier  to  chance,  to  some  haj^y  idea 
suddenly  striking  the  mind,  or  to  patient  i«fl«ctiaB 
and  experiment.  Many  inventions  belong  to  tbt 
two  former  heads.  Of  tjie  third  class  of  inventnni, 
late  years  afford  many  instances,  owing  to  the  great 
attention  which  has  been  paid  to  the  natunJ  science*. 
As  man,  in  modern  times,  is  always  inclined  to  coa- 
sider  that  which  is  nearest  him  the  most  importasL 
he  generally  considers  the  inventions  of  bis  ageaa&r 
surpassing  those  of  other  times )  but  the  stndy  of 
history  teaches  us  more  modesty.  The  ioventiaa  of 
the  screw,  of  the  wheel,  of  the  rudder,  of  the  dooble 
pulley,  maybe  compared  with  any  modem  inventioDs 
in  medianical  science,  and  could  not,  toofcover,  ba*e 
been  struck  out  at  once  by  chance.  Tbe  hiitary  of 
inventions  is  one  of  the  most  interesting  branches  of 
the  historical  sciences,  exhibiting  in  a  striking  light 
the  stages  of  progress  and  decline  in  human  activity, 
and  the  great  variety  of  motives  which  have  actuated 
different  ages. 

Invisible  Gibl.  This  curiooa  acoustical  exhi- 
bition was '  contrived  by  a  foreigner,  about  tJuity 
years  ago.  It  consisted  of  a  hollow  copper  ball,  to 
which  were  attached  four  trumpets,  and  which  was 
suspended  by  ribands  from  the  four  comers  of  a 
frame  resembling  a  bed-poet,  and  having  no  other 
connection  with  the  frame.  Tie  ^obe  was  sup- 
posed to  contain  the  invisible  being,  as  the  voice  ap- 
parentiy  proceeded  from  the  interior  of  it.  If  a  qne- 
was  asked  by  speaking  into  one  of  the  trumpets, 
inswer  was  returned  in  a  low  female  voice  p(o- 
cceding  from  all  the  trumpets.  This  effect  was  pro- 
duced by  one  «f  the  standards  of  the  liwne  being 
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liolloWy  opening  opposite  the  mouth  of  one  of  the 
tmmpets,  and  commiinicating  with  a  large  case 
placed  in  an  acyoining  room>  and  containing  the  con> 
federate. 

Upon  this  principle  also  is  constructed  the  oraeuiar 
butt,  which  IS  thus  made  : — Place  a  bust  on  a  pedes- 
tal in  the  comer  of  a  room,  and  let  there  be  two  tin 
tubes,  one  going  from  the  mouth  and  the  other  from 
the  ear  of  the  bust,  through  the  pedestal  and  floor, 
to  an  under  apartment ;  there  may  likewise  be  wires 
that  go  from  the  under  jaw  and  the  eyes  of  the  bust, 
by  which  they  may  be  easily  moved.  A  person  be- 
ing placed  in  the  under  room,  and  at  a  given  signal 
applying  his  ear  to  one  of  the  tubes,  will  hear  any 
question  that  is  asked  by  another  person  above  who 
speaks  into  the  ear  of  the  bust,  and  he  may  imme- 
diately reply ;  the  sound  will  move  through  Uie  tube, 
and  seem  to  come  from  the  mouth  of  the  bust. 

Inyoicb  ;  an  account,  in  writing,  of  the  particu- 
lars of  merchandise,  with  their  value,  custom, 
charges,  &c.,  transmitted  by  one  merchant  to  an- 
other in  a  distant  country. 

Involution,  in  mathematics;  the  raising  of  a 
quantity  from  its  root  to  any  power  assigned.  Thus 
2  X  3  X  2=8.  Here  8,  the  third  power  of  2,  is  found 
by  involution,  fiy  continuing  the  process,  we 
can  obtain  any  power  of  2,  and  so  with  other  num- 
bers. 

Iodine  is  the  name  of  an  undecompounded  principle 
or  element  in  chemistry.  It  had  escaped  the  observa- 
tion, of  chemists  until  1812,  when  a  manufacturer 
of  saltpetre,  at  Paris,  detected  it  in  the  ashes  of  sea- 
weeds, in  the  following  manner.  In  evaporating  the 
ley  from  these  ashes,  to  procure  the  carbonate  of 
soda  which  they  contain,  he  noticed  that  the  metallic 
▼essels  with  which  he  operated  were  powerfully  cor- 
roded, and  that  the  corrosion  was  increased  as  the 
liquOT  became  more  concentrated.  Having  at  hand, 
one  day,  a  bottle  of  sulphuric  acid,  he  added  some 
of  it  to  a  portion  of  water,  and  wva  surprised  to  see 
a  rich  violet  vapour  disengaged ;  this  vapour  was  the 
iodine.  He  at  once  communicated  the  observation 
to  M.  Clement  Desormes,  who  set  about  collect- 
ing some  of  the  vapour,  and,  after  examining  its 
leading  properties,  announced  it  to  the  Royal  Insti- 
tate  of  France  as  a  new  body.  Its  real  nature  was 
soon  after  unfolded  through  the  accurate  researches 
of  Gray-Lussac  and  Sir  H.  Davy.  Its  history  proved 
singularly  interesting  in  modifying  the  then  prevail- 
ing theory  of  chemistry.  Sir  H.  Davy  had,  a  few 
years  previously,  promulgated  the  new  theory  of 
chlorine,  which  was  still  received  with  suspicion 
among  chemists.  The  strong  analogies,  however, 
between  this  substance  and  chlorine,  in  their  relations 
to  combustibles, — ^both  bodies  forming  compounds 
by  uniting  vrith  them,  similar  to  acids  containing 
oxygen,  or  oxides, — ^were  conceived  to  give  great 
weight  to  the  views  of*  Sir  H.  Davy,  and  operated 
completely  to  overthrow  the  erroneous  hypothesis  of 
oxygenation  invented  by  Lavoisier.  Its  investiga- 
tion, therefore,  may  be  said  to  form  a  new  era  in 
chemistry. 

The  physical  properties  of  iodine  are  as  follow  : — 
It  is  a  soft,  friable,  opaque  solid,  of  a  bluish-black 
colour,  with  a  metallic  lustre,  usually  in  scales,  but 
sometimes  in  distinct  crystals  of  the  form  of  rhom- 
boids or  rhomboidal  tables,  referrible  to  an  octahe- 
dron, widi  a  rhombic  base  as  their  primary  form ; 
Its  specific  gravity  is  4.046.    It  possesses  an  odour 


somewhat  analogous  to  that  of  chlorine.  It  is  a 
non-conductor  of  electricity,  and  possesses  in  an 
eminent  degree  the  electrical  properties  of  oxygen 
and  chlorine. 

Iodine  enters  into  fusion  at  225^  Fahr.,  and  boils 
at  347^ ;  but,  when  moisture  is  present,  it  sublimes 
rapidly  at  a  temperature  considerably  below  2 12*^,  and 
gives  rise  to  a  dense  vapour  of  the  usual  violet  hue. 
It  is  scarcely  at  all  soluble  in  water,  but  is  readily 
taken  up  by  alcohol  and  ether,  to  which  it  imparts  a 
reddish- brown  colour.  It  extinguishes  vegetable  co- 
lours, but  with  less  energy  than  chlorine.  It  is  not 
inflammable.  Its  range  of  affinity  for  other  bodies 
is  very  extensive ;  the  most  important  compounds  it 
forms  with  these  we  shall  describe  afler  alluding  to 
its  natural  state  and  preparation.  It  exists  most 
abundantly  in  the  various  species  of  fucus,  which 
form  the  greatest  part  of  the  sea- weeds  of  our  coast; 
it  also  occurs  in  the  sponge,  and  in  the  coverings  of 
many  molluscous  animals,  and  has  been  found  in  a 
great  number  of  mineral  waters,  as  those  of  Salz  in 
Piedmont,  Saratoga  in  New  York,  &c.,  and  more 
recently  has  been  detected  in  some  silver  ores  from 
Mexico,  and  in  an  ore  of  zinc  from  upper  Silesia. 
But  it  is  from  the  incinerated  sea-weed,  or  kelp,  that 
the  iodine  in  large  quantities  is  obtained. 

As  the  soap-manufacturers  are  in  the  habit  of  ob- 
taining their  soda  from  kelp,  iodine  may  be  procured, 
very  economically,  from  the  residuums  of  their  opera  • 
tion,  according  to  the  process  invented  by  Dr.  Ure, 
which  is  as  follows  : — ^The  brown  iodic  liquor  of  the 
soap-boiler,  or  the  solution  of  kelp  from  which  all 
the  crystallizable  ingredients  have  been  separated  by 
concentration,  is  heated  to  about  230^  Fahr.,  poured 
into  a  large  stone-ware,  basin,  and  saturated  with 
diluted  sulphuric  acid.     When  cold,  the  liquor  is  fil- 
tered through  woollen  cloth;  and  to  every  12  oz. 
(apothecaries'  measure)  of  it  are  added  1000  grains  of 
black  oxide  of  manganese  in  powder.    The  mixture 
is  put  into  a  glass  globe,  or  large  matrass  with  a  wide 
neck,  over  which  a  glass  globe  is  inverted,  and  heat 
is  applied,  which  causes  the  iodine  to  sublime  co- 
piously, and  to  condense  in  the  upper  vessel.    As 
soon  as  the  balloon  becomes  warm,  another  is  sub- 
stituted for  it ;  and,  when  the  second  becomes  heated, 
the  first  is  again  applied.    The  iodine  is  withdrawn 
from  the  globes  by  a  little  warm  water,  which  dis- 
solves it  very  sparingly  ;  and  it  is  purified  by  under- 
going a  second  sublimation.    The  test  made  use  of 
for  the  detection  of  iodine  in  any  solution,  when  it 
is  suspected  to  be  present,  is  starch,  witli  which 
iodine  has  the  property  of  uniting,  and  of  forming 
with  it  a  compound,  insoluble  in  cold  water,  which 
is  recognized  with  certainty  by  its  deep  blue  colour. 
The  solution  should  be  cool  at  the  time  of  adding  the 
starch ;  and,  if  the  colour  does  not  become  apparent 
simply  on  the  addition  of  the  starch,  a  few  drops  of 
sulphuric  acid  should  be  cautiously  added,  when,  if 
any  iodine  be  present,  the  blue  colour  will  make  its 
appearance.     This  test  is  so  exceedingly  delicate 
that  a  liquid,  containing  ^jj^gg  of  its  weight  of  iodine, 
receives  a  blue  tinge  from  a  solution  of  starch. 

Iodine  has  a  powerful  affinity  for  hydrogen,  which 
it  takes  from  animal  and  vegetable  substances,  m  the 
same  manner  as  chlorine,  and,  uniting  with  it,  forms 
hydriodic  acid.  The  following  are  the  methods  for 
obtaining  this  acid  in  the  gaseous  and  in  the  liquid 
state : — Into  a  flask,  to  which  a  recurved  tube  is  fitted, 
dipping  under  ajar  of  mercur)',  are  introduced  eight 
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parts  of  iodine  and  one  of  phosphorus/  and  to  the 
mixtare  a  few  drops  of  water  are  added ;  the  wiiter 
is  immediately  decomposed ;  the  phosphorus^  seizing 
its  oxygen,  forms  phosphoric  acid,  wmle  the  hydro- 
gen combines  with  the  iodine.  As  there  is  not  wa- 
ier  present  in  sufficient  quantity  to  dissolve  the  hy- 
driodic  acid,  it  passes  over  in  the  gaseous  state,  and 
is  collected  over  the  mercury.  In  contact  with  air, 
it  smokes,  or  fumes,  like  muriatic  acid,  and,  like  it, 
reddens  vegetable  blues.  It  is  distinguished,  how- 
ever, from  that  acid,  bv  the  superior  affinity  pos- 
sessed by  chlorine  for  hydrogen,  in  consequence  of 
which,  i/^  chlorine  and  hydriodic  gases  are  mingled 
together,  the  yellow  colour  of  the  former  disappears, 
and  the  violet  vapour  of  iodine  makes  its  appearance, 
which  proves  the  decomposition  of  the  hydnodic  acid 
by  the  chlorine.  If  die  decomposition  be  complete, 
the  vessel  will  be  wholly  occupied  by  muriatic  acid 
gas, 

'I>D  obtain  the  hydriodic  acid  in  a  liquid  state,  we 
have  only  to  conduct  the  gas  through  water,  until  it 
is  fully  charged  with  it ;  or  it  may  be  obtained  by 
transmitting  a  current  of  sulphuretted  hydrogen  gas 
through  water  in  which  iodine,  in  fine  powder,  is 
suspended.  The  iodine,  from  a  greater  affinity  for 
hydrogen  than  &e  sulphur  possesses,  decomposes 
the  sulphuretted  hydrogen ;  and  hence  sulphur  is  set 
free,  and  hydriodic  acid  produced.  The  solution  of 
hydriodic  acid  is  easily  decomposed.  Thus,  on  ex- 
posure for  a  few  hours  to  the  air,  the  oxygen  of  the 
atmosphere  forms  water  with  the  hydrogen  of  the 
acid,  and  liberates  the  iodine.  Nitric  and  sulphuric, 
acids  likewise  decompose  it  by  yielding  oxygen,  the 
former  being  converted  into  nitrous  and  the  latter 
into  sulphurous  acid.  The  free  iodine  becomes  ob- 
vious on  the  application  of  the  above-mentioned  test. 
The  compoimds  of  hydriodic  acid  with  the  salifiable 
bases  may  be  easily  formed,  either  by  direct  combi- 
nation, or  by  acting  on  the  bases  in  water  with 
iodine.  Sulphurous  and  muriatic  acids,  as  well  as 
sulphuretted  hydrogen,  produce  no  change  on  the  hy- 
driodates,  at  liie  usual  temperature  of  the  air ;  but 
chlorine,  nitric  and  concentrated  sulphuric  acid,  in- 
stantly decompose  them,  and  separate  the  iodine, 
fhe  hydriodates  of  potash  and  soda  are  the  most 
mteresting  of  their  number,  because  they  are  the 
chief  sources  of  iodine  in  nature.  The  latter  salt  is 
probably  the  one  which  affords  the  iodine  obtained 
from  kelp  ;  while  it  is  believed  that  it  is  the  hydno- 
date  of  potash  which  is  most  generally  found  in 
mineral  springs. 

Iodine  forms  acids  by  uniting  irith  oxygen  and 
irith  chlorine.  When  it  is  brou^t  into  contact  with 
protoxide  of  chlorine,  immediate  action  ensues ;  the 
chlorine  of  the  protoxide  unites  with  one  portion  of 
iodine,  and  its  oxygen  vrith  another,  forming  two 
compounds, — a  volatile  orange-coloured  matter,  the 
chloriodic  acid,  and  a  white  solid  substance,  which 
is  iodic  acid.  Iodic  acid  acts  powerfully  on  inflam^ 
mable  substances.  With  charcoal,  sulphur,  sugar, 
and  similar  combustibles,  it  forms  mixtures  which 
detonate  when  heated.  It  enters  into  combination 
with  metallic  oxides,  givUig  rise  to  salts  called  iodatu. 
These  compounds,  like  tiie  chlorates,  yield  pure  oxy- 
gen by  heat,  and  deflagrate  vHien  thrown  on  burning 
charcoal.  Iodic  acid  is  decomposed  by  sulphurous, 
nhosphorotis,  aud  hydriodic  acids,  and  by  sulphuretted 

hydrogen.    Iodine,  in  each  case,  is  set  at  liberty,  and    ^^, — , ,- — >^  ^ , 

my  be  detected*  «3  usual^  by  ftarch*    Chioriodic[  l^ves  a  small  pioportion  of  the  iridimn.  bmtmock 
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acid,  which  is  alao  formed  by  unply  inuansuig  di^ 
iodine  in  chlorine  gas,  deUquesoea  in  the  open  ttr,  and 
dissolves  very  freely  in  water.  Its  aokiaoH  m  very 
sour  to  the  taste ;  and  it  reddens  vegetable  bl«fia»  hot 
Hfterwards  destroys  them.  It  does  not  onitm  witb  al- 
kaline bases;  inwhichrespect  itwantsoneof  theda- 
racteristics  of  an  acid,  and  has  hence  been  called  by 
Gay-Lussac  a  ckhHie  of  iodhe.  Iodine  nnites  with 
nitrogen,  forming  a  dark  powder,  which  is  charac* 
terized,  like  chloride  of  nitrogen,  by  its  exploetve  pro- 
perty. In  order  to  form  it,  iocUne  is  p«t  into  a  so- 
lution of  ammonia;  the  alkali  is  decomposed;  its 
elements  unite  with  different  portions  of  iodine,  and 
thus  cause  the  formation  of  hydriodic  acid  and  iodide 
of  nitrogen.  Iodine  forms,  widi  sulphur,  a  leebk 
compound,  of  a  grayish-black  colour.  With  phos- 
phorus, also,  it  combines  with  great  rapidity  at  oon- 
mon  temperatures,  attended  with  the  emergence  of 
heat.  It  manifests  little  dispontion  to  combine  with 
metallic  oxides ;  but  it  has  a  strong  attraction  for  the 
pure  metals,  producing  compounds  which  are  cnUed 
ioduret$,  or  iodidea. 

The  iodides  of  lead,  copper,  bismuth,  aihrer,  and 
mercury,  are  insoluble  in  water,  while  the  iodides  of 
the  very  oxidizable  metals  are  soluble  in  that  liquid. 
If  we  mix  a  hydriodate  with  the  metallic  solatioos^ 
all  the  metals  which  do  not  decompose  water  will 
give  precipitates,  while  those  which  decompose  that 
liquid  will  give  nonei  Iodine,  besides  being  em- 
ployed for  piiilosophical  illustration,  is  used  in  ^ 
arts,  fbr  pigments,  dyes,  And  medicine* 

loLITB.      See  MlNEEAtOOT* 

Ionian  Order.    See  AjtcHiTBcruan. 

Ipbcacuanba,  according  to  the  latest  andiaritiau 
is  the  product  of  two  different  plants,  both  natirei  of 
South  America.  The  gray  is  the  root  of  a  species  ef 
richttrdia ;  the  other  that  of  the  eepktdk  ijaecacwaafca. 
The  two  roots,  howeVef,  do  not  differ  in  their  medi- 
cinal properties,  and  they  are  much  employed  indis- 
criminately. IpecacuaulMi  was  first  brought  to  £nrope 
towards  the  middle  of  the  seventeenth  century ;  hut 
was  not  generally  used  till  about  the  year  1686, 
when  it  was  intiDdaced  under  the  patronage  of 
Louis  XIV.  Its  taste  is  bitter  and  acrid,  covering 
the  tongue  with  a  kind  of  mucilage.  It  is  one  of  t&e 
safest  and  mildest  emetics  with  which  we  are  ais 
<fuainted,  and  is  administered  as  a  powder,  in  tiie 
tincture,  or  infhsed  in  wine.  It  is  also  lees  injurt^us, 
if  it  does  not  operate  as  an  emetic,  tiian  antimony, 
fh>m  its  not  disturbing  the  bowels  as  Uiat  does. 

Iridium  ;  the  name  of  a  metal  discovered  in  1 803,  hy 
Mr.  Tennant,  in  the  black  residuum  from  ike  solution 
of  the  ore  of  platinum.  Its  name  was  bestowed  in 
allusion  to  the  rainbow  (trtt),  in  consequoice  of  tiie 
changeable  cdour  it  presents  while  dissolving  in 
muriatic  acid.  Its  colour  is  vdiite ;  it  b  brittle,  and 
very  difficult  of  fbsion  (  specific  gravity,  18.68.  It  is 
lusted  u^n  with  difficulty  even  by  the  nitto-mnrtatic 
acid ;  but,  when  axidiied  by  digestion  with  it,  it  nnites 
with  other  acids,  and  with  me  earths,  particolariy  with 
alumitte.  It  combines  vrith  sulphur,  by  heating  a 
mixture  of  ammonia,  muriate  of  iridium,  and  md* 
phur ;  the  ccnnpound  is  a  black  povrder,  consistiBg  of 
100  iridium  and  33.3  sulphur.  Lead  unites  with 
this  metal  easily,  but  is  separated  by  cupellalidn* 
leaving  the  iridium  on  the  cupel,  as  a  coarse  Uack 
powdor.  Copper  forms  vrith  it  a  very  malleable  alloy, 
which  after  cupellation,  with  the  addition  of  lead. 
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len  tluui  in  the  pnoeding  iastanct.  Sihrer  fiurms  with 
it  a  perfectly  maUeable  oompoond,  the  raifaoe  of 
which  is  merely  tarnished  hy  cnpeilation;  yet  the 
iridiiun  appears  to  he  diffused  throngh  it  in  fine  pow- 
der only,  Ck>ld  remains  maUeable,  and  little  altered 
in  coloor,  though  alloyed  with  a  considerable  propor* 
sion ;  nor  is  it  separable  by  cnpeilation.  Dr.  Wollas- 
ton  obsenred  that,  among  the  grains  of  crude  pla- 
rinnm,  there  are  some  scarcely  distinguishable  from 
the  rest  but  by  their  insolubility  in  nitro-muriatic 
acid.  They  are  harder,  however,  when  tried  by  the 
file,  not  in  uie  least  malleable,  and  of  the  specific  gra- 
irity  of  19-ft*  These  he  concluded  to  be  an  ore  con- 
sbting  entirety  of  iridium  and  osmium. 

Iron.  This  metal  is  extremely  diffused.  It  exists 
in  the  mineral  kingdom  in  large  quantities,  and  under 
numerous  forms ;  it  is  a  constituent  principle  of  vege* 
table  matter,  and  is  obtained  from  the  ashes  of  almost 
every  plant ;  it  exists  in  the  blood,  and  other  animal 
products ;  it  is  even  an  atmospheric  or  meteoric  pro- 
duction, those  stony  masses  which  at  different,  times, 
and  in  different  countries,  have  fallen  from  the  at- 
mosphere, containing  iron  as  their  principal  ingre* 
dieot. 

The  ores  from  which  iron  is  extracted  are  those  in 
-which  it  is  mineralized  by  oxygen,  of  which  there 
are  many  varieties,  consisting  of  the  oxide  inter- 
mixed virith  argillaceous,  calcareous,  and  silicious 
earths.  It  is  principally  from  the  argillaceous  ore, 
or  clay  iron-stone,  that  iron  is  extracted  in  this 
country.  After  raising,  the  ores  are  picked,  to  sepa- 
rate, as  far  as  possible,  the  considerable  pieces  of 
eajrdiy  or  otherwise  refractory  matters,  wiUi  which 
they  may  be  associated.  They  are  next  submitted 
to  a  roastmg,  in  large  heaps,  in  the  open  air,  to  expel 
the  sulphur  and  arsenic  which  they  may  contain,  as 
wc^  as  to  render  them  more  friable  and  easy  of  Air- 
ther  reduction  to  powder.  The  roasting  is  performed 
generally  by  bituminous  coaL  The  result  of  the 
operaticm  is,  that  it  becomes  full  of  fissures,  friable, 
and  loses  altogether  its  vitreous  lustre.  It  is  now 
tnmsferred  to  tiie  crushing-mill,  where  it  undergoes  a 
further  pulverizatioi]^  after  which  it  is  transported  to 
the  smelting  furnace,  to  be  converted  into  iron.  Here 
it  passes  through  two  distinct  operations— 1.  the  re- 
duction of  the  oxide  to  the  metallic  state;  2.  the 
separation  of  the  earthy  matters  in  the  form  of  scoria. 
These  processes  consist  in  exposing  the  ore,  ordi- 
narily mixed  with  certain  fluxes,  to  &e  action  of  car- 
bon at  an  elevated  temperature,  in  furnaces  urged  by 
bellows,  hence  called  Uaat-fiirmaceB,  or  sometimes  higi- 
fwmaceM,  These  furnaces  vary  in  height  from  twelve 
to  sixty  feet,  and  have,  extemiUly,  the  shape  of  a  four- 
aided  pyramid,  truncated  at  top,  and  terminating  in  a 
cylindrical  chimney,  whose  internal  diameter  is  from 
four  to  six  feet  The  interior  body  of  these  furnaces 
is  usually  in  the  circular  form,  except  the  laboratory 
at  its  bottom,  where  the  li^d  metal  gathers.  This, 
called  sometimes  the  crwcSbU  or  hearth,  is  a  right- 
rectangular  prism,  oblong  in  the  direction  perpendi- 
cular to  the  blast  orifices,  or  tuyeres  of  the  bellows. 
The  sides  of  the  crucible  axe  commonly  made  of  a 
fine  gritstone. 

Above  the  crucible  the  boshes  are  placed^  in  the  form 
of  an  inverted  quadrangular  pyramid,  approaching 
to  the  prismastic  shaoe;  and  above  these  stone 
boshes  rises  the  conical  body  of  the  furnace,  lined 
with  fire-bricks,  contracting  as  it  ascends,  like  the 
narrow  end  of  an  egg^  until  it  terminates  in  the  diim- 


ney.  The  ratire  furnace  is  built  in  a  very  solid  man- 
ner, and  strengthened  by  bands  and  cross  bars  of  iron. 
The  bellows  are  usually  cylindrical,  and  their  pistons 
worked  either  by  water  or  a  steam-engine.  The  blast- 
holes,  which  are  situated  in  the  upper  part  of  the 
crucible,  are  two  in  number,  and  frequently  placed 
on  opposite  sides,  but  so  angled  that  the  currents  of 
air  do  not  impinge  on  each  other.  At  the  lower  part 
of  the  crucible  are  openings  for  the  discharge  of  the 
metal  and  scoria.  These  openings  are  kept  stopped 
by  accumulations  of  clay  and  sand  upon  the  exterior 
when  the  furnace  is  in  operation.  The  process  of 
reduction  commences  by  first  gradually  heating  up 
the  furnace,  until  it  will  bear  to  be  filled  entirely 
with  f^el,  alter  which,  as  the  contents  of  the  furnace 
begin  to  shik,  alternate  charges  of  ore  mingled 
with  flux,  and  of  charcoal  or  coke,  are  added :  the 
blast  is  let  on,  and  the  metal  in  the  ore,  parting  with 
its  oxygen,  flows  by  degrees,  and  subsides  to  the 
bottom  of  the  crucible,  covered  with  a  melted  slag. 
The  slag  is  occasionally  allowed  to  flow  off  by  re- 
moving the  clay  from  some  one  of  the  apertures  in 
the  crucible ;  and  when  the  bottom  of  the  furnace 
becomes  filled  with  the  metal,  which  it  ordinarily  does 
after  a  space  of  nine  or  twelve  hours,  the  iron  itself 
is  discharged  by  one  of  these  openings,  into  a  fosse 
of  sand  mingled  with  clay.  As  soon  as  the  iron  has 
flowed  out,  Uie  aperture  is  closed  again ;  and  thus  the 
furnace  is  kept  in  incessant  activity. 

The  flux  employed  to  assist  the  fusion  of  the  orea 
by  vitrifying  the  earths  associated  in  it  with  the  oxide 
of  iron«  b  Umestone  of  the  best  quality.  The  iron 
which  has  run  out  from  the  blast-furnace  is  in  the 
condition  of  cast-iron,  or  iron  with  a  considerable 
portion  of  carbonaceous  matter  intermingled  with 
its  particles,  and  a  small  proportion  of  oxygen,  from 
which  causes  it  has  a  coarse  grain,  and  is  brittle.  In 
converting  it  into  bar-iron,  it  undergoes  one  or  the 
other  of  the  following  processes,  according  as  char- 
coal or  coke  is  employed.  In  the  former  case,  a  fur- 
oace  is  made  use  of  resembling  a  smith's  hearth, 
with  a  sloping  cavity  sunk  from  ten  to  twelve  inches 
below  the  blast-pipe.  This  cavity  is  filled  with  char- 
coal and  scoria,  and  on  the  side  opposite  to  the  blast- 
pipe  is  laid  a  pig  of  cast-iron,  well  covered  with  hot 
fuel.  The  blast  is  then  let  in,  and  the  pig  of  iron, 
being  placed  in  the  very  focus  of  the  heat,  soon 
begins  to  melt,  and,  as  it  liquefies,  runs  down  into  the 
cavity  below.  Here,  being  out  of  the  direct  influence 
of  the  blast,  it  becomes  solid,  and  is  then  taken  out 
and  replaced  in  its  former  position,  the  cavity  being 
again  nlled  with  charcoal.  It  is  thus  fused  a  second 
time,  and  after  that  a  third  time,  the  whole  of  these 
three  processes  being  usually  effected  in  between 
three  and  four  hours.  As  soon  as  the  iron  is  become 
solid,  it  is  taken  out  and  very  slightly  hammered,  to 
free  it  fh>m  the  adhering  scoria.  It  is  then  returned 
to  the  furnace,  and  is  placed  in  a  comer,  out  of  the 
way  of  the  blast,  and  well  covered  with  charcoal, 
where  it  remains  rill,  by  further  gradual  cooling,  it 
becomes  sufficiently  compact  to  bear  the  tilt,  or  trip- 
hammer, whose  weight  varies  from  600  to  1200  lbs., 
and  which  is  moved  by  water.  Here  it  is  well 
beaten,  till  the  scoria  are  forced  out,  and  is  then 
divided  into  several  pieces,  which,  by  a  repetition  of 
heating  and  hammering,  are  drawn  into  bars,  and  in 
this  state  it  is  read^  for  sale. 

The  stream  of  aur  employed  in  a  blast-fUmace  is 
procured  by  various  processes.     The  first  and  most 


■nc[eiit  IS  evidenuf  tbct  of  a  pur  of  b^ows ;  bat  the 
frictioa  of  the  leather  ii  m  great  a*  to  materially 
injure  the  working  power.  The  appantai  reprc- 
eentcd  beneath  a  in  this  respect  a  material  irapniTe- 
ment  oo  the  ori{pnal  arraogement. 


A.  large  beam  n  made  tc  vibrate  freely  on  the  axil 
showD  in  the  figure,  and  by  its  vibration  the  bucket) 
are  elevated  and  depressed.  A  fleiibje  pipe  moves 
with  the  buckets,  and  serves  to  carry  the  imprisoned 
and  compressed  air  to  the  furaace.  Oo  elevating 
either  of  the  buckets,  the  air  is  admitted  by  a  valve 
opening  inwards,  which  closes  when  it  alterwards 
descends,  and  the  air  is  thus  forced  along  the  pipe. 

The  piston  blowing- machine  is  considerably  em- 
ployed, but  fequires  a  great  deal  more  power  than 
the  one  already  described.  It  consists  of  a  piston 
which  nearly  fits  a  case  or  cylinder,  the  latter  being 
provided  with  pipes  and  valves  above  and  beneath. 
The  external  appearance  of  the  apparatus  is  shown 
in  the  flgure.  When  the  piston  Is  raised  it  sucks  ur 
from  a  valve  opening  beneath,  and,  when  it  is  de- 
pressed,  air  is  drawn  from  above,  and  the  blait  pro- 
n«ds  from  beneath. 


A  complete  blast-machine  put  in  qperatiou  by 
B  band-wheel  is  shown  ai  fig.   I,   Plah  I.,   Ii 

MANUFACnjBB. 

A  contrivance  of  great  importance  has  lately  been 
adopted  in  some  of  the  mming  districts,  which  is 
exceedingly  simple,  but  much  more  effective  than  any 
which  had  gone  before  it.  A  series  of  vanes  are 
attached  to  an  axis,  which  is  made  to  revolve  with 
great  rapidity  in  a  box.  A  pipe  passes  from  the 
outside  of  the  box  to  the  furnace,  and  as  the  vane 
revolve  the  air  is  carried  by  its  centrifugal  force  int 
the  furnace,  a  new  portion  continually  entering  bv 
hole  at  the  axis.  A  similar  arrangement  has  been 
applied  to  an  artificial  blast  for  a  common  fire- 

Thc  proportion  of  pig-iron  or  cast-iron  from  e 


givui  qoantitf  of  ore  b  aabjcct  to  cMuidetabte  xvt- 
atiaa,  tram  B  difference  in  the  metallic  cwitenl*  of 
different  parcels  of  ore,  and  other  cifCBHWlMKri ; 
bat  the  araouot  of  bar-iron  that  B  given  ««i^  of 
pig-iron  is  expected  to  yield  iaf^alated  very  Kikth'. 
the  wdrkmen  being  expected  to  ftirniait  four  p«it*  a 
the  former  fiir  five  of  the  latter,  so  thftt  the  Maa  doet 
not  exceed  twenty  per  cenL  The  other  proceia  for  the 
mannfacture  of  lar-iron,  and  which  is  the  one  chiefly 
employed  in  this  country,  is  eiecnted  in  part  ia 
revert>eratary  furnaces,  known  by  the  name  of  fti- 
dUag-ftaiiact*.  The  operation  commences  with  melt- 
ing down  the  cast-iron  in  refinery  fomaees,  like  tk 
one  above  described-  When  the  cast-iroa  is  foil] 
melted,  a  tap-hole  is  opened  in  the  crucible,  and  tht 
fine  metal  flows  out,  along  with  the  slag,  iota  a  tamt 
covered  with  water  mixed  with  clay,  which  fonn*  i 
coating,  to  prevent  the  metal  from  sticking  to  tk> 
gronnd.  The  finer  metal  forms  a  plate  ten  feet  loa( 
by  three  feet  broad,  and  from  two  inches  to  two  hk 
a  halfthick.  A  great  quantity  of  cold  water  is  ^inD- 
kled  on  it,  in  order  to  make  it  brittle,  and  slsotooii- 
dtze  it  slightly.  The  loss  of  weight  in  the  iraa,  by 
this  operation,  is  from  twelve  to  seventeen  per  cat. 
It  is  tiien  broken  to  pieces,  and  laid  fm  the  hearth  ti 
a  reverberatory  furnace,  in  successive  portions,  being 
heaped  up  towards  its  sides  in  piles  which  rise  ncatlf 
to  the  roof.  The  middle  space  is  lell  open,  to  giw 
room  for  puddling  the  metal  as  it  flows  down  ia 
successive  streams.  When  the  whole  ia  redooed,  br 
the  heat  of  the  furnace,  to  a  pasty  state,  the  te^M- 
ratare  is  lowered,  and  a  little  water  is  aDtiietiBM 
thrown  on  the  melted  n»«s.  The  workman  stn 
about  the  semi-liquid  metaLwith  his  paddle,  dniBf 
which  it  swells  np,  emits  a  considerable  qanntity  tf 
oxide  of  carbon,  which  boms  with  a  bltie  fIsBK.  w 
that  the  mass  appears  to  be  on  fire.  IIn  metnl.  vit 
refines,  becDioes  less  (tuiblG,  or,  in  the  language  of  tfe 
workmen,  it  begins  lo  dry.  The  poddhng  is  coo- 
tinned  till  the  whole  charge  is  rednced  to  the  state  of 
an  incoherent  sand ;  then  the  temperatore  is  grate- 
ally  increased,  BO  as  to  impart  a  red-white  heal,  wbm 
the  particles  begin  to  agglntinate,  and  die  cfaatfc 
work*  Aeaty.  llie  refining  is  now  finished,  and  bd- 
thing  remains  but  to  form  the  metal  into  bnlls,  aad 
condense  it  under  the  rolling  cylinders.  The  Wla^- 
fimaet  in  which  this  melting  takes  place  is  ahowa 
in  Plofe  II., j^,  3,  Iron  MANurAci^sB.  Tbeiina 
is  DOW  to  be  passed  through  hard  rollers.  A  pair 
of  the  best  kind  is  shown  at  jig.  S,  attd  an  cod 
view  of  the  same  tijig.  6.  When  the  lump  of  iraa 
has  passed  five  or  six  times  through  the  grooved  rol- 
lers, it  assumes  an  elliptic  figure,  and  ia  called  aU*^ 
Loc«e  fragments  of  the  ball,  with  the  slag.  Ml  down 
about  the  cylinder.  The  metal  thus  roughed  dowa  is 
called  nUl  bur-iron.  It  is  subjected  to  a  second  opera- 
tion, which  consists  in  welding  several  pieces  to- 
gether, whence  it  derives  the  viiluable  propertie*  of 
ductility,  nniforraity,  and  cohesion.  After  weUing 
laterally  foor  pieces  together,  the  mass  is  run  thm^ 
between  a  series  of  cylinders,  as  at  first,  and  becomi 
English  bar-iron. 

Iron,  for  laminating  into  sheets,  ia  treated  in  tht 
refinery  furnace  with  a  charcoal,  instead  of  a  toll 
fire.  The  object  of  all  these  operations,  as  reapecti 
the  treatment  of  cast-iron,  is  to  convert  it  into  tough 
iron,  and  thus  to  get  rid  of  the  slag,  the  oiygm. 
and  the  carbon,  it  contains.  The  first  of  these 
is  separated  in  part  by  the  long -continued  fitsioc 
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knd  the  repoae  Of  the  melted  jottti,  in  conMquaice 
at  «4udt  tiie  alig,  being  lighter  than  the  bath,  6o*tg 
oo  its-surfue ;  bnt  its  more  effectosl  remov«l  is  pro- 
dnecd  bj  the  comprestion,  in  which  proceu  the 
emrthy  masaes  are  farced  through  the  pores  of  the 
Uoom,  or  lump,  as  water  eiades  from  a  spoage. 
Among  the  different  varieties  of  caat-irou,  there  are 
some  which  contMn  exactly  the  proportion  of  oxygen 
and  carboD  proper  to  form  a  gaseoaa  combination. 
For  the  refinery  of  diCse,  an  elevated  temperatore, 
witboDt  access  of  air,  is  all  that  is  necessary.  These 
elements,  re-actIng  upon  one  another,  are  dissipated 
in  the  aerial  state  ;  but  there  arc  likewise  other  va- 
rieties of  cast-iron,  in  which  the  carbon  is  in  excess. 
In  this  case,  the  fi^  access  of  atmospherical  air  is 
requisite. 

In  order  to  understand  how  the  carbon  is  abstract- 
ed from  the  interior  of  a  mass  of  the  liquefied  metal 
by  the  oxygen  of  the  atmosphere,  which  can  only  be 
in  contact  with  the  surface  of  the  iron,  we  have 
merely  to  reflect  upon  the  reverse  process  in  the 
manufacture  of  steel,  which  consists  in  the  introduc- 
tion of  carbon  into  irDn.  At  first,  an  outer  coat  of 
iron,  by  being  surrounded  with  charcoal  powder, 
gets  partially  saturated  with  carbon.  If,  by  poshing 
fbe  cementing  process,  we  wish  to  arrive  at  uie  com- 
plete satntation  of  that  coat,  we  can  succeed  only  by 
making  a  prerioos  partition.  The  layer  immediately 
buieau  the  first  carries  off  from  it  a  portion  of  its 
carbon ;  and  it  is  not  till  itself  is  partly  saturated 
that  it  snffers  the  outer  coat  to  absorb  its  maximum 
dose  of  carbon,  when  it  remains  stationary ;  bat  an 
effect  quite  similar  takes  place  with  the  second  coat 
in  reference  to  the  third,  that  is,  the  one  imme- 
diately within  or  beneath  it.  To  ^iply  these  ideas 
to  the  refinery  processes,  the  decarburation  of  the 
cast-iron  is  merely  a  restoration  of  the  carbon  to  the 
surface,  in  tracing  inveisely  the  same  progressive 
st^w  as  had  carried  it  into  the  interior  during  the 
smeltiiig  of  the  ore.  Thus  the  oxygen  of  the  air, 
fixing  itself  at  first  at  the  snrface  of  the  cast  metal 
00  the  caiten  which  it  finds  there,  bums  it.  Fresh 
charcoal,  issuing  from  the  interior,  comes  then  to 
occupy  the  place  of  what  had  been  dissipated,  till, 
finally,  the  whole  carbon  is  transferred  from  the 
centre  to  the  BurAu%,  and  is  then  converted  into 
either  carbonic  acid  gas,  or  oxide  of  carbon — an  al- 
ternative which  may  fairly  be  allowed,  since  no  direct 
experiment  has  hiuierto  proved  what  is  the  precise 
product  of  this  combustion- 
Malleable  iron  is  frequently  obtained  directly  from 
the  ores  by  one  fusion,  when  tike  metallic  oxide  is 
not  too  much  contaminated  with  foreign  substances. 
This  mode  of  working,  which  is  allowed  to  be  vastly 
more  economical  than  the  one  jnst  described,  on  ac- 
count of  the  saving  both  of  time  and  combustibles, 
has  for  a  long  period  been  employed  in  Catalonia,  in 
tlie  Pyrennees,  from  which  circumstance  it  is  called 
the  mtthod  c/  Ike  Catalomiim  forgt.  Those  ores  best 
adapted  to  its  treatment  are  the  pore  black  oxide, 
red  and  brown  oxide,  and  carbonate  of  iron,  to  ei- 
bact  the  metal  from  which,  it  is  sufficient  to  expose 
tliem  to  a  high  temperature  in  contact  with  charcoal 
or  carbonaceous  gases.  The  furnace  employed  is  umi- 
lar  to  the  refiner's  fo^  already  described.  The  cruci- 
ble is  a  kind  of  semicircular  or  oblong  basin,  eighteen 
inches  in  diameter,  and  eight  or  ten  in  depth,  excavated 
in  an  area  or  small  elevation  of  masonry,  eight  or  ten 
Act  long,  by  five  or  six  broad,  and  covered  in  with  a 
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chimney.  The  tuytra  stands  five  or  six  indies  above 
the  basin,  and  has  a  little  inclination  downwards, 
and  the  blast  is  given  by  a  water  blowing-machine. 
Tlie  first  step  consists  in  expelling  the  water  com- 
bined with  the  oxide,  as  well  as  the  sulphur  and 
arsenic,  when  these  contaminations  are  present. 
This  is  done,  as  usual,  by  roastiog  in  the  open  air. 
Tlie  roasted  ore  is  crushed  to  a  tolerably  fine  powder, 
and  thrown  by  the  shovel-full,  at  intervals,  upon  the 
charcoal  fire  of  the  forge  hearth,  the  sides  and  bottom 
of  the  basin  being  previously  lined  with  two  or  three 
bratiiia»  (costs  of  jftounded  charcoal).  It  gradually 
softrais  and  unites  mto  lumps  more  or  less  coherent, 
which  finally  melt  and  accumulate  in  the  bottom  of 
the  crucible  or  basin.  A  thin  alsg  is  occasionally  let 
off  from  the  upper  surface  of  the  melted  iron  in  the 
basin,  by  means  of  holes  which  are  opened  and 
closed  according  to  the  discretion  of  the  workmen. 
The  melted  iron  preserves  a  pastv  condition,  owing 
to  the  beat  communicated  &om  above ;  and,  when  a 
mass  of  sufficient  dimensions  has  accumulated,  it  is 
removed,  put  under  the  hammer,  end  forged  at  once. 
A  tUt-hammer  consisting  of  two  beaters,  worked  by 
a  wheel  and  axis  furnished  with  teetii  for  raising  the 
hammer,  is  shown  at  fy,  2,  Plait  I.,  Ibon  Manu- 
FACTu  as ;  and  the  remainder  of  the  smalt  tools  em- 
ployed in  the  foundry,  at  fg.  4,  Piatt  11.  A  lump 
or  bloom  of  malleable  iron  is  thus  prodnced  in  the 
q>ace  of  three  or  four  hours.  The  iron  is  generally 
soft,  very  malleable,  and  little  steely.  Four  work- 
men are  employed  at  one  forge ;  and,  by  being  re- 
lieved every  six  hours,  they  are  enabled  to  make  86  cwt. 
of  iron  per  week.  In  the  Catalonian  foi^es,  100  lb«. 
of  iron  are  obtained  from  300  lbs  of  ore  (a  mixture  of 
sparry  iron,  or  carbonate,  and  hematite)  and  310  lbs. 
of  charcocd,  bemg  a  produce  of  33  per  cent. 

The  number  of  high  furnaces  in  blast  in  England, 
Scotland,  and  Wales,  at  several  periods,  from  1740 
up  to  1SS7,  have  been  collected  from  docnments  on 
whidi  we  consider  every  reliance  may  be  placed : — 

In  1740  the  iron  made  amounted  to    17,000 

1788 68,000 

1796 131,000 

1806 350,000 

1830 400,000 

1837 6{Ki,eoo 

In  the  year  1740,  only  fifty-nine  fomaces  were  in 
blast ;  in  1778,  they  bad  increased  to  eighty-five ; 
and  in  1796,  to  131 ;  while  the  number  of  furnaces 
in  blast  in  1837  was  214. 

A%  aaxmaii  of  the  mmier  o/  itnrki  for  bUutag  nf 
inm  is  eacA'suMNff  dittrict  m  Grtat  BrilaiM,  mtk 
tht  oBeragt  prodmet  prr  tBttk  in  escA  dulriet,  m 
the  jiar  1S95. 
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Tbertanfo«rteiiaoMtiiSoiidiWiles»  and  nine 
IB  tlie  oUmt  parts  of  England  from  which  no  retain 
of  prodoce  lias  lately  been  obtained;  coneequeatly 
not  included  in  the  lbfegoti«  total  of  prodnce.  The 
following  is  another  aoconnt,  derived  from  an  a«* 
thntic  sonrce,  exhibiting  a  eomparatiTe  Tiew  of  the 
number  ot  furnaces  in  and  out  of  Uast^  in  January 
IS26,  and  in  April  1828. 


Number  of 

Furnaces. 

Mining  DiiMeii  of 

1 

out  of 
Blast 

1 

M 

88 

Tons;  per 

Week 

Tear. 

^ /iBoatiiWaki     .    .    ;    .   . 

i  1  9  StaAirdaUre 

'I  I  8  Shropthiro  •..•,. 

ioe 

97 

*4w480 

930.419 

108 

97 

81 

8,50S 

189.156 

48 

13 

86 

1.798 

89,596 

1^/ 4  Yorluhire 

116  floottand 

SeDerbytUrt 

IV^Nort&Waki 

84 

19 

99 

759 

89.104 

95 

8 

17 

646 

83.540 

19 

5 

14 

486 

99.679 

14 

6 

8 

808 

15.756 

Totalf ,  Janeaiy,  18M    • 

8G0 

99 

900 

89 

11.793 

618.936 

#1  Sooth  Wales 

too 

11 

5.876 

979.519 

.    9  Btaflbidihiro 

190 

95 

95 

4.990 

919.499 

fi    3  Shropshire  ...... 

5    4  Yorkshire 

48 

17 

81 

1.569 

81.924 

84 

17 

17 

684 

89.968 

-f    9  Seotisad 

^   6  Derbyshire 

<    7  North  Wales 

95 

8 

18 

795 

87.700 

18 

4 

14 

486 

99,360 

19 

7 

19 

484 

95,168 

B  Forest  of  Desn  (Olo'steith.) 

9 

1 

1 

50 

9,600 

\9DiieUnfield  (Cheshire)     . 

1 

0 

1 

80 

1.560 

Totals.  April.  1898     .^  . 

807 

90 

13.519 

709.694 

According  to  the  above  statement*  notwithstand- 
ing the  progressive  depreciation  in  tiie  value  of  iron 
since  1825,  seventeen  additional  furnaces  were  brought 
into  blast  in  1826-7>  and  the  produce  of  some  of  the 
others  considerably  increased,  so  that  in  April  1828 
the  produce  of  278  furnaces  then  in  blast  amounted 
to  upwards  of  700,000  tons  of  pig-iron ;  and  this  ex- 
clusive of  four  fhmaces  in  South  Wales,  and  nine  in 
different  parts  of  England,  from  which  no  return  of 
produce  had  been  obtained;  so  that  the  total  produce 
probablv  amounted  to  not  less  than  735,000  tons. 
It  has  been  estimated  by  some  competent  and  high 
authorities  that  an  average  of  27  cwt.  of  pig-iron 
makes  a  ton  of  wrought-iron  ;  while  others  estimate 
the  averase  at  30  cwt.  to  the  ton,  and  some  even 
give  a  still  greater  average.  Admitting  the  first  esti- 
mate tb  be  correct,  736,000  tons  of  pig  is  equal  to 
545,000  tons  of  wrought  iron,  out  of  which,  in  1828, 
there  was  exported  of  wrought  and  unwrought  iron 
and  steel,  to  all  parts  of  the  world  Tons 

(Except  Ireland) 100,265 

And  of  hardwares  and  cutlery      .    •     .    •     12,488 
Estimate  of  all  kinds  to  Ireland    ....    30,000 

Do.*  '  of  arms,  machinery,  and  mill  work      7>247 

Making  a  total  quantity  exported  of 
Leaving    for    home    consumption    the 


.  150,000 
enormous 
quantity  of  395,000  tons ;  to  which  may  be  added 
about  50,000  tons  of  old  iron,  annually  brought  to 
re-manufiuiture,  and  the  12,000  tons  of  foreign. 
Admitting,  however,  that  a  ton  of  wrought-iron  i^- 
sorbs,  on  an  average,  30  cwt  of  pig-iron,  it  will  reduce 
the  quantity  of  wrought  from  545,000  to  490,000 
tons,  and  the  quantity  left  for  home  consumption 
from  395,000  to  340,000  tons. 

Iron  is  oxidated  and  dissolved  by  the  acids  with 
facility ;  its  saline  compounds,  whoi  neutral,  are  in 
general  soluble  and  crystallizable. 

Sulphate  of  iron  is  a  salt  which  has  long  been 
known  under  the  name  of  green  vUrM,    It  is  eco- 
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nomieally  piepared  from  the  native  snlphant  of  Iran* 
whidi#  when  caldned*  and  exposed  for  seme  time  to 
air  and  humidity,  absorbs  oxygen,  so  that  the  sul- 
phur is  eonvertel  into  sulj^iuric  add,  and  the  iron  is 
oxidated ;  the  sulphate  of  iron,  thus  formed,  is  ex- 
tracted by  lixiviation  and  crysta^lixation.  It  is 
obtained  more  pure  by  the  direct  solution  of  iron  in 
diluted  sulphnne  add,  the  acid  enabling  the  iron  to 
decompose  the  water  by  attracting  its  oxygen,  and  at 
the  same  time  combining  with  the  oxide.  The  solu- 
tion IB  of  a  pale  green  colour,  and  if  concentrated  af- 
fords crystals  of  the  same  colour,  in  the  form  of  rhom- 
boidal  prisms.  This  salt  is  soluble  in  six  parts  of 
cold  water.  Exposed  to  heat,  it  first  liquefies ;  when 
the  water  of  crystallization  is  dissipated,  it  forms  a 
dry  mass  of  a  greenish  colour ;  when  urged  by  a 
strong  heat,  the  greater  part  of  its  add  is  expelled* 
partially  decomposed,  and  a  red  oxide  remains.  Ex- 
posed to  the  air,  it  loses  its  transparency,  and  a 
covered  with  a  yellowish  crust ;  a  change  owing  to 
the  absorption  of  oxygen.  H^  absorption  tskes 
place  to  a  greater  extent  when  the  salt  is  in  sohitioD* 
and  continues  until  the  oxide  passes  to  the  maiimnm 
of  oxidation.  In  this  state  it  requires  a  larger  quan- 
tity of  add  for  its  saturation  than  the  oxide  in  the 
green  sulphate  does ;  hence  a  portion  of  this  more 
perfect  oxide  is  predpitated,  while  the  remainiig 
quantity  is  retained  in  combination  with  the  add. 
The  one  of  these  salts  is  named  the  fpreen  wlpkale  ^f 
iran,  the  other  the  red  eiUphaie,  The  latter  is  not 
crystallizable,  but  when  its  solution  is  evaporated  it 
forms  a  mass  of  a  yellowish-red  colour.  It  is  soluble 
in  alcohol,  and  this  afibrds  a  mode  of  separating  it 
from  the  other.  With  re-agents,  these  salts  a£ud 
different  phenomena.  The  green  sulphate,  decom- 
posed by  the  alkalies,  gives  predpitates  of  a  green 
colour ;  the  red  sulphate  affords  predpitates  of  a  yel- 
low colour,  approadiing  more  or  less  to  red ;  the 
former,  with  prussiate  df  potash,  gives  a  white  pte- 
cipitate,  the  other,  vrith  the  same  test,  a  predpitato 
of  a  rich  blue  colour ;  the  one  is  little  altered  by  the 
infusion  of  galls,  the  other  strikes  immediately  a 
deep  purple  colour. 

From  the  strong  tendency  of  iron  to  pass  to  % 
highly  oxidated  state,  it  is  difficult  to  obtain  the  green 
sulphate  perfectly  pure,  so  as  to  exhibit  these  fribe- 
nomena.  The  solution  of  iron  b  usually  in  an  inter* 
mediate  state  of  oxidation  :  and  tliough  Proust  and 
some  other  chemists  have  supposed  that  there  are 
only  two  sulphates  of  iron  of  determinate  oompoattion, 
one  having  for  its  base  the  metal  at  the  smoMmi^  the 
other  at  de  mtanwrnm  of  oxidation,  and  tiiat  any  ap* 
parent  intermediate  compound  is  merely  a  mixtore  of 
these,  crystals  of  numerous  shades  of  colour  can  be 
obtained,  denoting  a  series  of  these  compounds  in 
different  degrees  of  oxidation.  The  different  predpi- 
tates which  the  compounds  form  with  the  different 
re-agents,  the  prussiate  Of  potash,  and  infusion  of 
galls,  have  been  supposed  to  depend  on  the  pecnlisr 
properties  of  the  oxides,  which  are  their  basica :  bat 
they  appear  also  to  arise  in  part  from  the  different 
forces  of  affinity  with  which  the  oxide  is  retained  in 
combination  with  the  sulphuric  add,  the  force  being 
greater  exerted  towards  tne  metalat  alowtiianata 
high  degree  of  oxidation,  so  that  the  salt  in  the  for- 
mer state  does  not  so  easily  form  a  predpitate  with 
these  re-agents.  Hence,  if  the  affimty  be  weakened 
by  causes  which  do  not  diange  the  state  of  oxidatioiw 
as  by  mere  dilution  with  water,  or  by  the  adiMtion  of 
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an  idkali  in  bomU  propDrtto^  the  prteipitilioii  it 
promoted  by  t!i6iyMU<m  OB  the  Mlt  hi  €9emih»ktat 
OKidAted  ttite* 

Sulphate  df  iron  Is  tp|^ied  to  numeroos  xaes  in  ^tut 
arts,  iiKnre  patticnlaHy  m  dyeing*  u  forming*  with 
^egi^i^le  astringents,  the  basis  of  black  dyes,  and, 
wkh  other  colouring  substances,  different  shades  of 
^dtotir*  Its  combination  with  these  astringents  is 
^e  basis  of  writing-ink. 

Sulphurous  acid  dissolves  iron,  being  partly  decom- 
posed, so  that  the  combination  is  a  sulphuretted  sul- 
phite of  iron ,  "  or  rather  a  hTpo-sulphite  of  iron." 
The  pure  sulphite  is  obtained  oy  the  direct  combina- 
tioii  of  the  acid  with  oxide  of  iron ;  it  is  soluble  in 
water,  but  not  in  alcohol,  and  n  not  coloured  by 
infusion  of  galls.  "  The  hypo-sulphite,  it  has  been 
ascertained,  is  formed  also  when  carbonate  of  iron  b 
dissolved  in  sulphurous  acid,  and  the  solution  after- 
wards boiled  with  sulphur.  If  add  be  added  to  a 
aolution  of  the  hypo- sulphite,  sulphurous  acid  will  be 
evohred,  and  sulphur  d^osited.  By  evaporation,  the 
hjmo-sulphite  is  obtained  in  crystals.'' 

Nitric  add  is  decomposed  by  iron  witk  rapidity, 
and  the  m^al  passes  to  the  highest  state  of  oxida- 
tion. When  the  acid  is  diluted,  the  action  is  more 
moderate*  and  a  more  perfect  solution  is  obtained, 
which,  however,  cannot  be  evaporated  so  as  to  nSotd 
the  nitrate  crystallized,  the  heat  that  b  required 
causing  a  further  decomposition  of  the  add,  and  the 
predpitation  of  a  sub-nitrate  of  iron*  A  similar 
change  is  produced  in  the  soiutbn  from  exposure  to 
the  air,  oxygen  being  absorbed. 

Muriatic  add  dissolves  iron  with  facility,  the  iron 
recdving  oxygen  from  the  water,  and  the  solution 
being  ti^erefore  attended  widi  a  disengagement  of 
hydrogen  gas.  The  liquor  b  Of  a  pale  green  colour, 
and  by  evaporation  affords  crystab  of  the  same  colour. 
If  oxide  or  rust  of  iron  b  dissolved  in  muriatic  add, 
m  solution  b  obtained  of  a  yellow  colour,  which  does 
not  crystallbe  on  evaporation,  but  affords  a  soft  de» 
liquescent  mass.  In  one  of  these  salts  the  iron  b 
in  a  low,  in  the  other  in  a  high  state  of  oxidatioD, 
and  they  differ  in  their  chemical  properties  i  the  for- 
mer, the  green  muriate,  b  insoluble  in  alcohol,  b 
little  altered  in  its  colour  by  inf^ision  of  galb,  «Dd» 
when  decomposed  by  the  allcalies,  gives  a  green  pre- 
cipitate; the  latter,  the  red  muriate,  b  soluble  in 
alcohol,  gives  a  deep  purple  colour  with  aalb  and  a 
blue  wi£  prussiate  of  potash,  and  affords  a  yellow 
predpitate  when  decomposed  by  the  alkalies.  The 
green  b  converted  into  the  red  muriate  by  exposure  to 
the  air,  passing  through  various  intermediate  states 
of  oxidation  by  absorption  of  oxygen*  The  solution 
of  the  green  muriate,  as  well  as  of  the  green  sulphate 
of  iron,  absorbs  nitric  oxide  gas,  a  property  the  ap- 
plication of  which  to  eudiometty  has  been  already 
adverted  to. 

In  oxymuriatio  gas,  iron  wira>  when  heated,  suffers 
combustion,  and  a  product  b  obtained  of  a  yellowbh 
colour,  with  considerable  lustre,  volatile  and  soluble 
in  water.  With  a  smaller  proportion  of  the  acid,  a 
compound  is  obtained,  whicn  b  fusible,  but  not  vola- 
tile. The  one  appears  to  be  the  red,  the  other  the 
green  muriate  in  a  dry  and  concentrated  state. 

Iron  b  acted  on  by  water  strongly  impregnated  with 
carbonic  acid,  and  a  portion  of  it  b  dissolved.  The 
common  rust  of  iron  contains  a  portion  of  thb  add ; 
and  a  carbonate  b  formed  by  decomposing  sulphate 
of  iron  by  carbonate  of  potash  or  sqoa ;  it  b  preci- 


gitated  of  a  gmnisK  coUNdr,  but  in  drying  becomes 
rowa  Drum  riisorptioa  of  oxygen  from  the  ahr.  In 
the  natural  chalybeate  watera,  the  iron  b  usuaUy 
held  dissolved  by  carbonic  add. 

Phosphoric  acid  acts  weakly  on  iron ;  but  the  phoe« 
phate  may  be  formed  by  adding  phosphate  of  soda  to 
a  solution  of  sulphate  of  iron ;  it  b  of  a  white  colour, 
insoluble  in  wator,  and  fuses  into  a  brilliant  globule 
by  intense  heat.  The  borate,  formed  by  a  similar 
process,  b  insoluble.  The  fluate  b  soluble,  does  not 
crystallize,  but  by  evaporation  forms  a  gelatinous 
mass.  Prussic  acid  has  a  powerful  affinity  to  oxide 
of  iron :  it  forms  with  the  red  oxide  the  pigment,  of  a 
rich  blue  colour,  known  by  the  name  of  Pr%$8um 
blue;  and  from  the  deepness  of  the  colour  of  thb 
combination,  and  the  strength  of  affinity  which  the 
add  exerts,  it  affords  one  of  the  most  delicate  tests  of 
iron.  Gallic  add  produces  vrith  the  salts  of  iron,  in 
the  higher  degrees  of  oxidation,  a  deep  violet  linge, 
and  in  the  state  in  which  it  is  combined  with  tanilin 
in  the  infusi(ms  of  vegetable  astringents,  particularly 
of  galb,  b  a  test  still  more  delicate  and  more  aocu^ 
rate.  Succinic  add  forms  with  oxide  of  iron  an 
insoluble  compound,  and  from  thb  property  has 
been  employed  to  abstract  iron  from  oUier  combina* 
tions,  or  in  ddicate  analyses  to  ascertain  the  quan- 
tity of  iron.  Benzoic  add  has  a  similar  effect,  and, 
bemg  less  expensive  than  succinic  add,  has  been  em- 
ployed under  the  form  of  benxoate  of  ammonia. 

The  alkalies  scarcely  act  on  iron  or  its  oxides; 
in  decomposing  its  salts,  they  in  some  oases  form, 
when  added  in  excess,  soluble  ternary  compounds. 
The  earths  whep  melted  with  oxide  of  iron  form 
coloured  enamels. 

Iron  appean  to  exot  a  strong  attraction  for  carbon. 
When  melted  from  its  ores  in  contact  with  the  fViel^ 
a  portion  of  carbonaceous  matter  combines  with  it, 
and  this,  with  oxygen  and  other  ingredients,  forms 
castiinm.  Tlie  combination  of  iron  with  carbon 
alone  constitutes  sfeel,  one  of  the  most  useftil  forma 
of  this  valuidile  metal. 

The  usual  process  for  forming  steel  b  that  named 
eesMnf afioii,  in  which  ban  of  malleable  iron  are  im- 
bedded in  layera  of  charcoal-powder  in  a  dose  fur-* 
nace,  through  which  flues  are  carried  to  dbtribute  the 
heatt  a  strong  ^re  is  applied  for  six  or  eight  days  s 
the  progress  of  the  cementation  b  known  by  with- 
drawing a  bar  from  the  furnace :  if  thb  b  suffidently 
dumged,  the  fire  b  extinguished,  and  the  metal  b  left 
to  cool  for  six  or  eight  days.  Thb  forms  bUttered^eel; 
it  b  rendered  more  perfect  by  sut^jecting  it  to  the 
operation  of  the  forge-hammer,  as  in  forging  iron ; 
or  by  welding  it ;  or  it  b  fused  with  the  addition  of 
a  little  charcoal,  and  cast  into  small  ban,  forming 
what  b  named  ctut-MieeL  These  operations  are  per- 
formed on  malleable  iron ;  but  some  kinds  of  cast' 
iron,  particulariv  the  gray  crude  iron,  can  be  con- 
verted into  steel  of  an  inferior  quality  by  a  similar 
process.  Steel  b  also  formed  by  fusing  forged  iron 
with  chareoaL 

In  thb  operation,  an  increase  of  wdp^  from  ij^th 
to  ii|th  b  gained.  The  more  carbon  is  introduced, 
the  more  brittle  is  the  steel.  Bergman  flrat  deariy 
showed  the  presence  of  thb  carbonaceous  matter, 
by  ascertaining  by  experiment  that  less  hydrogen  b 
disengaged  during  the  solution  of  steel  in  diluted  sul- 
phuric acid  than  during  the  solution  of  iron  in  tike 
same  add ;  and  that,  during  the  solution  of  the  stea . 
carbon  b  precipitated  in  the  form  of  a  black  shining 
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powder,  wiiiilir  to  pfambogo.  Ouytoii  jms  obMiriid 
tlut  it  is  probsbly  pore  cariioii*  not  diaicoal,  diat  is 
present  in  sted  ;  and  to  this  its  great  bardness  may 
be  ascribed.  This  has  been  oonforned  by  the  experi- 
ment of  coBveiting  iron  into  steel,  by  exposing  it  to 
heat  with  diamond.  Bergman  ftutberfoond  that  some 
specimens  of  steel  contain  manganese  and  silidoos 
earth;  and  Vaaq[nelin  has  likewise  discoirered  the 
existence  of  this  earth,  or  perhaps  rather  its  metallic 
base,  and  of  phoephoms,  in  several  kinds  of  steel 
which  he  analysed. 

Steel  is  of  a  gray  coloor ;  when  heated  it  assumes 
▼arions  brilliant  coloors  on  its  sarfoce  from  oxidation ; 
its  fractore  is  granular  and  brilliant,  and  it  is  sus- 
ceptible of  a  hig^  pohsh.  It  is  moie  fusible  than 
inm.  It  is  ductile  and  malleable,  and,  when  ham- 
mered, its  ductility  and  its  elasticity  are  increased. 
The  property  by  which  it  is  eminently  distinguished 
is  tlmt  of  acquiring  a  great  degree  of  baldness  by 
being  immersed  in  cold  water  when  prerioosly 
heated,  the  hardness  being  greater  as  the  steel  has 
been  hotter  and  the  water  colder ;  it  at  the  same  time 
becomes  more  brittle  and  elastic,  effects  which  evi- 
dently arise  from  the  irrc^lar  aggregation  produced 
by  tlie  sudden  cooling.  Steel,  thus  hardened,  may 
have  its  softness  and  ductility  restored,  by  again 
"heating  it,  and  allowing  it  to  cool  slowly.  This  is 
what  IS  termed  tempering  of  it,  the  requisite  degree 
of  temper  being  given  by  heating  the  metal  more  or 
less,  previously  to  the  slow  cooling.  The  harder  steel 
b,  the  more  elastic  it  becomes,  and  at  the  same  time 
the  more  brittle,  and  hence,  for  different  purposes, 
different  degrees  of  this  quality  are  required. 

Steel  possesses  a  degree  of  hardness  superior  to 
that  of  any  other  metal ;  it  is  also  possessed  of  the 
highest  eusticity ;  and  fhmi  these  properties  it  ac- 
quires its  high  value. 

The  minml  substance  known  by  the  name  of 
pUmibago,  or  graphite,  is  a  compound  of  iron  and  car- 
bon. The  proportion  of  iron  is  variable,  but  in  gene- 
ral does  not  exceed  from  3.5  to  10  in  100  parts.  By 
exposure  to  a  continued  red  heat,  the  carbonaceous 
matter  is  slowly  consumed,  being  converted  into  car- 
bonic add,  and  oxide  of  iron  remains.  It  suffers  a 
similar  change  by  deflagration  with  charcoal.  It  b 
scarcely  acted  on  by  the  acids.  From  its  softness 
and  lubricity,  plumbago  is  used  to  lessen  the  friction 
of  machinery ;  it  is  added  to  some  kinds  of  earthen- 
ware, to  communicate  a  degree  of  tenacity,  whence 
the  composition  b  not  so  Ibble  to  crack  on  exposure 
to  heat.  It  b  rubbed  on  the  surface  of  iron  to  pre- 
vent rusting;  and  it  forms  the  best  kind  of  crayons. 

Iron  has  a  strong  attraction  for  sulphur,  and  com- 
bines with  it  with  facility  by  fusion,  the  combination 
being  attended  with  the  evolution  of  heat  and  light. 
They  also  exbt  combined  in  nature,  the  mineral  named 
pyritei  being  a  combination  of  thb  kind.  The  pro- 
portions of  the  ingredients  in  the  native  sulphurets 
are  usually  different  from  those  in  the  artificial  sul- 
phuret ;  in  the  former  they  are  about  fifty-three  of 
sulphur  and  forty-seven  of  iron ;  in  the  latter  the 
proportion  of  sulphur  does  not  exceed  thirty-seven. 
There  exbts,  however,  a  native  sulphuret  named 
magnetic  pyritei,  similar  in  composition  to  the  arti- 
ficial sulphuret ;  and,  on  the  other  hand,  the  artificial 
sulphuret  may  be  combined  by  fusion  with  an  addi- 
tional proportion  of  sulphur.  When  the  proportion 
does  not  exceed  thirty-seven  of  sulphur  in  100  parts 
of  the  compound,  the  magnetic  property  remains ; 
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but^  whcfi  it  is  so  1ii|^  as  fifty-ore^  it  is  destroyed. 
Theie  compounds  are  of  a  gray  or  ydlow  colour, 
frequently  variegated,  with  a  degree  of  lustre*  tiie 
colour  appmarhing  more  to  yellow,  and  the  lostre 
being  more  perfect,  as  the  proportion  of  sulphur  is 
large,  lliey  are  of  a  crystalline  texture,  britUe,  and 
fhttble,  and  are  partially  decomposed  by  beat.  Hie 
compound  in  which  tlw  iron  predominates,  whca 
mobtened  and  exposed  to  die  air,  absorbs  oxygen, 
and  b  gradually  converted  into  sulfdiate  of  iron.  A 
mixture  of  iron-filings  and  sulphur  moistened  acts  on 
atmospheric  air  in  a  similar  manner,  and  snflen  the 
same  change.  The  alkaline  sulphurets  combine  with 
iron  by  fomon,  and  also  by  boiling  widi  water. 
Sul|Auretted  hydrogen,  and  the  hydro-solphnrets, 
form  precipitates  from  tiie  salts  of  iron. 

With  phosf^rus  iron  forms  a  compound  whick 
b  white,  britde,  and  of  a  granular  fracture.  A  com- 
pound of  thb  kind,  obtained  from  cast-iron,  was  onoe 
regarded  as  a  peculiar  metal,  and  named  riderite. 
It  has  been  considered  as  the  cause  of  the  cold  Aact 
property  of  iroiu 

Iron  combines  with  a  number  of  the  metals,  bit 
few  of  its  alloys  are  applied  to  use.  That  wi&  gold 
b  hard,  ductile,  and  malleable,  but  of  a  dull  gray 
colour.  With  silver  it  combines  imperfectly.  Witk 
platina  the  combination  b  not  easdy  efferted»  from 
the  infnsibility  of  botb  metals.  It  does  not  easiy 
amalgamate  with  quicksilver ;  the  combinatlcm  cu 
be  produced  only  by  indirect  methods,  and  is  imper- 
fect. The  alloy  with  copper  b  brittle,  and  of  a  gray 
colour.  Tbe^  principal  alloy  of  any  use  b  that  witk 
tin,  thb  forming  what  b  named  turned  tmt. 

Iron  b  pefhaps  the  most  useful  of  the  metah, 
possessing  in  its  pure  form  the  highest  degree  of 
tenacity,  ductility,  dastidty,  and  bardneaa,  ^rHwace 
it  b  applied  to  all  purposes  where  strength  b  re- 
quired; and,  though  infrisible,  it  b  capable  by  the 
operation  of  welding  of  being  easily  fiishioned  and 
worked.  Cast-iron,  being  fusible,  can  be  adapted  to 
other  purposes,  and  derives  value  from  its  hanhiesi, 
and  flrom  being  less  liable  than  forged  iron  to  be 
acted  on  by  the  air.  And  the  elasticity  and  hard- 
ness of  steel  adapt  it  to  numerous  uaes  for  whi^ 
other  metab  would  afford  very  imperfect  substitutes. 

Iron-wood.  Th\s  name  b  given  to  a  small  tree; 
having  the  foliage  of  a  birch,  and  the  fruit  aomewhst 
resembling  that  of  the  hop.  It  b  remarkable  for  ^ 
hardness  and  heaviness  of  the  wood,  which,  however, 
has  not  hitherto  been  applied  to  any  very  iniportant 
uses,  partly  on  account  of  its  small  size.  Tlie  trunk 
usually  does  not  exceed  six  inches  in  diameter ;  bat 
the  excellent  qualities  of  the  wood  may,  at  some  fu- 
ture day,  be  better  appreciated.  The  term  kop-karm- 
beam,  derived  from  the  form  of  die  fruit,  b  fre- 
quently i^pplied  to  the  species  of  ottrga. 

Irrational  Quantitibs  are  those  which  cannot 
be  measured  by  unity  or  parts  of  unity ;  for  ***«™pl»r 
the  square  root  of  2,  1.4124  ....  which,  by  ocn- 
tinued  approxiination,  can  be  obtained  more  and  more 
exactly,  without  end,  in  parts  of  unity,  but  can  neicr 
be  exactly  determined.  The  relation  of  two  qnanti- 
ties  b  also  called  irrational  when  one  cannot  be 
exactly  measured  by  the  whole  and  parts  of  tbe  other. 
The  circumference  and  diameter  of  a  drde  stand  b 
such  an  irrational  relation  to  each  odier,  becanse  we 
can  only  find  by  approximation  how  many  times 
the  latter  b  contained  in  the  former. 

Irrigation,    The  fertilbing  of  land  by  artificial 
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etnanu  Is  a  subject  of  the  greatest  importanee  to  the 
agricalturist.  To  make  the  matter  intelligible  to  the 
reader,  it  wilt  be  necessary  for  □■  to  poiat  oat  the 
Tarious  processes  for  irrigating  land  which  are  re- 
sorted to  in  different  parts  of  the  globe.  We  may 
commence  with  the  East. 

In  Hindostan  the  operation  of  conTeying  Wat 
and  from  the  fields  is  one  of  the  most  expeiuive  and 
troublesome  in  their  agricnltaral  system,  particnlarly 
in  the  higher  districts.  In  the  Monghere  districts  of 
Bengal,  a  deep  well  is  dog  in  the  highest  part  of  the 
field,  which,  being  ploughed,  is  divided  into  little 
square  plots,  resembling  the  chequen  of  a  chess-board. 
!Each  square  is  Barrounded  with  a  border,  foor  inches 
high,  capable  of  containing  water ;  while,  between 
the  chequers  thus  coustmcted,  small  dykes  are  fonned 
for  conveying  a  rivulet  over  the  whole  field.  As  soon 
as  the  water  has  stood  a  sofficient  time  in  one  square 
for  it  to  imbibe  moisture,  it  is  let  off  into  the  neit  by 
opening  a  small  outlet  through  the  dyke.  Thus  one 
square  after  another  is  irrigated,  till  the  whole  field 
is  gone  over.  The  water  is  raised  io  leathern  bags  by 
two  bullocks,  yoLed  to  a  rope ;  the  cattle  retiring 
ftoia  the  well,  and  returning  to  its  mouth,  according 
as  the  bag  is  meant  to  be  tused  or  to  descend.  The 
rope  is  kept  perpendicular  in  the  pit  by  a  palley,  orer 
which  it  runs ;  and,  from  the  month  of  the  well  thus 
placed,  the  rivulets  are  formed.  In  Patna  the  buckets 
are  raised  by  large  bamboo  lever*,  as  backets  are  in 
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Dr.  Davy  gives  an  interesting  account  of  the  pre- 
-valence  of  this  practice  at  Ceylon.  The  cultivation 
in  the  interior  of  that  counby,  he  says,  is  of  two 
kinds,  the  dry  and  the  wet.  file  former  consists  in 
catting  down  mid  grubbing  np  the  wood  on  the  sides 
of  hills,  where  particular  varieties  of  rice  and  Indian 
com  are  afterwards  sown :  the  latter,  and  by  far  the 
most  general  mode,  is  carried  on'wherevcr  water  can  be 
obtained  for  irrigation.  "Most  of  the  operations  in 
the  cultivation  of  paddy,"  he  states,  "are  connected 
irith  or  have  some  relation  to  the  element  on  which 
its  success  depends.  The  farmer  commences  with 
rniairing  the  banks  of  the  paddy-field.  He  then  ad- 
mits water  in  sufficient  quantity  to  be  an  inch  or  two 
deep  over  the  whole  surface.  Afler  the  ground  has 
been  well  macerated  and  softened,  he  ploughs  it, 
■till  under  water.  After  further  maceratioo,  it  is 
ploughed  again,  or  merely  trampled  over  by  buAloes, 
till  i^uced  to  the  state  of  mnd.  Its  surface  is  now 
levelled  and  smoothed ;  the  water  is  drawn  off;  and 
the  paddy,  having  been  previously  steeped  in  water 
till  it  has  begun  to  germinate,  Is  sown  with  the  hand, 
and  is  scattered  as  eqnally  as  possible  over  the  moist 
surface  of  mud.  When  tiie  seed  has  taken  root,  and 
before  the  mud  has  had  time  to  dry,  the  openings 
through  which  the  water  was  drawn  off  are  closed, 
and  the  field  b  again  inundated.  When  the  paddy 
ia  two  or  three  inches  high,  it  is  weeded  ;  and,  where 
tiie  seed  has  failed,  the  vacant  spots  are  planted  from 
those  parts  which  ore  too  thick  and  require  thinning. 
The  irrigation  is  continued  till  the  |Mddy  is  nearly 
full-grown  and  about  to  ripen,  when  openings  are 
made  in  the  banks  and  the  field  is  drained.  As  soon 
as  ripe,  the  paddy  is  cut  with  reaping-hooks,  and  im- 
mediatety  carried  to  the  threshing -Qoor,  where  the 
grahl  is  trampled  out  by  buboes.  Fivm  the  mo- 
nMit  the  seed  is  sown,  tilt  the  period  of  harvest,  the 
poddy-fleld,  hke  the  dtcnas,  t«qair««  constant  nightly 
watcning  to  protect  it  from  tin  d«predatioDs  of  its 


wild  enemies.  In  the  low  country,  wh^e  the  cut' 
tivation  of  paddy  is  in  a  great  meaanre  dependent  on 
the  rainy  aeasoD,  and  on  artificial  reeervoirs  for  a 
further  supply  of  water,  only  one  crop  is  procured 
annually ;  l>ut  amongst  the  monntaiiu,  in  situatioiiB 
where  perpetual  irrigation  is  at  command,  the  sea- 
sons are  less  concerned,  the  burner  can  sow  when  he 
pleases,  and  from  good  ground  annually  obtain  two, 
and  I  have  heard  even  three  crops,  llie  hilly  and 
mountainous  districts,  in  consequence  of  being  well 
supplied  with  water,  are  thus  particularly  favourite 
for  the  cultivation  of  this  important  grain :  and  it  is 
a  most  fortunate  cirenmstance  that  they  are  so;  other- 
wise the  coolest,  most  salubrious,  and  most  beontiful 
parts  of  the  interior  would,  iiutead  of  being  cultivated 
to  a  certain  extent,  be  quite  neglected  and  deserted. 
In  the  low  country  the  paddy-fields  are  generally  of 
a  large  site,  and  apparently  quite  fiat;  and  every 
crop  lieiiw  in  the  same  state  of  v^tation,  or  neariy 
so,  the  whole  exhibits  very  little  variety  of  surface. 
Amongst  Oie  mountains  it  is  qnite  different :  paddy- 
fields  ttiere  are  a  saccession  of  terraces,  or  flights  of 
steps  I  and  in  each  field  the  crop  may  be  in  different 
stages  of  growth, — in  some  just  vegetating,  in  others 
full-gni*m,  ripening,  or  ripe;  there,  at  the  same  time, 
you  may  see  the  tabourera  at  all  their  different  oper- 
ations,— banking,  ploughing,  sowing,  weeding,  reap- 
ing, and  treading  oat  the  grain.     In  the  tow  lands 


lerracea  m  uia  bums  ai  aiua,  uis  perseverance  ana 
industry  of  the  mountaineer  ore  often  in  a  striking 
manner  Splayed.  Many  of  his  l>eds  are  actually 
walled  np,  and  many  of  tiiem  an  not  four  feet  wide. 


and,  though  generally  long,  occasionally  they  a 
short,  from  ^e  nature  of  the  ground,  as  well  as  nar- 
row, that  one  would  not  suppose  they  were  worth 
the  laboor  of  keeping  in  repair,  and  much  leas  of 
making.  In  bringing  water  to  his  fields,  and  insur- 
ing them  a  constant  supply,  the  judgment  and  skill 
of  the  cultivator  ore  roost  exercised.  Sometimes  it 
is  conducted  two  or  three  miles  along  the  side  of 
a  hill,  and  occaaionatly  it  is  even  carried  from  one 
side  of  a  mountain  to  another  by  means  of  wooden 
pipea." 


The  process  fbr  irrigating  land  with  wheels  ei 
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ploTBd  in  Chiaa  U  earioii«^  ana  im^t  be  adopted 
with  advantage  in  many  utuationa  in  this  country. 
The  wheel  must  be  of  considerable  size,  and  a 
nuining  stream  is  of  course  necessary  to  give  motion 
to  it.  At  the  extremity  of  the  radial  spokes  are 
placed  a  number  of  earthen  pots.  These  pots  fill  as 
they  pass  through  the  water,  and  then  discharge  their 
fluid  contents  into  the  series  of  troughs  at  the  top, 
whence  it  is  conveyed  to  the  land  to  be  fertilized. 

"  la  mnrfmst  irrigation,"  says  Mr.  Loudon,  '*  the 
water  is  conveyed  in  a  system  of  open  channels, 
which  require  to  be  most  numerous  in  such  grounds 
as  are  under  drilled  annual  crops,  and  least  so  in 
•uch  as  are  sown  in  breadths,  beds,  or  ridges,  under 
perennial  crops.  This  mode  of  waterinjg  has  existed 
from  time  inmiemorial.  The  children  of  Israel  are 
represented  as  sowing  their  seed  and  watering  it  with 
their  feet ;  that  is,  as  Calmet  explains  it,  raising  the 
water  from  the  Nile  by  a  madiine  worked  by  the 
feet,  from  which  it  was  conducted  in  such  channds 
as  we  have  been  describing.  It  is  general  in  the 
•outh  of  France  and  Italy;  but  less  required  in 
Britain. 

**  Irrigation  with  a  view  to  conveying  additions  to 
the  floU  (or  for  Dumuring  it  in  fact)  has  long  been 
practised,  and  is  an  evident  imitation  of  the  over- 
flowing of  alluvial  lands,  whether  in  meadow  or 
arable.  In  the  former  case  it  is  called  irrigation  or 
flooding,  and  in  the  latter  warping.  Waiting  is  used 
chiefly  as  a  mode  of  enriching  the  soil  by  an  increase 
of  the  alluvial  depositions,  or  warp,  of  rivers,  during 
winter,  where  the  surface  is  not  under  crop,  as  is 
common  on  the  banks  of  the  Ouse. 

"  Subiemmemu  irrigation  appears  to  have  been 
first  practised  in  Lombardy,  and  first  treated  of  by 
Professor  Thouin.  It  consbts  in  saturating  a  soil 
with  water  from  below,  instead  of  from  the  surface, 
and  is  effected  by  surrounding  a  piece  of  ground  by 
an  open  drain  or  main,  and  intersecting  it  by  covered 
dntins  communicating  virilh  this  main.  If  the  field 
is  on  a  level,  as  in  most  cases  where  the  practice  is 
adopted  in  Lombardy,  all  that  is  necessary  is  to  fill 
the  main  and  keep  it  full  till  the  lands  have  been  suf- 
ficiently soaked.  But,  if  it  lie  on  a  slope*  then  the 
lower  ends  of  the  drains  must  be  closely  stopped, 
and  the  water  admitted  only  into  the  main  on  the 
upper  side :  this  main  must  be  kept  full  till  the  land 
is  soaked,  when  the  mouths  of  the  lower  drains  may 
be  opened  to  carry  off  the  superfluous  water.  The 
practice  is  applicable  either  to  pasture  or  arable  lands. 
In  Britain,  subterraneous  irrigation  has  been  ap- 
plied in  a  very  simple  manner  to  drain  bogs  and  mo- 
rasses, and  to  fen  lands.  All  that  is  necessary  is  to 
build  a  sluice  in  the  lower  part  of  the  main  drain, 
where  it  quits  the  drained  f^rounds,  and  in  dry  wea- 
ther to  shut  down  this  slmce,  so  as  to  dam  up  the 
water  and  throw  it  back  into  all  the  minor  open 
drains,  and  also  the  covered  drains.  This  plan  nas 
been  adopted  vrith  success  in  several  parts  of  Eng- 
land." 

"Subterraneous  irrigation  may  be  effaoted  by  a  sys- 
tem of  drains  or  covered  gutters  in  ^  subsoil,  which 
proceeding  from  a  main  conduit,  or  other  supply, 
can  be  charged  with  water  at  pleasure.  For  grounds 
under  the  culture  of  annual  plants,  this  mode  would 
be  more  convenient,  and  for  all  others  more  econo- 
mical as  to  the  use  of  water,  than  surface  irrigation. 
Where  the  under  stratum  is  gravelly,  and  rests  on  a 
fetentive  stratum,  this  mode  .^f  watering  may  take  I 


place  without  drains,  as  it  may  also  on  perfectly  flat 
lands,  bv  filling  to  the  brim,  and  keeping  foil  for 
several  days,  surrounding  trenches ;  but  the  beds  or 
fields  between  the  trenches  must  not  be  of  great  extent 
This  practice  is  used  in  Lombardy,  on  the  alluvial 
lands  near  the  embouchures  of  the  Po.  L:i  Lincoln- 
shire the  same  mode  is  practised  by  shutting  up  d^ 
flood-gates  of  the  mouths  of  the  great  drains  in  the 
dry  seasons,  and  thus  damming  up  the  water  through 
all  the  ramifications  of  the  diTunage  from  the  sea  to 
their  source.  This  was  first  suggested  by  Mr.  R^mie 
andSir  JosephBanks, after  the  drainage  round  Bogboo. 
completed  about  1810.  A  similar  plan,  on  a  smaUer 
scale,  had  been  practised  in  Scotland,  vvhere  moaees 
had  been  drained  and  cultivated  on  the  surface,  b«t 
where,  in  summer,  vegetation  failed  from  a  deficiency 
of  moisture.  It  was  first  adopted  by  James  Smith  on  a 
farm  in  Ayrshire,  and  has  subsequently  been  brou§^ 
into  notice  by  J.  Johnstone,  the  first  delineator  aad 
professor  of  Elkinton's  system  of  draining. 

"In  general,  in  nature,  the  operation  of  water," 
says  Sir  H.Davy, "  is  to  bring  earthy  substances  into 
an  extreme  state  of  division.    But,  in  the  artificial 
watering  of  meadows,  the  beneficial  effects  depend 
upon  many  different  causes,  some  diemical,  aoae 
mechanical.    Water  is  absolutely  essential  to  ve^ 
tation ;  and  when  land  has  been  covered  by  water  in 
the  winter,  or  in  the  beginning  of  spring,  the  moisture 
that  has  penetrated  deep  into  the  soil,  and  even  the 
subsoil,  becomes  a  source  of  nourishment  to  the  roete 
of  the  plants  in  the  summer,  and  prevents  tluMe  had 
effects  that  often  happen  in  lands  in  their  natural  state, 
from  a  long  continuance  of  dry  weather.    When  the 
water  used  in  irrigation  has  flowed  over  a  calcareous 
country,  it  is  genwally  found  impregnated  with  car- 
bonate of  lime;  and  in  this  state  it  tends,  in  many 
instances,  to  emeliorate  'the  soil.    Common  river- 
water  also  geiieraUy  contains  a  certain  portion  of 
organizable  matter,  whidi  is  much  greater  alter  raias 
than  at  other  times ;  or  which  exists  in  the  largeit 
quantity  when  the  stream  rises  in  a  cultivated  country- 
Even  in  cases  when  the  water  used  for  flooding  is 
pure,  and  free  from  animal  or  vi^;etable  sobataaoes,  it 
acts  by  raufting  a  more  equable  diffiysipn  of  nutritive 
matter  existing  in  the  land;  and  in  very  cold 
it  preserves  the  tender  roots  and  leaves  of  the 
from  being  affected  by  frost.    Water  \&  k£ 
specific  gravity  at  42^  Fahrenheit  than  at  32^,  the 
freezing  point ;  and  hence,  in  a  meadow  irrigated  a 
winter,  the  waiter  immediately  in  contact  with  &e  grass 
is  rarely  below  40^,  a  degree  of  temperature  not  si 
all  prejudicial  to  the  living  organs  of  plants.   In  1804, 
in  the  month  of  March,  the  temperature  in  a  water 
meadow  near  Hungerford  was  examined  by  a  very 
delicate  thermometer.    The  temperature  of  me  air  at 
seven  in  the  morning  was  29^.  The  water  vraa  frocca 
above  the  grass.    The  temperature  of  the  soil  bek>v 
water*  in  which  the  roots  of  the  grass  were  icuA* 
was  43^.    Water  may  also  operate  usefully  in  warn 
seasons  by  moderating  tempemture^  and  thus  retard- 
ing the  over-rapid  progress  of  veget;ation.  The  conse- 
quence of  thjs  retaidation  will  be  a  greater  magnitude 
and  improved  texture  of  the  grosser  parts  of  plaoti, 
a  more  perfect  and  ample  develppement  of  their  finer 
parts,  and,  above  all,  an  increase  ia  the  size  of  their 
finuits  imd  seeds.    Weappr^end4iatobeopeofdis 
principal  V8f)a  lOf  the  flooding  of  rioe-grounds  in  the 
east;  for  it  is  ascertainad  uat  the  rice  plant  wfll 
perfect  its  seeds  in  Ettrope»  «id  even  in  this  oonatiif 
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inthoot  any  water  beyond  what  is  tonklwd  by  tke 

weadier,  and  tbe  natural  moisture  of  a  -well-coMti* 

tnted  soil." 
laRiTABiLtTT ;  the  contractility  of  saneeular  fibres, 

or  a  property  pecidiar  to  muscles,  by  which  they  con- 
tract, upon  ue  application  of  certain  HimuM,  without 

a  consciousness  of  action.    This  power  may  be  seen 

in  the  tremulous  contraction  of  musdes  when  lace- 
rated, or  when  entirely  separated  from  ^e  body  in 

operations.  Even  when  the  body  is  dead,  to  all  ap- 
pearance, and  the  nervous  power  is  gone,  tiiis  eon- 
tractile  power  remains  till  Ihe  (M^;anizatioB  yields, 

and  begins  to  be  dissolved.    It  is  by  this  inherent 

power  that  a  cut  muscle  contracts,  and  leaves  a  gap, 

that  a  cut  artery  shrii^,  and  grows  stiff  after  d^tth. 

Hiis  irritability  of  muscles  is  so  far  independent  of 

nerves,  and  so  littie  connected  with  feeling,  which  is 

the  province  of  the  nerves,  that,  upon  stimulating 

any  muscle  by  toudiing  it  intii  caustic,  or  irritating 

it  vnth  a  sharp  point,  or  driving  the  electrie  spark 

through  it,  or  exciting  vnth  the  metallic  conductors, 

as  those  of  silver  or  zinc,  the  muscle  instantiy  con- 
tracts^ although  the  nerve  of  that  muscle  be  tied ; 

although  the  nerve  be  cut  so  as  to  separate  the 

muscle  entirely  from  all  connection  wkh  the  system ; 

although  the  muscle  be  separated  from  tfae  body; 

although  tiie  creature,  upon  which  the  ^cperiment 

is  performed,  may  have  lost  all  sense  of  feeling  and 

have  been  lone  apparentiy  dead.    Thus  a  muscle, 

cut  from  the  limb,  trembles  and  palpitates  a  long 

time  after ;  Hie  heart,  separated  ftiMn  the  body, 

contracts  when  irritated:  the  boweb,  yrbt&a  torn 

from  the  body,  continue  their  peristaltic  motion,  so 

as  to  roll  upon  tiie  table,  ceasing  to  answer  to  9tu 

rnuli  only  when  they  become  stiff  and  cold.  Even  in 
vegetables,  as  in  the  seuMtive  plant,  this  contractile 
power  lives.  Tlience  comes  the  distinction  between 
the  irritabiUiy  of  muscles  and  the  fenaibitUf  of  nerves ; 
for  the  irritability  of  muscles  survives  the  animal,  as 
when  it  is  activei  after  death ;  it  survives  the  life  of  the 
part,  or  the  feelings  of  the  whole  system,  as  in  univer- 
sal palsy,  where  ti^e  vital  motions  continue  entice  and 
perfect,  and  where  the  musdes,  though  not  obedient 
to  the  wOl,  are  subject  to  irregular  and  violent  actions ; 
and  it  survives  the  connection  with  the  rest  of  the 
system,  as  when  animals  very  tenadous  of  life  are  cut 
into  parts ;  but  iennbiUfy,  tiie  propeity  of  the  nerves, 
gives  the  various  modifications  of  sense,  as  vision, 
hearing,  and  the  rest ;  gives  also  the  general  sense 
of  pleasure  or  pain,  anid  makes  the  system,  according 
to  its  various  conditions,  fed  vigorous  and  healthy^ 
or  weary  and  low. 

Hie  eye  feels  and  the  skin  feels;  hmt  tiieir  ap- 
pointed itimuU  produce  no  motions  m  these  parts : 
^ey  are  sensible,  but  not  irritable.  The  heart,  the 
intestines,  the  urinary  bladder,  and  idl  t^  mnedes  of 
voluntary  motion,  answer  to  sKmaJt  with  a  quick  and 
fbrdble  contraction ;  and  yet  tiiey  hardly  fed  the 
9tmmU  by  which  these  contractions  are  produced,  or, 
at  least,  they  ^  not  convey  that  feeling  to  the  brain. 
There  b  no  consdousness  of  present  stimulus  in  those 
parts  which  are  called  into  action  by  the  taapuise  of 
die  nerves,  and  at  the  coitaiand  of  the  will ;  so  that 
muscular  parts  have  all  the  irritability  of  the  system, 
wttSi  but  littie  feding,  and  that  little  lowing  to  the 
nerves  v?hich  enter  into  their  substanee ;  while  nerves 
have  all  the  senstlnllty  of  the  system,  but  no  BU>tion. 
After  every  action  in  an  irritable  part,  a  state  of  irest, 
or  cetaation  firom  motion,  must  take  place  before  the 
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irritable  part  can  be  aaain  indted  to  action.  If,  by 
an  act  of  voliticm,  we  throw  any  of  our  muscles  into 
action,  tiiat  action  can  be  continued  only  for  a  certain 
s|>ace  of  time.  The  muscle  becomes  relaxed,  not- 
withstanding all  our  endeavours  to  the  contrary, 
and  remains  a  certain  time  in  that  rdazed  state 
before  it  can  be  again  thrown  into  action.  Each 
irritable  part  has  timM  which  are  peculiar  to  it» 
and  which  are  intended  to  support  its  natural  action : 
thus  blood  is  the  stimulus  proper  to  the  heart  and 
aitenes;  but  if,  by  any  accident,  it  gets  into  the 
stomach,  it  produces  sickness  or  vomiting.  The 
urine  does  not  irritate  the  tender  febric  of  the  kidney  s» 
ureters,  or  bladder,  except  in  such  a  degree  as  to  pre- 
sefve  their  healthy  action ;  but,  if  it  be  effused  into 
ths  cellular  membrane,  it  brings  on  such  a  violent 
action  of  the  vessds  of  these  parts  as  to  produce 
gangrene.  Sudi  timnH  are  called  hMtual  stimuU 
of  parts. 

Each  irritable  part  differs  from  the  rest  in  regard 
to  the  quantity  of  inritability  whidi  it  possesses. 
Hiis  law  rxplains  to  us  the  reason  of  tiiie  great  di- 
versity which  we  observe  in  the  action  of  various 
initable  parts ;  thus  the  musdes  of  voluntary  motion 
can  remain  a  long  time  in  a  state  of  action,  and,  if  it 
be  continued  as  long  as  possible,  another  considerable 
portion  of  time  is  required  before  they  regain  the 
irritabilitr  they  lost ;  but  the  heart  and  arteries  have 
a  more  short  and  sudden  action,  and  their  state  of 
rest  is  equally  so.  The  dreular  musdes  of  the  intes- 
tines ha^  also  a  quick  action  and  short  rest.  Tb^ 
action  of  every  stimulus  is  in  an  inverse  ratio  to  thf 
frequency  of  its  application.  A  small  quantity  of 
spmtB,  teken  into  the  stomach,  increases  liie  action 
of  its  muscular  ooat,  and  also  of  its  various  vessel^, 
so  that  digestion  is  thereby  fecilitated.  If  the  same 
quantity,  however,  be  taken  frequently,  it  loses  its 
affect.  In  order  to  produce  the  same  effect  as  at  first, 
a  larger  quantity  is  necessary ;  and  hence  tiie  ori- 
gin of  dram  drinking.  The  more  the  irritabili^  of  a 
part  is  accumulated,  the  more  thiU;  part  is  disposed 
to  be  acted  upon.  It  is  on  tins  account  tiiat  the 
activity  of  all  animals,  while  in  perfect  health,  is 
much  livelier  in  the  morning  than  at  any  other  part 
of  the  day ;  for,  during  the  night,  the  irritability  of  the 
whole  frame,  and  especially  that  of  the  muscles  des- 
tined for  labour,  viz.  the  musdes  for  voluntary  action, 
is  re-accumulated.  The  same  law  explains  why  di- 
gestion goes  on  more  rigidly  the  first  nour  after  food 
b  swallowed  than  at  any  other  time;  and  it  also 
accounts  for  the  great  danger  that  accrues  to  a 
famished  person  upon  first  taking  in  food. 

In  German  philosophy,  trritaSdiif,  MemUdUty,  and 
reproductiviiy  constitute  the  whole  of  organic  life. 
Since  the  time  of  Schdlin^  uriiability  is  much  con- 
sidered in  the  mental  philosophy  of  that  country. 
Hie  French,  treating  the  subject  merely  with  re- 
ference to  physiology,  generally  use,  at  present,  the 
v^rd  amtracHW^  instc«d  of  hrHabUUif. 

Isinglass.  Tius  substance  is  almost  wholly  gda  < 
tine,  100  grams  of  good  dry  isinglass  containing  ra- 
ther more  than  ntnety-dght  of  matter  soluble  in  wa- 
ter. It  is  brought  prindpally  from  Russia.  The  bel- 
Icga  yields  the  greatest  quantity,  being  the  largest 
and  most  plentifol  fish  in  the  rivers  of  Muscovy ;  but 
ths  sounds  of  all  fresh-water  fish  yield  more  or  less 
fine  iunglasa,  particularlv  the  small  sorts,  found  in 

Erodigious  quantities  in  the  Gasman  Sea,  and  several 
uad^  miles  beyond  AstEacaa*  in  the  Wolga,  Yaik« 
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IX>ii,  and  even  at  fiur  «i  Siberia.  It  is  the  basis  of 
the  Russian  glue,  which  is  preferred  to  all  other  kinds 
for  strength.  Isinglass  receives  its  different  shapes 
in  the  following  manner.  The  ptfrts  of  which  it  is 
composed,  particularly  the  sonnds,  are  taken  from  the 
fish  while  sweet  and  fresh,  slit  open,  washed  from 
their  slimy  covering,  divested  of  a  very  thin  membrane 
which  envelopes  the  soond,  and  then  exposed  to 
stiffen  a  little  in  the  air.  In  this  state,  they  are 
formed  into  rolls  about  the  thickness  of  a  finger,  and 
in  length  according  to  the  intended  size  of  the  staple ; 
a  thin  membrane  is  generally  selected  for  the  centre  of 
the  roll,  round  which  the  rest  are  folded  alternately, 
and  about  half  an  inch  of  each  extremity  of  the  roll 
is  turned  inwards.  Isinglass  is  best  made  in  the 
summer,  as  frost  gives  it  a  disagreeable  colour,  de- 
prives it  of  its  weight,  and  impairs  its  gelatinous 
principles.  Isinglass  boiled  in  milk  forms  a  mild, 
nutritious  jelly,  and  is  thus  sometimes  employed  me- 
dicinally. This,  when  flavoured  by  the  art  of  the  cook, 
is  the  blanc-numger  of  our  tables.  A  solution  of  isin- 
glass in  water,  with  a  very  small  proportion  of  some 
Imlsam,  spread  on  black  silk,  is  the  court-plaster  of 
the  shops.  Isinglass  is  also  used  in  fining  Uquors  of 
the  fermented  Idnd,  and  in  making  mock-pearls,  stif- 
fening linens,  silks,  gauzes,  &c.  With  brandy  it 
forms  a  cement  for  broken  porcelain  and  glass.  It  b 
also  used  to  stick  together  the  parts  of  some  musical 
instruments. 

IsoicxTaicA.L  PBRSPBcnvB.  A  new  process  for 
drawing  in  perspective,  under  this  title,  has  been  in- 
troduce by, Professor  Parish  of  Cambridge.  It  is 
preferable  to  the  common  perspective  on  many  ac- 
counts, especially  for  the  exhibition  of  machinery. 
It  is  both  easy  and  simple  in  its  principles.  It  is 
effected  by  the  help  of  a  common  drawing-table, 
and  two  rulers;  so  that  there  is  no  difficulty  in 
giving  an  almost  perfectly  correct  representation  of 
any  object  adapted  to  this  perspective,  to  whidi  the 
artist  has  access,  if  he  has  a  verj^  simple  knowledge 
of  its  principles  and  a  little  practice. 

It  is  unnecessary  to  describe  the  accompanying 
drawing-table  any  further  than  by  observing  tfaAt  it 
ought  to  be  so  contrived  as  to  keep  the  paper  steady 
on  which  the  drawing  is  to  be  made. 


There  should  be  a  ruler  in  the  form  of  the  letter  T, 
to  slide  on  one  side  of  the  drawing  table.  The  ruler 
should  be  kept,  by  small  prominences  on  the  under 
side,  from  being  in  immedmte  contact  with  the  paper, 
to  prevent  its  blotting  the  fresh  drawn  lines  as  it 
tliiles  over  them ;  and  a  second  ruler,  by  means  of  a| 


groove  near  one  end  on  its  under  side,  shoi^  be 
made  to  slide  on  the  first  The  groove  should  be 
wider  than  the  breadth  of  the  first  nder,  and  so  fitted 
that  the  second  may  at  pleasure  be  put  into  either  of 
the  two  positions  represented  in  the  engraving,  so  as 
to  contain  with  the  former  ruler,  in  either  position, 
an  angle  of  sixty  degrees.  The  groove  should  be  of 
such  a  size  that,  when  its  shoulder  a  is  in  contact 
with  and  resting  against  the  edges  of  the  first  ruler, 
the  edges  of  the  second  ruler  should  coincide  with  e. 
When  the  shoulders  b  c  rest  against  the  edges  of  the 
first  ruler,  the  edge  of  the  second  should  lie  along  a  e, 
the  other  side  of  the  equilateral  triangle.  The  second 
ruler  should  have  a  little  foot  at  k,  for  the  same  pur- 
pose as  the  prominences  on  the  first  ruler ;  and  both 
of  them  should  have  their  edges  divided  into  inches 
and  tenths,  or  eighths  of  tenths. 

It  would  be  convenient  if  the  second  ruler  had  also 
another  groove,  r  «,  so  formed  that  when  the  shoulders 
r  and  •  are  in  contact  with  the  edges  of  the  first  ruler 
the  second  should  be  at  right  angles  to  it.  For  repre- 
senting circles  in  their  proper  positions.  Professor 
Parish  made  use  of  the  inner  edge  of  rims  cat  out 
from  cards  into  isometrical  ellipses,  as  represented  in 
the  figure ;  of  these  he  had  a  series  of  different  size% 
corresponding  to  his  wheels. 

The  Professor  states  that  ''by  this  apparatus  we 
may  represent  the  straight  lines  which  lie  in  th%  three 
princifNEd  directions,  all  on  the  same  scale,  llie 
right  angles  contained  by  such  lines  are  always  re- 
presented either  by  angles  of  sixty  degrees,  or  tiie 
supplement  of  sixty  degrees:  and  this,  though  it 
miffkt  look  like  an  objection,  will  be  understood  on 
the  first  sight  of  a  drawing  on  these  principles  by 
any  person  who  has  ever  looked  at  a  picture ;  for  he 
cannot  for  a  moment  have  a  doubt  that  the  ang^ 
represented  is  a  right  angle,  on  inspection.*' 

And  we  may  observe  further  that  an  angle   of 
sixty  degrees  is  the  easiest  to  draw  of  any  angle  m 
nature.     It  may  instantly  be  found  by  any  person 
who  has  a  pair  of  compasses,  and  underslmnds  the 
first  proposition  in  Euclid.    The  representation,  also, 
of  circles  and  wheels,  and  of  the  manner  in  which 
they  act  on  one  another,  is  very  simple  and  intdli- 
gible.    The  principles  of  this  perspective,  which, 
from  the  peculiar  circumstance  of  its  exhibiting  the 
lines  in  the  three  principal  dimensions  on  the  same 
scale,  which  the  Professor  denominates  "  isometrical," 
will  be  understood  from  the  following  detail ; — Sup- 
pose a  cube  to  be  the  object  represented,  the  eye 
placed  in  the  diagonal  of  the  cube  produced,  the 
paper  on  which  the  drawing  is  to  be  made  to  be 
perpendicular  to  that  diagonal,  between  the  eye  and 
the  object,  at  a  due  proportional  distance  from  eadi, 
according  to  the  scale  requu^.    Let  the  distance  <k 
the  eye,  and  consequently  that  of  the  paper,  be  in- 
definitely increased,  so  that  the  size  of  the  object  may 
be  inconsiderable  in  respect  of  it.    It  is  manifest  that 
all  the  lines  drawn  from  any  points  of  the  object  to 
the  eye  may  be  considered  as  perpendicular  to  the 
picture,  which  becomes,  therefore,  a  species  of  ortho- 
graphic projection  $  and  the  projection  will  have  for 
its  outline  an  equi-angular  and  equilateral  hexagon, 
with  two  vertical  sides,  and  an  angle  at  the  top  and 
bottom.    The  other  three  lines  will  be  xadii  drawn 
from  the  centre  to  the  lowest  angle,  and  to  the*  two 
alternate  angles ;  and  all  these  lines  and  sides  will 
be  equal  to  each  other  both  in  the  object  and  rqire- 
sentation ;  and  if  any  other  Une^  parallel  to  luiy  of 
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tht  time  ndit  should  exist  in  the  otiject,  and  be  re- 
ptecented  in  the  picture,  their  represcDtatioiu  wiU 
bev  to  one  anoUker,  and  to  the  nat  of  the  sides  of 
the  rabe,  the  same  proportion  which  the  lines  : 
pmcDted  bear  to  one  another  in  the  object. 

If  any  one  of  them,  therefore,  be  so  taken  as 
bear  any  required  proportion  to  its  object,  as  in  1 
repTesentation  of  models,  the  others  also  will  bear 
the  same  proportion  to  their  object* ;  that  is,  the 
lioee  parallel  to  the  three  radii  will  be  reduced  to  a 

By  the  use  of  the  limple  apparatus  already  .de- 
scribed, the  representation  of  these  line*  in  the  objects 
mav  be  drawn  on  the  picture,  and  measured  to  a 
scale  with  the  utmost  ^ility :  &e  point  at  the  ex- 
tiemity  being  first  found  or  asanmed.  The  position 
of  any  point  in  the  picture  may  be  easily  found  by 
measuring  its  three  distances ;  namely,  first  ita  per- 
pendicular dbtance  from  the  regtUaling  horUtmtal 
pimt  (that  is,  die  horizontal  plane  passing  through 
the  rq;nlatiQg  point) ;  secondly,  the  perpendicular 
distance  of  tlut  point  where  the  perpendicular  meets 
the  dexter  line ;  and,  thirdly,  of  the  point  where  that 
perpendicular  meets  the  dexter  line  from  the  regn- 
nting  point ;  and  then  taking  those  distances  reduced 
to  the  scale,  fiiat  along  the  dexter  line,  secondly 
alon^  the  sinister  line,  and  thirdly  along  the  vertical 
line,  ID  the  picture.  These  three  may  be  called  the 
dttfer  dutanet  of  the  point,  its  muter  ditlmtee,  and 
ita  aUifude.  And  it  is  manifest  they  need  not  be 
taken  in  thi»  or4er.  but  in  any  other  that  may  be 
ntore  cenrenient  to  the  artist,  there  being  six  ways 
in  which  this  operation  mav  be  performed. 

If  any  point  in  the  same  isometrical  plane  with  the 
point  required  to  be  fonnd  be  already  represented  in 
the  picture,  that  point  may  be  assumMi  as  a  new 
repitating  poinL  If  it  is  in  the  Mme  isometrical  line 
with  the  point,  it  isfound  by  taking  only  one  ^stance. 
And  this  last  simple  operation  will  be  fbnnd  in  prac- 
tice all  that  is  necessary  for  the  determination  of 
moat  of  the  points  required.  Thus  any  paral- 
lelopiped,  or  any  frame-work  or  other  object  with 
rafters,  or  lines  lying  in  isometrical  directions,  may 
be  moat  easily  and  accurately  exhibited  on  any  scale 
required.  But,  if  it  be  neceesary  to  represent  tine* 
in  other  directions,  they  will  not  be  on  the  same 
scale,  but  may  be  exhibited,  if  itndght  line*,  by  find- 
ing the  extremities  as  above,  and  drawing  the  tine 
tima  one  to  the  other ;  or  aometiroe*  more  readily  in 
practice  by  t!ie  help  of  an  ellipse,  as  hereafter  described. 
If  a  curved  line  be  required,  several  points  may  l>« 
found,  each  being  sufficient  to  guide  the  artist  to  that 
degree  of  exactness  which  is  required. 

The  melliod  of  exhibiting  the  representations  of 
■ny  machines  or  objects  Uie  lines  of  which  tie,  aa 
they  generally  do,  in  the  isometrical  direction,  tliat 
ia,  panllel  to  the  ttiree  directiona  of  the  lines  of  the 
cube,  has  been  already  shown ;  uid  likewise  the 
mode  of  representing  any  other  straight  lines  by 
finding  their  extremities,  or  curved  lines  by  finding 
«  nninber  of  points.  But,  in  representing  machines 
and  models,  there  are  not  only  isometricu  tines,  bnt 
alao  many  wheels  working  into  each  other  to  be  re 
presented.  These,  for  the  moat  part,  lie  in  the  isome- 
trical planes.  And  it  is  fortunate  that  the  picture  of 
a  circle  in  any  one  of  these  plane*  it  always  an  ellipse 
of  the  same  form,  whether  the  plane  t>e  horizontal, 
dexter,  or  sinister;  yet  they  are  easily  distinguished 
from  each  other  by  the  position  in  which  they  are 
Abt*  fc  Sciarfca*.— Vol.  I. 
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placed  on  their  axle,  which  is  an  isometrical  line, 
always  coinciding  with  the  minor  axis  of  the  et- 

The  fact  above 
alluded  to  wiU  be 
obvious  from  con- 
sidering the  figure 
of  a  cube  wiu  a 
circle  inscribed  in 
each  of  its  planes, 
and  considering 
these  circles  as 
wheels  on  an  ,ax 
The  two  other  lines, 
(or  spokes  of  tlie 
wheel)  tnthc  ellipse,  ^ 
which  are  drawn  re- 
spectively through 
the  opposite  points 
of  contact  of  the 
circle  with  the  ci|cum*cribing  figure,  are  isometricai 
tinea  also  ;  for  the  points  of  contact  bisect  the  side* 
of  the  circumscribing  parallelDgram,  and  therefore 
the  lines  are  parallel  to  the  other  sides.  Ttiey  like- 
wise give  the  true  diameter  of  the  wtieels,  reduced  to 
tiie  s^e  required. 

Tie  ellipse  itself  may  be  drawn  by  an  elliptic  com- 
paas,  as  that  instrument  may  be  property  set,  if  the 
major  andminoraxesarekiutwn.  If  it  be  intended  to 
represent  a  wheel  on  an  axle,  care  must  be  taken  to 
maketheminor  axis  lie  alongthataxte.  InthealMeiwe 
of  the  instrument,  it  maybe  drawn  fh)m  the  concentric 
elUpsea  annexed,  whidk  may  be  placed  under  the  pa- 


per,  in  the  pooition  above  described,  and  seen  throu^ 
it  if  the  p^>er  be  not  too  thick ;  and  in  this  method 
the  smaller  concentric  circles  of  the  wheel  may  l>e 
described  at  the  same  time,  as  they  may  be  seen 
through  the  picture  )  or,  if  they  should  not  be  ex- 
actly of  the  right  size,  it  would  be  easy  to  detcritw 
them  by  hand,  between  the  two  neareat  concentric 
ellipMs  ;  and  thus  also  the  height  of  the  co^  of  a 
wheel  in  the  different  parts  of  it  may  be  exhibited, 
longer  and  narrower  towards  the  extremities  of  the 
major,  and  shorter  and  wider  at  the  extremities  of 
the  minor  axis.  Their  width  may  be  determined 
from  the  divisions  of  the  ellipse.  In  moat  cases,  this 
may  be  done  with  sufficient  accuracy  trom  the  cir- 
cnmfuvnce  of  the  ellipse  being  divided  into  eight 
equal  dniuons  of  the  circle,  by  the  two  axes  and  two 
isometrical  dtametera,  each  of  which  parts  may  be 
subdivided  by  the  skill  of  the  artist ;  and  not  only 
the  face  of  tile  wheel  in  front  may  be  thus  exhibited, 
bnt  tiie  parts  of  the  back  circle*  also  which  are  in 
sight  may  be  exhibited  by  pushiiig  l>ack  the  system 
of  concentric  etlipses  on  tne  minor  axis,  or  axle, 
throu^  a  distance  representing  the  breadth  of  tba 
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wheel,  and  then  tracing  both  the  exterior  and  interior 
circles  of  the  wheel,  and  of  the  socket  on  which  it  is 
fixed,  as  far  as  they  are  visible.  Care  should  be 
taken  to  represent  the  top  of  the  teeth,  or  cogs,  by 
isometrical  lines,  parallel  to  the  axle,  in  a  iace-wheel, 
or  tending  to  a  proper  point  in  the  axle  in  a  bevil- 
wheel.  And  nearly  in  the  same  way  may  the  floats 
of  a  water- wheel  be  correctly  represented.  If  a  se- 
ries of  concentric  ellipses,  such  as  have  been  de- 
scribed, be  not  at  hand,  it  will  still  be  easy  for  an 
artist  to  draw  the  ellipses  with  sufficient  accuracy 
for  most  purposes,  by  drawing,  through  the  proper 
point  in  the  axle,  the  major  and  minor  axes,  and  two 
isometrical  diameters,  thus  marking  eight  points  in 
the  circumference  to  guide  him. 

If  in  any  case  it  should  become  necessary  to  re- 
present a  circle  which  does  not  lie  in  an  isometrical 
plane,  we  may  observe  that  the  major  axis  will  be 
the  same  in  whatever  plane  it  lies ;  and  it  will  be 
the  picture  of  that  diameter  which  is  the  intersection 
of  the  circle  with  the  pkuie,  paral||l  to  the  picture, 
passing  through  its  centre ;  and  the  nugor  axis  will 
bear  to  Uie  minor  axis  the  proportion  of  radius  to 
the  sine  of  the  inclination  of  the  line  of  sight  to  the 
plane  of  the  circle.  The  representation  of  every 
other  line  parallel  and  equal  to  any  diameter  of  the 
circle  may  be  exhibited  by  drawing  it  equal  and 
parallel  to  the  corresponding  diameter  in  the  el- 
lipse. 

To  describe  a  cylinder  lying  in  an  isometrical  di- 
rection, the  circles  at  its  extremities  should  be  re- 
presented by  the  proper  isometrical  ellipse,  and  two 
lines  touching  both  should  be  drawn ;  and  in  a  si- 
milar way  a  cone,  or  frustum  of  a  cone,  may  be  de- 
scribed. A  globe  is  represented  by  a  circle  whose 
radius  is  the  semi-major  axis  of  the  ellipse  represent- 
ing a  great  circle. 

It  would  not  be  difficult  to  devise  rules  for  the  re- 
presentation of  many  other  forms  which  might  oc- 
cur in  objects  to  be  represented.  But  the  above 
cases  are  sufficient  to  include  almost  every  thing 
which  occurs  in  the  representation  of  models,  of 
machines,  of  philosophical  instruments,  and  indeed 
of  almost  any  regular  production  of  art. 

Buildings  may  be  exhibited  by  this  perspective  as 
correctly,  in  point  of  measurement,  as  by  plans  and 
elevations,  under  the  advantage  of  having  the  full 
effect  of  a  picture. 

A  bridge,  or  any  drcular  or  Gothic  arch,  consist- 
ing of  portions  of  circles  lying  in  isometricid  planes, 
may  be  represented  by  portions  of  isometrical  ellipses^ 
which  will  easily  be  adapted  and  drawn,  upon  the 
principles  already  explained  by  which  wheels  are 
exhibited  on  their  axles.  The  centres  of  these  circles 
must  be  found,  with  which  the  centres  of  the  ellipses 
must  ba  made  to  coincide,  their  minor  axes  lying 
along  the  lines  drawn  from  those  centres  perpendi- 
cular to  the  planes  of  the  circles. 

The  shaft  of  a  pillar  consists  of  a  frustum  of  a 
cone  and  a  cylinder  united ;  or  p^haps  of  a  cylin- 
der alone,  or  a  congeries  of  cylinders :  and  we  have 
already  shown  the  method  of  exhibiting  these,  as  well 
as  their  bases.  And  on  the  same  principles  die  po- 
sition and  size  of  the  volutes  and  ornaments  of  the 
capital  may  be  found,  and  such  guiding  points  as 
will  make  it  easy  to  trace  their  forms.  Tlius  the 
different  courts  and  edifices  of  a  cathedral,  a  college, 
or  a  palace,  may  be  correctly  depicted ;  and  even  the 
rooms,  and  internal  structure,  though  less  in  the 


form  of  a  picture,  may  be  exhibited  in  such  a  wa\'  as 
to  enable  an  architect,  or  his  employer,  to  contiai- 
plate  their  situation,  their  ornaments,  fomitsre,  or 
any  other  circumstance  belonging  to  their  appemranoe; 
and  to  mark  down  exactly  what  he  would  have  done, 
in  such  a  way  as  could  hardly  be  misunderstood  by 
an  attentive  agent,  though  at  a  distance. 

In  the  instances  whidi  have  been  given,  moat  of 
the  lines  are  isometrical :  but  the  art  is  applicabie  lo 
many  cases  where  tiiere  are  few  or  none  andu  It 
may  be  necessary,  in  many  of  them,  to  draw  isorae- 
triqil  lines,  or  isometrical  ellipses,  by  way  of  a  guide, 
to  determine  the  position  of  certain  lines,  and  points, 
to  enable  the  artist  to  describe  with  accuracy  what 
he  has  in  view  :  and  there  is  scarcely  any  fonn  so 
anomalous  as  to  preclude  the  artist  from  taking  ad- 
vantage of  these  methods  of  ascertaining  such  lines 
or  points  in  it  as  will  give  him  much  assistance  in 
representing  it  with  precision.  If  the  intention  be 
merely  to  make  a  picture,  the  guiding  lines  may  be 
obliterated  as  soon  as  they  have  senred  the  purpose 
designed,  or  they  may  be  retained,  in  some  cases, 
and  their  lengths  or  diameters  noted  down  in  figmts. 
If  it  be  wished  to  give  ready  information.  And  often, 
if  the  artist  wishes  to  provide  materials  to  enable 
him,  at  his  leisure,  to  give  accurate  descriptioBa,  or 
exact  drawings,  the  rudest  exhibition  of  such  lines 
may  completely  serve  his  purpose,  provided  he  notes 
down  on  ^e  spot  such  measurements  with  accuracy, 
however  unexact  the  lines  may  be  on  whidi  they 
are  recorded.  In  many  cases  it  may  be  expedient  to 
take  liberties  with  this  perspective,  or  with  the  pic- 
ture, which  will  make  it  suit  the  purpose  deaigaed. 
And  this  will  produce  no  confusion,  provided  tiiose 
liberties  are  explained :  for  instance,  it  may  be  often 
expedient  to  make  the  scale  in  the  vertical  directioa 
considerably  larger  than  in  the  horizontal.  It  may 
in  some  cases  be  necessary  to  represent  on  paper 
what  is  hid  in  nature,  and  what  has  been  said  ea 
the  internal  structure  of  buildings  is  an  instance  of 
this  fact.  We  shall  proceed  to  give  some  examples 
of  these  observations. 

To  give  such  a  representation  of  an  Etruscan  vase  as 
would  enable  an  artist  to  model  it  exactly  would  be 
exceedingly  easy.  Let  a  vertical  line  be  drawn  to  re- 
present the  axis  of 
the  vase,  and  let 
points  be  taken  in 
that  axis,  corre- 
sponding to  the  cen- 
tres of  the  princi- 
pal circles  of  the 
vase,  through  which 
the  horizontal  iso- 
metrical lines  may 
be  drawn,  represent- 
ing the  radii  of  those 
circles,  by  the  help 
of  whidi  the  isome- 
trical ellipses  repre- 
senting them  are 
easily  drawn.  These 
will  become  a  com- 
plete guide  to  the 
artist.  He  may  as- 
sist himaelf  by  look- 
ing at  the  object 
along  the  line  of 
sight,  and  then,  if  he  has  any  skill  in  drawing,  &e 
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will  find  no  difficulty  in  tracing  the  outline  from  one 
of  these  to  the  other,  with  a  sufficient  degree  of 
correctness.  If  he  he  unskilled  in  the  art,  of  course 
he  must  be  at  the  trouble  of  finding  a  larger  number 
of  ellipses  to  guide  him.  And,  in  a  similar  manner, 
any  solid,  formed  by  the  revolution  of  a  plane  figure 
round  one  of  its  sides,  may  be  represented. 

The  laying  down  the  timbers  of  a  ship,  or  making 
a  picture  of  one,  may  be  adduced  as  another  example. 
Let  a  vertical  isometrical  plane  be  conceived  to 
pass  through  its  keel,  and  to  be  intersected  by  the 
perpendicular  planes  passing  through  the  ribs,  and 
by  planes  parallel  to  the  decks.  The  isometrical 
lines  which  are  the  intersections  of  these  may  be 
measured  in  the  ship,  and  represented,  with  their 
proper  measures  noted  down,  in  the  picture,  which 
will  afford  the  means  of  representing  the  ribs,  and 
laying  them  down  in  their  proper  places. 

If  this  should  be  designed  for  the  purpose  of  con- 
structing a  ship  from  a  given  model,  it  might  be 
sufficient  to  represent  the  ribs  only  on  one  side ; 
those  on  the  other  side  being  the  exact  counter- 
parts. If  the  purpose  should  be  to  make  use  of 
these  lines  for  a  drawing,  they  need  be  marked  but 
very  faintly,  and  the  artist  will  have  little  difficulty, 
when  guided  by  them,  to  fill  up  the  representation  by 
hand. 

Italian    School,   in  the  fine  aria.     The  art  of 
painting  was  early  introduced  both  into  Italy  and 
Germany  by  Greek  masters;  but  the^^ersities  of 
national  character,  climate,  and  religion,  produced 
different  results  in  the  two  countries.    A  glowing 
imagination,  an  easy  life,  an  innate  sense  for  the 
beautiful,  enthusiastic  piety,  the  constant  sight  of 
nature  in  her  fiurest  forms,  and  the  contemplation  of 
the  masterpieces  of  ancient  art,  occasioned  painting 
in  Italy  to  unfold  itself  with  great  magn&cence; 
while  in  (Germany  the  ancient  painters  loved  rather 
to  dwell  on  the  inward  life  and  character.    They 
were  poets  and  philosophers,  who  selected  colours 
instead  of  worda.    The  Italians  have  therefore  re- 
mained inimitable  in  the  ideal  of  this  art,  as  die 
Greeks  in  statuary.    The  twelfUi  century  is  generally 
taken  as  the  period  of  the  beginning  of  the  mstory  of 
painting  in  Italy ;  but,  even  before  that  time,  it  had 
been  the  scene  of  the  labours  of  Greek  and  Byzan- 
tine artists. 

During  the  pontificate  of  Leo  the  Grreat,  in  the 
year  441,  a  large  picture  in  mosaic  was  executed  in 
the  Basilica  of  St.  Paul,  on  the  road  to  Ostia,  and 
the  portraits  of  the  forty-two  first  bishops,  which 
are  seen  in  the  same  church,  date  their  origin  from 
the  same  time.     Mosaic  and  encaustic  paintmg  were 
then  the  prevalent  mode.    Painting  In  distemper  was 
afterwards  introduced.    About  the  end  of  ^e  sixth 
century,  there  were  many  paintings  which  were  not 
believed  to  be  the  work  of  mortal  hands,  but  were 
attributed  to  angels  or  blessed  spirits.    To  this  class 
belongs  one  of  the  most  famous  representations  of  the 
Saviour,  in  wood,  at  Rome,  called  Archeiropoieta,  of 
-which  a  sight  can  be  obtained  only  with  difficulty  in 
the  sanctum  sanctorum.    One  of  the  oldest  monuments 
of  art  is  the  celebrated  Christ  on  the  Cross,  in  the 
Trinity  church  at  Florence,  which  existed  there  as 
early  as  1003.     About  1200,  a  Greek  artist,  Theo- 
phanes,  founded  a  school  of  painting  in  Venice.    The 
genuine  Italian  style  first  developed  itself   in  Flo- 
rence, and  may  be  treated  under  three  leading  pe- 
riods: 1.  from  Cimabue  to  Raphael;  2.  from  Ra- 


phael to  the  Caracci;    3.  from  the  Caraeci  to  the 
present  time. 

Ftrsi  Period.  The  art  was  first  pursued  with  zeal 
in  Pisa.  Giunta  Pisano,  Guido  of  Sienna,  Andr. 
Tafi,  and  Bufialmaco  precede  Cimabue,  who  was  bom 
at  Florence,  in  1240.  His  scholar  Giotto  was  the 
friend  of  Dante  and  Petrarch,  and  practised  with 
equal  success  historical  painting,  mosaic,  sculpture, 
architecture,  and  portrait  and  miniature  paintings 
He  first  attempted  foreshortening  and  a  natural  dis- 
position of  drapery ;  but  his  style,  nevertheless,  re- 
mained dry  and  stiff.  Boniface  VIII.  invited  him  to 
Rome,  where  he  painted  the  still  celebrated  Navi- 
cella.  He  was  followed  by  Gaddi,  Stefano,  Maso, 
and  Simone  Memmi,  who  painted  the  celebrated 
portraits  of  Petrarch  and  Laimt.  But  Masaccio  first 
dispelled  the  darkness  of  the  middle  ages,  and  a 
brighter  dawn  illumined  the  art. 

The  Florentine  republic,  in  the  beginning  of  the 
fifteenth  century,  had  attained  the  summit  of  its  splen- 
dour.    Cosmo  of  Medici  patronized  all  the  arts  and 
sciences;  Brunelleschi  then  built  the  dome  of  the 
cathedral;  Lorenzo  Ghiberti  cast  the  famous  doors 
of  the  baptistery  in  bronze ;  and  Donateilo  was  to 
statuary  what  Masaccio  was  to  painting.     Masac- 
do's  real  name  was  Tommaso  Guidi.     He  was  bom 
at  St.  Giovanni,  in  Val  d'Amo,  in  the  3rear  1402. 
His  paintings  have  keeping,  character,  and  spirit. 
His  scholars  first  began  to  paint  in  oil,  but  only  upon 
wooden  tablets,  or  upon  walls  coated  with  plaster 
of  Paris.     Canvass  was  not  used  till  long  after. 
Paolo  Uccelli  laid  the  foundation  for  the  study  of 
perspective.    Luca  Signorelli,  who  first  studied  ana- 
tomy, and  Domenico  Ghirlandaio,  who  combined 
noble  forms  and  expression  with  a  knowledge  of  per- 
spective, and  abolished  the  excessbe  use  of  gildmg, 
were  distinguished  in  their  profession.    The  elevat^ 
mind  of  Leonardo  4a  Vinci,  who  was  a  master  in  all 
the  arts  and  sciences,  infused  so  much  philosophy 
and  feeling  into  the  art  that,  by  his  instrumentality, 
it  quickly  reached  maturity.     From  him  the  Floren- 
tine school  acquired  that  grave,  contemplative,  and 
almost  melancholy  character,  to  whidyit  originally 
leaned,  and  which  it  afterwards  united  with  the  bold- 
ness and  gigantic  energy  of  Michael  Angelo.    The 
Roman  school  already  enumerated  among  its  founders 
the  miniature  painter  Oderigi,  who  died  in  1300. 
He    embellished    manuscripts  with  small    figures. 
Guido  Palmerucci,  Pietro  Cavallini,  and  Gentile  da 
Fabriano  were  his  most  distinguished  successors. 
Almost  all  the  painters  of  this  time  were  accustomed 
to  annex  inscriptions  to  their  pictures :  the  Annun- 
ciation to  the  Virgin  Mary  was  their  favourite  sub- 
ject.   Perugia  was  the  principal  seat  of  the  Roman 
schooL 

As  early  as  the  thirteenth  century,  there  was  a  so- 
ciety of  painters  there.  Pietro  Vanucci,  called  Perugino 
(who  was  bom  1446,  died  1524),  first  introduced  more 
grace  and  nobler  forms  into  this  school,  whose  cha- 
racter acquired  inm  him  something  inteUectual,  noble, 
simply  pious,  and  natural,  which  always  remained 
peculiar  to  the  Roman  school.  Peraglno's  great 
scholar.  Raphael,  soon  surpassed  all  former  masters, 
and  banished  their  poverty,  stiffiiess,  and  dryness  of 
style.  Taste  came  into  Vemce  from  the  East  Andr. 
Murano  and  Vittore  Carpaccio  are  among  the  ear- 
liest artists  of  that  city.  Giovanni  and  Gentile  Bel- 
lino  are  the  most  distinguished  painters  of  the  earlier 
Venetian  school*    The  former  was  born  1424,  and 
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died  1514.  The  latter  laboured  some  time  in  Con- 
stantinople nnder  the  reign  of  Mohammed  II.  They 
introduced  the  glowing  colours  of  the  East;  their 
style  was  simple  and  pure,  without  rising  to  the 
ideal.  Padua  was  the  principal  seat  of  the  Venetian 
school.  Mantegna  afterwards  transferred  it  to  Man- 
tua, and  his  style  formed  the  transition  to  the  Lom- 
bard school.  Schools  of  painting  flourished  in  Ve- 
rona, Bassano,  and  Brescia.  Gioranui  of  Udine 
(who  was  'so  distinguished  by  his  faithful  imitation 
of  nature  in  secondary  things  that  he  painted  for 
Raphael  the  garlands  around  hb  pictures  in  the  Far- 
nesina),  Pellegrino,  and  Pordenone,  were  the  most 
able  predecessors  of  the  two  great  masters  of  the 
Venetian  school,  Giorgione  and  Titian.  No  capital 
city  served  as  the  central  point  of  the  Lombard 
■school :  Bologna  subsequently  became  the  centre. 
Imola,  Conto,  Ferrara,  Modena,  Reggio,  Parma, 
Mantua,  and  Milan,  were  afterwards  considered  the 
seats  of  this  school.  Galasio,  who  lived  about  1220, 
Alighieri,  Alghisi,  Cosimo  Tura,  Ercole  Grandi^  and 
especially  Dosso  Dossi,  were  the  principal  painters 
of  Ferrara.  The  last,  a  friend  of  Ariosto,  possesses 
a  remarkable  ^;randeur  of  style,  united  with  a  rich- 
ness of  colourmg  whid&  may  bear  comparison  with 
that  of  Titian.  Bramante,  who  was  likewise  a  great 
architect,  Lippo  Dalmasi,  and  especially  Francesco 
Raibolini,  called  Francesco  Francia,  were  highly  dis- 
tinguished among  the  Bolognese  masters.  The  latter, 
who  was  marked  by  a  tender  religious  expression  and 
uncommon  industry,  had  the  greatest  veneration  for 
Raphael.  It  is  asserted  that,  at  the  sight  of  the  St. 
Cecilia  of  this  master,  he  was  so  struck  with  the 
impossibility  of  attaining  the  same  perfection  that 
he  fell  into  a  deep  melancholy,  and  soon  after  died. 
Here  also  belongs  the  charming  Innocenzo  da  Imola. 
But  all  these  were  far  surpassed  by  the  incomparable 
Antonio  Allegri  da  Correggio,  who,  in  fact,  first 
founded  the  Lombard  school,  so  distinguished  for 
harmony  of  colours,  expression  replete  with  feeling, 
and  genuine  grace. 

Second  Period,  We  now  come  to  the  greatest 
masters  of  any  age,  who  almost  at  the  same  time,  as 
heads  of  the  four  schools,  carried  every  branch  of 
the  art  to  the  highest  perfection.  In  Itsdy,  they  and 
their  scholars  are  called  Cinqwecentisti,  from  the  cen- 
tury in  which  they  flourished.  This  period  of  per- 
fection passed  away  rapidly,  and  soon  required  the 
violent  restoration  with  which  the  third  period  com- 
mences. Next  in  order  after  Leonardo  da  Vinci, 
who  in  the  Florentine  school  had  settled  the  pro- 
portions of  figures  and  the  rules  of  perspective  and 
of  light  and  shade,  may  be  placed  his  scholars, 
Luini,  Salaino,  and  Melzo,  besides  the  admirable 
Baccio  della  Porta,  who  is  celebrated  under  the  name 
of  FVa  Bartolommeo. 

We  now  come  to  the  most  extraordinary  of  all 
masters,  Michael  Angelo  Buonarotti  (born  1474, 
died  1564).  Hb  gigantic  mind  grasped,  with  equal 
power,  statuary,  architecture,  and  painting.  His 
fire  of  composition,  his  knowledge  of  anatomy,  the 
boldness  of  hb  attitudes  and  foreshorteaings,  leave 
him  vnthout  a  rival ;  but,  as  a  model,  he  was  detri-« 
mental  to  the  art,  because  hb  imitators  necessarily 
fell  into  exaggeration  and  contempt  of  a  simple  style. 
In  grandeur,  his  fresco  painting,  the  Last  Judgment, 
in  uie  Sbtine  Chapel  at  Rome,  is  inimitable.  Beauty 
was  never  so  much  his  object  as  power  and  sublimity, 
especially  since,  in  the  former,  he  could  not  equal 


Raphael,  while  in  the  latter  he  stood  alone.  DoOe 
was  his  favourite  poet.  In  his  later  years,  the  erec- 
tion of  St.  Peter's  church  almost  entirely  engrossed 
hb  thoughts.  Rosso  de'  Rossi,  Daniel  of  Volterra, 
Salviati,  Angelo  Bronzino,  Allessandro  Allori,  and 
many  others,  were  his  scholars  and  imitators. 

In  1580,  Ludov.  Cigoli  and  Greg.  Pagan!  began 
to  awaken  a  new  spirit.  They  returned  to  natmn^ 
and  sought  to  create  a  better  taste  in  the  ekuaro- 
oseuro,  Domenico  Passignani,  Crbtoforo  Allori,  and 
Comodi  were  their  followers.  If  we  turn  our  atten- 
tion to  the  Roman  school,  we  find  at  its  head  the 
first  of  artists — Raphael  da  Urbino.  His  genius 
showed  itself  as  elevated  in  hb  fresco  paintings,  in 
the  Mtmnze  and  loggie  of  the  Vatican,  as  it  apfeajs 
lovely,  spiritual,  and  original  in  the  frescos  of  the 
Farnesina.  No  less  superior  are  his  oil-pcuntings* 
of  which  we  shall  only  mention  hb  Madomnag,  c^e- 
brated  throughout  the  world,  especially  the  Madomma 
dd  Siaio  (in  tiie  Dresden  gallery),  the  Madonna  ddU 
Sedia  (in  Florence),  Madonna  deUa  Petee  (in  Ma- 
drid), hb  St.  Cecilia  (in  Bologna),  and  hb  last  work, 
the  Transfiguration  of  d^rist.  Hb  scholars  and  suc- 
cessors— ^the  bold  Giulio  Romano,  the  more  gloomy 
Franc.  Penni  il  Fattore,  the  lofty  Bartolommeo  Ra- 
menghi,  sumamed  BagnacavaUop  Pierino  del  Vaga, 
Polidoro  da  Caravaggio,  Gemigniani,  Benvenuto  T»i, 
called  Garofoloy  and  many  others — ^were  skilful  mas- 
ters ;  but  they  forsook  the  path  of  their  great  pattern* 
and  degenera^  into  mannerism.  Frederico  Baroc- 
cio  endeavoured  to  counteract  thb  tendency.  In 
spirit,  he  belonged  to  the  Lombard  school,  as  he 
aimed  at  the  grace  of  Correggio.  He  possesses  an 
uncommon  degree  of  grace  and  expression.  With 
hb  scholars,  Francesco  Vanm,  Pellegrini,  and  the 
brothers  Zuccheri,  he  infused  a  new  life  into  the 
Roman  school,  though  the  latter  produced  pleading 
rather  than  great  works,  and  fell  into  mannerism. 
Muziano  was  dbtinguished  in  landscape-painting, 
and  Nogari,  Pulzone,  and  Facchetti  in  portrait- 
painting. 

At  the  head  of  the  Venetian  school,  we  find  two  ex- 
cellent colgurists,  Giorgione  Barbarelli  di  Castelfranco 
and  Tiziano  Vercelli.  The  portraits  of  the  former  are 
celebrated  for  their  warmth  and  truth.  Hie  latter 
was  great  in  all  the  departments-  of  art,  inimitable  in 
the  disposition  of  his  carnations,  excellent  as  a  his- 
torical and  portrait  painter,  and  the  first  great  land- 
scape painter.  Even  in  extreme  old  age,  his  powers 
were  unimpaired.  Ariosto  and  Aretino  were  friends  of 
the  gay-minded  Titian.  He  executed  many  works  for 
the  Spanish  kings.  Some  of  his  most  famous  works 
are  the  altar-piece  of  St.  Pietro  Martire,  his  pictures 
of  Venus,  his  Bacchanal,  and  hb  Children  Playing,  m 
Madrid,  hb  Cristo  della  Moneta,  &c.  He  first  under- 
stood the  art  of  painting  with  transparent  colours. 
In  groups,  he  selected  the  form  of  a  bunch  of  grapes 
for  a  model.  Hb  successors — Sebastiano  del  Fiombo, 
Palma  Vecchio,  Lorenzo  Lotto,  Paris  Bordone,  Por- 
denone — are  distingubhed,  especially  in  colouring. 
Schiavone,  whose  chiaro-oscuro  and  ridmess  of  colour 
are  truly  remarkable ;  Giacomo  da  Ponto,  called  Bot- 
sano,  who  imitated  reality,  even  in  common  things*  to 
deception,  and  who  was  the  head  of  a  whole  family 
of  painters;  the  ardent,  inspired  Robusti,  called  II 
Tintoretto,  whom  Titian,  through  jealousy,  dismissed 
from  his  school ;  the  fantastic,  splendid  Paul  Ve- 
ronese, who  painted  boldly  and  brilliantly  with  a  free 
pencil,  but  nc^ected  ail  propriety  of  costume,  and 
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(Vequentlv  mingled  masks  in  historical  paintinni^ 
and  the  Veronese  Cagliari,  were  ornaments  of  uie 
Venetian  school.  This  likewise  degenerated,  and  its 
mannerists  were  worse  than  those  of  the  other 
schools,  because  they  did  not  study  the  antiques  and 
the  ideal. 

At  the  head  of  the  Lombard  school,  we  find  the 
charming  Antonio  Allegri,  called  Correggio,  whose 
works  are  full  of  feeling.  His  successors  and  scholars 
were   Francesco   Rondani,   Gatti,  Lelio    Orsi,  and 
especially  Francesco  Mazzola  il  Pannegianino.    This 
artist  possessed  much  ease  and  a  peculiar  grace,  which 
frequently  bordered  on  mannerism.     Gaudenzio  Fer- 
rari, and  many  others,  are  the  ornaments  of  the 
Milanese  school.    In  landscape- painting,  Lavizzario 
was  called  the  Titian  of  Milan.    The  famous  So- 
fonisba  Angosciola,  of  Cremona,  was  highly  distin- 
guished in  music  and  painting.     As  an  excellent  por- 
trait-painter, she  was  invited  to  Madrid,  where  she 
painted  don  Carlos  and  the  whole  royal  family,  and 
gave  instruction  to  queen  Elizabeth.    Van  Dyke  de- 
clared that  he  had  learned  more  from  the  conversation 
of  this  woman,  when  she  was  blind  from  age,  than  he 
had  from  the  study  of  the  masters.    She  died  in  1620. 
Lavinia  Fontana,  Artemisia  Gentileschi,  Maria  Ro- 
busti,  and  Elis.  Sirani  were  celebrated  female  artists 
of  this  time.     Camillo  and  Giulio  Procaccino  were 
distinguished  for  strength  of  imagination  and  excellent 
colouring.     In  Bologna,  we  find  Bagnacavallo,  a 
distinguished  artist  of  this  period,  whom  we  have 
already  mentioned  as  one  of  Raphael's  scholars.     He 
flourished  about  1542.     Francesco  Primaticcio,  Nic- 
col6  deir  Abbate,  Pellegrino  Tibaldi,  Passarotti  and 
Fontana  were  very  able  Bolognese  artists. 

T%ird  Period.    It  begins  with  the  age  of  the  three 
Caracci.    These  excellent  artists  endeavoured  to  re- 
store a  pure  style,  and,  by  the  combined  study  of  che 
ancient  masters  of  nature  and  science,  to  give  a  new 
splendour  to  the  degraded  art.    Their  influence  was 
powerful.  The  division  into  the  four  principal  schoob 
now  ceases,  and  we  find  but  two  principal  divisions — 
th^  followers  of  the  Caracci,  who  are  called  eclectics, 
and  the  followers  of  Michael  Angelo  Caravaggio,  who 
are  called  naturalists.     Ludovico  Caracci  was  the 
cousin  of  the  two  brothers  Agostino  and  Annibale. 
Ludovico  was  quiet,  contemplative,  soft,  and  serious. 
His  passionate  teachers,  Fontana  and  Tintoretto,  at 
first  denied  him  any  talent :  he  studied  therefore  more 
zealously,  and  acquired  the  deepest  views  as  an  artist. 
Agostino  united  uncommon  sagacity  and  the  most 
extensive  knowledge  with  a  noble  character.     His 
brother  Annibale,  who  made  extraordinary  progress 
in  the  art,  under  Ludovico's  direction,  became  jealous 
of  Agostino.    The  disputes  between  the  two  brothers 
never  ceased,  and  the  offended  Agostino  devoted  him- 
self chiefly  to  the  art  of  engravmg.    The  attacks  of 
their  enemies  first  united  them,  and  they  founded 
together  a  great  academy.    The  brothers  were  invited 
to  Rome  to  paint  the  gallery  of  the  duke  of  Farnese. 
They  soon  disagreed,  and  Agostino  retired,  leaving 
the  work  to  his  broUier,  who  completed  the  under- 
taking with  honour,  but  was  shamefully  cheated  of 
the  greatest  part  of  his  pay.    Deeply  mortified,  he 
sought  to  divert  his  mind  by  new  labours  and  a  jour- 
giey  to  Naples ;  but  the  hostility  which  he  there  ex- 
peVienced  hastened  his  death.     Meanwhile,  with  the 
aid  of  his  scholars,  the  quiet  Ludovico  finished  one  of 
the  greatest  works — the  famous  portico  of  St.  Michael 
ia  Bosco,  in  Bologna,  on  which  are  represented  seven 


fine  paintings,  from  ^e  legends  of  St.  Benedict  and 
St.  Cecilia.  The  last  of  the  labours  of  this  great 
master  was  the  Annunciation  to  Mary,  represented 
in  two  colossal  figures,  in  the  cathedral  of  Bologna. 
The  angel  is  clothed  in  a  light  dress,  and,  by  an  un- 
happy distribution  of  drapery,  his  right  foot  seems  to 
stimd  where  his  left  belongs,  and  vice  vend.  Near  at 
hand,  this  is  not  observed ;  but,  as  soon  as  the  large 
scaffold  was  removed,  Ludovico  saw  the  fault,  whidi 
gave  occasion  to  the  bitterest  criticisms  from  his  ene- 
mies. The  chagrin  which  he  suffered  on  this  occasion 
brought  him  to  the  grave. 

The  scholars  of  the  Caracci  are  numberless.  The 
most  famous  endeavoured  to  unite  the  grace  of  Cor- 
reggio  with  the  grandeur  of  the  Roman  masters. 
Cesare  Aretusi  was  distinguished  for  the  most  faithful 
copies  of  Correggio  and  Guido  Reni,  especially  for 
the  ideal  beauty  of  his  heads,  the  loveliness  of  his 
infant  figures,  and  the  uncommon  facility  of  his  pen- 
cil. His  fresco  representing  Aurora,  in  the  palac^ 
Borghese,  and  his  fine  oil-painting,  the  Ascension, 
in  Munich,  are  well  known.  Francesco  Albani  lived 
in  constant  rivalry  with  Guido.  He  produced  many 
large  church  paintings,  but  was  most  celebrated  for 
the  indescribable  charm  with  which  he  represented, 
on  a  smaller  scale,  lovely  subjects  from  mythology, 
and  especially  groups  of  Cupids.  His  paintings  m 
the  Verospi  gallery,  and  his  Four  Elements,  which  he 
painted  for  the  Borghese  family,  gained  him  universal 
reputation.  The  back- ground  of  hb  landscapes  is  ex- 
cellent. All  hb  works  breathe  serenity,  pleasure,  and 
grace.  The  third  great  contemporary  of  those  already 
mentioned,  Domenico  Zampieri,  called  DometUchino, 
was  at  first  little  esteemed  by  them,  on  account  of 
his  great  modesty  and  timidity.  Thrice  were  prizes 
awayrded  by  Ludovico  to  drawings  the  author  of 
which  no  one  could  discover.  At  last  Agostino  made 
enquiries,  and  the  young  Domenichino  timidly  con- 
fessed that  the  drawings  were  his.  His  industry  and 
perseverance  rendered  him  the  favourite  of  his  master. 
His  works  evince  the  most  thorough  knowledge  of  art, 
and  are  rich  in  expression  of  character,  in  force  and 
truth.  His  Communion  of  St.  Jerome,  his  Mart)T- 
dom  of  St.  Agnes,  and  his  fresco  in  the  Grotta  Ferrata. 
are  immortal  masterpieces.  He  was  always  remark- 
able for  his  timidity.  He  was  invited  to  Naples,  but 
was  there  persecuted  and  tormented  by  the  painters ; 
and  it  is  even  suspected  that  he  was  poisoned. 

Giovanni  Lanfranco  was  especially  distinguished  for 
the  effect  of  his  lights.  Bartol.  Schidone  is  one  of  the 
best  colourists  of  this  school.  The  Bibienas,  the 
Molas,  Al.  Tierini,  Pietro  di  Cortona,  Ciro  Ferri  also 
deserve  mention.  At  the  head  of  the  naturalists, 
who,  with  a  bold  and  often  rash  pencil,  imitated  na- 
ture without  selection,  stands  Michael  Angelo  Me- 
rigi,  or  Amerigi  da  Caravaggio  (bom  1 569)  •  His  chief 
opponent  in  Rome  was  D'Arpino,  who  stood  at  the 
head  of  the  idealists,  or  rather  of  the  mannerists. 
Caravaggio  and  his  successors,  Manfredi,  Leonello 
Spada,  Guercino  da  Cento,  &c.,  often  took  common 
nature  for  a  model,  which  they  servilely  imitated,  thus 
profaning  the  genuine  dignity  of  the  art,  though  they 
cannot  be  denied  strength  and  genius.  About  this 
time,  the  beginning  of  the  seventeenth  century,  the 
bambocciafe  were  introduced.  Many  artists,  especially 
Michael  Angelo  Cerquozzi,  surnamed  Delle  BatiagUe, 
and  J)elle  Bambocciate,  followed  this  degenerate  taste. 
Andrea  Sacchi  made  great  efforts  to  oppose  him. 
His  drawing  was  correct  and  grand;  Raphael  waa 
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&U  model.  His  moet  famous  scholar  was  Carlo  Ma- 
ratto  (bom  1625,  at  Camerano),  wkose  style  was 
noble  and  tasteful.  The  cavaliere  Pietro  Liberia  An- 
drea Celesti,  the  female  portrait-painter  Rosalba  Car- 
riera  (bom  at  Venice,  1675,  died  1757)«  >Hdu>  was 
distinguished  for  her  drawings  in  crayons,  the  graceful 
Francesco  Trevisani,  Pinzetta  Tiepolo,  and  Canaletto, 
a  painter  in  perspective,  were  the  most  celebrated 
Venetian  painters  of  this  time.  Carlo  Cignani  (bom 
1628,  died  at  Bologna,  1719) >  acquired  a  great  reputa- 
tion by  his  originality  add  the  strength  and  agree- 
ableness  of  his  colouring.  Of  his  scholars.  Marc. 
Antonio  Franceschini  was  distinguished  (bom  1648, 
died  1729)/  whose  works  are  charming  and  full  of 
soul. 

Giuseppi  Crespi,  called  Spagnoletlo,  deserves  men- 
tion for  his  industry  and  correct  style,  but  his  pic- 
tures have  unfortunately  become  very  much  defaced 
by  time.  Among  the  Romans,  Pompeo  Battoni  (bom 
17O8,  died  1787)  was  principally  distinguished,  and 
was  a  rival  of  the  celebrated  Mengs.  Angelica  Kauf- 
mann  also  deserves  to  be  mentioned. 

We  must  not  forget  the  Neapolitan  and  the  Ge- 
noese schools.  Of  the  Neapolitans,  we  name  Tom- 
maso  de'  Stefani  (born  1230),  Fil.  Tesauro,  Simone, 
Colantonia  de'  Fiori  (born  1352),  Solario  il  Zingaro, 
Sabatino  (bom  1480),  Belisario,  Caracciolo,  Giu- 
seppe Ribera  Spognoletto  (bom  1593),  Spadaro, 
Francesco  di  Maria  (born  1623),  Andrea  Vaccaro, 
the  great  landscape-painter  Salvator  Rosa  (bom 
1615),  Preti,  called  il  Calabrese  (born  1613),  and 
Luca  Giordano  (bom  1632,  died  1705),  who  was 
called,  from  the  rapidity  of  his  execution,  Luca  fa 
Presto.  Solimena  (bom  1657)  and  Conca  belong  to 
the  modem  masters  of  this  school.  The  Genoese 
can  name  among  their  artists  Semino  (bom  1485), 
Luca  Cambiasi  (born  1527)«  Paggi  Strozzi,  called  il 
Pretc  Genovese,  Castiglione  (bom  I6I6),  Biscaino, 
Gaulli,  and  Parodi.  Perhaps  the  most  distinguished 
of  itpQ  •  living  painters  of  Italy  is  Camoccini.  This 
reputation,  however,  is  not  allowed  him  without  dis- 
pute by  foreign  countries,  and  even  by  many  artists 
of  his  native  land.  His  style  is  grand,  and  purely 
historical ;  his  drawings  are  even  more  highly  es- 
teemed than  his  paintings.  His  pieces,  however,  arc 
cold,  and  their  estimation  seems  to  have  diminished. 
The  pencil  of  Grassi  possesses  an  inimitable  grace, 
and  a  true  enchantment.  Benvenuti,  director  of  the 
academy  in  Florence,  is  the  first  artist  there.  Ap- 
piani,  who  died  a  few  years  ago  at  Milan,  was  par- 
ticularly celebrated  for  the  grace  of  his  female  figures ; 
and  Bossi  had  equal  reputation  in  a  more  serious 
and  severe  style.  The  Florentine  Sabbatelli's  sketches 
with  the  pen  are  highly  esteemed. 

In  the  art  of  engraving,  the  Italians  have  acquired 
great  eminence.  Tonmiaso  Fiut^^uerra,  who  flou- 
rished 1460,  was  the  first  celebrated  master  of  this 
art,  which  he  taught  to  Baccio  Bandini.  They  were 
succeeded  by  Mantcgna;  but  Marco  Antonio  Rai- 
mondi,  of  Bologna,  who  lived  in  1500,  was  "the  first  to 
introduce  greater  freedom  of  style  into  his  engravings. 
His  copies  of  Raphael  have  always  been  highly  va- 
lued, on  account  of  their  correctness.  His  manner 
was  imitated  by  Bonasone,  Marco  di  Ravenna,  Di 
Ghisi,  and  others.  Agostino  Caracci,  Parmeggiano, 
Carlo  Maratti,  and  Pietro  Testa,  etched  some  ex- 
cellent works.  Stefano  dclla  Bella  was  distinguished 
for  his  small,  spirited,  and  elegant  pieces.  Among 
the  moderns,  Bartolozzi  deserves  mention  in  stippled 


engraTing.  Conago,  Volpalc>,  and  BetteUni  are  dio 
distiagmshed ;  but,  above  all,  the  Florentine  Raphael 
Morghen»  who  carried  the  art  of  engraving  to  a 
degree  of  perfection  never  before  anticipated.  The 
labours  of  Morghen,  and  yet  more  those  of  Lonj^ 
(perhaps  the  most  admirable  of  all  modem  engraven), 
<k  Toschi,  of  Anderloni,  of  Folo,  of  Palfnuerini,  of 
Lasinio,  of  Caravaglia,  Lapi,  and  Schiavonetti,  evince 
an  activity  to  which  new  employment  and  new  ex- 
eitement  have  been  afforded  by  the  eagerness  of 
travellers  to  procure  their  works.  Gne  of  the  latest 
and  best  b  the  work  of  the  brothers  Dorelli,  Xa 
Certosa  di  Pavia.  The  painter  Francesco  Pirovano, 
whose  description  of  Milan  exceeds  all  others  in 
exactness,  has  also  given  us  a  description  of  this 
celebrated  Carthusian  monastery. 

As  a  medium  between  painting  and  sculpture,  we 
must  mention  mosaic,  in  which  many  paintings  hate 
been  imitated  in  Italy,  from  the  wish  to  reiser  the 
master  works  imperishable.  There  is  a  distinction 
made  between  the  Roman  mosaic  executed  by  Tifi, 
Giotto,  and  Cavallini,  and  the  Florentine.  (See  Mo- 
saic) Mosaic  painting  seems  to  have  fiouriahed  as 
well  in  France,  whither  it  was  transplanted^  as  ia 
Rome.  The  art  of  working  in  teagUola  (see  Scaa 
liola)  has  flourished  for  two  centuries  in  Tuscany. 
In  later  times,  Lamberto  Giori  has  distinguished  hhn- 
self  in  this  branch.  Rome  is  still  the  metropolis  of 
the  arts. 

Pope  Pius  VII.  generously  supported  the  plana  of 
that  lover  of  the  arts.  Cardinal  Gonsalvi ;  and  the 
Chiaramonti  museum,  the  most  superb  part  of  the 
long  galleries  of  the  Vatican,  will  be  a  lasting  moim- 
ment  of  his  noble  patranage.  All  friends  of  the 
sublime  and  beautiful  deeply  felt  tiie  accident  tiMtt 
bcfel  St.  Paul's  church,  near  Rome,  in  the  conflagra- 
tion of  1823.  To  restore  it  would  hardly  be  poaaible. 
The  loss  of  this  noble  Basilica  is  not  adequately 
compensated  by  the  church  of  St.  Peter  and  Paul, 
built  opposite  the  castle  of  Naples,  nor  by  the  temple 
of  Possagno,  which,  before  it  was  finbhed,  received 
the  ashes  of  its  founder,  the  great  Canova.  As  a 
monument  to  the  embellishment  of  which  that  dis- 
tinguished man  contributed  the  last  efforts  of  his  ge- 
nius, this  church  is  a  legacy  highly  to  be  esteemed 
by  Italian  artists.  Sculpture  and  painting  here  again 
meet  architecture  in  a  sisterly  embrace.  X^anova't 
death  was  the  cause  of  its  first  solemn  consecratioB. 
Notwithstanding  the  excellence  of  their  master,  little 
is  to  be  expected  from  the  Italians  of  Canova's  schooL 
The  monuments  which  were  executed  or  planned  by 
Ricci  for  the  present  grand-duke  of  Tuscany,  at 
Arezzo,  by  Pisani  for  the  princesses  of  the  hovise  of 
Este  at  Reggio,  and  by  Antonio  Bosa  to  the  memory 
of  Winckelmann,  rather  depress  our  hopes  than  ex- 
alt them.  The  principal  ground  of  hope  of  iutore 
excellence  is  in  the  love  which  has  been  generally 
awakened  for  the  plastic  arts.  Gem  engraying  has 
been  carried  to  a  very  high  degree  of  perfection ;  and 
Bernini's  labours  well  merit  the -wide  repotatioa 
which  they  have  acquired. 

Italian  School,  in  mutic;  the  style  of  mnaic  bow 
prevalent  in  Italy  is  characterized  by  tiie  predominADoe 
of  melody  and  song  to  the  neglect  of  harmony,  and 
is  in  this  respect  distinguished  from  the  old  ftaUan 
music.  Like  other  branches  of  modem  art,  the  m«- 
sic  of  modem  times  sprang  from  religion.  The  liis- 
tory  of  the  art,  after  pointing  out  a  few  impcrfpct 
glimmerings  of  ancient  music,  conducts  us  to  Italr, 
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ithere,  in  the  course  of  ceQturiee,  the  ancient  was 
first  lost  in  the  modem.  Here  wc  firet  find  the  pro* 
per  choral  song,  the  foundation  of  modem  church 
music,  which  was  at  first  sung  in  unison,  chiefly  in 
melodies  derived  from  the  old  Greco-Roman  music, 
and  adapted  to  Christian  hymns  and  psalms.  (See 
Music,  and  Music,  Sacrbd.)  It  seems  to  hare  had 
its  origin  when  Bishop  Ambrosius,  in  the  fourth  cen- 
tury, introduced  into  the  western  church  songs  and 
hymns  adapted  to  the  four  authentic  modes  of  the 
Greeks,  and  appointed  psalmists  or  precentors.  Gre- 
gory the  Great,  in  the  sixth  century,  enlarged  the 
choiral  song  by  the  plagal  modes.  From  this  time, 
singing-schoob  were  multiplied,  and  much  was 
written  upon  music.  The  most  important  inven- 
tions for  the  improvement  of  music  generally  we 
owe  to  the  eleventh  century,  and  particularly  to  the 
Benedictine  Gutdo  of  Arezzo^  who,  if  he  did  not  in- 
vent the  mode  of  writing  musical  notes  and  the  use 
of  the  clef,  improved  and  enlarged  them,  determined 
the  exact  relations  of  the  tones,  named  the  tones  of 
the  scale,  and  divided  the  scale  into  hexachords. 

In  the  thirteenth  century,  the  invention  of  music  in 
measure  was  spread  in  Italy,  dependent  upon  which 
was  that  of  counterpoint  and  figured  music.  Instru- 
ments were  multiplied  and  improved  in  the  fourteenth 
and  fifteenth  centuries.  Many  popes  favoured  music, 
particularly  vocal,  and  consecrated  it  by  their  briefs ; 
yet  the  ecclesiastical  ordinances  restrained  the  inde- 
pendent developement  of  music.  Much  instraction 
was  given  in  singing  in  the  fifteenth  century,  and  not 
entirely  by  monks.  Music  acquired  the  rank  of  a  sci- 
ence, and  vocal  music  in  counterpoint  viras  developed. 

In  the  sixteenth  century,  we  discover  distinguished 
composers  and  musicians— Palestrina,  composer  for 
the  chapel  of  Pope  Clement  XI.,  whose  works  pos- 
sess great  dignity  and  scientific  modulation,  and  his 
successors,  Felice  Anerio,  Nanino  da  Vallerano,who, 
together  with  Giovanni  da  Balletri,  were  considered 
us  distinguished  musicians ;  also  the  celebrated  con- 
trapuntist and  singer,  Gregorio  AUegri,  and  the  great 
writer  upon  harmony,  Giuseppe  2^1ino,  chapel- 
master  at  Venice.  Music  at  Rome  and  Venice  was 
cultivated  with  the  greatest  zeal.  Hence  it  went  to 
Naples  and  Genoa ;  and  Italy,  Schubert  says,  was 
soon  one  loud-sounding  concert-hall,  to  which  all 
Europe  resorted  to  hear  genuine  music,  particularly 
beautiful  singing.  In  the  sevoiteenth  century,  we  meet 
vrxth  the  first  profane  music.  The  first  opera  was 
performed  at  Venice  1624,  at  first  with  unaccompa- 
nied recitatives  and  chorassea  in  unison ;  it  spread 
so  quickly  that  the  composers  of  spectacles  were 
soon  unable  to  supply  the  demands  of  the  people, 
and  from  forty  to  fifty  new  operas  appeared  yearly 
ia  Italy.  This  caused  great  competition  among  the 
Italian  musicians.  Thus  the  peculiar  character  of 
the  Italian  music,  not  to  be  changed  by  foreign  in- 
fluence, was  developed  the  more  quickly,  because  this 
species  was  cultivated  independently,  and  unre- 
strained by  the  church.  Already,  in  the  middle  of 
the  seventeenth  century,  when  the  music  of  the  theatre 
was  continually  advancing,  simplicity  began  to  give 
place  to  pomp  and  luxuriance,  and  the  church  style 
to  decline.  Music  (says  Schubert)  united  the  pro- 
fane air  of  the  drama  with  the  fervour  of  the  church 
style,  and  this  was  the  first  cause  of  the  decline  of 
tile  latter. 

Let  us  now  consider  the  principal  periods  of  the 
dramatic -style.    Vocal  music  must  have  been  first; 


it  was  regulated  by  the  discovery  and  improve- 
ment of  instruments ;  thence  arose  the  simple,  grand 
church  music  of  the  fifteenth  and  sixteenth  centuries; 
with  it  various  forms  of  national  song  were  developed. 
On  the  stage,  the  higher  style  of  music  flourished  in- 
dependently. Here  the  Italian,  without  much  atten- 
tion to  the  poetical  part  of  the  performance,  which 
was>  indeed,  only  the  hasty  work  of  a  moment,  fol- 
lowed his  inclination  for  melody  and  sweet  sounds, 
which  appears  even  in  his  language. 

All  the  southern  nations  show  a  great  sensitive* 
ness,  and  melody  is  to  them  as  necessary  as  har- 
mony to  the  inhabitants  of  the  North;  but  to  no 
nation  so  much  as  to  the  Italians,  whose  beautiful 
climate  and  happy  organization  for  song  made 
melody  their  chief  aim  in  their  music.  On  t^e  other 
hand,  the  simplicity  of  melody  degenerated  into  effe- 
minacy and  luxuriance  from  the  time  when  vocal 
music  developed  itself  independently,  and  the  voice, 
being  but  little  supported  by  instrumental  music, 
began  to  be  cultivated  like  an  instmment.  Poetical 
expression  and  tmth  gave  place  to  mere  gratification 
of  the  ears,  and  deep  emotion  to  a  momentary  ex- 
citement :  a  rapid  change  of  tones,  with  the  avoid- 
ance of  all  dissonance,  was  principally  desired.  At 
this  time  music  began  to  predominate  over  poetry  in 
dramatic  representations,  and  the  musical  part  of  the 
performance  obstracted  the  improvement  of  thedrama- 
tic  and  poetic.  This  taste  spread  over  other  countries 
so  mudi  the  more  easily  from  Italian  music  having 
advanced,  by  rapid  strides,  far  before  that  of  the  rest 
of  Europe,  as  appears  even  from  the  predominance 
of  Italian  terms  in  musical  language.  This  artificial 
developement  of  the  song  was  promoted  by  the  in- 
troduction of  soprano  singers  on  the  stage,  which 
destroyed  the  possibility  of  poetic  troth  in  dramatie 
representation.  The  voice  was  cultivated  to  the 
highest  degree  by  means  of  the  numerous  conser*- 
vatorios  and  singing  schools.  To  this  was  added  the 
great  encouragement  and  the  extravagant  rewards 
of  distinguished  singers;  the  great  opportunities 
afforded  for  singing  (as  every  place  of  consequence 
in  Italy  had  its  theatre,  and  many  had  several); 
besides  which,  music  is  an  essential  part  of  the 
service  of  the  Catholic  church,  and  castration  was 
permitted  ad  Itonorem  Dei,  as  a  papal  brief  ex- 
presses it.  The  excessive  culture  of  Uie  voice  must 
necessarily  lead  to  the  treatment  of  it  as  an  instm- 
ment, to  the  neglect  of  poetical  expression.  Instra- 
mental  music,  too,  in  this  case,  necessarily  becomes 
subordinate.  The  latter  should  not  indeed  over- 
power the  song,  as  is  the  case  in  much  of  the  Frendi 
and  German  music ;  but,  in  the  Italian  music,  the 
composer  is  almost  restricted  to  showing  off  the 
singer,  and  cannot  develope  the  fulness  and  depth  of 
harmony  which  depends  upon  the  mingling  of  conso" 
nance  and  dissonance.  This  is  the  reason  why  the 
masterpieces  of  Mozart  have  never  entirely  satisfied 
the  Itailians.  Among  the  best  composers,  since  the 
seventeenth  century,  are  Girolamo  Frescobaldi,  Fran- 
cesco Foggia,  Bapt.  Lully,  the  celebrated  violinist  and 
composer  Arcangelo  Corelli.  To  the  singers,  of 
whom  the  most  were  also  composers,  belong  Antimo 
Liberati,  Matteo  Simonelli,  both  singers  in  l]he  chapel 
of  the  pope. 

In  the  beginning  of  the  eighteenth  century.  Ant. 
Caldara  was  distinguished.  He  increased  the  effect  of 
vocal  music  by  the  addition  of  instruments,  but  his 
style  partook  much  of  the  theatrical.    There  were. 
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besides,  Brescianello,  Toniri,  and  Marotti.  In  the 
middle  df  this  century,  Italian  music,  especially  the- 
atrical, flourished,  particularly  at  Naples,  Lisbon, 
and  also  in  Berlin.  This  has  been  considered  by  some 
as  the  most  brilliant  period  of  Italian  music.  Among 
the  composers  of  the  eighteenth  century  are  mentioned 
Traelta,  who,  through  his  refinementB,  injured  the 
simplicity  of  composition ;  Graluppi,  distinguished  by 
simple  and  pleasmg  song,  rich  invention,  and  good 
harmony ;  Jomelli,  who  gave  greater  importance  to 
instrumental  music;  Maio;  Nic.  Porpora,  the  founder 
of  a  new  style  of  singing,  distinguished  for  his  tol- 
feggios  in  church  music ;  Leo ;  Pergolesi,  whose 
music  is  always  delightful,  from  its  simple  beauty ; 
Pater  Martini,  at  Bologna ;  the  sweet  Hccini,  rival 
of  Gluck ;  and  Anfossi.  Of  a  later  date  are  Paesiello 
Cimarosa,  the  ornament  of  the  opera  b^ffd,  and  Zinga- 
relli,  Nasolini,  Paganini,  Niccolini,  Pavesi,  and  the 
now  much  celebrated  Generaii  and  the  copious  Ros- 
sini. The  Italian  school  is  yet  unequalled  in  what- 
ever depends  upon  the  mere  improvement  of  the 
voice ;  but  the  slavish  imitation  of  their  manner  leads 
to  affectation,  and  the  English  singers  should  em- 
ploy it  no  farther  than  they  can  without  losing  the 
spirit  and  poetical  expression  which  all  vocal  music 
aims  at. 

IvoRT ;  the  substance  of  the  tusk  of  the  elephant. 
Ivory  is  esteemed  for  its  beautiful  cream  colour,  the 
fineness  of  its  grain,  and  the  high  polish  it  is  capable 
of  receiving.  That  of  India  is  apt  to  lose  its  colour 
and  turn  yellow ;  but  the  ivory  of  Achem  and  Ceylon 
is  not  chargeable  with  this  defect.  Ivory  is  used  as 
a  material  for  toys,  and  for  panels  in  miniature  paint- 
ing, &c. 

The  shavings  of  ivory  may  be  reduced  into  a  jelly, 
of  a  nature  similar  to  that  of  hartshorn  ;  or,  by  burn- 
ing in  a  crucible,  thev  may  be  converted  into  a  black 
powder, which  is  used  in  painting,  under  the  name  of 
wary 'black.  Ivory  may  be  stained  or  dyed ;  a  black 
colour  is  given  it  by  a  solution  of  iron  and  a  decoc- 
tion of  logwood ;  a  green  one  by  a  solution  of  verdi- 
gris ;  and  a  red  by  being  boiled  with  Brazil-wood, 
in  lime-water. 

'  The  use  of  ivory  was  well  known  in  very  early 
ages :  we  find  it  employed  for  arms,  girdles,  sceptres, 
harnesses  of  ^horses,  sword-hilts,  (kc.  The  ancients 
were  also  acquainted  with  the  art  of  sculpturing  in 
ivory,  of  dyeing  and  encrusting  it*  Homer  refers  to 
the  extreme  whiteness  and  beauty  of  ivory.  The  cof* 
ier  of  Cy pselus  was  doubtless  the  most  ancient  monu- 
ment of  this  kind  in  basso-relievo,  and  we  meet  with 
similar  instances  in  die  temple  of  Juno  at  Olympius, 
in  the  time  of  Pausanias ;  that  is  to  say,  700  years 
after  it  had  been  built.  The  ancients  had  numerous 
statues  of  ivory,  particularly  in  the  temples  of  Jupiter 
and  of  Juno,  at  Olympius.  In  these  statues,  there 
was  very  fi^uently  a  mixture  of  gold.  The  most 
celebrated  are  stated  to  have  been  the  Olympian  Ju- 
piter and  the  Minerva  of  Phidias  :  the  former  was  co- 
vered with  a  golden  drapery,  and  seated  on  a  throne 
fbrmed  of  gold,  of  ivory,  and  cedar  wood,  and  enrich- 
ed with  precious  stones.  In  his  hand  the  god  held  a 
figure  of  Victory,  also  of  ivory  and  gold.  The  Mi- 
zierva  was  erected  in  the  Parthenon  at  Athens  during 
the  first  year  of  the  eighty-seventh  Olympiad — 
the  year  which  commenced  the  Peloponnesian  war. 
Pansanias  likewise  makes  mention  of  an  ivory  statue 
of  Juno  on  her  throne,  of  remarkable  magnificence, 
by  Polycletes,  together  with  numerous  others. 


JALAP  has  received  its  name  frooi  being  princ^MSy 
brought  from  the  environs  of  Xalapa ;  though  tae 
plant  which  p|roduces  it  is  abundant  in  other  parts  of 
Mexico,  ev^i  in  the  immediate  vicinity  of  Vera  Cniz. 
It  is  much  employed  in  medicine,  as  a  very  valmMe 
purgative,  and  has  been  known  in  Europe  smee  the 
year  1610.  It  is  exported  almost  excluaively  inm 
Vera  Cruz,  to  the  amount  of  about  400,000  lbs.  an- 
nually. The  root,  which  is  the  part  employed,  is 
veiy  large,  sometimes  weighing  fifty  poonda. 

Japannino  is  the  art  of  varnishing  in  cokmrs.  AO 
substances  that  are  dry  and  rigid,  or  not  too  flexible, 
admit  of  being  japanned.  Wood  and  metals  require 
no  other  preparation  than  to  have  their  aorfiaces  per- 
fectly even  and  clean ;  but  leather  should  be  aecwdy 
stretched,  either  on  firames  or  on  boards,  as  its  bend- 
ing would  crack  and  force  off  the  varnidi.  Paper 
should  be  treated  in  the  same  mnnoer,  and  have  a 
previous  strong  coat  of  size ;  but  it  is  rarely  japanaed 
till  converted  into/MipierfiiocA^,  or  wrought  intosudi 
fbnn  that  its  flexibility  is  lost  The  article  to  be 
japanned  is  first  brushed  over  with  two  or  three  coats 
of  seed  lac  varnish,  to  fonn  the  primimf.  It  is  thn 
covered  with  varnish,  previously  mixed  with  a  pig> 
ment  of  the  tint  desired.  This  is  called  the  grimd 
colour ;  and,  if  the  subject  is  to  exhibit  a  deaig^o,  the 
objects  are  painted  upon  it  in  colours  mixed  vrlth  var- 
nish, and  used  in  the  same  manner  as  for  oil-paint- 
ing. The  whole  is  then  covered  with  additional  coats 
of  transparent  varnish,  and  all  that  remains  to  be 
done  is  to  dry  and  polish  it.  Jiqianning  requires  to 
be  executed  in  warm  apartments,  and  the  artidea  are 
warmed  before  the  varnish  is  applied  to  tiiem.  One 
coat  of  varnish  also  must  be  dry  before  another  n 
laid  on.  Ovens  are  employed  to  hasten  the  drying 
of  the  wori[.  The  same  pigments  which  are  em- 
ployed in  oil  or  water  answer  also  in  varnish.  For 
painting  figures,  shell  lac  varnish  is  considered  beat, 
and  easiest  to  work;  it  is  therefore  employed  in 
most  cases  where  its  oc^our  p^mits.  For  the  fitt- 
est colours,  mastic  varnish  is  employed,  onleaa  the 
fineness  of  the  work  admits  the  use  of  copal  diaaohcd 
in  alcohol. 

Jaunoicb  is  a  disease  of  which  the  distingniahmg 
peculiarity  b  that  the  idiole  skin  becomes  yeBow. 
It  proceeds  from  some  disease  about  the  liver,  or  its 
communication  with  the  bowels.  The  internal  sym^ 
toms  are  those  of  all  disorders  of  the  digestive  organs^ 
except  that  the  water  is  dark  and  loaded  with  bile, 
while  the  bowels  appear  to  be  deprived  of  it.  The 
yellow  colour  is  first  perceptible  in  the  whiter  parts 
of  the  body,  as  the  white  of  the  eye,  &c.,  and  soon 
overspreads  the  whole  body.  There  is  often  an  ex- 
treme itching  and  pricking  over  the  whole  akin. 
After  the  disease  has  continued  long,  the  colour  of 
the  skin  acquires  a  deeper  and  darker  tint,  till 
the  disease  becomes,  at  last,  what  is  vulgarly  oalM 
the  black  jaundice.  This  appearance  arises  froas  the 
bile  being  retained,  fh)m  various  causes,  in  the  livei 
and  gall-bladder,  and  thus  being  absorb^  and  circu- 
lated with  the  blood.  It  may  be  produced  by  obsta- 
cles to  the  passage  of  the  bile  of  various  kinds,  and 
is  often  suddenly  induced  by  a  violent  fit  of  paasioa, 
or  more  slowly  by  long  continuance  of  mdanchoty 
and  painful  emotions.  It  is  a  very  conimon  figure 
of  speech  to  say  that  "  a  person  views  a  thing  or  a 
person  with  jaundiced  eyes ;"  but  this  is  founded  in 
a  mistake ;  for  it  is  not  true  that  jaundice  communi- 
cates such  a  colour  to  the  tcansDi»rent  nart  of  the 


Mft  aa  to  affect  the  colour  of  objects.     The  above 
phrase  is  therefore  inappropriate. 

JsLLT  includes  every  translucent  juice  so  far  thick- 
ened as  to  coagulate,  when  cold,  into  a  trembling 
mass ;  as  the  juices  of  acid  or  mucilaginous  fruit, 
currants,  &c.,  which,  by  the  addition  of  one  part  of 
sugar  to  two  parts  of  juice,  and  by  boiling,  have  ob- 
tained a  proper  consistence ;  also  a  concentrated  de- 
coction of  Iceland  moss,  made  agreeable  to  the  taste 
by  the  addition  of  sugar  or  liquorice;  also  strong 
decoctions  of  the  horns,  bones,  or  extremities  of  ani- 
mals, boiled  to  such  a  degree  as  to  be  stiff  and  firm 
when  cold,  without  the  addition  of  any  sugar. 

The  jellies  of  fruits  are  cooling,  saponaceous,  and 
acescent,  and  therefore  are  good  as  medicines  in  all 
disorders  of  the  prinus  vUb,  arising  from  alkalescent 
juices,  especially  when  not  given  alone,  but  diluted 
with  water.  On  the  contrary,  the  jellies  made  from 
animal  substances  are  all  alkalescent,  and  are  there- 
fore good  in  all  cases  in  which  an  acidity  of  the 
humours  prevails.  The  alkalescent  quality  of  these  is 
however,  in  a  great  measure,  taken  off,  by  adding 
lemon-juice  and  sugar-lemon  to  them.  There  was 
formerly  a  sort  of  jellies  much  in  use,  called  com- 
j^otmd  jelUes ;  these  had  the  restorative  medicinal 
drugs  added  to  them,  but  they  are  now  scarcely  ever 
heard  of.  Animal  jelly  is  soluble  in  water,  glutinous, 
becomes  fluid  by  heat,  coagulates  in  the  cold,  com- 
bines with  oils  and  resins,  is  decomposed  by  cor- 
rosive alkali,  and  gives  out  ammonia;  when  it  is 
treated  with  nitric  acid,  it  yields  oxalic  acid,  and, 
under  dry  distillation,  yields  the  products  obtainable 
from  all  animal  substances,  and  can  be  dianged  into 
a  perfectly  dry  substance  by  evaporation. 

Jbt.  The  colour  of  jet  is  a  pure  and  deep  black, 
sometimes  with  a  tinge  of  brown.  It  occurs  in 
opaque,  compact  masses,  so  solid  and  hard  that  they 
are  susceptible  of  being  turned  on  a  lathe  and  highly 
polished.  Its  fracture  is  conchoidal  or  undulated, 
ahining^or  even  splendent,  and  it  has  a  resinous 
lustre;  its  specific  gravity,  from  1.25  to  1.30.  By 
''friction,  it  acquires  a  weak  electricity,  even  when 
not  insulated.  It  sometimes  presents  the  form  of 
branches  of  trees,  and  exhibits  traces  of  a  ligneous 
texture.  It  bums  with  flame,  often  a  little  greenish, 
but  it  does  not  melt,  like  solid  bitumen.  It  exhales, 
while  burning,  a  strong  and  sometimes  aromatic 
odour,  sensibly  different  from  that  of  coal  or  bitumen. 
It  most  frequently  occurs  in  detached  masses  of  a 
moderate  size,  in  beds  of  sandstone,  marl,  limestone, 
and  secondary  trap.  Jet  is  sometimes  employed  for 
fuel,  but  is  more  frequently  cut  and  polished,  for 
ornamental  purposes,  buttons,  bracelets,  snuff-boxes, 
^cc.  Some  mineralogists  consider  it  intermediate 
between  coal  and  bituminous  wood. 

Joint,  in  meehoMics;  the  connecting  point  of  any 
movable  machine.  The  various  joints  employed  in 
the  human  frame  are  all  of  the  most  perfect  kind, 
though  they  differ  considerably  in  their  structure. 
The  mechanic  has  however  copied  but  two,  the  hinge, 
and  the  ball  and  socket.  The  hinge-joint  is  used  for 
doors,  and  those  places  generally  which  require  mo- 
tion but  in  one  direction.  The  ball  and  socket,  on  the 
contrary,  admits  of  a  variety  of  positions.  The  ex- 
pense attendant  on  constructing  the  latter  is  very 
considerable,  and  to  obviate  this  inconvenience  the 
Hook'a'jomt  represented  in  the  accompanying  engrav- 
ing  may  be  employed.  It  was  originally  invented  by 
Dr.  Hook,  and  is  found  very  useful  in  communicat- 
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ing  a  rotatory  motion  from  the  principal  axis  of  a 
machine  to  the  more  distant  wheels  it  is  intended  to 
put  in  operation. 


It  consists  of  two  semicircles,  joined  by  a  metal 
cross ;  and,  if  either  of  the  semicircles  be  turned,  a 
similar  motion  is  communicated  to  the  other.  The 
same  species  of  universal  joint  is  employed  to  support 
a  compass  at  sea.     It  is  then  called  tijimbel'box. 

Joint-Stock  Companibs.  Where  any  branch  of 
business  requires  a  greater  capital  to  prosecute  it 
with  advantage  than  can  ordinarily  be  furnished 
by  an  individual  or  by  a  number  of  individuals 
actually  engaged  in  conducting  it,  or  where  the 
business  is  attended  with  great  risks,  and  may,  as 
events  turn  out,  be  very  profitable,  or  result  in 
great  losses,  as  in  the  case  of  insurance,  it  is  desir- 
able that  the  law  should  give  facility  to  the  combi- 
nation of  the  contributions  of  numerous  persons,  in 
great  or  small  amounts,  to  make  up  the  requisite 
capital.  The  first  and  most  obvious  combination  for 
the  purposes  of  business  is  that  of  copartnerships, 
whereby  each  of  the  members  renders  himself  answer- 
able, in  9olido,  or  absolutely  and  to  the  full  extent, 
on  all  contracts  made  by  the  company.  This  is  a 
sort  of  association  existing  in  all  places ;  but,  if  the 
business  to  be  conducted  be  of  the  descriptions  above 
mentioned,  the  copartnership  is  not  a  convenient 
mode  of  association,  since  the  capital  contributed  by 
many  must  necessarily  be  managed  by  a  few ;  and 
therefore,  if  each  member  is  liable,  m  soUdo,  on  the 
contracts  of  the  company,  the  fortune  of  each  is  put 
in  jeopardy  by  ever  so  small  a  contribution  to  the 
joint  stock.  This  must  operate,  of  course,  to  dis- 
courage useful  undertakings  on  a  lar^e  scale,  and,  even 
if  it  did  not,  it  might  still  be  very  important  to  pro- 
vide for  associations  with  a  limited  liability  of  the 
individual  members,  since  the  ruin  of  any  individual 
will  necessarily  affect  others  to  a  greater  or  less  extent. 

The  shocks,  and  individual  derangements  and 
reverses,  which  are  necessarily  incident  to  enter- 
prises of  industry  and  trade,  make  it  very  desirable  to 
secure,  by  some  modes  of  association,  an  apportion- 
ment of  risks,  losses,  and  gains  among  a  great  numr 
ber.  This  is  done  by  means  of  private  corporations, 
joint-stock  companies,  and  limited  copartnerships. 

Journal,  in  navigation;  a  sort  of  diary  or  daily 
register  of  the  ship's  course  and  distance,  the  winds 
and  weather,  togeUier  with  a  general  account  of  what- 
ever is  material  to  be  remarked  in  the  period  of  a  sea 
voyage,  such  as  the  shifting,  reducing,  or  enlarging 
the  quantity  of  sail,  the  condition  of  the  ship  and  her 
crew,  the  discovery  of  other  ships  or  fleets,  lands 
shoals,  breakers,  soundings,  &c. 

Journeyman,  formed  from  the  French  joumde  (a 
dajr's  work),  anciently  signified  a  person  who  wrought 
with  another  by  the  day;  but  it  is  now  used  to  desig- 
nate any  mechanic  who  works  for  another  in  his  em- 
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ployment,  whether  by  the  mouth,  year,  or  any  other 
term.  It  is  applied  only  to  mechanics  in  their  own 
occupations. 

JuGBRUM ;  a  Roman  measure ;  a  piece  of  ground 
which  could  be  ploughed  in  one  day  by  a  yoke  of 
oien;  a  Roman  acre,  240  feet  long,  120  feet  broad 
(28,800  square  feet).  It  was  the  unit  of  field-mea- 
sure, and  divided  into  i  jugentm  =  14,400  Roman 
square  feet ;  J  jugentm  =z  3600.  Actui  mimmui  was 
a  strip  4  feet  wide  and  120  feet  long  =:  480  Roman 
square  feet.  Two  jugera  were  called  haredutm;  100 
fueredia  made  one  centuria,  and  four  eenturue  (=  800 
jugera)  one  saUus,  In  the  time  of  the  kings,  two 
jugera  were  reckoned  a  sufficient  allowance  for  a 
father  of  a  family ;  at  a  later  period,  seven ;  376  B.  C, 
fifty ;  but,  even  at  a  still  later  period,  it  was  consi- 
dered dishonourable  for  a  senator  to  possess  more  than 
500  jugera. 

July  ;  the  seventh  month  in  our  calendar,  which, 
in  the  Roman  year,  bore  the  name  of  QumtUis,  as  the 
fifth  in  the  computation  of  Romulus,  even  after  Numa 
had  prefixed  January  and  February.  Marc  Antony 
effected  a  change  in  its  name,  in  honour  of  Julius 
Cesar,  who  was  bom  IV.  Idus  QmniiUs,  and  thence- 
forward, by  a  decree  of  the  senate,  it  was  called 
Miut. 

JuNB ;  the  sixth  month  in  our  calendar.  Vossius 
gives  three  etjrmologies  of  the  name*-one  from  Jinio; 
another  from  jungo  (to  join),  referring  to  the  union 
between  the  Romans  and  Sabines,  under  Romulus 
and  Titus  Tatius ;  a  third  from  jumoree  (the  young 
men),  Romulus  having  been  said  to  have  assigned 
the  month  of  May  to  the  elders  and  that  of  June  to 
the  young  men,  when  he  divided  the  people  into  these 
two  great  classes,  the  former  to  serve  in  counsel,  the 
latter  in  war.  These  origins  are  more  fully  expUdned 
by  Ovid.  The  name  has  also  been  traced  to  Junius 
Brutus,  the  first  consul. 

JuNiPBR.  The  berries  of  this  plant  are  made  use 
of  to  impart  dieir  peculiar  flavour  to  spirit,  constitut- 
ing gin.  They  are  also  used  by  brewers,  to  give  pun- 
gency to  the  lighter  kinds  of  beer.  In  some  parts  of 
Europe,  they  are  roasted,  ground,  and  used  as  a  sub- 
stitute for  coffee.  They  are  also  used  in  Sweden  and 
in  Germany  as  a  conserve,  and  as  a  culinary  spice, 
and  especially  to  give  flavour  to  sour-crout.  Like  all 
plants  of  the  terebinthinate  class,  they  have  a  de- 
cidedly diuretic  property,  and  they  are  much  used  as 
diuretic  medicines.  The  oil  of  juniper,  if  mixed  with 
nut-oil,  forms  ap  excellent  varnish  for  pictures,  wood- 
work, and  iron,  which  it  preserves  from  rust.  From 
the  bark  exudes  a  resinous  gum,  known  by  the  name 
of  gum  Mudarach.  It  is  in  small  yellow  pieces,  very 
brittle  and  inflammable,  and  of  a  pungent  aromatic 
taste.  When  finely  powdered  and  sifted,  it  consti- 
tutes the  substance  so  well  known  under  ihe  name  of 
pounce.  It  is  also  used  by  painters  in 'the  preparation 
of  varnish,  especially  of  the  kind  termed  vemix. 

JuRT-MAST ;  a  temporary  or  occasional  mast,  erected 
in  a  ship  in  the  place  of  one  that  has  been  carried 
away  by  tempest,  battle,  (kc.  Jury-masts  are  some- 
times erected  in  a  new  ship,  to  navigate  her  down  a 
river,  or  to  a  neighbouring  port,  where  her  proper 
masts  are  prepared  for  her. 

KALEIDOSCOPE;  an  instrument  for  creating 
and  exhibiting  an  infinite  variety  of  beautiful  forms, 
pleasing  the  eye  by  an  ever-varying  succession  of 
splendid  tints  and  symmetrical  figures,  and  enabling 
the  observer  to  render  permanent  such  as  may  appear  | 


appropriate  for  any  branch  of  the  ornamental  arts^ 
This  mstrument,  uie  invention  of  Doctor  Brewit^, 
in  its  most  common  form  consists  of  a  tin  tabe. 
containing  two  reflecting  surfaces,  inclined  to  eacb 
other  at  any  angle  which  is  an  aliquot  part  of  360^. 
The  reflecting  surfaces  may  be  two  plates  of  gla». 
plain  or  quicksilvered,  or  two  metaUic  surfaces,  from 
which  the  light  suffers  total  reflection.  The  plates 
should  vary  in  length,  according  to  the  focal  dirtaan 
of  the  eye :  five,  six,  seven,  eight,  nine,  and  ten  inchct, 
will,  in  general,  be  most  convenient ;  or  they  may  be 
made  oxdy  one,  two,  three,  or  four  inches  long,  pn- 
vided  distinct  vision  is  obtained  at  one  end,  by  plac- 
ing at  the  other  an  eye-glass,  whose  focal  laigdi  is 
equal  to  the  length  of  the  reflecting  planes^  Tlie  in- 
clination of  the  reflector  that  is  in  general  most  piesi- 
ing  is  18^  20^,  or  22i^  or  the  20th,  18th  and  Kith 
part  of  a  circle ;  but  the  planes  may  be  set  at  any  re- 
quired angle,  either  by  a  metallic,  a  paper,  or  ckdi 
joint,  or  any  other  simple  contrivance.  When  ^ 
two  planes  are  put  together,  with  their  straigfateit 
and  smoothest  edge  in  contact,  they  will  ha?e  ^ 
form  of  a  book  opened  at  one  side.  When  the  in- 
strument is  thus  constructed,  it  may  be  covoed  ip 
either  with  paper  or  leather,  or  placed  in  a  cylindri- 
cal or  any  other  tube,  so  that  the  ^iangular  aper- 
ture may  be  left  completely  open,  and  also  a  soafl 
aperture  at  the  opposite  extremity  of  the  tube.  If  tk 
eye  be  placed  at  the  aperture,  it  will  perceive  a  brfl- 
liant  circle  of  light,  divided  into  as  many  sectors  as 
the  number  of  times  that  the  angle  of  the  reflecton  b 
contained  in  360^.  If  this  angle  be  18^  tiie  Doaber 
of  sectors  vrill  be  20 ;  and,  whatever  be  the  form  of 
the  aperture,  the  luminous  space  seen  throng  tin 
instrument  will  be  a  figure  produced  by  the  a^aDg^ 
ment  of  twenty  of  these  ai>^ures  round  the  joint  n 
a  centre,  in  consequence  of  the  successive  reflectioas 
between  the  polished  surfiEures.  Hence  it  foUowi 
that  if  any  object,  however  ugly  or  irregular  in  it- 
self, be  placed  before  the  aperture,  the  part  ol  it  flat 
can  be  seen  through  the  i^rture  will  be  seen  also  in 
every  sector,  and  every  image  of  the  object  will  co- 
alesce into  a  form  mathematically  symmetrical,  sad 
highly  pleasing  to  the  eye.  If  the  object  be  put  ia 
motion,  the  combination  of  images  will  likewise  be 
put  in  motion,  and  new  forms,  perfectiy  different, 
but  equally  symmetrical,  will  successively  presot 
themselves,  sometimes  vanishing  in  the  centre,  so^l^ 
times  emerging  from  it,  and  sometimes  playing  aroaod 
in  double  and  opposite  oscillations.  When  &e  object 
is  tinged  vrith  different  colours,  the  most  beantifsl 
tints  are  developed  in  succession,  and  the  whole  figat 
delights  the  eye  by  the  perfection  of  its  forms  and  tbe 
brilliancy  of  its  colouring.  The  eye-glass  placed  in- 
mediately  against  the  end  of  the  mirrors,  as  well  as 
another  glass  similarly  situated  at  the  other  end,  is 
of  common  transparent  glass.  The  tube  is  continoed 
a  little  beyond  this  second  glass,  and,  at  its  teimiaa- 
tion,  is  closed  by  a  ground  glass,  which  can  be  pot 
on  and  off.  In  the  vacant  space  thus  formed,  be«b, 
pieces  of  coloured  glass,  and  other  small  brig^  ob- 
jects, are  put.  The  changes  produced  in  tiieir  position, 
by  turning  the  tube,  give  rise  to  the  different  figures. 

A  very  beautiful  instrument  may  be  constrvelcd 
by  combining  the  kaleidoscope  with  a  movable  pen- 
dulum. The  kaleidoscope  should  be  fixed  in  sack 
a  direction  as  to  present  the  open  end  to  the  tight 
and,  instead  of  loose  objects,  some  twisted  glass  of 
different  colours  must  be  attached  to  the  pendnhmi* 
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As  the  latter  yibrates  before  the  instrotient  the  most 
brilliant  and  symmetrical  figures  are  formed. 

Kbdob,  or  Kedobr  ;  a  small  anchor,  used  to  keep 
a  ship  steady,  and  clear  from  her  bower-anchor,  while 
she  rides  in  a  harbour  or  river,  particularly  at  the 
turn  of  the  tide,  when  she  might  otherwise  drive  over 
her  principal  anchor,  and  entangle  the  stock  or  flukes 
with  her  slack  cable,  so  as  to  loosen  it  from  the  ground. 
The  kedge-anchors  are  also  used  to  transport  a  ship, 
or  remove  her  from  one  part  of  a  harbour  to  another, 
being  carried  out  from  her  in  the  long-boat,  and  let  go 
by  means  of  ropes  fastened  to  these  anchors.  They  are 
also  generally  furnished  with  an  iron  stock,  which 
is  easily  displaced  for  the  convenience  of  stowing. 

Kebl;  the  principal  piece  of  timber  in  a  ship, 
which  b  usually  first  laid  on  the  blocks  in  building. 
By  comparing,  the  frame  of  a  ship  to  the  skeleton  of 
the  human  body,  the  keel  appears  as  the  back-bone, 
and  the  timbers  as  the  ribs.  The  keel  supports  and 
imites  the  whole  fabric,  since  the  stem  and  stern- 
posts,  which  are  elevated  on  its  ends,  are,  in  some 
measure,  a  continuation  of  the  keel,  and  serve  to  con- 
nect and  enclose  the  extremities  of  the  sides  by  tran- 
soms, as  the  keel  forms  and  unites  the  bottom  by 
timbers.  The  keel  is  generally  composed  of  several 
thick  pieces  placed  lengthways,  which,  after  being 
scarfed  together,  are  bolted  and  clinched  upon  the 
upper  side. 

False  keel;  a  strong,  thick  piece  of  timber,  bolted 
to  the  bottom  of  the  keel,  which  is  very  useful  in 
preserving  its  lower  side.  The  false  keel  is  provided 
when  the  thick  pieces  which  form  the  real  keel  cannot 
be  procured  large  enough  to  give  a  sufficient  depth 
thereto.  In  large  ships  of  war,  the  false  keel  is  com- 
posed of  two  pieces,  called  the  vpper  and  lower  false 
keels.  The  lowest  plank  in  a  ship's  bottom,  called 
lihe  garhoarditreak,  has  its  inner  edge  let  into  a  groove 
or  channel,  cut  longitudinally  on  the  side  of  the  keel : 
the  depth  of,  this  channel  is  therefore  regulated  by 
the  thickness  6t  the  gacboard  streak. 

Sliding  Kedk  are  found  very  advantageous.  They 
are  attached  by  timbers  to  the  bottom  of  the  vessel, 
and  may  be  raised  or  depressed  at  pleasure.  When  a 
vessel  constructed  in  this  way  enters  shallow  water 
the  keel  is  raised :  but  when  navigating  the  ocean, 
and  canying  a  press  of  sail,  the  keel  is  depressed,  and 
the  vessel  thus  rendered  more  stable. 

Kbblson,  or  Kelson  ;  a  piece  of  timber  forming 
the  interior  or  counter  part  of  the  keel,  being  laid 
upon  the  middle  of  the  fioor-timbers,  immediately 
over  the  keel,  and  serving  to  bind  and  unite  the  former 
to  the  latter,  by  means  of  long  bolts  driven  from  with- 
out, and  clinched  on  the  upper  side  of  the  keelson. 
The  keelson,  like  the  keel,  is  composed  of  several 
pieces  scarfed  together;  and,  in  order  to  fit  with 
more  security  upon  the  floor-timbers  and  crotchets,  it 
is  notched  about  an  inch  and  a  half  deep,  opposite  to 
each  of  those  pieces,  thereby  scored  down  upon  them 
to  that  depth,  where  it  is  secured  by  spike-nails.  The 
pieces  of  which  it  is  formed  are  only  half  the  breadth 
and  thickness  of  those  of  the  keel. 

KxBP,  in  the  military  art ;  a  kind  of  strong  tower, 
which  was  built  in  the  centre  of  a  castle  or  fort,  to 
which  the  besieged  retreated,  and  made  their  last 
cflTorts  of  defence.  It  was  also  called  the  donjon  or 
dungeon. 

Keeping,  in  painting,  is  a  technical  term,  which 
signifies  the  peculiar  management  of  colouring  and 
chiarO'Oicuro,  so  as  to  produce  a  proper  degree  of 


relievo  in  different  objects,  according  to  their  relative 
position  and  importance.  This  may  be  effected  either 
by  shade  or  colour,  either  by  throwing  a  shadow 
across  the  inferior  objects,  or  by  tinting  them  with 
a  colour  less  bright  than  that  given  to  others,  and, 
in  very  skilful  hands,  it  may  even  be  done  by  the 
directly  reverse  practice.  As  the  objects  recede  m  the 
ground  plane,  the  hue  of  the  atmosphere,  intermix- 
ing with  their  proper  or  local  colour,  as  it  is  termed, 
will  assist  in  their  keeping.  On  keeping,  relievo  en- 
tirely depends ;  for,  if  the  lights,  shadows,  and  half 
tints  be  not  kept  in  their  exact  relative  proportions 
of  depths,  no  rotundity  can  be  effected,  and  without 
due  opposition  of  light,  shade,  and  colours,  no  ap- 
parent separation  of  objects  can  take  place.  Ra- 
phael has,  in  two  instances,  totally  failed  of  proper 
keeping — ^in  the  Transfiguration,  and  the  Miraculous 
Draught  of  Fishes. 

Kelp,  in  commerce;  the  ashes  of  sea- weeds  or 
fuci.  The  sea-weed  is  cut  close  to  the  rocks,  during 
the  summer  season,  and  afterwards  spread  out  upon 
the  shore  to  dry,  care  being  taken  to  turn  it  occa- 
sionally, to  prevent  fermentation.  It  is  then  stacked 
for  a  few  weeks,  and  sheltered  from  the  rain,  till  it 
becomes  covered  with  a  white  saline  efflorescence,  and 
is  now  ready  for  burning.  This  is  usually  accom- 
plished in  a  round  pit,  lined  with  brick  or  stone ;  but 
the  more  approved  form  for  a  kiln  is  oblong,  about 
two  feet  wide,  from  eight  to  eighteen  long,  and  from 
two  to  three  deep :  the  bottom  of  this  is  covered  with 
brush,  upon  which  a  little  dried  sea- weed  is  scattered, 
and  fire  is  applied  at  one  extremity ;  the  sea-  weed  is 
then  thrown  on  gradually,  as  fast  as  the  combustion 
reaches  the  surface,  and,  should  there  be  much  wind, 
it  will  be  necessary  to  protect  it  by  covering  the  sides 
with  sods.  After  the  whole  is  burnt,  the  mass  gradually 
softens,  beginning  at  the  sides,  when  it  should  be 
slowly  stirred  up  with  a  heated  iron  bar,  and  incorpo- 
rated, till  it  acquires  a  semifluid  consistence.  This 
part  of  the  process  requires  considerable  dexterity; 
and,  if  the  mass  continue  dry,  a  little  common  ssdt 
should  be  thrown  on,  which  acts  as  a  flux.  When 
cold,  it  is  broken  up,  and  is  then  ready  for  sale. 

Notwithstanding  that  kelp  contains  but  two  or 
three  per  cent,  of  carbonate  of  soda,  while  Spanish 
barilla  often  contains  twenty  or  thirty,  the  manufac- 
ture of  this  article  has  increased  prodigiously  on  the 
northern  coasts  of  Great  Britain  and  the  neighbouring 
islands.  Farms  in  the  Orkneys  which  formerly  rented 
for  40^  a  year  have  now  risen  to  300/.,  on  account 
of  their  kelp  shores ;  and  so  much  importance  is  at- 
tached to  this  branch  of  business  that,  along  sandy 
shores,  stones  have  been  placed  within  the  flood-mark, 
which,  in  a  short  time,  become  covered  with  sea- 
weed. Many  thousand  tons  are  thus  manufactured 
annually,  and  are  sold  in  the  various  ports  of  Great 
Britain.  The  uses  of  soda  are,  in  general,  the  same 
with  those  of  potash ;  but  there  are  certain  branches 
of  manufactures  to  which  it  is  indispensable,  as 
to  the  making  of  plate  and  crown  glass,  and  all  hard 
soaps.  Both  alkalies  are  consumed  in  immense  quan- 
tities by  soap-boilers,  bleachers,  and  glass-makers ; 
but  it  is  said  that  in  France  the  use  of  potash  has 
very  much  diminished  since  the  culture  of  barilla  haa 
been  introduced.  The  barilla  obtained  in  France  from 
the eaUcomia  annua  yields  fourteen  or  fifteen  percent, 
of  soda;  while  that  from  sahola  fra^ua  yields  only  from 
three  to  eight  per  cent.  The  Spanish  barilla  is  the 
most  esteemed,  particularly  that  from  Alicant.     It  is 
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obtained  from  the  $aUola  taiwa,  which  is  carefully 
cultivated  in  light,  low  soils,  embanked  on  the  side 
next  the  sea,  and  furnished  with  flood-gates,  through 
which  the  salt  water  is  occasionally  admitted.  So 
anxious  *are  the  Spaniards  to  monopolize  this  trade 
that  the  exportation  of  the  seed  is  prohibited  under 
pain  of  death.  Carbonate  of  soda  is  also  found  abun- 
dantly in  a  mineral  state  in  many  countries,  as  in 
Hungary,  the  southern  parts  of  Siberia,  Persia,  China, 
Norm  Africa,  and  the  environs  of  Smyrna ;  but  the 
native  salt  has  not  hitherto  become  important  as  an 
article  of  commerce. 

Ketch  ;  a  vessel  equipped  with  two  masts,  viz. 
the  main-mast  and  the  mizzen-mast,  and  usually  from 
100  to  250  tons  burden.  Ketches  are  likewise  used 
as  bomb- vessels,  and  are  therefore  furnished  with  all 
the  apparatus  necessary  for  a  vigorous  bombardment. 

Bomh'ketche$  are  built  remarkably  strong,  as  they 
are  fitted  with  guns  of  a  much  larger  caliber  than 
any  other  vessel  of  war ;  ahd,  indeed,  this  reinforce- 
ment is  absolutely  necessary  to  sustain  the  violent 
shock  produced  by  the  discharge  of  their  mortars, 
which  would  otherwise,  in  a  very  short  time,  shatter 
them  to  pieces. 

Ketchup,  or  Catsup.  Doctor  Kitchiner,  in  his 
AfiduB  Redivivui,  devotes  ten  pages  to  different  varie- 
ties of  receipts  for  this  sauce.  There  we  may  be- 
come acquamted  with  the  composition  and  virtues  of 
numerous  catsups,  whether  they  be  walnut,  mush- 
room, quintessence  of  mushroom,  quintessence  of 
oysters,  cockle,  muscle,  tomato,  white  cucumber,  or 
pudding.  "  Mushroom  gravy,"  says  the  doctor, 
"  approaches  the  flavour  of  meat  gravy  more  than 
any  other  vegetable  juice,  and  is  the  best  substi- 
tute for  it  in  meagre  soups  and  extempore  gravies." 
Again,  "  What  is  commonly  called  catsup  is  generally 
an  injudicious  composition  of  so  many  different 
tastes  that  the  flavour  of  the  mushroom  is  over- 
powered by  a  farrago  ot  garlic,  shallot,  anchovy, 
mustard,  horseradish,  lemon-peel,  beer,  wine,  and 
spices.  Ready-made  catsup  is  little  better  than  a  de- 
coction of  spice,  and  salt  and  water,  with  the  grosser 
part  of  the  mushrooms  beaten  up  into  a  pulp." 

Key,  or  Key  Note,  in  music;  a  certain  funda- 
mental note  or  tone,  to  which  the  whole  of  a  move- 
ment has  a  certain  relation  or  bearing,  to  which  all 
its  modulations  are  referred  and  accommodated,  and 
in  which  it  both  begins  and  ends.  There  are  but  two 
species  of  keys;  one  of  the  major,  and  one  of  the 
minor  mode,  all  the  keys  in  which  we  employ  sharps 
or  flats  being  deduced  from  the  natural  keys  of  C 
major  and  A  minor,  of  which  they  are  mere  trans- 
positions. 

Keys  of  an  organ;  movable  projecting  levers  in 
the  front  of  an  organ,  so  placed  as  to  conveniently 
receive  the  fingers  of  Uie  performer,  and  which,  by  a 
connected  movement  with  the  valves  or  pallets,  ad- 
mit or  exclude  the  wind  from  the  pipes.  See  Organ. 

Key- Stone  of  an  arch  or  vault ;  that  placed  at  the 
top  or  vertex  of  an  arch,  to  bind  the  two  sweeps  to- 
gether. This,  in  the  Tuscan  and  Doric  orders,  is 
only  a  plain  stone,  projecting  a  little  ;  in  the  Ionic, 
It  is  cut  and  waved  somewhat  like  consoles ;  and,  in 
the  Corinthian  and  Composite  orders,  it  is  a  console, 
enriched  with  sculpture. 

Kidney  ;  one  of  the  abdominal  viscera,  consisting 
of  two  voluminous  glands,  the  office  of  which  is  to 
secrete  the  urine  from  the  blood.  One  of  these  glands 
Ges  on  the  right,  and  the  othei'  on  the  left,  of  the 


vertebral  column  (or  back  bone).  They  are  both  con*> 
tained  in  a  fatty,  cellular  substance  (suet),  and  are 
situated  behind  the  peritotumm,  and  before  the  dia- 
phragm and  the  quadraius  lumhorum.  They  are 
penetrated  with  blood-vessels  and  nerves,  are  of  a 
reddish  colour,  and  more  consistent  than  the  other 
glands.  An  external  cellular  membrane,  and  an 
internal  fibrous  membrane,  envelope  each  kidney, 
which  is  divided  into  the  cortical  substance  and  the 
tubulous  substance.  The  former  constitutes  the  ex- 
terior part  of  the  kidney,  and  extends  between  the 
cones  formed  by  the  latter:  it  secretes  the  urin^ 
that  is,  separates  its  elements  from  the  blood,  and 
combines  them ;  while  the  latter  pours  it  into  the  pel- 
vis, a  membranous  bag  situated  at  the  middle  of  the 
kidney,  from  which  it  is  conveyed  by  the  ureter,  a 
membranous  tube,  into  the  bladder.  The  kidneys 
are  not  mere  filters  or  sieves,  as  was  anciently  sup- 
posed, and  as  some  modem  physiologists  have  main- 
tained ;  they  are  true  glands,  that  is,  a  vascular  ner- 
vous apparatus,  having  a  particular  action  for  the 
production  of  a  peculiar  fluid.  The  kidneys  are  sub- 
ject to  an  inflammation,  called  nephritis,  and  to  a 
nervous  pain,  called  nephralgia.  The  centre  of  the 
kidney  sometimes  contains  stones,  gravel,  or  sand, 
which  are  also  found  in  the  cortioil  and  tubuknis 
substances  adjoining,  aud  occasion  the  most  excruci- 
ating pain.  Diseases  of  the  kidneys  are  generally 
occasioned  by  excess  in  eating  and  dnnking,  or  violent 
riding,  or  much  walking.  Temperance,  vegetable 
diet,  warm  bathing,  &c.,  are  preventives. 

King  at  Arms,  in  heraldry;  an  officer,  formeriy 
of  great  authority,  whose  business  is  to  direct  the 
heralds,  preside  at  their  chapters,  and  have  tl» 
jurisdiction  of  armoury.  The  origin  of  the  title  is 
doubtful. 

Knee,  in  anatomy ;  the  hinge-joint  which  unites 
the  OS  femoris  with  the  tibia. 

Knee,  in  naval  architecture;  a  crooked  piece  of 
timber,  having  two  branches  or  arms,  and  generally 
used  to  connect  the  beams  of  a  ship  with  her  sides 
or  timbers.  The  branches  of  the  knees  form  aa 
angle  of  greater  or  smaller  extent,  according  to  the 
mutual  situation  of  the  pieces  which  they  are  de- 
signed to  unite.  One  branch  is  securely  bolted  Id 
one  of  the  deck-beams,  and  the  other  m  the  same 
manner  strongly  attached  to  a  corresponding  timber 
in  the  ship's  side.  By  connecting  the  beams  and 
timbers  into  one  compact  frame,  they  contribote 
greatly  to  the  strength  and  solidity  of  the  ship,  and 
enable  her  to  resist  the  effects  of  a  turbulent  sea. 
In  fixing  these  pieces,  it  is  occasionally  necessary  to 
give  an  oblique  direction  to  the  vertical  or  side 
branch,  in  oixler  to  avoid  the  range  of  an  «fc4jfr— t  • 
gun-port,  or  because  the  knee  may  be  so  shaped  as 
to  require  this  disposition,  it  being  sometimes  diffi- 
cult to  procure  so  great  a  variety  of  knees  as  may  be 
necessary  in  the  construction  of  a  number  of  ships  of 
war. 

Knight,  in  chess.  The  move  of  this  piece  has 
given  rise  to  an  interesting  problem,  in  regard  to  the 
various  modes  by  which  tibe  chess-board  may  be  co- 
vered by  the  knight.  The  path  of  the  kni^t  o«er 
the  board  is  of  two  kinds,  terminable  and  intermina- 
ble. It  is  interminable  whenever  the  concluding 
move  of  a  series  is  made  in  a  square  which  lies 
within  reach  by  the  knight  of  that  from  which  he 
originally  set  out,  and  is  terminable  in  every  other 
instance.    Euler,  in  the.  Memoirs  of  the  Academy  of 
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Berlin,  for  17S9,  has  given  a  meUuNi  of  filling  up  all 
the  squares  setting  out  from  one  of  the  comers.  He 
has  likewise  given  an  interminable  route,  and  lias  ex- 
plained the  method  by  which  the  routes  may  be  va- 
ried, so  as  to  end  upon  any  square.  Solutions  of  the 
same  problem  have  also  been  given  by  Montmort, 
Demoivre,  and  Mairan. 

LA,  in  music;  the  ay  liable  by  which  Guido  denotes 
the  last  sound  of  each  hexachord.  If  it  begins  in  C, 
it  answers  to  our  A ;  if  in  G,  to  E ;  and,  if  in  F, 
tp  D. 

Labohatory  ;  a  place  fitted  up  for  the  researches 
of  the  chemist.  It  bears  the  same  relation  to  the 
science  of  chemistry  as  an  observatory  does  to  that  of 
astronomy.  Although  the  simple  observation  of  na- 
ture is  sufficient  to  teach  us  the  properties  of  numer- 
ous compounds,  and  to  enable  us  to  develope,  in  part, 
those  forces  which  produce  chemical  changes,  still  the 
science  of  chemistry  must  ever  have  remained  exceed- 
ingly defective  in  facts,  and  faulty  in  theory,  but  for 
the  light  derived  from  experiment.  It  is  by  means  of 
artificial  fixtures  and  processes  that  the  chemist  obtains 
the  elements  in  a  state  of  freedom,  and  recombines 
them  so  as  to  produce,  in  many  instances,  not  only 
their  original  compounds,  but  such  as  are  altogether 
new.  It  is  no  exaggeration  to  say  that  nine-tenths 
of  the  facts  of  the  science,  and  a  majority  of  the  arts 
depending  upon  it,  have  been  derived  from  the  labo- 
ratory. The  constructions  which  first  received  this 
name  consisted  of  uuder-ground  apartments,  secluded 
from  light  and  the  wholesome  air  of  day — a  situation 
it  is  impossible  to  account  for,  except  upon  the  suppo- 
sition tnat  it  was  copied  from  the  alchemists,  who  are 
known  to  have  preferred  such  places  for  the  purpose 
of  secrecy.  The  inconveniences  attending  these  situa- 
tions, from  the  want  of  light  and  facilities  for  venti- 
lation, as  well  as  from  the  prevalence  of  moisture, 
caused  them  gradually  to  be  exchanged  for  apart- 
ments above  ground;  and  although,  for  a  time,  an 
unnecessarily  gloomy  and  mysterious  aspect  was 
imparted  to  them,  from  their  being  built  of  stone  or 
brick,  and  but  imperfectly  lighted,  they  have  at  length 
come  to  resemble,  in  their  general  appearance,  other 
structures  intended  for  the  cultivation  of  science. 

A  building  devoted  to  this  purpose  in  connection 
with  a  scientific  institution  may  now  be  described. 
It  should  be  but  one  story  in  height,  in  order  to  fa- 
cilitate access  to  the  apartments,  and  to  render  more 
easy  the  bringing  in  of  heavy  articles,  as  wood,  water, 
coals,  and  carboys,  and,  at  the  same  time,  to  allow 
of  openings  in  the  roof  for  sky- lights  and  for  ventila- 
tion. In  some  laboratories,  the  theatre  and  working- 
room  are  united  in  the  same  apartment ;  in  others, 
tkey  are  separated  by  a  partition.  The  advantage  of 
the  former  construction  is,  that  the  furnace  operations 
before  a  class  are  rendered  more  easy ;  but  the  dis- 
advantages are,  that  the  ^ize  of  the  room  renders  it 
an  inconvenient  place  for  private  researches,  espe- 
cially in  the  winter,  and  the  seats  are  continually  sub- 
jected to  the  dust  and  litter  of  ordinary  operations. 
We  shall  therefore  treatt>f  a  laboratory  in  which  these 
apartments  are  distinct. 

The  building  may  vary  in  length  from  fifty  to  eighty 
feet,  and  in  breadth  from  twenty-five  to  fifty  feet.  It 
ahotild  be  well  pierced  with  windows  latemlly,  and 
alao  with  sky- lights  and  openings  in  the  roof.  The 
lecture-room  should  occupy  two-thirds  of  the  length 
of  the  building ;  and  the  partition  which  separates  it 
froai  the  working-room  and  jother  apartments  most 


contain  the  fines  that  are  requisite  for  the  furnaces 
of  the  whole  establishment:  these  may  be  spread  over 
the  wall  on  both  sides,  and  finally  be  carried  out  of 
the  roof  in  one  general  chimney.  The  fioor,  from 
eight  to  twelve  feet  in  advance  of  this  wall,  should 
be  paved  with  stone,  or  brick;  in  front  of  which, 
and  immediately  before  the  seats  for  the  class,  a  table, 
with  occasional  breaks  for  passages,  gasometers, 
and  a  pneumatic  cistern,  should  extend  quite  across 
the  room,  from  side  to  side.  At  the  two  extreme 
ends  of  the  table,  cupboards  should  be  erected  against 
the  wall,  with  glass  doors,  for  the  reception  of  the 
jars  of  the  pneumatic  cbtem,  measures,  retorts,  fiasks, 
receivers,  and  the  bottles  and  vials  containing  die  che- 
micals employed  for  demonstration.  The  table  should 
be  abundantly  provided  with  drawers  of  different 
sizes,  in  some  places  extending  quite  down  to  the 
fioor,  for  the  reception  of  substances  employed  in  i 
course  of  demonstrations,  and  which  it  is  not  neces- 
sary to  keep  in  viab  and  bottles,  such  as  the  common 
metals  and  many  earthy  and  metallic  salts ;  they  are 
also  required  for  the  numerous  tools,  knives,  files, 
gimlets,  forceps,  and  other  indispensable  articles,  as 
corks,  valves  or  glass  plates,  stirrers,  strings,  blad- 
ders, tow,  matches,  sand,  tapers,  glass,  metallic,  and 
earthen  tubes,  stop-cocks,  &c. 

Two  or  three  portable  furnaces,  of  different  sizes 
and  shapes,  may  have  a  place  near  the  wall  for  ordi- 
nary furnace  operations ;  and  a  recess  in  the  wall, 
centrally  placed,  and  about  four  feet  from  the  fioor 
(similar  in  shape  to  a  common  fire-place),  should  be 
provided,  with  a  strong  draft,  for  those  experiments 
which  are  attended  with  dangerous  exhalations. 

The  seats  may  be  arranged  as  is  usual  in  other  lec- 
ture-rooms. The  fioor  room  upon  the  other  side  of 
the  partition  may  be  divided,  lengthwise  of  the  build- 
ing, into  two  apartments,  separated  by  a  narrow 
space- way,  one  of  the  rooms  having  double  the  di- 
mensions of  the  other ;  the  larger  being  the  working- 
room  ;  the  smaller,  an  apartment  for  receiving  deli- 
cate articles  of  apparatus,  as  balances,  electrical  ma- 
chines, air-pump,  (kc,  and  which  would  be  liable  to 
injury  if  exposed  to  the  attacks  of  the  damp  and  cor- 
rosive vapours  that  are  continually  floating  about  in 
the  other  rooms.  The  entry  should  communicate 
with  the  theatre  by  a  door:  a  double  door,  also,  con- 
necting the  working-room  and  the  lecture-room .  The 
whole  fioor  of  the  working-room  is  best  paved  with 
brick  or  stone. 

The  first  fixture  of  importance  in  this  room  is 
the  general  working  furnace.  Its  use  is  partly  do- 
mestic, partly  chemical;  for  it  is  intended  to  warm 
and  air  the  place,  occasionally  to  heat  water,  as  well 
as  to  supply  the  means  of  raising  a  crucible  to  igni- 
tion, or  of  affording  a  high  temperature  to  flasks  and 
evaporating  basins,  through  the  agency  of  a  sand-bath. 
It  should  b«  built  with  a  table  top.  The  fire-place  itself 
should  be  constructed  of  brick-work,  with  iron  front 
and  fittings;  and  the  flue,  being  carried  horizontally  for 
three  or  four  feet,  may  afterwards  be  carried  off  to,  and 
connected  with,  the  main  flue  existing  in  the  wall. 
The  fire-place  and  horizonal  flue  should  be  covered  with 
a  large  plate  of  cast  iron,  of  from  two  to  three  feet  in 
width,  which  may  be  formed,  in  the  middle,  over  the 
heated  part,  into  sand-baths ;  a  round  movable  one 
over  the  fire  itself,  and  a  long  fixed  one  over  the  fiue. 
The  sand-baths  supply  every  gradation  of  heat,  from 
dull  redness,  if  required,  down  to  a  temperature  of 
100^  or  lower,  whilst  on  each  side  of  them  exists  a 
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lerel  snr&ce,  wluch  answers  erery  purpose  of  an 
onlinary  table,  and  supplies  extraordinary  facilities 
to  experiments  going  on  in  the  sand-bath  or  fhmaoe. 
This  furnace  may  be  advantageously  placed  directly 
against  the  wall  which  separates  the  working-room 
from  the  theatre.  A  large,  projecting,  wooden  hood 
should  be  suspended  over  the  sand-bath,  to  receive 
the  fumes  evolved  during  the  digestions  and  solutions 
made  upon  it,  and  to  conduct  them  away  into  the 
chimney.  (For  a  particular  description  of  this  fur- 
nace, see  Faraday  On  Ckemieal  MaMtpulaHons,)  Close 
by  may  be  placed  another  furnace  for  heating  a  large 
copper  boiler,  intended  to  supply  the  laboratory  with 
hot  water;  the  boiler  should  also  be  fitted  with  a 
head,  worm,  and  refrigerator,  in  order  to  provide  an 
occasional  supply  of  distilled  water.  The  tables 
should  be  as  extensive  as  the  room  will  allow,  and 
be  so  placed  as  to  admit  of  ready  access ;  hence  a 
large  one,  placed  towards  the  middle  of  the  room, 
and  in  such  a  situation  as  to  be  well  lighted,  is  very 
useful.  It  should  be  made  strong,  and  fdmished 
with  drawers,  unless  it  be  closed  in  with  doors,  so 
as  to  form  cupboards.  To  protect  it  from  corrosive 
fluids,  as  acids  and  alkalies,  it  should  be  covered  with 
sheet  lead.  In  a  comer,  and  as  much  out  of  the 
way  as  possible,  a  sink  of  stone,  or  of  strong  wood- 
work lined  with  lead,  must  be  provided.  It  must  be 
supplied  with  water,  if  possible,  from  a  cistern  or 
aqueduct,  since  an  unlimited  supply  of  water  is  de- 
manded in  a  laboratory.  A  place  in  its  immediate 
neighbourhood  is  to  be  appropriated  to  the  cleansing 
accompaniments  of  a  sink,  such  as  pails,  pans, 
sponges,  brooms,  brushes,  &c. 

Between  the  table  and  the  working  furnace  may 
be  placed  the  pneumatic  cistern,  which  should  be  of 
larger  dimensions  than  that  employed  in  the  theatre. 
If  the  surface  of  water  be  nineteen  inches  by  twenty- 
eight,  and  a  well  be  formed  at  one  end  of  fourteen 
inches  by  ten,  and  twelve  inches  in  depth,  so  as  to 
leave  a  continuation  of  shelf  surface,  on  three  sides 
of  the  well,  of  two  inches  and  a  half  in  width,  it  will 
be  found  sufficiently  large  for  almost  any  purpose. 
It  should  have  shelf  room  sufficient  to  hold  several 
}ars  of  gas  at  once.  It  should  be  filled  with  water 
until  it  is  an  inch  and  a  quarter  or  an  inch  and  a 
half  above  the  shelf,  and  should  be  provided  with  a 
stop-cock,  by  which  the  water  may  be  drawn  off 
when  it  has  become  acidified  or  dirty.  Such  a  trough 
is  best  made  of  japanned  copper,  and  supported  in  a 
wooden  frame,  so  as  to  stand  about  thirt}'-nine  inches 
from  tile  floor ;  or  it  may  be  made  of  wood,  and  lined 
with  sheet  lead.  Unless  the  establishment  is  very 
extensive,  one  mercurial  cistern  will  answer  for  both 
rooms ;  it  may  be  shaped  out  of  marble  or  soap-stone, 
or  be  made  of  cast  iron,  and  mounted  upon  a  firm 
frame  fitted  with  rollers.  Cupboards  are  very  use- 
ful ;  and  at  least  two  large  ones,  with  shelves,  ought 
to  be  provided,  in  order  to  preserve  chemical  prepara- 
tions, and  the  neater  sort  of  apparatus,  from  the  dust 
and  dirt  which  are  constantly  moving  and  settling  in 
the  laboratory.  All  parts  ot  the  walls  within  reach 
should  be  fitted  up  with  shelves,  in  a  firm  manner, 
to  receive  bottles  and  jars  ;  also  a  tube-rack  should 
be  provided,  to  hold  pieces  of  glass  tube,  from  one  to 
three  feet  long.  A  part  of  the  wall  should  be  fur- 
nished with  long  spikes,  to  hold  retort  and  fiask  rings, 
large  bent  tubes,  siphons,  coils  of  wire,  iron  tongs  for 
nolding  flasks,  &c. 

Among  other  indispensable  furniture  may  be  enu- 


merated the  following  articles:  one  or  two  larp 
wooden  blocks,  to  serve  as  bases  on  which  to  p«t 
heavy  mortars;  an  anvil,  or  spike,  with  its  foot- 
hLock ;  a  vice  affixed  to  a  side  table ;  hammers ;  cold 
chisels ;  a  screw-driver ;  saws ;  cutting  chisela ; 
gimlets;  brad-awls;  half-round,  flat,  and  smafl 
three-square  files ;  forceps ;  a  trowel ;  a  soldering- 
iron,  with  its  appendages;  a  glue  pot;  nails;  screws; 
spatulas  of  silver,  ivory,  steel,  and  wood ;  corkscrew; 
shears;  blow-pipes;  scratching  diamond,  &c  A 
number  of  filtering  stands,  ^supports  for  retorts  and 
flasks,  and  wooden  forms  for  holding  glass  evaporat- 
ing basins,  flasks,  and  receivers,  should  be  provided; 
also  a  great  variety  of  common,  kitchen,  open  fur- 
naces. The  cellar  beneath  the  working-room  sihooki 
contain  the  more  bulky  articles,  and  such  as  do  not 
receive  injury  from  a  slight  degree  of  moisture,  as 
lute-sand,  charcoal,  bricks,  carboys  of  acid*  voltaic 
troughs,  &c.  Doctor  Henry  recommends  that  the 
painting  of  that  part  of  the  laboratory  furniture  whi^ 
is  exposed  to  the  action  of  acids  be  done  with  tiie 
sulphate  of  lead. 

Laboratory,  in  military  cffavn,  signifies  that  place 
where  all  sorts  of  fireworks  are  prepared,  both  fbr 
actual  service  and  for  experiments,  viz.  quick-matches, 
fuzes,  port- fire,  grape-shot,  case-shot,  carcasses  and 
grenades,  cartri(Q;es,  shells  filled,  and  fuzes  fixed, 
wads,  &c.,  &c. 

Labour,  in  phyriology,  is  the  act  by  which  a  fe- 
male of  the  genus  siOBMiio/ia  brings  one  of  her  own 
species  into  the  world.  When  the  foetus  has  re- 
mained its  due  time  in  the  womb,  and  is  in  a  condi- 
tion to  carry  on  a  separate  existence,  it  is  extruded 
from  its  place  of  confinement,  in  order  to  live  the  life 
which  belongs  to  its  species,  independently  of  the 
mother.  The  womb  having  reached  its  maTimnm  of 
growth,  with  the  increasing  size  of  the  foetus,  its  pe- 
culiar irritability  excites  in  it  the  power  of  cootrac- 
tion ;  it  thereby  narrows  the  space  within,  and  pushes 
out  the  mature  foetus.  The  period  of  gestation  is 
very  different  in  different  animals,  but,  in  each  par- 
ticular species,  it  is  fixed  with  much  precision. 

In  the  womb,  the  corporeal  frame  of  man  com- 
mences existence  as  an  embryo,  after  further  de- 
velopement  appears  as  a  foetus,  then  as  an  immatue, 
and  finally  a  mature  child.     With  its  growth  and 
increasing  size,  the  membranes  which  envelope  it 
enlarge,  the  womb  also  expanding  to  give  room  for 
it.   At  the  end  of  the  thirty-ninth  or  the  beginning  of 
the  fortieth  week,  the  child  has  reached  its  perfect 
state,  and  is  capable  of  living  separate  from  the  mo- 
ther; hence  follows,  in  course,  its  separation  fnm 
her,  i.  e.  the  birth.    Contractions  of  the  womb  gra- 
dually come  on,  which  are  called,  from  the  painful 
sensations  accompanying  them,  {a&onr-jMioit.    These 
are  of  two  kinds :  first,  the  preliminary  pangs,  which 
begin  the  labour,  do  not  last  long,  are  not  viofent, 
and  produce  the  feeling  of  a  disagreeable  straining 
or  pressure.    When  the  pregnant  ^male  is  attacked 
by  these,  she  is  often  unable  to  move  from  her  place 
till  the  pang  is  over,  after  which  she  may  be  free 
from  pain  for  some  hours.    Then  follow  the  tntt 
labour-pains ;  these  always  last  longer,  return  sooner, 
and  are  more  violent.    The  contractions  of  the  womb 
take  place  in  the  same  order  as  the  enlargement  had 
previously  done,  the  upper  part  of  it  first  contract- 
ing, while  the  mouth  of  the  womb  enlarges,  and 
grows  thin,  and  the  vagina  becomes  loose  and  do- 
tensible.     By  this  means  the  foetus,  as  the  space 
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within  the  womb  is  gradaally  narrowed,  descends 
with  a  taming  motion  towards  the  opening ;  the  fluid 
contained  in  the  membranes  enveloping  the  foetus, 
as  the  part  making  the  greatest  resistance,  is  forced 
out,  and  forms  a  bladder,  which  contributes  much  to 
the  gradual  enlargement  of  the  opening  of  the  womb. 
It  is  therefore  injurious  to  the  delivery  if  hasty  or 
Ignorant  midwives  break  the  membranes  too  soon. 
By  repeated  and  violent  throes,  the  membranes  at 
length  burst,  and  discharge  their  contents,  and,  some 
time  after,  the  head  of  the  child  appears.  As  the 
skull-bones  have  not  yet  acquired  their  perfect  form 
and  substance,  but  are  attached  at  the  crown  of  the 
head  only  by  a  strong  membrane,  and  may  be  brought 
nearer  together,  the  head,  by  the  pressure  which  it 
undergoes,  may  be  somewhat  diminished  in  size,  and 
squeezed  into  a  more  oblong  form,  so  as  to  pass 
through  the  opening  of  the  matrix  and  the  pelvis,  in 
which  it  is  contained,  and,  Anally,  through  the  ex- 
ternal parts  of  generation ;  and,  when  this  is  done, 
the  rest  of  the  body  soon  follows.  The  act  of  birth 
or  delivery  is  accordingly,  in  general,  not  an  unna- 
tural, dangerous,  and  diseased  state  of  the  system,  as 
many  timid  females  imagine.  It  is  a  natural  process 
of  developement,  which  is  no  more  a  disease  than 
the  cutting  of  the  teeth,  or  the  coming  on  of  puberty, 
although,  like  them,  it  may  give  rise  to  important 
changes  in  the  body,  and  to  various  diseases.  It  is 
true  that  the  process  of  child-birth  requires  a  vio- 
lent exertion  of  nature,  but  this  is  facilitated  by  many 
preparatives  and  helps  adapted  to  die  purpose. 

If  the  birth  succeeds  in  the  way  described,  it  is 
called  a  natural  birth.  For  this,  it  is  requisite  that 
the  pelvis  should  be  properly  formed,  and  that  the 
opening  should  permit  a  free  passage  to  the  perfect 
foetus;  that  the  growth  and  the  size  of  the  foetus 
should  be  proportioned  to  the  pelvis,  especially  that 
the  head  should  have  the  size  designed  by  nature, 
proportioned  to  the  diameter  of  the  pelvis ;  also,  that 
there  should  be  a  proper  situation  of  the  womb,  in 
regard  to  the  axis  of  the  pelvis,  and  a  proper  position 
of  the  foetus,  namely,  the  head  down,  the  back  of  the 
head  in  front,  and  towards  the  opening  of  the  womb, 
so  as  to  appear  first  at  birth ;  and,  finally,  that  the 
external  parts  of  generation  should  be  in  a  natural 
state. 

An  easy  birth  takes  place  without  any  excessive 
strainings,  and  in  due  season.  A  difficult  birth  pro- 
ceeds naturally,  but  is  joined  with  great  efforts  and 
pangs,  and  occupies  a  long  time — over  six  or  eight 
hours.  The  cause  of  it  is  sometimes  the  stiffness  of 
the  fibres  of  the  mother,  her  advanced  years,  the  dis- 
proportionate size  of  the  child's  head,  or  malform- 
ation in  the  parent.  Nature,  however,  finishes  even 
these  births ;  and  women  in  labour  ought  not  to  be 
immediately  dejected  and  impatient,  on  account  of 
these  difficulties.  An  unnatural  (or  properly  an  ir- 
regular)  birth  is  one  in  which  one  or  more  of  the 
above-mentioned  requisites  to  a  natural  birth  are 
wanting.  An  artificial  birth  is  that  which  is  ac- 
complished by  the  help  of  art,  with  instruments,  or 
the  hands  of  the  midwife. 

Premature  birth  is  one  which  happens  some  weeks 
before  the  usual  time,  namely,  after  the  seventh  and 
before  the  end  of  the  ninth  month.  Though  nature 
has  assigned  the  period  of  forty  weeks  for  the  full 
maturing  of  the  foetus,  it  sometimes  attains,  some 
weeks  before  this  period  has  elapsed,  such  a  growth 
that  it  may  be  preserved  alive.  That  it  has  not  reached 


its  mature  state  is  determined  by  various  indications 
Such  a  child,  for  instance,  does  not  cry  like  full-growa 
infants,  but  only  utters  a  faint  sound,  sleeps  con- 
stantly, and  must  be  kept  constantly  warm,  otherwise 
its  hands  and  feet  immediately  become  chilled.  Besides 
this,  in  a  premature  chiid-7-more  or  less,  according  as 
it  is  more  or  less  premature — ^the  skin  over  the  whole 
body  is  red,  often,  indeed,  blue,  covered  with  a  fine, 
long,  woolly  hair,  especially  on  the  sides  of  the  face 
and  on  the  back;  the  fontanel  of  the  head  is  large ;  the 
skull -bones  are  easily  moved ;  the  face  looks  old  and 
wrinkled ;  the  eyes  are  generally  closed ;  the  nails  on 
the  fingers  and  toes  tender,  soft,  and  short — ^hardly  a 
line  in  length ;  the  wefght  of  such  a  child  is  under  six, 
often  under  five  pounds.    The  birth  is  called  untimely 
when  the  foetus  is  separated  from  the  womb  before  the 
seventh  month.  Such  children  can  rarely  be  kept  alive ; 
there  are  instances,  however,  of  five  months'  children 
living.     A  curious  remark  is  made  by  some  writers, 
that  a  seven  months'  child  is  more  likely  to  live  than 
one  bom  a  month  later.     Late  birth  is  a  birth  after 
the  usual  period  of  forty  weeks.    As  this  reckoning  of 
the  time  from  pregnancy  to  birth  is  founded,  for  the 
most  part,  solely  on  the  evidence  of  the  mother,  there 
is  much  room  for  mistake  or  deception.  The  question 
is  one  of  much  interest  in  medical  jurisprudence,  as 
the  enquiry  often  arises  whether  a  child,  bom  more 
than  forty  weeks  after  the  death  of  the  reputed  father, 
is  to  be  considered  legitimate  or  not.  The  importance 
of  the  queetion,  and  the  uncertainty  of  the  proof,  have 
occasioned  a  great  variety  of  opinions  among  medi- 
cal writers.     Most  of  them  doubt  the  truth  of  the 
mother's  assertions  about  such  a  delayed  birth,  and 
give  as  their  reason  that  nature  confines  herself  to 
the  fixed  period  of  pregnancy ;  that  grief,  sickness, 
&c.,  cannot  hinder  the  growth  of  £e  foetus,  &c. 
Others  maintain,  on  the  contrary,  that  nature  binds 
herself  to  no  fixed  rules ;  that  various  causes  may 
delay  the  growth  of  the  child,  &c.    Abortion  and 
miscarriage  take  place  when  a  foetus  is  brought  forth 
so  immature  that  it  cannot  live.    They  happen  from 
the  beginning  of  pregnancy  to  the  seventh  month,  but 
most  frequently  in  the  third  month.   The  occasions, 
especially  in  those  of  a  susceptible  or  sanguine  tem- 
perament, are  violent  shocks  of  body  or  mind  by 
blows,  falling,  dancing,  cramp,  passion,  &c. 

Labour  and  Labourers.  The  two  great  sources 
of  income,  in  all  communities,  are  labour  and  ca-> 
pital.  The  means  of  production  are  the  land,  uten- 
sils, stock,  and  all  which  constitutes  capital,  and  the 
labourers  who  use  this  capital.  In  this  general  di- 
vision of  the  means  of  production,  the  term  labour  is 
used  in  its  broadest  sense;  for  the  labour  of  the 
mind,  or  that  of  the  artist,  which  depends  more  upon 
skill  than  muscular  exertion,  is  to  be  included  in  the 
general  estimate  of  the  productive  power,  if  a  price 
or  market  value  is  put  upon  its  products  in  the  ge- 
neral estimate.  Nor  should  we,  in  estimating  the 
general  productive  capacity,  confine  ourselves  to  the 
species  of  labour  which  results  in  the  production  of 
articles  of  necessity  or  convenience  merely;  since, 
in  the  products  consumed  by  any  community,  it  b 
not  practicable  to  draw  a  distinction  between  articles 
of  mere  utility  and  those  of  taste,  utility  and  luxury 
being  combined  in  a  great  part  of  the  things  used  or 
consumed  by  a  people,  whatever  mav  be  its  stage  of 
civilization  and  refinement.  The  land,  and  the  greater 
part  of  the  utensils  of  production,  are  estimated,  it 
is  trae,  in  a  great  degree,  and  in  many  instance* 
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wholly,  by  their  mere  utility  for  production.  But  it 
16  otherwise  with  respect  to  the  products  intended 
not  merely  as  the  means  of  producing  others,  but  as 
ultimate  objects  of  use  or  consumption.  Dwellings, 
furniture,  clothing,  food,  all  combine,  in  different 
degrees  and  proportions,  both  luxury  and  utility. 

The  quantity  of  wool  and  cotton  worn  and  used 
by  two  persons  in  different  ranks  of  life,  and  of 
different  means  of  consumption,  may  be  the  same, 
and  answer  equally  well  as  a  protection  of  the  per« 
son  against  the  climate ;  and  yet  that  used  by  one, 
owing  to  the  better  quality  of  the  material,  and  the 
greater  labour  bestowed  in  fabricating  it,  may  cost 
Uirce  or  ten  times  as  much  as  that  used  by  the  other ; 
and  yet  something  is  paid  to  taste  and  luxury  even 
by  this  latter. 

The  abstract  utility  of  any  article  is  of  difficult 
estimation,  and,  though  it  is  a  proper  subject  of  en- 
quiry and  speculation,  still,  in  estimating  the  pro- 
ductive power  of  labour,  in  comparison  with  capital, 
the  more  practical  rule  seems  to  be,  to  take  the  esti- 
mate put  upon  it  by  the  community  itself.  If,  for 
instance,  the  labour  of  a  sculptor  is,  in  the  estima- 
tion of  a  community,  worth  that  of  twenty  day- 
labourers,  the  distribution  of  the  annual  products  of 
the  labour  and  capital  of  that  community  will  be 
governed  by  this  rule  of  comparison,  and  the  sculptor 
will  be  able  to  consume  as  much  in  value  as  the 
twenty  common  labourers.  Hence  the  proportion 
of  the  income  of  labour  and  capital  will  vary  in  dif- 
ferent communities,  according  to  the  different  arts  or 
kinds  of  production  encouraged.  To  take  the  same 
examples,  though  the  labour  of  a  sculptor  may  be 
equal  in  value,  as  estimated  by  a  community,  to  that 
of  twenty  labourers — and  the  same  may  be  equally 
true  of  the  painter — yet  the  capital  or  stock  required 
for  each  of  these  twenty  labourers  may  be  (and,  if 
they  are  employed  in  agriculture,  will  be)  greater  than 
is  required  for  either  of  those  artists.  The  propor- 
tion, then,  of  the  value  of  the  whole  capital  of  a  com- 
munity to  that  of  the  whole  estimated  annual  value 
of  the  labour  of  all  sorts,  performed  by  its  members, 
will  depend  upon  the  kind  of  arts  pursued,  so  that 
the  proportions  will  not  be  uniform  in  different  com- 
munities. The  estimated  annual  market  value  of  the 
labour  will,  however,  in  any  community,  be  greater 
in  proportion  to  its  capital  than  it  would  at  first  view 
appear  to  be.  It  has  been  estimated  to  be  nearly 
one-fifth,  exceeding  or  falling  short  of  that  ratio  ac- 
cording to  the  circumstances  and  pursuits  of  a  com- 
munity; that  is,  supposing  the  capital  to  be  sta- 
tionary, the  value  of  the  whole  capital,  including 
lands,  buildings,  animals,  furniture,  utensils,  and 
every  vendible  thing  whatsoever,  is  consumed  and  re- 
produced every  five  years.  It  is  evident,  then,  what 
a  rapid  change  may  be  made  in  the  wealth  of  a  com- 
munity, either  for  the  better  or  the  worse,  by  an  im- 
pulse or  check  to  its  industry,  or  a  general  tendency 
to  economy  or  prodigality  in  consumption. 

The  arts  and  employments  and  habits  of  a  people 
are  every  thing  in  respect  to  their  prosperity ;  and 
the  actual  amount  of  their  present  capital  is  of  less 
importance,  since,  if  it  be  too  small,  that  is,  if  the 
people  are  in  want  of  a  sufficient  stock  to  employ 
themselves  to  the  greatest  advantage,  industry  and 
economy  may  very  soon  supply  the  deficiency.  The 
aggregate  annual  products  of  the  same  labour  and 
capital  are  greater  in  one  country  than  another. 
This  is  a  distinction  of  great  importance,  which  is 


overlooked  in  some  economical  speculationa,  or  whicii« 
at  least,  has  not  always  its  just  weight.    The  fact  b, 
perhaps,  too  obvious  to  need  proof  or  illu^ratton. 
If,  for  instance,  the  people  of  one  country  have  better 
lands,  domestic  animals,  roads,  utensils,  or  are  more 
skilful  and  ingenious  than  those  of  another,  the  same 
amount  of  manual  labour  bestowed  upon  correspond- 
ing materials,   with  corresponding  instnunents  of 
production,  will  produce  greater  results.     The  wag^ 
of  labour,  and  the  interest  of  money,   may  both, 
therefore,  be  higher  in  one  country  than  in  another. 
It  does  not  follow,  then,  that,  if  the  conditioik  of  the 
mere  labourer  be  better  in  one  country  than  in  an- 
other, that  of  the  capitalist  will  necessarily  be  woise. 
To  ascertain  the  condition  of  these  two  classes,  pos- 
sessing the  productive  capacity  and  means  of  a  com- 
munity, we  first  enquire  into  the  aggregate  produc- 
tiveness of  capital  and  industry,  and  next  into  the 
distribution  of  the  aggregate  products  between  the 
two  classes.     And,  in  examining  into  the  conditioii 
of  the  members  of  a  community,  the  next  enquiry  re- 
lates to  the  proportionate  share  of  each  industrious 
class  in  the  whole  portion  of  the  aggregate  products 
allotted  to  industry,  as  distinguished  from  that  whidi 
is  allotted  to  capital.    This  distribution  among  the 
labouring  classes  themselves  of  the  products  of  their 
labour  will,  of  course,  depend  upon  the  estimation 
in  which  the  various  kinds  of  labour  are  held ;  and 
its  effect  on  their  condition  vnll  also  depend  very 
materially  upon  the  arrangements,  improvements,  and 
facilities  possessed  by  the   community,    to  render 
their  labour  effective ;  for  the  compensation  to  labour- 
ers, individually,  may  be  small,  and  yet  the  expense 
of  the  whole  class  of  the  community  to  which  they 
belong  very  great.      To  take  a  familiar  instance,  if, 
from  the  thinness  of  the  population,  or  other  causes, 
the  receivers  and  distributors  of  the  articles  of  pro- 
duction and  consumption  among  the  people,  that  is, 
the  retail  dealers,  can  transact  but  a  small  amount  <^ 
business  each,  though  the  earnings  of  each  one  may 
be  small,  their  aggregate  compensation  must  be  large. 
In  countries  half  civilized,  and  in  which  the  ar- 
rangements and  facilities  for  exchange  are  rude  and 
imperfect,  the  usual  profits  of  trade  are  at  an  enor- 
mous rate  per  cent. ;  and  yet  the  wealth  of  these 
traders  will  be  very  trifling,  m  comparison  with  that 
of  the  merchants  and  traders  of  a  more  civilized^  im- 
proved, and  populous  community,  though  the  per 
centage  of  profit  of  these  latter  may  be  much  lower. 
The  same  distinction  will  hold  good  in  respect  to 
every  other  pursuit  and  employment  in  a  community: 
the  proportio^i  of  the  whole  products  awarded  to 
any  one  class  may  not  correspond  at  all  to  the  in- 
dividual advantage  or  disadvantage  of  the  members  of 
that  class,  in  their  pursuits,  in  comparison  witii  that 
of  those  of  any  other  class.   The  compensation  of  any 
one  class  of  a  community,  in  comparison  to  any  other, 
will  evidently  depend  upon  the  course  taken  by  the 
taste  and  luxury  of  the  community;  for  we  may 
assume  it  as  a  general  doctrine,  that  when  the  taste 
and  passions  of  a  community  lead  to  a  large  con- 
sumption of  the  articles  produced  by  any  class,  or  if 
the  services  of  its  members  are  considered  particularly 
beneficial,  these  members  will  be  liberally  compen- 
sated.    If,  for  instance,  as  is,  or  at  least  has  been, 
the  fact  in  some  countries,  the  inhabitants  suppose 
that  their  future  welf&e  does  not  depend  so  much 
upon  their  own  characters  and  conduct  as  upon 
the  prayers  and  good  offices  of  their  spiritual  guide% 
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they  will  deem  it  impossible  to  reward  these  spiritual 
guides  too  liberally,  seeing  they  have  the  salvatioa  of 
the  rest  at  their  disposal.     The  same  principle  will 
hold  true  in  respect  to  any  other  class  :  in  proportion 
as  its  employment  goes  along  with  the  tastes  and 
passions  of  Uie  community  will  its  members  be  re- 
warded for  their  labours.    The  effect  will  not  how- 
ever necessarily  extend  itself  to  all  the  members  of 
the  class. 
Suppose,  for  example,  that  the  taste  and  vanity  of 
*   a  people  appear  very  much  in  their  apparel  and  per- 
sonal ornaments :  it  will  not  follow  that  all  cloth- 
makers,  tailors,  jewellers,  hatters,  and  shoemakers 
will  have  the  highest  wages  in  the  community ;  but 
the  result  will  be  that  a  high  price  will  be  paid  for 
excellence  of  material  or  superiority  of  skill  in  the 
manufacture  of  those  articles.  The  moment,  therefore, 
in  which  civilization  commences — and  some  degree 
of  it  is  co-eval  with  the  existence  of  every  society — 
excellence  in  some  arts  or  employments  will  meet 
with  extraordinary  rewards.    As  arts  and  civilization 
advance,  the   objects  of  fashion  and  taste  will  be 
multiplied,  and  with  them  the  kinds  and  varieties 
of  excellence   of  materials  or  skill  which  will  be 
esteemed  of  extraordinary  value.   The  effect  neces- 
sarily is  to  produce  a  comparative    depression    in 
the  value  of  all  ordinary  products  and  unskilful  la- 
bour.    Accordingly,  the  ordinary  labourers,  in  all 
the  arts,  become  by  degrees  a  distinct  class.    In  a 
refined    community,  abounding  in   arts,  this   class 
necessarily   becomes  numerous,  and  the   condition 
of  its  members  is  a  subject  of  solicitude  to  the  phi- 
lanthropist, and  of  interest  to  the  economist  and 
btatesman.    The  security  and  welfare  of  the  whole 
community  will  depend  very  materially  upon   the 
character  and   condition  of  this  part  of  the  popu- 
lation.   The  greater  the  distance  between  this  class 
and  the  rest — the  more  effectually  they  are  set  off 
f^om  the  others — the  more  unnatural  and  distorted 
-will  be  the  state  of  society,  and  the  more  frequent 
vrill  be  scenes  of  disorder  and  vice.     It  is  one  of  the 
first  and  most  important  maxims  of  policy  and  eco- 
nomy, then,  to  sustain  the  members  of  this  class,  not 
by  giving  them  the  control  and  management  of  affairs, 
for  which  of  course  they  are  not  the  best  fitted, — 
bat  by  using  all  possible  means,  whether  by  legisla- 
tion or  social  influence,  to  give  them  education,  good 
babits,  and  good  morals,  to  inspire  and  maintain  in 
them  a.  respect  for  themselves,  and  secure  to  them  the 
respect  of  others. 

Labour-saving  Machines.    Montesquieu  some- 
"where  regrets  the  introduction  of  water-mills  for 
finding   com,  instead  of  the  hand-mills   formerly 
io  use,  as  it  threw  a  great  many  labourers  out  of 
employment,  besides  diverting  the  water  from  the 
purposes   of   irrigation.       Upon    this   principle    of 
tbrowing  labourers  out  of  employment,  the  English 
-weavers  were  opposed  to  the  use  of  power-looms. 
It  is  not  remarkable  that  labourers  themselves,  who, 
for  a  time,  feel  the  inconveniences  of  the  introduction 
of  any  improvement,  should  oppose  its  introduction  ; 
but  it  is  singular  that  any  man  of  enlarged  and  philo- 
sophical views  should  fall  into  such  a  notion.  Nobody 
certainly  would  think  it  a  misfortune  to  a  community 
ttxAt,  in  consequence  of  some  improvement  in  agricul- 
ture, the  same  labour  would  produce  a  greater  quan- 
tity of  grain ;  on  the  contrary,  every  one  consents  to 
tlxe  praise  bestowed  by  Johnson  upon  the  man  who 
xxistkes  two  blades  of  grass  grow  where  only  one  grew 
Arts  &  Scirncrs. — ^Vol.  I. 


before.  And  an  improvement  in  machinery,  where!  y 
the  same  labour  will  produce  twice  the  quantity 
of  cloth,  is  precisely  the  same  in  its  general  effects  * 
upon  the  condition  of  the  community  as  an  improve- 
ment in  agriculture.  But,  in  a  case  of  improvement 
in  machinery,  the  effect  is  more  apparent  and  more 
sudden,  as  it  will  spread  rapidly,  and  accordingly 
the  inconvenience  to  the  labourers  is  in  fact  greater, 
though  it  can  last  only  for  a  time.  However,  the 
circumstance  that  its  effect  in  dischareing  labourers 
is  only  temporary,  though  it  shows  mat  the  incon- 
venience to  the  community  is  very  limited,  while  its 
advantages  are  permanent,  yet  affords  no  great  con- 
solation to  the  labourers  themselves,  if  the  population 
is  dense  and  employment  difficult  to  be  obtained, 
since,  while  this  temporary  effect  is  passing  off,  they 
may  starve.  To  avoid  producing  distress  and  conse- 
quent disorder,  labour-saving  machinery,  therefore, 
should  be  introduced  gradually  among  a  community 
of  labourers,  like  those  of  this  country,  to  whom  it  is 
ordinarily  difficult  to  find  full  employment,  and  who, 
if  unemployed,  are  immediately  reduced  to  distress. 

Labyrinth,  with  the  ancients,  a  building  contain- 
ing such  a  number  of  chambers  and  galleries,  one 
running  into  the  other,  as  to  make  it  very  difficult  for 
a  stranger  to  find  his  way  through  it.  The  Egyptian 
labyrinth,  the  most  celebrated  of  all,  was  situated  in 
Central  Egypt,  above  Lake  Moeris,  not  far  from  Cro- 
codilopoUs,  in  the  country  now  called  Fejoom.  Ac- 
cording to  some  writers,  it  was  built  by  the  Dode- 
carchs  (650  B.  C.) ;  according  to  others,  by  Psamme- 
tichus,  or  by  Ismandes,  who  is  also  said  to  have  been 
buried  there.  In  all  probability,  it  was  a  sepulchre. 
The  building,  half  above  and  half  below  the  ground, 
was  one  of  ih&  finest  in  the  world,  and  is  reported  to 
have  contained  3000  rooms,  the  arrangement  of  which 
seems  to  have  been  symbolic  of  the  zodiac  and  solar 
system.  All  these  rooms  were  encircled  by  a  com- 
mon wall  and  by  columns ;  but  the  passages  were  so 
intricate  that  no  stranger  could  find  the  way  without 
a  guide.  It  is  said  that,  in  the  lower  rooms,  the 
coffins  of  the  builders  of  this  immense  fabric,  and  of 
the  sacred  crocodiles,  were  deposited,  and  that  the 
upper  rooms  excelled,  in  splendour  and  art,  all  hu- 
man works.  At  present,  only  1 50  rooms  are  reported 
to  be  accessible :  the  others  are  dark,  and  choked  with 
rubbish.  Respecting  the  interior  construction  and 
the  destination  of  the  labyrinth  of  Crete  we  know  still 
less.  The  ancient  writers  consider  this  subterranean 
cavern  to  have  been  built  by  Dsedalus,  in  imitation  of 
that  of  Egypt,  but  on  a  smaller  scale,  by  order  of 
Minos,  who  confined  there  the  Minotaur.  According 
to  others,  it  was  a  temple  of  the  latter.  The  laby- 
rinth at  Clusium  was  erected  by  king  Porsenna,  pro- 
bably for  his  own  sepulchre.  It  was  a  square  build- 
ing of  stone,  fifly  feet  in  height  and  thirty  on  each 
side.  At  each  corner  stood  a  pyramid,  and  also  one* 
in  the  centre,  each  1 50  feet  high,  and  at  the  base  75 
feet  wide.  These  edifices  were  not  built  for  the  pur- 
pose of  making  people  lose  their  way ;  this  was  merely 
an  accidental  peculiarity,  on  account  of  which  every 
confused  mass  of  things,  difficult  to  be  disentangled, 
has  been  called  a  labyrinth, 

Lac,  Lak,  Laak,  and  Lak'h,  are  different  ways  of 
spelling  the  vulgar  derivatives  from  the  Sanscrit 
words  Idkahh  and  laksha,  i.  e.  one  hundred  thousand; 
a  name  given  by  the  Hindoos  to  the  coccus  lacca  and 
aum-lac,  for  which  they  have  six  different  terms. 
The  gum- lac  is  probably  discharged  by  the  coccus, 
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as  a  defence  for  its  eggs,  which  are  deposited  on  the 
bihar  tree.  Fotir  kinds  are  known — stick-lac,  seed- 
lac,  lump-lac,  and  shell-lac.  Ilie  first  is  the  gum 
before  its  separation  from  the  twigs  which  it  in- 
crusts ;  and  the  best  is  of  a  red  purplish  colour :  the 
second  is  the  gum  in  a  granulated  form,  stripped 
from  the  twigs,  and  perhaps  boiled,  by  which  a  jxnt- 
tion  of  the  colour  is  lost :  the  third  is  the  seed  lac, 
melted  into  cakes :  and  the  fourth,  the  common  form 
in  which  it  is  known  in  Europe,  is  the  purified  gum : 
the  best  is  amber-coloured  and  transparent  In  the 
East  it  is  much  used  for  trinkets.  It  is  the  basis  of 
the  best  sealing-wax.  It  forms  yamishes,  furnishes  a 
brilliant  red  dye,  and,  mixed  with  thrice  its  weight 
of  fine  sand,  is  made  into  polishing  stones. 

Lac,  in  its  original  meaning,  is  applied  to  the  com- 
putation of  money  in  the  East  Indies.  Thus  a  ^  of 
rupees  is  100,000,  which,  supposing  them  to  be  meea 
or  standard,  are  equal  to  12,500/. 

Lace  is  a  species  of  net- work,  made  of  silk,  thread, 
or  cotton,  upon  which,  in  old  times,  patterns  were 
embroidered  by  the  needle,  after  its  construction : 
they  are  now,  for  the  most  part,  formed  during  the 
knitting  itself.  The  best  faces  are  made  at  Mechlin, 
Brussels,  Antwerp,  Ghent,  and  Valenciennes.  Lace 
made  by  machinery  is  largely  manufactured  at  Not- 
tingham. 

The  invention  of  lace-knitting  is  attributed  by 
Beckmann  to  Barbara,  wife  of  Christopher  Uttman 
of  St.  Annaberg,  in  1561.  Paulus  Jenisius,  in  his 
history  of  that  town,  states  as  follows :  Hoc  anno 
(1561)  ^um  album  retorium  in  variaa  formaa  Phrygio 
opere  duci  capit ;  and  there  are  many  other  authori- 
ties for  the  name  of  the  workwoman.  It  may  be, 
however,  that  she  introduced  the  manufacture,  rather 
than  invented  it.  Lace  worked  by  the  needle  is  of 
far  older  date.  It  is  found  richly  and  abundantly  in 
church  furniture  of  great  antiquity,  and  is  supposed 
to  have  been  originally  made  in  Italy,  particularly 
at  Genoa  and  Venice.  The  OpuM  Pkrygiamtm,  to 
which  allusions  are  made  by  Plautus  and  Pliny  is  con- 
sidered by  Beckmann  to  have  been  no  more  than 
needle- work;  and  so  the  expressions  of  the  latter 
writer  are  understood  by  Holland :  "  As  for  em- 
broderie  itself,  and  needle-worke,  it  was  the  Phry- 
gians' invention,  and  hereupon  embroderers  in  Latine 
bee  called  Phrygumes"  Point4ace  is  that  embroi- 
dered by  the  needle,  and,  from  the  great  labour  re- 
quired, is  therefore  most  expensive.  In  the  lace  knit 
by  hand,  as  many  threads  are  employed  as  the  pat- 
tern and  breadth  require.  These  are  wound  upon 
the  requisite  number  of  bobbins  (made  of  bone, 
whence  the  name  bone-lcux),  which  are  thrown  over 
and  under  each  other  in  various  ways,  so  that  the 
threads  twine  round  pins  stuck  in  the  holes  of  the 
.pattern  (a  stiff  parchment  stretched  on  a  cushion  or 
pillow),  and  by  these  means  produce  the  openings 
which  give  the  desired  figure.  In  that  made  by 
machinery,  the  meshes  are  all  formed  by  a  continua- 
tion of  a  smgle  thread.  The  coarsest  is  called  Mech- 
Un-net,  the  finest  bobbin-net,  from  the  employment  of 
bobbins.  Lace  made  by  the  loom  is  generally  known 
as  British  lace. 

Mr.  Babbage  gives  the  following  curious  account 
of  lace  made  by  the  phtUna  pardUla  or  caterpillar. 
It  was  contrived  by  a  gentleman  of  Munich.  He 
makes  a  paste  of  the  leaves  of  the  plant  which  is 
the  usual  food  of  the  spedes  of  caterpillar  he  employs, 
and  spreads  it  thinly  ovc/^^ stone  or  other  flat  sub- 
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stance.  He  then,  with  a  camel-hair  pencil  dipped 
in  olive  oil,  draws  upon  the  coating  of  paste  tbe  pst- 
tem  he  wishes  the  insects  to  leave  open.  This  Hbmt 
is  then  placed  in  an  inclined  position,  and  a  mndxr 
of  caterpillars  are  placed  at  the  bottom.  A  pecalitr 
species  is  chosen,  which  spins  a  strong  web ;  and  tk 
animals,  commencing  at  the  botton,  eat  and  spii 
their  way  up  to  the  top,  carelully  avoidtng  eieiy 
part  touched  by  the  oil,  but  devouring  all  the  rest  of 
the  paste.  The  extreme  lightaess  of  these  vdk. 
combined  with  some  strength,  is  tmly  surpriong. 
One  of  them,  measuring  twenty-six  indies  and  a  half 
by  seventeen  inches,  weired  only  1.51  graia,  a 
degree  of  lightness  which  will  appear  more  strai^ 
by  contrast  with  other  fabrics.  One  square  yaid  oi 
the  substance  of  which  these  veils  are  made  wct^ 
4}  grains,  whilst  one  square  yard  of  silk  ganze  wei^ 
137  grains,  and  one  square  yard  of  the  finest  patcsl 
net  weighs  262|  grains.  The  ladies'  coloured  moriii 
dresses  mentioned  in  the  table  subjoined  cost  to 
shillings  per  dress,  and  each  weighs  six  ounces ;  the 
cotton  from  which  they  are  maide  weighing  ncarif 
six  ounces  and  two-ninths,  avoirdupois  wei^t. 

TF«ighi  of  one  sqmrt  yard  qf  each  of  ike  foUomiag 
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CaterpUlar  Veils  :  .  . 
Silk  (ianxe  8-4ths  vide  . 
Finest  Patent  Net  .  .  . 
Fine  Gunbric  Muslin  .  . 
6-4ths  Jaconet  Muslin 
Ladies*  coloured  MusUn  } 

Dresses \ 

6-4thsCambric    .  .    .   . 

9-8th8  Calico 

1  yard  Nankeen    .     .    . 


Value 
per  yard 
measure. 


i.  d. 

i  0 


% 

3 


0 
0 


1  8 
0  9 
0    8 


Weight 

finbbedof 

one  square 

yard. 


TroyOraljM, 

.^ 

9621 
551' 
613 

788 

988 


We%ktaf 

cottOBiaed 

Imaakia:^ 


yan. 
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Lactombtbr.  This  is  an  ingenious  little  instn- 
ment,  and  very  valuable,  as  it  offers  a  ready  mode 
for  ascertaining  the  quality  and  purity  of  miUc  Ii 
the  dairy,  it  likewise  enables  the  farmer  to  judge  of 
the  value  of  his  cows  from  the  quality  of  the  ni&. 
From  the  high  price  at  which  it  is  vended  by  mathe- 
matical instrument  makeis,  it  is,  however^  littir 
known,  and  the  principle  of  its  construction  is  9C3 
less  appreciated.  It  is  constructed  on  the  pjindpte 
of  the  separation  of  cream  from  the  milk,  and  the 
means  to  determine  the  proportion ;  this  will  at  oaee 
suggest  its  nature.  Upon  a  graduated  tube,  of  ^ 
length  of  ten  inches,  or  any  other  proportion,  is 
described  a  scale  containing  ten  equal  paita.  The 
three  upper  divisions  are  again  to  be  subdivided  mio 
ten  equal  parts,  and  we  shidl  thus  have  the  scale  con- 
taining one  hundred  and  numbered  in  thirty  eqvi^ 
parts.  To  ascertain  the  quality  of  an^  sample,  it  ii 
only  necessary  to  fill  the  tube  wiUi  milk  to  the  fint 
point ;  after  standing  three  hours,  the  whole  of  the 
cream  will  separate  and  float  to  the  top ;  ^  maik  to 
which  this  descends  will  indicate  the  per-centage  cf 
cream,  and,  in  consequence,  the  proportionate  qnafitr 
of  the  milk.  Milk  seldom  yields  above  twenty-five 
per  cent,  of  cream ; — ^that  vended  in  the  metropois 
rarely  affords  more  than  seven. 

Lamp.  The  invention  of  lamps  b  ascribed  to  the 
Egyptians.  At  the  festivals  in  honour  of  Minerva, 
at  Sals  in  Lower  Egypt,  great  numbers  of  lan^ 
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were  kq>t  barning.    They  were  known  eren  in  the 
thnes  of  Moses  and  Job.    The  Egyptians  were  also 
the  first  who  placed  burning  lamps  in  the  tombs  with 
their  dead,  as  an  emblem  of  the  immortality  of  the 
soul.     From  Egypt,  the  use  of  lamps  was  carried  to 
Greece,  where  they  were  also  consecrated  to  Minerva, 
the  goddess  of  learning,  as  indicative  of  the  nightly 
stu<fie8  of  the  scholar.    From  Greece,  the  use  of 
lamps  passed  to  the  Romans.    The  first  person  who 
is  known  to  have  published  a  collection  of  ancient 
lamps  is  Fortunio  Liceto,  an  Italian,  whose  chief 
design  appears  to  have  becni  to  prove  the  possibility 
of  the  existence  of  inextinguishable,  or  rather  per- 
petoally-buming,  lamps.    Pietro  Santo  Bartoli,  a 
countryman  of  his,  afterwards  published  at  Rome,  in 
the  ^eur  1691>  the  collection  of  Bellori ;  but  these  en- 
gravings are  exceedingly  ill  executed  and  unfEuthful. 
Fasseri,  however,  another  Italian,  published,  at  the 
suggestion  of  the  academy  of  Pesaro,  a  collection  of 
323  lamps,  which  he  possessed  in  his  nmseum.    The 
above-mentioned   collections,   however,    have    been 
much  sumassed  in  beauty  and  interest  by  that  of 
Portid.    The  sixth  hall  of  that  museum  b  entirely 
filled  with  lamps  and  candelabras  discovered  in  the 
houses  of  Pompeii  and  Herculaneum.    Representa- 
tions of  these  were  pubUshed  in  1792,  in  ninety- 
tiiree  copper-plates,  exclusive  of  vignettes.    They 
form  the  ninth  volume  of  the  Antiquities  of  Hercula' 
neum,     W^  find  there  represented  and  explained 
upwards  of  200  lamps  and  candelabras  of  bronze 
and  terracotta. 

The  ancients  appear  to  have  very  early  acquired 
the  practice  of  using  lamps.    The  use  of  oil  was  not 
perhaps  known  to  the  Romans  in  very  remote  ages, 
although  the  Greeks  unquestionably  were  acquainted 
with  it,  as  appears  from  several  passages  in  Herodo- 
tus.   We  find,  indeed,  the  figure  of  the  lamp  sculp- 
tured and  engraved  on  many  of  the  most  ancient  Greek 
vases.    It  is  with  a  lamp  that  Mercury,  as  depicted  on 
one  of  these,  lights  Jupiter,  who  is  represented  scaling 
with  a  ladder  &e  chamber  of  Alcmena.    Baked  earth 
was  the  substance  of  which  the  earliest  lamps  were 
composed,  but  subsequently  we  find  them  of  various 
metals— of  bronze  more  particularly.    A  few  ancient 
hnnpB  of  iron  are  also  extant;  but  these  are  rare, 
either  because  that  metal  was  little  used  for  the  pur- 
pose, or  on  account  of  its  more  ready  destruction  in 
the  ground.    There  are  four  specimens  in  the  museum 
of  the  king  of  Naples,  at  Portici,  where  there  b  like- 
wise one  specimen  of  a  lamp  of  glass.    It  is  entirely 
solid,  and  m  one  single  piece.     Pausanias  mentions 
a  golden  lamp  in  the  temple  of  Minerva,  and  St.  Au- 
gustine speaks  of  lamps  of  silver.    No  antique  of 
either  kind,  however,  has  reached  modem  times. 
The  testimony  of  Pliny,  St.  Augustine,  and  others, 
has  led  to  the  belief  that  the  ancients  had  perpetual 
lamps,   and  Liceto  composed  a  work  to  establish 
thb   supposition.     Different   authors   mention  in- 
stances of  lamps  which  in  modem  times  have  been 
found  burning  in  ancient  sepulchres,  but  ware  ex- 
tingubhed  as*  soon  as  the  external  air  was  admitted. 
The  most  fomous  instance  b  that  of  the  tomb  of 
TVlIiola,  daughter  of  Cicero,  discovered   in   1540. 
None  of  these  instances,  however,  can  be  considered 
as  proved.    The  idea  probably  arose  from  the  inflam- 
mation of  the  hydrogen  gas  contained  in  these  caverns, 
when  explorers  entered  them  with  torches. 

The  lamps  or  candlesticks  made  use  of  by  the  Jews, 
in  tfaehr  own  houses,  were  generally  put  into  a  very 


high  stand  on  the  ground.    The  lamps  supposed  to 
have  been  used  by  the  foolish  virgins,  &c.,  in  the 
gospel,  were  of  a  difierent  kind.    According  to  critics 
and  antiquaries,  they  were  a  sort  of  torches  made  of 
iron  or  potter's  earth,  wrapped  about  with  old  linen, 
and  moistened,  from  time  to  time,  with  oil.     (Matt, 
XXV.  1,  2.)    The  lamps  of  Gideon's  soldiers  were  of 
the  same  kind.    The  candlestick,  with  seven  branches, 
placed  in  the  sanctuary  by  Moses,  and  those  which 
Solomon  afterwards  prepared  for  the  temple,  are  said 
to  have  been  crystal  lamps  filled  with  oil,  and  fixed 
upon  the  branches.    Among  the  Romans,  also,  it 
was  customary  to  have  the  lamp  either  depending 
from  the  ceiling  or  placed  on  a  stand  in  the  room, 
since  the  use  of  tables  was  not  common  to  them,  and 
their  attitude,  in  studying,  as  well  as  at  their  repasts, 
was  a  half- recumbent  one,  holding  their  scroll  or 
tablets  before  them  on  their  knees.    These  stands 
were  often  highly  ornamented.    The  most  common 
form  of  them  was  a  tripod  with  lion's  feet,  from 
which  sprung  sometimes  the  shaft  of  a  column,  ac- 
cording to  one  of  the  orders  of  architecture,  the  disc 
placed  to  receive  the  lamp  forming  the  capital.   These 
vessels  were  generally  ornamented  with  mythological 
or  allegorical  subjects,  and  their  shape  varied  greatly. 
Sometimes  it  was  a  simple  dbc  with  a  hole  in  the 
circumference  through  which  to  pass  the  wick,  and 
another  in  the  middle  to  pour  the  oil  into.    At  other 
times,  they  represented  the  appearance  of  a  boat* 
Occasionally  their  extremity  terminated  in  two  or 
three  divisions,  according  to  the  number  of  beaks ; 
but  it  would  be  endless  to  attempt  to  pursue  these 
details.     Inscriptions    were    likewise   often   placed 
upon  them. 

Public  illuminations  on  occasions  of  national  re- 
joicing were  common  to  the  Romans.  On  the  birth- 
days of  their  princes,  on  great  religious  solemnities, 
&c.,  they  suspnended  lamps  at  the  windows.  Juvenal 
and  Persius  both  make  mention  of  this  usage.  Va- 
rious motives  have  been  assigned  for  the  ancient  prac- 
tice of  placing  lamps  in  sepulchres.  One  of  the  most 
ingenious,  and  pernaps  the  most  satbfactory,  is  that 
it  was  allegorical  of  the  cessation  of  mortal  life — of 
the  separation  of  the  soul,  which  the  ancients  re- 
garded as  an  emanation  of  fire.  On  some  sepulchral 
lamps  we  find  sculptured  the  figure  of  a  butterfly,  in 
allusion  no  doubt  to  the  equally  cheerful  and  elegant 
imagination  of  the  escape  of  the  spirit,  in  a  more 
aerial  semblance,  from  its  chrysalis  state.  The  early 
Christians  adopted,  in  their  monuments,  thb  pagan 
usage,  together  with  many  others,  and  the  lamp  has 
been  found  in  the  tombs  of  saints  and  martyrs,  and  of 
distinguished  men  who  embraced  Christianity.  In 
these  instances  it  was  no  doubt  meant  still  more  to 
be  illustrative  of  that  divine  flame  by  which  they 
were  inspired,  and  whose  inward  light  guided  them 
through  the  many  savage  persecutions  suffered  by  the 
primitive  followers  of  our  holy  faith.  The  shapes  of 
ancient  lamps,  as  well  as  many  other  ancient  utensils, 
have  been  imitated  with  much  success  by  Mr.  Wedg- 
wood. 

The  best  lamps  now  in  use  are  those  invented  hj 
Argand,  at  Geneva,  in  1784.  The  principle  on  which 
the  superiority  of  tiie  Argand  lamp  depends  is  the  ad- 
mission of  a  larger  quantity  of  air  to  the  flame  than  can 
be  done  in  the  common  way.  This  is  accomplbhed 
by  making  the  wick  of  a  circular  form,  by  which 
means  a  current  of  air  rushes  through  the  cylinder  on 
which  it  is  placed  with  great  force )  and,  along  with 
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illumiDated,  wnds  fortb  ra^  from  tvety  point,  whicb, 

bj'  pusiDg  through  th«  lens  belonging  to  Che  sliding 
tube,  are  conveyed  to  a  focns  upon  the  wall,  and 
fonn  the  large  imtget. 

The  PKantoMmagoria  is  like  the  magic  lantern,  only, 
instead  ol  the  figures  being  on  transparent  glass,  ^ 
the  glass  is  opaque,  except  the  figure  only,  which 
being  painted  in  transparent  coloura,  the  light  shines 
through  it,  and  no  light  can  fall  on  the 
what  passes  through  the  figure.  The  screen  is  very 
thin  silk,  between  Uie  spectators  and  the  lantern, 
and,  by  moving  the  instrument  backwards  or  for- 
wanls,  the  figures  seem  to  recede  or  approach. 

L*.ocooN,  a  priest  of  Neptune  (accoiiling  to  some, 
of  Apollo),  at  Troy,  aAer  the  pretended  retreat  of  the 
Greeks,  was  sacrificing  a  bull  to  Neptane,  on  the 
shore,  when  two  enormous  serpents  appeared  swim- 
ming from  the  island  of  Tenedos,  and  advanced  to- 
wards the  altar.  The  people  fled ;  but  Laocoon  and 
hi*  sons  fel(  victims  to  the  monsters.  The  sons  were 
first  attacked,  and  then  the  father,  who  attempted  to 
defend  them.  Wreathing  themselves  round  him,  the 
BCqMntB  raised  their  heads  high  above  him,  while,  in 
his  agony,  he  endeavoured  to  extricate  himself  from 
their  folds,  lliey  then  hastened  to  the  temple  of 
Pailaa,  where,  placing  themselves  at  the  foot  of  the 
goddess,  they  hid  themselves  under  her  shield.  The 
people  saw,  in  this  omen,  Laocoon's  punishment 
far  his  impiety  in  having  pierced  with  his  spear  the 
wooden  horse  which  was  consecrated  to  Minerva- 

We  allude  to  the  above  fabulous  acRount  to  illustrate 
the  design  of  one  of  the  finest  works  of  ancient  art- 
It  forms  a  group  of  superlative  eicellence,  and  may  in 
this  respect  have  a  place  with  the  "  Punishment  of 
pirce."  described  in  our  article  Gbodpii 


centre,  thns  giving  the  pyramic 
^ap.  Agony  of  the  most  intense  kind  is  depicted 
m  the  countenance  and  convulsed  body  of  Laocoon. 
who  is  attempting  to  nntwine  the  serpents  from  his 
body.  Their  many  knotted  wreaths  have  also  ex- 
tended to  the  sons,  who  with  npliflcd  bands  and  Im- 
ploring eyes  appear  to  solicit  that  aid  from  their 
parent  which  he  is  unable  to  afFbrd. 

The  only  fault  of  this  group,  as  a  work  of  art,  is  its 
complexity,  the  twining  uf  the  serpents  prevents  the 
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eye  fronrfollowing  the  general  oudine  of  dtefignra, 
each  of  which  would  form  a  good  subject  for  fi^ 
artist. 

Lapidabt,  in  the  preparation  of  gents  tot  eolp- 
tnre,  an  artificer  who  cuts  precious  stoaei.  Tl» 
art  is  of  great  antiquity.  There  are  variona  "'yhinn 
employed  in  the  cutting  of  precious  stooes,  acix>rdiB| 
to  their  quality.  The  diamond,  which  is  eitieawilj 
hard,  is  cat  in  a  wheel  of  soft  metal  turned  by  a  miD, 
with  diamond  dust,  tempered  with  olive-oil,  vhkk 
also  serves  to  polish  it. 

Lafidolitb.     See  Mic&. 

Lapis  Lazuli.  This  superb  miners!,  wiaA  hti 
been  seen  r^ularly  cryst^Iized  only  in  a  bw  la. 
stances,  occurs  massive,  of  a  rich  azure-blae  colaar. 
It  consists,  by  one  analysis,  of  46  silei,  28  bat, 
14.6  alumine,  3  oxide  of  irou,  6.5  solphUe  of  line, 
and  2  water ;  but  a  later  and  more  intereating  n- 
search  has  gi^en  34  silex,  33  alumine,  3  snlpliiir,  and 
The  finest  specimens  are  .brongbt  froa 
China,  Persia,  and  Qreat  Bucharia.  It  ia  macb  ss- 
Ceeroed  for  ornamental  purposes,  especially  for  inbid 
work.  The  most  splendid  exhibition  of  tbis  rare  sab- 
stance  is  made  in  Uie  celebrated  marble  palace  bnik 
by  Catherine,  at  St,  Peterabarg,  for  her  favowile 
Orlof,  in  whicb,  according  to  Fatrin,  there  are  entin 
apartments  inlayed  with  lapb  lazuli.  The  wicicBl* 
were  in  the  habit  of  mgraving  upon  it,  of  whost 
works  several  specimens  are  to  be  seen  in  tbe  rofal 
library  at  Paris.  But  its  chief  value  consiats  in  its 
affording  the  very  precious  pigment  called  alfi  iiwji 

LAqDiaiMOi  the  laying  on  metals  coloured  ■» 
transparent  varnishes,  to  produce  the  appesuaooe  tt 
a  different  colour  in  the  metal,  or  to  preserve  it  froK 
rnst.  Tlius  laqnered  braas  appear?  gilt,  and  tin  ii 
made  yellow.  Seed-lac  is  the  chief  compoutioa  far 
laquers,  but  turpentine  makes  a  cheaper  laquer. 

LABBOAmo;  a  name  given  by  seamen  to  the  kA 
side  of  a  ship,  when  the  spectator's  face  is  twned  la 
the  direction  of  the  head. 

Larboard-Thelc  is  when  a  ship  is  close-IiMiled.  witk 
the  wind  blowing  on  her  larhoud  ude. 

LAVBitDBK,  a  delightTally  fragrant  plant,  luttive  of 
the  south  of  Europe,  and  now  commonly  caltiTat«d  is 
our  gardens.  All  the  labiate  plants  are  arosnktic  a^ 
stimulating,  but  these  properties  are  mor«  poweAil 
in  this  plant  than  in  any  oAer  of  the  tribe,  eapeciaUy 
when  it  grows  in  a  warm  and  snnny  exposure,  ht- 
Buch  situations,  it  sometimes  contains  one- 
fourth  of  its  weight  in  camphor.  To  tbe  abondnnec 
trf'  this  plant  is  attributed  the  superiority  of  ^ 
honey  in  certain  parts  of  Europe.  The  volatik  ofl. 
distilled  water,  and  tincture  of  lavender,  are  moiA 
employed  in  officinal  preparations,  and  aa  pnfosDM- 
The  flowers  yield  by  far  the  greatest  propt}rticm  of 

Lazabstto}  a  public  building,  hospital,  or  pest- 
house,  for  the  reception  of  those  affiirted  with  o^ 
tagiouB  distempers.  It  is  mote  particularly  applM 
to  buildings  in  which  quarantine  is  performed. 

Lbad  is  a  metal  very  anciently  known  j  it  ia  oAen 
mentioned  by  Moses.  Its  alchemical  name  wm 
Salunua.  It  has  a  bluish-grey  colour,  smd,  wlioi 
recently  cut,  a  strong  metallic  Instre;  but  it  eoe* 
tarnishes  from  exposure  to  the  air ;  specific  grmnty. 
11.358.  It  is  toll,  flexible,  and  inelastic.  It  i«  naJ- 
leable  and  ductile.  In  tenacity,  it  is  inferior  to  all 
ductile  metals.  It  soils  paper  and  the  fingen,  impnrta 
~  slight  taste,  and  emits,  by  friction,  a  peculiar  aaacll. 
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It  IB  a  good  coHdactor  of  heat,  melts  at  612*^  Falir., 
and,  when  cooled,  slowly  crystallizes  in  quadrangular 
pyramids.  It  is  but  slowly  affected  by  the  atmosphere 
at  common  temperatures ;  but,  when  maintained  in  a 
state  of  fusion,  it  absorbs  oxygen  rapidly,  and  is  con- 
verted into  a  dull  grey  dross  or  powder.  When  this 
dross  is  heated  to  a  low  ignition,  it  becomes  of  a  dull 
yellow  colour,  and  is  called  common  massieot ;  and,  by 
a  higher  heat  and  longer  exposure  to  the  air,  it  as- 
sumes a  deeper  yellow,  and  is  then  called  nutsnco/. 
This  is  the  protoxide  of  lead,  and  consists,  in  112 
parts,  of  104  lead  and  eight  oxygen.  It  is  insoluble 
m  water,  melts  on  ignition,  and  is  unchanged  by  heat 
in  dose  vessels.  When  it  contains  about  four  per  cent. 
of  carbonic  acid,  it  is  called  litharge.  It  unites  with 
acids,  and  is  the  base  of  the  salts  of  lead. 

If  the  protoxide,  or  metallic  lead,  be  subjected, 
during  forty-  eight  hours,  to  the  heat  of  a  reverberatory 
furnace,  it  passes  to  the  condition  of  red  oxide,  or 
what  is  commonly  called  minium,  or  red  lead.  This 
is  regarded  by  Doctor  Thomson  as  a  mixture  of 
the  protoxide  and  deutoxide  of  lead.  After  the  pro- 
toxide is  separated  by  acetic  acid,  the  deutoxide,  of  a 
dark  red  colour,  remains.  Its  composition  is,  in  116 
parts,  104  lead,  12  oxygen.  The  peroxide  of  lead  is 
formed  by  passing  chlorine  gas  through  a  solution 
of  acetate  of  lead.  Its  colour  is  brown.  Heated 
moderately,  especially  with  the  addition  of  sulphuric 
acid,  it  gives  out  oxygen,  and  becomes  deutoxide ;  and 
at  a  cherry-red  heat  it  passes  to  the  state  of  the  pro- 
toxide :  120  parts  contain  104  of  lead.  Lead  forms  a 
compound  with  chlorine.  The  union  is  effected  by 
exposing  the  metal  in  thin  plates  to  the  action  of 
chlorine  gas,  or,  more  easily,  by  adding  muriatic  acid, 
or  a  solution  of  common  salt,  to  the  acetate  or  nitrate 
of  lead  dissolved  in  water.  This  chloride  fuses  at  a 
temperature  below  redness,  and  forms,  as  it  cools,  a 
semi-transparent,  homy  mass,  sometimes  called  horn 
had,  or  phmbitm  eorweum.  It  bears  a  full  red  heat  in 
close  vessels  without  subliming. 

The  pigment  called  mineral  or  patent  yellow  is  a 
compound  of  the  chloride  and  protoxide  of  lead.  It 
is  prepared  for  the  purposes  of  the  arts  by  the  action 
of  moistened  sea-salt  on  litharge,  by  which  means  a 
portion  of  the  protoxide  is  converted  into  chloride  of 
lead.  It  is  a  paint  little  used,  however,  in  conse- 
quence of  the  preference  given  to  the  chrome  yellow. 
An  iodide  of  lead  is  easily  formed  by  mingling  a  solu- 
tion of  hydiiodic  acid,  or  hydriodate  of  potassa,  with 
the  acetate  or  nitrate  of  lead  dissolved  in  water.  It 
ia  of  a  rich  yellow  colour,  and  is  deposited  from  boil- 
ing  water  on  cooling  in  crystalline  grains  of  a  bril- 
liant lustre.  Lead  combines  with  sulphur.  The 
sulphwret  may  be  made  by  shnply  heating  lead  and 
sulphur  together,  or  by  the  action  of  sulphuretted 
bydrogen  on  a  salt  of  lead.  It  is  an  abundant  natural 
product,  and  is  known  under  the  name  of  galena  in 
mineralogy. 

The  pho9phuret  of  lead  is  formed  by  dropping  phos- 
phorus into  melted  lead  contained  in  a  crucible,  or  by 
lieating  equal  parts  of  lead  filings  and  phosphoric 
grlass  with  one-eighth  of  charcoal  powder.  As  re- 
spects the  u»es  of  metallic  lead  and  the  oxides,  it  is 
-well  known  that  the  former  is  much  employed  in  the 
arts,  particularly  for  buildings  and  cisterns.  For  the 
first  of  these  uses  it  has  many  advantages.  It  is 
easily  worked  into  any  shape,  on  account  of  its  great 
softness,  and  is  sufficiently  malleable  to  fold  two 
edges  over  each  other,  so  as  to  make  it  water-tight. 
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without  soldering.  This  is  a  very  great  advantage, 
since,  when  pieces  are  soldered  together,  the  expan- 
sion and  contraction,  by  a  change  of  temperature, 
soon  cause  a  rupture.  Although  it  is  in  very  general 
U3e  for  water  cisterns,  pumps,  and  pipes  for  conveying 
water,  serious  objections  have,  from  time  to  tune, 
been  urged  against  its  employment  for  this  purpose. 
It  has  been  found  that,  in  pure  water,  it  is  oxidized 
with  considerable  rapidity,  carbonate  of  lead  being 
formed  by  the  action  of  the  oxygen  and  carbonic  acid 
of  the  air.  But  if  the  water,  as  is  the  case  with  the 
majority  of  springs,  contains  a  small  proportion  of 
saline  matter,  especiaUy  if  a  sulphate  is  present, 
which  never  fails  to  precipitate  lead  from  any  of  its 
solutions,  the  liability  of  the  water  to  be  prejudiced 
by  the  lead  is  verj  small.  And,  in  other  cases,  there 
can  be  no  danger  n  delivering  water  through  aque- 
ducts of  lead,  pro\.ded  they  are  constantly  kept  full 
of  water,  so  as  al^ys  to  exclude  the  air. 

Great  mischief  las  been  produced  by  the  use  of 
lead  in  dairies.  L  the  milk  run  into  the  slightest 
acidity,  some  lead  will  be  dissolved,  and  injurious 
consequences  will  bllow  if  it  be  taken  into  the 
stomach.  In  the  g-anulation  of  lead  for  shot,  a 
small  portion  of  arsnic  is  added.  The  proportion 
is  about  two  per  cent  of  the  white  or  yellow  arsenic. 
The  compound  is  heaki  red-hot  for  three  hours  in  an 
iron-pot,  protected  b  a  tight  cover,  when  the  con- 
tents are  let  fall  intoa  reservoir  of  water,  from  a 
height  of  10  to  150  fee  as  the  shot  are  to  be  coarser 
or  finer.  One  part  of  n  and  two  of  lead  form  an 
alloy  fusible  at  350°  Far.,  which  is  used  by  tinmen 
under  the  name  of  soft  »Wer.  Lead  also  forms  an 
imperfect  alloy.with  coppr.  The  metal  used  for  com- 
mon brass-cocks  is  an  Uoy  of  these  two  metals. 
The  union  of  these  two  m<als,  however,  is  exceedingly 
slight;  for,  upon  exposing  \e  alloy  to  a  heat  no  greater 
than  that  in  which  lead  m^,  the  lead  almost  entirely 
runs  off  of  itself.  This  pnxas  is  called  eliquation.  Of 
the  oxides,  the  mixture  ofthe  protoxide  and  deu- 
toxide which  forms  the  red-iad  is  of  considerable  im- 
portance as  a  pigment.  Its  lanufacture  in  Germany 
is  conducted  as  follows:  ISdbs.  of  lead  are  calcined 
for  eight  hours  upon  the  heath  of  a  cupola  furnace, 
and  constantly  stirred ;  it  is  Uen  left  in  the  furnace 
for  sixteen  hours,  and  only  stired  at  intervals.  This 
calcined  lead,  or  massicot,  iseround  in  a  mill  with 
water,  washed  on  tables,  and,  king  dried,  is  put  into 
stone-pots,  of  such  a  size  that  hirty-two  pounds  fill 
them  somewhat  more  than  one  (garter  full.  Several  of 
these  pots  are  laid  horizontally  a  the  colour  furnace, 
so  that  the  flame  may  go  quite  romd  them,  and  a  piece 
of  brick  is  put  before  the  opening  of  each  pot.  A  fire 
is  kept  up  in  this  furnace  for  aboit  forty-eight  hours, 
and  the  matter  in  the  pots  stirrd  every  half-hour. 
The  process  being  over,  the  red-led  is  passed  through 
a  sieve.  In  this  operation,  100  Ibi.  of  lead  generally 
increase  ten  pounds  in  weight.  Rel-lead  is  also  made 
from  litharge,  by  heating  it  in  pott  in  a  reverbera- 
tory furnace. 

The  salts  of  lead  have  the  protoxide,  as  has  before 
been  remarked,  for  their  base,  and  are  readily  dis- 
tinguished by  the  following  general  characters : — 
1.  The  salts  which  dissolve  in  water  usually  give  co- 
lourless solutions,  which  have  an  astringent,  sweetish 
taste ;  2.  placed  on  charcoal,  they  all  yield,  by  the 
blow-pipe,  a  button  of  lead ;  3.  ferropmssiate  of  pot- 
ash occasions  in  their  solutions  a  white  precipitate ; 
4  .sulphuretted  hydrogen  and  hydrosulphurets  produce 
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acid  18  gradually  injected  into  the  cyliader  al  tike 
lower  part. 

Steam  from  a  boiler  under  considerable  pressue  is 
now  admitted  into  the  chamber  surrouDding  the 
containing  c^^linder,  for  the  purpose  of  heating  the 
materials  within.  This  operation  is  to  be  coDtiniKd 
for  several  hours,  the  stirrer  being  continually  turned 
for  the  purpose  of  bringing  all  the  particles  of  tk 
material  imder  the  action  of  the  add  and  the  heated 
vapour. 

The  top  of  the  cylindrical  vessel  is  of  course  to  be 
closed,  having  an  aperture  with  stuffing,  throogb 
which  the  upper  end  of  the  spindle  or  shaft  of  the 
stirrer  passes ;  but  a  tube  is  introduced  into  the  top, 
for  the  purpose  of  carrying  off  the  vapour  arislDg 
within  the  vessel  to  a  condenser,  or  into  a  chimney, 
or  away  into  the  open  air,  at  a  distance  from  the 
workmen.  A  hole  is  likewise  made  in  the  top  with 
a  stopper,  by  which  small  quantities  of  the  mateml 
can  be  occasionally  withdrawn,  by  a  ladle,  for  the 
purpose  of  ascertaining  the  progress  of  the  operatioD 
within. 

The  pulverised  ore,  having  been  thus  operated  open 
for  several  hours,  is  afterwards  allowed  to  remain 
in  the  retort  for  two  or  three  days,  or  under  some 
circumstances  for  a  longer  time,  occasionally  stirring 
it  up,  and  drawing  off  Uie  acid.  It  is  then  removed 
and  washed  in  water  in  order  to  discharge  the  add; 
and  when  this  is  done,  and  the  material  dried,  a  si- 
milar quantity  of  salt-petre  is  again  mixed  with  it  in 
the  retort,  and  the  operation  performed  in  a  ft^ 
quantity  of  acid  as  before. 

The  material  being  a  second  time  withdrawn  from 
the  retort,  it  is  to  be  thoroughly  washed  in  warn 
v^ater,  until  every  appearance  of  acid  has  become 
completely  removed,  after  which,  being  dried,  and 
then  ground  in  water,  in  the  way  white  lesd  is 
usually  treated,  it  becomes  fit  for  use. 

The  patentee  proposes  to  employ  sulphuric  add 
in  the  retort,  but  in  the  second  operation  he  some- 
times uses  nitric  acid,  and,  under  certain  circum- 
stances, other  acids.  He  has  described  a  paiticolir 
formed  vessel  to  be  used  as  a  retort,  but  has  not 
exhibited  any  figure,  as  the  vessel  may  be  variously 
constructed  without  deviating  from  the  general 
principle.  Steam,  under  gjeat  pressure,  b  proposed 
and  most  approved  as  the  heating  material ;  but  fire 
may  be  applied  directly  to  the  under  part  of  the  vesd, 
and  effect  the  same  object. 

Thus  a  variety  of  changes  may  be  made  in  the 
modes  of  conducting  the  operation,  all  of  whidi 
come  within  the  contemplation  of  the  patentee,  and 
are  claimed  by  him  under  the  present  patent 

Ceruse  is  the  only  white  used  in  oil  pamtings.  Com- 
monly, it  is  adulterated  with  a  mixture  of  chalk  in  the 
shops.  It  may  be  dissolved  without  difficulty  in  the 
acetic  acid,  and  affords  a  crystaliizable  salt,  called 
8ugar  of  lead,  from  its  sweet  taste.  This,  like  all  the 
preparations  of  lead,  is  a  deadly  poison.  The  conunon 
sugar  of  lead  is  an  acetate  ;  and  Goulard's  taind, 
made  by  boiling  litharge  in  vinegar,  asubacetaie.  T^ 
power  of  this  salt,  as  a  coagulator  of  macus,  is 
superior  to  that  of  the  other.  If  a  plate  of  zinc  be 
suspended,  by  a  thread,  in  a  solution  of  acetate  of 
lead,  the  lead  will  be  revived,and  form  an  arbor  Setvni* 
The  acetate,  or  sugar  of  leeul,  is  usually  crystallized 
in  needles,  which  have  a  silky  appearance.  They  are 

^ ^^ , , 53„   flat  four-sided  prisms,  with  pointed  summits;  spea- 

thc  latter  of  which,  by  means  of  a  force-pump,  the  |  fie  gravity,  2.345.    It  is  soluble  in  three  times  and 


a  black  precipitate;  5.  a  plate  of  zmc,  a  white  pre- 
cinitate,  or  metallic  leaf. 

Most  of  the  acids  attack  lead.  The  sulphuric  does 
not  act  upon  it  unless  it  be  concentrated  and  boiling. 
Sulphurous  acid  gas  escapes  during  this  process,  and 
the  acid  is  decomposed.  When  the  distillation  is 
carried  on  to  dryness,  a  saline  white  mass  is  produced, 
a  small  portion  of  which  is  soluble  in  v^rater,  and  is 
the  sulphate  of  lead;  it  affords  crystals.  The  residue 
of  the  white  mass  is  an  insoluble  sulphate  of  lead. 
It  consists  of  five  acid  and  fourteen  protoxide  of  lead. 
Nitric  acid  acts  strongly  on  lead.  The  nitrate  solu- 
tion yields  by  evaporation  tetrahedml  crystals,  which 
are  white,  opaque,  and  of  a  specific  gravity  of  four. 
They  consist  of  6.75  acid,  and  four^n  protoxide.  A 
.  tubnitrate  may  be  formed  by  boililg  in  water  equal 
weights  of  the  nitrate  and  protoxid^'  also  by  boiling  a 
solution  of  ten  parts  of  the  nitrate  vtth  7.8  of  metallic 
lead.  Acetic  acid  dissolves  lew  and  its  oxides, 
though  probably  the  access  of  ai*aay  be  necessar>' 
to  the  solution  of  the  metal  itself  V  this  acid. 

White  lead,  or  ceruse,  is  madeby  rolling  leaden 
plates  spirally  up,  so  as  to  leave  lie  space  of  about 
an  inch  between  each  coil,  andplacing  them  ver- 
tically in  earthen  pots,  at  the  K)ttom  of  which  is 
some  good  vinegar.  The  pots  tre  covered  and  ex- 
posed  for  a  length  of  time  to  a  ^ntle  heat  m  a  sand- 
bath,  or  by  bedding  them  in  di^g.  The  vapour  of 
the  vinegar,  assisted  by  the  tcflency  of  the  lead  to 
combine  vrith  the  oxygen  whi#  is  present,  corrodes 
the  lead,  and  converts  the  e^rnal  portion  into  a 
white  substance,  which  comes>ff  in  flakes  when  the 
lead  is  uncoiled.  The  plate  are  thus  treated  re- 
peatedly,  until  they  are  corr^d  through. 

There  is  a  new  patent  for  ^  manufacture  of  white 
lead,  which  should  here  be  oliced.  It  is  proposed 
to  take  a  quantity  of  sulpV^t  of  lead  or  lead  ore, 
say  half  a  ton,  and  havin^oken  it,  by  pounding  or 
rolling,  into  a  powder,  tjfc  burn  or  roast  it  at  a 
temperature  below  that  w^l^  would  melt  the  metal. 
After  the  ore  has  becom^ld,  it  is  to  be  pulverised 
again,  and  reduced  to  f  finest  powder,  and  then 
well  washed  in  water,  trf»g  off  the  lighter  particles, 
which  float,  and  pounds  *!»«  coarser  again,  until 
the  whole  is  reduced  txsf^^  as  possible. 

This  powder  is  nowi  he  dried  in  pans,  by  ex- 
posure to  the  air,  or  '^^  suitable  stove  ;  and,  when 
perfectly  dry,  about  /o  hundred  weight  of  salt- 
petre is  to  be  mixed  vp  it,  and  the  whole  placed  in 
a  retort,  to  undergo  cA^rt  of  distillation. 

The  retort  to  be  e#>loyed  is  a  cylindrical  vessel 
of  iron,  lined  with  1^»  placed  erect  within  another 
as  a  jacket,  and  fast^^d  together  by  flanges,  forming 
a  steam-tight  jointAnd  leaving  a  space  between,  all 
round  and  at  bottp*  for  the  passage  of  steam,  by 
which  the  retort  is/t>  be  heated. 

In  this  vessel,  t]^  materials  above  prepared  are  to 
be  placed,  and  tojbe  constantly  agitated  during  the 
operation,  by  maps  of  a  perpendicular  shaft  with 
arms,  which  is  litroduced  into  the  cylinder,  and 
may  be  turned  r^nd  by  hand,  or  by  any  other  con- 
venient means. 

Above  the  c^inder  there  is  a  vat,  or  cistern,  in- 
tended to  contaP  about  two  hundred  weight  of  sul- 
phuric acid,  of  a  specific  gravity  of  from  1.400  to 
1.740.  From  fiiis  vat  two  pipes  descend,  one  lead- 
ing to  the  top  of  the  cylinder,  which  admits  the  acid 
through  a  stop-cock,  the  other  to  the  bottom,  through 
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a  half  its  weight  of  cold  water,  and  in  somewhat  less 
of  boiling  water. 

Acetate  and  snbacetate  of  lead  in  solutions  have 
been  used  as  external  applications  to  inflamed  sur- 
faces, scrofulous  sores,  and  as  eye-washes.  In  some  ex- 
treme cases  of  hemorrhage  from  the  lungs  and  bowels, 
the  former  salt  has  been  prescribed,  but  rarely,  and 
in  minute  doses,  as  a  corrugant  or  astringent.    The 
colic  of  the  painters  shows  the  very  deleterious  opera- 
tion of  this  metal  when  introduced  into  the  system 
in  the  minutest  quantities  at  a  time.   A  course  of  sul- 
phuretted hydrogen  waters,  laxatives  (of  which  sul- 
phur, castor-oil,  Epsom-salts,  or  calomel,  should  be 
preferred),  a  mercurial  course,  the  hot  sea-bath,  and 
electricity,  are  the  appropriate  remedies.    Dealers  in 
wines  have  occasionally  sweetened  their  acid  wines 
with  litharge,  or  its  salts.  This  nefarious  adulteration 
is  at  once  detected  by  the  use  of  sulphuretted  hydro- 
gen water,  which  will  throw  down  the  lead  in  the 
state  of  a  dark  brown  sulphuret.     Burgundy  wine, 
and  all  such  as  contain  tartar,  will  not  hold  lead  in 
solution,  in  consequence  of  the  insolubility  of  the 
tartrate.    The  proper  counter-poison  for  a  dangerous 
dose  of  sugar  of  lead  is  solution  of  Epsom  or  Glauber 
salt,  liberally  swallowed ;  either  of  which  medicines 
instantly  converts  the  poisonous  acetate  of  lead  into 
the  inert  sulphate.    Sugar  has  been  found  to  neu- 
tralize the  [Kiispnous  action  of  acetate  of  lead,  and 
thereibre  may  be  regarded  as  an  excellent  antidote  to  it. 
Lbaoub  ;  a  measure  of  length,  containing  more  or 
fewer  geometrical  paces,  according  to  the  different 
usages  and  customs  of  countries.    A  sea  league  con- 
tains 3000  geometrical  paces,  or  three  English  miles. 
Hie  French  league  sometimes  contains  the  same 
measure,  and,  in  some  parts  of  France,  it  consists  of 
3500  paces.    The  mean  or  common  league  consists 
of  2400  paces,  and  the  little  league  of  2000.   Twenty 
common  Spanish  leagues  make  a  degree,  or  69i 
English  statute  miles.    The  German  league  (rneile) 
contains  four  Englbh  geographical  miles.    The  Per- 
sian league  is  also  equal  to  four  such  miles,  being 
very  near  to  what  Herodotus  calls  the  length  of  the 
Persian  panuang,  which  contains  30  stadia,  eight  of 
which  make  a  mile.     See  Mile. 

Leech  ;  a  genus  of  molluscous  animals,  which 
have  an  oblong  body,  a  mouth  surrounded  by  a  lip, 
and  a  disc  at  the  posterior  extremity,  by  both  of 
which  they  can  affix  themselves  to  bodies^  In  the 
mouth  are  three  small  jaws,  tongues,  or  plaits  of 
sktn,  by  which  they  are  enabled  to  extract  the  blood 
of  other  animals,  that  forming  their  principal  nourish- 
ment. Leeches  are  hermaphrodites,  and  some  species 
are  viviparous.  They  occur  in  ponds  and  streams,  in 
almost  all  countries.  They  derive  their  principal 
interest  from  the  use  made  of  them  as  a  remedial 
agent.  There  are  several  of  the  species  which  are 
capable  of  being  thus  used,  though  it  is  commonly 
supposed  that  only  two  sorts  are  proper.  The  employ- 
ment of  leeches  in  France  may  be  judged  of  from  the 
circumstance  that  the  hospitals  of  Paris  require  an  an- 
nual supply  of  several  hundred  thousands,  in  Philadel- 
phia, in  America,  the  supply  rcquired*is  from  150,000 
to  200,000.  The  leech,  when  forcibly  pulled  away 
whilst  sucking,  is  very  apt  to  leave  the  teeth,  or 
plaits  of  skin,  spoken  of  above,  in  the  wound,  occa- 
sioning pain  and  inflammation  of  the  part ;  the  leech 
is  also  rendered  incapable  of  again  biting.  The  most 
certain  method  of  inducing  these  animals  to  bite  is 
to  cleanse  the  skin  thoroughly :  the  lecchcd  should 


be  exposed  to  the  air  for  a  short  time  previous  to  their 
application,  as  by  this  means  they  will  bite  more 
freely.  If  they  are  voracious,  they  may  be  applied 
to  the  part  by  being  held  lightly  in  the  fingers,  or 
they  may  be  placed  in  a  cup  which  is  to  be  inverted 
over  the  part  from  which  Uie  blood  is  to  be  drawn. 
They  should  not  be  disturbed  whilst  sucking,  nor  the 
patient  be  exposed  to  too  great  warmth,  or  they  will 
fall  off;  this  they  should  always  be  permitted  to  do 
of  their  own  accord.  They  are  made  to  disgorge, 
by  putting  them  in  a  weak  solution  of  common  salt ; 
and,  if  they  have  not  been  injured,  they  may  be  used 
five  or  six  times.  They  are  taken  either  by  hand  or 
by  means  of  a  gauze  net.  In  keeping  them,  great 
care  should  be  taken  to  renew  the  water  frequently, 
and  not  to  place  too  many  in  the  same  reservoir,  but 
to  remove  speedily  all  that  may  die.  Notwithstand- 
ing every  precaution  that  can  be  taken,  they  will 
sometimes  perish  in  great  numbers,  apparently  from 
an  epidemic  disease.  It  appears  that,  in  such  cases, 
the  use  of  charcoal  is  the  best  preventive :  for  this  pur- 
pose, the  bottom  of  the  reservoir  is  to  be  strewed  with 
small  pieces  of  this  substance,  kept  down  by  moss. 
In  1821,  France  is  said  to  have  exported  1,500,000, 
and,  in  1829,  33,650,000  leeches.  The  greater  part 
of  the  leeches  employed  in  this  country  are  brought 
from  Holland. 

Leeward,  to,  denotes  towards  that  part  of  the 
horizon  which  lies  under  the  lee,  or  whither  the  wind 
blows. 

Legato;  a  word  used  in  opposition  to  staccato, 
and  implying  that  the  notes  of  the  movement  or  pas- 
sage to  which  it  is  affixed  are  to  be  performed  in  a 
close,  smooth,  and  gliding  manner,  holding  each  note 
till  the  next  is  struck. 

Leghorn  Plat.  This  name  is  given  to  a  peculiar 
species  of  manufactured  straw  of  great  durability 
and  beauty. 

During  the  last  war  the  importation  of  hats,  and 
similar  articles,  manufactured  of  the  fine  straw  grown 
for  that  purpose,  and  known  by  the  name  of  Leghorn 
plat,  was  almost  entirely  put  an  end  to.  The  na- 
tural consequence  was  an  extraordinary  degree  of 
encouragement  of  our  home  manufactures  of  platted 
straw,  by  the  wives  and  children  of  the  agricultural 
labourers  of  Bedfordshire,  Hertfordshire,  and  Buck- 
inghamshire. At  the  conclusion  of  the  war  this 
branch  of  trade  fell  into  the  usual,  channels,  and 
bonnets  and  hats  of  genuine  Leghorn  plat  soon  found 
their  way  again  into  our  market. 

The  Leghorn  straw,  being  much  more  slender  than 
the  English,  may  be  used  whole  for  the  finest  ar- 
ticles, by  which  means  the  plat  is  rendered  more 
even,  pliable,  and  durable,  than  that  of  equal  fine- 
ness made  from  split  straw.  It  is  also  much  superior 
in  colour.  To  which  we  may  add  that  the  Leghorn 
plat  admits  of  being  joined  by  knitting  the  adjacent 
edges  together,  instead  of  overlapping  and  sewing 
them,  as  is  the  case  with  English  plat. 

The  process  of  platting  straw  in  the  Italian  manner 
may  easily  be  explained.  The  ears  are  cut  off  the 
straw,  and  the  straws  sized  as  to  length  and  thick- 
ness, and  also  colour.  Thirteen  straws  are  then 
taken  and  tied  together  at  one  end ;  they  are  then 
divided  into  a  right  angle,  placing  six  straws  on  the 
left  side,  and  seven  on  the  right.  The  seventh  or 
outermost  on  the  right  is  to  be  turned  down  by  the 
finger  and  thumb  of  the  right  hand,  and  brougnt  up 
under  two  straws,  over  two,  and  under  two,  and  thus 


T22 


LEGION,    LEGION    OF    HONOUR. 


seven  straws  will  be  placed  again  on  the  right  side 
of  tiie  angle ;  and  so  on  alternately,  doubling  and 
platting  the  oatermost  seventh  straw  from  side  to 
side,  until  it  becomes  too  short  to  cross  over  so  as  to 
double  on  the  other  side  of  the  angle ;  then  another 
straw  is  to  be  taken,  and  put  under  the  short  end,  at 
the  point  of  the  angle  in  the  middle  of  the  plat ;  and, 
by  another  straw  coming  imder  and  over  the  joined 
one  from  both  sides  of  the  angle,  in  the  operation  of 
platting,  it  will  become  fastened,  the  short  end  being 
then  left  out  underneath  the  plat,  and  the  newly 
fastened  straw  taking  its  place  on  that  side  of  the 
angle  to  which  the  &ort  straw  was  directed ;  and 
thus  the  platting  is  continued,  until  a  piece  of  about 
twenty  yards  long  is  completed.  The  short  ends 
which  are  left  out  are  then  cut  off  with  scissars. 

Lboxon  ;  a  division  of  the  Roman  army.  Under 
Romulus  it  was  composed  of  1000  foot  and  100 
horse,  selected  from  each  of  the  three  tribes.  The 
body  thus  scdected  (hence  the  name  legio)  amounted, 
therefore,  to  3300  men.  In  the  time  of  Polybius,  a 
legion  consisted  of  4300  men,  and  it  was  finally  in- 
creased to  6200  foot.  All  the  soldiers  of  a  legion 
were  Roman  citizens :  no  slaves  were  admitted,  ex- 
cept in  cases  of  the  most  pressing  necessity ;  nor  any 
citizen  under  seventeen  years  old,  except  in  peculiar 
circumstances  of  danger.  There  was  commonly  an 
equal  number  of  auxiliaries  attached  to  each  legion, 
so  that,  in  the  later  periods  of  Roman  history,  we 
must  understand  by  a  legion  a  corps  of  9000  or 
10,000  men.  The  foot  of  each  legion,  when  it  con- 
sbted  of  3000  men,  were  divided  into  ten  cohorts, 
and  each  cohort  into  three  companies  (manipuUj  of 
100  each,  hence  called  centuria.  When  the  legion 
was  enlarged,  the  same  division  was  still  retained, 
with  the  (Ufference  that  each  manipuhu  was  now  di- 
vided into  two  cmturis,  and  each  ceaturia  into  ten 
decmrim. 

The  commander  of  a  legion  was  styled  the  legaiua. 
Sometimes,  instead  of  a  legate,  six  military  tribunes 
were  appointed  from  each,  who  commanded  in  suc- 
cession, each  for  the  space  of  a  month,  imder  the 
direction  of  the  consul.  The  principal  standard  of  a 
legion  was  a  silver  ea§^e:  and  the  legions  were 
named  from  their  commander  (as  the  Claudian  le- 
gion), or  from  the  place  where  they  were  stationed, 
or  from  some  deity,  or  from  birds,  or  from  some  re- 
markable event.  In  the  time  of  Augustus  the  anny 
consisted  of  twenty-five  legions.  Legion  is  also  used, 
proverbially,  to  signify  a  large  and  indefinite  number 
of  persons  or  things.  This  term  was  revived  in  the 
time  of  Napoleon,  and  has  since  been  commonly  ap- 
plied to  a  body  of  troops  of  an  indefinite  number, 
and  usually  of  different  kinds.  Such  legions  are 
mostly  formed  at  the  beginning  of  a  war,  and  dis- 
solved at  the  close.  Of  this  sort  were  the  English- 
German  legion,  and  the  Russian-German  legion,  in 
the  last  war  for  the  independence  of  Europe.  The 
French  national  guards  were  divided  into  legions  and 
cohorts.  After  ue  dissolution  of  the  army  raised  by 
Napoleon  in  1815,  the  remains  of  which  had  retired 
beyond  the  Loire,  the  new  French  army  was  divided 
into  legions,  which  were  named  from  the  depart- 
ments. This  arrangement,  however,  was  abolished 
towards  the  close  of  the  year  1820. 

Legion  of  Honour  ;  an  order  instituted  by  Na- 
poleon, while  consul.  May  19>  1802,  for  military  and 
civil  merit.  Tlie  proposition  produced  much  debate  in 
the  legislative  body,  and  passed  after  a  strong  opposi- 


tion. It  was  the  object  of  Napoleon  to  kindle  aapvit 
of  ambition,  the  most  necessary  national  element  Car 
the  support  of  wars,  of  which  he  foresaw  that  it  would 
be  necessary  for  him  to  wage  many ;  and  for  this 
purpose  the  institution  was  admirably  calculated.  At 
the  same  time  it  cannot  be  denied  that,  abstiadiy 
considered,  it  is  to  be  regretted  that  a  nation  which 
had  just  declared  itself  so  loudly  for  liberty  ahoold 
appear  so  eager  for  ribands — an  invention  of  those 
very  times  against  which  the  revolution  was  directed, 
Moreau,  who  was  altogether  opposed  to  Napoleon, 
ridiculed  the  institution.  The  cross  of  the  legion  of 
honour  was  given  to  all  who  had  previously  received 
a  military  weapon  as  a  mark  of  honour,  and  to  a 
great  number  of  new  members.  Its  effect  upon  the 
soldiers  was  very  great  After  Napoleon's  aaaomp* 
tion  of  the  imperial  dignity,  the  statutes  received 
some  modifications,  llie  oath  was  originally  m 
follows :  "  I  swear,  on  my  honour,  to  devote  myself 
to  the  service  of  the  republic,  to  the  preservation  of 
the  integrity  of  its  territory,  to  the  defence  of  its 
government,  its  laws,  and  the  property  by  them  con- 
secrated ;  to  oppose,  by  every  means  which  justice; 
reason,  and  the  laws  authorise,  all  acts  tending  to 
re-establish  the  feudal  s^tem,  or  to  revive  the  titles 
and  dbtinctions  belonging  to  it ;  finally,  to  contri- 
bute to  the  utmost  of  my  powo:  to  the  maintenance 
of  liberty  and  equality." 

After  Napoleon  became  emperor,  the  form  of  the 
oath  was  somewhat  changed.  The  members  swore 
to  devote  themselves  to  the  serrice  of  the  empire,  to 
the  preservation  of  the  integrity  of  the  French  terri- 
tory, to  the  defence  of  the  emperor,  to  the  support  ol 
the  laws,  and  of  the  property  which  they  had  made 
sacred ;  to  combat,  by  all  the  means  which  justice 
reason,  and  the  laws  authorised,  every  attempt  to  re- 
establish the  feudal  regime,  and  to  concor,  with  aU 
their  might,  in  maintaining  liberty  and  equality. 

The  decoration  consist^  of  a  star  containing  the 
portrait  of  Napoleon,  surroimded  by  a  wreath  of  oak 
and  laurel,  yrittk  the  legend  Napoleon,  emperemr  ei  nd; 
on  the  reverse  was  the  French  eagle  vrith  a  thunder- 
bolt in  his  talons,  and  the  legend  Hotmemr  ei  pairie. 
The  star  of  the  l^gionnairee  was  of  silver,  that  of  the 
officers  of  gold,  and  was  suspended  from  a  red  riband 
with  a  white  margin.  The  order  consisted  of  grand- 
crosses  (grand  aigle),  who  wore  the  cross  on  a  broad 
riband  hanging  over  the  left  shoulder,  and  a  star  oa 
the  left  side  of  the  breast ;  of  grand-officers,  vite 
wore  the  cross  in  the  button-hole,  and  a  star,  some- 
what smaller,  on  the  left  side ;  of  commanders,  who 
wore  the  cross  round  the  neck ;  of  officers,  vriio  woe 
the  gold  cross  with  a  bow  in  the  button-hole ;  and  of 
legionaries,  who  wore  the  silver  cross  vrith  a  aimple 
riband  in  the  button-hole.  The  legion  was  composed 
of  sixteen  cohorts,  each  of  which  had  its  seat  in  a  dif> 
ferept  city,  and  contained  407  members ;  the  whole 
number  was,  therefore,  at^rst,  6512.  Each  cohort 
had  a  chancellor,  treasurer,  and*  chief;  the  whole 
order  a  grand-chancellor  and  grand-treasurer.  Tkt 
pension  of  a  grand-officer  was  5000  francs  anmiaUy; 
of  a  commander,  2000;  of  an  officer,  1000;  of  a 
legionary,  250  francs.  There  was  also  an  institution 
for  the  education  of  the  daughters  of  members  of  die 
legion  of  honour  at  Ecouen,  under  the  caie  of 
Madame  Campan. 

After  the  restoration  of  the  Bourbons,  the  order 
underwent  essential  changes.  The  head  of  Henry 
IV.  was  substituted  for  that  of  Napoleon,  with  the 
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legend  Mot  de  France  et  de  Nanerre;  and,  on  the  re- 
verse, ^e  fleur-de-lis  took  the  place  of  the  eagle.  The 
grand-crosses  were  limited  to  80,  the  grand-officers 
to  160,  the  commanders  to  400,  the  officers  to  2000 : 
the  number  of  the  legionaries  was  left  unlimited. 
New  members  received  no  pensions,  whilst  those  of 
the  old  members  exceeded  the  prescribed  sum ;  bat, 
on  the  death  of  the  old  members,  the  new  ones  were 
to  receive  their  pensions.  Foreign  members  received 
no  pensions.  It  was  evident  that  the  legion  of  honour 
was  coldly  treated  by  the  Bourbons,  who  restored 
the  old  orders.  The  members  created  during  the 
hundred  days  were,  of  course,  not  acknowledged  by 
the  Bourbons ;  but,  in  1831,  Gen.  Lamarque  obtained 
their  acknowledgment,  by  a  spirited  speech  in  the 
chamber  of  deputies,  for  wnidi  they  sent  him  a  sword 
with  an  inscnption.  Military  honours  are  paid  to 
the  members  of  the  legion,  as  they  are  also  to  the 
bearers  of  the  croix  deJuiUet,  whi<^  has  been  granted 
to  1528  persons  who  distinguished  themselves  during 
the  struggle  of  July,  1830.  This  cross  takes  pre- 
cedence of  that  of  the  legion  of  honour. 

Lbmma,  in  mathematics,  denotes  a  preliminary 
proposition,  laid  down  in  order  to  clear  the  wa^  for 
some  following  demonstration,  and  prefixed  eitiier 
to  theorems,  in  order  to  render  their  demonstration 
less  perplexed  and  intricate,  or  to  problems,  to  make 
their  solution  more  easy  and  short. 

Lemonade  ;  a  drink  made  of  water,  sugar,  and 
the  juice  of  lemons.  Prepared  in  this  simple  way, 
it  b  a  very  grateful  beverage  in  warm  weather,  or  to 
feverish  patients.  The  taste  is  more  agreeable,  if  the 
sugar  is  rubbed  with  the  peel  of  the  lemon,  so  as  to 
imbibe  the  oil  contained  therein ;  but  the  lemonade  is 
thus  rendered  stimulant  rather  than  cooling,  and  many 
persons  suffer  from  headach  in  consequence.  Cream 
of  tartar  is  frequently  used  instead  of  lemon-juice. 

Lens,  in  dioptrics,  properly  signifies  a  small  ground 
glass,  which  either  collects  the  rays  of  light  into  a 
point,  in  their  passage  through  it,  or  makes  them 
diverge,  according  to  Uie  laws  of  refraction.  Lenses 
have  various  figures,  that  is,  are  terminated  by  va- 
rious surfaces,  from  which  they  acquire  various  names. 
Some  are  plane  on  one  side,  and  convert  on  the  other; 
others  convex  on  both  sides :  both  of  which  are  or- 
dinarily called  convex  lenses,  though,  when  we  speak 
accurately,  the  former  is  called  plano-convex.  Again, 
some  are  plane  on  one  side,  and  concave  on  the  other ; 
and  others  are  concave  on  both  sides ;  which  are 
both  usually  ranked  among  the  concave  lenses,  thou^, 
when  properly  distinguished,  the  former  is  called  a 
plano-concave.  Others,  again,  are  concave  on  one  side, 
and  convex  on  the  other,  which  have  the  name  me- 
miscHs,  In  every  lens,  terminated  in  any  of  the  fore- 
mentioned  manners,  a  right  line,  perpendicular  to 
the  two  surfaces,  is  called  the  axis  of  the  lens,  which 
axis,  when  both  surfaces  are  spherical,  passes  through 
both  their  centres ;  but,  if  one  of  them  be  plane,  it 
falls  perpendicularly  upon  that,  and  goes  through  the 
centre  of  the  other. 
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of  light  which  pass  through  it,  of  which  an  example 
is  given  in  the  preceding  engraving. 

Lei  the  old  optical  arrangement  for  refracting  light 
it  was  common  to  employ  a  lens  of  considerable 
thickness.  When  the  focus  was  short,  a  piano- 
ccmvex  "lump"  was  usually  resorted  to,  and  this 
rude  appunatos  is  still  used  in  the  magic  lantern.  In 
the  forcing  wood-cut  two  double  convex  lenses, 
ab,cd,  supply  the  place  of  the  lump,  and  a  slight 
intervening  space,  //,  is  left  between  them.  The  hori- 
zontal rays  r,  r,  r,  impinging  on  the  convex  surfiues, 
are  thus  refracted,  and  form  a  local  point  at  /. 

Li  the  same  diagram  we  give  the  combination  of 
lenses  which  are  termed  achromatic,  from  their  power 
of  transmitting  the  light  in  a  purely  colourless  state. 
Tlie  common  lens  partly  decomposes  the  n^s  which 
pass  through  it,  owing  to  their  possessing  different 
degrees  of  refrcuigibility ;  but  by  judiciously  com-^ 
bining  three  lenses  in  l£e  same  frame,  each  of  which 
possesses  a  different  degree  of  density,  the  lig^  is 
transmitted  without  colour.    See  Optics. 

Leprosy  ;  a  name  given  to  several  different  dis* 
eases.  Hie  elephantiasis  is  sometimes  called  Uprosf/ 
of  the  Arabs,  Tlie  leprosy  qfthe  Jews  is  distinguished 
by  white,  cutaneous  spots,  composed  of  smaller  vpoUp 
which  appear  sometimes  in  one  place  and  sometimes 
in  another,  and  are  covered  vrith  a  rough  scaly  mat^ 
ter.  It  appears  to  have  been  the  knee  of  the  Ctresk 
writers.  The  Cfreek  leprosy  is  characterized  by  hard» 
insensible  tubercles,  which  appear  upon  the  skin,  and 
are  accompanied  by  a  progressive  insensibility  and 
the  loss  of  the  voice.  It  is  endemic  in  ££^t,  Jwira* 
and  some  parts  of  Norway  and  Sweden.  The  use  of 
unhealthy  articles  of  food  seems  to  be  one  of  its 
causes.  It  is  hereditary  and  contagious.  It  was  in- 
troduced into  western  £urope  in  the  time  of  the  cru- 
sades, but  has  gradually  disappeared.  The  tubercles 
which  characterize  leprosy  appear  in  different  parts 
of  the  skin :  they  are  hard,  rough,  and  numeroosr 
and  cause  the  loss  of  the  hair  at  the  places  whert 
they  appear.  They  finally  terminate  in  ulcers,  which 
penetrate  even  to  the  bone,  producing  a  caries.  They 
also  cause  the  separation  of  parts  of  the  body,  the 
toes  and  fingers,  for  example,  dropping  off.  These 
symptoms  are  acccnnpanieid  with  a  languor  in  the 
motions,  a  dulness  of  the  senses,  a  change  of  the 
voice,  offensive  breath,  and  lethargy. 

There  are  three  sorts  of  leprosy— the  squamous,  or 
scaly;  the  crustaceous,  in  which  the  skin  is  covered 
with  crusts;  and  the  tuberculous.  The  remedy  re- 
commended for  this  disgusting  disease  b  light  food* 
such  as  vegetables,  soups,  milk  :  sulphur  baths,  su- 
dorific drinks,  and  mercury,  are  sometimes  prescribed. 
But  all  remedies  are  too  frequently  unavailing.  In 
the  middle  ages,  leprosy,  under  all  the  forms  of  dis- 
ease to  which  this  term  has  been  applied,  seems  to 
have  been  very  common  and  general.  It  should, 
however,  be  observed  that  almost  all  cutaneous  dis- 
orders were  considered  as  of  a  leprous  nature,  and 
treated  as  such.  From  the  sixth  to  the  fifteenth  cen- 
tury, these  loathsome  disorders  attracted  the  atten- 
tion of  lawgivers  and  of  the  benevolent,  and  we  find 
numerotis  ordinances  relating  to  lepers,  affecting 
their  civil  rights,  and  great  numbers  of  lazar-houses 
in  all  the  coimtries  of  Europe.  In  the  historians  oi 
those  times,  therefore,  we  are  to  consider  the  word 
leprosy  as  used  indiscriminately  for  all  cutaneous  dis- 
eases ;  and  we  may  well  be  astonished  and  shocked 
to  find  that  all  such  patients  were  treated  somewhat 
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after  the  maimer  jirescribed  in  Leviticns  for  the 
Jewish  leprosy.  They  were^  in  fact,  treated  as  civilly 
dead:  their  funeral  obsequies  were  performed*  and 
masses  said  for  the  benefit  of  their  souls.  Their 
marriage  ties  were  dissolved ;  but  a  leper  might  en- 
ter into  a  new  connexion  with  a  person  who  was  also 
afflicted  with  the  disease.  They  were  allowed  to 
enter  the  cities  at  certain  seasons,  but  were  required 
to  give  notice  of  their  approach  by  sounding  a  rattle. 
The  consequences  of  such  a  treatment  may  be  easily 
imagined.  The  improved  condition  of  the  lower 
classes,  in  food,  clothing,  and  manner  of  living  in 
general,  and  the  advancement  of  medical  science, 
have  contributed  to  eradicate  this  loathsome  and 
disgusting  malady. 

Lbveb  ;  an  embankment  on  the  margin  of  a  river, 
to  confine  it  within  its  natural  channel.  The  lower 
part  of  Louisiana,  which  has  been  formed  by  en- 
croachments upon  the  sea,  b  subject  to  be  inun- 
dated by  the  Mississippi  and  its  various  branches,  for 
a  distance  of  more  than  300  miles.  In  order  to  pro- 
tect the  rich  lands  on  these  rivers,  moimds  are  thrown 
up,  of  clay,  cypress  logs,  and  green  turf,  sometimes 
to  the  height  of  fifteen  feet,  with  a  breadl^  of  thirty 
feet  at  the  base.  These,  in  the  lang^uage  of  that  part 
of  the  country,  are  called  hv^.  They  extend  for 
hundreds  of  miles ;  and,  when  the  rivers  are  full, 
cultivated  fields,  covered  with  rich  crops  and  studded 
with  villages,  are  seen  lying  far  below  the  river 
courses.  The  giving  way  of  Uiese  lev^,  sometimes 
occasioned  by  a  sudden  and  violent  pressure  of  the 
water  and  sometimes  by  accidental  perforations,  is 
called  a  crevasse,  or  disruption. 

Levee -EN- MASSE  (universal  rising) ;  a  military 
expression  for  the  rising  of  a  whole  people,  including 
all  capable  of  bearing  arms  who  are  not  otherwise 
engaged  in  the  regular  service.  When  animated  by 
patriotic  feelings,  it  is  the  most  formidable  obstacle 
which  an  enemy  can  encoimter ;  and  it  is  unconquer- 
able, if  favoured  by  the  nature  of  the  ground,  because 
almost  every  advantage  is  on  the  side  of  the  people. 
They  fight  on  their  own  soil ;  they  know  the  ground ; 
they  find  support  and  assistance  in  every  house,  from 
every  woman  and  child;  they  fight  for  their  own 
hearths ;  they  enclose  the  enemy  on  all  sides,  and 
can  destroy  whatever  may  be  useful  to  him,  cut  off 
his  communications,  pursue,  annoy,  disturb,  assail, 
harass  him  incessantly,  so  that  he  can  effect  nothing 
except  getting  possession  of  the  strong  places.  It  is 
called  Landsturm  (landstorm),  in  German,  in  distinc- 
tion from  the  Landwehr  (militia).  This  distinction 
was  first  made  in  1796,  when  the  peasants  of  Ba- 
varia and  Franconia  fell  upon  the  rear  of  the  flying 
French,  under  Jourdan,  with  much  success.  The 
Landsturm  was  yet  more  eflfective  in  1799*  and,  in 
1813,  the  governments  of  Northern  Germany  called 
it  forth  in  ever>'  part  of  the  country.  It  consisted  of 
every  male  person,  capable  of  bearing  arras  of  any 
sort,  whom  age  or  other  reasons  exempted  from  the 
militia  service.  Orders  were  issued  to  turn  every 
thing  into  weapons,  to  defend  the  country  by  every 
means,  and  to  injure  the  enemy  in  all  possible  ways, 
by  destroying  provisions  and  wells,  attacking  strag- 
glers, intercepting  couriers,  and  escorting  prisoners. 
The  Landsturm  was  useful  at  the  siege  of  several  for- 
tresses. Its  organization  was  founded  on  municipal 
divi^ns. 

Napoleon  ordered  the  tevie'en-masse  when  the  allies 
entered  France,  and  it  threatened  to  become  dan- 


gerous to  them ;  but  the  capture  of  Paris  put  an  end 
to  the  war.  We  all  know  how  effectual  the  Uvk-tt- 
masse  was  in  Spain,  where  even  women  took  part  in  it, 
and  in  the  Tyrol,  under  Hofer.  Hie  French  natioul 
guard,  with  its  diffierent  classes,  might  be  considmd 
a  lev^-en-masse,  organized  on  a  gigantic  plan.  Hk 
chief  difference  between  a  lev^-en-masse  and  militia 
is,  that,  in  the  former,  all  persons  are  comprised  doc 
included  in  the  latter ;  that  they  do  not  march  fu 
from  home ;  and  that  their  service  is  more  irregular, 
and  even  owes  its  strength,  in  some  measure,  to  this 
irregularity. 

Level  ;  a  mathematical  instrument,  used  for  draw- 
ing a  line  parallel  to  the  horizon,  and  continuing  it  at 
pleasure,  and,  by  this  means,  for  finding  the  tne 
level,  or  the  diff^erence  of  ascent  or  descent  between 
several  places,  for  conveying  water,  draining  feni^ 
placing  the  surfaces  of  floors,  &c.,  level,  and  for 
various  other  purposes  in  architecture,  agricnlture, 
hydraulics,  surveying,  &c.  There  is  a  great  tariety 
of  instruments  for  this  purpose,  diffierently  constmct^ 
ed,  constituted  of  different  metals,  according  to  the 
particular  purposes  to  which  they  are  applied;  ai 
the  carpenter's  level,  mason's  level,  balance  M, 
mercurial  levels,  surveying  and  spiral  levels;  bat, 
however  their  construction  may  vary,  they  may  all 
be  referred  to  the  following  three  classes:  1. those 
in  which  the  vertical  line  is  determined  by  a  sas- 
pended  plumb-luie  or  a  balance- weight,  and  the  hori- 
zontal position  is  shown  by  a  line  perpendicular  to 
it ;  2.  those  which  determine  a  level  line  by  the  sur- 
face of  a  fluid;  3.  spirit  levels,  which  point  ont  the 
horizontal  direction  by  a  bubble  of  air  floating  in  a 
fluid  contained  in  a  glass  tube. 

1.  Those  of  the  first  kind,  depending  upon  tbe 
plumb-line,  are  very  common,  but  not  ver>'  accurate. 
The  simplest  form  is  that  of  two  rulers  united  is 
the  form  of  the  letter  L  ;  they  must  be  exactly  per- 
pendicular  to  each  other;  then,  if  a  plumb-line  be 
suspended  from  the  top  of  the  vertical  ruler,  and  tbe 
edge  thereof  be  made  to  coincide  with  the  plumb- 
line,  the  other  ruler  must  be  horizontal.  This,  when 
applied  to  the  top  of  a  wall,  a  beam,  or  a  floor,  wiD 
show  whether  it  is  horizontal.  Sometimes  the  instru- 
ment is  formed  like  the  letter  A,  the  plumb-line  being 
suspended  from  the  vertex,  and  the  two  legs  set  on 
the  surface  to  be  levelled.  The  line  hangs  oppoate 
to  a  mark  made  on  the  middle  of  the  cross  rukr 
when  the  feet  are  on  the  same  level.  At  other  tiinei 
the  horizontal  piece  crosses  the  perpendicular  at  its 
foot,  and  the  plumb,  suspended  from*  the  top  of  the 
perpendicular,  is  received  in  an  opening  at  their  junc- 
tion. 2.  TTie  water  level  shows  the  horizontal  line 
by  means  of  a  surface  of  water  or  other  fluid,  founded 
on  the  principle  that  water  always  places  itself 
horizontally.  The  most  simple  kind,  made  of  a  long 
wooden  trough,  which  is  filled  witii  water,  diows  on 
its  surface  the  line  of  level.  This  is  the  andcnt 
chorohates.  The  water  level  is  also  made  with  two 
cups  fitted  to  the  two  ends  of  a  straight  pipe,  an  indi 
in  diameter,  and  four  feet  long.  The  water  ctwuBU- 
nicates  from  one  cup  to  the  other ;  and,  this  pipt 
being  movable  on  its  stand  by  a  ball  and  socket,  when 
the  two  cups  are  seen  to  be  equally  full  of  vater, 
their  two  surfaces  mark  the  line  of  level.  This  instru- 
ment, instead  of  cups,  may  also  be  made  with  two 
short  cylinders  of  glass,  three  or  four  inches  long, 
fastened  to  each  extremity  of  the  pipe  with  wax  or 
mastich.   The  pipe,  filled  with  coloured  water,  show* 
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itself  through  the  cylinders,  by  means  of  which  the 
line  of  level  is  determined,  the  height  of  the  water, 
with  respect  to  the  centre  of  the  earth,  being  always 
the  same  in  both  cylinders.  This  level,  though  very 
simple,  is  yet  very  commodious  for  levelling  small 
distances.  3.  The  apirit  or  air  level  shows  the  exact 
level,  by  means  of  a  bubble  of  air,  enclosed,  with 
some  fluid,  in  a  glass  tube  of  an  indeterminate  length 
and  thickness,  and  having  its  two  ends  hermetically 
sealed.  VHien  the  bubble  fixes  itself  at  a  mark  in 
the  middle  of  the  tube,  the  case  in  which  it  is  fixed 
is  then  level.  When  it  is  not  level,  the  bubble  will 
rise  to  one  end.  This  glass  tube  may  be  set  in  an- 
other of  brass,  having  an  aperture  in  the  middle, 
where  the  bubble  may  be  observed.  The  liquor  with 
which  the  tube  is  filled  is  oil  of  tartar,  which  is  not 
liable  to  freeze,  as  common  water,  nor  to  rarefaction 
and  condensation,  as  spirit  of  wine  is.  A  level  which 
owes  its  operation  to  the  tendency  which  all  fluids 
have  to  a  state  of  equilibrium  is  shown  beneath. 
To  make  this 
level  appli- 
cable to  sur- 
veying, it  is 
provided  with 
apertures  and 
cross  wires, 
along  which 
the  sight  is 
directed. 

Lbyer,  in  mechanics;  an  inflexible  right  line,  rod, 
or  beam,  supported,  at  a  single  point,  on  a  fulcrum 
or  prop,  and  used  for  the  raising  of  weights,  being 
either  void  of  weight  itself,  or  at  least  having  such 
a  weight  as  may  be  commodiously  counterbalanced. 
The  lever  is  the  first  of  those  called  mechanical  powen, 
or  timple  machines,  as  being,  of  all  others,  the  most 
simple  ;  and  is  chiefly  applied  for  raising  weights  to 
small  heights.     (See  Mechanics.) 

Ley,  or  Lees  ;  a  term  usually  applied  to  any  alka- 
line solution  made  by  levigating  ashes  that  contain 
an  alkali.  Soap-lees  is  an  alkali  used  by  soap- 
boilers, or  potash  or  soda  in  solution,  and  made 
caustic  by  lime.  Lees  of  wines  are  the  refuse,  or 
sediment,  deposited  from  wine  standing  quiet. 

Lbtdbn  Phial,  in  electricity,  is  a  glass  phial  or 
jar,  coated  both  within  and  without  with  tin-foil,  or 
some  other  conducting  substance,  which  may  be 
charged,  and  employed  in  a  variety  of  useful  and  en- 
tertaining experiments.  Glass  of  any  other  shape,  so 
coated  and  used,  has  also  received  the  same  denomi- 
nation.  A  vacuum  produced  in  such  a  jar,  &c.,  has 
been  named  the  Leyden  vacuum,  (See  Electricity.) 

Li  (called  also  ca  a) ;  the  common  copper  coin  in 
China,  with  a  square  hole  in  the  middle,  and  an  in- 
scription on  one  side.  The  copper  is  alloyed  with 
lead,  and  the  coin,  which  is  cast,  is  very  brittle.  Ten 
lis  make  one  candareen,  100  a  mas,  1000  a  liang,  or 
tale. 

Libra  ;  the  Roman  pound  unit  for  weighing.  The 
ancient  Romans  reckoned  money  also  by  pounds, 
and  a  libra  of  silver  was  worth  about  three  pounds 
sterling.  This  word  passed  over  to  the  various  nations 
of  Latin  descent  or  mixture. 

LiBRATioN  OP  THE  Earth  is  sometimcs  uscd  to 
denote  the  parallelism  of  the  earth's  axis  in  every 
part  of  its  revolution  round  the  sun. 

lAbratwrn  of  the  Mom,  Very  nearly  the  same  face 
of  the  moon  is  always  turned  towards  the  earth,  it 


being  subject  to  only  a  small  change  within  certain 
limits,  those  spots  which  lie  near  the  edge  appearing 
and  disappearing  by  turns ;  this  is  called  its  lihration. 
The  moon  turns  about  its  axis  in  the  same  direction 
in  which  it  revolves  in  its  orbit.  Now  the  angular 
velocity  about  its  axis  is  uniform,  and  it  turns  about 
its  axis  in  the  same  time  in  which  it  makes  a  com- 
plete revolution  in  its  orbit ;  if,  therefore,  the  angular 
motion  about  the  earth  were  also  uniform,  the  same 
face  of  the  moon  would  alvfrays  be  turned  towards 
the  earth ;  for,  if  the  moon  had  no  rotation  on  her 
axis,  when  she  is  on  opposite  sides  of  the  earth 
she  would  show  difierent  faces ;  but  if,  after  she  has 
made  half  a  revolution  in  her  orbit,  she  has  also 
turned  half  round  her  axis,  then  Uie  face  which 
would  otherwise  have  been  shown  will  be  turned 
behind,  and  the  same  face  will  appear.  Thus,  if  the 
moon's  angular  velocity  about  her  axis  were  always 
equal  to  her  angular  velocity  in  her  orbit  about  the 
earth,  the  same  side  of  the  moon  would  be  always 
towards  the  earth ;  but,  as  the  moon's  angular  velo- 
city about  her  axis  b  uniform,  and  her  angular  ve- 
locity in  her  orbit  is  not  uniform,  these  angular 
velocities  cannot  continue  always  equal,  and  there- 
fore the  moon  will  sometimes  ^ow  a  little  more  of 
her  eastern  parts,  and  sometimes  a  little  more  of  her 
western  parts.  This  is  called  a  lihration  in  longitude. 
Also  the  moon's  axis,  is  not  perpendicular  to  the 
plane  of  her  orbit,  and  therefore,  at  opposite  points 
of  her  orbit,  her  opposite  poles  are  turned  towards 
the  earth ;  thus  her  poles  appear  and  disappear  by 
turns.  This  is  called  a  lihration  in  latitude.  Hence 
nearly  one-half  of  the  moon  is  never  visible  at  the 
earth,  and  therefore  nearly  one-half  of  its  inhabitants, 
if  it  has  any,  never  see  the  earth,  and  nearly  the 
other  half  never  lose  sight  of  it.  Also,  the  time  of 
its  rotation  about  its  axis  being  a  month,  the  length 
of  the  lunar  days  and  nights  will  be  about  a  fort- 
night each.  It  is  a  very  extraordinary  circumstance 
that  the  time  of  the  moon's  revolution  about  her 
axis  should  be  equal  to  that  in  her  orbit. 

Lieutenant.  This  word,  like  captain  and  many 
others,  has  received  gradually  a  much  narrower 
meaning  than  it  had  originally.  Its  true  meaning  is 
a  depttfy,«a  wbstitute,  from  the  French  Ueu  (place* 
post)  and  tenant  (holder).  A  lieutenant  gMral  du 
royaume  is  a  person  invested  with  almost  all  the 
powers  of  the  sovereign.  Such  was  the  Ck)unt  d'Ar- 
tois  (afterwards  Charles  X.)  before  Louis  XVIII.  en- 
tered France,  in  1814.  The  Duke  of  Orleans,  before 
he  accepted  the  crown  as  Louis^Fhilip,  was  appointed 
to  the  same  office  by  the  chamber  of  deputies.  lAeu- 
tenant-general  was  formerly  the  title  of  a  command- 
ing general,  but  at  present  it  signifies  the  degree  above 
major-general.  Lieutenant'Colonel  is  the  officer  be- 
tween die  colonel  and  major.  Lieutenant,  in  military 
language,  signifies  the  officer  next  below  a  captain. 
There  are  first  lieutenants,  and  second  or  sous-lieu- 
tenants, with  different  pay.  A  lieutenant  in  the  navy 
is  the  second  officer  next  in  command  to  the  captain 
of  a  ship.  According  to  the  new  organization  of 
the  French  navy,  of  1831,  there  are  lieutenants  de 
vaisseau  and  lieutenants  de  frigate,  formerly  called 
enseignes  de  vaisseau.  The  latter  can  command 
only  in  the  absence  of  the  former.  In  this  country, 
the  lord-lieutenant  of  a  county  has  the  authority 
to  call  out  the  militia  in  case  of  invasion  or  rebel- 
lion. The  governor  of  Ireland  is  also  called  lord- 
lieutenant  of  Ireland,     In  some  English    colonies. 
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LIFE. BOAT,  L1FE.PRB8ERVERS. 


jmaOf  nndcr  *  ga»tmer-gm»  ot,  tha  chiaf  oMgiBtfate 
ottuai  Mpante  colony  n  caUcd  Untmait-gootnur. 

Lin-aoir,  a  bwi^Bt  tcmmI,  voigAojtA  when  the 
ivtatlier  U  tempMtaoiu  to  Mm  the  cram  of  Aip- 
wrecked  vcmcIb.  Hie  lateit  nnproreinenU  in  tlic 
oonitnictioD  of  life-boata  have  become  the  mbject  of 
B  patent  granted  to  Lieut.  Cook,  R.  N.  The  iniprov*- 
ments  described  ooder  thii  patent  eonaiat,  firat,  in 
covwing  tlw  deck  of  the  boct  with  *.  water-tight  can- 
^am  enrekip*,  tccnrcd  by  watea-tight  jointa  all  round 
its  odgea,  and  baviog  bags  formed  in  it,  whiA  de- 
•eend  below  the  dock,  to  contain  the  lega  of  tbe 
peiBont  (ittiDg  in  the  boat. 

Secondly,  in  the  application  of  bnoyant  fenden 
placed  all  round  the  onttide  of  the  gunwale  of  the 
boat,  which  protect  the  boat  when  going  alongside 
of  a  wreck,  and  alao  serve  to  keep  the  boat  buoyant, 
in  case  she  shonld  have  her  bottom  stove  in.  Thirdly, 
in  iiDpravementa  ia  the  ballastii^  of  a  boat,  inik 
long  )ma  of  nuAal  placed  od  each  side  of  tha  keel, 
retting  npon  pins  or  bolts,  and  snipeaded  by  chains : 
these  bare  of  ballaM  can  be  let  go  to  relieve  the  boat 
of  the  wei^  in  caie  she  riwuld  fill  with  water. 
Foorthly,  in  the  constniction  of  the  hooka  or  holdfasts 
of  the  rope*,  by  which  the  sail*  are  made  &st,  or 
other  ropaa  osed  in  the  boat,  and  an  so  contrived 
tbit  thay  can  be  let  go  at  a  memsnt's  noticr,  in 
of  a  andden  iquall  coming  on. 


!%•  aoeompanying  wood-ctit  is  a  plan  of  a  boat, 
ahowiag  aeme  of  the  patentee's  impiovenaeBtg.     Be< 
■kle  it  is  a  tranavcrM  section ;  a  a  is  a  sbel^  placed 
tf  1  TOand  the  iBsida  of  die  boatr  or  it  may  form  part 
of  the  deck.     The  water-  proof  covering  ezt^^  m 
tbe  iaside  of  the  beat  like  a  deck,  and  is  jointed 
the  Bhelf  wrier-tight   at  A  i,  by  forming  a  chani 
in  a  groove  tAi  romiid  in  the  shelf  i  the  edges  of  the 
water-proof  covering  are  introdaced  into  the  groovy 
and  flrmly  secared  by  rod*  of  wood  o*  metal  fasten- 
ing into  the  groove  by  screw  bolts  or  otherwiie ;  c,  e, 
are  bags  formed  in  the  covering  to  contain  the  k^ 
of  the  persona  sitting  in  the  boat. 

In  order  to  let  out  any  water  which  may  remain  on 
Ae  deck  or  covering,  holes  are  nade  in  the  sides  of 
Van  boat  through  the  gunwale,  nsually  stopped  tight 
by  screw  plugs,  but  which  can  be  removed  and  re- 
placed as  required ;  d,  if,  are  the  buoyant  fenders, 
which  are  formed  of  strong  water-proof  canvass,  and 
filled  with  cork  cuttings,  shavings,  or  any  other  light 
material,  extending  round  all  the  side*  irf  the  ooat, 
and  are  firmly  secured  to  it  by  lashing*.  Bars  of 
metal,  forming  additional  ballast  to  the  boat,  are 
ahown  at  /,/;  these  bars  rest  upon  bolCg,  projecting 
on  both  sides  of  the  keel  of  the  boat,  and  are  kept  in 
that  situation  by  collars  formed  upon  tbe  bolts.  In 
case  of  the  boat  becomiog  swamped,  these  bars  can 
be  removed  by  cliains  attached  to  their  ends,  and  let 
fall  away,  thereby  relieving  the  boat  of  their  weight. 

LifB-PBBSBBTBBS.  A  Variety  of  contrivances 
tmder  this  title  have  been  brought  before  the  public, 
two  or  three  of  which  may  advantageoasly  have  a 
place  in  thu  attide.     We  may  commence  with  Mr. 


Munay**  a^paiataa,  whidi  he  ndls  ai 
aa  effective  and  anfailing  mediod  for  fimmng  an  io. 
etaataneoos  coBununicatioii  vrith  tke  sboie  la  Aip- 
wreck,  and  illomiDating  the  scene  in  a  dark  sad  tea- 
peatnona  oighL"  The  apparatus  whidi  Mr-llsm; 
■-■-   "  an  aAvw  of  peculiar  ooiittTiicliMi,dM 


from  a  common  btoaderbasa,  or  athree-  poDnderninl, 
from  the  shore  to  the  vessel."  This  arrow  ii  butei 
with  iron,  ao  as  to  fii  itself  in  what  it  striken  Tkt 
cord  thus  conveyed  on  board  Is  strong  caooghtabHi 
the  weight  of  a  rope,  which  can  thus  be  drawn  tstbt 
vessel,  and  the  necessaiy  commnnicatioB  Till  bt 
effected.  There  ia  a  further  contrivance,  of  a  cm- 
bnstible  substance,  which,  when  neceMary,  on  bi 
attached  to  the  arrow,  and  which,  catching  Gn  In 
the  action  of  the  air,  during  the  arrow's  flight,  to  oh 
the  author's  phrase,  "  illuminates  the  scene."  ll  a 
evident  that  this  may  be  used  in  many  situUiin 
where  Captain  Manby's  apparatus  is  impractinblt, 
and  is  besides  not  subject  to  the  mischance  thu  bt- 
quently  defeats  the  snecets  of  his  apparatui,  tb 
snapping  of  the  rope. 

llie  efficacy  of  this  invention  has  beea  establidwl 
by  a  variety  of  experiments,  in  the  course  of  whkl 
it  was  found  practicable  to  throw  a  tine  UOyinU 
againat  a  strong  gale  of  wind — and,  with  a  itti^ 
aioi,  whatever  was  the  direction  of  the  wind. 

The  immense  practical  utility  of  such  an  intoUiiB 
ia  shown  from  several  considerations.  The  lost  of 
life  by  shipwreck,  on  the  British  coast,  is  more  cob. 
siderable  than  is  generally  supposed.  It  has  btti 
computed  that  in  twenty  years  prior  to  181!  nw 
80O  persons  perished  on  the  coast  of  Koifbit 
al<»ie,  exclusive  of  the  crews  of  vessels  knows  to 
been  totally  lost.  By  far  the  greater  mmilKr 
of  ahipwrecks  take  place  at  distances  from  the  ibot 
of  from  50  to  100  yards,  and  therefore  within  tbe  nsA 
of  the  arrow. 

Utft-Praemer  for  fVaier.  The  most  simple  s|^ 
latUB  for  the  above  purpose  is  that  invented  by  Mr- 
Daniel  and  repreaented  beneath  i 


Tbe  body  of  the  machine,  which  is  double  tkioojl> 
out,  ia  made  of  pliable  water-proof  leather,  Isrtt 
enough  to  admit  of  its  endrcling  the  body  of  tkt 
wearer,  whose  head  is  to  paas  betwixt  the  two  fix'' 
straps,  which  rest  upon  tbe  ehouldera ;  the  smi  of 
tbe  wearer  pass  tlirough  the  spaces  on  the  ontade  of 
the  strap,  one  on  each  side,  admitting  the  OMefc"** 
under  them  to  encircle  the  body  like  a  large  boM 
'It.  The  strap  oa  the  lower  part  of  the  maefcin' 
attached  to  Uie  back  of  it,  and  by  passing  becaitf 
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the  thighs  of  the  wearer>  holds  the  machine  suffix 
ciently  finn  to  the  body,  without  too  much  pres- 
sure under  the  arms.  The  machine,  being  thus 
fixed,  is  inflated  by  the  wearer  blowing  in  from 
his  lungs,  through  a  small  stop-cock,  a  sufficient 
quantity  of  air  to  fill  it,  which  air  is  retained  by 
tUlerwards  closing  the  aperture.  When  filled  with 
air,  it  will  displace  a  sufficient  quantity  of  water 
to  prevent  four  persons  from  sinking  beneath  the 
surface. 

The  inventor  recommends  this  life-preserver  to  be 
prepared  as  follows :  viz.  to  select  sound  German 
horse-hides,  and  to  cut  a  piece  six  feet  long  and 
two  feet  six  inches  wide,  which  is  first  to  be  cur- 
ried, and  then  rendered  water-proof  by  any  good 
varnish. 

The  leather  is  to  be  nailed  on  a  board,  and  the 
varnish  applied  upon  it ;  it  is  then  to  be  placed  in 
an  oven  several  times,  the  varnish  being  each  time 
repeated,  till  the  leather  is  completely  covered ;  it  is 
then  cut  in  the  form  of  a  jacket,  as  above  described, 
and  neatly  and  firmly  stitched ;  the  seams  and  stitches 
are  afterwards  to  be  perfectly  secured  by  the  follow- 
ing black  elastic  varnish : 

Gum-asphaltum,  two  pounds ;  amber,  half  a  pound ; 
gum-benzoin,  six  oimces;  linseed-oil,  two  pounds; 
spirits  of  turpentine,  eight  pounds ;  and  lamp-black, 
naif  a  pound ;  united  together  iu  an  earthen  vessel 
with  a  gentle  heat. 

The  machine,  when  properly  made,  resembles  a 
broad  belt,  or  circular  girdle,  composed  of  two  folds 
of  pliable  leather  attached  togemer,  and  perfectly 
impervious  to  water.  When  used,  the  wearer  intro- 
duces his  head  and  arms  within  the  circle,  the  stop- 
cock in  front ;  the  two  fixed  straps  rest  one  upon 
each  shoulder,  to  prevent  the  belt  from  sinking 
down;  the  lower  strap  is  then  brought  between 
the  thighs,  and  buckled  in  front,  which  prevents  the 
machine  from  being  forced  back.  The  machine  is 
then  inflated  by  application  of  the  mouth  to  the 
stop-cock  in  front,  and,  when  properly  filled,  the 
turning  of  the  cock  retains  the  air  m  the  machine, 
and  expands  it  so  much  as  to  displace  a  quantity  of 
water  amply  sufficient,  not  only  to  sustain  me  wearer, 
but  a  further  weight,  if  necessary,  buoyant  in  the 
water. 

A  great  number  of  cases  have  occurred  by  which 
the  efficacy  of  this  life-preserver  has  been  fully 
manifested.  Among 'others  the  following  may  be 
adverted  to : — The  Alert  privateer  struck  on  a  rock 
near  the  Western  Isles,  and  went  to  pieces  in  fLye 
minutes.  Thirteen  of  the  crew  saved  themselves  by 
clinging  to  pieces  of  the  wreck ;  but  the  rest,  con- 
sisting of  sixty-four  foremast  men,  and  all  the  officers 
except  the  surgeon,  perished.  The  surgeon,  though 
unable  to  swim,  supported  himself  amidst  waves 
running  moimtains  nigh  by  one  of  these  lifb-pre- 
servers,  with  which  he  happened  to  have  provided 
himself,  until  the  arrival  of  a  Portuguese  boat,  which 
put  off  to  his  assistance,  and  took  him  up  about  a 
mile  from  the  shore. 

Another  instance  of  the  utility  of  this  Kfts-preserver 
may  be  adduced.  Two  gentlemen  and  two  ladies,  in 
a  pleasure-boat,  set  sail  ^m  Yarmouth  about  four 
o'clock  in  the  afternoon,  with  a  view  to  reach  the 
city  of  Norwich,  a  distance  of  thirty  miles,  that 
evening:  the  wind  blew  hard  at  south-west  (hie 
of  the  life-preservers  was  taken  on  board,  though 
without  the  smallest  fear  ^t  any  occasion  for  its 


use  would  occur ;  and  k  was  wkh  a  view  to  amuse- 
ment rather  than  otherwise  jocosely  filled  as  they 
went  akmg,  by  one  of  the  gentlemen.    The  precau- 
tion proved  most  fortunate ;  for,  on  tacking  to  enter 
Norwich  river,  at  a  part  of  the  water  called  firaydon«, 
two  miles  over,  a  sudden  gust  overset  the  boat,  and 
plunged  1^  whole  company  into  the  water,  which 
was  extremely  rough,    llie  gentleman  with  the  ma- 
chine having  reached  ^w  other,  who,  inexpert  at 
swimming,  could  scarcely  support  himself,  directed 
him  to  lay  hold  of  the  collar  of  his  coat,  over  which 
the  machine  was  fixed.    This  being  done,  he  pro- 
ceeded to  the  ladies,  whose  clothes  kept  them  buoyant, 
though  in  a  state  of  fainting  when  he  reached  them ; 
and,  taking  one  of  them  under  each  arm,  the  vio- 
lence of  the  wind  drifted  all  four  upon  Burgh  Marshes, 
where  the  boat  had  already  been  thrown.    Here, 
after  procuring  such  refineshment  and  assistance  as 
they  required,  Ihey  again  set  sail  in  their  own  boat, 
and  arrived  at  Norwidi  by  eleven  o'clock  the  same 
night. 

It  would  be  uselen  to  multij^y  testimonies  of 
this  nature,  as  ^ose  adduced  very  clearly  show  the 
services  which  this  very  smtple  machine  is  capable 
of  rendering,  in  cases  of  the  greatest  peril  firom  ship- 
wreck. At  Seaports,  and  wherever  accidents  on 
water  are  likely  to  occur,  nothing  has  yet  been 
devised  better  calculated  for  general  utility ;  and  it  is 
highly  desirable  that  the  plan  should  be  adopted  of 
keeping  one  or  more  of  these  life-preservers  in  known 
and  convenient  situations.  Sadler,  the  celebrated 
aeronaut,  was  provided  with  one  of  them,  which  he 
considered  a  necessaiy  part  of  his  apparatus  in  his 
aerial  voyages,  and  which  enabled  him  to  contem- 
plate, without  being  appalled,  the  circumstance  of 
being  compelled  to  descend  even  upon  the  sea»  a 
disaster  which  actually  occurred  near  the  mouth  of 
the  river  Mersey,  Liverpool,  while  accomplishing  the 
adventurous  excursion  in  his  balloon  from  Ireland  to 
England. 

Life'Pteserverfor  la.  The  nimiber  of  fatal  acci- 
dents which  have  occurred  frcm  the  fracture  of 
this  brittle  material,  even  when  help  was  within  a 
few  yards  of  the  sufferers,  renders  it  necessary  that 
some  simple  plan  should  be  adopted  for  opening  a 
communication  vrithout  endangermg  the  life  of  the 
assistant.  A  dump  machine  for  thi*  purpose  i» 
shown  beneath : 


It  consists  of  a  lever,  supported  by  a  movi^l* 
frame,  which  may  readily  be  transported  to  any  re- 
quired pomt.  At  one  extremity  of  the  lever  is  at- 
tached a  large  hoop,  which  may  be  raised  by  a  slight 
force  at  the  opposite  end.  The  great  advantage  of 
this  plan  is,  that  the  person  who  renders  aasistance 
does  so  without  endangering  himself ;  and  the  hoop* 
being  drawn  nearly  in  a  perpendicular  direction* 
prevents  the  person  who  is  immersed  from  being 
wounded  by  the  edge  of  the  ice. 
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Ligament,  in  anatomif;  a  strong,  compact  sub- 
stance, serving  to  join  two  bones  together.  A  liga- 
ment is  more  flexible  than  a  cartilage,  not  easily 
ruptured  or  torn,  and  does  not  yield,  or  at  least  yields 
▼ery  little,  when  pulled. 

Ligature,  in  mrgery,  is  a  cord,  band,  or  string ;  or 
the  binding  any  part  of  the  body  with  a  cord,  band, 
fillet,  Ike.,  whether  of  leather,  linen,  or  any  other 
matter.  Ligatures  are  used  to  extend  or  replace 
bones  that  ture  broken  or  dislocated ;  to  tie  the  pa- 
tients down  in  lithotomy  and  amputations ;  to  tie 
upon  the  veins  in  phlebotomy,  on  the  arteries  in  am- 
putations or  in  large  wounds ;  to  secure  the  splints 
that  are  applied  to  fractures ;  to  tie  up  the  processes 
of  the  perHoneum,  with  the  spermatic  vessels,  in  cas- 
tration ;  and,  lastly,  in  taking  oflf  warts  or  other 
excrescences  by  ligature.  The  term  ligature  is  also 
used  to  signify  a  kind  of  bandage  or  fillet,  tied  round 
the  neck,  arm,  leg,  or  other  part  of  the  bodies  of 
men  or  beasts,  to  divert  or  drive  off  some  disease. 

Ligatures,  among  printers,  are  types  consistiug 
of  two  letters  or  characters  joined  together ;  as  ff,  fi,fl. 
The  old  editions  of  Greek  authors  are  extremely  full 
of  ligatures ;  the  ligatures  of  Stephens  are  by  much 
the  most  beautiful. 

Light  is  that  imponderable  body  which  renders 
objects  perceptible  to  our  sense  of  seeing.  It  is  one 
of  the  most  interesting  subjects  that  fall  under  the 
contemplation  of  the  philosopher :  at  the  same  time 
it  roust  be  acknowledged  to  be  one  that  is  as  little 
understood,  and  upon  which  opinions  are  as  much 
divided,  as  any  of  the  most  abstruse  subjects  of  phi- 
losophical enquiry.  Some  consider  light  as  a  fluid 
perse;  while  others  consider  it  merely  as  a  principle, 
and  attribute  it  to  a  sort  of  pression  or  vibration 
propagated  from  the  luminous  body  through  a  subtile 
ethereal  medium.  The  ancients  believed  it  to  be  pro- 
pagated from  the  sun  and  other  luminous  bodies  in- 
stantaneously ;  but  the  observations  of  the  modems 


placed  beyond  doubt,  by  the  aberration  of  the  ^an 
discovered  by  Dr.  Bradley. 

Upon  the  subject  of  the  materiality  of  lig^t,  Doctor 
Franklin  observes,  in  expressing  his  dissent  from  the 
doctrine  that  light  consists  of  particles  of  matter  con- 
tinually  driv^i  off  from  the  sun's  surface,  with  sodi 
enormous  swiftness — "  Must  not  the  smallest  portioa 
conceivable  have,  with  such  a  motion,  a  force  exceed- 
ing that  of  a  twenty-four  pounder  discharged  from  a 
cannon  ?    Must  not  the  sun  diminish  exc^ingiy  by 
such  a  waste  of  matter,  and  the  planets,  instesd  of 
drawing  nearer  to  him,  as  some  have  feared,  recede  to 
greater  distances,  through  the  lessened  attractioii? 
these  particles,  with  this  amazing  motion,  will  not 
drive  before  them  or  remove  the  least  and  slightest 
dust  they  meet  with,  and  the  sun  appears  tocoatinoe 
of  his  ancient  dimensions,  and  his  a^ndants  more  in 
their  ancient  orbits."     He  therefore  conjectures  thit 
all  the  phenomena  of  light  may  be  more  properly 
solved,  by  supposing  all  space  filled  with  a  sohtik 
elastic  fluid,  not  visible  when  at  rest,  but  which,  by  its 
vibrations,  affects  that  fine  sense  in  the  eye,  as  those  of 
the  air  affect  the  grosser  organs  of  the  ear ;  and  evcB 
that  different  degrees  of  vibration  of  this  mediommiy 
cause  the  appearances  of  different  colours.   The  cek- 
biated  Euler  has  maintained  the  same  hypothesb, 
urging  some  further  objections  to  the  materiality  of 
light,  besides  those  of  Doctor  Franklin  abo^e  alluded 
to.   Newton  first  discovered  that  certain  bodies  exer- 
cise on  light  a  peculiar  attractive  force.    When  a  ray 
passes  obliquely  from  air  into  any  transparent  liquid 
or  solid  surface,  it  undergoes,  at  its  entrance,  an  an- 
gular flexure,  which  is  called  refraction.    The  varia- 
tion of  this  departure  from  the  rectilineal  path  for 
any  particular  substance  depends  on  the  obliquity  of 
the  ray  to  the  refracting  surface ;  so  that  the  sine  of 
the  angle  of  refraction  is  to  that  of  the  angle  of  inci- 
dence in  a  constant  ratio.     Newton,  having  found 
that  unctuous  or  inflammable  bodies  occasioned  a 


have  shown  that  this  was  an  erroneous  hypothesis,    greater  deviation  in  the  luminous  rays  than  their  at- 


and  that  light,  like  any  other  projectile,  occupies  a 
certain  time  in  passing  from  one  part  of  space  to  an- 
other, though  the  velocity  of  its  motion  is  truly  asto- 
nishing, as  has  been  manifested  in  various  ways. 
And,  first,  from  the  eclipses  of  Jupiter's  satellites;  it 
was  observed  by  Reaumur  that  the  eclipses  of  those 
satellites  happen  sometimes  sooner  and  sometimes  later 
than  the  times  given  by  the  tables  of  them,  and  that 
the  observation  was  before  or  after  the  computed 
times,  according  as  the  earth  was  nearer  to  or  farther 
from  Jupiter  than  the  mean  distance.     Hence  it  was 
concluded  that  this  circumstance  depended  on  the 
distance  of  Jupiter  from  the   earth ;    and  that,  to 
account  for  it,  we  must  suppose  that  the  light  is 
fourteen  minutes  in  crossing  the  earth's  orbit.    The 
original  observations  have  received  some  corrections, 
and  it  is  now  found  that,  when  the  earth  is  exactly 
between  Jupiter  and  the  sun,  his  satellites  are  seen 
eclipsed  about  eight  minutes  and  a  quarter  sooner 
than  they  could  be  according  to  the  tables  ;  but,  when 
the  earth  is  nearly  in  the  opposite  point  of  its  orbit, 
these  eclipses  happen  about  eight  minutes  and  a 
quarter  later  than  the  tables  predict  them.     Hence, 
then,  it  is  certain  that  the  motion  of  light  is  not  in- 
stantaneous, but  that  it  takes  up  about  ]6i  minutes 
of  time  to  pass  over  a  space  equal  to  the  diameter  of 
the  earth's  orbit,  which   is  nearly  190,000,000  of 
miles  in  length,  or  at  the  rate  of  200,000  miles  per 
second — a  conclusion  which,  it  may  be  added,   is 


tractive  mass,  or  density,  gave  reason  to  expect,  con- 
jectured that  both  the  diamond  and  water  contained 
combustible  matter — a  conjecture  which  was  verified 
by  subsequent  dbcovery. 

Doctor  Wollaston  invented  a  very  ingenious  appa- 
ratus, in  which,  by  means  of  a  rectangular  prism  o( 
flint-glass,  the  index  of  refraction  of  each  substance 
is  read  off  at  once  by  a  vernier,  the  three  sides  of  a 
movable  triangle  performing  the  operations  of  ^^ 
duction  in  a  very  compendious  manner.     But  trans- 
parent media  occasion  not  merely  a  certain  flexure  of 
the  white  sunbeam,  called  the  mean  reaction :  they 
likewise  decompose  it  into  its  constituent  colours. 
This  effect  is  called  dispersion.    Now,  the  mean  re- 
fractive and  dispersive  powers  of  bodies  are  not  pro- 
portional to  each  other.    In  some  refracting  media, 
the  mean  angle  of  refraction  is  smaller,  whilst  the 
angle  of  dispersion  is  larger.     From  the  rcfiactire 
power  of  bodies  we  may,  in  many  cases,  infer  their 
chemical  constitution.     For  discovering  the  purity  of 
essential  oils,  an  examination  with  Doctor  Wolks- 
ton's  instrument  is  of  great  utility,  on  account  office 
smallness  of  the  quantity  requisite  for  trial.    This 
idea  of  Doctor  Wollaston  has  been  happily  prosecuted 
by  M.  Blot  with  regard  to  gaseous  compounds ;  and 
we  now  have  accurate  tables  of  the  refractive  power 
of  all  transparent,  gaseous,  liquid,  and  solid  bodin. 
Carburet  of  sulphur  exceeds  all  fluid  substances  in 
refractive  power,  surpassing  even  flint-glass,  topax» 
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and  toiinhdin ;  and,  in  dispersive  power,  it  exceeds 


every  fluid  substance  except  oil  of  cassia.    Rays  of  the  greatest  chemical  action  is  excited  just  beyond  the 


light,  in  traversing  the  greater  ntmber  of  crystallized 
bodies,  are  commonly  split  into  two  pencils,  one  of 
which,  called  the  ordineay  ray,  follows  the  common 
laWs  of  refraction,  agreeably  to  the  tables  alluded  to, 
whilst  the  other,  called  the  (extraordinary  ray,  obeys 
very  different  laws.  This  phenomenon  is  produced 
in  all  transparent  crystals  whose  primitive  form  is 
neither  a  cube  nor  a  regular  octahedron.  The  division 
of  the  beam  is  greater  or  less  according  to  the  nature 
of  the  crystal,  and  the  direction  in  which  it  is  cut ; 
but,  of  all  known  substances,  that  which  produces 
this  phenomenon  in  the  most  striking  manner  is  the 
crystallized  carbonate  of  lime,  called  Iceland  spar. 

If  the  white  sunbeam  admitted  through  a  small 
hole  of  a  window-shutter  into  a  darkened  room  be 
made  to  pass  through  a  triangular  prism  of  glass,  it 
will  be  divided  into  a  number  of  splendid  colours, 
Whidi  may  be  thrown  upon  a  sheet  of  pi^)er.  New- 
ton ascertained  that  if  this  coloured  image,  or  tpec- 
trum,  as  it  is  called,  be  divided  into  360  parts,  the 
red  will  occupy  fottv-five,  the  orange  twenty-seven, 
the  yellow  forty-eight,  the  green  sixty,  the  blue  sixty, 
the  indigo  forty,  and  the  violet  eighty.  The  red  rays, 
being  least  bent  by  the  prism  from  the  direction  of 
the  white  beam,  are  said  to  be  least  refracted,  or  the 
least  refrangible ;  while  the  violet  rays,  being  always 
at  the  other  extremity  of  the  spectrum,  are  called  the 
most  refrangible.  If  these  differently  coloured  rays  of 
light  be  now  concentrated  on  one  spot,  by  a  lens, 
they  will  reproduce  colourless  light. 

Newton  ascribes  the  different  colours  of  bodies  to 
their  power  of  absorbing  all  the  primitive  colours, 
except  the  peculiar  one  which  they  reflect,  and  of 
which  colour  they  therefore  appear  to  our  eye.    The 
different  coloured  rays  possess  very  different  powers  of 
illumination.    The  lightest  green,  or  deepest  yellow, 
which  are  near  the  centre,  throw  more  li^ht  on  a 
printed  page  than  any  of  the  rays  towards  either  side 
of  the  spectrum.  The  rays  of  the  prismatic  spectrum 
differ  from  one  another  also  in  their  heating  power, 
as  was  first  noticed  by  Herschel.   In  viewing  the  sun, 
by  means  of  large  telescopes,  through  differently  co- 
loured darkening  glasses,  he  sometimes  experienced 
a  strong  heat,  attended  with  very  little  light,  and,  at 
other  times,  he  had  a  strong  light  with  a  little  heat. 
This  observation  led  to  his  wdl-known  researches  upon 
this  subject,  from  which  he  concluded  that  the  max- 
imum heat  is  just  without  the  spectrum,  beyond  the 
red  ray.    Others  have  found  the  greatest  heat  in  the 
red  rav  itself;  but  the  observations  of  M.  Seebeck 
have  snown  that  the  point  of  greatest  heat  was  vari- 
ble,  according  to  the  kind  of  prism  which  was  em- 
[^loyed  for  refracting  the  rays.  When  a  prism  of  fine 
flint-glass  is  used,  the  greatest  heat  is  constantly  be- 
yond the  red ;  when  a  prism  of  crown-glass,  the 
greatest  heat  is  in  the  red  itself. 

It  has  long  been  known  that  the  solar  light  is 
capable  of  producing  powerful  chemical  changes. 
One  of  the  most  striking  instances  of  it  is  its  power  of 
darkening  the  white  chloride  of  silver — an  effect 
which  takes  place  slowly  in  the  diffused  light  of  day, 
but  in  the  course  of  two  or  three  minutes  by  exposure 
to  the  sunbcan^.  This  effect  was  formerly  attnbuted 
to  the  influence  of  the  luminous  rays  ;  but  it  appears, 
from  liie  observations  of  Ritter  and  WoUaston,  that 
it  is  owing  to  the  presence  of  certain  rayn  that  excite 
neither  heat  nor  light,  and  wtiich,  from  their  peculiar 
Arts  j^no  Sciences.'   vol.  I 
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violet  ray  of  the  prismatic  spectrum,  that  the  spqt 
next  in  energy  is  occupied  by  the  violet  ray  itself,  and 
that  the  property  gradually  diminishes  as  we  advance 
to  the  green,  beyond  which  it  seems  wholly  wanting. 
The  sunbeams,  in  traversing  a  coloured  glass>  pro^ 
duce  similar  effects  to  those  caused  by  the  differently 
coloured  portions  of  the  spectrum.  Tbus  the  chlo- 
ride of  silver  acquires  a  black  tint  behind  a  blue  or 
violet  glass,  but  does  not  blacken  behind  a  red  or 
orange  glass ;  on  the  other  hand,  it  becomes  red  be- 
hind a  red  glass,  and  that  much  more  quickly  than 
even  in  the  solar  spectrum. 

Light  produced  by  coal  and  oil  gases,  or  by  olefi- 
ant  gas,  even  when  concentrated  so  as  to  produce  a 
sensible  degree  of  heat,  was  found,  by  Mr.  Brande, 
to  occasion  no  change  in  the  colour  of  muriate  of 
silver,  nor  in  mixtures  of  chlorine  and  hydrogen ; 
while  the  light  emitted  by  electrized  charcoal  speedily 
affected  the  muriate,  and  caused  these  gases  to  unite, 
and  sometimes  with  explosion.  The  concentrated 
light  of  the  moon,  like  that  of  the  gases,  produced 
no  change.  The  importance  of  light  to  plants  is  weU 
known :  deprived  of  it,  they  become  white,  and  con- 
tain an  excess  of  saccharine  and  aqueous  particles ; 
and  flowers  owe  the  variety  and  intensity  of  their 
hues  to  the  influence  of  the  solar  beams.  £ven  ani- 
mals require  the  presence  of  the  rays  of  the  sun,  and 
their  colours  seem  materially  to  depend  upon  the 
chemical  influence  of  these  rays.  A  comparison 
between  the  polar  and  tropical  animals,  and  between 
the  parts  of  their  bodies  exposed  and  those  not  ex- 
posed to  light,  shows  the  correctness  of  this  opinion. 
(For  an  account  of  the  physical  affections,  and  che- 
mical effects  of  light,  see  Optics.) 

Light,  in  the  JIne  arts, — ^This  term  is  employed 
by  the  artist  in  contradistinction  to  thadow ;  and  the 
following  rules  and  definitions  are  given  by  Mr. 
Hayter,  for  the  governance  of  the  painter : — 

1.  Reflectmg  surfaces  tincture  the  objects  reflected 
on  with  their  colour  proportionately  with  their  dis- 
tance from  each  other,  and  the  angle  under  which 
light  operates. 

2.  The  general  prevailing  colour  of  light  tinctures 
every  object  within  its  influence;  for  instance,  observe 
the  whole  hemisphere  at  the  time  of  a  warm  setting 
sun,  or  the  gray  effects  of  a  cloudy  sky,  or  a  fog. 

3.  The  power  of  light,  particularly  sunshine,  in- 
creases the  warmth,  and  weakens  the  local  colours  of 
all  the  cold  class  of  colours,  which  are  blue,  green, 
and  purple:  for  instance,  grass,  which  in  shade  appears 
a  cool  refreshing  green,  will  appear  almost  yellow  in 
sunshine. 

4.  The  warmth  of  parts  or  breadths  which  lie  un- 
der a  partial  degree  of  shade,  where  the  power  of 
lights  ^om  surrounding  matter  prevails,  is  accounted 
for  by  the  quantity  of  such  secondary  light,  and  their 
local  colours. 

5.  When  a  white  surface  reflects  on  the  iltadowy 
part  of  any  colour,  it  looks  paler  than  the  lighted 
parts  of  such  colour ;  but  the  power  of  the  shadow 
holds  its  influence  with  regard  to  light. 

6.  Glossy  surfaces  receive  the  form  an*}  colour  of 
all  objects  locally,  according  to  their  purity,  and  re- 
flect diem  accordingly,  being  in  such  degree  mirrors. 

7.  Every  colour  that  is  reflected  by  its  own  colour 
is  enriched  thereby,  according  tp  the  strength  of  light 
on  the  reflector. 
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8.  Every  cofour  that  is  refl^ct^  on  by  its  directly 
opposite  colour  will  be  neutralized  thereby ;  such  as 
green  against  red,  blue  against  orange,  or  purple  against 
jfellow,  in  an  equivalent  degree  with  the  power  of  light. 

9.  If  any  two  approximate  colours  reflect  the  one 
on  the  other,  the  tincture  will  approach  the  appear- 
ance of  that  compound  which  the  two  colours  would 
make  by  mixing  them. 

10.  The  dir^  opposite  to  any  of  the  primitive 
colours  b  an  equal  compound  of  the  other  two. 

11.  The  middle  colour  or  medium  in  a  warm 
effect  is  red, 

12.  The  middle  colour  or  medium  between  light 
and  darkness,  in  the  gradations  of  a  cold  effiect,  is 
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13.  Whatever  be  the  colour  of  a  flat  surface  when 
viewed  directly  perpendicular  by  the  visual  ray,  faintly 
lighted,  must  be  painted  of  that  colour  when  unaffected 
by  glittering  or  reflection,  regarding  duly  the  influ- 
ence of  distance  and  aerial  medium. 

14.  The  certain  colours  of  all  visible  matter  must 
give  place  to  their  appearances,  owing  to  the  com- 
pounding influence  of  Ught,  shade,  reflection,  various 
distance,  clearness,  density,  and  prevailing  hue  or 
colour  of  the  medium  under  which  any  colour  is  seen. 

Light,  Instantaneous. — ^There  are  several  species  of 
apparatus  for  the  instantaneous  production  of  light ; 
but  our  space  will  permit  a  description  of  only  one, 
which  is  the  latest  and  appears  the  most  meritorious. 
It  forms  the  subject  of  a  patent  granted  to  Mr.  New- 
ton, of  the  office  for  patents.  Chancery  Lane. 

The  invention  consists  of  two  features :  a  peculiar 
construction  of  valve  or  stopper,  which  prevents  the 
escape  of  acid  from  the  bottle,  and,  though  remaining 
fixed,  at  all  times  furnishing  a  sufficient  supply  to 
produce  the  ignition  of  the  match.  This  valve  or 
stopper  is  a  leaden  plug,  screwed  into  the  neck  of  a 
glass  bottle,  about  two-thirds  filled  with  sulphuric 
acid,  llie  plug  is  cup-shaped  on  the  upper  surface, 
and  convex  below.  One  or  more  exceedingly  small 
perforations  are  made  through  this  plug  for  the  pas- 
sage of  the  acid  from  within,  which  is  obtained  by 
slightly  shaking  the  bottle,  when  the  drop  or  globule 
of  the  acid  which  adheres  to  the  under  side  of  the 
plug,  after  the  bottle  has  been  shaken,  finds  its  way 
upwards  through  the  small  holes  by  capillary  attrac- 
tion, and  which  may  be  aided  by  the  warmth  of  the 
hand  expanding  the  air  within,  tiiereby  assisting  the 
liquid  to  exude  into  the  cup  above;  the  apertures, 
however,  are  too  small  to  allow  the  damp  to  enter. 

The  other  feature  of  novelty  is  in  the  matches, 
which  are  made  of  short  pieces  of  wax  taper,  the  size 
of  common  dressing  pins,  on  the  end  of  which  there 
is  a  small  globule  of  mastic,  made  of  an  inflam- 
mable material,  which  instantly  ignites  on  being  in- 
troduced into  the  cup  of  the  bottle  stopper,  and  bums 
with  a  steady  light  for  a  minute  or  more,  according 
to  the  length  of  the  match. 

There  are  many  arrangements  for  procuring  light 
instantaneously  through  the  united  agencies  of  hydro- 
gen gas  and  spongy  platinum ;  but  they  speedily  get 
out  of  order,  and  are  but  little  fitted  for  general  use. 

LioHT-HoirsBS  were  in  use  with  the  ancients.  The 
towers  of  Sestos  and  Abydos,  the  colossus  of  Rhodes, 
and  the  Well-known  tower  on  the  island  of  Pharos, 
off"  Alexandria,  are  examples.  Suetonius  abo  men- 
tions a  lofty  tower  at  Ostia,  and  another  on  the  coast 
of  fiatavia,  erected  for  the  purpose  of  guiding  the 
mariner  by  their  light.     In  lighting  a  great  extent  of 


coast,  it  becomes  necessary  to  provide  for  the  dis- 
tribution of  the  li^t-houses  in  such  a  maonerthit 
they  may  be  readily  distinguished  from  each  other, 
and  at  the  same  time  so  disposed  as  not  to  leart 
vessels  without  some  point  by  which  to  direct  thdr 
course ;  and,  in  constructing  each  memberof  the  series, 
care  should  be  taken  to  provide  for  a  suffideot  bril- 
liancy of  light  One  of  the  most  extraordinary  light- 
houses on  our  iron-bound  coast  stands  on  a  reef  of 
rocks,  called  the  Eddystone,  in  the  English  Channel 
about  ten  miles  from  the  Ram  Head  in  Comwal]. 
It  was  erected  by  Mr.  Smeaton  in  1759>  and  still 
remains  a  lasting  monument  of  his  scientific  skill 
It  consbts  of  four  rooms,  surmounted  by  a  gilkr; 
and  lantern.  The  floors  are  of  stone,  flat  on  tk 
surface,  but  concave  beneath,  and  are  kept  from 
pressing  against  the  sides  of  die  building  by  mans 
of  a  chain  which  b  let  into  the  waUs.  The  entire 
edifice  b  about  eighty  feet  in  height,  and  vet  sodi  is 
the  immense  power  of  the  wind,  in  the  neiglibparbood 
of  the  rock,  that  the  waves  are  seen  to  ascend  likea 
cupola  considerably  above  the  lantern  at  top.  '^ 
appearance  of  the  light-house,  when  thus  exposed  to 
the  violence  of  the  stormy  ocean,  b  well  given  fa 
the  accompanying  engraving. 


The  Bell  Rock  light-house  must  now  be  noticed. 
It  stands  on  the  coast  of  Scotland,  near  Arbroadi,  it 
Forfarshire.  To  enable  our  readers  to  form  kbk 
estimate  of  the  difficulty  attendant  on  the  ercctioa 
of  this  building,  it  may  be  enough  to  state  thit, 
during  the  lapse  of  twelve  months,  only  forty-OB« 
hours  offered  in  which  the  workmen  could  be  em- 
ployed on  the  rock.  In  the  succeeding  year  (1814^ 
fifty-three  hours  of  labour  occurred  on  the  rock,  b 
the  third  season,  thb  was  nearly  doubled ;  but  tl» 
operations  of  the  fourth  season  were  much  retarded 
by  several  untoward  accidents.  In  particular  a  hea^ 
gale  overtook  the  workmen  while  they  were  layiDf 
the  seventh  course  of  masonry,  which  obliged  tbca 
to  leave  the  rock  before  the  necessary  precautioDaiT 
measures  could  be  taken  for  closing  and  completiof 
the  work  in  hand,  in  consequence  of  whidi  t» 
stones 'on  the  eastern  or  weather  side  of  this  coui* 
were  lifted  off  their  bases,  the  oaken  trenails  broken. 
and  five  of  the  blocks  of  stone  swept 'away.  At  an- 
other period,  the  Puzzolano  mortar  connecting  tb? 
beds  of  two  of  the  stones  was  washed  out,  and  » 
much  injured  that  the  stones  required  to  be  lift«d 
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and  reliid.  The  works  were  this  season  intended  to 
have  been  closed  early  in  the  month  of  October^  when 
another  unlucky  gale  sprung  up,  just  as  the  sixteenth 
coarse  had  been  Uid,  which  raised  seven  more  of  the 
atones  from  tiieir  beds;  but  they  were  fortunately 
held  by  the  oaken  trenails,  and  in  this  state  they  re- 
mained for  about  three  weeks,  before  a  landing  could 
possibly  be  dOfected  to  replace  them. 

There  was  one  moment  of  appalling  danger,  during 
the  progress  of  ihe  work,  which  must  not  be  passed 
unnoticed.     On  the  2nd  of  September,  there  were 
thirty-two  persons  upon  the  rock,  and,  while  all  the 
artificers  were  engaged  in  their  several  avocations,  a 
gale  arose,  whidi  carried  the  large  vessel  (the  Smea- 
ton)  in  which  the  workmen  were  usually  conveyed 
ashore  more  than  three  miles  to  leeward  of  the  rock. 
In  thiscritical  situation,  placed  upon  an  insulated  rock, 
far  out  in  the  ocean,  which  in  the  progress  of  the  flood- 
tide  was  to  be  laid  under  water  to  the  depth  of  at 
least  twelve^eet  in  a  stormy  sea,  the  feelings  of  Mr. 
Stevenson,  the  engineer,  may  be  better  conceived  than 
described.    There  were  at  this  period  only  two  boats 
attached  to  the  rock/whose  complement,  even  in  good 
weather,  did  not  exceed  twenty-four  sitters ;  but  to 
row  to  the  floating-light,  with  so  much  wind,  and  so 
heavy  a  sea,  a  complement  of  eight  men  for  each  boat 
vns  as  much  as  could  possibly  be  attempted,  so  that, 
ia  tills  vvay,  about  one-half  of  those  employed  on  the 
rock  must  be  left  unprovided  for.  Under  these  circum- 
stances, had  Mr.  Stevenson  ventured  to  despa.tchone 
of  the  boats,  in  expectation  of  either  working  the 
Smeaton  sooner  up  towards  the  rock  or  in  hopes  of 
getting  her  boat  brought  to  the  assistance  of  the  rest, 
this  must  have  given  an  immediate  alarm  to  the  arti- 
ficers, each  of  whom  would  have  insisted  upon  taking 
to  his  own  boat,  and  leaving  the  eight  artificers  be- 
longing to  the  Smeaton  to  their  chance. 

The  unfortunate  circumstance  of  the  Smeaton  and 
her  boat  having  drifted  was,  for  a  considerable  time, 
known  only  to  Mr.  Stevenson  and  to  the  landing- 
master,  who  removed  to  the  further  part  of  the  rock, 
where  he  kept  his  eye  steadily  upon  the  progress  of 
the  vessel.  While  the  artificers  were  at  work,  chiefly 
in  sitting  and  kneeling  postures,  excavating  tiie  rock 
Dr  boring  with  the  tooU,  and  while  their  numerous 
hammers  and  the  sound  of  the  smiths'  anvil  con- 
tinued, the  situation  of  things  did  not  appear  so  awful. 
[n  this  state  of  suspense,  with  almost'certain  destruc- 
don  at  hand,  the  water  began  to  rise  upon  those  who 
9vere  at  work  on  the  lower  parts  of  the  sites  of  the 
beacon  and  light-house.  From  the  run  of  sea  upon 
iie  rock,  the  forge  fire  was  sooner  extinguished  than 
isual,  and,  the  volumes  of  smoke  having  ceased,  ob- 
ects  in  every  direction  became  visible  from  all  parts 
>f  the  rock.  After  having  had  about  three  hours' 
vork,  the  men  began,  pretty  generally,  to  make  to- 
wards their  respective  boats  for  their  jackets  smd 
stockings,  when,  to  their  astonishment,  instead  of 
hree  they  found  only  two  boats,  the  third  being  adrift 
vith  the  Smeaton.  Not  a  word  was  uttered  by  any 
»ne,  but  all  appeared  to  be  silently  calculating  their 
lumbers,  and  looking  to  each  otiier  with  evident 
oarka  of  perplexity  depicted  on  their  countenances. 
[lie  landing-master,  conceiving  blame  mig^t  be  attach- 
d  to  him  ^r  allowing  the  boat  to  leave  the  rock,  still 
ept  at  a  distance.  At  this  critical  moment  Mr. 
{tevenaon  was  standing  upon  an  elevated  part  of  the 
ock^  where  he  endeavoured  to  mark  the  progress  of 
he  Smeaton,  not  a  little  surprisCd  that  her  crew  did 


not  cut  the  praam  adrift,  which  greatly  retarded  her 
way.  The  workmen  looked  steadfastly  at  their  leader, 
and  turned  occasionally  towards  the  vessel,  still  far 
to  leeward. 

All  this  passed  with  the  roost  perfect  silence,  and 
the  melancholy  solemnity  of  the  group  was  such  that, 
Mr.  Stevenson  states,  it  left  an  impression  never  to  be 
effaced  from  his  mind. 

Mr.  S.  was,  in  the  mean  time,  considering  of  vari- 
ous schemes  which  might  be  put  in  practice  for  the 
general  safety  of  the  party,  in  hopes  that  the  Smeaton 
might  be  able  to  pick  up  the  boats  to  leeward,  when 
they  were  obliged  to  leave  the  rock.  He  was,  accord- 
ingly, about  to  address  the  artificers  on  the  perilous 
nature  of  their  situation,  and  to  propose  that  all  hands 
should  unstrip  their  upper  clothing,  when  the  higher 
parts  of  the  rocks  were  laid  under  water, — ^that  the 
seamen  should  remove  every  unnecessary  weight  and. 
incumbrance  from  the  boats,  and  a  specified  num- 
ber of  men  should  go  into  each  boat, — and  that  the 
remainder  should  hang  by  the  gunwales,  while  the 
boats  wci-e  to  be  rowed  gently  towards  the  Smeaton, 
as  the  course  of  the  Pharos  or  floating  light  lay  rather 
to  windward  of  the  rock.  But,  when  he  attempted 
to  speak,  his  mouth  was  so  parched  that  his  tongue 
refused  utterance,  and  he  says,  "I  now  learned  by 
experience  that  the  saliva  is  as  necessary  as  the 
tongue  itself  for  speech."  He  then  turned  to  one  of 
the  pools  on  the  rock  and  drank  a  little  salt  water, 
which  produced  inmiediate  relief;  and  his  delight  was 
in  no  small  degree  increased,  when,  on  rising  fi'om 
this  unpleasant  beverage,  some  one  cadled  out  "  a  boat ! 
a  boat  \"  and  on  looking  round,  at  no  great  distance, 
a  large  boat  was  seen  tlurough  the  haze  making  to- 
wards the  rock. 

The  stormy  elements  which  surround  this  isolated 
station  appear  occasionally  to  excite  the  keenest  fears 
in  the  minds  of  those  wlio  reside  in  the  building; 
and  although  the  compact  erection  of  iron  and 
masonry  which  they  inhabit  may  for  centuries  bid 
defiance  to  the  "noxthem  blasts,"  or  the  "sulphure- 
ous bolts  of  heaven,"  yet  it  must  require  no  small 
share  of  mental  courage  to  resist  the  effect  of  such  a 
combination  of  terrors. 

Mr.  Stevenson  says, "  I  often  take  pleasure  in  look- 
ing at  the  seas  breaking  upon  the  light-house ;  and 
it  is  awfully  grand  at  the  time  of  high-water  to  ob- 
serve the  sprays  rising  to  such  a  height  on  the  build- 
ing, and  even  to  be  on  the  rock  at  low-water,  when 
the  waves  are  about  to  break.  Being  in  a  manner 
only  a  few  yards  distant,  they  approach  as  if  they 
were  about  to  overwhelm  us  altogether.  But,  now  that 
we  are  accustomed  to  such  scenes,  we  think  little  of 
it.  You  will  perhaps  form  a  better  idea  of  the  force 
of  the  sea  during  these  gales,  when  I  relate  to  you 
that,  on  the  15th  of  Februaij,  the  large  piece  of  lead 
that  was  used  as  the  back  weight  of  the  balance-crane, 
weighing  4  cwt.  3  qrs.  17  lbs.,  or  nearly  a  quarter  of 
a  ton,  was  fairly  lifted  by  the  sea,  and  carried  to  the 
distance  of  six  feet  from  the  hole  in  which  it  had 
laid  since  the  month  of  August.  It  was  found 
turned  round,  with  the  ring-bolt  downwards  and  it 
was  vnth  great  difilculty  that  four  of  us  could  muster 
strength  enough  to  return  it  to  its  former  shelf  in 
the  rock. 

"AH  the  observations  whidi  I  have  made  regarding 
the  effects  of  the  seas  and  weather  on  the  light-house, 
while  I  have  been  here,  lead  me  to  conclude  that 
when  the  wind  ia  from  the  south,  south-west,  west, 
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north-west,  and  even  norths  the  sea  has  little  effect 
on  the  building ;  but,  from  south  to  north-easterly, 
the  force  of  the  waves  is  considerable^  especially  when 
it  comes  to  blow  hard.  During  the  gale  of  the  22nd 
of  February,  I  remarked  that  even  the  heaviest  seas, 
if  they  broke  before  they  came  to  the  foot  of  the 
building,  slipped  past  without  giving  the  least  shock 
to  the  house ;  and  it  is  only  a  very  few  of  the  waves 
that  reach  the  building  in  the  course  of  a  tide 
which  cause  the  vibration  alluded  to ;  but  we  fear 
those  seas  only  which  come  from  the  north-east,  as 
they  break  close  upon  the  house.  I  may  say,  in 
general,  that  the  higher  or  stronger  the  wind,  the  less 
power  the  eea  has  on  the  light-house,  the  heaviest 
seas  being  accompanied  with  little  wind,  or  occurring 
after  the  gale  has  abated. 

"  With  regard  to  the  comfort  of  this  building  as  a 
dwelling,  I  hsA  no  other  expectation  but  that,  on  ac- 
count of  the  sea-air  and  newness  of  the  walls,  the 
house  would  have,  in  the  first  instance,  been  damp. 
It  is  however  the  very  reverse  of  this ;  and  I  may  con- 
fidently say  that  this  is  as  dry  round  the  inside  walls, 
and  on  the  floors,  as  any  house  in  Edinburgh." 

The  domestic  life  of  those  who  sojourn  on  the  rock 
is  worthy  of  notice.  The  following  is  a  diary  of  their 
monotonous  day,  which  commences  by  cleaning  and 
trimming  the  lamps.  This  is  usually  succeeded  by  a 
walk  on  the  waggon-ways,  and  an  active  search  about 
the  crevices  of  the  rock  for  small  fish,  when  the  state 
of  the  tides  and  weather  permit,  but,  when  this  is  not 
the  case,  Uiey  find  amusement  in  reading  in  a  small 
library.  On  Sunday,  those  on  the  rock  attend  to  the 
general  rule  of  the  service,  doing  no  more  work  in  the 
light-room  than  is  necessary,  cleanbg  only  the  re- 
flectors, lamp-glasses,  andwmdows,  operations  which 
are  usually  over  in  the  summer  season  about  twelve 
o'clock,  alter  which  they  meet  for  prayers,  and  read 
two  or  three  chapters  in  the  Bible. 

The  best-constructed  light-houses,  in  Great  Britain, 
are  fitted  up  with  parabolic  reflectors,  consisting  of  a 
circular  sheet  of  copper,  plated  with  silver,  in  the 
proportion  of  six  ounces  to  each  pound  of  copper, 
and  formed  into  a  parabolic  curve,  by  the  ass'istance 
of  a  gauge,  by  a  very  nice  process  of  hammering. 
The  reflector,  thus  shaped,  is  then  polished  with  the 
hand.  An  Argand  lamp  is  placed  in  the  focus  of  the 
paraboloidal  surface,  and  the  oil  is  supplied  by  the 
lamp  behind.  But  the  disadvantages  of  iJiis  mode  are 
acknowledged ;  such  as  the  loss  or  light,  partly  from 
its  absorption  by  the  reflector,  and  partly  from  the 
collision  of  the  rays ;  the  impossibility  of  increasing 
the  intensity  of  the  light  in  dark  and  hazy  weather ; 
the  difficulty  of  forming  distinguishing  lights,  &c. 
The  important  invention  of  the  polyzonal  lenses,  in 
which  refraction  is  employed  instead  of  reflection, 
seems,  therefore,  likely  to  supersede  the  use  of  re- 
flectors. Another  important  problem  is  the  construc- 
tion of  distinguishing  lights,  so  that  the  mariner  may 
not  be  deceiv^  in  taking  one  light-house  for  another. 
Single  and  double  stationary  lights,  or  lights  disposed 
in  different  forms,  were  first  employed;  revolving 
lights  were  next  adopted,  which  appeared  and  dis- 
appeared at  intervals ;  and  these  are  sometimes  ex- 
hibited double  or  triple.  The  lights  may  be  so  disposed 
as  to  illuminate  only  the  safe  channel.  Difference  of 
colour  is  sometimes  made  use  of  as  a  distinction.  It 
sometimes  becomes  desirable,  as  in  hazy  weather, 
to  produce  a  very  intense  light.  A  plan  was  pro- 
posed by  Lieutenant  Drummond  to  effect  this  object. 


by  directing  a  stream  of  oxy-hydiogen  gas  apos  t 
ball  of  lime,  a  quarter  of  an  inch  in  diameter. 

LiGHTNiifo.  In  our  article  Elkctricity  die  reader 
will  find  a  series  of  experimental  illustratioai  tcMl- 
ing  to  prove  the  identity  of  lightning  with  ekctiidty ; 
and  we  now  purpose  furnishing  a  brief  abstract  of 
the  labours  of  those  men  of  science  who  succ<«ded  tk 
distinguished  electrician  by  whom  the  public  attentioo 
was  first  called  to  the  subject.  The  earliest  uefol  ob- 
servations that  were  made  on  the  electriol  itate  gf 
the  atmosphere  in  Europe  appear  to  have  been  tlMsc 
of  Monnier ;  his  experiments  were  performed  with 
an  apparatus  which  consisted  of  a  pole,  thirty-two 
feet  in  height,  insulated  in  a  piece  of  turf,  haviag  at 
its  top  a  strong  glass  tube,  to  which  a  tube  of  tiiuxd 
iron  was  attached,  and  which  terminated  in  a  poinL 
About  the  middle  of  this  tube  there  was  fastened  a 
fine  iron  wire,  about  fifty  lines  long,  which,  withotf 
touching  any  other  body,  was  connected  with  a  sSk 
cord  stretchcid  horizontally.  He  found  that,  althoogh 
the  atmosphere  was  constantly  electrified  ntore  or 
less,  yet  in  dry  weather  the  electricity  increased 
from  sunrise,  when  it  was  weakest,  tiU  aboat  ibor 
o'clock  in  the  afternoon,  at  which  time  it  ws 
strongest,  gradually  diminishing  from  that  time  nQ 
the  dew  began  to  fall,  after  which  it  diminished  till 
midnight. 

The  Abb^  Mazeas  made  several  observatMDs  with 
an  atmospherical  apparatus  consisting  of  an  in» 
wire,  370  feet  long,  raised  about  ninety  feet  from  the 
ground,  and  properly  insulated.  The  results  of  his 
experiments  with  this  instrument  were  the  fbUof- 
ing : — In  very  dry  weather  the  wire  readily  attracted 
light  bodies,  if  brought  within  three  or  four  lines  of 
it ;  and,  if  the  weauer  was  not  stormy,  the  ekf- 
tricity  of  the  air  was  about  half  as  great  as  that  of 
a  stick  of  sealing-wax  two  inches  long.  When  he 
grasped  the  wire  in  his  hand,  the  signs  of  electridty 
disappeared  entirely,  and  did  not  return  till  after  aa 
interval  of  three  or  four  minutes.  He  also  fou^ 
that  the  electricity  of  the  atmosphere  was  not  in- 
creased with  storms  and  hurricanes  unattended  with 
rain;  for  during  a  violent  storm  of  wind,  which 
continued  uninterruptedly  for  three  days,  in  the 
month  of  July,  he  found  it  necessary  to  place  the 
dust  within  four  or  five  lines  of  the  conductor,  before 
it  exhibited  a  sensible  attraction.    No  change  ws 

froduced  by  the  different  directions  of  the  winds. 
n  the  driest  nights  of  summer  he  never  coqM  ob- 
serve any  electncity  in  the  air,  but  it  began  to  ap- 
pear in  the  morning  at  sunrise,  and  vaniwed  in  the 
evening  at  about  hidf  an  hour  after  sunset  In  the 
month  of  July,  on  a  very  dry  day,  when  the  sky  w» 
serene  and  ^e  heat  intense,  he  found  the  electiicity 
stronger  than  he  had  ever  observed  it  before :  the 
dust  was  then  attracted  at  the  distance  of  ten  o^ 
twelve  lines  from  the  conductor. 

Having  thus  briefly  noticed  the  effects  of  metallic 
rods  for  conveying  the  electricity  of  the  atmospb^ 
to  the  earth's  surface,  it  may  now  be  advisable  to 
advert  to  another  agent,  whicii,  altJiough  somewhat 
more  complicated  tluin  the  conducting  wire,  was  ytt 
found,  in  the  hands  of  Dr.  Franklin,  a  most  eSk^ 
piece  of  apparatus.  It  consists  in  Uie  elevation  of  i 
long  conducting  string  by  nieana  of  a  windsail  or 

An  electrieal  iile  should  be  constructed  in  oe 
most  simple  manner,  as  it  is  an  apparatos  very 
li^le  to  be  injured  ot  lost.    In  dimensions  it  skonn 
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Bot  exceed  four  feet  in  height,  by  two  feet  wide. 
This  will  be  found  the  most  manageable  size,  and  it 
is  necessary  to  varnish  it  with  drying  oil  to  defend 
it  from  the  tain.  The  string  must  be  furnished  with 
a  thin  copper  or  silver  thread,  interwoven  through  its 
whole  length ;  that  which  is  employed  in  the  fabri- 
cation of  gilt  lace  appears  best  adapted  to  the  purpose. 
When  the  kite  is  raised,  the  string  is  insulated  by 
attaching  to  it  a  silk  cord,  the  opposite  extremity 
of  which  may  be  fastened  to  a  rail,  or  any  other  fixed 
place.  Tlie  end  of  the  metallic  string  may  then  be 
connected  with  a  prime  conductor,  similar  to  that  em- 
ployed in  the  common  electrical  machine ;  and  with 
this  the  experiments  may  be  performed. 

To  ensure  the  safety  of  the  operator,  which  is  a 
very  important  consideration  in  this  otherwise  dan- 
gerous experiment,  it  will  only  be  necessary  to  con- 
nect a  brass  rod  with  the  earth,  and  bring  the  other 
end  within  about  two  inches  of  the  prime  conductor, 
8o  that,  in  the  event  of  the  kite  coming  in  contact 
with  a  large  electrical  cloud,  a  ready  passage  may 
thus  be  found  for  the  electric  fluid  to  the  earth.     In 
raising  or  lowering  the  kite,  shocks  are  frequently 
taken:  tiiis,  however,  may  be  effectually  prevented 
by  saffering  a  part  of  the  string  between  the  operator 
and  the  kite  to  bear  constantly  against  the  brass 
ball  that  is  connected  with  the  ground ;  and  this  pre- 
caution is  more  particularly  essential  when  thunder- 
clouds are  over-head. 

Mr.  Cavallo,  from  a  variety  of  experiments  made 
with  electrical  kites,  furnishes  the  following  results, 
vrhich  will  be  found  correct  in  the  generality  of 
cases.  "The  air  appears  to  be  electrified  at  all 
timet :  its  electricity  is  constantly  positive,  and  much 
stronger  in  frosty  than  in  warm  weather ;  but  it  is 
by  no  means  less  in  the  night  than  in  the  daytime. 
When  It  rains,  the  electricity  of  the  kite  is  generally 
negative,  and  very  seldom  positive.  The  aurora 
borealis  teems  not  to  affect  the  electricity  of  the 
kite.  The  ekxrtric  spark  taken  from  the  string  of 
the  kite,  or  from  any  insulated  conductor  connected 
with  it,  especially  when  it  does  not  rain,  is  very 
seldom  longer  than  a  quarter  of  an  inch ;  but  it  is 
exceedingly  pungent.  When  the  index  of  the  elec- 
trom^er  is  not  higher  than  20^,  the  person  who 
takes  the  spark  will  feel  the  effect  of  it  in  his  legs, 
as  it  appears  more  like  the  discharge  of  an  electric 
)cLr  than  the  spark  taken  from  the  prime  conductor 
of  an  electrical  machine.  The  electricity  of  the 
kite  is  generally  stronger  or  weaker,  according  as 
pke  string  is  longer  or  shorter ;  but  it  does  not  keep 
any  exact  proportion  to  it.  The  electricity,  for  in- 
itance,  brought  down  by  a  string  of  100  yards,  may 
raise  tiie  index  of  the  electrometer  to  twenty ;  when, 
97ith  double  that  length,  the  index  of  the  electro- 
meter will  not  go  higher  than  twenty-five.** 

The  {^enomena  incident  to  a  thunder-storm  are 
ilways  beheld  with  the  most  intense  interest  by  the 
student  in  this  science ;  and,  although  many  very 
poetical  descriptions  of  its  effects  are  on  record,  the 
facta  furnished  by  the  Italian  philosopher  Beccaria 
Ere  at  illustrative  as  any. 

"Thunder-storms,"  says  Beccaria,  "generally 
happen  when  there  is  little  or  no  wind ;  and  their 
irst  appearance  m  marked  by  one  dense  cloud,  or 
nore,  increasing  very  fast  in  size,  and  rising  into 
:he  higher  regions  of  the  air ;  the  lower  surface  black, 
ind  nearly  level,  but  the  upper  finely  arched,  and 
nrell  defined.     Many  of  these  clouds  seem  frequently 


piled  one  upon  another,  all  arched  in  the  same  man- 
ner ;  but  they  keep  continually  uniting,  swelling,  and 
extending  their  arches. 

"At  the  time  of  the  rising  of  this  cloud,  the  at- 
mosphere b  generally  full  of  a  great  number  of 
sepairate  clouds,  motionless,  and  of  odd  and  whim- 
sical shapes.  All  these,  upon  the  appearance  of  the 
thunder-cloud,  begin  to  move  towards  it,  and  be- 
come more  uniform  in  their  shapes  as  they  approach ; 
till,  coming  very  near  the  thunder-cloud,  they  mu- 
tually stretch  towards  one  another,  immediately 
coalesce,  and  together  make  one  uniform  mass.  But 
somethnes  the  bunder-cloud  will  swell  and  increase 
very  fast  without  the  conjunction  of  these  adventi- 
tious clouds,  the  vapours  of  the  atmosphere  forming 
themselves  into  clouds  wherever  it  passes.  Some  of 
the  adventitious  clouds  appear  like  white  fringes  at 
the  skirts  of  the  thunder-cloud,  but  these  are  con- 
tinually growing  darker  and  darker  as  they  approach 
or  unite  with  it. 

"When  the  thunder-cloud  is  grown  to  a  great 
size,  its  lower  surface  is  often  ragged,  particular 
parts  being  detached  towards  the  earth,  but  still 
connected  with  the  rest.  Sometimes  the  lower  sur- 
face swellt  into  various  large  protuberances,  bendmg 
uniformly  towards  the  earth.  When  the  eye  is 
under  the  thunder-cloud,  after  it  is  grown  larger, 
and  well  formed,  it  is  seen  to  sink  lower,  and  to 
darken  prodigiously,  at  the  same  time  that  a  number 
of  adventitious  clouds  (the  origin  of  which  can  never 
be  perceived)  are  seen  in  rapid  motion,  driving  about 
in  every  direction  under  it.  While  these  clouds  are 
agitated  with  the  most  rapid  motions,  the  rain  ge- 
nerally falls  in  the  greatest  plenty ;  and,  if  the  agita- 
tion is  exceedingly  great,  it  commonly  hails."^ 

While  the  thunder-cloud  is  swelling,  and  extend- 
ing its  branches  over  a  large  tract  of  country,  the 
lightning  is  seen  to  dart  finom  one  peurt  of  it  to  an- 
other, and  often  to  illuminate  its  whole  mass. 
When  the  cloud  has  acquired  a  sufficient  extent, 
the  Ughtning  strikes  between  the  cloud  and  the 
earth,  in  two  opposite  places,  the  path  of  the  light- 
ning lying  through  the  whole  body  of  the  cloud  and 
its  branches. 

The  electrical  explosion  generally  takes  place  in 
the  air,  and  at  a  considerable  height ;  but  in  many 
instances  it  happens  between  the  clouds  and  the 
earth.  In  most  instances,  perhaps,  the  lightning 
descends  from  the  clouds  to  the  earth,  and  the  ex- 
plosion is  then  called  the  descending  stroke ;  but  in 
some  cases  it  is  known  to  pass  firom  the  earth  to  the 
clouds,  and  is  then  termed  the  ascending  stroke :  of 
the  latter  kind  appears  to  have  been  the  explosion 
which  took  place  on  the  Malvern  Hills,  in  the 
summer  of  1826,  and  which  was  attended  with  such 
melancholy  consequences.  A  very  curious  instance 
of  the  ascending  stroke  is  related  by  G.  F.  Richter, 
in  his  work  on  thunder.  He  informs  us  that  in  the 
cellar  belonging  to  the  Benedictine  monks  of  Fon- 
tigno,  while  the  servants  were  employed  in  pouring 
into  a  cask  some  wine  which  had  been  just  boiled» 
a  fine  light  flame  appeared  round  the  funnel,  and 
they  had  scarcely  finished  their  operation  when  a 
noise  like  thunder  was  heard :  the  cellar  was  in- 
stantly filled  with  fire;  the  cask  was  burst  open, 
although  hooped  with  iron ;  the  staves  were  thrown 
with  prodigious  violence  against  the  wall ;  and,  on 
examination,  a  hole  of  three  inches  in  diameter  was 
found  in  the  bottom  of  the  cask. 
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LIMB,  LIME. 


Limb  ;  the  ontenDOsfc  border  or  graduated  edge  of 
a  quadrant,  astrolabe,  or  sach  like  mathematical  in- 
strument. The  word  is  also  used  for  the  arch  of  the 
primitive  circle,  in  any  projection  of  the  sphere  ta 
piano. 

Limb  also  signifies  the  ontermost  border  or  edge  of 
the  sun  and  moon ;  as  the  upper  limb  or  edge,  the 
lower  limb,  &c. 

Limb.  This  earth,  well  known  in  its  most  im- 
portant properties  from  the  remotest  antiquity,  exists 
m  great  abundance  in  nature.  In  treating  of  it  in 
the  present  article,  we  shall  confine  ourselves  to  its 
chemical  properties  and  its  application  to  domestic 
purposes.  Lime  is  obtained  with  most  facility  from 
the  native  carbonate,  firoin  which,  by  a  strong  heat, 
the  carbonic  acid  may  be  expelled.  This  process  is 
conducted  on  a  large  scale  with  the  different  varieties 
of  limestone,  which  are  calcined  or  burnt,  in  order  to 
obtain  the  caustic  earth,  or  quiekUme,  as  it  is  called. 
The  lime  thus  obtained,  however,  is  rarely  pure 
enough  for  chemical  purposes.  The  chemist,  there- 
fore, when  he  would  obtain  a  very  perfect  article, 
calcines  transparent  crystals  of  carbonate  of  lime,  or 

Srepares  it  from  solution,  in  the  following  manner : — 
f arble  or  chalk  is  dissolved  in  diluted  muriatic  acid, 
leaving  an  excess  of  lime  undissolved ;  ammonia  is 
added,  which  precipitates  any  alumine  or  magnesia. 
The  filtered  solution  is  then  decomposed  by  carbonate 
of  potash,  and  the  carbonate  of  Ume,  being  washed 
wim  water  and  dried,  is  decoiqposed  by  a  strong 
heat.  The  lime  thus  obtained  is  a  soft  white  sub- 
stance, of  the  specific  gravity  of  2.3.  It  requires  an 
intense  degree  of  heat  for  its  fusion,  which  is  effected 
only  by  the  galvanic  current,  by  the  compound  blow- 
pipe, or  by  a  stream  of  oxygen  gas,  directed  through 
the  fiame  of  an  alcohol  lamp.  The  li^  it  emits; 
during  fusion,  is  the  strongest  the  chemist  can  pro- 
duce ;  and  it  has,  accordingly,  been  employed  for  a 
sijgnal  light  and  for  facilitating  the  observation  of 
distant  stations,  in  geodetical  operations.  Its  taste 
is  caustic,  astringent,  and  alkaline.  It  is  soluble  in 
450  parts  of  water,  according  to  Sir  H.  Davy ;  and 
in  760  parts,  according  to  other  chemists.  The  solu- 
bility is  not  increased  by  heat.  If  a  little  water  only 
is  sprinkled  on  new-burnt  lime,  it  is  rapidly  absorbed, 
with  the  evolution  of  much  heat  and  vapour,  lliis 
constitutes  the  phenomenon  of  slaking.  The  heat 
proceeds  from  the  consolidation  of  the  liquid  water 
into  tiie  lime,  forming  a  hydrate,  as  slaked  lime  is 
now  called.  It  is  a  compound  of  3.5  parts  of  lime 
with  1.25  of  water,  or  very  nearly  3  to  1.  The  water 
may  be  expelled  by  a  red  heat. 

Lime-water  b  astringent  and  somewhat  acrid  to  the 
taste.  It  renders  vegetable  blues  green ;  the  yellow, 
brown;  and  restores  to  reddened  litmus  its  usual 
purple  colour.  When  lime-water  stands  exposed  to 
the  air,  it  gradually  attracts  carbonic  "acid,  and  be- 
comes an  insoluble  carbonate,  while  the  water  re- 
mains pure.  If  lime-water  be  placed  in  a  capsule 
under  an  exhausted  receiver,  which  also  encloses  a 
saucer  of  concentrated  sulphuric  acid,  the  water  will 
be  gradually  withdrawn  from  the  lime,  which  will 
concrete  into  small  six-sided  prisms.  Lime,  sub- 
mitted to  the  action  of  galvanism,  in  high  intensity, 
afforded  Sir  H.  Davy  satisfactory  evidence  of  its  com- 
pound nature.  It  was  discovered,  in  common  with 
the  other  earths,  to  consist  of  a  metallic  base  (which 
he  denominated  calcium)  and  oxygen.  The  calcium 
was  obtained,  in  these  experiments,  in  the  state  of 


amalgamation  witii  mercury.  On  exposiog  tiie  imI- 

gam  to  the  air  or  to  water,  oxygen  .was  absoM 

and  lime  reproduced.    In  an  experiment  dengsed  to 

obtain  the  base  in  an  insulated  state,  by  diatilfiig  Ae 

quicksilver  from  it,  the  tube  broke  while  wsni,  and, 

at  the  moment  that  the  air  entered,  the  metal,  vibid 

had  the  colour  and  lustre  of  silver,  took  fife,  tad 

burnt  with  an  intense  white  lig^t.  It  used  to  be  aap- 

posed  that  lime  combined  with  sulphur  and  witk  jf^ 

phorus ;  but  it  rather  appears  that  it  is  its  base  oalf 

that  unites  with  these  inflammables.    Hw  snlploRt 

of  calcium  is  formed  by  heating  sulphur  with  tine  ii 

a  covered  crucible.     It  b  of  a  reddish-ydkm  cofeor. 

When  thrown  into  v^ater,  mutual  decompoaitiootikei 

place,  and  a  sulphuretted  hy'dro-snli^uret,  ofayeUow 

colour,  with  a  fetid  odour,  is  produced.    Fbospbict 

of  calcium,  or  phosphuret  of  lime,  as  it  has  woiilr 

been  called,  is  obtained  in  the  following*  manner  >-A 

few  pieces  of  phosphorus  are  placed  at  the  botfeontf 

a  glass  tube,  which  is  then  filled  with  small  pieces  tf 

lime.    The  part  of  the  tube  where  the  lime  is  ii 

heated  red-hot ;  and  the  phosphorus  is  then  snbliflMi 

by  heat.    Its  vapour,  passing  over  the  lime,  decoa- 

poses  it,  and  a  reddish -coloured  phosphuret  of  cakisa 

is  formed.    This  substance  is  remaikable  for  decoa* 

posing  water,  whenever  it  is  dropped  into  it,  ud 

causing  an  immediate  production  of  phosphorelted 

hydrogen, which  takes  fire  at  the  surfiice  of  the  water. 

When  lime  is  heated  strongly  in  contact  with  chlo- 
rine, oxygen  is  expeUed,  and  the  chlorine  a  absorbed. 
For  every  two  parts  in  volume  of  chlorine  tfaat(&- 
appear,  one  of  the  oxygen  is  obtained.  When  liqiil 
muriate  of  lime  is  evaporated  to  drjmess,  and  igoiiei 
it  forms  the  same  substance,  which  is  the  chlofideflf 
calcium.  It  is  a  semi-transparent  crystalline  nb- 
stance;  fusible  at  a  strong  red  heat;  a  non-conAiclor 
of  electricity;  has  a  very  bitter  taste ;  rapidly  absoito 
water  from  the  atmosphere,  and  is  hence  often  ea- 
ployed,  in  chemical  experiments,  to  deprive  gaan^ 
any  hygrometric  vapour  existing  in  than.  Chkiriat 
also  combines  directiy  with  lime,  forming  the  toy  ia* 
portant  substance  used  in  bleaching,  fonnerlyknowi 
under  the  name  of  (Meymnrio/e  of  lime,  but  at  pR^sfi 
and  more  correcUy,  called  chloride  of  lime,  Iti> 
formed  by  passing  chlorine  gas  over  slaked  time. 

A  great  variety  of  apparatus  has  been,  at  diftnot 
times,  contrived  for  favouring  the  oombinatioo  d 
chlorine  with  slaked  lime,  for  the  purposes  of  cat- 
merce.  In  the  opinion  of  Doctor  Ure,  who  has  gi**" 
particular  attention  to  this  manufacture,  the  fd- 
lowing  construction  for  subjecting  lime-powder  t» 
chlorine  is  the  best : — It  consists  of  a  large  dtanbtf* 
eight  or  nine  feet  high,  built  of  silicions  sandiMr 
having  the  joints  of  the  masonry  secured  with  t 
cement  composed  of  pitch,  resin,  and  dry  gyp^o"'* 
in  equal  parts.  A  door  is  fitted  into  it  at  one  ead, 
whidi  can  be  made  air-tight  by  strips  of  cloth  aw 
clay-lute.  A  window  in  eacjti  side  enables  the  opeiaior 
to  judge  how  the  impregnation  goes  on,  by  tk 
colour  of  the  air,  and  also  gives  light  for  o^*^ 
the  arrangonents  within  at  the  commencement  d 
the  process.  As  water-lutes  are  incomparably  »• 
perior  to  all  others,  where  the  pneumatic  preewr* 
is  small,  a  large  valve,  or  door,  on  this  principler  ^ 
recommended  to  be  made  in  the  roof,  and  two  toft- 
nels,  of  considerable  width,  at  the  bottom  of  ^ 
side  wall.  The  apartment  would  thus  be  ventilatw* 
without  the  necessity  of  the  workmen  •PP'^'^'jl'J 
the  deleterious  gas.    A  great  number  of  woodea 
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shelTes,  or  rather  trays,  eight  or  ten  feet  long,  two 
feet  broad,  and  one  inch  deep,  are  provided  to  re- 
ceive the  sifted  slaked  lime,    containing  generally 
about  two  atoms  of  lime  to  three  of  water.    These 
shelves  are  piled  one  over  another  in  the  chamber, 
to  the  height  of  five  or  six  feet,  cross-bars  below 
each  keeping  them  about  an  inch  asunder,  that  the 
gas  may  have  free  room  to  circulate  over  the  surface 
of  the  powder.    The  alembics  for  generating  the 
chlorine,  which  are  usually  nearly  spherical,  are  in 
some  cases  made  entirely  of  lead ;  in  others,  of  two 
hemispheres,  joined  together  in  the  middle,  the  upper 
hemisphere  being   lesid,  the  under  one  cast-iron. 
The  first  kind  of  alembic  is  enclosed,  for  two-thirds 
from  its  bottom,  in  a  leaden  or  iron  case,  the  in- 
terval of  two  inches  between  the  two  being  destined 
to  receive  steam  from  an  adjoining  boiler.    Those 
which  consist  below  of  cast-iron  have  their  bottom 
directly  exposed  to  a  very  gentle  fire.    Round  the 
outer  edge  of  the  iron  hemisphere  a  groove  is  cast, 
into  which  the  under  edge  of  the  leaden  hemisphere 
fits,  the  joint  being  rendered  air-tight  by  Roman  or 
patent  cement — a  mixture  of  lime,  clay,  and  oxide 
of  iron,  separately  calcined  and  reduced  to  a  fine 
powder.    It  must  be  kept  in  close  vessels,  and  mixed 
widi  tiie  requisite  water  when  used.    In  this  leaden 
dome  tiiere  are  four  apertures,  each  secured  by  a 
water-lute.    The  first  opening  is  about  ten  or  twelve 
inches  square,  and  is  shut  with  a  leaden  valve,  with 
incurvated  edges,  that  fit  in  the  water-channel,  at 
the  margin  of  the  hole.     It  is  destined  for  the  ad- 
mission of  a  workman  to  rectify  any  derangement 
in  the  apparatus  of  rotation,  or  to  detach  hard  con- 
cretions of  salt  from  the  bottom.    The  second  aper- 
ture is  in  the  centre  of  tiie  top.    Here  a  tube  of  lead 
is  fixed,  which  descends  nearly  to  the  bottom,  and 
down  through  which  the  vertical  axis  passes,  to 
whose  lower  end  the  cross-bars  of  iron  or  of  wood, 
sheathed  with  lead,  are  attached,  by  whose  revolu- 
tion the  materials  receive  tiie  proper  agitation  for 
mixing  the  dense  manganese  witli  ^e  sulphuric  acid 
and  salt    The  motion  is  communicated  either  by 
the  hand  of  a  workman,  applied  from  time  to  time 
to  a  winch  at  top,  or  it  is  given  by  connecting  the 
axis  with  wheel-work,  impelled  by  a  stream  of  water 
or  a  steam-engine.    The  third  opening  admits  the 
siphon-formed  funnel,  through  which  the  sulphuric 
acid  is  introduced ;  and  tiie  fourth  is  the  orifice  of 
th  cedaction  pipe. 

The  proportion  of  the  materials  for  generating  the 
chlorine  is  as  follows :  10  cwt.  of  salt  are  mixed 
wHh  from  10  to  14  cwt.  of  manganese ;  to  which 
mixture,  after  its  introduction  into  the  alembic, 
from  12  to  14  cwt.  of  sulphuric  acid  are  added 
in  successive  portions :  that  quantity  of  acid  must, 
however,  be  previously  diluted  with  water,  till  its 
specific  gravity  becomes  about  1.65.  The  educ- 
tion pipes  from  all  the  alembics  terminate  in  a.leaden 
chest,  or  cylinder,  with  which  they  are  connected  by 
water-lutes,  having  a  hydrostatic  pressure  of  two  or 
three  inches.  In  this  general  <2ti;er»ortiifn,  the  chlo- 
rine b  washed  from  adhering  muriatic  acid,  by 
passing  through  a  little  water ;  and,  from  this  re- 
servoir, the  gas  is  conducted  off  by  one  general  pipe, 
and  delivered  into  die  top  of  the  chamber  containmg 
the  lime,  where,  in  consequence  of  its  gravity,  it  dif- 
fuses itself  equally  over  powder  spread  out  upon  the 
shelves.  Four  days  are  required  for  making  good 
marketable  bleaching-powder. 


Hie  manufacturer  generally  expects  frotn  a  ton 
of  rock  salt,  employed  as  above,  a  ton  and  a  half  of 
good  bleaching  powder.  In  using  the  chloride  of 
lime  for  bleaching,  the  coloured  cloth  is  first  steeped 
in  warm  water  to  clean  it,  and  it  is  then  repeatedly 
washed  with  a  solution  of  caustic  potash,  so  diluted 
that  it  cannot  injure  the  texture  of  the  cloth,  and 
which  solution  is  thrown  upon  it  by  a  pump. 
The  cloth  is  then  washed  and  steeped  m  a  very  weak 
solution  of  the  bleaching-powder;  again  vvashed, 
acted  on  by  a  boiling  ley,  as  before,  and  again  steeped 
in  the  solution ;  and  these  operations  are  performed 
alternately  several  times.  Tlie  cloth  is,  lastly,  im- 
mersed in  very  dilute  sulphuric  acid,  which  gives  it 
a  pure  white  colour,  after  which  it  is  washed  and 
dried.  The  chlorine  is  known  to  decompose  water, 
whose  hydrogen  forms  vnth  it  muriatic  acid,  which 
is  always  found  in  the  solution  (after  the  process) 
when  liquid  chlorine  is  used,  and  a  muriate,  when  a 
chloride  is  employed.  In  a  similar  manner  it  is  bco 
lieved  to  decompose  tiie  colouring  matter,  one  of 
whose  elements  is  always  hydrogen ;  and,  its  com- 
position being  thus  subverted,  it  disappears  from  tiie 
fabric  with  which  it  existed. 

Still  more  important  b  the  use  of  the  chloride  of 
lime  in  counteracting  contagion,  and  all  noxious 
eflluvia.  MM.  Orfila,  Lescure,  Gerdy,  and  Hennelle, 
having  to  examine  the  body  of  an  individual  who 
was  supposed  to  have  been  poisoned,  and  who  had 
been  dead  for  nearly  a  month,  found  the  smell  so  in- 
supportable that  they  were  induced  to  try  the  appli- 
cation of  the  chloride  of  lime,  as  recommended  by 
M.  Liabarraque.  A  solution  of  this  substance  was 
frequently  sprinkled  over  the  body,  and  produced  the 
effect  of  destroying,  after  a  few  aspersions,  every 
unpleasant  odour.  It  was  afterwards  used  in  a  still 
more  desperate  case,  in  clearing  some  offensive  drains 
in  Paris,  with  perfect  success.  It  viras  also  found  to 
be  the  best  and  most  durable  means  of  disinfecting 
hospitals,  Ike.  In  such  cases,  the  powder  is  so  ex- 
posed to  the  infected  region  as  to  offer  the  greatest 
amount  of  surface,  in  order  that  the  carbonic  acid 
of  the  contagious  atmosphere  may  expel  the  chlorine 
from  the  chloride  of  lime,  which  it  does  by  combining 
with  it  to  form  carbonate  of  lime.  A  very  convenient 
method  of  applying  it  to  ordinary  apartments,  which 
we  are  desirous  to  free  from  unwholesome  effluvia,  is 
to  diffuse  about  four  ounces  of  the  powder  through 
five  gallons  of  water,  and  sprinkle  it  over  the  floor  by 
meanb  of  a  water-pot.  Lime  combines  with  the  acids, 
neutralizing  tiie  acid  properties.  Its  salts  are,  in 
general,  decomposed  by  potash  or  soda,  which  pre- 
cipitate the  lime,  but  not  by  ammonia.  Oxalic  acid 
throws  down  lime  from  all  the  other  acids;  and, 
this  compound  being  quite  insoluble,  oxalic  acid 
forms  the  most  delicate  test  of  the  presence  of  lime. 

Carbonate  of  lime  maybe  formed  by  adding  carbonic 
acid  to  lime-water,  or  by  decomposing  any  of  the 
soluble  salts  of  lime  by  any  of  the  alkaline  carbonates. 
It  is  very  sparingly  soluble  in  water.  Hence  Kme- 
water  is  an  excellent  test  of  the  presence  of  carbonic 
acid.  By  an  excess  of  carbonic  acid,  carbonate  of 
lime  is  rendered  soluble.  When  exposed  to  heat,  it 
first  loses  what  vfrater  it  contains,  and,  if  transparent 
and  hard,  becomes  white,  opaque,  and  friable.  If  the 
heat  is  augmented,  the  carbonic  acid  gas  is  expelled, 
and  quicklime  remains.  The  experiments  of  Sir 
J.  Hall  have  proved  that  if  carbonate  of  lime  be 
heated  under  strong  pressure,  so  as  to  prevent  the ' 
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€icap8  of  tfa«  ^'arhqniff  lipid*  It  aui^  be  melted  at  a 
temperature  even  not  bi^jher  than  22^  of  Wedgwood'a 
scale.  By  this  fusion,  it  acquires  considerable  hard- 
ness and  closeness  of  teztore,  approaching^  .in  these 
qualities,  as  well  as  in  fracture  and  specific  gravity, 
to  the  finer  kinds  of  marble.  The  acids  expel  the 
carbonic  acid  with  effervescence;  and  this  property 
of  effervescing  strongly,  on  the  contact  of  an  acic^ 
^  affords  a  discriminating  character  of  this  salt.  Car- 
bonate of  lime  abounds  in  nature. 

Nitrate  of  lime  may  be  formed  by  dissolving  lime,  or 
its  carbonate,  in  dilute  nitric  acid.  The  solution,  on 
evaporation,  affords  deliquescent  prismatic  crystals, 
soluble  in  less  than  an  equal  weight  of  water,  at  the 
temperature  of  60^,  and  in  still  less  of  boiling  water. 
On  being  heated,  it  becomes  phosphorescent,  and 
retains  this  property  when  cold,  forming  Baldwin's 
$olar  photpkoTMM.  ft  forms  naturally  in  the  plaster 
of  old  buildings,  and  in  the  limestone  caverns  of  the 
Western  States  of  America.  Sulphate  of  lime  is  form- 
ed by  adding  lime  to  dilute  sulphuric  acid.  It  requires 
about  500  times  its  weight  of  water,  at  60^,  for  its 
solution.  At  the  temperature  of  212^,  it  is  more 
soluble,  and  this  latter  solution,  on  cooling,  deposits 
minute  crystals.  Exposed  to  heat,  it  appears  to 
effervesce,  or  boil,  owing  to  the  expulsion  of  its 
water;  and,  at  the  same  time,  becomes  opaque,  and 
falls  into  a  white  powder,  which,  on  being  diffused 
in  water,  speedily  consolidates,  forming  a  species  of 
irregular  crystallization.  Sulphate  of  Ume  is  one  of 
the  most  abundant  minerals  in  nature.  Phoephaie  of 
lime  ma^  be  formed  by  decomposing  the  solution  of 
an  alkalme  phosphate  by  muriate  of  lime.  It  is  a 
white  insoluble  powder,  which  is  imperfectly  vitrified 
by  a  very  intense  heat.  It  exists  in  the  mineral  king- 
dom, under  different  forms,  and  constitutes  eighty-six 
per  cent,  of  the  bones  of  animals.  Muriate  of  lime 
is  obtained  by  dissolving  carbonate  of  lime  in  muriatic 
acid.  It  is  extremely  soluble  in  water,  the  water 
taking  up  so  much  ot  it  as  to  become  of  a  thick 
consistence. 

Lime,  in  agriculture.  Quicklime,  in  its  pure  state, 
whether  in  powder  or  dissolved  in  water,  b  injurious 
to  plants.  Grass  is  killed  by  watering  it  with  lime- 
v?ater.  But  lime,  in  its  state  of  combination  with 
carbonic  acid,  is  a  useful  ingredient  in  soils.  When 
lime,  whether  freshly  burnt  or  slaked,  is  mixed  with 
any  moist,  fibrous,  vegetable  matter,  there  is  a  strong 
action  between  the  lime  and  the  vegetable  matter, 
and  they  form  a  kind  of  compost  together,  of  which 
a  part  is  usually  soluble  in  water.  By  this  means 
matter  which  was  before  comparatively  inert  be- 
comes nutritive ;  and,  as  charcoal  and  oxygen  abound 
in  all  vegetable  matters,  the  lime  becomes  converted 
uto  a  carbonate.  Mild  lime,  powdered  limestone, 
marls,  or  chalks,  have  no  action  of  this  kind  upon 
vegetable  matter;  by  their  action  they  prevent  the 
too  rapid  decomposition  of  substances  already  dis- 
solved ;  but  they  have  no  tendency  to  form  soluble 
matter.  From  these  circumstances,  it  is  obvious 
that  the  operation  of  quicklime  and  marl  or  chalk 
depends  upon  principles  altogether  different.  Quick- 
lime, in  the  act  of  becoming  mild,  prepares  soluble 
out  of  insoluble  matter.  It  is  upon  this  circumstance 
that  the  operation  of  lime,  in  the  preparation  of 
wheat  crops,  depends,  and  its  efficacy  in  fertilizing 
peats,  and  in  bringing  into  a  state  of  cultivation  all 
soils  abounding  in  hard  roots,  or  dry  fibres,  or  inert 
vegetable  matter.      The  solution  of  the  question 


wh^her  qvickUme  oa|^t  to  be  a^i^lfd  tP  »  aoi 
depends  apon  the  quantity  of  inert  ve^^ls^ble  matts 
it  contains.     The  solution  of  the  question  whether 
marl,  mild  lime,  or  powdered  limestone,  ong^  to  be 
applied,  depends  upon  the  quantity  of  calcareooi 
matter  already  in  the  soil.    AU  soils  are  improved 
by  mild  lime,  and,  ultimately,  by  quicklime,  which 
do  not  effervesce  with  acids;   and  sands  are  more 
benefited  by  it  than  clays.    When  a  soil,  deficient  in 
calcareous  matter,  contains  much  soluble  TegetaUe 
manure,  the  application  of  quicklime  should  always 
be  avoided,  as  it  either  tends  to  decompose  the  so- 
luble matters  by  uniting  with  their  carbon  and  oxygn, 
so  as  to  become  mild  lime,  or  it  combines  widi  the 
soluble  matters,  and  forms  compounds  having  l«s 
attraction  for  water  than  the  pure  vegetable  sub- 
stance.   The  case  is  the  same  with  respect  to  moat 
animal  manures;  but  the  operation  of  the  lime  is 
different   in  different  cases,  and  depends  upon  the 
nature  of  the  animal  matter.    Lime  forms  a  kind  of 
insoluble  soap  with  oily  matters,  and  then  gradually 
decomposes  them  by  separating  from  them  Qxygea 
and  carbon.     It  combines,  likewise,  with  the  animal 
acids,  and  probably  assists  their  decomposition  by 
abstracting  carbonaceous  matter  from  them,  combined 
with  oxygen,  and  consequently  it  must  render  them 
less  nutritive.     It  tends  to  (fiminish,  likewise,  the 
nutritive  powers  of  albumen,  from  the  same  crause^ 
and  always  destroys,  to  a  certain  extent,  the  efficacy 
of  animal  manures,  either  by  combining  with  fertaia 
of  their  elements  or  by  giving  to  them  new  arrange- 
ments.   Lime  should  never  be  applied  with  animal 
manures,  unless  they  are  too  rich,  or  for  the  purpose 
of  preventing  noxious  effluvia.     It  is  injurious  wbea 
mixed  with  any  common  dung,  tending  to  render  the 
extractive  matter  insoluble.    In  those  cases  in  which 
fermentation  is  useful  to  produce  nutriment   from 
vegetable  substances,  lime  is  always  efficacious,  as 
with  tanners'  bark.    Lime  is  much  used  by  tanners, 
skinners,  &c.,  in  the  preparation  of  their  leather; 
by  soap-boilers,  for  dissolving  the  oil,  and  facilitati]^ 
its  union  with  the  alkaline  salt;   and  by  sugar- 
bakers,  for  refining  their  sugar.    It  is.  also  of  some 
medicinal  use,  being  applied  externally  in  desiocatiTC 
and  epulotic  medicines. 

Limit,  in  a  restrained  sense,  is  used  by  mathiona- 
ticians  for  a  determinate  quantity,  to  which  a  variabk 
one  continually  approaches;  in  which  sense  the 
circle  may  be  said  to  be  the  IMt  of  its  circumscribed 
and  inscribed  polygons. 

In  algebra,  the  term  limit  is  applied  to  two  quan- 
tities, one  of  which  is  greater,  and  tiie  other  les^ 
than  another  quantity ;  and  in  this  sense  it  is  used  is 
speaking  of  the  limits  of  equations,  whereby  their 
solution  is  much  facilitated. 

Limning,  from  enluminer  (French);  to  adorn  books 
with  paintings.  As  these  paintings  or  illuminaticms 
were  always  executed  in  water-colours,  limmmg  pro- 
perly designates  that  species  of  art  which  is  now 
known  by  the  name  of  miniature  painting,  though  it 
is  sometimes  used  to  signify  the  art  of  painting  gene- 
rally, and  particularly  portrait  painting. 

Line,  in  matkematice,  is  extension  in  length, 
without  breadth  or  thickness ;  it  {s  either  straight 
or  curved.  In  navigation,  the  equator  is  called  the 
line;  hence  the  expression  "  to  pass  the  line."  In 
decimal  measures  of  length,  it  is  the  tenth ;  in  duo- 
decimal measures  of  length  it  is  the  twelfth  part  of 
an  inch. 
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la  wiiUtarf  ^ffknr§,  a  isefies  of  soldiers  or  ships, 
drawn  up  in  order  of  battle*  are  called  a  Une  ;  hence 
the  phrase  ''  ships  of  the  line." 

LiNBN ;  a  cloth  of  very  extensive  ose,  made  of  flax, 
and  difiering  from  cloths  made  of  hemp  only  in  fine- 
ness. In  common  linen,  the  warp  and  woof  cross 
each  other  at  right  angles ;  if  figures  are  woven  in, 
it  is  called  d<ma$k.  The  species  of  goods  which 
come  under  the  denomination  of  linen  are  table- 
cloths, plain  and  damasked,  cambric,  lawn,  shirting, 
aheeting,  tovtrels,  Silesias,  Osnaburgs,  &c.  The  chief 
countries  in  which  linens  are  manufactured  are  Great 
Britain,  Russia,  Flanders,  and  Holland.  Immense 
quantities  of  linen  are  annually  exported  from  Ireland 
to  England,  and  several  other  parts  of  Europe,  as 
well  as  to  North  and  South  America,  the  West 
Indies,  and  Africa.  The  fiax  seed  is,  for  the  greater 
part,  procured  from  America;  but  other  nations, 
engaged  in  this  lucrative  branch  of  trade,  either  raise 
their  seed  at  home  or  procure  it  from  the  north  of 
£arope.  li{  several  parts  of  Germany,  Switzerland, 
Flanders,  and  France,  linens  are  frequently  embel- 
lished with  painting ;  and  the  produce  of  the  Irish 
linen  manufacture  is  occasionally  printed  in  the 
manner  of  calicoes.  The  beauty  of  linen  consists  in 
the  evenness  of  the  thread,  its  fineness  and  density. 
The  last  of  these  qualities  b  sometimes  produced  by 
subjecting  it  to  rollers;  hence  linen  with  a  round 
thread  is  preferred  to  that  with  a  flat  thread.  The 
warp  or  woof  is  not  unfrequently  made  of  cotton 
yam,  which  renders  the  cloth  less  durable. 

Linen  threads  cannot  be  spun  by  the  machinery 
nsed  in  spinning  cotton  and  wool,  on  account  of  the 
length  and  rigidity  of  the  fibres  of  the  flax.  The 
subject  of  spinning  fiax  by  machinery  has  attracted 
much  attention,  and  Napoleon  once  offered  a  reward  of 
1,000,000  francs  to  the  inventor  of  the  best  machine 
for  this  purpose.    (See  Spinning  and  Wbavino.) 

In  a  historical  view,  linen  is  interesting,  as  forming 
tbe  dress  of  the  Egyptian  priests,  who  wore  it  at  aU 
their  religious  ceremonies  ;  hence  they  are  styled  by 
Ovid  and  Juvenal  "  linen-wearers,"  From  Egypt 
linen  passed  to  the  Romans,  but  not  till  the  time  of 
the  emperors.  The  Roman  priests  also  began  to 
wear  linen  garments  at  that  time.  Linen  was  nsed 
as  a  material  for  writing,  though  the  expression 
libri  liniei,  carbasini,  was  also  applied  to  cotton  and 
silk  as  well  as  linen.  The  Sibylline  books,  and  the 
mummy  bandages,  covered  with  hieroglyphics,  are 
proofs  of  this  use  of  linen.  In  the  middle  ages,  linen 
and  woollen  cloth  formed  the  onlv  materials  for 
dress,  and  fine  linen  was  held  in  very  high  estimation. 
Giermany  and  Brabant  then  carried  linen  manufac- 
tures to  the  greatest  perfection.  Linen  b  neces- 
sary ibr  the  manufacture  of  good  paper.  Cotton  has, 
of  late  years,  taken  the  place  of  linen  for  many  pur- 
poses, on  a(rcount  of  its  greater  cheapness. 

Lint,  in  amrgpry,  is  the  scrapings  of  fine  linen,  used 
by  surgeons  in  dressing  wounds.  It  is  made  in  vari- 
ous forms,  which  have  different  names,  according  to 
the  difference  of  the  figures.  Lint,  made  up  in  an 
oval  or  orbicular  form,  is  called  a  phdgit ;  if  in  a  cy- 
lindrical form,  or  in  the  shape  of  a  date  or  oHve  stone, 
it  b  called  a  dosnl.  These  different  forms  of  lint  are 
required  for  many  purposes;  as,  1.  to  stop  blood 
in  fresh  wounds,  by  filhng  them  up  before  the  appli- 
cation of  a  bandage ;  though,  if  scraped  lint  be  not  at 
hand,  a  piece  of  fine  linen  may  be  torn  into  small  rags, 
and  applied  in  the  same  manner :  in  very  dangerous 


hemorrhages,  tht  lint  or  t«gs  should  be  first  dipped 
in  some  styptic  liquor,  as  alcohol  or  oil  of  turpen- 
tme,  or  sprinkled  with  some  styptic  powder :  2.  to 
agglutinate  or  heal  viKMinds ;  to  which  end  Unt  is  very 
serviceable,  if  spread  with  some  digestive  ointment, 
balsam,  or  vulnerary  liquor :  3.  in  drying  up  wounds 
and  ulcers,  and  forwarding  the  formation  of  a  cica- 
trix :  4.  in  keeping  the  Kps  of  wounds  at  a  proper  dis- 
tance, tiiat  tiiey  may  not  hastily  unite  before  the 
bottom  is  well  digested  and  healed :  5.  they  are 
highly  necessary  to  preserve  wounds  from  the  injuries 
of  the  air. 

Surgeons  of  former  ages  used  compresses  of  sponge, 
wool,  feathers,  or  cotton,  linen  bemg  less  plentiful 
than  in  later  times ;  but  lint  is  fiu*  preferable  to  all 
these,  and  is,  at  present,  pniversally  nsed.  Lint  b 
now  manufactured  by  a  machine. 

LiQUBua  (from  the  Prench)\  a  palatable  spirituous 
drink,  composed  of  water,  alcohol,  sugar,  and  som^ 
aromatic  infusion,  extracted  from  fruits,  seeds,  &c. 
The  great  difibrence  in  the  qualities  of  the  different 
liquewn  is  owing  principally  to  a  variation  in  the 
proportions  of  the  sugar  and  alcohol.  The  French 
distmgnish  three  qualities :  the  first  are  the  ratqfias, 
or  simple  Hqueurs,  in  which  the  sugar,  the  alcohol^ 
and  the  aromatic  substance  are  in  small  quantities : 
such  are  the  anise- water,  novim,  the  apricot,  cherry, 
&c.  The  second  are  the  oils,  or  the  fine  KqueurSi, 
with  more  saccharine  and  spirituous  matter;  as 
the  ametta,  cura^o,  &c.  The  third  are  the  creams, 
or  superfine  liqueurs,  such  as  rosoglio,  maraschi$u>, 
Dantzic  v^ater,  kc.  The  same  aromatic  infusion  may, 
therefore,  give  its  name  to  liqueurs  of  different  quali- 
ties, in  wluch  the  materials  are  the  same,  but  the 
proportions  di^erent :  thus  one  proportion  of  ingre- 
dients gives  eau-de-noyau ;  another  emte-de-noyau,  &c. 

LiQuoaicB.  The  common  liquorice  grows  wild  in 
the  south  of  Europe,  and  is  cultivated  in  many  places, 
even  in  this  country,  fbr  the  sak^  of  the  root,  which 
is  much  used  in  pharmacy,  and  forms  a  considerable 
article  of  commerce.  More  than  200  tons  of  the  ex- 
tract are  manufactured  annually  in  Spain,  a  con- 
siderable portion  of  which  b  sent  to  London.  It  is 
often  administered  medicinally,  in  coughs  and  pul- 
monary affections,  and  t^e  aqueous  infusion  b  a  re- 
freshing beverage.  A  deep,  light,  and  sandy  soil  b 
best  adapted  to  its  culture. 

Listbl;  a  small  square  moulding,  serving  to 
crown  or  accompany  a  larger,  and  to  separate  the 
flutings  in  columns. 

L'IsTESSo  Tempo,  in  music:  a  phrase  implying 
that  the  movement  before  which  it  is  placed  is  to 
be  played  in  the  same  time  as  tiie  previous  move- 
ment. 

Ltthia  ;  the  name  applied  by  Arfwedson  to  an 
alkali  discovered  by  him  in  analyzing  the  petalite. 
Lithia  has  since  been  detected  in  spodumene,  and 
several  kinds  of  mica.  The  best  process  for  procuring 
it  is  the  following: — One  part  of  petalite  or  spodu- 
mene, in  fine  powder,  is  mixed  intimately  with  two 
parts  of  fluor-spar,  and  the  mixture  is  heated  with 
three  or  four  times  its  weight  of  sulphuric  acid,  as 
long  as  any  acid  vapours  are  disengaged.  The  silica 
of  die  mineral  is  attacked  by  hydrofluoric  acid,  and 
dissipated  in  the  form  of  fluosilicic  acid  gas,  while 
the  alumina  and  lithia  unite  with  sulphuric  acid. 
After  dissolving  these  salts  in  water,  the  solution  is 
boiled  with  pure  ammonb  to  precipitate  the  alumina; 
b  filtered,  evaporated  to  dryness,  and  then  heated  to 
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radness  to  expel  the  solphate  of  ammonia.  The  iresi- 
due  is  ^re  saiphate  c^  lithia,  which  is  dissolved  in 
water  aiid  decomposed  by  acetate  of  barytes ;  and  the 
acetate  of  Uthia,  being  heated  to  redness,  is  converted 
into  the  cartonate  of  lithia,  and,  finally,  this  is  de- 
composed by  lime  or  barytes,  which  affords  pure  lithia. 
Its  colour  is  white;  it  is  not  deliquescent,  but  absorbs 
carbonic  acid  from  the  air ;  it  is  very  soluble  in  water, 
is  acrid,  caustic,  and  acts  on  colours  like  the  other  al- 
kalies :  heated  with  platina,  it  acts  on  the  metal.  It 
combines  with  the  different  acids,  and  forms  salts 
with  them,  like  potash  and  soda,  though  possessed 
of  a  higher  neutralizing  power  than  these  alkalies. 
Its  phosphate  and  carbonate  are  sparingly  soluble ; 
its  chlor  de  is  deliquesoent  and  soluble  in  alcohol,  and 
this  solution  bums  with  a  red  flame.  All  its  salts 
give  a  red  colour,  when  heated  on  a  platinum  wire 
before  the  blow-pipe.  The  muriate  and  nitrate  are 
deliquescent.  The  metallic  base  of  lithia  was  evolved 
by  Sir  H.  Davy,  by  galvanism ;  the  metal  was  found 
to  be  white  like  sodium,  and  burned  with  bright 
scintillations. 

LiTHic  Acid,  in  combination  with  potash,  is  ob- 
tained from  human  urinary  calculi,  by  digesting  them 
in  caustic  lixivium :  the  lithate  of  potash  gives  up  the 
lithic  acid,  on  being  mingled  with  acetic  acid.  It  has 
the  form  of  white  shining  plates,  which  are  denser 
than  water ;  is  without  taste  or  smell,  and  dissolves 
in  1400  parts  of  boiling  water.  It  reddens  the  in- 
fusion of  litmus.  The  lithates  are  all  tasteless,  and 
very  sparingly  soluble  in  water.  Lithic  acid,  by 
repeated  distillations,  is  resolved  into  ammonia,  nitro- 
gen, and  prussic  acid. 

LiTHOCHROMics ;  the  art  of  painting  in  oil  upon 
stone,  and  of  taking  impressions  on  canvass.  This 
process,  which  is  designed  to  multiply  the  master- 

Sieces  of  paintin|^  was  invented  some  years  ago  by 
lalapean,  in  Pans,  who  received  a  patent  for  his  in- 
vention, and  has  an  establishment  for  lithochromic 
productions,  which  have  been  popular  in  Paris  since 
1823.  This  process  is  a  substitute  for  the  copying 
of  portraits ;  it  also  serves  as  a  cheap  means  of  orna- 
menting walls.  This  art,  however,  is  still  in  its 
infancy,  as  the  lithochromic  paintings  hitherto  pro- 
duced are  less  valuable  than  the  poorest  copies.  A 
similar  but  much  superior  invention  has  been  made 
by  Sennefelder,  which  he  calls  moMoic  impression. 

Lithography  ;  the  art  of  taking  impressions  from 
drawings  or  writings  on  stone,  without  engraving. 
Two  substances  are  used  for  drawing  upon  stone — 
Uthographic  chalk  and  lithographic  ink.  The  former 
is  made  of  !(  oz.  of  soap,  3  oz.  of  tallow,  H  oz. 
of  pure  white  wax,  1  oz.  of  shell-lac,  i  oz.  Qf  liunp- 
black.  Another  receipt  gives  3  oz.  of  soap,  5  oz. 
of  wax,  i  oz.  of  tallow,  and  1  oz.  of  lamp-black. 
The  soap,  after  it  has  bc^n  scraped  fine,  is  put  in  an 
iron  or  earthen  vessel,  over  the  fire,  and,  when  it  is 
melted,  little  pieces  of  wax  and  tallow  are  added ;  it 
must.be  stirred  the  whole  time,  and,  when  the  heat 
is  extreme,  the  contents  of  the  vessel  are  to  be  lighted 
by  a  burning  taper,  the  stirring  being  continued. 
After  a  short  time,  the  flame  is  to  be  extinguished ; 
and,  while  the  mixture  is  boiling,  the  lamp-black  is 
to  be  gradually  added.  When  this  is  done,  the  mix- 
ture is  taken  from  the  fire,  and  poured  out  on  an  iron 
or  stone  plate,  and  may  be  made  into  any  form  de- 
sired. For  lithographic  ink,  a  great  many  different 
receipts  have  been  given,  one  of  the  most  approved 
of  which  is  a  composition  made  of  equal  parts  of 


tallow,  wax,  shell-lac,  and  common  soap,  with  about 
one-twentieth  part  of  the  whole  of  lamp-black.  Tbck 
materials  are  mixed  in  an  iron  vessel ;  the  wax  and 
tallow  are  first  put  in,  and  heated  till  they  take  fit, 
after  which  the  other  ingredients  are  aacotmntf 
added ;  the  burning  is  allowed  to  continue  until  the 
composition  is  reduced  about  one-third. 

All  calcareous  stones,  being  susceptible  of  taldag 
in  a  greasy  substance,  and  of  imbibing  water  vith 
facility,  are  suitable  for  lithographic  printiogi  pro- 
vided they  are  compact,  capable  of  receiving  a  Im 
polish,  and  of  a  clear  and  uniform  colour ;  the  bor 
compact  and  uniform  in  colour  the  better.  Those 
commonly  used  are  a  nearly  pure  carbonate  of  line 
Suitable  stones  are  by  no  means  scarce.  The  quany 
from  which  the  first  lithog^raphic  stones  were  extzad- 
ed  is  still  that  which  furnishes  them  in  the  greatat 
abundance,  and  of  the  largest  dimensions.  It  ■ 
situated  at  Solenhofcn,  near  Pappenheim,  in  Bavam. 
No  quarries  hitherto  known  in  France  afford  stoaes 
equal  to  the  German.  Those  found  near  Chateao- 
roux  are  of  a  similar  colour  to  those  of  Solenhola^ 
and  even  harder,  and  of  a  finer  grain ;  but  they  an 
full  of  spots  of  a  softer  nature,  so  that  it  is  difficak 
to  procure  pieces  of  the  necessary  size.  In  Eoglaulr 
a  stone  has  been  used  which  is  found  at  Coiretoi, 
near  Bath.  It  is  one  of  the  white  lias  beds,  but  is 
inferior  to  the  German  in  fineness  of  grain  and  dol^ 
ness  of  texture. 

When  proper  stones  cannot  be  obtained  witfaoat 
difficulty  or  great  expense,  it  is  more  advantageous  to 
fabricate  artificial  slabs,  to  which  a  proper  densitj 
and  hardness  may  be  given.  An  intelligent  potter 
can  easily  imitate  the  density  of  natural  stooas. 
Slabs,  used  for  this  purpose,  have  been  made  oT 
stucco,  composed  of  lime  and  sand,  and  fastened  ^ 
the  caseous  part  of  milk.  Artificial  slabs,  howeitr, 
have  not  been  made  so  as  to  equal  the  real  ones;  and 
the  royal  institute  of  France  have  thought  die  subject 
of  sufficient  importance  to  offer  a  lai^  prize  (or  the 
best.  The  stones  are  polished  by  potting  im&  saad 
between  two  of  them,  and  thus  rubbing  them  against 
each  other  till  the  surface  is  smooth ;  then  cadt 
separate  stone  is  rubbed  with  water  and  pumice-stone. 
After  the  stone  is  thus  prepared,  it  may  be  used  for 
all  kinds  of  writing  and  drawing,  with  the  bmah  or 
pen,  &c.  But,  if  it  is  to  be  prepared  for  chalk,  it  mn^ 
have  a  rougher  surface,  and,  after  the  ^>plicatioo  of 
the  ptmiice-stone,  it  is  to  be  covered  with  very  fiae 
sand,  of  a  uniform  size,  and  rubbed  with  anotber 
polished  stone  without  water.  This  is  turned  roond 
and  round,  till  the  necessary  roughness  is  produced. 
Both  kinds  of  plates  must  be  carefuUy  presened 
against  greasiness,  such  as  they  would  receive  fnm 
the  touch  of  the  hand,  since  all  the  greasy  spots 
appear  in  the  impression,  the  greasy  printing  ink  re- 
maining on  them. 

If  the  drawing  is  to  be  prepared  with^inkf  the 
stone  is  first  covered  with  oil  of  turpentine  or  soap- 
water,  to  prevent  the  lines  from  spreading.  Ilea 
the  drawing  may  be  made  on  the  stone  with  a  black- 
lead  pencil  or  with  a  red  crayon ;  but  the  latter  is 
preferable,  because,  when  the  ink  comes  to  be  applied 
it  is  easier  to  discover  how  far  the  lines  of  the  draw- 
ing are  really  covered  with  ink.  After  having  dis- 
solved the  ink  in  rain  or  river  water  (the  fotna 
ought  to  have  stood^some  time),  these  pencil  outlines 
are  covered  with  ink.  If  the  stroke  is  black,  or,  at 
least,  dark  brown,  it  may  be  inferred  that  the  i&* 
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pretuon  will  succeed;  bot,  if  light  brown  and 
tnnspwent,  it  will  not  give  the  impresaiou.  The 
ink  may  be  laid  on  with  the  pen  or  bnieh.  Goom 
qnilk,  Qowever,  are  not  well  suited  for  this  porpoM, 
puticnlarly  it  the  atrokea  are  to  be  very  fine ;  the 
pena  ue  too  quickly  blunted ;  but  steel  pens  are  used 
with  great  advantage :  these  are  madeof  watch  sprinp. 
After  the  dmwing,  the  plate  is  left  several  hours,  and 
then  put  under  the  press.  For  drawing  with  chalk, 
it  h  necessary  to  apply  the  fioest  and  softest  tints 
first,  and  the  strcngest  afterwards.  If  the  proper 
eflectcanDOtbegiveu  to  the  foreground  by  chalk  only, 
a  little  ink  is  ^ded  with  the  brush  or  pen.  Ifthe 
dnwing  has  very  fine  tints,  it  is  necessary  that  thi 
impression  from  the  plate  should  be  taken  immedi- 
ately, otherwise  the  oil  will  dry  or  evaporate,  and  the 
ink  will  not  take  effect  on  these  parts-  The  oil 
Tarnish  used  must  be  of  the  best  kind.  Before  the 
atone  is  covered  with  ink,  it  must  first  be  dipped  ii 
nitric  or  sutphoric  acid,  diluted  with  water  to  such  i 
degree  that  oq]y  a  slight  eSenescence  is  produced 
the  proportion  of  acid  should  be  but  little  mon 
than  one  per  ceot. ;  this  wiU  make  the  stone  ia  thi 
parts  not  covered  by  the  drawing  more  readily  imbibe 
tbe  water.  This  process  is  called  elching  the  drawing. 
After  this,  it  is  merely  dipped  in  common  water. 
Great  care  must  be  taken  that  the  acid  is  not  too 
strong,  as  it  will  then  iojure  the  liae  strokes  and  tints. 
When  the  stone  has  imbibed  sufficient  water,  a  liquid 
miiture  must  be  poured  over  it,  consisting  of  one- 
sixth  linseed  oil,  two-sixths  oil  of  turpentine,  and 
tbree-sixths  of  pure  water  :  this  again  mast  be  wiped 
off  clean,  and  the  stone  must  then  be  covered  wiOi  a 
■olntion  of  gum-Arabic  in  water  ;  this  prevents  the 
lines  from  spreading.  Immediately  after  this  process 
it  is  inked.  The  printiag~ink  is  applied  by  means  of 
printers'  balls,  stuffed  with  hair,  or  by  cylinders, 
which  most  be  of  various  sizes. 

Tie  printing-press  for  lithographic  purposes  is  very 
simple  m  the  arrangement  of  i1^  puts,  which  may 
be  readily  understood  by  reference  to  a  diagram. 


It  consists  of  a  solid  table  of  wood,  supporting  two 
iron  uprights,  b,  b.  Between  the  uprights  is  placed  a 
roller,  k,  and  above  that  a  blunt  scraper  to  give  the 
requisite  pressure.  The  stone  from  which  the  im- 
pression is  to  be  taken  is  placed  on  a  moving  platform, 
which  passes  between  the  roller  and  scraper,  and,  the 
paper  being  confined  on  the  surface  of  the  drawing, 
the  handle  is  turned  so  that  tbe  paper  is  drawn  undFr 
the  line  of  pressure.    The  requisite  amount  of  foice 
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is  eommunkated  by  the  lever  a,  and  the  whole  re- 
gulated by  tbe  screws  d,  e,  g. 

The  first  impressions  are  seldom  perfect.  After 
each  impression,  the  stone  is  washed  with  water,  and. 
from  time  to  time,  is  sponged  over  with  gum-water, 
which  is  prepared  from  one  ounce  of  finely  pounded 
gum- Arabic  and  half  a  pound  of  water.  The  ink 
which  has  settled  on  a  spot  that  should  be  light  is 
either  removed  with  a  clean  sponge,  or  by  diluted 
acid,  applied  with  a  sponge,  and  Uie  place  is  after- 
wards washed  with  pure  water.  The  printing-ink  is 
composed,  like  other  printing-inks,  of  oil-varnish  and 
fine  lamp-black.  To  prepare  the  varnish,  a  vessel  is 
about  half  filled  with  pure  linseed  oil,  and  heated  till 
it  takes  fire  from  the  flame  of  a  piece  of  burning 
pa|)er,  Jt  is  allowed  to  hum  till  reduced  to  the 
proper  density.  Besides  the  mode  of  preparing 
the  drawings  above  described,  drawings  are  also  cut 
into  the  stone,  aod  from  these  impressions  are  taken. 
Engravings  may  also  be  multiplied  by  putting  them 
wet  ou  a  stone,  when  they  come  from  the  copper- 
plate press,  and  subjecting  them  to  pressure,  by  which 
the  ink  is  made  to  leave  the  paper  and  adhere  to 
the  stone.  Although  lithography  is  of  great  use,  and 
eicellent  impressions  are  produced,  particularly  at 
Munich,  it  is  yet  very  imperfect.  In  landscapes,  the 
soft  tints  and  the  perspective  cannot  be  properly  given ; 
the  lines  are  not  sufficiently  delicate.  The  Dum)>er  of 
impressions  which  can  be  taken  from  a  lithogrsphic 
chalk  dravring  will  vary  according  to  the  fineness  of 
the  tints.  A  fine  drawing  will  give  400  or  500;  a 
strong  one,  1000  or  ISOO.  Ink  drawings  and  writings 
give  considerably  more  than  copper- plates.  Tbe  finest 
will  yield  6000  or  8000,  and  strong  lines  aod  writings 
many  more.  Upwards  of  80,000  impressions  have 
been  taken  at  Munich  from  one  writing  of  a  form 
for  regimental  returns.  But  the  art  is  susceptible  of 
further  improvements. 

LiTBOTOKT.     See  Stohk. 

LiTBOTBiTiK.  The  stone,  a  disease  common 
throughout  Europe,  and  the  most  painful  of  all  mala- 
dies, hitherto  relieved  only  by  a  formidable  operation, 
of  which  death  was  too  ofun  the  result,  is,  by  the 

ivel  process  of  which  we  ore  about  to  give  an  out- 

le — a  process  of  perfect  safety  and  great  simplicity 
— rendered  susceptible  of  cure  in  its  most  advanced 
stages  ;  and  surgery  is  furnished  with  means  of  pre- 
venting its  growth  at  an  earlier  period.  Tbe  value  of 
the  treatment,  forwhich  we  are  indebted  to  the  French, 
calls  upon  every  one  to  assist  in  making  known  to  the 
utmost  of  his  power  the  revolution  which  is  in  pro- 
gress for  the  relief  of  the  greatest  of  human  sufferiogs. 

The  Baron  Heurt^oup,  a  French  surgeon  of  great 
ingenuity  and  attainments,  to  whom  the  world  is 
indebted  for  the  perfection  to  which  this  department 
of  his  art  has  now  arrived,  has  demonstrated  publicly 
the  nature  and  practice  of  this  most  eitraordinary 

Sirocess,  which  has  been  named  by  the  French  faculty 
ilholrilie.  It  consists  in  breajung  the  calculous 
concretions,  which  form  within  the  bladder,  into 
powder,  or  particles  so  minute  that  they  are  readily 
discharged  by  the  natural  passage  through  which  the 
mechanism  necessary  for  the  destruction  of  the 
foreign  body  Is  introduced,  without  subjecting  the 
patient  to  the  terrora  or  dangers  of  incision.  Daring 
the  last  seven  years  this  process  has  occupied  the  atten- 
tioD  of  several  ingenious  French  surgeons,  amongst 
whoso  researches  those  of  Baron  Heartiloup  are  we 
most  prominent,   having  procured  him  "  the  grand 
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prize  of  surgery  "  for  the  year  1827  from  the  institute, 
for  the  perfection  of  the  instruments  he  then  sug- 
gested. Before  his  inventions,  the  destruction  of 
these  concretions  was  accomplished  by  repeated  per- 
forations, the  result  of  which  was  their  division  mto 
fragments,  which  fragments  underwent  in  succession 
a  subdivision  by  the  same  perforating  instruments : 
but  the  baron  saw  the  necessity  of  devising  some 
means  more  rapid,  and  consequently  less  fatiguing  to 
the  organ  in  which  they  were  employed ;  and  he  suc- 
ceeded in  obtaining  them. 

His  instruments  are  introduced  in  a  tube  of  small 
diameter,  and,  developing  themselves  in  the  bladder, 
are  so  adapted  that  the  foreign  body  places  itself 
within  the  branches  which  open  opposite  its  neck, 
and,  subsequently  included  within  them,  is  retained 
firmly.  The  mechanism  of  this  part  of  the  apparatus, 
which  consists  of  four  branches,  movable  at  will, 
together  or  separately,  is  peculiarly  ingenious,  and  of 
very  extensive  application  in  various  circumstances 
which  may  modify  its  use.  Suffice  it  to  say  that  the 
stone,  firmly  embraced  by  these  four  branches,  placed 
in  the  centre  of  the  bladder,  which  has  been  previ- 
ously filled  with  tepid  water,  is  submitted  to  the 
action  of  what  the  baron  calls  the  evideur,  by  the 
progressive,  though  rapid,  eccentric  motion  of  which 
its  interior  is  completely  excavated  ;  and  the  exterior 
falls  into  the  bladder  in  fragments  resembling  portions 
of  shell,  having  a  convex  or  concave  surface.  For 
the  reduction  to  powder  of  these  portions.  Baron 
Heurt^loup  uses  an  instrument  which  he  appropri- 
ately calls  brisecoque,  or  shell-breaker.  It  consists  of 
two  branches,  enclosed  in  a  tube  of  small  diameter 
also,  which,  by  a  very  simple  mechanism,  extend 
and  seize  these  fragments ;  and  with  extraordinary 
power  (yet  perfect  protection  against  injury  to  the 
bladder)  grind  them  into  fine  powder,  which,  being 
voided,  as  well  as  the  detritus  resulting  from  the  ac- 
tion of  the  evideur,  is  passed  off  with  the  warm  water 
previously  introduced,  and  so  terminates  the  operation. 

We  should  not  omit  to  mention  an  important  inven- 
tion auxiliary  to  the  baron's  operation — a  species  of 
bed,  or  great  chair,  on  which  the  patient  reposes,  fur- 
nished with  a  mode  of  fixing  the  instrument  (after  the 
stone  is  seized),  enabling  the  operator  to  dispense 
with  the  clumsy  and  embarrassing  apparatus  held  by 
an  assistant,  previously  in  use. 

Liver  ;  a  large  gland  which  occupies  a  consider- 
able portion  of  the  cavity  of  the  belly,  and  which 
secretes  the  bile.  It  is  a  single  organ,  of  an  irre- 
gular shape,  brownish-red  colour,  and,  in  general,  is 
smaller  in  proportion  as  the  individual  is  more 
healthy.  It  occupies  the  right  hypoclwndrium,  or 
space  included  by  the  false  ribs,  and  a  part  of  the 
epigastric  region,  and  lies  immediately  under  the 
diaphragm  (midriff),  above  the  stomach,  the  trans- 
verse colon,  and  right  kidney,  in  front  of  the  verte- 
bral column,  the  aorta,  and  the  inferior  vena  cava, 
and  behind  the  cartilaginous  edge  of  the  chest.  The 
right  false  ribs  are  on  its  right,  and  the  spleen  is  on  its 
left.  The  superior  surface  is  convex,  and  the  inferior 
is  irregularly  convex  and  concave,  which  has  given 
rise  to  the  division  into  the  riahi  or  large  lobe,  the 
nmU  or  ij^erior  lobe,  and  the  left  lobe.  The  right 
extremity  of  the  liver  is  lower  than  the  left,  and  is 
the  most  bulky  part  of  the  organ.  The  pressure  of 
the  surrounding  organs,  and  certain  folds  of  perito- 
neum^  called  its  ligamentt,  which  connect  it  with  the 


diaphragm,  retain  the  liver  in  its  plaoe,  lesfing  it  at 
the  same  time  a  considerable  power  of  changing  itf 
relative  position.  The  organization  of  the  liver  is 
very  complicated.  Besides  its  peculiar  tissue,  or 
parenchfma^  the  texture  of  which  is  unknown,  it  re- 
ceives a  larger  number  of  vessels  than  any  other 
gland.  A  peculiar  venous  system — ^that  of  the  vena 
portarum — is  distributed  in  it.  To  this  most  be 
added  the  ramifications  of  the  hepatic  artery  and 
veins,  the  nerves,  which  are  small,  the  lymphatic 
vessels,  the  excretory  tubes,  and  a  peculiar  tissoe, 
enclosed  by  a  double  membrane,  a  serous  or  perito- 
neal, and  a  cellular  one.  The  excretory  apparatus 
of  the  bile  is  composed  of  the  hepatic  duct,  whidu 
rising  immediately  from  the  liver,  unites  with  tlie  cystic 
duct,  which  terminates  in  the  gall-bladder.  The  dio- 
ledochic  duct  is  formed  by  the  union  of  the  two  pre- 
ceding, and  terminates  in  the  duodenum,  (See  Bile.) 

LivRE;  an  ancient  French  coin.  The  word  b 
derived  from  the  Latin  Ubra,  a  pound.  It  appears  as 
early  as  810  B.C.  At  first  the  livre  was  divided  into 
twenty  solidos;  afterwards  into  ten  soms;  in  Italy 
into  twenty  soldi ;  in  Spain  into  twenty  9meldo9,  as 
the  old  German  pound  into  twenty  sckUlimge,  and 
the  English  into  twenty  shillings.  The  livre  was,  at 
first,  of  high  value.  The  revolution  changed  the 
name  into  franc. 

Loan,  Public,  is  the  name  given  to  money  bor- 
rowed by  the  state.    There  may  occur  caa^  whidi 
require  expenses  for  which  the  ordinary  revenue  of 
the  state  is  not  suflicicnt.     If,  in  such  cases,  it  ii 
not  possible  to  increase  the  usual  revenue  by  aug- 
menting the  taxes,  without  great  inconvenience  to 
the  nation,  the  state  will  find  it  advisable  to  borrov, 
and  to  pay  interest  till  it  can  discharge  the  principaL 
If  such  loans  are  appropriated  to  objects  by  which  the 
means  of  production  are  augmented,  the  state  atrength- 
ened,  and  industry  increased,  they  answer  ^le  same 
purpose  as  those  which  an  industrious  tradesman 
makes  in  order  to  enlarge  and  improve  his  business. 
If  he  be  successful,  he  will  increase  his  property,  and 
the  loan  itself  will  afford  the  means  for  repajong  iL 
This  will  be  the  case  also  with  the  state,  when  it 
employs  the  borrowed  capital  to  open  to  the  natioo 
increased  means  of  profitable  industry,  by  facilitating 
its  intercourse  with  other  countries,  giving  security 
to  its  commerce,  and  increasing  its  means  of  produc- 
tion.    But  if  the  loans  are  expended  in  useless  or 
unfortunate  wars,   or  in  other  unprofitable  ways. 
they  diminish  the  means  of  labour  or  enjojrment,  and 
burden  the  nation  with  taxes  to  pay  the  interest  and 
discharge  the  capital.    The  ci4>italists  who  aid  in 
producing,  when  they  lend  their  capital  to  men  of 
business,  and  receive  their  interest  from  the  proceeds 
of  their  capitals,  become  unproductive  subjects  as 
soon  as  they  lend  it  to  the  state  which  expends  it 
uselessly, — ^for  now  they  live  on  the  products  of  the 
capitals  of  others,  when  before  they  lived  on  the 
products  of  their  own.    As  loans,  however,   may 
become  necessary  to  the  state,  the  only  question  is. 
What  is  the  most  advantageous  method  of  making 
them?    A  chief  distinction  among  loans  is  tliis — 
that  the  government  promises  either  the  repayment 
of  the  capital  at  a  particular  time,  until  which  it 
pays  interest,  or  reserves  the  liberty  to  retain  the 
capital,  according  to  its  ovm  pleasure,  only  paying 
interest  regularly.    The  first  kind  is  liable  to  occasion 
trouble  to  the  state,  because  the  payment  may  often 


ttU  It  an  incoDTeiiient  bm«.  The  paymeot  of  large 
euma,  too,  at  a  particular  period,  bu  thia  dUad- 
vnntsge.  that  the  nation,  when  the  payment  Ib  to  b< 
made,  becomes  destitute  of  ready  money.  Therefore 
large  loans  are  usually  coutracted  In  such  a  way 
that  the  payment  a  made,  auccesaivelv,  at  many 
periods,  or  remains  entirely  indefinite.  The  last  kind 
ofloiuis  requires  that  the  credit  of  the  state  should 
be  undoubted,  and  also  that  large  capitals  should 
have  been  accumutated  in  the  hauds  of  many  rich 
people,  who  find  their  greatest  advantage  in  disposing 
of  them  in  loans. 

Where  there  is  a  well-founded  system  of  credit, 
statesmen  think  it  most  advantageous  to  secure  only 
the  regular  payment  of  the  stipulated  interest,  but  to 
leave  the  payment  of  the  capital  at  the  pleasure  "' 
the  state.  iTiis  is  called  the /unJi»j  tyilrm,  as  far 
fixed  funds  are  assigned  for  the  perpetual  payment  of 
the  interest.  Iliese  perpEluai  amtaitifi.  an  they  are 
called,  had  their  origin  in  this  country,  but  have 
since  been  imitated  in  Holland,  France.  Russia, 
Austria,  and  many  other  states.  In  order  to  provide 
for  the  redeeming  of  the  capital,  a  sinking-fund 
established,  together  with  the  fund  appropriated 
the  payment  of  the  annuities.  This  is  procured  by 
means  of  a  tax  large  enough  to  pay  the  annuity  as 
long  as  it  lasts,  and  to  redeem,  annnally,  a  part  of 
the  capitij  debt.  This  sinlting-fund  is  mcieased 
every  year,  if  the  annuities  annually  redeemed  are 
added  to  it  {See  Sinbiko-Fumb.)  According  to 
this  method,  the  state  cannot  be  said,  properly,  to 
borrow  capital ;  it  sells  annuities,  and  Axes,  at  the 
sale,  the  rate  at  which  they  may  be  redeemed.  They 
are  commonly  estimated  at  so  much  per  cent.  The 
Kovernment  says — I  offer  you  an  annuity  of  three, 
four,  five,  kc,  per  cent.,  redeemable  at  my  pleasure. 
How  much  will  you  give  me  for  it  1  According  to 
the  market  rate  of  Interest,  and  the  degree  of  credit 
which  the  state  enjoys,  the  capitalists  offer  SO,  60, 
70,  BO,  90,  Sic,  per  cent. 

The  sinking-fund  aims  to  discharge  the  debt 
gradually,  by  redeeming,  annually,  port  of  the 
annuities  at  the  market  price.  If  the  latter  ex- 
treed  the  price  for  which  it  had  sold  its  an- 
nuities, it  will  be  obliged  to  redeem  them  with  loss; 
but,  if  it  be  less,  it  can  redeem  them  with  gain. 
Another  kind  of  loan  is  when  the  capitalists  pay 
100  per  cent,  at  a  fixed  rate  of  interest,  the  govern- 
ment reserving  the  right  to  pay  the  capital  at  any 
tx>Dvenient  time.  Suppose  that  the  state,  when  it 
-wishes  to  borrow,  is  obliged  to  pay  eight  per  cent., 
and  that  these  stocks  in  the  course  of  three  years 
should  rise  in  the  market  100  per  cent,  above  par; 
the  state  would  easilj'  find  capitalists  who  would 
lend  at  the  rate  of  four  per  cent,  onnuallj,  and  with 
thia  it  could  redeem  the  eight  per  cent,  stocks.  If, 
therefore,  the  state  has  reason  to  expect  that  tbt 
price  of  the  stocks  will  rise,  its  best  plan  is  to  recein 
a  fixed  capital  sum  at  such  a  rate  of  interest  as  it  ii 
obliged  to  give.  But,  if  it  feara  that  the  interest  oi 
the  prices  of  Uie  stoclia  will  fall,  it  is  for  its  advan- 
tage  to  [irocure  the  necessary  money  by  the  sale  ol 
Itocka  at  the  market  price,  because  it  may  hope  te 
»4eem  them  at  a  reduced  rate.  Sometimes  pre- 
miama,  or  the  chances  of  a  lottery,  are  employed  tc 
stimnlata  reluctant  capitalists,  and  sometimes  ever 
force.  If  a  government  must  have  recourse  to  other 
means  than  those  arising  finm  the  annuity  or  in 
terest  offered,  it  is  a  certain  sign  that  it  enjoys  hut 
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feeble  credit,  or  that  there  w  a  want  >rf  capital.  How 
fertile  modem  history  is  in  loans  of  every  kind,  and 
into  what  an  unhappy  situation  many  states  have 
fallen  by  reason  of  tnem,  are  well  known.  In  Austria, 
the  proprietors  of  the  stocks  hnve  been  forced  several 
times  to  advance  Airfher  sums,  to  avoid  losing  what 
they  had  already  lent.     (See  National  Debt.] 

Lock  ;  avrell  known  instrument,  used  for  fastening 
doors,  chests,  &c„  generally  opened  by  a  key.  The 
lock  is  reckoned  the  master-piece  in  smithery,  a 
great  deal  of  art  and  delicacy  being  required  in  con- 
triving and  varying  the  wards,  springs,  bolts,  &c., 
and  adjusting  them  to  the  places  where  they  are  to 
be  used,  and  to  the  several  occasions  of  using  them. 
The  principle  on  which  all  locks  depend  is  the  appli- 
cation of  a  lever  to  an  interior  bolt,  by  means  of  a 
commnnication  from  without,  so  that,  by  means  of 
the  latter,  the  lever  acta  upon  the  bolt,  and  moves  it 
in  such  a  manner  as  to  secure  the  lid  or  door  from 
bcirjg  opened  by  any  pull  or  push  from  without. 
The  security  of  loclcs,  in  general,  therefore  depends 
the  number  of  impediments  we  can  interpose  be- 
twixt the  lever  (the  key)  and  the  bolt  which  secures  the 
door:  and  these  impediments  are  well  known  by  (he 
nameofwoTrf»,lhcnuraber  and  intricacy  of  which  are 
supposed  to  distingaish  a  good  lock  from  a  bad  one. 
If  these  wards,  however,  do  not,  in  on  effectual  man- 
ner, preclude  the  access  of  all  other  instrumenta 
besides  the  proper  key,  it  is  still  possible  for  a  mc- 
'lanic,  of  equal  skill  with  the  lock-maker,  to  open  it 
ilbout  the  key,  and  thus  to  elude  the  labour  of  the 
other.  Various  complicated  and  diffiautt  locks  have 
been  constructed  by  Messrs.  Bramah,  Taylor,  Spears, 
and  others.  In  a  very  ingenious  lock,  invented  by 
Mr.  Perkins,  twenty-four  small  blocks  of  metal,  of  dif- 
ferent sizes.are  introduced,  corresponding  to  the  letters 
of  the  alphabet.  Out  of  these,  an  indefinite  number 
of  combinations  nay  be  made.  The  person  locking 
the  door  selects  and  places  the  blocM  necessary  to 
spell  a  particular  word,  known  onlyto  himself,  and  nn 
other  person,  even  if  is  possesMon  of  the  key,  can 
open  the  door,  without  a  knowledge  oS  the  sanM 

The  dfttcior  lock,  invented  by  Mr.  Chubb,  has  many 
advantages  over  those  already  adverted  to.  It  is  r»> 
present^  in  the  accompanying  engraving. 


The  principal  bolt  is  shown  at  a  a,  in  which  is  placed 
square  pin  fitting  in  the  grooves  above.  The  "de- 
.jctor,"  shown  at  e  e,  is  made  to  move  on  the  centre 
d,  and  its  motions  are  regulated  by  the  spring  at  /. 
The  tumblers  g  are  lifted  by  the  key  to  such  a  por- 
tion as  will  enable  the  square  pin  i  of  the  bolt  to 
pass  in  unlocking.    Bhoald  oneor  rooroorthe  torn- 
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blere  be  lifted  by  a  "  pick,**  or  false  key,  in  the  least 
degree  beyond  their  present  position*  the  detector  ee, 
being  thus  over-shot,  will,  by  the  angle  of  the  spring 
/  pressing  on  the  opposite  side  of  the  angle  of  the  de- 
tector, force  its  hook  into  a  notch  in  the  bolt,  and  be 
firmly  held  so  until  disenf;aged  by  the  regulating  slides. 

One  peculiar  feature  in  this  lock  arises  from  the 
great  durability  of  its  parts,  which  are  peculiarly 
formed  to  resist  any  attempt  at  external  violence ; 
and  so  little  is  it  acted  on  by  friction  that  a  lock  of 
this  description  was  actually  opened  and  shut  460,000 
times  without  the  least  apparent  wear  of  its  parts. 
Mr.  Chubb  has  another  arrangement  of  bolts  for 
massive  chests,  which  may  be  opened  and  shut  with 
a  handle,  and  yet  securely  fastened  by  a  small  lock 
on  this  principle. 

Lock,  DetonaHng.  The  employment  of  fulmi- 
nating powder  for  firing  the  common  fowling-piece 
has  msmv  advantages  over  the  common  flint  and 
steel.  Tne  success  of  this  arrangement  has  given  it 
a  place  in  his  Majesty  s  service  for  firing  cannon.  In 
the  latter  case,  the  detonating  powder  b  contained 
in  a  small  paper  tube,  and  is  certain  in  its  operation. 

Locks,  m  camdl  navigation.  When  a  canal  changes 
from  one  level  to  another  of  different  elevation,  the 
place  where  the  change  of  level  takes  place  is  com- 
manded by  a  lock.  Locks  are  tight  oblong  enclosures^ 
in  the  bed  of  the  canal,  furnished  with  gates  at  each 
end,  which  separate  the  higher  from  the  lower  parts  of 
the  canal.  When  a  boat  passes  up  the  canal,  the 
lower  gates  are  opened,  and  the  boat  glides  into  the 
lock,  aiter  which  the  lower  gates  are  shut.  A  sluice, 
communicating  with  the  upper  part  of  the  canal,  is  then 
opened,  and  the  lock  rapidlyfills  with  water,  elevating 
the  boat  on  its  surface.  When  the  lock  is  filled  to 
the  highest  water  level,  the  upper  gates  are  opened, 
and  the  boat,  being  now  on  the  level  of  th^  upper 
part  of  the  canal,  passes  on  its  way.  A  process  the 
reverse  of  this  is  performed  when  the  boat  is  descend- 
ing the  canal.  Locks  are  made  of  stone  or  brick, 
sometimes  of  wood.  The  gates  are  commonly  double, 
resembling  folding  doors.  They  meet  each  other,  in 
most  instances,  at  an  obtuse  angle,  and  the  pressure 
of  the  water  serves  to  keep  them  firmly  in  contact. 
Cast-iron  gates  are  sometimes  used  in  this  country, 
curved  in  the  form  of  a  horizontal  arch,  with  their 
convex  side  opposed  to  the  water.  In  China,  inclined 
planes  are  said  to  be  used  instead  of  locks,  along 
which  the  boats  are  drawn  up  or  let  down. 

Locomotion.  The  chief  obstacles  which  oppose 
locomotion,  or  change  of  place,  are  gravity  and  fric- 
tion, the  latter  of  which  is,  in  most  cases,  a  conse- 
quence of  the  former.  Gravity  confines  all  terrestrial 
bodies  against  the  surface  of  the  earth,  with  a  force 
proportionate  to  the  quantity  of  matter  which  com- 
poses them.  Most  kinds  of  mechanism,  both  natural 
and  artificial,  which  assist  locomotion,  are  arrange- 
ments for  obviating  the  effects  of  gravity  and  friction. 
Animals  that  walk  obviate  friction  by  substituting 
points  of  their  bodies  instead  of  large  surfaces,  and 
upon  these  points  they  turn,  as  upon  centres,  for  the 
length  of  each  step,  raising  themselves  wholly  or 
partly  from  the  ground  in  successive  arcs,  instead  of 
drawing  themselves  along  the  surface.  As  the  fecc 
move  in  separate  lines,  the  body  has  also  a  lateral 
vibratory  motion.  A  man  in  walking  puts  down 
one  foot  before  the  other  is  raised,  but  not  in  run- 
ning. Quadrupeds,  in  walking,  have  three  feet  upon 
the  ground  for  most  of  the  time ;  in  trotting,  only  two. 


Animals  which  walk  against  gravity,  as  the 
mon  fly,  the  tree-toad,  &c.,  support  themselvea  by 
suction,  using  cavities  on  tiie  under  side  of  their  feet, 
which  they  enlarge  at  pleasure,  till  die  pressure  of 
the  atmosphere  causes  them  to  adhere.     In  other 
respects  their  locomotion  is  effected  like  that  of  other 
walking  animals.    Birds  perform  the  motion  of  flying 
by  striking  the  air  with  the  broad  surface  of  their 
wings  in  a  downward  and  backward  direction,  thus 
propelling  the  body  upward  and  forward.     After  each 
stroke  the  wings  are  contracted,  or  slightly  tamed, 
to  lessen  their  resistance  to  the  atmosphere,  then 
raised,  and  spread  anew.    The  downward  strc^  also 
being  more  sudden  than  the  upward  is    more  re- 
sisted bv  the  atmosphere.    The  tail  of  birds  servet 
as  a  rudder  to  direct  the  course  upward  or  down- 
ward.   When  a  bird  sails  in  the  air  without  moving 
the  wings,  it  is  done  in  some  cases  by  the  veloctty 
previously  acquired,  and  an  oblique  direction  of  the 
wings  upward ;  in  others,  by  a  gradual  descent,  with 
the  wings  slightly  turned  in  an  oblique  direction 
downwaird.    Fishes,  in  swimming  forward,  are  pro- 
pelled chiefly  by  strokes  of  the  tcul,  tiie  extremity  of 
which,  being  bent  into  an  oblique  position,  propeh 
the  body  forward  and  laterally  at  the  same  time. 
The  lateral  motion  is  corrected  by  the  next  stroke, 
in  the  opposite  direction,  while  tiie  forward  coarse 
continues.    The  fins  serve  partly  to  assist  in  swim- 
ming, but  chiefly  to  balance  the  body,  or  keep  it 
upright ;  for,  the  centre  of  gravity  being  nearest  the 
back,  a  fish  turns  over  when  it  is  dead  or  disabled. 
Some  other  aquatic  animals,  as  leeches,  swim  with  a 
sinuous  or  undulating  motion  of  the  body,  in  whkh 
several  parts  at  once  are  made  to  act  obliquely  agaxut 
the  water.     Serpents,  in  like  manner,  advance  by 
means  of  the  winding  or  serpentine  direction  which 
they  give  to  their  bodies,  and  by  which  a  socceasiaa 
of  oblique  forces  are  brought  to  act  against  the 
ground.    Sir  Everard  Home  is  of  opinion  that  ser- 
pents use  their  ribs  in  the  manner  of  legs,  and  propel 
the  body  forwards  by  bringing  the  plates  on  the 
under  surfooe  of  the  body  to  act,  successively,  like 
feet  against  the  ground.    This  he  deduces  frooa  the 
anatomy  of  the  animal,  and  from  the  movementi 
which  he  perceived  in  suffering  a  large  colaber  to 
crawl  over  his  hand.     Some  worms  and  larv»  of 
slow  motion  extend  a  part  of  their  body  forwsrdi, 
and  draw  up  the  rest  to  overtake  it,  some  performing 
this  motion  in  a  direct  line,  others  in  curves. 

When  land  animals  swim  in  water,  they  are  sap- 
ported,  because  their  whole  weight,  vrith  the  lungs 
expanded  with  air,  is  less  than  that  of  an  equal  balk 
of  water.  The  head,  however,  or  a  part  of  it,  most 
be  kept  above  water,  to  enable  the anunal  to  breathe; 
and  to  effect  this,  and  also  to  make  progress  in  the 
water,  the  limbs  are  exerted,  in  successive  impokes, 
against  the  fluid.  Quadrupeds  and  birds  swim  with 
less  effort  than  man,  because  tiie  weight  of  the  head, 
which  is  carried  above  water,  is,  in  Uiem,  a  smaller 
proportional  part  of  the  whole  than  it  is  in  man. 
All  animals  are  provided  by  nature  with  organs  of 
locomotion  best  adapted  to  their  structure  and  si- 
tuation; and  it  is  probable  that  no  animal,  man 
not  excepted,  can  exert  his  strength  more  advan- 
tageously by  any  other  than  the  natural  mode,  ia 
moving  himself  over  the  common  surface  of  the 
ground.  Thus  walking  cars,  velocipedes,  Ike,  al- 
though they  may  enable  a  man  to  increase  his  ve- 
locity, in  favourable  situations,  for  a  short  time*  yet 
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tbey  actually  require  an  increased  expenditure  of 
power,  for  the  purpose  of  transporting  the  machine 
made  use  of,  in  addition  to  the  weight  of  the  body. 
'When,  however,  a  great  additional  load  is  to  be 
transported  with  the  body,  a  man  or  animal  may 
derive  much  assistance  from  mechanical  arrange- 
ments. 

For  moving  weights  over  the  common  ground, 
with  its  ordinary  asperities  and  inequalities  of  sub- 
stance and  structure,  no  piece  of  inert  mechanism  is 
so  favourably  adapted  as  the  wheel-carriage.     It  was 
introduced  into  use  in  very  early  ages.    Wheels  di- 
minish friction,  and  also  surmount  obstacles  or  in- 
equalities of  the  road,  with  more  advantage  than 
bodies  of  any  other  form  in  their  place  could  do. 
The  friction  is  diminished  by  transferring  it  from 
the  surface  of  the  ground  to  the  centre  of  the  wheel, 
or,  rather,  to  the  place  of  contact  between  the  axle- 
tree  and  the  box  of  the  wheel ;  so  that  it  is  lessened 
by  the  mechanical  advantage  of  the  lever,  in  the 
proportion  which  the  diameter  of  the  axletree  bears 
to  the  diameter  of  the  wheel.    The  rubbing  surfaces, 
also,  being  kept  polbhed,  and  coated  with  some 
unctuous  substance,  are  in  the  best  possible  condi- 
tion to  resist  friction.    In  like  manner  the  highest 
ndges  that  present  themselves  in  the  public  roads 
are  surmounted  by  a  wheel  with  peculiar  facility. 
As  soon  as  the  wheel  strikes  against  a  stone,  or 
similar  hard  body,  it  is  converted  into  a  lever  for 
lifting  the  load  over  the  resistinf^  object.     If  an  ob- 
stacle eight  or  ten  inches  in  height  were  presented 
to  the  body  of  a  carriage  unprovided  with  wheels,  it 
would  stop  its  progress,  or  subject  it  to  such  vio- 
lence as  would  endanger  its  safety.     But,  by  the 
action  of  a  wheel,  the  load  is  lifted,  and  its  centre  of 
gravity  passes  over  in  the  direction  of  an  easy  arc, 
the  obstacle  furnishing  the  fulcrum  on  which  the 
lever  acts.    Rollers  placed  under  a  heavy  body  di- 
minish the  friction  in  a  greater  degree  than  wheels, 
provided  they  are  true  spheres  of  cylinders,  without 
any  axis  on  which  they  are  cooatrained  to  move ; 
but  a  cylindrical  roller  occasions  friction  whenever 
its  path  deviates  in  the  least  from  a  straight  line. 
The  mechanical  advantages  of  a  wheel  are  propor- 
tionate to  its  size,  and  the  larger  it  is  the  more 
effectually  does  it  diminish  the  ordinary  resistances. 
A  large  wheel  will  surmount  stones  and  similar  ob- 
stacles better  than  a  small  one,  since  the  arm  of  the 
lever  on  which  the  force  acts  is  longer,  and  the  curve 
described  by  the  centre  of  the  load  is  the  arc  of  a 
larger  circle,  and  of  course  the  ascent  is  more  gradual 
and  easy.    In  passing  over  holes,  ruts,  or  excava- 
tions, also,  a  large  wheel  sinks  less  than  a  small  one, 
2uid  consequently  occasions  less  jolting  and  expen- 
diture of  power.    The  wear  also  of  kurge  wheels  is 
less  tlian  that  of  small  ones ;  for,  if  we  suppose  a 
^rheel  to  be  three  feet  in  diameter,  it  will  turn  round 
twice  while  one  of  six  feet  in  diameter  turns  round 
once ;  so  that  its  tire  will  come  twice  as  often  in 
contflict  with  the  ground,  and  its  spokes  will  twice  as 
often  have  to  support  the  weight  of  the  load.     In 
practice,  however,  it  is  found  necessary  to  confine 
the  size  of  wheels  within  certain  limits,  partly  be- 
caase  the  materials  used  would  make  wheels  of  great 
size  heavy  and  cumbersome,  since  the  separate  parts 
-wonld  necessarily  be  of  large  proportions  to  have  the 
requisite  strength,  and  partly  because  they  would  be 
disproportioned  to  the  size  of  the  animals  employed 
in  draught;  and  compel  them  to  pull  obliquely  down- 


wards, and  therefore  to  eipend  a  part  of  their  force 
in  acting  against  the  ground. 

LocoMOTivB  Enoinb  is  that  which  is  calculated 
to  produce  locomotion,  or  motion  from  place  to 
place.     (See  Stbam-Enginb.)  v 

Log  ;  a  machine  used  to  measure  the  rate  of  a 
ship's  velocity  through  the  water.  For  this  purpose, 
there  are  several  inventions,  but  the  one  most  gener- 
ally used  is  the  foliovring,  oedled  the  comiiMm  log.  It 
is  a  piece  of  thin  board,  forming  a  quadrant  of  a  cir- 
cle of  about  six  inches  radius,  and  balanced  by  a 
small  plate  of  lead,  nailed  on  the  circular  part,  sa 
as  to  swim  perpendicularly  in  the  water,  vrith  the 
greater  part  immersed.  The  iog-Uneis  fastened  to 
the  log  by  means  of  two  legs,  one  of  which  is  knotted, 
through  a  hole  at  one  comer,  while  the  other  is 
attached  to  a  pin,  fixed  in  a  hole  at  the  other  corner, 
so  as  to  draw  out  occasionally.  The  log-line,  being 
divided  into  certain  spaces,  which  are  in  proportion 
to  an  equal  number  of  geographical  miles  as  a  half 
or  quarter  minute  b  to  an  hour  of  time,  is  wound 
about  a  reel.  The  whole  is  employed  to  measure  the 
ship's  head-way  in  the  following  manner: — ^The  reel 
being  held  by  one  man,  and  the  half-minute  glass  by 
another,  the  mate  of  the  watch  fixes  the  pin,  and 
throws  the  log  over  the  stem,  which,  swimming  per- 
pendicularly, feels  an  immediate  resistance,  and  is 
considered  as  fixed,  the  line  being  slackened  over  the 
stem,  to  prevent  the  pin  coming  out.  The  knots  are 
measured  from  a  mark  on  tiie  line,  at  the  distance  of 
twelve  or  fifteen  fathoms  from  the  log.  The  glass  is 
therefore  tumed  at  the  instant  tiiat  the  mark  passes 
over  the  stem ;  and,  as  soon  as  the  sand  in  the  glass 
has  run  out,  the  line  is  stopped.  The  water,  then  being 
on  the  log,  dislodges  the  pin,  so  that  the  board,  now 
presenting  only  its  edge  to  the  water,  is  easily  drawn 
aboard.  The  number  of  knots  and  fathoms  which 
had  run  off  at  the  expiration  of  the  glass  determines 
the  ship's  velocity.  The  half-minute  glass,  and 
divisions  on  the  line,  should  be  frequently  measured, 
to  determine  any  variation  in  either  of  them,  and  to 
make  allowances  accordingly.  If  the  glass  run 
thirty  seconds,  the  distance  between  the  knots  should 
be  fifty  feet.  When  it  mns  more  or  less,  it  should 
therefore  be  corrected  by  the  following  analogy: — As 
thirty  is  to  fifty  so  is  the  number  of  seconds  of  the 
glass  to  the  distance  between  the  knots  upon  the  line. 
As  the  heat  or  moisture  of  the  weather  has  often  a 
considerable  effect  on  the  glass,  so  as  to  make  it  run 
slower  or  faster,  it  should  be  frequently  tried  by  the 
vibration  of  a  pendulum.  As  many  accidents  attend 
a  ship  during  a  day's  sidling,  such  as  the  variableness 
of  winds,  the  different  quantity  of  sail  carried,  &c., 
it  will  be  necessary  to  heave  the  log  at  every  altera- 
tion, and,  even  if  no  alteration  be  perceptible,  yet 
it  ought  to  be  occasionally  heaved.  The  inventor  of 
this  simple  but  valuable  device  is  not  known,  and  no 
mention  of  it  occurs  till  the  year  1607,  in  an  East 
India  voyage,  published  by  Purchas. 

Loo-BoARD ;  two  boards  shutting  together  like  a 
book,  and  divided  into  several  columns,  containing 
the  hours  of  the  day  and  night,  the  direction  of  the 
winds,  and  the  course  of  the  ship,  with  ail  the  mate* 
rial  occurrences  that  happen  during  the  twenty-four 
hours,  or  from  noon  to  noon,  together  with  the  lati- 
tude by  observation.  From  this  table,  the  officers 
work  Uie  ship's  way,  and  compile  their  journals. 
The  whole,  being  written  vrith  chalk,  is  rubbed  out 
every  day  at  noon. 
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Loo-Book  ;  a  book  into  which  the  contents  of  the 
log-board  are  daily  transcribed  at  noon«  together  with 
every  cireumstance  deserving  of  notice  that  may 
happen  to  the  ship,  or  within  her  cognizance,  either  at 
sea,  or  in  a  harbour,  &c.  The  intermediate  divisions 
or  watohcs  of  a  log-book,  containing  four  hours  each, 
are  usually  signed  by  the  commanding  officer  thereof, 
in  ^ips  of  war  or  East  Indiamen* 

LooAUTHM.  ''The  logarithms  of  numbers  are 
the  exponents  of  the  different  ^wers  to  which  a  con- 
stant number  must  be  raised  m  order  to  be  equal  to 
those  numbers ;  the  principles,  therefore,  which  apply 
lo  exponents  in  general  apply  to  logarithms."  To 
constitute  a  logarithm,  it  is  necessary  that  the  ex- 
ponent should  refer  to  a  syUm  or  series.  These 
exponents,  therefore,  constitute  a  series  of  numbers 
in  aritlmittiad  proportion,  corresponding  to  as  many 
others  in  geometricill  proportion.  Take,  for  instance, 
the  series  10*=:  10;  102  =  100|  10"=  1000;  10*  = 
10,000 :  then  we  have  the  logarithm  of  10  =  1 ;  lo- 
garithm 100s 2;  logarithm  1000=3;  logarithm 
10,000  =  4,  &c. 

Perhaps  the  definition  of  a  logarithm  may  be  more 
scientifioally  expressed  thus  t  togarithm  is  a  mathe- 
matical term  for  a  number  by  which  the  magnitude 
of  a  certain  numerical  ratio  is  expressed  in  reference 
to  a  fundamental  ration    The  value  of  a  ratio  be- 
comes known  to  us  by  the  comparison  of  two  num- 
bers, and  b  expressed  by  a  number  called  the  quoiieni 
of  the  ratio ;  for  instance,  13:4  is  expressed  by  3,  or 
18 : 9  by  2 ;  3  and  2  being  called  the  quoHenU  of  the 
two  proportions  12:4  and  18:9*    If  we  now  ima- 
gine a  series  pf  proportions  which  have  all  the  same 
value  or  quotient  as,  for  instance,  1  to  3,  3  to  9>  9  to 
27,  27  to  81,  &c.  (in  which  9  and  3,  27  and  9,  81 
and  27,  are  in  the  same  ratio  as  3  and  1),  and  if  we 
at  the  same  time  adopt  the  ratio  3  to  1  as  the  fun- 
damental ratio  (or  the  unit  of  these  ratios),  then  9  to 
1  is  the  double  of  this  ratio,  27  to  1  the  triple,  81  to 
1.  the  quadruple,  and  so  on.    The  numbers  1, 2, 3, 4, 
which  indicate  the  value  of  such  ratios  in  respect  to 
the  fundamental  ratio,  are  called   logaaritkm.    If, 
therefore,  in  this  case,  1  is  the  logarithm  of  3,  2  must 
be  the  logarithm  of  9*  3  of  27*  4  of  81,  &c.    If  we 
adopt,  however,  the  ratio  of  4 : 1  as  the  fundamental 
one,  and  hence  1  as  the  logarithm  of  4,  then  2  would 
be  the  logarithm  of  16, 3  of  64,  he.    The  logarithms 
of  the  numbers  which  lie  between  must  be  fractions, 
and  are  to  be  calculated  and  put  in  a  table. 

A  table  of  logarithms,  made  according  to  an  as- 
sumed bosb  or  fundamental  ratio,  of  all  numbers  to 
a  certain  limit,  is  called  a  logarithmic  m/stem.  The 
most  common,  at  present,  is  that  of  Briggs,  in  which 
the  fundamental  basb  is  10  to  1 ;  hence  1  is  the  lo- 
garithm of  10,  2  of  100,  3  of  1000,  4  of  10,000,  &c. 
It  is  evident  that  all  logpuithms  of  numbers  between 
1  ttid  10  must  be  more  than  0,  yet  less  than  1,  i.  e. 
a  fraction;  thus  the  logarithm  of  6  is  0.7781513. 
In  the  same  way>  the  logarithms  of  the  numbers 
between  10  and  100  must  be  more  than  1»  but  less 
than  2,  fcc. ;  thus  the  logarithm  of  95  is  =  1.9777236. 
All  logarithms  of  the  numbers  between  0,  10,  100, 
1000,  Sec,  are  arranged  in  tables,  the  use  of  which, 
partieularly  in  calculations  with  large  numbers,  is 
Tory  great.  The  process  is  simple  and  easy.  If 
there  are  numbers  to  be  multiplied,  we  have  only  to 
add  tiie  logarithms ;  if  the  numbers  are  to  be  divided, 
tlie  logariUnns  are  merely  to  be  subtracted ;  if  num- 
bers are  to  be  raised  to  powers,  their  logarithms  are 


multiplied ;  if  roots  are  to  be  extracted,  the  bgtritei 
are  merely  to  be  divided  by  the  exponent  of  the  root 
In  a  table  of  logarithms,  the  integei'  figure  is  calkd 
the  imdat  or  ekaraeterutic.  The  decimals  are  ciUed, 
by  the  Germans  and  Italians,  the  sunfitM.  In  ge* 
neral,  the  logarithms  of  the  system  in  which  1  isdi. 
cates  10  are  called  common  logarithms. 

The  properties  of  logarithms,  and  some  o(  their 
uses,  were  taken  notice  of  by  Stiefel  or  Stifeiiiu,  s 
German  clergyman,  who  wrote  as  early  as  1530;  hot 
the  use  of  them  in  trigonometry  was  discovered  hj 
John  Napier,  a  Scotch  baron,  and  'made  knovn  \sj 
him  in  a  work  published  at  Edioburgh,  in  I6l4. 
Logarithmic  tables  are  of  great  value,  not  only  to 
mathematicians,  but  to  all  who  have  to  make  ctln- 
lations  with  large  numbers.     Lc^garithms  are  of  in- 
calculable importance  in  trigonometry  and  in  astro- 
nomy.   Ve^'s  edition  of  Vlacq's  tables  contains  i 
trigonometncal  table  of  the  common  logarithms  of 
the  radius  or  log,  sin,  tot,  =  10.0000000,  which  gives 
the  logarithms  of  sines,  arcs,  co-sines,  tangents,  and 
co-tai^ents  for  each  second  of  the  two  first  and  tvo 
last  degrees,  and  for  each  ten  seconds  of  the  rest  of 
the  quadrant    Under  Napier's  direction,  B.  Uisi- 
nius  first  gave  the  logarithm  of  the  sines  of  the  angles 
from   10  to   10'',  the    logarithm  of  the  tangents. 
which  are  the  differences  of  the  logarithms  of  each 
sine  and  co-sine,  together  with  the  natural  sine  for  a 
radius  of  100,000,000  parts.      Kepler  turned  bis 
attention  particularly  to  the  invention  of  Napier, 
and  gave  a  new  theoiy  and  new  tables,    firiggs  we 
also  conspicoous  in  the  construction  of  tables.    Mer- 
cator  showed  a  new  way  for  calculating  die  loga- 
rithms easily  and  accurately.      Newton,  Leibnitz, 
Halley,  Euler,  L'Huillier,  and  others,  perfected  tlie 
systeiQ  much,  by  applying  to  it  the  bi  ;omial  theorem 
and  differential  calculus.    The  names  of  Vlacq,  SmT* 
win,  Gardiner,  Hutton,  Taylor,  Callet,  and  othen, 
deserve  to  be  honourably  mentioned,     llie  edition  of 
Vlacq,  within  a  few  years,  by  Vega,  is  particalarh 
valuable.     During  the  French  revolution,  when  aU 
measures  were  founded  oa  the  decimal  division,  net 
tables  of  the  trigonometrical  lines  and  their  loga- 
rithms became  necessary.    The  director  of  the  6if«ii 
du  caiastrt,  M.  Prony,  was  ordered,  by  government, 
to  have  tables  calculated,  which  were  to  be  not  only 
extremely  accurate,  but  to  exceed  all  other  tables  in 
magnitude.    This  colossal  work,  for  which  the  fint 
madiematicians  supplied  the  formulas  and  the  sk- 
thods  for  using  the  differences  in  the  cakulations, 
was  executed,  but  the  depreciation  of  the  paper  mo- 
ney prevented  its  publication.     The  tables  woold 
have  occupied  1200  folio  pages. 

Logos  di  Rafpaello.  This  wonderful  logge  hai 
formed  a  school  and  studio  to  every  artist  who  has 
visited  Rome  since  its  completion.  There  is  scaitdf 
a  scroll  ornament  of  any  value  in  the  works  of  the 
modem  artists  that  may  not  be  traced  to  those  de- 
signed by  Raphael,  and  executed  by  his  popiU  ia 
this  place.  Leo  X.  had  these  logge  or  arcades  boilt 
under  the  direction  of  Raphael.  TTiere  are  three  sto- 
ries,  which  enclose  a  court  called  il  Cortile  di  S,  D*- 
maso.  The  middle  story  is  the  most  celebrated.  It 
is  formed  by  thirteen  arches,  and  the  vault  of  esck 
contains  four  paintings  in  fresco,  representing  scenes 
from  the  Old  Testament,  and  executed  by  Giolio 
Romano,  Pierin  dal  vaga,  Pellegrino  da  Modens,  Po- 
lidoro,  and  Maturino  da  Caravaggio,  and  others,  after 
cartoons  prepared  by  the  great  Rajdiael  himself, 
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The  number  of  these  exquisite  pictures  is  fifty- two ; 
the  arches  and  pilasters  are  adorned  with  grotesque 
paiBtings,  executed  by  Giovanni  da  Udine,  so  famous 
in  this  branch,  also  under  the  direction  of  Raphael. 

Logwood.    This  important  article  of  commerce  is 
the  wood  of  the  hamatattflon  Canq)eckianuM,  a  small 
straggling  tree,  belonging  to  the  family  legummosa, 
which  grows  wild  in  moist  places,  along  tiie  western 
shores  of  the  gulf  of  Mexico.    The  wood  is  red, 
tinged  with  orange  and  black,  so  heavy  as  to  sink  in 
water,  and  susceptible  of  receiving  a  good  polish ;  but 
it  is  diiefly  employed  in  dyeing,   llie  black  and  pur- 
ine colours  are  very  much  used,  but  they  are  not  so 
permanent  as  some  obtained  from  other  substances. 
Though  cultivated  to  some  extent  in  Jamaica,  the 
logwood  of  commerce  is  chiefly  obtained  from  Hon- 
duras, where  the  cutting  of  it  forms  an  extensive,  but 
unhealthy,  branch  of  business. 
Lombard  Houses.    See  Pawnbrokers. 
LoNOBViTT.    Tlie  extreme  ligiit  of  human  life,  and 
the  means  of  attaining  it,  have  been  a  subject  of 
general  interest,  both  in  ancient  and  modem  times, 
and  the  physiologist  and  political  economist  are  alike 
attracted  by  the  enquiry.    It  is  for  the  student  of 
biblical  antiquities  to  decide  in  what  sense  we  are  to 
understand  die  word  year  in  the  scriptural  accounts 
of  the  antediluvians ;  whether  it  signifies  a  revolution 
of  the  sun  or  of  the  moon,  and,  if  tiie  former,  whether 
their  extreme  longevity  is  to  be  traced  to  supernatural 
causes.   According  to  the  sense  which  we  now  give  to 
the  word  year,  the  coastitution  of  men  at  the  period 
referred  to  must  have  been  very  different  from  what  it 
is  at  present,  or  has  been  at  any  period  from  which 
observations  on  the  duration  of  human  life  have  been 
transmitted  to  us.    The  results  of  all  these  observa- 
tions, in  regard  to  the  length  of  life  in  given  circum- 
stances, do  not  essentially  diffier.    Pliny  affords  some 
valuable  statistical  information,  if  accurate,  regarding 
the  period  at  which  he  lived,  obtained  ^m  an  official, 
and,  apparently,  authentic  source, — the  census  di- 
rected by  the  emperor  Vespasian,  in  tiie  year  76  of 
the  Christian  era.    From  tms  we  learn  that,  at  the 
time  of  tiie  computation,  there  were,  in  the  part  of 
Italy  comprised  between  the  Appennines  and  tiie  Po, 
ld4  individuals  aged  100  years  and  upwards,  viz.  54 
of  100  years,  57  of  1 10,  2  of  125,  4  of  130,  4  of  135 
to  137#  and  3  of  140.    At  Parma,  a  man  was  living 
aged  120,  and  2  aged  130;  at  Faenza,  a  female  aged 
132;   and  at  a  small  town  near  Placentia,  called 
Velleiadum,  lived  6  persons  aged  110  years  each, 
and  4  of  120.     These  estimates,  however,  do  not 
accord  with  those  of  Ulpian,  vrho  seems  to  have  taken 
especial  care  to  become  acquainted  with  the  facts  of 
the  case.     His  researches  prove  that  the  expectation 
of  life  in  Rome,  at  that  time,  was  much  less  than  it 
DOW  is  in  London,  or  in  any  of  our  cities.    Hufeland,' 
indeed,  in  his  Maerobiotica,  asserts  that  the  tables  of 
Ulpian  agree  perfectly  with  those  afforded  by  the 
great  cities  of  Europe,  and  that  they  exhibit  the  pro- 
babilities of  life  in  ancient  Rome  to  have  been  the 
same  as  those  of  modem  London.    But  Doctor  Haw- 
kins, in  his  Elements  of  Medical  Statistiq^  (London, 
1829) »  says  that  the  tables  kept  by  the  censors  for 
lOOO  years,  and  constituting  registers  of  population, 
Bex,  age,  disease,  &c.,  according  to  Ulpian   (who 
was  a  lawyer,  and  a  minister  of  Alexander  Severus), 
refer  only  to  free  citizens,  and  that,  to  draw  a  just 
comparison  between  Rome  and  London,  it  would  be 
necessary  to  take,  among  the  inhabitants  of  the  latter 
Arts  and  Sciencbs. — Vol.  I. 


city,  only  those  who  were  ttimilarly  circumstanced, 
viz.  those  whose  condition  is  easy ;  in  whicn  case,  the 
balance  would  be  greatly  in  favour  of  modem  timeb. 
Mr.  Hnlayson  has  ascertained,  from  very  extensive 
observation  on  the  decrement  of  life  prevailing  among 
the  nominees  of  the  Tontines,  and  other  life  annuities, 
granted  by  the  authority  of  parliament,  during  the 
last  forty  years,  that  the  expectation  of  life  is  above 
fifty  years  for  persons  thus  situated,  which  affords  the 
easy  classes  of  England  a  superiority  of  twenty  years 
abc^e  even  the  easy  classes  among  the  Romans. 

The  mean  term  of  life  among  the  easy  classes  of 
Paris  is,  at  present,  forty-two  years,  which  gives 
them  an  advantage  of  twelve  years  above  the  Romans. 
In  the  third  century  of  the  Christian  era,  the  expec- 
tation of  life  in  Rome  Was  as  follows : — From  birth 
to  twenty,  there  was  a  probability  of  thirty  years ; 
from  twenty  to  twenty-five,  of  twenty -eight  years ; 
from  twenty-five  to  thirty,  twenty-five  years ;  from 
thirty  to  thirty-five,  twenty-two  years  ;  from  thirty- 
five  to  forty,  twenty  years  ;  from  forty  to  forty-five, 
eighteen  years;  from  forty-five  to  fifty,  thirteen 
years  ;  from  fifty  to  fifty-five,  nine  years ;  from  fifty- 
five  to  sixty,  seven  years ;  from  sixty  to  sixty-five, 
five  years.  Further  than  this  the  computation  did 
not  extend.  The  census  taken  from  time  to  time  in 
this  country  affords  us  information  of  an  unques- 
tionable character.  The  first  actual  enumeration  of 
the  inhabitants  was  made  in  1801,  and  gave  an  an- 
nual mortality  of  one  in  44.8.  The  third  census  was 
made  in  1821,  and  showed  a  mortality  of  one  to 
fifty-eight.  The  mortality  then  had  decreased  con- 
siderably within  twenty  years ;  which  may  also  be 
said  with  regard  to  the  last  census  in  1831.  In  France, 
the  annual  deaths  were,  in  1791 « one  in  twenty-nine ; 
in  1802,  one  in  thirty ;  in  1823,  one  in  forty.  In  the 
Pays  de  Vaud,  the  mortality  is  one  to  forty-nine ;  in 
Sweden  and  Holland,  one  to  forty-eight ;  in  Russia, 
one  to  forty-one;  in  Austria,  one  to  thirty-eight. 
Wherever  records  have  been  kept,  we  find  that  mor- 
tality has  decreased  with  civilization.  Perhaps  a  few 
more  persons  reach  extreme  old  age  among  nations 
in  a  state  of  little  cultivation ;  but  it  is  certain  that 
more  children  die,  and  the  chance  of  life,  in  general, 
is  much  less.  In  Geneva,  records  of  mortality  have 
been  kept  since  1590,  which  show  that  a  child  bom 
there  has,  at  present,  five  times  greater  expectation 
of  life  than  one  bom  three  centuries  ago.  A  like 
improvement  has  taken  place  in  the  salubrity  of  large 
towns.  The  annual  mortality  of  London,  in  1700, 
was  one  in  twenty-five;  in  1751,  one  in  twenty-one; 
in  1801,  and  the  four  years  preceding,  one  in  thirty- 
five;  in  1811,  one  in  thirty-eight;  and  in  1821,  one 
in  forty ;  the  value  of  life  having  thus  doubled,  m 
London,  within  eighty  years.  In  Paris,  about  the 
middle  of  the  last  century,  the  mortality  was  one  in 
twenty-five ;  at  present,  it  is  about  one  in  thirty- two ; 
and  it  has  been  calculated  that,  in  the  fourteenth 
century,  it  was  one  in  sixteen  or  seventeen.  The 
annual  mortality  in  Berlin  has  decreased  during  the 
.ast  fifty  or  sixty  years  from  one  in  twenty-eight  to 
one  in  thirty- four.  The  mortality  in  Manchester 
was,  about  the  middle  of  the  last  century,  one  in 
twenty-five;  in  1770,  one  in  twenty-eight;  forty 
years  afterwards,  in  1811,  the  annual  deaths  were 
diminished  to  one  in  forty-four;  and  in  1821  they 
seem  to  have  been  still  fewer.  In  the  middle  of  the 
last  century,  the  mortality  in  Vienna  was  one  in 
twenty ;  it  has  not,  however,  improved  in  the  same 
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proportion  as  some  of  the  other  Earopean  cities. 
According  to  recent  cakndation,  it  ie,  eyen  now,  one 
in  twenty- two  and  a  half«  or  abont  twice  tiie  propor- 
tion of  niiladelphia,  Manchester,  or  Glasgow.  Many 
years  ago»  Mr.  Finlayson  drew  up  the  following 
table,  to  exhibit  the  difference  in  the  value  of  life,  at 
two  periods  of  the  seventeenth  and  eighteenth  cen- 
tttries. 


Mean  Duratioa  of  life. 

So  that  ttie  Increase  of 

Ages. 

reckoniug  from 

VitaUty  is  in  the  in- 

1603. 

1789. 

▼ene  ratio  of  100  to 

Tears. 

Yean. 

Yean. 

^ 

ft 

41.06 

31.20 

12ft 

10 

38.93 

48.28 

124 

20 

31.91 

41.33 

130 

30 

97.37 

36.09 

131 

40 

94.67 

29.70 

131 

50 

17.31 

22.57 

130 

60 

12.89 

15.62 

126 

70 

7.44                 10^ 

140 

The  following  is  the  annual  mortality  of  some  of 

the  chief  cities  of  Europe  and  America:— 

Philadelphia 1  in  45.68 

Glasgow 1  in  44 

Manchester 1  in  44 

Geneva        1  in  43 

Boston        1  in  41.26 

London 1  in  40 

New  York 1  in  37.83 

St.  Petersburg 1  in  37 

Charleston 1  in  36.50 

Baltimore 1  in  35.44 

Leghorn 1  in  35 

Berlin 1  in  34 

Paris,  Lyons,  Barcelona,  aad 

Strasburg 1  in  33 

Nice  and  Palermo     .     .    .     .     1  in  31 

Madrid       1  in  29 

Naples        1  in  28 

Brussels 1  in  26 

Rx>me 1  in  25 

Amsterdam 1  in  24 

Vienna 1  in  22i 

The  following  is  a  general  bill  of  all  the  christenings 

and  burials  wi^in  the  City  of  London  and  Bills  of 

Mortality,  from  December  15, 1830,  to  December  13, 

l«3l:— 
Christened— Males,  14,217:  females,  14,046 ;  total, 

28,263;    showing  an  increase  of  1520  births  over 

those  of  the  previous  year. 

Buried— Males,  12,769;   females,  12,568;  total, 

25,337. 
Whereof  have  died. 
Under  two  years  of  age     .     .     .     .    7812 

Between  two  and  five 2647 

Five  and  ten        1031 

Ten  and  twenty       934 

Twenty  and  thirty        1649 

Thirty  and  forty 1968 

Forty  and  fifty 2175 

Fifty  and  sixty 2169 

Sixty  and  seventy 2237 

Seventy  and  eighty 1786 

Eighty  and  ninety 825 

Ninety  and  one  hundred   ....       101 

One  hundred       1 

One  hundred  and  one 1 

One  hundred  and  five 1 

Ob  the  cverage  uf  eight  years,  from  1807  to  1614 


inclusive,  there  died  aanoally  within  the  city  of  Fldi- 
delphia  and  tiie  Liberties,  the  following  proportioDQf 
persons,  of  difierent  ages,  compared  with  the  total 

number  of  deaths : — 

Per  Cent 

Under  one  year 25.07 

From  one  to  two  years      .    .    .  10.71 

Two  to  five    .     .' 5.67 

Five  to  ten 3.00 

Ten  to  twenty 3.60 

Twenty  to  thirty 8.63 

Thirty  to  forty 10.99 

Forty  to  fifty 798 

Fifty  to  sixty 5.95 

Sixty  to  seventy 4.29 

Seventy  to  eighty 3.27 

Eighty  to  ninety 1.89 

Ninety  to  one  hundred      .     .     .  0,50 

One  hundred  to  one  hundred  ten  .  0.0009 

Another  question  oLinterest  is  the  enqoiry  in  wbt 
degree  the  various  trues  and  professions  are  fovoir- 
able  to  human  life,  or  the  contrary.  Several  state* 
ments  have  lately  been  published  respecting  tkis 
subject,  but  further  and  more  copious  observatioBt 
are  required,  to  afford  satisfactory  results.  The  JJk- 
rmy  €hzett9  gives,  in  a  tabular  form,  the  results  of 
a  work  on  this  subject,  from  the  pen  of  Mr.  Thacfc- 
I  ah,  an  eminent  surgeon  of  Leeds. 

Oui-qf'door  ocempatiom, — ^Butchers  are  subject  to 
few  ailments,  and  these  the  result  of  plethora.  Thoogh 
more  free  from  diseases  than  other  trades,  they,  hov* 
ever,  do  not  enjoy  greater  longevity :  on  the  ooatnrj, 
Mr.  Thackrah  thin^  their  lives  shorter  than  thoeeof 
other  men  who  spend  much  time  in  the  open  ak. 
Cattle  and  horse-dealers  are  generally  healthy,  eiccpt 
when  their  habits  are  intemperate.  Fishmoogcf^ 
though  much  exposed  to  the  weather,  are  hard][i 
temperate,  healthy,  and  long-lived ;  cart-driven,  i 
sufiiciently  fed  and  temperate,  the  same.  Lsbooren 
in  husbandry,  Dec,  suffer  from  a  deficiency  of  nouriib- 
ment.  Brickmakers,  with  full  muscular  exerdie  ia. 
the  open  air,  though  exposed  to  vicissitudes  of  ooU 
and  wet,  avoid  rheumatism  and  inflammatory  dii- 
eases,  and  attain  good  old  age.  Paviers  are  aabjcct 
to  complaints  in  the  loins,  increasing  with  age,  oA 
they  live  long.  Chaise-drivers,  postilions,  coachiaea. 
guards,  &c.,  from  the  position  of  the  two  former  oo  tk 
saddle,  irregular  living,  &c.,  and  from  the  want  of  mas* 
cular  exercise  in  the  two  latter,  are  subject  to  gasdic 
disorders,  and  finally  to  apoplexy  and  palsv,  wfakk 
shorten  their  lives.  Carpenters,  coopers, wheowrigbti* 
&c.,  are  healthy  and  long-lived.  Smiths  are  oftea  ia- 
temperate,  and  die  comparatively  young.  Rope-maken 
and  gardeners  suffer  from  their  stooping  postorea. 

In-door  occwpa^toiu.  —  Tailors,  notwidistaodiDg 
their  confined  atmosphere  and  bad  posture,  sre  sot 
liable  to  acute  diseases,  but  give  way  to  stomach 
complaints  and  consumption.  The  prejudicial  ia- 
fluence  of  their  employment  is  rather  insidiona  thaa 
urgent:  it  undermines  rather  than  destroys  li^ 
Stay-makers  have  their  health  impaired,  but  bit 
to  a  good  age.  Milliners,  dress-makers,  and  atnw- 
bonnet-matcers  are  unhealthy  and  short-lived.  Sptt- 
ners,  cloth-dressers,  weavers,  &c.,  are  more  or  k« 
healthy,  according  as  they  have  more  ^^  ^  j^ 
ercise  and  air.  Those  exposed  to  inhale  imperoept^ 
particles  of  dressings.  Ice,  such  as  fiixers,  sviei 
trom  disease,  and  are  soonest  cut  off.  Sboemain* 
act  placed  in  a  bad  posture.    Digestion  and  dfcwa* 
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ten  eae  so  mmh  impiured  tkat  the  countenance 
marks  a  shoemaker  ahnost  as  well  «s  a  tailor.  The 
■ecretioB  of  bile  is  generally  unhealthy,  and  bowel 
complaints  are  freqnent.  In  the  few  shoemakers 
who  live  to  old  age,  there  is  often  a  remarkable 
botiow  at  the  base  of  the  breast-bone,  occasioned  by 
the  pressure  of  the  last.  Curriers  and  leather-dressers 
are  very  healthy,  and  live  to  old  age.  Saddlers  lean 
much  forward,  and  suffer,  accordingly,  from  head- 
ache and  indigestion.  Printers  (our  worthy  co- 
operators)  are  kept  in  a  confined  atmosphere,  and 
generally  want  exercise.  The  constant  application  of 
the  eyes  to  minute  objects  gradually  enfeebles  these 
organs.  Hie  standing  posture,  long  maintained  here, 
as  well  as  in  other  occupations,  tends  to  injure  the 
digestive  organs.  Pressmen,  however,  have  good  and 
varied  labour.  Bookbinders, — a  healthy  employment 
Carvers  and  gilders  look  pale:  and  weakly,  but  their 
lives  are  not  abbreviated  in  a  marked  degree.  Clock- 
makers  are  generally  healthy  and  long-lived;  watch- 
makers the  reverse.  House  servants,  in  large  smoky 
towns,  are  unhealthy.  Colliers  and  well-sinkers — a 
class  by  diemselves — seldom  reach  the  age  of  fifty. 

EmpUnfmaiitB  preduoing  dust,  odour,  or  fa$eou9 
ejdktUUioMS. — Hiese  are  not  injurious,  if  they  arise 
from  animal  substances,  or  from  the  vapour  of  wine 
or  spirits.  Tobacco  manu£Bbcturers  do  not  appear 
to  suffer  from  die  floatUig  poison  in  their  atmo- 
spheve.  Snuff  aiaking  is  more  pemidous.  Men 
in  oii-mfills  are  generally  healthy.  Brush-makers 
Ihre  to  a  grea;t  age.  Gixx>ms  and  ostlers  inspire 
ammoniacal  gas,  and  are  robust,  heidthy,  and  long- 
lived.  Glue  and  size  boilers,  exposed  to  tiie  most 
nexions  stench,  are  fresh^looking  and  robust.  Tal- 
low-chandlers* also  exposed  to  offensive  animal 
odour,  attain  considerable  age.  Tanners  are  re- 
markably stsong,  and  exempt  from  consumption. 
Com-mUlcrs,  breathing  an  atmosphere  loaded  with 
flour,  are  pale  and  sickly,  and  very  rarely  attain  old 
age.  Malsters  do  not  live  long,  and  must  leave  the 
ttade  in  middle  life.  Tea-men  suffer  from  the  dust, 
eefedaUy  of  green  teas ;  but  this  injury  is  not  per- 
manent. Coffee-roasters  become  asthmatic,  and  sub- 
jelet  to  headadie  and  indigestion.  Paper-makers, 
when  aged,  cannot  endure  the  effect  of  the  dust  from 
cutting  the  rags.  The  author  suggests  the  use  of 
machinery  in  tiiis  process.  In  the  wet  and  wear  and 
tear  of  the  mills,  they  are  not  seriously  afiected,  but 
live  long. 

Masons  are  short-lived,  dying  generally  before 
forty.  Tliey  iidiale  pftrticles*  of  sand  and  dust,  lift 
Ima^  weights,  and  are  too  often  intemperate.  Miners 
S»  prematurely.  Machine-makers  seem  to  suffer 
only  firom  the  dust  tiiey  inhale,  and  the  consequent 
Inronchial  inritation.  The  (iron)  filers  are  almost  all 
mahealthy  men,  and  remarkably  short-lived.  Foun- 
4esB  01k  hvaas)  suffer  from  the  inhalation  of  the  vola- 
tilked  metaL  In  the  founding  of  yellaw  brass,  in 
particitlar,  the  enpolution  of  oxide  of  zinc  is  very  great. 
Hiey  seldom  reach  forty  years.  Copper-smiths  are 
considerably  affooted  by  the  fine  scales  which  rise 
from  the  imperfectly  volatilized  metal,  and  by  the 
fumes  of  the  spelter,  or  .solder  of  brass.  The  men 
are  generally  unhealthy,  suffering  from  disorders 
•imihr  to  those  of  the  brass-foimders.  Tin-plate 
workers  are  subjected  to  fumes  from  muriate  of  am- 
monia, and  sulphureous  exhalations  from  the  coke 
which  they  bum.  These  exhalations,  however,  ap- 
pear to  he  annoying  rather  than  iigurtous,  as  the  men 


are  tolerably  healthy,  and  live  to  a  considerable  apre. 
Tinners,  also,  are  subject  only  to  temporary  incon- 
venience from  the  fumes  of  the  soldering.  Plumbers 
are  exposed  to  the  volatilized  oxide  of  lead,  which 
rises  during  the  process  of  casting.  They  are  sickly 
in  appearsAce,  and  short-lived.  House- painters  are 
unhealthy,  and  do  not  generally  attain  full  age. 

Chemists  and  druggists,  in  laboratories,  are  sickly 
and  consumptive.  Potters*  affected  through  the 
pores  of  the  skin,  become  paralytic,  and  are  remark- 
ably subject  to  constipation.  Hatters,  grocers, 
bakers,  and  chimney-sweepers  (a  mixed  association) 
also  suffer  through  the  skin ;  but,  although  the  irri- 
tatioD  occasions  diseases,  they  are  not>  except  in  the 
last  class,  fatal.  Dyers  are  healthy  and  long-lived. 
Brewers  are,  as  a  body,  far  from  healthy.  Under  a 
robust  and  often  florid  appearance,  the}'  conceal 
chronic  diseases  of  the  abdomen,  particularly  a  con- 
gested state  of  the  venous  system.  When  these  men 
are  accidentally  hurt  or  wounded,  they  are  more  liable 
than  other  individuals  to  severe  and  ikngerous  effects. 
Cooks  and  confectioners  are  subjected  to  considerable 
heat.  Our  common  cooks  are  more  unhealthy  than 
house-maids.  Their  digestive  organs  are  frequently 
disordered :  they  are  subject  to  headache,  and  their 
tempers  rendered  irritable.  Glass- workers  arehealthy. 
Glass-blowers  often  die  suddenly. 

Literary  occupations  do  not  appear  to  be  more 
injurious  to  long  life  than  many  others.  Many  of 
the  first  literati,  most  distinguished  for  application 
throughout  life,  have  attained  old  age,  both  in 
modem  and  ancient  times. 

We  will  add  a  few  instances  of  extraordinary 
longevity.  Our  own  countryman.  Parr,  who  was 
born  in  1483,  married  when  at  the  age  of  120,  re- 
tained his  vigour  till  140,  and  died  at  the  age  of  152. 
from  plethora.  Harvey,  the  distinguished  discoverer 
of  the  circulation  of  the  blood,  who  dissected  him, 
found  no  decay  or  any  organ.  {Pbihaophical  TVans- 
actioHS,  vol.  iii.  1C98.)  Henry  Jenkins,  who  died  in 
Yorkshire,  in  1670,  is,  perhaps,  the  greatest  authentic 
instance  of  longevity.  He  lived  169  years.  Margaret 
Forster,  a  native  of  Cumberland,  died  in  1771*  aged 
136  ;  and  James  Lawrence,  a  Scotchman,  lived  140 
years.  A  Dane,  named  Drakenberg,  died  in  1772, 
m  his  147th  year ;  and  John  Effingham,  or  Essing- 
ham,  died  in  Cornwall,  in  1757j.'  aged  144.  la 
1792,  a  soldier,  named  Mittelstedt,  died  in  Prussia* 
at  the  age  of  112.  Joseph  Surrington,  a  Norwegian, 
died  at  Bergen,  in  1797>  aged  160  years.  The  St. 
Petersburg  papers  announced,  in  1830,  the  death  of  a 
man  150  years  old,  at  Moscow;  and,  in  1831.  the 
death  of  a  man  in  Russia,  165  years  old,  was  re-, 
ported.  On  May  7,  1830,  died  a  man  named  John 
Ripkey,  at  the  age  of  108,  in  London.  His  sight  re- 
mained good  till  the  last.  In  1830,  a  poor  man,  near 
lake  Thrasimene,  died  123  years  old.  He  preserved 
his  faculties  to  the  last.  In  1825,  pope  Leo  XII. 
gave  him  a  pension. 

Belsham's  Chronology  informs  us  that  twenty- 
one  persons,  who  had  attained  the  age  of  130  and 
upwards,  died  between  the  years  1760  and  1829 ;  of 
these,  one  was  aged  166.  In  the  same  period,  thirty- 
nine  had  attained  the  age  of  120,  and  not  130.  The 
number  who  attained  the  age  of  110,  and  not  120, 
was  thirty -six  in  the  same  space.  And  those  who 
died  after  the  age  of  100,  and  before  1 10,  were  fifty- 
four  within  the  period.  Of  the  whole  number  re- 
corded^  ninety-four  were  natives  of  England,  twenty- 
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three  of  Ireland,  and  twelve  of  Russia.  Doubtless 
many  more  have  died  after  the  age  of  100,  without 
having  had  their  names  recorded.  The  northern 
climates  afford  more  instances  of  longevity  than  the 
southern ;  and,  although  far  the  greater  part  of  those 
who  have  attained  extreme  old  age  have  been  distin- 
guished for  sobriety,  yet  some  of  them  do  not  appear 
to  have  been  in  the  habit  of  restraining  their  appe- 
tites. Id  China,  where  old  age  is  much  respected, 
people  receive  presents  from  government  when  they 
have  attained  a  great  age. 

LoNGiMETRY;  the  mcasuriug  of  lengths  or  dis- 
tances, both  accessible  and  inaccessible.  Accessible 
distances  are  measured  by  the  application  of  some 
measure  a  certain  number  of  times,  as  a  foot,  chain, 
&c.;  and  inaccessible  distances  are  measured  by 
taking  angles,  &c.,  by  means  of  proper  instruments, 
as  the  circuntferenior,  quadrant,  theoaoUte,  &c.  This 
embraces  a  great  number  of  cases,  according  to  the 
situation  of  the  object  and  observer. 

LoNOiTUDB,  Geographical  ;  the  distance  mea- 
sured, according  to  degrees,  minutes,  seconds,  &c.,  on 
the  equator,  or  a  parallel  circle,  from  one  meridian 
to  another,  which  is  called  die  first  or  prime  meri- 
dian. Longitude  is  divided  into  eastern  and  western. 
It  is  altogether  indifferent  through  what  point  we 
draw  the  first  meridian,  but  it  must  be  settled  what 
point  we  adopt.  In  this  country  Greenwich  is  always 
adopted ;  in  Germany,  the  Island  of  Ferro ;  in  France, 
the  observatory  at  Paris ;  in  Prussia,  that  of  Berlin ; 
in  the  United  States  of  America,  the  meridian  of 
Washington  is  sometimes  taken  as  a  first  meridian ; 
but  Greenwich  is  usually  adopted.  Some  geographers 
reckon  from  the  first  meridian  180  degrees  west,  and 
the  same  number  east ;  others,  on  the  contrary,  reckon 
the  longitude  from  the  west  to  the  east,  the  whole 
length  of  the  equator,  to  360  degrees.  The  longitude 
of  anv  place,  together  with  the  latitude,  is  requisite 
for  tne  determination  of  the  true  situation  of  the 
place  upon  the  earth.  From  the  form  of  our  earth, 
it  follows  that  the  degrees  of  longitude  must  always 
decrease  towards  the  poles.  The  degrees  of  latitude,  on 
the  contrary,  are  all  taken  as  equal  to  each  other,  and 
each  amounts  to  sixty  geographical  miles.  The  mea- 
sure of  a  degree  of  longitude  upon  any  parallel  of  lati- 
tude is  found  by  multiplying  the  length  of  a  degree  on 
the  equator  by  the  co-sine  (taking  radius  equaJ  to  1) 
of  the  latitude  of  the  parallel.  The  longitude  shows 
the  difference  of  time  between  any  place  and  the  first 
meridian.  The  sun  performing  its  apparent  revolu- 
tion in  twenty- four  hours,  a  place  which  lies  fifteen 
degrees  further  to  the  west  than  another  will  have 
nooL  one  hour  later.  Places  whose  difference  of 
longitdde  amounts  to  180^  have  opposite  seasons  of 
the  day,  since  in  the  one  place  it  is  mid-day,  and  in 
the  other,  at  the  distance  of  180^,  it  is  midnight  at 
the  same  moment.  The  difference  in  longitude  of 
any  two  places  may  also  be  determined  by  observa- 
tions of  the  time  of  certain  celestial  phenomena, 
taken  at  both  places,  such  as  eclipses  of  the  moon, 
occultations  of  fixed  stars,  and,  in  particular,  the 
eclipses  of  Jupiter's  satellites ;  and,  vice  versd,  we 
can,  from  the  difference  of  longitude  of  two  places, 
accurately  ascertain  the  difference  of  their  time.  1 5^ 
upon  the  parallel  circle  correspond  to  one  hour,  1^ 
gives  4'  of  time,  16'  give  !'  of  time,  15"  givfe  1'  of 
time,  &c.  The  difference  of  longitude  between  Boston 
in  America  and  London  may  serve  as  an  example. 
This  difference  is  70^  4'  9^ ;    consequently,  noon  at 


London  is  four  hours,  ibrty-four  nunutes,  and  n 
seconds  earlier  than  at  Boston. 

The  determination  of  longitude  at  sea,  or  of  tk 
situation  of  a  ship  at  any  moment,  is  highly  dif- 
ficult and  important.     Parliament,  in  1714,  offend 
a  reward  of  30,000/.   for  an  accurate  method  of 
finding  the  longitude  at  sea,  within  one  half  of  a 
degree;    but  this  act  was  repealed  July  15,  1838. 
A  watch  which  would  preserve  a  uniform  motioi 
was  the  most  suitable  means  that  could  be  afforded 
to  the  navigator,  who  might,  from  the  differesce 
of  the  time  of  noon  on  board  the  ship  and  the  time 
by  the  watch  immediately  determine  the  diffenoee 
between  the  longitude  of  the  place  for  which  the 
watch  was  regulated  and  that  wherein  the  ship 
then  was.     Harrison  was  the  first  who  invented  t 
chronometer  of  the  requisite  accuracy.    Upon  the 
first  voyage,  it  deviated  only  two  minutes  io  four 
months!    Other  artists  followed,  namely,  KeiMhli, 
Mudge,  Berthoud,  Le  Roy,  &c. ;  and  Arnold,  Vnl- 
liamy,  and  Dent  have  prepared  such  accurate  chn>> 
nometers  that  they  have  been  used  for  the  deter- 
mination of  longitude  upon  land,  as  well  as  it  set, 
with  great  success.    Nevertheless,  astronomictl  ob- 
servations furnish  the  most  exact  methods  of  deter-' 
mining  longitude.    As  eclipses  and  occultations  ue 
comparatively  rare,   and  are  somewhat  difficult  of 
observation,  the  distances  of  the  moon  firom  the  sob 
or  some  of  the  fixed  stars  have  been  adopted  for  the 
calculation  of  longitude,  because  these  can  be  mea- 
sured almost  every  night,  and  an  accurate  knowledge 
of  the  moon's  orbit  is  the  only  thing  requisite  thereto. 
Longitude  in  the  heavens,  as  ihat  of  a  star,  to* 
is  an  arc  of  the  ecliptic  comprehended  betwea  die 
first  of  Aries  and  a  circle  perpendicular  to  the  eclip- 
tic, passing  through  the  place  of  the  star.    The  cob- 
putation  is  made  according  to  the  signs  of  the  ecfiptie. 
The  longitude  of  a  star  n  found  by  means  of  its  rigbt 
ascension  and  declination.    It  changes  on  account  of 
the  precession  of  the  equinoxes.    (See  Prbcxssios.) 
Loom.    This  simple  machine  appears  to  have  beca 
originally  invented  in  the  East,  and  traces  of  it  in  its 
primitive  simple  form  may  still  be  found  in  the  inte- 
rior of  India.    The  anonymous  author  of  a  treatae 
on  the  manufacture  of  silk,  when  speaking  of  the 
common  forms  of  the  4oom,  says,  that,  simple  as  they 
are,  they  can  yet  be  favourably  contrasted  with  the 
rude  contrivances  still  pursued  in  India,  where  tk 
wretched  weaver  performs  his  labours  in  the  open 
air,  choosing  his  station  under  trees  whose  shade 
may  protect  him  from  the  scorching  rays  of  die  son. 
Here,  extending  the  threads  which  compose  the  waip 
of  his  intended  cloth  lengthwise,  between  two  bamboo 
rollers,  which  are  listened  to  the  turf  by  woodeo 
pins,  he  digs  a  hole  in  the  earth  large  enough  to  coo- 
tain  his  legs  when  in  a  sitting  posture ;  fiien,  sas- 
pending  to  a  branch  of  a  tree  the  cords  whidi  ait 
intended  to  cause  the  reciprocal  raising  and  depress- 
ing of  the  alternate  threads  of  his  warp,  he  fixes  OD- 
derneath  and  connected  with  the  cords  two  kieps, 
into  which  inserting  the  great  toe  of  either  foot,  he 
is  ready  to  comm2nce  his  operations.    The  shottk 
with  which  he  causes  the  cross  threads  or  woqf  to 
interlace  the  warp  is  in  form  like  the  netting  needle; 
and,  being  somewhat  longer  than  die  breaddi  of  the 
warp,  is  made  to  perform  the  office  of  a  battoo.  hf 
striking  the  threads  of  the  woof  close  up  to  cadi 
other. 
Widi  this  rude  apparatus  the  ifiatieot  Indian  sac- 
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ee«d(  in  nEaring  fabric*  which  Tor  delicacy  of  textare 
cuinot  b«  lurpatwd,  ud  can  hivdly  be  rivalled,  by 
Uie  European  weaver,  even  when  his  labours  are 
aided  by  the  mmt  elaborate  machinery.  But  it  ia 
otily  is  climates  where  the  absolate  natural  wants  of 
men  are  few,  and  under  Byatemt  of  governtnent 
where  the  oppressions  of  the  dominant  caste  deprive 
the  unhappy  bait  of  the  people  of  all  means  for  at- 
taining more  than  Bufflces  for  the  barest  supply  of 
those  wants,  that  such  labours  can  be  so  performed. 

The  art  of  weaving  varies  but  little,  whatever  maj 
be  the  material  which  is  the  subject  of  the  manufac- 
ture. The  principal  difference  discernible  in  the 
construction  of  looms  intended  for  the  weaving  of 
silken  or  of  woollen  fabrics  doiuists  in  the  greater 
strength  and  stability  required  for  the  latter  machine, 
in  consequence  of  the  less  delicate  nature  of  the  sub- 
stance employed. 

The  simple  loom  ordinarily  used  in  weaving  plain 
«ilka  i>  represented  in  the  accompanying  engraving. 
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and  may  be  thus  described :  m  ii  the  beam,  or  yard- 
roll,  on  which  the  threads  which  form  the  warp  arc 
woond.  Having  procured  a  sufficient  quantity  of 
Mngle  threads  to  form  the  warp,  it  is  then  passed 
through  a  sort  of  comb,  b,'  and  attached  to  the  loom. 
a  is  the  cloth-beam,  or  breast-roll,  to  which  the 
ends  of  the  warp  are  also  attached,  and  on  which  the 
woven  silk  is  wound  when  finished;  J  Is  a  weight 
Attached  to  the  frame  of  the  loom,  and  suspended 
over  the  yard-roll,  to  produce,  by  the  friction  of  its 
cord,  the  requisite  tension  of  the  threads  of  the 
warp ;  t  are  the  treadles,  on  which  the  weaver 
presses  his  feet  alternately ;  and  as  the  one  treadle 
18  attached  to  one  portion  of  the  heddle  or  baraess, 
k,  whilst  the  other  treadle  is  attached  to  the  heddle 
t/g,  it  will  be  evident  that  the  depression  of  each 
treadle  will  correspondingly  influence  the  position  of 
its  heddle.  The  two  heddles  are  each  formed  of 
two  horiiontal  sticks,  connected  through  the  whole 
extent  by  nomerous  small  cords  of  an  equal  length ; 
and  the  two  heddles  are  so  united  by  a  rope  azid 
pulley,  as  shown  in  the  engraving,  that  the  depression 
of  the  one  must  cause  the  raising  of  the  other. 
These  heddles,  which  are  commonly  called  the  har- 
ness of  the  loom,  are  furnished  with  loops  at  the 
points  where  they  will  be  intersected  by  the  warp, 
each  individual  tluvad  of  which  is  passed,  in  regular 
succession,  through  the  cords  of  one  or  other  of  the 
heddles,  so  that  each  alternate  thread  of  the  warp  is 
passed  through  the  loops  of  the  one  heddle,  while 
the  intennediate  threads  are  passed  through  the  cords 
of  that  one,  and  through  the  loops  of  the  other 
heddle.  It  is  now  evident  that  the  depression  of 
one  heddle  by  means  of  the  treadle  will  cause  the 
depression  of  all  the  threads  of  the  warp  which  pass 
thnnigh  its  loops,  and  at  the  sama  time  will  raise 


the  other  heddle,  together  with  alt  the  intermediata 
threads  of  the  warp  which  pass  tlirough  its  loop*. 
leaviug  between  the  two  divisions  of  threads  a  space 
of  about  two  iuches,  for  the  passage  of  the  ihiittla. 
A  modern  improvement  substitutes  for  the  loops 
small  metallic  eyes,  through  which  the  warp  threads 
are  passed,  and  by  this  means  the  wearing  of  the 
threads  is  in  some  measure  avoided,  d  is  the  reed, 
which  is  composed  sometimes  of  small  portions  ot 
split  reeds,  or  cones,  but  most  frequently  of  flattened 
wires.  These  are  fiied,-Iike  the  teeth  of  a  comb,  in 
a  frame,  which  rests  upon  the  shuttle-race,  and  the 
threads  of  the  warp  are  passed  through  the  inter- 
sticial  spaces  of  the  reed-  These  are  covered  by  a 
top-piece,  having  a  longitudinal  groove  along  its 
lower  side,  and  which  is  called  the  lay-cap.  i  is  the 
weaver's  seat,  and  being  hung  by  rounded  ends,  rest- 
ing in  corresponding  brackets  fixed  to  the  framing, 
the  position  of  this  seat  accommodates  itself  to  the 
convenience  of  the  weaver  in  the  different  movements 
of  his  labour.  It  must  be  lifted  up  when  the  weaver 
either  takes  or  quits  hia  seat  at  the  loom,  and  can  be 
readily  replaced. 

Having  thus  given  our  readers  an  account  of  the 
loom  for  plain  weaving,  we  must  briefly  notice  the 
fanciful  and  ornamental  part  of  the  business-  Figures, 
or  patterns,  are  produced  in  the  loom  by  employing 
threads  of  different  colours  either  in  the  warp  or 
weft.  By  the  proper  use  of  these,  some  colours  may 
be  concealed,  or  kept  back,  whilst  others  are  thrown 
into  the  front  of  the  fabric-  These  are  made  to 
change  places  at  the  will  of  the  weaver,  or,  as  Id  the 
case  of  the  Joceorrf  loom,  by  the  agency  of  machinery. 
In  other  cases,  the  same  end  is  accomplished  by  em- 
ploying two  or  three  shuttles,  with  different  coloured 
threads,  either  of  which  may  be  introduced  at  plea- 
sure.    (See  PciWBB  Loon.) 

Loth  ;  a  Gennan  weight,  the  half  of  an  ounce,  or 
the  thirty-second  part  of  a  pound  avoirdupois-  The 
lead  used  by  navigators  and  mechanics  is  also  called 
Loth  in  German. 

Lotion,  in  mediciiu  and  phannacji,  is  a  wash  for 
beautifying  the  skin,  by  clearing  it  of  the  deformi- 
ties occasioned  by  a  preternatural  secretion.  Almost 
al[4lhe  lotions  advertised  for  sale  contain  much  de- 
leterious matter,  and  therefore  ought  never  to  be  had 
recourse  to- 

Lorraar ;  a  scheme  for  the  distribution  of  prizes 
by  chance.  Lotteries,  like  every  other  species  of 
gambling,  no  doubt  have  a  pernicious  influence  upon 
the  character  of  those  concerned  in  them.  'Hiaugh 
ice  is  not  so  direct,  and  the  immediate 
consequences  at«  not  so  disastrous,  as  those  of  some 
other  species  of  gambling,  which  call  Into  exercise 
the  violent  passions,  and  stake  the  gambler's  whole 
fortune  upon  a  single  chance  or  exertion  of  skill, — 
still,  as  this  kind  can  be  carried  on  secretly,  and  the 
temptations  are  thrown  in  the  way  of  both  sexes,  al) 
ages,  and  all  descriptions  of  persons,  it  spreads  more 
widely  in  a  community,  and  may  thus  silently  aflect 
the  sober,  economical,  and  industrious  habits  of  a 
people  more  extensively  and  deeply  than  those  spe- 
cies of  gambling  which  arc  attended  with  greater 
turbulence,  and  a  train  of  other  vices.  Lotteries  are 
of  diflerent  kinds;  I.  Nunfrical  lolltry ;  invented 
by  the  Genoese.  At  the  elections  of  the  counsellors, 
the  names  of  the  candidates  were  cast  into  a  vase, 
and  then  into  a  "wheel  Dffortune,"nben  wagers  were 
laid  upoD  the  event  of  the  elections :  the  state  final'" 
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undertook  the  Buperintendence  of  the  bank.  It  is 
said  that  Benedetto  Gentile,  a  counsellor,  first  intro- 
duced this  lotto  in  1620;  and  because  the  name 
GentUe,  by  chance,  had  never  been  drawn,  the  po* 
pular  belief  prevailed  that  the  devil  had  carried  him 
oiF,  together  wit^  his  name,  to  punish  him  for  this 
unlucky  invention.  Numbers  were  afterwards  sub- 
stituted instead  of  the  names  of  eligible  noblemen, 
and  hence  the  lotto  assumed  its  present  form.  The 
numbers  from  one  to  ninety  are  used ;  from  these,  on 
the  day  of  dravTing,  five  numbers  are  always  drawn. 
Out  of  the  ninety  numbers,  each  adventurer  chooses 
for  himself  such  and  as  many  numbers  as  he  likes, 
and  specifies  with  what  sum  and  upon  what  kind  of 
chance  he  will  back  each  selected  number ;  where- 
upon he  receives  a  printed  ticket.  In  this  lottery 
there  are  four  kinds  of  chances:  1.  An  eitrado,  so 
called,  which  requires  only  one  number  among  the 
ftve  that  are  drawn,  and  in  which  the  successful  ad- 
venturers receive  fourteen  times  the  stake.  By  this 
the  lotto  gains  sixteen  per  cent.,  because  there  are 
aeventeen  blanks  to  one  prize.  2.  The  wager,  in 
which  a  man  lays  a  wager,  as  it  were,  with  the  lotto, 
that  one  of  the  selected  numbers  will  have  the  first, 
second,  third,  fourth,  or  filVh  place  in  the  order  of 
drawing.  Should  this  event  happen  in  the  drawing, 
the  bettor  obtains  sixty-seven  times  the  sum  depo- 
sited. By  this  the  lotto  gains  about  twenty-five  per 
cent.  3.  The  third  is  an  ambo,  in  which,  if,  of  the 
numbers  drawn,  there  are  two  which  the  adventurer 
has  pitched  upon,  he  receives  fh>m  the  lotto  240 
times  the  stake.  In  this  case  the  lotto  gains  thirty- 
seven  per  cent.,  there  being  399  blanks  io  one  prize. 
4.  The  last  is  a  terno,  by  which  the  lotto  gains  fifty- 
fbur  per  cent.,  there  being  11,347  blanks  to  one 
prize.  It  requires  the  adventurer,  to  pitch  upon  three 
of  the  five  numbers  drawn,  in  which  case  he  wins 
4800  times  the  amount  of  the  stake.  The  quaieme* 
and  quintemes  are  a  later  invention,  and  seldom  ap. 
plied  to  practice,  because  the  lotto  thereby  gains 
eighty-eight  per  cent,  and  more.  The  lotto  was  every 
where  patronized  by  the  multitude,  with  an  interest 
increasing  almost  to  madness.  Wise  governments 
soon  saw  into  the  destructive  tendency  of  the  lotto, 
and  put  an  end  to  it,  or  prohibited  adventuring  i^  it 
under  a  severe  penalty. 

Though  the  profit  of  the  lotto  banks  was  evident, 
yet  fortune,  by  means  of  temes  and  quintemes,  brought 
many  of  them  to  ruin,  or  at  least  to  its  very  verge,  and 
hence,  if  numbers  were  backed  too  frequently,  the 
conductors  took  the  precaution  to  secure  themselves, 
by  declaring  before  the  drawing  that  such  numbers 
were  full,  and  they  could  receive  no  further  stake 
upon  them.  Frauds  also  were  practised  by  means 
of  violent  riding  and  carrier-pigeons,  on  those  lottos 
the  under  offices  of  which,  bemg  placed  at  a  distance, 
were  accustomed  to  sell  tickets  after  the  drawing  in 
the  principal  offices  had  commenced.  II.  J%e proper 
lottery,  called  alto  cla8»  lottery,  when  divided  into 
classes.  Its  origin  is  more  ancient  than  that  of  the 
lotto.  It  has  been  referred  to  the  Roman  Congiaria. 
It  is  more  probable  that  it  originated  from  the  trans- 
fer of  merchandise  by  lot,  of  Which  method  the  Ita- 
lian merchants  made  use  even  in  the  middle  ages, 
and  of  which  we  also  find  traces  in  Germany ;  for,  as 
early  as  1521,  the  council  at  Osnaburg  b  said  to 
have  established  lotteries  for  merchandise.  So  also 
in  France,  under  Francis  I.,  similar  lotterina  for 
merchandise  were  permitted  to  the  merchants,  under 


the  inspection  of  government,  in'  cuiMtderation  of 
certain  duties. 

A  money  lottery  was  estabflshed  at  Floreoce  in 
1530.  In  1571  there  appears  to  have  been  a  pMk 
officer  in  Venice  for  the  inspection  of  ibe  lottery. 
From  Italy,  lotteries  passed  into  France,  under  the 
name  of  blanque  (frointhe  Italian  biamea,  because 
most  of  the  tickets  were  blanks,  mere  white  paper, 
carta  bumca).  In  1582  and  1588  Louis  de  Gonzaga 
established  such  a  bktttqne  in  Paris,  fbr  providiiigpoor 
girls  of  his  estates  with  dowries ;  and,  in  1656,  Law- 
rence  Tonti  (from  whom  the  Tontines  derive  their 
name)  sought  to  establish  a  large  bhmqme  rayA, 
which  was  first  accopiplished  in  1660.  Since  this 
time,  there  have  been  in  France  only  lotterietroyakf, 
the  income  of  which  is  commonly  applied  to  pul^ 
buildings.  This  iniquitous  traffic  has  been  rerived 
in  France,  on  a  much  larger  and  more  desti  uctive 
scale  than  it  has  attained  in  any  other  coontrv.  In 
1810  lotteries  were  drawn  twice  a  week  at  Faris,  and 
so  often  at  Bordeaux,  Brussels,  Lyons,  and  ^ns- 
burg,  as  to  afford  one  every  other  day.  Twelve  mfl- 
lions  of  francs  were  yearly  produced  to  government 
by  this  public  gambling ;  and  it  has  been  estimated 
that,  at  Paris,  the  result  has  been  more  than  100 
suicides  annually.  It  is,  however,  productive  of 
much  less  harm  than  the  private  tables  in  Paris. 

In  this  country,  the  first  lottery  occura  in  1567- 
1568.    In  1612  a  lottery  was  granted  in  behalf  of 
the  Virginia  Company,  and,  in  1680,  one  also  in  be- 
half of  the  undertaker  of  an  aqueduct  to  famish 
London  with  water.     In  1709  the  rage  for  private, 
and,  in  many  instances,  most  fraudulent  lotteries, 
was  at  its  height  in  England,  and  shop-keepers  of  al! 
descriptions  disposed  of  their  goods  in  this  way,  the 
price  of  tickets  being  as  low  as  half-a-crown,  a  shil- 
ling, or  even  sixpence.    Towards  the  doae  of  the 
year,  an  existing  a^  of  pariiament  was  put  in  iM«9 
for  their  suppremion,  and  another  to  the  same  pur- 
pose was  passed  in  the  10th  of  queen  Anne.    Tka 
first  parliamentary  lottery  was  instituted  in  1709> 
and,  from  that  time  till  182«,  no  session  passed 
without  a   lottery   bill.      In   1926    lotteries   wcft 
formally  abolished  in  this  country,  but  in  the  prescot 
parliament  (1833)  this  species  of  legalised  gambttag 
was  revived,  under  Ihe  pretext  that  it  ftoiished  the 
only  practicable  mode  of  effecting  some  impartm 
improvements  in  the  city  of  Glasgow.    As  early  ai 
1549  a  lottery  was  drawn  in  Amsterdam,  to  procwt 
money  for  the  erection  of  the  tower  of  a  church,  and, 
in  1 595,  one  at  Delft.    In  1653  one  was  estabUsbed  at 
Hamburg,  according  to  the  Dutch  mrthod ;  in  1699 
the  first  class  lotteiy  appeared  at  Nuremberg ;  an^ 
in  1740,  the  first  one  was  drawn  in  Bertin.*    Most  of 
the  late  German  lotteries  are  drawn  in  clrnses  is 
order  to  facilitate  the  sale  of  tickets.    The  great  lot* 
tery  of  Hamburg  goes  upon  the  plan  of  one  drawingw 
Latterly,  lotteries  for  merchandise  of  all  kinds,  woAm 
the  inspection  of  government,  have  been  frequent  in 
Germany.    The  managers  of  the  prineipal^  lott«im 
sell  only  whole  tickets.    Brokers,  however,  <ttvhie 
them  into  halves,  quarters,  eighths,  aiid  even  sia* 
teenths,  in  order  to  facilitate  ueir  sale.     In  sonw 
places  they  even  let  out  tickets,  and  parts  of  tickets* 
upon  a  particular  number  of  drawings  i  in  which 
case  they  are  not  obliged  to  pay  the  priae  whidi  naf 
fall  to  the  ticket,  unless  it  be  drawn  Within  tiM  stJ* 
pulated  number  of  drawings.    If  the  principal  print 
remain  ftir  a  lon|^  time  in  the  lotteryiso  tihal  the 
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probability  of  being  able  to  obtain  them  increases  at 
each  snccesshre  drawing,  then  a  great  profit  is  made 
In  buying  and  selling  tickets,  and  there  are  cases  in 
which,  in  the  last  drawings,  ten  and  even  twenty 
times  the  original  price  of  the  ticket  have  been  de- 
manded. Lately,  in  the  Austrian  monarchy,  in  the 
kingdom  of  Bavaria,  and  in  the  duchy  of  Mecklen- 
burg, estate  lotteries  have  been  got  up,  and  manu- 
factories, the  estates  of  noblemen,  and  even  whole 
lordships',  have  been  disposed  of  by  lottery,  under 
public  sanction,  and  ordinarily  under  the  security  of 
important  mercantile  houses,  which  undertook  the 
disposal  of  the  property,  in  order  to  settle  the  debts 
of  the  owners.  A  money  lottery  has  ordinarily  been 
combined  with  than. 

When  the  credit  of  the  state  is  low,  or  when  the 
rate  of  interest  is  high,  efforts  have  been  made  to 
induce  capitalists  to  put  their  money  into  the  hands 
of  the  state,  by  means  of  a  lottery,  which  gives  them 
the  expectation  of  a  premium  above  the  customary 
interest  of  the  country.    For  example :  If  a  govern- 
ment is  uncertain  of  obtaining,  or  cannot  obtain, 
money  at  seven  per  cent.,  it  may,  periiaps,  effect  its 
object  by  offering  four  per  cent,  for  a  loan^  and  di- 
viding {he  remaining  three   per  cent,  among  the 
lenders  by  means  of  a  lottery;    for  the  hope  of 
winning  the  great  prizes  in  the  lottery,  in  addition  to 
the  certainty  of  disposing  of  their  capital  at  four  per 
cent.,  has  a  stronger  influence  on  many  men  than 
the  offer  of  seven  per  cent  interest.    In  this  way 
loans  have  been  raised  in  Austria,  Denmark  Baden, 
Prussia,  and  other  states.     By  this  means,  in  Prus- 
aia,  stocks   to   the  amount  of  30,000,000^.    were 
sold  at  their  full  nominal  value,  while,  in  the  mar- 
ket, they  were  current  only  at  about  seventy  per 
<:ent.    In  most  if  not  all  of  the  United  States  of 
America,  lotteries  not  specially  authorised  by  the 
legislatures  of  the  states  are  prohibited,  and  the 
persons  concerned  in  establishing  them  are  subjected 
to  a  heavy  penalty.    In  some  of  the  states,  lotteries 
have  been  very  numerous.    This  is  the  case  with  se^ 
▼eral  of  the  southern  states,   Virginia,   Maryland, 
and  particularly  Tennessee.     They  have  also  been 
numerous  in  New  Yoric*     The  object  for  which  they 
Jhave  been  granted  has  been  generally  the  assistance 
of  literary  or  benevolent  institutions,  colleges,  aca- 
demies, hospitals,  asylums,  or  of  public  «vorks,  as 
roads,  bridges,  the  improvement  of  the  navigation  of 
rivers,  &c.    llieir  pernicious  effects  have  induced  the 
egislatures  of  some  of  the  United  States  to  decline 
iranting  them  in  any  case. 

LuNAB  Ybab.  This  division  of  time  consists  of 
twelve  moons,  or  364  days.  But  it  is  so  ill  adapted 
i>r  the  computation  of  time  in  a  civilized  nation  that 
lone  but  Mahometans  continue  to  use  it.  Amongst 
tiose  nations  which  still  employ  it,  many  persons 
<mn  scarcely  remember  their  fasts  and  festivals  as 
ihey  alternately  wander  from  summer  to  winter,  and 
again  from  vrinter  to  summer ;  and  their  seedrtime 
and  harvest  change  in  the  same  way  from  the  be- 
ginning of  the  year  to  the  end. 

The  kmUtolar  vear  is  that  in  which  the  months  are 
regulated  aceordmg  to  the  course  of  the  moon,  but  to 
which  from  time  to  time  a  month  is  added  whenever 
the  year  would  range  too  widely  from  its  original  si- 
tuation. Tliis  year  is  inconvenient,  from  its  varying 
duration ;  but  as,  in  a  long  course  of  years,  the  months 
reiaain  nearly  in  the  same  situation,  it  is  less  ob- 
jectionable than  the  pure  lunar  year.     It  was  the 
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mode  of  computation  originally  adopted  by  the  Greeks 
and  Romans,  and  is  even  now  that  of  the  Tartars 
and  Japanese. 
Lunacy,  in  laecfictne.     See  Mbntal  DsBANea- 


MBNT. 


LuzTBTTB,  in  fwt^coHon  ;  a  very,  vague  expression, 
which,  in  its  original  signification,  probably  com- 
prised every  detached  work  built  in  Uie  form  of  an 
angle,  and  consisting  of  but  two  faces.  It  was  after- 
wards used  in  a  more  limited  sense,  to  denote,  1. 
Small,  generally  irregular,  works,  with  or  withoat 
flanks,  that  are  placed  in  the  principal  ditch,  before 
the  ravelins  or  other  out-works,  for  the  purpose  of 
covering  such  places  of  the  chief  rampart  as  may  be 
seen  from  the  open  field,  or  of  defending  from  the 
side  such  points  as,  through  a  mistake  in  the  original 
plan  of  the  fortifications,  were  left  unprotected,  the 
guns  from  the  bastions  not  being  able  to. reach  them. 
2.  Advanced  works  on  or  before  the  glacis  are  some- 
times constructed  in  the  form  of  an  angle,  sometimes 
in  the  form  of  a  bastion.  Lunettes,  skilfully  disposed 
on  the  weak  fronts  of  a  place,  and  arranged  in  one 
or  two  lines,  so  as  to  flank  one  another,  may  check 
the  approach  of  the  enemy  for  a  considerable  time,  by 
obliging  him  to  make  his  trenches  at  a  greater  dis- 
tance tiban  he  would  otherwise  have  done,  and  sub- 
jecting him  to  losses  in  the  capture  of  each  lunette. 
Particular  attention  must  be  paid  to  dispose  them  in 
such  a  manner  as  to  render  it  impossible  for  the 
enemy  to  attack  two  lunettes  at  the  same  time.  (See 

FOBTIPICATION.) 

LuNos ;  the  organs  of  respiration  in  the  mammalia 
(man,  quadrupeds,  and  the  cetaceous  animals),  birds, 
and  reptiles.  The  lungs  are  situated  in  the  chest; 
and  are  divided  into  two  parts,  called  hhea.  They 
are  enveloped  in  a  delicate  and  transparent  mem- 
brane, derived  from  the  pleura,  through  which  they 
have  the  appearance  of  net- work,  and  are  connected 
with  the  spine  by  the  pleura,  with  the  neck  by  the 
vrindpipe,  and  with  the  heart  by  the  roots  of  the  pul- 
monary artery  and  veins.  In  theirspecific  gravity,  they 
are  the  lightest  of  all  the  animal  organs,  even  when 
exhausted  of  air ;  hence  their  name  of  Ughta,  To  the 
touchy  they  are  soft,  spongy,  and  elastic.  In  their  in- 
ternal structure,  they  are  composed  of  an  infinite 
number  of  membranous  cellular  blood-vessels,  nerves, 
and  lymphatics,  all  connected  by  other  cellular  sub- 
stances. The  cells  communicate  with  each  other,  but 
have  no  communication  with  the  cellular  substance: 
small  tubes  arise  from  them,  which  are  finally  united 
into  one  large  tube  from  each  lobe :  and  these  two 
at  length  join  to  form  the  windpipe.  The  blood- 
vessels called  the  wdmonainf  vessds  are  destined  to 
distribute  the  blood  through  the  cells,  for  the  purpose 
of  subjecting  it  to  the  action  of  the  air,  while  the 
bronchial  vessels  are  intended  to  supply  the  blood 
which  nourishes  the  lungs.  The  cetacea  (whales, 
seals,  &c.)  breathe  by  lungs»  and  are  therefore  obliged 
to  ascend,  at  intervals,  to  the  surface  of  the  water, 
to  obtain  a  supply  of  atmospheric  air.  The  respira- 
tory orifice,  in  these  animals,  is  not  situated  at  the 
extremity  of  the  snout,  but  on  the  top  of  the  head. 
In  birds,  the  lungs  are  smaller  than  m  quadrupeds, 
but  they  have  air  distributed  throughout  their  mus- 
cular system  and  in  the  cavities  of  die  bones. 

The  lungs  afford  a  means  of  ascertaining  whether 
a  new-born  child,  which  is  found  dead,  was  or  was 
not  living  when  bom, — a  question  often  of  great  im- 
portance in   forensic  medicine.    The  lungs  of  the 
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lofknt  are  placed  in  water  to  see  whether  they  will 
swim  or  sink.  Before  birth,  the  lungs  are  dark  red, 
contracted  into  a  small  place  within  the  cavity  of  the 
breast,  firm,  and  specifically  heavier  than  water, 
rhey  therefore  sink  in  water,  whether  they  are  entire 
or  cut  into  pieces ;  and,  when  cut,  no  air-bubbles 
come  forth,  either  in  or  out  of  the  water,  nor  does 
much  blood  appear.  But  if  the  infant  has  lived  after 
birth,  and  therefore  breathed,  air  has  entered  the 
lungs,  has  thus  enlarged  the  cavity  of  the  chest,  and 
the  lungs  themselves  are  expanded,  appear  ol  a  loose, 
spongy  texture,  of  a  pale  red  colour,  cover  the  heart, 
and  fill  the  chest.  They  then  swim  in  water,  as  well 
in  connection  with  the  heart  as  without  it,  as  well 
entire  as  in  pieces.  If  cut,  a  peculiar  sound  is 
audible ;  air  proceeds  from  diem,  and  rises,  if  they 
are  pressed  under  water,  in  small  bubbles.  From 
the  incisions  in  the  lungs,  red  blood  issues. 

Against  this  test  it  has  been  objected — 1.  That  air 
may  be  found  in  the  lungs,  though  the  infant  never 
breathed.  This  could  happen,  however,  only  (1) 
from  air  having  been  blown  into  them ;  but,  in  this 
case,  the  chest  of  the  infant  is  not  arched,  very  little 
blood  is  to  be  found  in  the  lungs,  and  it  is  not  bright 
red:  (2)  from  putrefaction;  but,  in  this  case,  the 
other  parts  of  the  body  would  also  be  affected  by 
putrefaction:  the  lungs  are  not  expanded,  pale-red 
air-bubbles  show  themselves  only  on  the  surface, 
and  not  in  the  interior  substance,  unless  the  highest 
degree  of  putrefaction  has  taken  place.  2.  It  is  said 
that  the  child  may  have  breathed,  and  therefore  lived, 
without  air  being  found  in  the  lungs.  Thb  is  not 
proved,  and  is  at  variance  with  the  received  ideas  of 
the  manifestation  of  life.  3.  One  part  of  the  lungs 
may  swim,  another  may  sink.  This  can  happen  only 
with  lungs  in  a  diseased  state,  and  would  only  prove 
an  attempt  of  the  infant  to  breathe,  without  the  pos- 
sibility of  living.  4.  That  a  child  may  have  lived 
without  breathing ;  but  this  state  of  apparent  death 
cannot  be  called  life :  life  cannot  be  supposed  with- 
out breath.  If  all  precautions  are  taken,  all  attend- 
ing circumstances  considered,  the  external  appear- 
ance of  die  infant  well  observed,  and  the  state  of  the 
other  intestines  examined,  the  foregoing  test  may  be 
considered  as  sufficient  for  the  decision  of  the  ques- 
tion whether  a  child  has  lived  after  birth  or  not. 
Another  kind  of  test  by  means  of  the  lungs  has  been 
proposed,  which  is  founded  on  the  proportion  of  the 
weight  of  the  whole  body  to  a  lung  which  has 
breathed  and  one  which  has  not ;  and  still  another, 
which  rests  on  the  circumference  of  the  chest  before 
and  after  breathing  has  commenced;  but  both  are 
more  complicated,  troublesome,  and  less  certain  than 
the  former  one. 

LupuLiN.  M.  IHanche  first  ascertained  that  the 
three  active  ingredients  of  the  hop,  viz.  the  oil,  resin, 
and  bitter  principle,  reside  in  the  brilliant  yellow  grains 
scattered  over  the  calicinal  scales  of  the  cones  which 
serve  as  their  envelope.  MM.  Pay  en  and  Chevalier 
have  since  confirmed  this  position.  This  matter, 
when  insulated,  is  of  a  golden  yellow  colour,  in  little 
grains,  without  consistence,  which  attach  themselves 
to  the  fing^ers,  and  render  them  rough.    It  has  a 

rnetrating  aromatic  odour  i  200  parts  of  it  afforded, 
waler ;  2.  essential  oil ;  3.  carbonic  acid ;  4.  suba- 
cetate  of  ammonia ;  d.  traces  of  osmazome ;  6.  traces 
of  fatty  matter ;  7*  gum ;  a.  malic  acid ;  9.  malate 
of  lime;  10.  bitter  matter,  25  parts;  11.  a  well 
«tiaractei-ueed  resin,  105  parts;  U.  siUca,  8  parts; 


13.  traces  of  carbonate,  muriate,  and  solphate  of  pot- 
ash ;  14.  carbonate  and  phosphate  of  lime ;  15.  oodde 
of  iron  and  traces  of  sulphur.  The  bitter  mattci; 
introduced  into  the  stomach,  destroys  appetite. 

LuTB  is  an  instrument  which  originated  fitun  die 
ancient  lyre.  Some,  however,  thixik  that  it  was  in- 
troduced into  Spain  by  the  Moors,  and  from,  then^ 
into  Italy,  where  it  received  the  name  of  Uuio,  Tbe 
ehelys,  or  ieatudo,  of  the  Romans,  was  probably  a 
similar  instrument.  It  was  formerly  ma^  in  use* 
and  contained  only  five  rows  of  strings,  to  whidi 
one,  or  more,  were  afterwards  added.  The  iBte  con- 
sists of  four  parts,  viz.  the  table ;  the  body,  which 
has  nine  or  ten  sides ;  the  neck,  which  has  as  many 
stops  or  divisions ;  and  the  head,  or  croes,  in  which 
the  screws  for  turning  it  are  inserted.  In  playins  this 
instrument,  the  performer  strikes  the  strings  wim  the 
fingers  of  the  right  hand,  and  regulates  the  sounds 
with  those  of  the  left.  The  notes  for  the  late  aregene- 
rally  written  on  six  lines,  and  not  on  five,  lliere  were 
formerly  various  kinds  in  use.  The  lute,  simply  ooa- 
structed,  is  called  the  French  lute;  if  it  has  two 
necks,  ^  one  of  which  sustains  the  base  notes,  it  is 
called  a  theorbo ;  if  the  strings  of  the  theorho  are 
doubled,  it  is  called  an  arch-lute.  The  difficulty  of  play- 
ing upon  this  instrument,  as  well  as  that  of  tuning  it, 
is  probably  the  reason  that  it  has  gone  oat  of  use. 

The  difficulties  inseparable  to  the  common  lote  has 
induced  a  distinguished  foreigner  to  turn  his  attendoB 
towards  the  general  arrangement  of  its  parts.  Indffij 
the  instrument  we  are  about  to  describe  under  this  tide 
possesses  all  the  characteristics  of  the  harp.  Signor 
Ventura,  the  inventor  of  this 
instrument,  has  so  combined 
the  principles  of  the  harp,  lute, 
and  guitar,  as  to  enable  the 
performer  to  stop  the  treble 
strings  on  m  finger  board,  by 
which  he  materially  increases 
its  compass,  and  yet  retains 
the  fulness  and  sweetness  of  its 
tones.  The  engraving  will  give 
a  perfect  nodon  of  the  general 
arrangement  of  the  instrument, 
and  it  may  only  be  necessary  to 
add  that  the  strain  on  its  neck 
is  considerably  less  than  in  a 
harp  of  the  same  size,  and,  as 
such,  that  it  must  continue 
much  longer  in  tune. 

Luxation,  in  surgery,  is  the  removal  of  a  boie 
out  of  its  place  or  ardculadon,  so  as  to  impede  «r 
destroy  its  proper  modon  or  office ;  hence  laxatioas 
are  peculiar  to  such  bones  as  have  movable  joints. 

Lycanthropt  )  defined  by  Cottgrave  as  "  a  frenziv 
or  melancholic,  which  cansedi  the  patient  (who  thinks 
he  is  turned  woolO  to  flee  all  company  and  hide 
himself  in  dens  and  comers.  "  Herodotus,  with  great 
tuuvet^  tells  us,  that,  when  he  was  in  Scythia,  he 
heard  of  a  people  that  once  a  ^'ear  changed  thai- 
selves  into  wolves,  and  then  resumed  their  original 
shape ;  "  but,"  adds  he,  "  they  cannot  make  ne 
believe  such  tales,  although  they  not  only  tell  then. 
but  swear  to  them."  But  the  Ivcanthropes  of  ^ 
middle  ages,  or  loupa^gorous,  as  tkey  were  called  bf 
the  French,  were  sorcerers,  who,  during  their  woli- 
hood,  had  a  most  cannibal  appedte  for  human  fleih. 
The  Germans  call  them  Waknpoffe.  Many  mar- 
vellous stories  are  told  by  the  writers  of  the  middle 
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ages  of  these  wolf-men,  or  loups-ganrnx,  and  nume- 
rnas  narratives  remain  of  victims  committed  to  the 
Barnes  for  this  imaginary  crime,  often  on  their  own 
confessions. 

LiMPH ;  an  aqneons  liquid,  colourless,  insipid,  and 
diaphanous,  diffused  through  the  whole  animal  eco- 
nomy, in  vessels  called  lyn^hatics.  If  allowed  to 
stand,  it  separates  into  two  parts,  like  the  blood— a 
serous  fluid,  and  a  solid,  or  clot.  The  lymph  serves 
to  repair  losses  of  the  blood,  by  bringing  to  it  various 
materiab  from  different  parts  of  Uie  system,  and 
chyle,  which  is  mixed  with  the  lymph  in  the  thoracic 
duct.  It  seems  also  to  remove  those  elements  of 
nutrition  whose  place  is  to  be  supplied  by  others, 
and  to  transmit  them  to  the  surface.  The  uses  and 
history  of  lymph,  however,  are  yet  but  imperfectly 
known.  The  lymphatic  vessels  were  not  known 
till  towards  the  middle  of  the  seventeenth  century. 
They  are  small,  thin,  transparent,  furnished  with 
valves,  like  the  veins,  and  spread  through  different 
parts  and  organs.  The  cause  of  the  circulation  of 
the  lymph  is  unknown,  as  there  does  not  appear  to 
be  any  impelling  organ  analogous  to  the  heart.  It 
has  been  supposed  that  the  absorbent  power  exercised 
at  their  mouths  impels  the  liquid  forward,  that  al- 
ready absorbed  being  thus  displaced  by  the  new  ab- 
sorptions. These  vessels  arise  in  every  part  of  the 
body,  and  terminate  in  the  thoracic  duct. 

Lybb  ;  the  most  ancient  stringed  instrument  among 
the  Egyptians  and  Greeks.  The  mythological  tradi- 
tion of  the  origin  of  the  Egyptian  lyre,  the  more 
ancient  of  the  two,  is  curious.  After  an  inundation 
of  the  Nile,  a  tortoise  was  left  ashore  among  other 
animab ;  after  its  death,  its  flesh  decayed,  and  some 
of  the  tendons  were  dried  by  the  sun,  so  as  to  produce 
a  sound  when  touched  by  Hermes,  as  he  was  walk- 
ing on  shore.  He  immediately  made  an  instrument 
in  imitation  of  it,  and  thus  invented  the  lyre.  This 
lyre,  originally,  had  but  three  strings.  The  Greeks 
ascribed  the  invention  of  the  lyre  to  their  Hermes 
(Mercury),  the  son  of  Jupiter  and  Maia.  They 
also  say  that  Hermes  first  used  the  shell  of  a 
tortoise.  According  to  others.  Mercury  merely  im- 
proved the  invention  of  the  Egyptians.  The  muses, 
after  this,  invented  a  tone,  and  Orpheus,  Linus,  and 
Thamyras,  one  each.  These,  bemg  added  to  the 
three-stringed  Egyptian  lyre,  gave  rise  to  the  l^epbi- 
chord,  or  seven-stringed  lyre  of  the  Greeks.  The 
invention  of  the  instrument  has  also  been  ascribed  to 
each  of  its  chief  improvers.  The  Egyptian  and  Gre- 
cian lyres  were,  at  first,  strung  with  the  sinews  of 
animals.  The  number  of  the  strings  was  at  last  in- 
creased to  eleven.  It  was  played  with  the  pUctrwn, 
or  lyre-stick,  of  ivory  or  polished  wood ;  also  with  the 
fingers.  The  lyre  was  called  by  different  names — 
hra,  phorminx,  ehely$,  barbiio9,  barbiton,  eithara. 
The  body  of  the  lyre  was  hollow,  to  increase  the 
sound. 

Few  objects  are  so  graceful  in  form,  and  sus- 
ceptible of  such  varied  applications  in  the  fine  arts, 
as  the  lyre,  which  is  even  yet  used  as  a  musical  instru- 
ment. It  is  the  symbol  of  Apollo }  yet  other  deities 
also  bear  the  lyre ;  and  mythology  mentions  many 
gods  who  distinguished  themselves  on  th'is  instru- 
ment. It  was  played  by  educated  Greeks  in  general ; 
and,  Themistocles  having  once  declined  playing  when 
requested,  he  was  considered  a  person  without  culti- 
Tation.    In  a  work  of  Doni,  entitled  Ifra  Barherha, 


the  various  fbrms  of  tha  lyre  are'  collected  in  two 
large  volumes. 

MACCARONI,  a  preparation  of  fine  flour,  which 
forms  a  favourite  article  of  food  among  the  Italians. 
It  is  eaten  in  various  ways,  generally  simply  boiled, 
and  served  up  with  grated  cheese.  Maccaroni,  is 
generally  made  in  pieces  resembling  a  long  pipe 
handle,  of  small  diameter ;  sometimes,  however,  in 
other  shapes,  as  flat,  square,  &c.  It  is  a  national  dish 
of  the  Italians,  particularly  of  the  Neapolitans,  and  is 
a  wholesome  food.  It  is  made  best  in  the  neigh- 
bourhood of  Naples,  whole  villages  living  almost 
solely  by  the  manufacture ;  and,  in  Naples,  it  is  con- 
tinually sold  in  the  streets,  cooked  for  the  lower 
classes,  particularly  for  the  lazzanm.  The  pieces 
being  very  long,  and  being  held  in  the  fingers  during 
the  process  of  eating,  some  skill  is  required  to 
manage  them.  This  fashion  of  eating  yard-long 
maccaroni  forms  a  subject  of  ridicule  against  the 
Neapolitans  in  more  than  one  Italian  comedy.  The 
modes  of  cooking  maccaroni  are  various ;  the  simplest 
is  the  best.  Maccaroni  is  well  made  at  Aix  in  France, 
and  pretty  well  in  Germany. 

Macb.  Clubs  of  various  descriptions  are  found 
among  almost  all  savages,  formed  of  a  hard  and  heavy 
wood,  some  broad  and  flat,  others  round,  angular, 
long,  or  short,  some  plain  and  rude,  others  neatly 
carved.  From  this  simple  implement,  the  mallet, 
hammer  of  arms^  and  mace  originated,  which  were 
generally  used,  of  old,  both  in  Great  Britain  and  on 
3ie  continent  of  Europe.  The  gradual  progress  of 
improvement  having  rendered  armour  impenetrable 
by  edged  weapons,  some  instrument  of  effectual  de- 
molition became  necessary.  An  author  on  military 
affidrs,  of  the  sixteenth  century,  recommends  a  leaden 
mallet,  five  feet  long.  The  mallet  was  wielded  with 
both  hands,  and  horsemen  h^  it  hung  by  a  thong  or 
chain  from  the  pommel  of  the  saddle.  The  hammer 
of  arms  greatly  resembled  a  common  hammer.  It 
differed  £rom  the  mallet  in  being  square,  or  a  little 
rounded  or  convex,  while  one  side  of  the  mallet 
was  square  and  the  other  pointed  or  edged. 

The  mace  in  its  simplest  form  is  only  an  iron  club, 
short,  and  strong.  Its  shape  varied  among  different 
nations  and  at  different  times.  One,  still  preserved,  is 
of  iron,  two  feet  one  inch  long,  with  a  hollow  handle, 
and  a  head  seven  inches  long,  consisting  of  seven  iron 
leaves  perpendicularly  fixed  round  a  cylinder,  and 
equidistant.  The  whole  weighs  three  pounds  nine 
ounces.  Two  maces,  said  to  have  belonged  to  Ro- 
land and  Oliver  de  Roncevanx,  famous  champions 
under  Charlemagne,  were  preserved  in  France  to- 
wards the  beginning  of  the  last  century,  and  perhc^ 
later,  consbting  of  a  handle  two  feet  long,  to  which 
an  iron  ball  was  attached  by  a  triple  chain.  It  ap- 
pears that  the  ball  was  frequently  covered  with  iron 
spikes,  and  was  attached  to  the  handle  by  a  single 
chain.  Mr.  Grose  states 'that  similar  implements 
were  long  used  by  the  trained  bands  of  London, 
under  the  names  of  momhig  $tan. 

Mace  ;  the  outer,  fleshy,  and  coriaceous  cover  of 
the  nutmeg.  When  the  firuit  is  gathered,  the  mace 
is  carefully  separated  from  the  nut,  dried  in  the  sun, 
and  afterwards  packed  in  chests  of  different  sizes,  in 
which  state  it  is  obtained  in  commerce.  (See  Nut- 

MBO.) 

Machin BBT.  The  utility  of  machinery,  in  its  ap- 
plication to  manufactures,  consists  in  the  addition 
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which  it  imkM  to  human  powtr^  m  the  cooBomy  of 
human  time,  and  in  the  converaion  of  sabetanoes 
apparently  worthless  into  faloable  products.  The 
forces  derived  from,  wind,  from  water,  and  from 
•team,  are  so  many  additions  to  human  power,  and 
the  total  inanimate  force  thus  obtained  in  Great 
Britain  (including  the  commercial  and  manufactur- 
ing) has  been  calculated,  by  Dupin,  to  be  equhralent 
to  that  of  20,000,000  of  labourav.  Experiments  have 
shown  that  the  force  necessary  to  move  a  stone  on 
the  smoothed  floor  of  its  quarry  is  nearly  two-thirds 
of  its  weight }  on  a  wooden  floor,  three-fifths ;  if 
soaped,  one-sixth ;  upon  rollers  on  the  quarry  floor, 
one-thirty  second ;  on  wood,  one-fortieth.  At  each 
nicrease  of  knowledge,  and  on  the  contrivance  of 
every  new  tool,  human  labour  is  abridged :  the  man 
who  contrived  rollers  quintupled  his  power  ov^ 
brute  matter.  The  next  use  of  machinery  is  the 
economy  of  time,  which  is  too  apparent  to  require 
illustration,  and  may  result  either  from  the  increase 
of  force  or  from  the  improvement  efiected  in  the 
fonn  of  toob,  or  from  both  united.  Instances  of 
the  production  of  valuable  substances  from  worthless 
asaterials  are  constantly  occurring  in  all  the  arts ; 
and,  thou^  thb  may  appear  to  be  merely  the  con- 
sequence of  scientific  knowledge*  yet  it  is  evident 
tiiat  edence  cannot  exist,  nor  could  its  lessons  be 
made  productive  by  application,  without  machinery. 

In  the  history  of  every  science  we  find  the  im- 
provements of  its  machinery,  the  invention  of  in- 
struments, to  constitute  an  important  part.  The 
chembt,  the  astronomer,  the  physician,  the  husband- 
man, the  painter,  the  sculptor,  is  such  onl^  by  the 
application  of  machinery.  Applied  science  m  all  its 
forms,  and  the  fine  and  useful  arts,  are  the  triumphs 
of  mind,  indeed,  but  gained  through  the  instrumen- 
tality of  machinery.  In  the  infancy  of  any  branch 
of  manufactures  we  always  commence  with  tool$, 
which  are  ultimately  converted  into  wutekinM;  but 
the  distinction  between  the  two  is  so  accurately 
given  by  Mr.  Babbage,  in  his  work  on  the  economy 
of  machinery,  that  we  cannot  do  better  than  quote  it 
verbatm. 

"  The  difference  between  a  tool  and  a  maohine  is  not 
capable  of  very  precise  distinction ;  nor  is  it  neces- 
sary, in  a  popular  explanation  of  those  terms,  to 
limit  very  strictly  their  acceptation.  A  tool  is  usually 
more  f/mple  than  a  madune;  it  is  generally  i)sed 
with  the  hand,  whilst  a  machine  is  fi^uently  moved 
by  animal  or  steam  power.  The  simpler  machinoM 
are  often  merely  one  or  more  took  placed  in  a  frame, 
and  acted  on  by  any  moving  power.  In  pointing  out 
the  advantages  of  took  we  shall  commence  with  some 
of  the  simplest. 

"  To  arrange  twenty  thousand  needles  thrown  pro- 
ntscnoosly  into  a  box,  mixed  and  entangled  with 
each  other  ia  every  possible  direction,  in  such  a 
form  that  Ihey  skaU  be  all  paralld'to  each  other, 
would*  at  first  sight,  appear  a  most  tedious  occupa- 
tion ;  in  fact,  if  each  needle  were  to  be  separated 
individually,  many  hears  must  be  consumed  in  the 
process.  Vet  this  is  an  operation  which  must  be 
performed  many  times  in  the  niMiufacture  of  needles ; 
and  it  is  accomplished  in  a  few  minutei  by  a  very 
simple  tool,  nothing  more  being  requisite  &an  a 
small  flat  tray  of  sheet  iron,  slightly  concave  at  the 
bottom.  The  needles  are  placed  in  it  and  shaken  in 
a  peculiar  manner,  by  throwing  them  up  a  very  little, 
and  giving  at  the  same  time  a  slight  longitudinal 


motion  to  tiie  tray.  Hie  shape  of  the  needles  aasisti 
their  arrangement;  for  if  two  needles  croas  each 
other  (unless,  whidi  is  exceedingly  improbable,  they 
happen  to  be  precisely  balanced)  they  will«  whoi 
they  fidi  on  the  bottom  of  the  tray,  tend  to  place 
themselves  side  bj  side,  and  the  hollow  form  of 
the  tray  assbts  this  dbposition.  As  they  have  no 
projection  in  any  part  to  impede  this  tendency,  or 
to  entangle  each  other,  they  are,  by  continuaOy 
shaking,  arranged  lengthwise,  in  three  or  four  mi- 
nutes. The  direction  of  the  shake  b  now  ■'hgni^^ 
the  needles  are  but  little  thrown  up,  but  the  tray  is 
shaken  endways ;  the  result  of  which  b  that  in  a 
minute  or  two  the  needles  which  were  previoulv 
arranged  endways  become  heaped  up  in  a  wall,  win 
their  ends  against  the  extremity  of  the  tray.  They 
are  now  removed  by  hundreds  at  a  time,  by  raising 
them  with  a  broad  iron  spatala»  on  which  they  are 
retained  by  the  fore-finger  of  the  left  hand.  Dmbg 
the  progress  of  the  needles  towards  their  finished 
state,  this  parallel  arrangonent  must  be  repeated 
many  times;  and,  unless  a  cheap  and  expeditiom 
method  had  been  devised,  the  expense  of  mannftc- 
turing  needles  would  have  been  consideraUy  en- 
hanced. 

"  Another  process  in  the  art  of  making  needles  fur- 
nishes an  example  of  one  of  the  simplest  contrivances 
which  can  come  under  the  denomination  of  a  tooL 
After  the  needles  have  been  arranged  in  the  manner 
just  described*  it  b  necessary  to  separate  them  inlo 
two  parceb,  in  order  that  their  pointe  may  be  ail  m 
one  direction.  This  b  usually  done  by  women  and 
children.  The  needles  are  pla^  sideways  in  a  heap, 
on  a  table,  in  firont  of  each  operator,  just  as  they  are 
arranged  by  the  process  above  described.  From  five 
to  ten  are  rolled  towards  thb  person  by  the  forefinger 
of  the  left  hand ;  thb  separates  them  a  very  small 
space  from  each  other,  and  each  in  its  turn  b  puywd 
length¥rise  to  the  right  or  to  the  left,  according  as  its 
eye  b  on  the  right  or  the  left  hand.  This  is  the  usud 
process,  and  in  it  every  needle  passes  individoafiy 
under  the  finger  of  the  operator.  A  small  alteratiofi 
expedites  the  process  considerably;  the  child  putt 
on  the  forefinger  of  its  right  hand  a  snmll  cloth  caf 
or  finger-stall,  and,  rolling  out  of  the  heap  from  six 
to  twelve  needles,  he  keeps  them  down  by  die  ton^ 
finger  of  the  left  hand,  whibt  he  presses  the  forefinger 
of  the  right  hand  gently  against  their  ends :  thoee 
which  have  the  points  towards  the  right  hand  stick 
into  the  finger-stall;  and  the  child,  removing  the 
finger  of  the  left  hand»  sliffhtly  raises  the  needles 
sticking  into  the  doth,  and  then  pushes  them  to- 
wards the  left  side,  llxose  needles  which  had  their 
eyes  on  the  right  hand  do  not  stick  into  the  finger- 
cover,  and  are  pushed  to  the  heap  on  the  right  side 
previously  to  the  repetition  of  thb  process.  By 
means  of  thb  simple  contrivance  each  movement  of 
the  finger,  from  one  side  to  the  other,  carries  five  or 
six  needles  to  their  proper  heap;  whereas,  in  the 
former  method,  frequently  only  one  was  move^  and 
rarely  more  than  two  or  three  were  transpoitad  at 
one  movement  to  their  place. 

"  Various  operations  occur  in  the  arts  in  which  the 
assbtance  of  an  additional  hand  would  be  a  great 
convenience  to  the  workman,  and  in  these  cases  toob 
or  machines  of  the  simplest  structure  come  to  our 
aid :  vices  of  different  forms,  in  which  the  material 
to  be  wrought  b  firmly  grasped  by  screws,  are  of 
this  kind,  and  are  used  in  almost  every  woribhop ; 
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but  a  more  striking  example  may  be  found  m  the 
trade  of  the  nail -maker. 

"  Some  kinds  of  nails,  sach  as  those  used  for  defend* 
ing  the  soles  of  coarse  shoa,  called  hobnails,  require 
a  particular  form  of  the  head,  which  is  made  by  the 
stroke  of  a  die.    The  workman  holds  Uie  red-hot  rod 
of  iron  oat  of  which  he  forms  them  in  his  left  hand  ; 
wiUi  his  right  hand  he  hammers  the  end  of  it  into  a 
pomt,  and,  catting  the  proper  length  almost  off,  bmds 
it  nearly  at  right  angles.    He  puts  this  into  a  hole  in 
a  small  stake-iron  immediately  under  a  hammer  con- 
nected with  a  treadle,  which  has  a  die  sunk  in  its 
surface  corresponding  to  the  intended  form  of  the 
head ;  and,  having  given  one  part  of  the  form  to  the 
bead  by  the  small  hammer  in  nis  hand,  he  moves  the 
treadle  with  his  foot,  which  disengages  the  other 
hammer,  and  completes  the  figure  S[  the  head,  the 
rptormng  stroke  produced  by  the  movement  of  the 
treadle  striking  the  finished  nail  out  of  the  hole  in 
which  it  was  retained.    Without  tUs  substitution  of 
his  foot  for  another  hand,  the  workman  would  pro- 
bably  be  obliged  to  heat  the  nails  twice  over. 

**  Another,  although  fortunately  a  less  general  sub- 
stitution of  tools  for  human  han(fe,  is  used  to  assist 
the  labour  of  those  who  are  deprived  by  nature  or  by 
accident  of  some  of  their  Hmbs.  Ttrase  who  have 
had  an  opportunity  of  examining  the  beautifhl  con- 
trivances for  the  manufSicture  of  shoes  bv  machinery 
which  we  owe  to  the  fertile  invention  of  Mr.  Brunei 
most  have  noticed  many  instances  in  which  the 
workmen  were  enabled  to  execute  their  task  with 
precision,  although  labouring  under  the  disadvan- 
tage of  the  loss  of  an  arm  or  a  leg.  A  similar  in- 
stance  occurs  at  Liverpool,  in  the  Institution  for  the 
Blind,  where  a  machine  is  used  by  those  afiSicted 
with  blindness  for  weaving  sash-lines ;  it  is  said  to 
have  been  the  invention  of  a  person  suffering  under 
that  calamity.  Other  instances  might  be  mentioned 
of  contrivances  for  the  use,  the  amusement,  or  the  in- 
struction of  the  wealthier  classes,  vHio  labour  under 
Ae  same  natural  disadvantages.  These  triumphs  of 
skill  and  ingenuity  deserve  a  double  portion  of  our 
admtration  when  applied  to  mitigate  the  severity  of 
natural  or  accidental  misfortune— >when  they  supply 
the  rich  with  occupation  and  knowledge^— when 
:hey  relieve  the  poor  from  the  additional  evils  of 
xjverty  and  vwmt." 

All  machines  are  intended  either  to  produce  power, 
>r  merely  to  transmit  power  and  execute  work.  Of 
he  class  of  mechanicai  agents  by  which  motion  is 
ranemitted — ^the  lever,  the  pulley,  the  wedge — it  has 
\een  demonstrated  tiiat  nopower  is  gained  by  their 
ise,  however  combined.  Whatever  force  is  applied 
Lt  one  part  can  only  be  exerted  at  some  other,  dimi- 
lished  by  friction  and  other  incidental  causes ;  and 
whatever  is  gained  fa  the  rapidity  of  execution  is  com- 
lensat^d  by  the  necessity  of  exerting  additiottal  force. 
These  two  principles  should  be  constantly  borne  in 
oind,  and  should  teach  us  to  limit  our  attempts  to 
hings  which  are  possible.  (See  HrnaAULrcs,  Ht* 
»R08TATic8,  Mbchanios,  and  Stbam-Enoinb.) 

1.  Aecmmdating  Powtr.  When  the  work  to  be 
one  requires  more  force  for  its  execution  than  can 
e  generated  in  the  time  necessary  for  its  completion, 
econrse  must  be  had  to  some  mechanical  method  of 
reserving  and  condensing  a  part  of  the  power  ex- 
rted  previously  to  the  commencement  of  tiie  process. 
*hi8  is  most  frequently  accomplished  by  a  fly-wheel, 
rhicb  is  a  wheel  having  a  heavy  rim«  so  that  the 
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greater  jfMrt  of  iSbe  weight  is  near  the  drcttmforenc«A 
It  requires  great  power,  applied  for  some  time,  to 
set  this  in  rapid  motion,  and,  when  moving  with 
considerable  velocity,  if  its  force  is  concentrated  on  a 
point,  its  effects  are  exceedingly  powerful.  Anotfa^ 
method  of  accumulating  power  consists  in  raisintt  a 
weight  and  then  allowing  it  to  fall.  A  man,  with  a 
heav)'  hammer,  may  stnke  repeated  blows  on  the 
head  of  a  pile  witiiout  any  effect;  but  a  heavy 
weight,  raised  by  machinery  to  a  greatei*  height, 
though  the  blow  is  less  frequently  repeated^  produces 
the  desired  effSeet. 

9.  Reffmlating  Power,  Uniformity  and  steadiness 
in  the  motion  of  the  machinery  are  essential  both  to 
its  success  and  its  duration.  The  governor,  in  the 
steam*engine,  is  a  contrivance  for  this  purpose.  A 
vane  or  fiy  of  little  weight,  but  large  surfoce,  is  also 
used.  It  revolves  rapidly,  and  soon  acquires  a  uni- 
form rate,  which  it  cannot  much  exceed,  because 
anv  addition  to  its  velocity  produces  a  greater  ad-» 
dilaon  to  tilie  resistance  of  the  air.  This  kind  of  thf 
is  generally  used  in  small  pieces  of  mechanism,  and, 
like  the  heavy  fly,  it  serves  to  equalize  the  moving 
power. 

3.  Increase  ^  Velocity,  Operations  requiring  a 
trifling  exertion  of  force  may  become  fotiguing  by  the 
rapidity  of  motion  necessary,  or  a  degree  of  rapidhfy 
may  be  desirable  beyond  the  power  of  nrascular  ac- 
tion. Whenever  the  work  itself  is  light,  it  becomes 
necessary  to  increase  the  velocity  in  order  to  eco- 
nomise time.  Thus,  twisting  the  fibres  of  wool  by 
the  fingers  would  be  a  most  tedious  operation.  In 
the  common  spinning-wheel  the  velocity  of  the  foot 
is  moderate,  but,  by  a  simple  contrivance,  that*of  the 
thread  is  most  rapid.  A  band,  passing  round  a 
large  wheel,  and  tnen  round  a  small  spindle,  effiecta 
this  change.  This  contrivance  is  a  common  one  in 
machinery. 

4.  DtNitfM/iofi  </  VelociHf,  This  is  commonly  re- 
quired for  the  purpose  of  overcoming  great  resist- 
ances vritii  small  power.  Systems  of  pulleys  aflbrd 
an  example  of  this. 

6.  Sprea^ng  the  action  cf  a  force  exertfdfir  nfew 
mmiUes  oeer  a  uarge  emteni  of  time.  This  is  one  of  the 
most  common  and  useful  employments  of  machinery. 
The  half  minute  which  we  spend  daily  in  winding 
Up  our  watches  is  an  exertion  of  force  which,  by  the 
an!  of  a  few  ^dieels,  is  spread  over  twenty-four  hours. 
A  great  number  of  automata,  moved  by  springs,  may 
be  classed  under  thb  division. 

fl.  Saomg  time  in  naturai  operatUmo,  The  process 
of  tanning  consists  in*  combining  die  tanning  prin- 
ciple with  every  particle  of  the  skin,  which,  by  dvs 
ordinary  process  of  soaking  it  in  a  solution  of  the  tan- 
ning matter,  requires  from  six  months  to  two  years. 
By  enclosing  the  solution,  with  the  hide,  in  a  close 
vessel,  and  exhausting  the  air,  the  pores  of  the  hide 
being  deprived  of  air  exert  a  capillary  attraction 
on  the  tan,  whidi  may  be  aided  by  pressure,  so  that 
^e  thickest  hides  may  be  tanned  in  six  weeks.  The 
operation  of  bleaching  affords  another  example. 

7.  Exerting  foirceo  too  great  for  hmmanpomer.  When 
the  force  of  large  bodies  of  men  or  animals  is  ap- 
plied, it  becomes  diflicult  to  concentrate  it  simulta- 
neously at  a  given  point.  The  power  of  steam,  air, 
or  vrater  is  employed  to  overcome  resistances  which  It 
would  require  a  great  expense  to  surmount  by  animal 
labour.  The  twteting  of  the  largest  cables,  the  rott- 
ing, hammering,  and  cutting  of  large  masses  of  ifMH 
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the  dimining  of  mines,  require  enormous  exertions  of 
physical  force,  continued  for  considerable  periods. 
Other  means  are  used  when  the  force  required  is 
great  and  the  space  through  which  it  is  to  act  is 
smalt.  The  hy^ulic  press  can»  by  the  exertion  of 
one  man,  produce  a  pressure  of  1500  atmospheres, 
or  rather  more  than  20,000  lbs. 

8.  Executing  operatumB  too  deUeate  for  kmum  Umeh, 
The  same  power  which  twists  the  stoutest  cable,  and 
weaves  the  coarsest  canvass,  may  be  employed  to 
more  advantage  than  human  hands  in  spinning  the 
gossamer  thread  of  the  cotton,  and  entwining,  with 
fairy  fingers,  the  meshes  of  the  most  delicate  fabric. 

0.  Regiitering  Operatiom.  Machinery  affords  a 
sure  means  of  remedying  the  inattention  of  human 
agents,  by  instruments,  for  instance,  for  counting  the 
strokes  of  an  engine,  or  the  number  of  coins  struck 
in  a  press.  The  tell-tale,  a  piece  of  mechanism  con- 
nected with  a  clock,  in  an  apartment  to  which  a 
watchman  has  not  access,  reveals  whether  he  has 
neglected,  at  any  hour  of  his  watch*  to  pull  a  string 
in  token  of  his  vigilance. 

10.  Ecommtg  qf  MaUrtali,  The  precision  with 
which  all  operations  are  executed  by  machinery,  and 
the  exact  smiilarity  of  the  articles  made,  produce  a 
degree  of  economy  in  the  consumption  of  the  raw 
material  which  is  sometimes  of  great  importance. 
In  .reducing  the  trunk  of  a  tree  to  planks,  the  axe 
was  formerly  used,  with  the  loss  of  at  least  half  the 
material.  The  saw  produces  thin  boards,  with  a 
loss  of  not  more  than  an  eighth  of  the  material. 

11.  7Ac  IdmUUg  ^  the  ReeuU.  Nothing  b  more 
remarkable  than  the  perfect  similarity  of  things  manu- 
factured by  the  same  tool.  If  the  top  of  a  box  is  to 
be  made  to  fit  over  the  lower  part,  it  may  be  done  by 
gradually  advancmg  the  tool  of  the  sliding  rest;  after 
this  adjustment,  no  additional  care  is  requisite  in 
making  a  thousand  boxes.  The  same  result  appears 
in  all  the  arts  of  printing :  the  impressions  from  the 
same  block,  or  the  same  copper-plate,  have  a  simi- 
larity which  no  labour  of  the  hand  could  produce. 

12.  Acewraeg  of  the  Work.  The  accuracy  with 
which  machinery  executes  its  work  is,  perhaps,  one 
of  its  most  important  advantages.  It  would  hardly 
be  possible  for  a  very  skilful  workman,  with  files  and 
polishing  duhstances,  to  form  a  perfect  cylinder  out 
of  a  piece  of  steel.  This  process,  by  the  aid  of  the 
lathe  and  the  sliding  rest,  is  the  every-day  employment 
of  hundreds  of  workmen.  On  these  last  two  advan- 
tages of  machinery  depends  the  system  of  copying,  by 
which  pictures  of  the  original  may  be  multiphed,  and 
thus  almost  unlimited  pains  may  be  bestowed  in  pro- 
ducing the  model,  which  shall  cost  10,000  times  the 
price  of  each  individual  specimen  of  its  own  perfection. 
Operations  of  copying  take  place  by  pnnting,  by 
castbg,  by  moulding,  by  stamping,  by  punching,  with 
elongation,  with  altered  dimensions.  A  remarkable 
example  of  the  arts  of  copying  lies  before  the  eye  of 
the  reader  in  these  pages.  1 .  They  are  copies  obtain- 
ed by  printing  from  stereotype  plates.  2.  Hiose 
plates  are  copies  obtained  (by  casting)  from  moulds 
formed  of  plaster  of  Paris.  3.  The  moulds  are  copies 
obtained  by  pouring  the  plaster  in  a  liquid  state  upon 
the  moveable  types.  4.  The  types  are  copies  (by 
casting)  from  moulds  of  copper,  called  matrioee,  5. 
The  lower  part  of  the  matrices,  bearing  the  impres- 
sions of  the  letters  or  characters,  are  copies  (by  punch- 
ing) from  steel  punches,  on  which  the  same  characters 
aist  in  relief.  And,  lastly,  the  cavities  in  these  steel 


punches,  as  in  the  middle  of  the  letters  «,  h,  tec,  nc 
produced  from  other  steel  punches  in  which  those 
parts  are  in  relief. 

Macrabiotics  ;  the  science  of  prolonging  life. 
Hufeland  called  his  well-known  work  Makrabi^ik,fx 
the  Art  of  Prolonging  Human  Life.     (See  Lou- 

OEVITY.) 

Maddsr.    This  plant  is  much  used,  on  account 
of  the  fine  scariet  colour  afforded  by  the  roots ;  sod, 
indeed,  this  substance  is  essential  to  dyers  and  calico- 
printers,  and  their  manufactures  could  not  be  canied 
on  without  it.     In  consequence,  it  has  become  la 
important  article  of  commerce,  and  is  imported  into 
Britain  from  Holland  to  a  very  great  extent.   Thoo^ 
cultivated  in  France  for  a  century  and  a  half,  tbe 
supply  is  yet  inadequate  to  the  consumption  in  that 
countiy,  and  it  is  largely  imported  from  the  Levaot 
as  well  as  from  Holland.    Since  the  extension  of 
manufactures  in  the  United  States  of  America,  it  has 
become  an  object  of  importance  to  introdoce  Uk 
culture  of  madder,  and  the  subject  has  engaged  the 
attention  of  several  intelligent  and  pablic-apirited 
individuab.    The  most  approved  method  of  cnltire 
is  from  seed ;  and,  where  this  practice  is  pursued, 
certain  precautions  are  requisite.    As  the  madder  of 
hot  climates  affords  more  colouring  matter,  as  well 
as  a  deeper  tint,  it  is  best  for  those  who  live  in  « 
northern  region  to  import  the  seed  from  the  soo^ 
Again,  when  the  seed  is  too  much  dried,  it  aay 
remain  in  the  ground  two  or  three  years  before  it 
will  germinate.    On  this  account,  it  shcrald  be  kept 
in  a  bed  of  moistened  earth  or  sand,  whenever  tb^ 
is  any  delay  in  sowing  it.    A  light,  rich,  and  dec^ 
soil  is  the  most  suitable,  and  it  should  be  ploughed 
to  the  depth  of  two  feet.    The  time  of  sowing  is  m 
February,  or  the  beginning  of  March,  for  the  moie 
northern,  and  in  September  or  October  for  the  mocc 
southern  regions.    This  kind  of  crop  requires  bat 
little  care  and  attention :  for  the  first  year  it  is  only 
necessary  to  keep  it  free  from  the  weeds,  and  to 
hoe  it  slightlv  once  during  the  sunmier :  for  the  se- 
cond, it  requu^s  hoeing  in  the  spring,  in  the  summer, 
and  again,  a  little  more  deeply,  in  the  latter  part  of 
the  season ;  the  same  is  requisite  for  the  thiixi  year, 
except  that  the  earth  is  heaped  up  about  the  base  of 
the  stems,  in  order  to  maJce  them  shoot  with  moit 
vigour,  and  enlarge  the  roots.    It  is  usual,  before  the 
second  time  of  hoeing  to  cut  the  stems  for  cattk. 
who  are  very  fond  of  it ;  but  this  practice  should  not 
be  repeated  during  the  season,  as  recommended  kf 
some  writers,  or  &e  roots  will  suffer.     It  is  only  at 
the  end  of  the  third  yeBi  that  the  crop  is  ready  for 
harvesting ;  but,  if  it  is  suffered  to  remain  in  the 
ground  beyond  this  period,  more  is  lost  than  gained. 
The  roots  at  this  time  contain  the  greatest  qnaot  ty 
of  colouring  matter,  and  have  attained  their  full  sire. 
The  best  method  of  obtaining  the  roots  is  the  fal- 
lowing : — ^A  trench  is  dug  along  the  rows,  to  the 
depth  of  two  feet,  when,  by  loosening  the   earth 
about  the  roots,  they  may  be  taken  up  entire.     In  a 
good  soil,  a  single  plant  may  yield  forty  pounds  of 
the  fresh  roots,   which   diminish,   in   drying,   six- 
sevenths   or   seven-eighths   of  their  weij^t.     The 
roots  should  be  immediately  washed,  freed  from  all 
decayed  parts,  and  dried  as  quickly  as  possible,  et Aer 
by  the  sun  or  in  a  kiln.    It  is  well  observed  that 
madder  is  a  hazardous  crop,  as,  from  its  yielding  a 
return  only  after  a  lapse  of  three  years,  it  is  of^ 
impossible  to  foiesee  what  will  be  tbe  state  of  the 
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market  at  that  time.  Another  mode  of  cultivation 
is  from  the  roots,  which  are  divided  and  set  out: 
2U.000  plants  may  be  allotted  to  an  acre.  In  Eng- 
land«  the  madder  from  Holland  is  most  esteemed, 
and  it  is  cultivated  in  that  country  to  a  great  extent. 

The  process  of  pulverizing  the  roots,  which  is  done 
by  pounding  or  grinding,  was,  for  a  long  time,  kept 
a  secret  by  the  Dutch.  In  the  state  of  a  powder,  it 
is  of  an  orange-brovm  colour,  and  is  liable  to  become 
damp,  and  to  be  spoiled,  if  kept  in  a  moist  place. 
Madder  is  used  for  dyeing  woollen,  silk,  and  also 
cotton  goods:  the  colour  is  very  lasting,  and  re- 
sists the  action  of  the  air  and  sun.  Wi£hin  a  few 
years,  a  method  has  been  discovered  of  rendering  the 
red  exceedingly  brilliant^  and  approaching  to  purple. 
It  also  forms  a  first  tint  for  several  other  shades  of 
colour,  and,  besides,  has  of  late  been  successfully 
used  by  painters,  and  is  found  to  yield  a  fine  rose 
colour.  Madder  possesses  the  singular  property  of 
imparting  its  red  colour  to  the  bones  of  those  ani- 
mals which  have  used  it  for  food,  and  also  to  the 
milk  of  cows,  if  they  have  eaten  of  it  freely. 

Oompontion  of  Madder,  and  it$  emplmfment  im 
Difmg,  All  tiie  parts  of  the  plant  contain  a  yellow 
colouring  matter,  which,  by  absorption  of  oxygen, 
becomes  red ;  the  root  is,  however,  most  productive 
in  this  colouring  matter,  and  is  the  only  part  em- 
ployed in  dyeing.  It  is  distinguished  into  three 
parts — ^the  bark,  the  middle  portion,  and  the  interior 
woody  fibre.  The  bark  contain^  the  same  colouring 
matter  as  the  wood>  but  mixed  with  much  brown 
extractive  matter,  which  injures  the  hue.  The 
bark  may  be  separated  in  the  milling ;  for  it  is  more 
readily  ground,  and  may  thus  be  removed  by  the 
sieve.'  In  the  middle  part  of  the  root,  which  contains 
the  finest  colouring  matter,  and  that  in  largest  quan- 
tity, there  may  be  distinguished  by  the  microscope 
a  great  many  shining  red  particles,  dispersed  among 
the  fibres.  These  constitute  the  rich  dyeing  material. 
The  fibres  contain  a  brown  substance,  similar  to 
what  is  found  in  bark.  The  roots  occur  in  com- 
merce dried  and  in  powder.  They  are  also  sold 
fresh,  in  which  state  they  yield  finer  colours,  dye 
more,  and  give  up  their  colouring  matter  with  one- 
third  less  water.  According  to  experiments  made  in 
this  country,  four  pounds  of  fresh  roots  go  as  far  as 
five  of  the  dry  ones;  and  it  is  estimated  tiiat  eight 

Sounds  of  fresh  roots  are  reduced  to  one  in  drying ; 
ence  the  great  advantage  of  using  the  green  roots 
becomes  iq>parent. 

The  madders  of  Germany  and  Holland  are  orange- 
yellow,  passing  into  brown  red,  having  an  acid  and 
sacdiarine  taste,  and  a  strong  smell.    A  distinguished 
chemist  fouad,  in  100  parts  of  madder. 
Fatty  matter,  of  a  red-brown  colour, 

resembling  wax 1.0 

Red  resinous  matter 3.0 

Red  extractive  matter   .    •     .     .     .  20.0 

Oxidized  extractive 5.0 

Brownish  gum 8.0 

Ligneous  fibre 43.5 

Acetate  of  potash  and  lime     .     «    .    8.0 
Phosphate,  muriate,  and  sulphate  of 

potash,  about 2.0 

Silica 1.5 

Oxide  of  iron 0.5 

Wawe 7.5 


100.0 


According  to  other  analyses,  madder  contains  free 
tartaric  acid.  Kuhlmann  finds,  in  the  madder  ^ 
Alsace,  red  colouring  matter,  dun  colouring  matter* 
ligneous  fibre,  vegetable  acids,  mucilage,  vegeto-ani- 
mal  matters  (azotized),  gum  (four  per  cent.),  sugar 
(sixteen  per  cent.),  bitter  matter,  resin,  salts :  the  last 
consist  of  carbonate,  sulphate,  and  muriate  of  potash^ 
carbonate  and  phosphate  of  lime,  with  silica. 

The  researdies  of  MM.  Robiquet,  Colin,  and 
Kuhlmann,  seem  to  prove  that  the  differences  in  the 
madder  dyes  proceed  from  the  relative  proportions  fo. 
two  distinct  colouring,  principles  in  madder,  which 
they  have  called  aUzartM  and  jron^Aise.  By  digesting 
the  powder  of  madder  in  water,  and  acting  upon  the 
jelly-like  solution  thus  obtained  by  boiling  alcohol, 
an  extract  is  afforded,  which,  at  a  subliming  heat, 
yields  the  proper  red  colouring  matter  of  madder,  or 
alizarine.  Or  the  ground  madder  may  be  treated 
directly  with  boiling  alcohol,  and  dilute  sulphuric 
acid  added  to  the  alcoholic  solution,  which  will  throw 
down  the  alizarine  in  a  copious  orange  precipitate. 
Alizarine  has  a  golden-yellow  hue,  is  insoluble  in 
vrater,  but  soluble  in  alcohol  and  ether :  it  is  precipi^ 
tated  by  adds,  but  not  by  alkalies,  showing  distinctly 
an  analogy  to  resins.  The  xanthine  was  obtained  from 
a  fawn-yellow  matter,  soluble  in  alcohol  and  water* 
b^  precipitation  with  oxide  of  lead,  washing  the  f«e- 
cipitatewith  alcohol,  and  extricating  the  colour  by 
sulphuric  acid.  It  has  an  orange-green  tint,  and  a 
saccharine  taste ;  alkalies  cause  it  to  pass  into  red, 
and  acids  to  lemon-yellow.  It  is  inferred  by  th?«9 
chemists  that  in  those  fabrics  which  exhibit. pose- 
tints  the  xanthine  predominates,  while  in  the  violet 
it  b  neariy  viranting.  From  a  knowledge  of  these 
facts,  it  becomes  easy  for  a  skilful  dyer  to  promote 
the  absorption,  by  the  doth^  of  one  or  other  of  these 
colouring  principles,  or  to  remove  one  of  them,  should 
both  together  have  been  attached  to  it. 

.  Kurrer  has  published,  in  the  PoUftechmc  Journal  of 
Dingier  for  1827»  a  process,  by  a  spirituous  or  vinous 
fermentation,  and  an  immediate  subsequent  washing, 
which  gives  aperfect  result  with  all  the  madders  of 
commerce.  Tne  madder,  penetrated  with  water,  and 
covered  over  merely  one  inch,  ferments  in  from 
\hirty-six  to  forty-eight  hours,  when  the  whole  is 
transferred  into  a  tub  containing  a  considerable  quan- 
tity of  cold  water.  Here  the  madder  precipitates, 
and  must  be  wariied  with  several  cold  vraters.  The 
ordinary  madder-red  dye  is  given  in  the  following 
way : — ^The  yam  or  cloth  is  put  into  a  very  weak 
alkaline  batn,  at  the  boiling  temperature,  then 
washed,  dried,  and  galled ;  or,  when  the  calico  is  to 
be  printed,  for  this  bath  may  be  substituted  one  of 
cow-dung,  subsequent  exposure  to  the  air  for  a  day 
or  two,  and  immersion  in  very  dilute  sulphuric  add. 
In  this  way  the  stuff  becomes  opened,  and  takes  and 
retkins  the  colour  better.  After  the  galling,  the 
goods  are  dried,  and  alumed  twice;  then  dried, 
rinsed,  and  passed  through  the  madder-bath.  This 
is  composed  of  three-quarters  of  a  pound  of  good 
madder  for  every  pound  weight  of  the  goods.  The 
bath  is  slowly  raised  to  the  boiling  point  in  the 
course  of  fifty  or  sixty  minutes,  more  or  less,  accord- 
ing to  the  shade  of  colour  wished  for.  When  the 
boiling  has  continued  for  a  few  minutes,  the  stuff  is 
taken  out,  washed  slightly,  and  dried  a  second  time 
in  the  same  manner,  and  with  as  much  madder.  It 
is  then  washed  and  dried,  or  passed  through  a  hot 
soap-bath,  which  carries  off  the  fawn-coloured  par- 
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tides*  Odier  dyct  likewiie  mre  added  to  the  maddo*- 
biith,  to  obtMii  other  shedee  of  colour  ;  for  imtaooe, 
a  decoction  of  fustic,  weld,  logwood,  or  qoercitroa, 
tiie  mordwits  being  modified  accordiegly.  HoeUer- 
hoff  prescribes  for  ordinary  wuMer»red  the  foUowing 
proportions : — ^twentv  ponnds  of  cotton  yam,  four- 
teen pounds  of  Dutch  madder,  tbree  pounds  of  gall- 
nuts,  &ve  pounds  of  alna ;  to  which  are  added,  iirst, 
a  pound  and  a  half  of  acetate  of  lead,  and,  sub- 
sequently, a  quarter  of  a  pound  of  chalk.  When  brak 
is  added  to  the  madder*bath,  the  colour  becomes  much 
lighter,  and  of  a  more  agreeable  tint. 

Adritmoplt  madder-^nd  is  given  fay  many  distinct 
operations.  The  first  consiets  in  cleansing  or  scour- 
ing the  goodr  bv  alkaline  baths,  after  which  they  are 
'  steeped  in  oily  liquors,  and  brought  to  a  creamy  state 
by  a  little  carbonate  of  soda  solution.  Infusion  of 
sheep's  dung  is  often  used  as  an  intermediate  or 
secondary  steep.  The  c^ration  of  oiling,  with  much 
manual  labour,  and  then  removing  the  superfinoos  or 
loosely-adhering  oil  with  an  alkaline  bath,  is  repeated 
two  or  three  times,  taking  care  to  dry  hard,  after  each 
process.  Then  follows  the  galling,  aluming,  nuui- 
dering,  and  brightenjng,for  remoriag  the  dnn^oloored 
principle,  by  iMtling  at  an  elevated  temperature,  with 
alkalinp  liquids  and  soap. 

Maoblulnic  Clouds  ;  whitish  appearances,  like 
clouds,  seen  in  the  heavens  towards  the  aosth  pole, 
and  having  the  same  awiafeut  motion  as  the  stars. 
They  are  three  in  number,  two  of  them  near  each 
other.  The  Inrgest  lies  far  from  tiie  south  pole;  but 
iiK  other  two  are  about  1 1®  distant.  They  may  be 
multitudes  of  stars,  like  the  milky  way. 

Maok.  Men,  as  soon  as  they  began  to  observe 
the  phenomena  around  tbem,  could  not  hdp  seeing 
the  close  connexion  which  ensts  between  man  and 
external  nature.  When  the  sun  sets,  he  wants  rest, 
and  sleep  approaches  with  night;  atmospheric 
changes  affect  his  health;  certain  woimds  become 
painfol  with  the  change  of  weather,  or  at  certain 
phases  of  the  moon ;  some  men  are  painfidfty  affected 
ID  the  presence  of  particular  audmals ;  certain  liqnids 
exhilarate,  othtnrs  destroy  life.  Such  and  similar  ob- 
servations, combined  with  many  of  an  erroneous  and 
exaggerated  character,  springing  fvom  credulity  and 
ignorance,  soon  led  men  to  treat  dbis  mysterious  con- 
nection of  man  and  nature,  and  the  influence  of  things 
or  causes  without  him  upon  his  mind  and  body,  as  a 
peculiar  science,  which,  when  occupations  were  not 
yet  divided,  of  course  belonged  to  the  priests,  whose 
exclusive  possession  of  knowledge  made  them  the 
guides  of  men  in  science  and  the  arts  as  well  as  in 
religion.  This  is  considered,  by  some,  the  natural 
origin  of  supernatural  magic;  others,  on  the  .contrary, 
betieve  that  there  once  actually  existed  a  deeper 
knowledge  of  the  powers  and  influences  of  nature, 
transmitted  from  earlier  and  purer  ages,  but  lost  with 
increasing  folly  and  guilt;  and  others  believe  that 
men  once  possessed  the  means  of  prodncuig  super- 
natural effects  with  the  assistance  of  mrl  sptritn,  as 
those  particularly  gifbed  by  iProvidenoe  were  able  to 
produce  eupematusad  effects  wi&  the  assistance  of 
God. 

Media,  Persia,  and  the  netgfabouring  cmintries, 
tenons  for  their  knowledge  of  astsonomy  aad  astro- 
logy, are  described  as  the  xrhief  seats  td  At  ancient 
maaiy  vrhose  doctrine  seems  to  be,  in  part*  of  great 
anti(|uity.  This  doctrine  represented  opposition  or 
•Crifc  as  the  pannt  and  original  cauae  of  aU  Ihings 


After  the  opposition  between  ligfat  abd  dirksesi 
(Ormuzd  and  Ahriman)  was  established,  the  mM» 
series  of  finite  beings,  the  whole  sensual  world,  pro. 
oeeded  from  this  constant  struggle  of  light  sod  daric. 
ness,  good  and  eril.  Tlie  change  of  day  and  nigkt,Iigbt 
and  darkness,  the  whole  series  of  ages,  time  itsdf,  is 
only  a  consequence  of  this  struts,  in  which  eod^ 
times  light,  sometimes  dailuiess,  appears  victorion, 
until  finally  light  shall  conquer  for  ever.  If  all  finite 
things  stand  under  the  Influence  of  presermgaid 
destroying  powers  in  nature,  it  is  dear  that  he  viw 
could  master  these  powers  could  dispose,  at  his  plei- 
sure,  of  the  things  subject  to  them ;  and  the  dodriae 
of  the  Magians  was,  that  by  prayer  and  a  tise 
knowledge  of  those  laws  of  opposition,  low  uA 
hatred,  light  and  darkness,  sndi  power  could  be  ob- 
tained ;  and  that  thus,  also,  it  was  possible  to  seutk 
into  /uturity .  But  it  was  believed  that  as  the  worU 
became  sinful  the  light  of  the  ancient  doctrine  of  tk 
magi  was  obscured,  and  those  who  bore  the  niae 
became,  at  last,  only  evil-disposed  sorcerers.  Oae 
important  branch  of  their  art  was  the  exritetseiit  d 
love  by  potions  and  enchantments.  Their  km- 
potions  consisted  partly  of  ingredients  which  are  sdl 
known  to  physicians  as  stimulants,  snd  partly  of 
parts  of  animals  which  had  died  longing  for  kakjx 
air.  Magic,  at  this  period,  also  occupied  itself  witii 
fortnne-telliiig,  calling  up  the  dead,  bewitchiag  bf 
the  loohikjN'  evil  eye  (a  superstition  whkh  we  ial 
existing  in  the  processes  against  witches  in  aroden 
times),  with  the  preparation  of  amulets,  the  isilict- 
ing  of  pain  on  a  person  by  correspondent  applicatioDi 
to  his  image  in  wax,  &c.  He  who  wishes  to  bccooe 
acquainted  with  the  poetical  side  of  magic  oa^  to 
read  the  Arabian  Nights.  It  can  hardly  be  doiM 
that  the  art  of  the  ancient  magicians  was  foiiBded,to 
a  considerable  degree,  upon  a  superior  knowledge  of 
the  powers  of  nature.  The  nanae  of  the  magp^ 
laa^nut,  or  m^chanHmg  Uam  (according  to  one  dai*a- 
tion),  seems  to  indicate  that  it  was  not  anknovnto 
the  magi ;  and  sooae  of  their  phenomena  seem  refer* 
ribie  to  galvianism. 

Maonbsia  ;  one  of  the  earths,  having  a  metillic 
basis  called  mQfntnmm,  It  exists  in  nahue,  sste 
various  states  of  combination,  with  acids,  water,  nid 
other  earths,  and  is  found  in  various  mineral  springs. 
and  the  water  of  the  ocean,  uotted  with  sulphonc 
and  muriatic  acids,  it  may  be  c^itained  by  poona| 
into  a  solution  of  its  sulpbate  a  acdution  of  aobcar- 
bonate  of  soda,  washing  the  precipitate,  drying  H. 
and  exposing  it  to  a  red  heat,  it  is  usually  procasd 
in  commerce  by  acting  on  magnesian  Mmestonewitk 
At  impure  muriate  of  magnesia,  or  bittern  of  ^ 
sea-salt  manufactories.  The  muriatic  acid  goo  ^ 
the  lime,  forming  a  soluble  sidt,  and  leaves  behind 
the  magnesia  of  both  the  bittern  and  the  limestone; 
or  the  bittern  is  decomposed  by  a  cnide  subcsiteoate 
of  ammonia,  obtained  from  the  distillation  of  bones 
in  iron  cylinders.  Muriate  of  ammonia  and  nb* 
carbonate  of  magnesia  result.  The  former  is  tf^ 
rated  to  dr3rness,  mixed  with  chalk,  and  sohlimed. 
SubcaH>onate  of  ammonia  is  thus  racovered,^ 
which  a  new  quantity  of  bittern  may  bedecoBpos^ 
100  parts  of  crystallized  Epsom  salt  tequire,  VM 
complete  decomposition,  fifty-six  of  «ubcsrboasteO| 
potash,  or  forty-four  of  dryaubcarbonateof  soda,and 
yield  sixteen  of  pure  magnesia  after  tnkambft. 
Magnesia  dissolves  very  sparingly  in  water,  reqi^ 
ing  5142  times  ita  weight  of  water  at  fiO^,  sod  ^^fi*' 
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of  boiling  water,  for  solution.    Hie  reeolting  liquid 
does  not  change  the  colour  of  violets;  but  when 
pure  magnesia  is  put  upon  moistened  turmeric  paper 
It  causes  a  brown  stain.     It  possesses  the  stiU  more 
essential  character  of  <  alkalinity  in  forming  neutral 
salts  with  acid  in  an  eminent  degree.     It  absorbs 
both  water  and  carbonic  acid  when  exposed  to  the 
atmosphere.    It  is  infusible,  except  in  the  intense 
heat  of  the  compound  blow-pipe.    The  salts  of  mag- 
nesia are  in  general  very  soluble,  and  crystallizable» 
and  possessed  of  a  bitter  taste.     The  carbonaie  is 
prepared   for  medicinal  use,    by  dissolving   equal 
weights  of  sulphate  of  magnesia  and  carbo«iate  of 
potash,  separately,  in  twice  their  weight  of  water ; 
mixing  them  together,  and  diluting  with  eight  parts 
of  warm  water ;  the  magnesia  attracts  the  carbonic 
acid,  and  the  compound,  being  insoluble,  is  preci* 
pitated,  while  the  sulphate  of  potash  that  remains 
continues  in  solution.    The  mixture  is  made  to  boil 
for  a  few  minutes ;  after  cooling  a  little  it  is  poured 
upon  a  filter ;  the  clear  fluid  runs  through,  and  the 
precipitate  or  carbonate  of  magnesia  is  washed  with 
water  till  it  is  tasteless.    When  the  process  is  con- 
ducted on  a  large  scale,  the  bittern,  or  liquor  remain- 
ing after  the  crystallization  of  sea-salt,  which  is  prin- 
cipally a  solution  of  muriate  and  sulphate  of  mag- 
nesia, is  substituted  for  the  pure  sulphate,  and  this 
is  precipitated  by  a  solution  of  pearlash  or  of  car- 
bonate of  ammonia.    Carbonate  of  magnesia  is  per- 
fectly white,  friable,  and  nearly  tasteless.    It  is  very 
Bpanngly  soluble  in  water,  requiring  at  least  2000 
times  its  weight  at  60^,    When  acted  on  by  water 
impregnated  with  carbonic  acid,  it  is  dissolved ;  and 
from  this  solution,  allowed  to  evaporate  spontane- 
ously, the  carbonate  of  magnesia  is  deposited  in 
small  prismatic  crystals,  which  are  transparent  and 
efflorescent. 

Nitrate  of  magnesia  has  a  bitter  and  acrid  taste. 
Its  crystallization  exhibits  a  mass  of  needle-like  crys- 
tals, deliquescent,  soluble  in  half  their  weight  of 
water  at  60^. 

Sulphate  ofmagfueria,  generally  known  by  the  name 
of  Ep$om  9alt,  b  made  <firectly  by  neutralizing  dilute 
sulphuric  acid  with  carbonate  of  magnesia ;  but  in 
the  large  way  by  the  action  of  dilute  sulphuric  acid 
on  magnesian  limestone,  and  the  native  carbonate  of 
magnesia.  It  is  possessed  of  a  saline,  bitter,  and 
nauseous  taste.  It  crystallizes  readily  in  small 
quadrangular  prisms,  whidi  eflloresce  in  a  dry  air. 
It  is  obtained  also  in  larger  six-sided  prisms,  termi- 
nated by  six-sided  pyramids.  Its  primary  form  is  a 
right  rhombic  prism,  the  angles  of  which  are  90°  30' 
and  89^  SO'.  It  is  soluble  in  an  equal  weight  of 
water  at  (K)^,  and  in  three-fourths  of  its  weight  of 
boiling  water.  It  undergoes  the  watery  fusion  when 
heated.  On  mixing  solutions  of  sulphate  of  magnesia 
and  sulphate  of  potash  in  atomic  proportion,  and 
evaporating,  a  double  salt  is  formed,  which  consists 
of  one  eqmvalent  of  each  of  the  salts  and  six  equi- 
sraloits  of  water.  A  similar  double  salt  is  formed  by 
spontaneous  evaporation  from  the  mixed  solutioiis  of 
solphate  of  ammonia  and  sulphate  of  magnesia. 

Phosphate  of  nmgnena,  formed  from  the  combina- 
tion of  the  acid  and  the  earth,  crystallizes  in  prisms, 
vviiich  are  efflorescent,  soluble  in  about  fifteen  parts  of 
n>ld  water,  and  which,  by  heat,  melt  into  a  glass. 

A  Mpik  photphatt  tfmagnetia  and  ammonia  exists, 
irlii^  IS  formed  by  adding  phosphoric  acid  with 
nsunomay  in  excess,  to  a  magnesian  salt.    It  ie  in- 
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soluble,  and  is  precipitated  in  a  soft  white  powder  of 
shining  lustre.  It  forms  one  variety  of  urinary  cal« 
culi,  and  its  formation  affords  one  of  the  best  tests 
for  the  discovery  of  magnesia. 

Muriate  qfwMgnmia  has  such  an  affinity  to  water 
that  it  can  be  obtained  in  adcular  crystals  only  by 
exposing  its  concentrated  solution  to  sudden  cold. 
No  chloride  of  magnesium  can  be  obtained  by  heat- 
ing this  salt ;  for  the  acid  is  expdted  from  it  unde- 
composed,  by  the  application  of  heat. 

Chloride  of  magtiseia  may  be  formed  in  the  same 
manner  as  chloride  of  lime.  It  has  the  same  bleach- 
ing power,  and  it  has  been  proposed  to  apply  it  to 
the  same  purpose.  When  the  chloride  of  lime  is 
used,  a  umall  quantity  of  lime  is  left  on  the  cloth  * 
this,  in  the  last  operation  of  washing  the  cloth  with 
water  acidulated  with  sulphuric  acid,  is  converted 
into  sulphate  of  lime,  which,  being  insoluble,  remains, 
and  affects  the  colours,  when  the  cloth  is  dyed.  The 
advantage  of  employing  the  chloride  of  magnesia  is, 
that,  if  sulphate  of  magnesia  be  formed,  it  is  so 
soluble  as  to  be  easily  removed  by  washing.  Mag- 
nesia is  a  very  useful  article  of  the  materia  mediea. 
It  is  used  as  an  antacid  and  cathartic.  It  is  however 
neariy  inoperative,  unless  there  is  acid  in  the  stbmadi, 
or  unless  add  is  taken  after  it.  The  carbonate  and 
sulphate  are  the  most  frequently  used  of  the  prepara- 
tions of  magnesia ;  but  the  pure  earth,  sold  under  the 
name  of  calcined  wtagnenm,  is  sometimes  preferred ;  it 
is  liable,  however,  to  form  large  and  dangerous  accu- 
mulations in  the  bowels,  of  several  pounds  weight, 
when  its  use  has  long  been  persevered  in. 

MAoifBTisii.  This  science  may  justly  be  con- 
sidered as  yet  but  in  its  infimcy,  although  the  ftcts 
elicited  since  the  commencement  of  the  ntoetoenth 
century,  by  Barlow,  Morichini,  Faraday,  and  Davy, 
bid  lair  to  throw  considerable  li^  on  some  of  its 
more  recondits  principtea. 

The  theory  of  magnetism  bears  a  very  strong  re- 
semblance to  that  of  electricity.  We  have  seen  the 
electric  fluid  not  only  exerting  attractions  and  repol- 
sions,  and  causing  a  peculiar  <&stribotion  of  the  nm^- 
booring  portions  of  a  fluid  similar  to  itself,  but  idso 
excited  m  one  body  and  transferred  to  another  in 
such  a  manner  as  to  be  perceptible  to  tt»e  senses,  or 
at  least  to  cause  sensible  effects,  in  its  passage.  The 
attraction  and  repulsion,  and  the  peculiar  distribution 
of  the  neighbouring  fluid,  are  found  in  tiie  phenomena 
of  magnetism ;  and  we  now  perceive  an  actual  ex- 
citation or  perceptible  transfer  of  the  magnetic  fluid 
from  one  body  to  another :  it  has  also  this  striking 
peculiarity,  that  metallic  iron  is  very  nearly  the  only 
substance  capable  of  exhibiting  any  strong  indica- 
tions of  its  presence. 

The  most  simple  experimental  illustration  of  the 
effects  of  magnetic  attraction  may  be  thus  shown. 
If  the  north  pole  of  a  magnetized  bar  be  presented  tp 
a  similar  pole  of  another  bar,  it  will  be  repelled  or 
drrven  away  from  it;  but  if,  on  the  contrary,  two 
opposite  po4es  be  presented  towards  eack  other,  they 
will  be  attracted. 

From  this  it  will  be  seen  that  a  north  pole  always 
repels  a  north  pole,  and  attracts  a  south  pole.  And, 
if  a  neutral  piece  of  soft  iron  be  brought  near  to  tiie 
north  pole  of  a  magnet,  the  fluid  will  become  so  dis- 
tributed by  induction  as  to  form  a  temporary  soutii 
pole  next  to  the  magnet,  and  the  whole  piece  wiU  of 
coarse  be  attracted,  trouL  the  greater  proximity  of  the 
attracting  pole,   li  the  bar  is  sofficicMtly  soft,  and  %d4 
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too  long  the  remoter  end  becomes  a  north  pole,  and 
the  whole  bar  a  perfect  temporary  magnet.  Bat» 
when  the  bar  is  of  hard  steely  the  state  of  indaction  is 
imperfect,  from  the  resistance  opposed  to  the  motion 
of  the  flnid ;  hence  the  attraction  is  less  powerful, 
and  an  opposite  pole  is  formed  at  a  certain  distance 
within  the  bar,  and  beyond  this  another  pole,  similar 
to  the  first,  the  alternation  being  sometimes  repeated. 
Tlie  distribution  of  the  fluid  within  the  magnet  is 
also  affected  by  the  neighbourhood  of  a  piece  of  soft 
iron,  the  north  pole  becoming  more  powerful  by 
the  vicinity  of  the  new  sooth  pole,  and  the  south 
pole  being  consequently  strengthened  in  a  certain  de- 
gree; so  that  the  attractive  power  of  the  whole 
magnet  is  increased  by  the  proximity  of  the  iron.  A 
weak  magnet  is  capable  of  receiving  a  temporary  in- 
duction of  a  contrary  magnetism  from  the  action  of 
a  more  powerful  one,  its  north  pole  becoming  a  south 
pole  on  the  approach  of  a  stronger  north  pole ;  but 
the  original  south  pole  still  retains  its  situation  at 
the  opposite  end,  and  restores  the  magnet  nearly  to 
its  original  condition,  after  the  removal  of  the  dis- 
turbing cause. 

To  explain  the  phenomena  of  magnetism,  iEpinus 
suggestei  the  following  hypothesis.  He  imagined 
that  there  must  exist  a  fluid  capable  of  producing  all 
the  phenomena  of  attraction  and  repulsion,  and  with 
a  snbtilty  so  great  as  to  penetrate  the  pores  of  all 
bodies ;  and  also  of  an  elastic  nature,  its  particles 
being  repulsive  of  each  other.  At  the  same  time  he 
imagined  a  mutual  attraction  between  the  magnetic 
flnid  and  iron,  or  other  ferruginous  bodies.  Accord- 
ing to  this  hypothesis,  iron  and  all  ferruginous  sub- 
stances contain  a  quantity  of  magnetic  fluid  which  is 
eqoallv  dispersed  through  their  substance,  when 
those  bodies  are  not  magnetic ;  in  which  state  they 
show  no  attraction  or  repubion  towards  each  other, 
because  the  repulsion  between  the  particles  of  the 
magnetic  fluid  is  balanced  by  the  attraction  between 
the  matter  of  those  bodies  and  the  said  fluid,  in 
which  case  those  bodies  are  said  to  be  in  a  natural 
state ;  but,  when  in  a  ferruginous  body  the  quantity 
of  magnetic  fluid  belonging  to  it  is  driven  to  one  end, 
then  the  body  becomes  magnetic,  one  extremity  of  it 
being  now  overcharged  with  magnetism  and  the 
other  extremity  undercharged.  Bodies  thus  modi- 
fied, or  render^  magnetic,  exert  a  repulsion  between 
their  overcharged  extremities,  in  virtue  of  the  repul- 
sion between  the  particles  of  that  excess  of  magnetic 
fluid,  wkich  is  more  than  overbalanced  by  the  at- 
traction of  their  matter.  There  is  an  attraction 
exerted  between  the  overcharged  extremity  of  one 
magnetic  body  and  the  undercharged  extremity  of 
the  other,  on  account  of  the  attraction  between  that 
fluid  and  the  matter  of  the  body ;  but,  to  explain  the 
repulsion  which  takes  place  between  their  under- 
charged extremities,  we  must  either  imagine  that  the 
matter  of  ferruginous  bodies,  deprived  of  its  mag- 
netic fluid,  must  be  repulsive  of  its  ovm  particles,  or 
that  the  undercharged  extremities  appear  to  repel 
each  other,  only  because  either  of  them  attracts  the 
opposite  overcharged  extremities,  both  which  sup- 
positions are  embarrassed  with  difficulties.  A  fer- 
niginous  body,  therefore,  is  rendered  magnetic  by 
having  the  equable  <liffusion  of  the  magnetic  fluid 
throughout  its  substance  disturbed,  so  as  to  have 
an  overplus  of  it  in  one  or  more  parts,  and  a  de- 
ficiency of  it  in  the  remainder,  and  it  remains  mag- 
Mif^c  as  long  as  its   impermeability  prevents  the 


restoration  of  the  balai^  between  Uie  overdiarged 
and  undercharged  parts. 

The  distinction  between  conductors  and  non-coa- 
ductors  b,  with  respect  to  the  electric  fluid,  irregulsr 
and  intricate :  but  in  magnetism  the  softness  or 
hardness  of  a  ferruginous  body  constitutes  the  main 
distinction.  And  it  is  well  known  that  magnetic 
effects  are  produced  by  quantities  of  iron  incapable 
of  being  detected  either  by  their  weight  or  the  most 
delicate  chemical  tests.  M.  Cavallo  found  that  a 
few  particles  of  steel,  adhering  to  a  hone  on  which  the 
point  of  a  needle  had  been  slightly  rubbed,  imparted 
to  it  magnetic  properties ;  and  M.  Coulomb  has  ob- 
served that  there  are  scarcely  any  bodies  in  natnre 
which  do  not  exhibit  some  marks  of  beins  subjected 
to  the  influence  of  magnetism,  although  its  force  b 
generally  proportional  to  the  quantity  of  iron  which 
ihey  contain,  as  far  as  that  quantity  can  be  ascer- 
tained. Dr.  Young  considers  a  single  grain  suffi- 
cient  to  make  twenty  pounds  of  another  metal  sen- 
sibly magnetic. 

llie  loadstone,  or  natural  magnet,  is  a  heavy  iron 
ore,  and  is  found  in  large  masses  in  every  quarter  (^ 
the  globe. 

Three  very  large  loadstones  have  been  hron^ 
from  Moscow  to  this  country,  and  an  account  of 
them  read  before  the  Wemerian  Society,  by  Mr. 
Deuchar.  The  largest  of  these  natural  magoets 
weighs  more  than  1251bs.,  and  measures  in  length 
ten  inches  and  three  quarters,  in  breadth  eight  and 
a  half,  and  in  height  nine  inches  and  a  half.  'When 
first  examined  it  supported  163  lbs. ;  but,  by  gradual! ▼ 
increasing  the  weight!,  it  was  afterwards  brought  to 
support  165  lbs.,  exclusive  of  a  connecting  iron  and 
supports  of  40  lbs.  The  weight  of  the  second  load- 
stone had  not  been  taken  previous  to  fitting  on  the 
armature,  but  it  was  supposed  to  be  nearly  half  thtf 
of  the  large  one,  and  it  supported  above  80  lbs. 
These  natural  magnets  were  brought  to  this  country 
in  the  same  vessel,  and  it  appeared  probable  that  ^ 
corresponding  poles  had  been  placed  together,  as 
those  of  the  weakest  had  been  reversed. 

There  are  some  important  circumstances  which 
require  attention,  in  order  to  enable  us  to  ascertain 
the  best  method  of  constructing  artificial  magnets. 

The  nature  of  the  body  must  be  adapted  to  the 
power  which  is  to  render  it  magnetic;  remember- 
ing that  soft  ferruginous  bodies  both  acquire  and 
lose  magnetism  more  easily  than  those  which  are 
harder. 

Several  magnets  are  much  preferable  to  a  single 
one,  for  the  purpose  of  communicating  magnetism* 
in  the  application  of  which  it  must  be  remembered 
that  the  south  pole  of  the  magnet  produces  a  nordi 
pole  in  the  part  of  the  ferruginous  body  to  whidi  it 
is  first  applied,  while  the  north  pole  of  the 
produces  a  south  pole. 

If  it  be  required  to  construct  a  stiY>ng 
when  the  operator  has  either  no  magnet  at  all  or  a 
very  weak  one,  he  must  proceed  gradually.  It  beii^ 
impossible  for  a  hard  and  lar^  steel  bar  to  receive 
any  sensible  degree  of  magnetism  from  the  action  of 
the  earth,  or  of  any  other  weak  magnet,  the  operator 
must  begin  with  giving  magnetism  to  several  smaU 
and  sofl  steel  bars,  impregnating  one  at  a  time  by 
means  of  the  weak  magnet,  or,  if  he  have  no  magnet, 
by  means  of  one  or  more  iron  rods  properly  situated, 
which  in  that  case  are  real  though  weak  magnctk 
Then,  by  joining  in  a  proper  manner  the  small  sImI 


M  A  G  N  fc  T  I  S  M. 


7(51 


bfiTB  already  made  magnetic,  he  may  commanicate  a 
stronger  power  to  larger  and  harder  steel  bars. 

Should  the  experimentalist  possess  several  magnets, 
he  may  materially  facilitate  the  process  by  adopting 
the  arrangements  represented  9Xfigs,  1  and  2,  Piatt  \., 
MAGNBtisH.  In  the  first  figure  four  bars  may  be 
magnetized  by  two  possessing  the  magnetic  influence. 
These  are  to  be  drawn,  with  their  opposite  poles  in 
succession,  over  the  former  series,  commencing  in 
the  centre.  In  the  second  arrangement  double  sets 
of  bars  are  used,  forming  a  species  of  horse-shoe 
magnet ;  and  the  weight  and  mass  of  iron  serve  the 
double  purpose  of  steadying  the  bars  and  increasing 
the  facility  with  which  they  acquire  magnetism. 

Mr.  Michell's  method  of  making  magnets  may  be 
thus  described  :'-^Prepare  a  dozen  bars  of  steel,  of 
about  an  ounce  and  three  quarters  weight  each,  six 
inches  long,  and  half  an  inch  broad :  let  these  be 
hardened  by  immersion  into  w&ter  at  a  red  heat. 
The  size  and  shape  of  the  bars  may  be  varied  at 
pleasure,  provided  that  the  length  be  proportioned  to 
the  thickness.    The  best  sort  of  steel  is  that  which 
has  no  veins  of  iron  in  it,  and  Mr.  Michell  found  the 
common  blistered  steel  at  least  equal  to  any  other. 
In  order  to  preserve  the  bars,  they  must  be  placed  in 
a  box  furnished  with  two  pieces  of  iron,  about  an 
inch  long  each.    These  pieces  of  iron  may  be  about 
a  quarter  of  an  inch  s(|uare,  and  should  be  filed  per- 
fectly smooth  on  the  sides.    Against  these  are  to  be 
placed,  with  their  edges  towards  them,  the  twelve 
magnetical  bars,  six  on  one  side,  with  their  south  or 
north  poles  one  way,  and  six  on  the  other  side,  with 
the  same  poles  the  contrary  way.    It  is  necessary  to 
observe  that  these  bars  should  be  introduced  in  pairs, 
or  single  magnets  on  either  side ;  for  if  two  only 
be  left  with  their  poles  of  the  same  denomination 
the  same  way,  without  one  or  more  on  the  other 
side  to  connterbalance  their  effects,  they  will  injure 
each  other.     In  order  to  make  the  marked  end!s  of 
these  bars  south  poles,  and  the  other  ends  north 
poles,  place  six  of  them  in  a  line  north  and  south, 
bringing  the  unmarked  end  of  one  to  touch  the 
marked  end  of  the  next  throughout,   the  marked 
ends  lying  towards  the  north,  which  will  be  some 
advantage  to  them.    Then  take  an  armed  magnet, 
and  placing  it  with  both  poles  upon  one  of  the  bars, 
the  north  pole  towards  the  marked  end,  which  is  to 
be  a  south  pole,  and  the  sobth  pole  towards  the  un- 
marked end,  which  is  to  be  a  north  pole,  slide  it 
backwards  and  forwards  from  end  to  end  of  the  whole 
line  of  bars  three  or  four  times,  taking  care  that  they 
oil  touch.    Then,  taking  it  off*,  remove  the  two  end- 
most  bars  into  the  middle,  and  pass  over  them  again 
three  or  four  times.     Having  thus  touched  the  bars, 
it  will  not  be  improper  to  turn  them  with  the  other 
side  uppermost,  and  to  magnetize  again  on  that  side 
as  before,  omitting  the  endmost  bars,  till  they  are 
removed  into  the  middle,  when  they  must  undergo 
the  same  process. 

Professor  Steinhauser  has  ascertained  that  if  by  the 
process  of  Canton  we  unite,  in  the  form  of  a  square, 
two  steel  bars,  and  two  contacts  of  iron,  it  is  better 
to  operate  by  the  double  touch  in  a  circle  than  by  a 
motion  backwards  and  forwards.  Again,  when  we 
combine  these  bars  in  a  square,  the  force  of  that 
which  we  wish  to  magnetize  ought  to  increase  in 
proportion  as  the  other  magnet  has  become  more 
energetic.  In  magnetizing  horse-shoe  magnets,  it  b 
much  more  advantageous  to  place  two  of  these  bent 
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bars  with  their  fiiendly  poles  so  situated  as  Uiat  the 
magnetic  circle  be  completed;  and  that  we  should 
then  touch  circularly,  with  the  magnet  destined  to 
communicate  the  power.  When  the  two  horse-shoe 
bars  are  separated,  they  lose  usually  a  considerable 
part  of  their  force,  if  we  do  not  previously  decompose 
the  great  circuit  into  two  smaller  ones,  br  applying 
each  contact  to  its  curved  magnet  before  the  separa- 
tion. In  this  way,  the  two  separated  magnets  lose 
little  or  nothing  of  their  power ;  and  two  may  be 
totkched  in  the  same  time  that  one  is  on  the  usual 
plan.  By  conforming  to  these  rules.  Professor  Stein- 
hauser has  succeeded  in  making  magnets  of  extra*- 
ordinary  power,  in  the  least  possible  time. 

Among  artificial  magnets,  those  which  are  bent 
into  such  a  form  that  the  two  ends  nearly  mect» 
and  therefore  called  horse-shoe  magnets,  are  reckoned 
the  most  powerful.  To  render  such  a  shaped  piece 
magnetic,  place  a  pair  of  magnetized  bars  against  the 
ends  of  the  horse-shoe,  with  the  soudi  end  of  the  bar 
against  that  of  the  horse-shoe  which  is  intended  to 
be  north,  and  the  north  end  of  the  bar  to  tiiat  which 
is  to  be  the  south,  the  lifter,  of  soft  iron,  to  be  placed 
at  the  other  end  of  the  bars :  also  rub  the  surfaces 
of  the  horse-shoe  with  the  pair  of  bars  disposed  like 
the  legs  of  compasses  when  a  little  open,  or  with 
another  horse-shoe  magnet,  turning  the  poles  properly 
to  those  of  the  proposed  magnet,  and  being  careful 
that  these  bars  never  touch  tihe  ends  of  the  straight 
bars.  To  prevent  a  sudden  separation  of  the  bars 
from  the  horse-shoe,  which  would  considerably  di- 
minish the  force  of  the  latter,  slide  on  the  lifter,  or 
support,  to  the  end  of  the  horse-shoe  magnet,  but  in 
such  a  manner  that  it  may  not  touch  the  bars ;  they 
may  then  be  taken  away,  and  the  support  slid  to  ita 
place. 

The  followmg  mode  of  making  strong  magnets,  by 
percussion,  was  invented  by  Captain  Scoresby,  and 
published  in  the  Philosophical  Transactions  for  1823. 
He  observes — ^"The  strong  magnetizing  efl^ects  of 
percussion  on  soft  steel  induced  me  to  apply  this  pro- 
perty to  the  formation  of  magnets.  For  this  purpose, 
I  procured  two  bars  of  soft  steel,  thirty  inches  long 
and  an  inch  broad ;  also  six  other  bars  of  soft  steel, 
eight  inches  long  and  half  an  inch  broad,  and  a  large 
bar  of  soft  iron.  The  large  steel  and  iron  bars  were 
not,  however,  absolutely  necessary,  as  common 
pokers  answer  the  purpose  very  well ;  but  I  was  de- 
sirous to  accelerate  the  process  by  the  use  of  substances 
capable  of  aiding  the  developement  of  the  magnetical 

C»ertie8  in  steel.  The  large  iron  bar  was  first 
mered  in  a  vertical  position ;  it  was  then  laid  on 
the  ground,  with  its  acquired  south  pole  towards  th# 
south ;  and,  upon  this  end  of  it,  the  large  steel  bar* 
were  rested  while  they  were  hammered ;  they  were 
also  hammered  upon  each  other.  On  the  summit  of 
one  of  the  large  steel  bars,  each  of  the  small  steel 
bars,  held  also  vertically,  was  hammered  in  succes- 
sion ;  and,  in  a  few  minutes,  they  had  all  acquired 
considerable  lifting  powers.  Two  of  the  smaller  bars, 
connected  by  two  short  pieces  of  soft  iron,  in  the 
form  of  a  parallelogram,  were  now  rubbed  with  the 
other  four  bars  in  the  manner  of  Canton.  {This 
process  is,  to  take  two  of  the  four  bars,  and  place 
them  together  so  as  to  make  a  double  bar  in  thick- 
ness, the  north  pole  of  one  even  with  the  south  pole 
of  the  other,  the  remaining  two  being  put  to  thesa» 
one  on  each  side,  so  as  to  have  two  north  and  twa 
south  poles  together*    Separate  the  north  pole  from 
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the  sooth  pole  at  one  end  by  a  large  pin,  and  place 
the  bars  perpendicularly,  with  that  end  downwards, 
on  the  middle  of  one  of  the  parallel  bars,  the  two 
north  poles  towards  the  south,  and  the  two  south 
poles  towards  its  north  end;  slide  them  backward  and 
forward  three  or  four  times  the  whole  length  of  the 
bar,  and,  removing  them  from  the  middle  of  this, 
place  them  on  the  middle  of  the  other  bar,  as  before 
directed,  and  go  over  that  in  the  same  manner ;  then 
turn  both  the  bars  the  other  side  upwards,  and  repeat 
t;he  former  operation.  This  being  done,  the  two  bars 
that  have  been  thus  treated  are  to  change  places  with 
two  of  the  touching  bars,  which  are  to  be  subjected 
to  the  same  process,  and  so  with  the  two  other  touch- 
ing bars.]  These  were  then  changed  for  two  others, 
and  these  again  for  the  last  two.  After  treating  each 
pair  of  bars  in  this  way  a  number  of  times,  and 
changing  them  whenever  the  manipulations  had  been 
continued  for  about  a  minute,  the  whole  of  the  bars 
were  at  length  found  to  be  magnetized  to  saturation, 
each  pair  readily  lifting  above  eight  ounces.  In  ac- 
complishing this  object,  I  took  particular  care  that 
no  magnetic  substance  was  used  m  the  process.  All 
the  bars  were  freed  of  magnetism  before  the  experi- 
ment, so  that  none  of  them,  not  even  the  largest, 
produced  a  deviation  of  five  degrees  on  the  compass 
at  three  inches  distance.  Any  bars  which  had  been 
strongly  magnetized,  and  had  had  their  magnetism 
destroyed  or  neutralized  (either  by  hammering,  heat- 
ing, or  by  the  simultaneous  contact  of  the  two  poles 
of  another  magnet  placed  transversely),  I  always 
found  had  a  much  greater  facility  for  receiving  po- 
larity in  the  same  direction  as  before  than  the  con- 
trary. Hence  it  generally  happened  that  one  blow 
with  the  original  north  end  downwards  produced  as 
much  effect  as  two  or  three  blows  did  with  the 
original  south  end  downward."  The  correspondence 
between  magnetism  and  electricity,  in  many  of  their 
phenomena,  has,  as  we  have  already  stated,  led  phi- 
losophers to  refer  both  to  a  common  principle. 
.  The  power  of  a  magnet,  and  of  iron  or  steel  im- 
pregnated with  the  magnetic  virtue,  may  be  impaired 
by  long  lying  in  a  wrong  position,  with  regard  to  the 
earth  or  with  respect  to  each  other.  Thus,  if  two 
magnets  be  placed  so  that  their  contrary  poles  may 
be  contiguous,  they  will  .preserve  one  another's 
power ;  but  if  the  north  pole  of  one  be  placed  near 
the  north  pole  of  the  other,  and  the  south  near  the 
south,  then  they  will  entirely  destroy,  or  diminish 
each  other's  magnetism ;  and,  if  their  original  powers 
were  very  unequal,  the  polarity  of  the  weaker  magnet 
will  be  changed  by  the  action  of  the  stronger  one. 

In  g^ieral,  the  same  means  which  facilitate  the 
communication  of  magnetism,  when  pieces  of  iron, 
&c.,  are  properly  situated  with  respect  to  the  poles  of 
the  earth,  or  of  other  magnets,  will  likewise  facilitate 
the  loss  of  magnetism  when  the  magnets  are  im- 
properly situated ;  thus  a  red  heat  destroys  in  a  great 
measure,  or  entirely,  the  power  of  a  magnet.  A  steel 
bar,  strongly  magnetic,  will  have  its  power  much 
diminished  by  being  repeatedly  struck  between  two 
stones,  especially  if  it  be  struck  standing  in  a  direc- 
tion perpendicular  to  the  magnetic  meridian.  A  bar 
of  hard  iron,  which  has  acquired  some  degree  of  per- 
manent magnetism,  by  being  made  red-hot  and  tiien 
cooled  in  the  direction  of  Uie  mag^etical  line,  will 
have  that  power  destroyed,  or  much  diminished*  by 
a  few  blows  on  its  middle. 

The  directive  power  of  a  magnet  is  extended  to  a 


greater  distance  than  its  attractiTe  power;  for  m* 
stance,  if  a  magnet  be  freely  suspended^  ^~^*^*t 
magnet  properly  situated  within  a  certain  distaooa  of 
the  former  will  turn  it  out  of  its  ordinary  direction ; 
yet  the  degree  of  attraction  exerted  by  these  magnets 
against  each  other  is  not  sensible  ai  that  distazioe^ 
vmich  may  be  easily  tried  by  fixing  one  of  Uie  mag- 
nets to  the  scale  of  a  balance.  The  reason  of  this 
property  is,  that  the  directive  power  depends  both 
upon  the  attraction  of  the  poles  of  different  naoKs 
and  on  the  repulsion  of  those  of  the  same  name; 
whereas  the  attraction  takes  place  only  between  poles 
of  different  names.  In  order  to  render  this  view  ot 
the  matter  more  intelligible,  we  may  imagine  a  m«g* 
netic  needle  fireely  suspended,  and  placed  within  tike 
infinenoe  or  sphere  of  actton  of  a  magnet.  In  this 
disposition,  suppose  that  the  north  pole  of  a  magnet 
attracts  the  south  pole  of  a  magnetic  needle  with  a 
force  equal  to  ten  grains,  and,  as  the  aXbnaction  be- 
tween poles  of  different  names  is  nearly  equal  to  the 
repulsion  between  poles  of  the  same  name,  it  follows 
that  the  same  north  pole  of  the  magnet  repels  the 
north  pole  of  the  magnetic  needle  with  a  force  equ^ 
to  ten  grains :  but  these  two  forces  both  coocor  in 
altering  the  direction  of  the  needle ;  therefore,  the 
endeavour  of  the  magnet  to  turn  the  needle's  directioB 
is  equal  to  twenty  grains ;  whereas  the  attraction^  or 
the  force  by  whidi  the  needle  is  drawn  tov?ards  the 
magnet,  is  only  equal  to  the  difference  betvreen  the 
two  above-mentioned  opposite  tbrces,  which  difference 
arises  from  the  pole  oi  the  magnet  being  nearer  to 
one  than  to  the  other  of  the  poles  of  the  needle.  The 
same  reasoning  may  be  applied  to  the  action  between 
the  south  pole  of  the  magnet  and  the  andpendcd 
needle.* 

The  most  remarkable  phenomenon  of  the  magnet 
in  relation  to  the  earth,  is  the  variation  of  the  mag- 
_  netic  meridian  in  most  parts  of  the  globe,  upon  which 
depends  the  declination  of  the  needle.    Accurate  ob- 
servation of  this  phenomenon  has  ascertained  the 
following  facts  :—lliere  are  certain  points  on  the 
earth  where  no  declination  exists.    The  lines  formed 
by  their  series,  however,  do  not  coincide  with  the 
geographical  meridians ;  but,  on  the  contrary,  deviate 
from  them  very  irregularly.    According  to  the  most 
recent  observations,  there  exists  a  line  without  de- 
clination in  the  Atlantic  Ocean,  between  the  old  and 
the  new  world.     It  intersects  the  meridian  of  IVis 
at  a  southern  latitude  of  about  66^ ;  thence  it  nuMmts 
to  the  north-west,  to  about  35^  west  longitude  from 
this  meridian,  or  32^  39"  37"  from  Greenwich,  as  high 
as  the  latitude  of  the  coast  of  Paraguay ;  after  wbi^ 
becoming  again- almost  north  and  south,  it  skirts  the 
coast  ot  Brazil,  and  proceeds  to  the  latitude  of 
Cayenne.    Then,  turning  suddenly  to  the  nor^-wcst, 
it  takes  the  direction  of  Uie  United  States  of  Anaerica, 
and  thence  proceeds  to  the  northern  parts  of  that 
continent,  which  it  traverses  in  the  same  directioB. 
The  position  of  this  line  on  the  globe  is  not  immuta- 
ble ;   at  least  for  a  century  and  a  half  it  has  been 
tending  considerably  from  the  east  to  the  vrest.     It 
passed  London  in  1657,  and  Paris  in  1664.    Thus,  in 
its  present  direction,  it  has  traversed  in  the  latitude 
of  these  places  nearly  80^  of  longitude  in  150  years. 
But  there  is  no  doubt  that  this  change  is  not  unifbrm. 
It  is  even  very  unequal  in  different  parallels.    In  die 
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West  Indies,  fbr  example,  the  deduxation  of  the  needle 
has  hardly  varied  for  140  years.  In  general,  the  slow- 
ness of  this  movement  leaves  it  uncertain  whether  it 
is  constantly  progressive  or  whether  it  must  con- 
tinue in  any  particular  direction.  The  very  accurate 
observations  nabitually  made  in  several  observatories 
•f  England  and  France  have  appeared  to  indicate, 
for  some  years,  a  commencing  retrogradation  towards 
the  east;  but,  even  in  the  years  1790  and  1791,  a 
similar  retrogradation  had  been  observed,  which  did 
not,  however,  continue. 

The  very  exact  measures  of  the  inclinations  or  dip 
of  the  needle  made  at  different  periods,  by  Gilpin  and 
Cavenfish,  in  London,  have  proved  that  this  element 
is  abo^  variable,  though  much  less  so  than  the  decli- 
nation^. The  inclination  was,  at  London,  in  1775, 
79^  30^ ;  m  1805,  70^  21'.  This  result  has  been  con- 
^rmed  in  France,  by  the  observations  of  Humboldt. 
It  has  hecB  also  proved,  in  a  stiU  more  striking  man- 
ner, by  the  successive  measures  of  the  inclination 
made  by  different  navigators,  between  1751  and  1792, 
at  the  Uape  of  Good  Hope,  which  indicate,  during  this 
time,  a  progressive  increase  of  inclination  amounting 
to  5^.  There  is  another  line  without  declination, 
almost  opposite  to  the  preceding,  which  beginning  in 
tbe  great  Southern  Ocean,  and  running  constantly  in 
a  north-western  direction,  cuts  the  western  point  of 
New  Holland,  traverses  the  Indian  Ocean,  enters  the 
continent  of  Asia  at  Cape  Comorin,  and  thence,  pass- 
ing through  Persia  and  Western  Siberia,  ascends  to 
Lapland.  This  line,  however,  divides  near  the  great 
archipelago  of  Asia,  and  gives  rise  to  another  branch, 
which,  running  almost  directly  north  and  south, 
passes  this  arclupelago,  crosses  China,  and  runs  into 
the  eastern  part  of  Siberia.  The  two  branches  which 
intersect  this  line  either  experience  no  change  of 
place  or  move  with  much  slowness.  The  declination 
of  the  needle  does  not  appear  to  have  varied  sensibly 
for  140  years  at  New  Holland,  Indications  of  a 
fourth  line  without  declination  were  observed  by 
Cook  in  the  South  Sea,  towards  the  point  of  greatest 
inflexion  of  the  magnetic  equator.  On  the  other 
hand,  the  points  where  the  greatest  declination  of  thf 
needle  has  been  observed  are  in  high  latitudes  north 
and  south.  The  greatest  observed  by  Cook  in  the 
southern  hemisphere  was  at  60^  40^  of  latitude,  and 
91®  24'  37"  west  from  Greenwich.  In  the  northern 
hemisphere,  where  the  magnetic  pole  has  been  much 
more  neariy  approached,  much  greater  declinations 
have  been  observed,  amounting,  in  fact,  to  neariy 
90®  west.  If  the  magnetic  pole  had  been  crossed,  the 
north  pole  of  the  needle  would  have  been  turned  to  the 
south,  and,  directly  over  the  pole,  its  direction  would 
have  been  vertical,  and  of  course  it  would  have  had 
no  horizontal  direction.  It  appears,  therefore,  that 
the  horizontal  direction  will  be  very  weak  when  the 
dip  or  inclination  is  great ;  so  that  a  very  slight  ex- 
traneous influence,  such  as  the  iron  on  ship-board, 
may  render  the  compass  useless. 

Besides  these  variations,  others  occur  daily,  and 
others  according  to  the  seasons.  From  eight  o'clock 
A.M.,  the  declination  increases  until  about  three 
o'clock ;  then  it  decreases  until  eight  o'clock  P.  M., 
and  remains  unaltered  until  eight  A.  M.  The  amount 
of  these  daily  deviations  is  the  greatest  from  April  to 
July,  when  it  is  from  13' to  16';  in  the  other  months, 
it  is  from  8'  to  10'.  The  direction  of  the  needle  is 
said  to  be  affected  by  approaching  earthquakes,  or 
eruptions  of  volcanoes.    If  a  needle  stands  in  the 


magnetic  meridian,  and  is  displaced  by  foreign  power, 
it  returns,  when  the  power  ceases  to  act,  to  its  former 
situation  by  a  series  of  oscillations.  Ilie  time  of  an 
oscillation,  in  the  case  of  the  same  needle,  has  a  cer- 
tain relation  to  the  magnetic  power  of  the  earth,  and 
serves  as  a  measure  of  it,  in  a  similar  way  as  the  os« 
dilations  of  the  pendulum  serve  for  the  measurement 
of  the  degrees  of  gravity.  Humboldt  found  that  a 
needle  which,  in  Paris,  made  245  oscillations  in  ten 
minutes,  made,  in  Peru,  but  211  in  the  same  time, 
which  would  give  the  proportion  of  the  magnetic 
power  of  the  earth  at  Paris  to  that  in  Peru  neariy  as 
135 :  100.  On  the  other  hand,  according  to  Gay- 
Lussac,  an  elevation  of  3532  toises  (about  22,600  feet) 
over  the  level  of  the  sea  (in  a  balloon)  showed  no  in- 
fluence upon  the  magnetic  power.  The  number  of 
the  oscillations,  and  of  course  the  intensity  of  the 
magnetic  power  of  the  earth,  always  diminish  in 
approaching  the  magnetic  equator  and  increase  in 
approaching  the  magnetic  pole. 

Another  remarkable  and  evident  manifestation  of 
the  influence  of  the  magnetism  of  the  earth  upon  the 
needle  is  the  inclination  or  dip  of  the  latter ;  L  e.  a 
deviation  from  the  horizontal  plane,  in  northern  re- 
gions of  the  north  pole  of  the  magnet,  in  the  south- 
ern regions  of  the  south  pole  of  the  magnet,  and 
which,  in  the  region  of  the  magnetic  equator,  is  0,  but 
increases  towards  the  poles.  This  phenomenon,  also, 
is  subject  to  differences,  because  the  magnetic  equator 
of  the  earth  cuts  the  terrestrial  equator,  and  winds 
through  it  in  a  serpentine  line,  in  which  it  reaches 
twice  on  each  side  its  maximum  of  distance  from  the 
earth's  equator,  which  is  nowhere  more  than  40^  10'. 
The  inclination,  in  the  northern  hemisphere  of  the 
earth,  is  the  strongest  between  70^  and  80^  latitude. 
Under  74"^  4T,  where  Parry  remained  during  the 
winter,  the  inclination  amounted  to  88^  43'  45'. 
The  cause  of  all  these  phenomena  is  as  yet  un- 
explained. That  there  are  great  magnets  in  the  earth, 
which  move  periodically,  or  (according  to  Professqr 
Steinhauser)  that  an  interior  planet  (Minerva)  re- 
volves round  the  centre  of  tl^  earth  once  in  440 
years,  and  thus  produces  the  magnetic  phenomena 
on  the  surface,  or  that  (as  Sander  supposes)  these 
are  to  be  ascribed  to  a  magnetic  planet  on  the  other 
side  of  Herschel,  completing  a  revolution  only  once 
in  1720  years,  may  be  matter  of  interesting  specula- 
tion, but  can  hardly  be  looked  on  as  any  thmg  more. 

It  had  long  been  doubted  whether  any  real  analogy 
could  be  traced  between  light  and  magnetism ;  that 
problem  is  now,  however,  solved  by  Dr.  Faraday's 
experiments.  The  only  apparatus  which  serves  to 
show  on  a  large  scale  the  identity  which  exists  be- 
tween light  and  magnetism  is  now  placed  in  the 
National  Gallery  of  Practical  Science.  It  is  de- 
lineated 'mfig$,  3  and  4,  Plate  II.,  Magnetism,  and 
the  same  letters  refer  to  both  figures.  This  instru- 
ment is  of  the  horse- shoe  form,  and  is  composed  of 
twelve  sheer-steel  plates,  aa,  each  twenty-eight  inches 
in  length  from  the  poles  to  the  centre  edge.  At  the 
greatest  width  of  the  curve  the  horse-shoe  is  seven 
mches  across,  and  the  extremities  of  the  poles,  b,  c,  are 
an  inch  and  a  half  asunder.  The  keeper,  or  lifter,  d, 
which  is  made  of  the  purest  soft  iron,  is  five  inchee 
in  length,  two  inches  and  a  half  wide,  and  one  inch 
thick.  Around  the  middle  of  the  keeper,  and  occupy- 
ing with  its  lower  section  the  space  between  the 
poles,  is  a  wooden  winder,  having  about  100  yards 
of  common  threaded  bonnet- wire,  from  which  the 
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two  ends,  e,  f,  composed  of  four  lengths  of  the  wire 
twisted  together,  are  carried  out.  One  of  the  twisted 
ends  passes  beyond  each  end  of  the  keeper,  and  rests 
upon  the  respective  poles  of  the  magnet  b,  c,  A  short 
lever,  g,  placed  in  a  frame,  is  so  attached  to  the 
winder  and  keeper  as  to  admit  of  their  being  forced 
up  by  the  hand  applied  to  the  longer  end  of  the  lever. 
Every  time  this  is  effected  a  brilliant  coruscation  of 
light  is  produced  at  the  end  of  the  wire.  The  sparks 
thus  elicited  will  ignite  inHammable  bodies,  and  the 
whole  experiment  proves  to  a  demonstration  the  in- 
timate analogy  which  exists  between  light,  magnet- 
ism, and  heat. 

Under  the  article  Electro-Magnetism  our  readers 
will  find  a  series  of  experiments  intended  to  illustrate 
the  phenomena  which  result  from  combining  voltaic 
electricity  with  the  magnetic  powers.     We  now  re- 
vert to  the  subject  to  point  out  a  mode  of  preparing 
a  horse-shoe  magnet  of  prodigious  powers  from  a 
piece  of  common  soft  iron.    The  apparatus  we  are 
about  to  describe  is  the  only  one  yet  constructed  on 
so  large  a  scale,  combining  a  perfect  scientific  ar- 
rangement with  enormous  magnetic  power.     It  is 
represented  at  figs.  1  and  2,  Pktte  II.,  Magnetism, 
and  consists  of  a  bar  of  sofl  iron  bent  into  the  form 
of  a   horse-shoe,  and  weighing  about  thirty-four 
pounds :  it  is  surrounded  with  systematic  reduplica- 
tions of  copper  wire.    There  are  ten  series  of  the 
wire,  each  containing  ninety  feet.    The  commencing 
extremities  are  all  soldered  to  a  thick  wire,  b,  while 
those  terminating  are  likewise  afiixed  to  another 
wire,  c.    This  arrangement  affords  the  means  of  trans- 
mitting an  electric  current  through  the  whole  series 
of  wires  at  the  same  time  with  great  facility.    The 
voltaic  battery,  d,  employed  to  make  the  magnet,  is 
very  small,  and  composed  of  a  double  concentric 
cylinder  of  copper,  and  a  movable  cylinder  of  zinc,  e. 
By  the  aid  of  this  apparatus  the  horse-shoo  of 
sofl  iron  may  in  an  instant  be  converted  into  a  mag- 
net capable  of  supporting  a  weight  of  500lbs»  at- 
tached to  the  scale/,  beneath.    The  whole  is  sup*- 
ported  by  a  strong  triangular  stand,  g. 

The  compass  furnishes  a  most  important  applica- 
tion of  magnetism  to  practical  science.  A  common 
compass,  in  its  early  form,  is  delineated  at  fig,  4, 
Plate  I.,  Magnetism.  It  consisted  of  a  cylindrical 
box,  b,  supported  by  two  centres  or  pivots  resting  in 
the  uprights  h,  h.  In  the  middle  of  the  box  was 
placed  the  compass  card,  turning  freely  on  a  centre  : 
motion  was  communicated  to  the  card,  shown  also 
at  fig.  3,  by  the  bar  magnet,  klm.  Now  this  ar- 
rangement admitted  of  motion  but  in  one  direction ; 
but  in  the  form  delineated  at  fig.  2  a  double  motion 
is  produced,  and,  whatever  be  the  direction  of  the 
supporting  box,  the  compass  needle  must  of  neces- 
sity hang  flat. 

In  the  azimuth  compass  sights  are  added,  shown  at 
P,  6,  by  which  a  star  or  any  other  distant  body  may 
be  observed.  The  whole  apparatus  turns  on  the 
fdot  E,  to  which  are  attached  the  uprights  C>D. 
B  represents  the  ring  whidi,  by  means  of  two  screws, 
supports  the  central  box.  The  compass  card  is  shown 
at  H.  Hie  azimuth  compass  will  also  answer  for  a 
steering  compass. 

Magnetism,  Animal.  This  fanciful  science  ap- 
pears to  have  originated  with  Mesmer  and  other 
German  illumines,  who  believed  that  the  power  of  a 
common  magnet  might  be  made  to  act  on  the  human 
frame.    They  also  believed  that  this  power  once| 


imparted  to  a  professor  might  afterwards  be  con* 
municated  to  others  without  the  agency  of  flerraginoas 
bodies.    So  much  of  interest  has  lately  been  excited 
by  the  attempts  to  revive  the  long-exploded  doctrines 
of  animal  magnetism  that  it  may  be  advisable  t» 
present  our  readers  with  a  brirf  outline  of  its  history, 
and  the  phenomena  said  to  be  elicited.    The  prindpsl 
means  used  to  produce  the  effects  of  animal  magnet- 
ism  are  such  as  touchingand  stroking  wiUi  the  hands, 
breathing  on  a  person,  fixing  the  eyes  upon  him,  &c.; 
the  magnetized  person  must  always  be  of  a  weaker 
constitution,  and,  if  possible,  of  a  different  sex,  from 
the  magnetizer;  and  it  is  indispensable  that  he  shookl 
be  of  a  disposition  to  believe  without  doubting.  TIk 
phenomena  themselves  consist  partly  in  bodily  sensi- 
lions  (for  instance,  chilliness,  heaviness,  flying* paias, 
oppressions,  &c.),  partly  in  a  diminished  activity  of 
the  external  senses,  partly  in  fainting,  convulsions, 
sleep,  with  lively  dreams,  in  which  the  magnrtized 
person  is  transported  to  higher  spheres,  observes  the 
internal  organization  of  his  own  body,  prophesies, 
gives  medical  prescriptions,  receives  inspired  views  of 
heaven,  hell,  purgatory,  &c.,  reads  sealed  letters  laid 
on  his  stomach,  and,  when  awakened,  is  totally  un- 
conscious of  what  he  has  experienced.     At  the  sane 
time,  the  soul  becomes  so  elevated  and  refined  UmL 
the  magnetized  individual  has  an  instinctive  percep- 
tion of  the  presence  of  the  impure,  and  falls  into  fits 
at  the  approach  of  disbelievers  in  animal  magnetisBi, 
and  of  all  who  investigate  it  by  the  rules  of  ordimiy 
reason.     Hence  it  is  necessary  to  keep  sceptics  at  a 
distance,  when  it  is  desired  to  witness  the  h^^ieit 
phenomena. 

The  magnetized  person  shows  a  remarkable  coo- 
nection  with,  and  dependence  on,  the   magnetizery 
tasting  what  he  eats,  smelling  what  he  holds  befiaie 
his  nose,  and  no  one  else  can  bring  him  back  from 
the  magnetic  state.    In  the  sequel  we  shall  give  a 
brief  exposition  of  the  phenomena,  as  stated  by  Kloge, 
who  appears,  in  his  Attempt  at  an  Exhibiiion  tjfAnmd 
Magnetism,  to  have  given  the  fullest  account  of  them. 
A  scientific  investigation  of  the  influence  whidi  we 
are  considering  is  hardly  consistent  with  the  views 
entertained  of  it  by  its  adherents;  for  they  maintain 
that  mere  reason  cannot  approach  nor  conceive  this 
great  m^tery;  it  can  be  rightly  apprehended  only 
by  a  believer.  The  whole  of  the  effects  of  animal  mag-^ 
netism  seem  to  be  ascribable  to  a  heated  imaginatioot 
to  an  excitement,  half  spiritual,  half  sensual,  and  to  a 
morbid  sensitiveness.  The  history  of  animal  magnet- 
ism may  be  thus  briefly  detailed : — Anthony  Mesmer* 
in  1772,  attempted  cures  with  the  mineral  magnet^  and 
excited  some  sensation  in  Vienna,  but  at  length  dedar- 
ed  that  not  the  magnet,  but  a  mysterious  povrer  in  his 
oWn  person  caused  the  effects  ascribed  to  the  magneu 
and  that  this  power  was  related  not  only  to  the  mag- 
netic  power,  but  to  the  attraction  dispersed  throoghovt 
the  universe.   But,  a  firaud  which  he  attempted  (die 
pretended  restoration  of  sight  to  a  girl)  having  bieea 
discovered,  he  proceeded,  in  1778#  to  Paris.     The 
great  supporters  of  animal  magnetism  have  recentlf 
been  Kieser  in  Jena,  and  Wolfart  in  Berlin ;   the 
former  explains  the  phenomena  by  the  striking  differ- 
ence '  between  life  by  day  and  life  by  nigjit,  both  in 
the  case  of  animals  and  vegetables ;  the  latter  adopCa 
the  mystical  jargon  of  Mesmer.    In  1820,  the  Proa- 
sian  government  caused  a  prize  to  be  offmi  for  tfafr 
best  treatise  on  this  subject  but  it  was  subseqaeotly 
withdrawn. 
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We  now  proceed  to  an  outline  of  the  p}ienomena 
of  animal  magnetism,  as  described  in  Mr.  Kluee's 
work.  The  phenomena,  in  the  case  of  the  magnetizer 
and  the  magnetized,  are  as  follows : — 

1.  The  magnetizer, — He  is  generally  capable  of  pro- 
daclDg  a  positive  effect  only  so  far  as  he  possesses  a 
higher  degree  of  energy  and  vital  power  than  the  per- 
son magnetized.    The  man  generally  effects  more 
than  the  woman.     If  the  magnetizer  is  the  weaker 
person,  there  either  takes  place  no  apparent  effect,  or 
the  effects  are  inverted,  viz.  the  positive  effects  are 
apparent  in  him,  and  the  negative  in  the  person 
magnetized.    If  the  magnetizer  undertakes  the  mani- 
pulation of  a  susceptible  subject,  he  always  feels  a 
glow,  and  the  sensation  of  a  gentle  flow  from  his 
palm,  and  particularly  from  the  points  of  his  fingers. 
If  he  covers  his  hands  with  silk  gloves,  or  other  elec- 
tric bodies,  he  has  not  this  latter  feeling,  and  his 
operation  is  fruitless ;  but  linen  or  leather  gloves  do 
not  prevent  the  effect.     After  a  successful  operation, 
the  magnetizer  feels  a  general  unpleasantness,  a  weak- 
ness in  the  digestive  system,  and,  in  general,  a  loss 
of  power,  in  proportion  to  the  susceptibility  of  the 
magnetized  subject,  and  the  duration  or  frequency  of 
the  operation.     If  the  magnetizer,  during  the  opera- 
tion, is  isolated  with  the  magnetized  subject  by 
electrical  bodies,  his  loss  of  power  is  less,  but  the 
effects  which  he  produces  are  stronger. 

2.  Phenomena  in  the  person  maanetized, — The  phe- 
nomena produced  in  the  subject  by  a  positive  opera- 
tion arc  of  a  double  kind ;  either  they  have  reference 
to  the  general  state  of  the  body,  are  then  not  periodi- 
cal, but  last  during  the  whole  cure,  and  therefore 
ipay  be  considered  as  the  general  effects  of  magnetism ; 
or  they  have  reference  only  to  particular  activities  of 
the  organization.    Of  the  former  sort  are,  1.  a  general 
awakening  and  strengthening  of  the  vital  powers  in 
all  parts  of  the  body,  without  considerable  excite- 
ment, aa  well  in  the  systems  of  the  nerves  and 
muscles,  the  vascular  and  digestive  system,  as  the 
organs  of  secretion ;  2.  a  mild  excitement  over  the 
whole  surface  of  the  body,  by  which  every  irregularity 
and  local  reaction  is  neutralized  and  the  equilibrium 
restored;  3.  a. withdrawing  of  the  heightened  vital 
power  from  the  suffering  organs  to  others;  4.  a  di- 
minution or  total  suppression  of  the  excitement  pro- 
ducing the   morbid   activity  of  the  nerves.     The 
magnetizer  not  only  should  have  a  stronger  body  than 
the  person  magnetized,  but  also  a  perfectly  healthy 
one.     He  must  have  t^tained  the  maturity  of  his 
bodily  powers,  but  must  still  be  within  the  age  of 
active  life ;  the  mind,  too,  must  be  sound  and  strong, 
in  order  to  master  the  affections  and  passions,  to  have 
a  living  faith  and  a  firm  will,  and  thus  to  attain  perfect 
control  over  this  means  of  cure,  as  also  over  the 
patient. 

The  phenomena  of  animal  magnetism  have  been 
divided  into  six  degrees.    Those  of  the  first  degree 
arc  generally  the  following  .*  first,  the  feeling  of  a 
strong  current  from  the  head  to  the  extremities,  afler 
'which  a  higher  degree  of  heat  follows,  easily  ob- 
servable by  the  thermometer,  greater  redness  of  the 
skin,  with  increased  perspiration,  and  a  feeling  of  ease 
and   comfort  throughout  the  whole  body.     In  the 
second  degree,  the  warmth  increases,  and  appears  to 
the  patient  to  diffuse  itself  from  the  stomach,  as  if 
from  a  central  point,  over  the  whole  body.  .The  pulse 
becomes  generally  fuller  and  stronger,  anil  the  breath- 
ing easier  and  deeper.  ^  The  patient  feels  a  heaviness 


in  the  eyelids  and  an  irresistible  desire  to  close  them. 
If  he  does  close  them,  they  seem  to  him  cemented  by 
the  strongest  power,  and,  during  the  remainder  of 
the  magnetic  effects,  it  is  impossible  for  him  to  open 
them.  All  the  other  senses,  however,  remain  active, 
and  their  activity  is  often  heightened.  The  patient 
knows  therefore  every  thing  which  is  done  about  him, 
though  he  is  not  always  capable  of  speaking.  At  the 
close  of  the  magnetic  operation,  he  opens  his  eyes  by 
himself,  or  with  the  assistance  of  the  magnetizer,  and 
feels  generally  strengthened  and  well.  After  this, 
the  patient  observes,  sometimes,  a  shining  appear- 
ance before  his  eyes,  similar  to  repeated  lightning,  a 
pricking  in  the  points  of  the  fingers  and  toes  alter- 
nately, a  heaviness  and  coldness  in  the  extremities, 
unpleasant  feelings  about  the  region  of  the  stomac^, 
sickness,  violent  shuddering,  wish  to  cough,  &c. 

The  particular  signs  often  accompanying  the  third 
degree  are,  especially,  swoons,  convulsive  tremblings, 
real  convulsions,  cataleptic  and  even  apoplectic  fits. 
This  state  generally  begins  with  all  the  signs  of  an 
approaching  drowsiness.  Repeated  yawning,  stretch- 
ing, heaviness  of  the  eyelids,  announce  it.  A  deep 
sigh  ^nerally  follows,  after  which  the  eyes  close  en- 
tirely, and  a  state  begins  similar  to  sleep,  in  which 
the  patient  seems  to  be  deprived  of  all  sensation  and 
consciousness.  In  the  fourth  deeree,  the  patient 
awakens,  not  from  his  sleep,  but  within  himself,  and 
regains  his  consciousness ;  he  knows  himself  again, 
yet  in  a  changed  relation  to  surrounding  circum- 
stances. The  external  senses  are  either  closed  en- 
tirely, or  their  character  is  changed,  and  only  the  in- 
ternal sense  remains  the  same.  The  aomnambuluit  (as 
he  is  called  in  this  state),  entirely  awakened  within 
himself,  distinguishes  with  his  eyes  nothing  but 
light  and  darkness,  and  not  alvi^ays  even  these, 
although,  as  is  sometimes  the  case,  the  eyelids  are 
open.  The  ball  of  the  eye  is  either  drawn  up  con- 
vulsively or  stiff,  the  pupil  widened  and  without 
sensation.  Next,  the  sense  of  feeling  is  metamor- 
phosed into  that  of  seeing,  so  that  the  somnambulist 
can  distinguish  by  it,  not  only  the  outlines  of  things, 
but  also  colours,  wiUi  perfect  precision.  The  region 
of  the  stomach  becomes  the  central  point  of  all  sen- 
sation, and  it  is  chiefly  through  this  region  that  the 
sense  of  sight  is  supplied'  The  somnambulist,  there- 
fore, can  ascertain  the  time  perfectly  well  by  a  watch, 
closely  held  to  the  pit  of  the  stomach.  By  repeated 
exercise,  the  patient  obtains  this  faculty  in  a  higher 
degree,  and  what  originally  appeared  to  him  indis- 
tinct becomes  very  clear.  Persons  appear  to  him 
more  distinct  than  inanimate  subjects. 

Hearing  is  likewise  performed  in  this  state  by  the 
pit  of  the  stomach,  and  the  sense  of  smell  becomes 
sometimes  so  acute  as  to  distinguish  the  different  in- 
gredients of  compound  scents.  Objects  which  the 
person  does  not  regard  in  a  healthy  and  natural  state 
have  often  very  sensible  and  even  dangerous  effects 
on  him  when  in  a  state  of  somnambulism.  The 
vicinity  of  a  living  being,  whom  the  patient  perceives 
at  a  distance  of  from  ten  to  fifteen  paces,  is  generally 
very  disagreeable  to  him.  If  persons  whom  he  dislikes 
touch  him,  paleness  and  coldness  occur  in  the  parts 
touched,  and  convulsions  are  generally  the  conse- 
quence. Among  inanimate  subjects,  metals  have  the 
most  unpleasant  effect.  To  the  magnet  the  somnam- 
bulist is  still  more  sensitive  than  towards  other 
metals.  Of  every  thing  which  has  occurred  to  the 
patient  during  this  period,  what  he  has  perceived 
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thought,  said,  or  done,  he  has,  when  awaking,  either 
no  recollection  or  a  very  faint  one ;  but,  if  he  is 
brought  again  into  this  state,  he  recollects  every 
thing  very  well. 

In  the  fifth  degree,  the  patient  attains,  by  his 
heightened  consciousness  and  the  increased  strength 
of  his  general  feelings,  to  that  internal  self-con- 
templation by  which  he  is  able  to  investigate  even  the 
minutest  parts  of  his  bodily  structure.  By  virtue  of 
this  accurate  knowledge  of  his  internal  frame,  the 
clairvoyant,  as  he  is  called  in  this  state,  not  only  deter- 
niines  very  distinctly  the  seat  and  (juality  of  his 
disease,  but  at  the  same  time  an  instinct  developes 
itself  in  him  which  makes  him  understand  the  means 
necessary  for  his  cure.  Besides  mentioning  the  re- 
medies, the  clairvoyant  also  indicates  the  kind  of 
magnetizing  necessary,  and  thus  directs  his  own  cure. 
This  deep  insight  is  not  limited  to  the  clairvoyant 
alone,  but  extends  to  persons  brought  into  magnetic 
relations  with  him,  whose  sensations  are  always 
communicated  to  him.  Between  the  magnetizer  and 
the  clairvoyant  this  S3rmpathy  is  the  strongest  and 
most  remarkable.  Very  often  the  feeling  of  disease 
in  the  magnetizer  is  not  only  communicated  to  the 
patient,  but  the  disease  itself,  which  in  some  cases 
has  continued  after  the  patient  was  awakened* 
Affections  of  the  soul  also  pass  from  the  magnetizer 
to  the  clairvoyant.  Sometimes  this  sympathy  reaches 
such  a  height  that  it  remains  even  when  the  parties 
are  distant  from  each  other.  This  magnetic  sym- 
pathy may  be  still  more  heightaied  and  then  the 
clairvoyant  has  a  clear  insight  into  the  internal  phy- 
sical state  of  persons  in  a  magnetic  connection  with 
him,  just  as  he  has  of  his  own ;  can  determine  their 
disease,  its  course  and  future  phenomena,  and  prescribe 
the  means  of  cure  accordingly.  He  insists  that  he 
perceives  the  diseased  state  of  others  precisely  as  his 
own,  by  the  stomach.  His  language  becomes  more 
elevated  than  ordinary,  and  is  marked  by  fire,  spirit, 
precision.  His  perception  is  livelier  and  stronger,  his 
thinking  freer  and  deeper,  his  judgment  quicker  and 
more  penetrating.  He  not  only  perceives  the  pre- 
sent, and  the  influence  of  external  relations,  much  more 
distinctly  than  before,  but  penetrates  also  into  the 
moet  distant  period  of  past  time. 

There  is  an  obvious  inclination  of  patients  for  each 
other,  if  they  are  treated  by  the  same  magnetizer,  and 
particularly  if  Uiey  are  in  a  state  of  somnambulism 
at  the  same  time.  The  patient  who  has  attained 
internal  clearness  by  the  fifth  degree  penetrates,  in 
the  sixth  degree,  the  darkness  of  external  things,  and 
attains  a  higher  view  of  the  whole  of  nature.  With 
uncommon  clearness  he  often  distinguishes  the  se- 
crets of  the  past,  what  is  distant  and  unknown  in  the 
present,  and  the  events  of  coming  time.  If  the  pa- 
tient is  asked  how  he  knows  all  this,  he  generally 
answers  that  it  is  as  if  he  were  told  of  it  by  some 
other  person,  or  that  he  feels  it  through  the  pit  of 
the  stomach.  He  is  always  fully  convinced  of  the 
truth  of  what  he  thus  acquires.  In  respect  to  the 
choice  of  proper  remedies,  the  clairvoyant  is  less 
limited  than  before.  In  the  former  degree,  it  was 
necessary  to  put  him  into  connection  with  another 

Serson,  by  intermediate  bodies ;  but,  in  this  degree, 
e  can  be  in  this  relation  with  any  distant  person,  if 
he  knows  him,  or  feels  a  lively  interest  for  him,  or 
even  if  the  magnetizer,  or  any  other  person  brought 
into  connection  with  the  clairvoyant  by  actual  touch, 
jLnows  the  distant  person,  and  thinks  intently  of  him. 


The  view  of  the  cUnrvoyani  extends  even  mtotite 
future  condition  of  others.  He  attains  to  a  higher, 
fuller  life  than  he  had  before.  The  body  seems  to  be 
intimately  amalgamated  with  the  mind,  to  be  blended 
into  the  most  harmonious  union  with  it  The  indiri- 
dual  is  removed  from  every  thing  coarse  and  sensnil, 
and  placed  in  a  state  of  serene  and  elevated  self-con- 
templation. The  feeling  of  the  greatest  bodily  confixt 
and  purity  of  soul  produces  a  serene  peace  within  him, 
which  indicates  itself  by  the  noblest  feelings.  In  tkii 
state,  which,  according  to  the  cUurvoyanU,  bordenoi 
heavenly  felicity,  they  are  incapable  of  impurity,  iid 
even  the  guilty  fancy  themselves  virtuous. 

Such  are  the  wonders  of  animal  magnetism,  of 
which  our  readers  may  believe  much  or  little.  Hk 
attention  which  the  subject  has  attracted  in  Europe 
is  our  excuse  for  the  length  of  this  article.  Tk 
footing  which  it  has  gained^  and  the  effects  whid  it 
has  produced,  strikingly  exemplify  the  power  of  uoi- 
gination.  It  would  require  too  much  space  to  desaibe 
all  the  various  manipulations  and  other  operatioDi 
by  which  the  patient  is  placed  in  the  magnetic  itate. 

Maonitudb,  Apparent.  If  straight  lines  bedravs 
from  the  extremities  of  a  vbible  object  to  the  centre 
of  the  pupil  of  the  eye,  the  angle  formed  by  then  ii 
called  the  visual  angle,  or  the  apparent  maymtnit  of 
the  object.  This  angle  varies  with  the  different  dis- 
tances of  objects,  being  larger  when  they  are  netr 
and  smaller  when  they  are  remote.  Hence  our  idei 
of  the  magnitude  of  any  object  depends  not  only 
upon  its  true  dimensipns,  but  also  upon  the  ingit 
under  which  we  view  it ;  and  objects  of  very  diSensk 
dimensions  will  appear  of  equal  magnitudes  if  t^ 
visual  angles  under  which  they  are  seen  are  eqo^ 
Thus,  for  instance,  the  sun  and  moon,  though  tbdr 
diameters  are  vastly  different,  each  subtend  an  asgit 
of  about  a  degree.  Besides,  numerous  prejudices  vid 
optical  illusions,  which  we  can  never  overcome,  bo- 
dify  our  ideas  of  the  magnitude  of  objects.  One  d 
the  most  remarkable  examples  of  such  invohmtvy 
deception  is  that  which  eveiy  one  has  experienced  ii 
looking  at  the  moon :  when  it  has  just  risen,  it  ap- 
pears larger  than  when  it  has  reached  the  zenith.  Ib 
the  horizon,  we  are  apt  to  imagine  it  at  a  greater  dis- 
tance from  us  than  in  the  zenith,  because  in  the  for- 
mer case  there  are  intervening  objects  withwhidivv 
can  compare  it,  but  in  the  latter  no  such  otgcds 
occur.  If  the  moon  be  viewed  through  a  telescope 
or  an  open  tube,  so  as  to  exlude  the  intervening  ob- 
jects, it  will  appear  of  equal  magnitude  in  both  caseSi 
and  the  whole  illusion  will  immediately  vanisL 

Mahogany  ;  the  wood  of  the  Mwietema  mekofm, 
a  lofty  and  beautiful  South  American  tree.  The  wood 
is  hard,  compact,  reddish-brown,  and  suscq>tible  of 
a  brilliant  polish.  It  is  one  of  the  best  and  moct 
ornamental  woods  known,  forming  very  elegant  arti- 
cles of  furniture.  It  is  brought  principally  frc» 
Honduras  and  the  West  Indies,  from  which  places  it 
b  exported,  in  vast  quantities,  to  Great  Britain,  the 
continent  of  Europe,  and  especially  to.  the  United 
States  of  America,  where  it  is  so  abundant  and  di^ 
as  to  have  brought  into  disuse  many  of  the  native 
kinds  of  wood,  which  otherwise  would  be  hi^ 
esteemed  in  cabinet-making.  The  tree  is  of  rapid 
growth,  and  its  trunk  often  has  a  diameter  of  four 
feet.  Mahogany-cutting  constitutes  a  principal  oc- 
cupation of  uie  British  settlers  in  Honduras.  Gangs 
of  Negroes,  consisting  of  from  ten  to  fifty  eadi*  are 
employed  fn  this  work :  one  of  their  number  is  itrW 
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tke  knitmon,  and  His  doty  u  to  travEise  the  woods 
in  teardi  or  the  trtM.  When  these  have  been  dis- 
•overed,  a  stage  is  erected  against  each,  so  high  that 
the  tree  may  be  cat  down  at  about  twehe  feet  from 
the  gn)und.  AAer  the  branches  are  lopped,  the  task 
commences  of  conveying  the  togs  to  the  water's  side, 
which  is  often  a  work  of  considerable  difGcnlty.  Tliey 
now  float  down  the  carrent  singly,  till  tiiey  are 
•topped  by  cables  which  are  purposely  stretched  across 
the  river  at  some  distance  below.  Here  the  different 
gangs  select  their  own  logs,  and  form  them 
•epanUe  rafts,  preparatory  to  their  final  destination. 
Mahogany  now  begins  to  be  rare  in  St.  Domingo, 
Jamuca,  and  the  other  West  India  Islands.  It  is 
said  to  have  been  introduced  into  this  country  about 
tht  year  1734. 

Maidbn  is  the  name  of  an  instrument  of  capital 
punishment,  rormerly  used  at  Halifai,  in  Yorkshire, 
and  in  Scotland,  which  is  the  prototype  of  the  French 
pullotine.  The  maiden  ia  a  broad  piece  of  iron  a  foot 
square,  sharp  on  the  lower  part,  and  loaded  above 
with  lead.  At  the  time  of  execution  it  was  pulled  up 
to  the  top  of  a  frame  ten  feet  high,  with  a  groove  o 
each  side,  for  the  muden  to  slide  in.  The  prisoner' 
neck  being  fastened  to  a  bar  underneath,  on  a  sign 
given  the  maiden  was  let  loose,  and  the  bead  in- 
stantly severed  from  the  body. 

Mail,  Coat  or ;  also  called  halirrgeoii.  There  are 
two  sorts — chain  and  flalt  mail. — Cham-mail  is 
formed  by  a  number  of  iron  rings,  each  ring  having 
four  others  inserted  into  it,  the  whole  exhibiting  a 
kind  of  net-work,  with  circular  meshes,  every  ring 
separately  riveted.  This  kind  of  mail  answers  to 
tut  worn  on  the  ancient  breast -plates,  whence  they 
were  denominated  loriciE  AamnKihe,  from  the  rings 
being  hooked  together.  The  habergeon,  or  hauberk, 
noembted  a  shirt  in  make,  and  was  thrown  over  the 
tipper  part  of  the  body  above  the  clothing ;  a  collar 
was  ^plied  roond  the  neck ;  and  there  was  a  hood, 
or  net  helmet,  to  cover  the  head.  Sometimes  the 
crown  Gonusted  of  plates  of  iron  instead  of  rings,  and 
iron  plates  in  like  manner  were  sometimes  clasped 
aroDod  the  breast  and  back.  In  addition  to  these 
parts,  there  were  trowsera  of  similar  construction, 
and  it  is  probable  that  the  feet  were  defended  by  a 
guard  of  the  same  description.  A  knight  armed 
with  a  combination  of  chain  and  scale  mad  is  shown 
tu  tiie  engrmving  beneath. 


put*  mm!  consisted  of  small  Immw*  or  plates. 
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usually  of  tempered  iron,  laid  over  eadi  odier  like  the 
scales  of  a  fish,  and  sewed  to  a  strong  linen  or  leather 
jacket.  Tlie  plates  were  in  general  very  nnmenin^ 
small,  and  united  so  as  to  move  ftwly  without  im- 
peding the  motion  of  the  wearer,  "the  plate-mail 
was  much  more  cumbrous  than  the  chain-mail,  a 
complete  suit  of  ring-mail,  still  in  existence,  weighing 
thirty-nine  pounds,  while  one  of  plate  weighs  be- 
tween seventy  and  eighty,  and  in  many  cases  much 
more.  The  hands  were  defended  by  ganntlels,  some- 
times of  chain  mail,  but  more  frequently  of  small 
plates  of  iron  riveted  together,  so  as  to  yield  to  every 
motion  of  the  hand.  Some  gauntlets  enclosed  the 
whole  hand  as  in  a  box  or  case :  others  were  dirided 
into  fingers,  each  finger  consisting  of  eight  or  tea 
separate  pieces,  the  inside  being  gloved  with  huff- 
leather  :  some  of  these  reached  no  higher  than  the 
wrist,  others  to  the  elbow.  The  thighs  of  the  cavalry 
were  defended  by  small  strips  of  iron  plate  laid  hori- 
zontally over  each  other  and  riveted  together,  forming 
what  were  called  eatraorff  or  thigh-pieces.  Of  these, 
someentirelyenclosed  the  thighs;  others  only  covered 
the  front  of  tbem,  the  inside,  next  the  horse,  being 
unarmed.  They  were  made  fiexible  at  the  knees  by 
joints,  tike  those  in  the  taii  of  a  lobster.  Tassets  or 
shirts,  hooked  on  to  the  front  of  the  cuirass,  were  used 
by  the  infantry.  For  the  defence  of  the  lees,  there 
were  a  sort  of  iron  boots,  called  gnavet.  Plates  ot 
iron,  covering  the  front  of  the  leg,  were  also  fre- 
quently worn  over  the  stockhigs  of  mail.  The  gredve* 
commonly  covered  die  leg 
all  round ;  with  these  they 
bad  broad-toed  iron  shoes, 
with  joints  at  the  ancle. 
Boots  of  jack-leather,calle() 
eurboulg  fwrfr  boutUg),  wm 
alsowomby  horsemen.  The 
different  pieces  of  armonr 
covering  the  body  wel« 
called,  collectively,  a  coot 
of  nail !  and  a  completely 
armed  cavalier  of  the  six- 
teenth century  is  shown 
in  the  engraving.  Armonr 
gradually  continued  de- 
creasing, both  fmm  inno- 
vations and  front  its  ntUity 
being  diminished,  till,  in 
16!K),  moat  of  tite  defensive 
armour  throughout  Great 
Britain  was  returned  to  the 
Tower,  whence  it  had  been 

Maih-Mast  ;  the  chief  or  middle  mast  of  a  ship. 
It  is  divided  into  four  unequal  sections,  viz.  the  mah- 
properly  so  called,  which  rises  from  the  deck  [ 
the  naiit-top-WLatt,  immediately  rising  from  the  main- 
':;  thenatK-fa7>-faUa)if-m(i*f,  just  above  the  main- 
mast :  and  the  natn-roi/al-matt,  which  crowns 
the  whole.     The  form  of  the  main-mast,  like  that  of 
other  masts,  is  taper.    Each  division  of  the  mast  has 
particular  sail,  to  which  it  pves  name,  as  the 
s-dul,  maitt-top-taa,  be. ;  and  its  particular  yard, 
Bi^enmH-yard,wtain-top-»ml-yard,nai»-top-gal{liMt- 
taU-yard,  &c.;  besides  its  separate  head  or  top.  as 
Xhenunn-iitp.maiti-ti^-Matt-head.kc.  The  ropes,  tack- 
'ing,&c.,of  each  section  are  named  ina  similar  mannei. 
M  Ajoa,  in  mUitaiy  ogairt ;  the  lowest  of  the  staff- 
officersi  a  degree  higher  than  captain.    Thereappeaf 
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to  have  been  officers  called  majon  as  early  as  1560  in 
the  Grerman  and  Spanish  troops ;  they  were  then  the 
lAsistants  of  the  colonels.  At  present,  they  are  ge- 
nerally the  commanders  of  battalions.  The  French, 
however,  abolished  this  degree  during  the  revolution ; 
tiiey  have  now  chefs  de  bataiUon,  Their  gros  major  is  a 
half-invalid  officer,  who  commands  the  dep6t  of  the 
regiment. 

MAJoa ;.  an  epithet  applied  to  that  of  the  two 
modem  modes  in  which  the  third  is  four  semitones 
above  the  tonic  or  key-note.  Those  intervals  which 
contain  the  greatest  number  of  semitones  under  the 
same  denomination  are  also  called  major  ;  as  a  third, 
coDsisting  of  four  semitones,  instead  of  three  only,  is 
termed  a  major-third;  a  sixth,  containing  nine  semi- 
tones, instesid  of  eight,  is  called  a  major-sixth. 

Malleability  ;  a  property  of  metals,  whereby 
they  are  capable  of  being  extended  under  the  hammer. 
(See  Ductility.) 

Malleus,  in  anatomy;  a  bone  of  the  ear,  so 
called  from  its  resemblance  to  a  mallet,  and  in  which 
is  observed  the  head,  the  neck,  and  handle,  which 
joins  the  membrane  of  the  tympanum.     (See  Ear.) 

Malmsey  Winb  is  a  sweet  wine,  made  from  a 
grape  originally  brought  from  Monembasia,  a  small 
town  on  the  south-east  coast  of  the  Morea.  The 
English  call  the  place  by  its  Italian  name,  Matwuia, 
and  the  French,  Malvoiaie ;  hence  the  name  of  the  wine. 
Malmsey  (vin  de  MalvoisieJ,  Much  of  the  Malmsey 
now  used  is  made  from  a  grape  grown  on  rocky 
ground  in  Madeira,  exposed  to  the  full  influence  of 
the  sun.  It  is  left  to  hang  about  a  month  later  than 
the  grapes  used  for  the  dry  wines,  and  is  not  gathered 
until  partially  withered. 

Malt  is  the  preparation  of  barley  from  which  ale, 
beer,  and  porter,  are  brewed,  all  which  are  generally 
denominated  midt  liquors.  For  this  purpose,  the 
barley  is  steeped  in  water  for  three  or  four  da^s. 
It  is  then  taken  out  and  suffered  to  lie  until  it  begms 
to  sprout  or  germinate.  As  soon  as  this  process  has 
advanced  sufficiently,  its  further  progress  is  pre- 
vented by  drying  it  m  a  kiln,  heated  by  coal  or  coke. 
The  grain  is  now  become  mellow  and  sweet,  and, 
after  having  been  crushed  in  a  kind  of  mill  contrived 
for  the  purpose,  its  saccharine  and  mucilaginous 
portions  are  extracted  by  boiling  water.  The  liquor 
thus  produced  has  the  name  of  wort,  which,  having 
undergone  the  process  of  fermentation,  and  having 
been  flavoured  by  the  addition  of  hops,  &c.,  consti- 
tutes ale  or  beer.  What  remains  of  the  malt  after 
brewmg  is  called  the  grains,  which  are  used  for  feed- 
ing horses  and  cows.  The  tax  upon  malt  constitutes 
a  very  important  item  in  the  revenue.  The  following 
document  forms  part  of  a  parliamentary  paper  pub- 
lished last  session  (1832). 


Half  Year    r  England  . 

endincApr.S,  I  Scotland  . 

1^.         i  Ireland . . 

Half  Year     i  England  . 

ending  Apr.  5^  <  Scotland . 

liSsi.         (Ireland.. 


FVomBuIct 

St  SOi.  8d. 
per  QnTter, 


2.318.516 
858,848 
301,587 

3,030.001 
251,874 
157,670 


Fron  B«ar, 
or  Bigf ,  at 
16«.  pr  Qr 


55,614 


60,826 
17,516 


Total. 


2.318.516 
314.463 
201.587 

3.030.001 
312.200 
175.186 


Duty. 

311.968 
208.306 
3.131,001 
308,531 
176.938 


Manchinsbl  ;  a  West  Indian  tree,  celebrated  for 
the  poisonous  qualities  of  the  milky  juice  which 
abounds  in  every  part  of  it.  When  a  drop  of  this 
juice  is  applied  to  the  skin,  it  causes  the  same  sensa- 
tion as  a  burning  coal,  and  quickly  produces  a  vesicle. 
The  Indiana  use  it  for  poisoning  the  points  of  their 


arrows,  which  preserve  their  venom  for  a  loog  tiaie. 
The  workmen  employed  in  felling  these  trees  first 
build  a  fire  round  the  trunks,  in  order  to  make  ihe 
juice  evaporate,  and  cover  their  eyes  with  ganze ;  but 
notwithstanding  these  precautions,  they  are  subject 
to  be  incommoded  by  the  dust.  The  accounts,  how- 
ever,  which  represent  it  as  dangerous  to  sleep  in  tke 
shade,  or  to  come  in  contact  with  the  rain  whidi  has 
fallen  upon  this  tree,  are  highly  exaggerated.  The  ia- 
habitants  of  Martinique  formerly  burnt  entire  forerts 
of  the  manchineel,  in  order  to  free  their  dwellings 
from  its  presence.  It  is  said  that  drinking  copioBid^ 
of  sea- water  is  the  best  remedy,  when  a  portion  df 
this  fruit  has  been  swallowed.  It  grows  in  the  West 
Indies,  and  other  parts  of  tropical  America,  id  the 
immediate  vicinity  of  the  ocean. 

Mandolins  ;  an  instrument,  the  name  of  whidi  ii 
much  more  musical  than  its  tones.  The  Italiaa 
name  b  mandola.  It  has  four  strings,  belongs  to  tie 
lute  and  guitar  species,  and  is  played  with  a  quiU  ss 
well  as  with  the  finger.  There  are  also  instrumeots 
of  this  kind  with  six  or  more  string,  which,  there- 
fore, approach  nearer  to  the  nature  of  the  lute.  It  a 
chiefly  in  use  in  Italy,  and  is  pleasing  when  it  accon- 
panies  the  easy  song  of  the  country  people.  The 
strings  are  of  steel  or  brass. 

Manbgb,  or  Manage,  is  used  to  denote  the  art  d 
breaking  and  riding  horses,  or  the  place  set  apart  m 
equestrian  exercises.  Most  horses  are,  by  natnit, 
extremely  docile,  and,  when  proper  means  are  o^ 
with  them,  they  are  very  well  disposed  to  obey  tbeir 
masters.  These  ought,  therefore,  to  endeavour,  from 
the  commencement,  to  acquire  the  confidence  of  tbe 
animal  by  kind  and  gentle  treatment,  and  by  avoidiii| 
all  unnecessary  severity.  Some  horses,  indeed,  are 
naturally  vicious  or  obstinate,  and  must  be  occa^ 
sionally  punished ;  but  the  chastisement  ahoukl  be 
inflicted  with  judgment  and  discriminatioD.  ^Hiit 
has  been  sometimes  mistaken  for  vice,  and  maar 
horses,  not  naturally  vicious,  have  been  rendered  to 
by  severity  and  injudicious  treatment. 

A  horse's  education  may  commence  between  tbe 
ages  of  two  and  three  years,  and  it  will  greatly  faci- 
litate future  operations  if  he  has  been  housed  dnria| 
the  winter.  About  this  age,  a  halter  or  cavesson  (a 
noose-band)  should  be  put  upon  the  foal,  that  he  mar 
become  familiar  with  it.  The  groom,  too,  when  le 
cleans  the  animal,  should  lift  each  of  his  feet,  not 
strike  them  gently  with  a  piece  of  wood  or  a  ha»- 
mer,  after  which  he  will  readily  submit  to  be  shisd 
when  necessary.  Next,  before  feeding,  the  grooa 
should  put  a  saddle  on  the  back  of  the  foal,  and  le- 
move  it  agaui  with  great  caution.  After  a  whde. 
the  girth  may  be  bound  over  the  saddle,  and  the  foal 
left  to  stand  and  feed.  Every  thing  should  be  tang^t 
gradually  and  gently,  to  avoid  the  danger  of  render- 
ing the  animal  timid  or  vicious.  The  horse  shoold 
now  be  made  to  run  at  the  end  of  a  long  rein,  held 
in  the  hand,  a  noose-band  being  put  on  his  noae, 
and  a  man  following  him,  if  necessary,  with  a  long 
whip.  This  exercbe  should  be  perfonred  with  great 
gentleness  and  but  little  at  a  time,  that  the  horse 
may  not  be  fatigued,  stupified,  or  discouraged.  After 
he  has  acquired  a  firm,  regular,  and  determined  motioa, 
be  may  be  mounted.  Only  a  trench  or  snaffle  and 
cavesson  should  be  used  at  first.  The  bit  and  Mdle 
should  not  be  introduced  till  the  horae  has 
taught  to  carry  his  head  high,  and  is  free  inr  his 
tions.    A  fine  carriage  is  to  be  given  to  the  horae  by 
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>Tfngtng  his  head  in  such  a  position  as  to  form  a  per- 
>«ndicular  line  from  his  forehead  to  his  nose,  after 
vhich  his  head  should  be  brought  a  little  more  in- 
vards  by  pulling  the  inward  rein  gently  and  by  de- 
crees, tind  crossing  the  outward  rein  a  little  over, 
irhereby  he  acquires  the  most  beautiful  position,  and 
1  better  able  to  go  through  his  exercises. 

The  natural  paces  of  a  horse  are  a  walk,  a  trot, 
Jid  a  gallop,  to  which  some  horses,  of  themselves, 
dd  an  amble.     In  a  walk,  a  horse  lifts  two  legs  on 

side,  one  after  the  other,  beginning  with  the  hind 
^  first;  in  an  amble,  two  legs  on  a  side  at  the 
ame  time;   in  a  trot,  two  at  the  same  time  and 
eeps  two  on  the  ground  crosswise.     In  galloping 
traight  forward,  the  horse  may  lead  with  either 
>re  leg,  but,  unless  the  hind  leg  on  the  same  side 
>llows  it,  the  legs  are  said  to  be  disunited ;  in  this 
ace  all  four  legs  are  off  the  ground  at  the^same 
ime.     In  galloping  in  a  circle,  the  innermost  fore 
ig  should  lead,  or  he  is  said  to  gallop  false.    The 
anter  or  hand-gallop  is  not  considered  as  a  natural 
ace:  it  is  an  easier  gallop,  in  which  the  hand 
resses  on  the  bridle,  to  restrain  the  speed.    When 
tie  horse  has  learned  to  go  forward  freely,  he  should 
e  exercised  for  some  time  in  the  manner  above 
ointed  out,  first  at  a  walk,  and  then  at  a  trot.    The 
rot  is  to  render  him  supple  in  the  shoulders,  and  to 
lake  him  go  with  a  free,  united^  and  determined 
ction,  for  which  no  pace  is  so  well  adapted.    A 
orse  light  in  hand  should  be  put  to  the  extended 
rot.     When  he  goes  freely,  he  should  be  brought 
pgether  by  degrees,  until  he  bends  his  legs,   and 
oes  unitedly  and  equally.     If,  when  kept  together, 
e  slackens  his  pace,  he  should  be  pushed  forward, 
lough  still  kept  gently  in  hand.     If  he  be  heavy 
I  hand,  he  must  be  thrown  back  on  his  haunches, 
>  shorten  his  steps  and  collect  his  strength.    When 
e  has  been  brought  into  a  proper  position,  he 
tiould  be  made  still  more  supple  m  the  shoulders, 
y  the  lesson  of  the  ^aule  en  dedans,  which  is,  per- 
aps,  the  most  important  lesson  of  any.     For  this 
urpose,  the  bend  of  the  neck  must  be  procured  in 
le  manner  formerly  described.    When  he  has  been 
dden  in  this  position  till  he  goes  with  perfect 
eadiness  and  freedom,  the  rider  should  walk  him 
trwards  to  the  right,  and  endeavour,  almost  im- 
srceptibly,  to  place  him  so  that  the  hinder  feet  keep 
le  straight  line  of  a  wall,  while  the  fore  feet  come 
It  about  a  foot  and  a  half  inwards,  towards  the 
!ntre.    This  must  be  effected  by  crossing  the  out- 
ard  rein,  in  the  right  hand,  towards  the  left,  a 
Ltle  backwards,  which  compels  the  horse  to  bring 
te  right  shoulder  forwards,  and  to  cross  the  in- 
ard  leg  over  the  outward.    The  rider  should  also 
ress  his  right  leg  to  the  horse's  side,  which  brings 
L  his  shoulders.    The  same  crossing  should  after- 
ards  be  effected  in  the  hinder  legs,  by  bringing  in 
le  fore  legs,  &c. 

In  every  exercise,  the  nder  should  avoid  all  un- 
titled motion  and  wriggling  with  the  legs.  Every 
ling  should  be  effected  by  the  hands,  and  the  legs 
lould  be  used  only  in  case  of  necessity^  After 
le  horse  has  been  taught  to  go  freely  on  this  lesson 
» the  right,  the  rider  may  change  to  the  left.  The 
orse  should  be  ridden  in  the  same  manner  across 
le  course,  and  exercised  alternately  to  the  right  and 
ft,  until  he  crosses  his  legs  with  perfect  facility, 
le  may  then  be  taught  to  back.    Whenever  the 


rider  stops,  he  should  back  a  few  paces,  and  then 

put  the  horse  forwards  by  little  at  a  time.     In  back* 

ing,  if  he  attempts  to  rear,  push  him  out  immediately 

into  a  full  trot. 

Bits  should  not  be  used  until  the  previous  lessons 
have  been  well  practised  with  the  trench  or  snaffle. 

Horses  should  be  taught  to  leap  by  degrees,  begin- 
ning with  small  leaps.    The  rider  must  keep  his 
body  back,  raise  his  hand  a  little,  to  help  up  the 
fore  parts  of  the  horse,  and  be  very  attentive  to  his 
balance,  without  raising  himself  in  the  saddle,  or 
moving  his  arms.     Horses  should  first  leap  stand- 
ing, then  walking,  then  trotting,  then  galloping.    A 
low  bar,  covered  with  furze,  is  best  to  begin  with, 
as  it  pricks  the  legs  of  the  horse  if  he  does  not  raise 
himself  sufficiently,  and  prevents  him  from  acquiring 
the  dangerous  habit  of  touching.    In  order  to  teach 
horses  to  stand  fire,  and  to  bear  the  sound  of  drums 
and  other  noises,  they  should  be  first  accustomed  to 
them  in  the  stable  at  feeding  time.    All  other  things 
necessary  to  make  a  horse  steady  may  be  easily 
taught  by  good  judgment,  patience,  and  gentleness. 
Of  all  bad  tempers  and  qualities  in  horses,  those 
which  are  occasioned  by  ignorant  riders  and  harsh 
treatment  are  the  most  common  and  the   worst. 
For  mounting,  &c.,  see  Horsbmanship. 

Manoanssb,  in  the  condition  of  an  ore,  had  been 
used  in  certain  arts  before  its  nature  as  a  distinct 
metal  was  known.  Scheele  and  Bergman,  from  an 
examination  of  this  ore,  inferred  Uiat  it  chiefly 
consisted  of  the  oxide  of  a  peculiar  metal.  To  ob- 
tain the  metal  pure,  the  mineral  is  dissolved  in 
muriatic  acid,  the  oxide  of  iron  precipitated  by  am- 
monia, and  the  solution  evaporated  to  dryness ;  the 
residuum,  after  heating  to  expel  the  muriate  of 
ammonia,  is  pure  oxide  of  manganese,  which  is  made 
into  a  paste,  with  a  small  quantity  of  oil  and  char- 
coal, and  exposed,  in  a  crucible,  to  the  most  intense 
heat  of  a  powerful  wind-furnace ;  the  result  of  the 
process  is  the  manganese  in  the  metallic  form.  Hy- 
drogen gas,  passed  over  the  heated  oxide,  will  also 
reduce  it.  The  metal  is  of  a  white  colour,  with  a 
shade  of  gray,  having  a  moderate  lustre,  which  tar- 
nishes; however,  on  exposure  to  the  air.  Its  texture 
is  granular ;  it  is  brittle  and  hard ;  specific  gravity, 
eight ;  heated  in  oxygen  or  chlorine  it  takes  fire,  and 
forms  an  oxide  or  chloride. 

The  protoxide  of  manganese  is  best  obtained  by 
transmitting  hydrogen  gas  over  the  deutoxide,  per- 
oxide, or  carbonate  of  manganese,  ignited  by  a  spirit- 
lamp,  in  a  glass  tube.  It  is  permanent  in  the  air,  but 
when  heated  to  600^  Fahr.  it  absorbs  oxygen  very 
rapidly,  and  at  a  low  red  heat  it  passes  from  its  green 
colour,  almost  instantaneously,  into  black.  It  con- 
sists  of  manganese  76.82,  and  oxygen  23.18.  It  is 
the  basis  of  ail  the  proper  salts  of  manganese,  which 
when  pure  are  colourless. 

The  deutoxide  is  prepared  by  exposing  the  nitrate 
or  peroxide  of  manganese,  for  a  considerable  time,  to 
dull  ignition.  When  heated  with  sulphuric  acid, 
oxygen  gas  is  extricated  with  effervescence,  and  a 
protosulphate  results.  The  peroxide  exists  native 
and  crystallized  in  perfect  purity.  It  may  be  artifi- 
cially prepared,  by  heating  the  dry  proto- nitrate  till 
a  uniform  black  mass  be  formed,  which  must  be 
pulverized,  washed  while  hot  with  strong  nitric  acid, 
and  again  gently  calcined  with  constant  stirring.  It 
contains  twice  as  much  oxygen  as  the  protoxide. 
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Ther^ioMt  ittbrmid  liy eapottng tlie mtnit or 
peroxide  of  muguieie  to  &  wldte  hoA,  oat  of  the 
inflnence  of  smoky  vapoors.  It  has  a  browaisb-red 
colour  when  cold,  and  is  nearly  black  while  warm. 
It  consists  of  two  proportioiiala  of  the  protoxide  aad 
one  of  the  peroxide.  It  dissohres  m  small  quantities 
in  dilate  solphnric  acid,  without  disengagement  of 
oxygen  gas,  forming  an  amethyst-red  liquid.  On 
heating  this  solution,  or  the  rod  oxide,  oxygen  is 
cYolved,  the  colour  disappears,  and  a  proto-sulphate 
remains.  Strong  muriatic  acid  dissolves  the  red 
oxide  into  a  coloured  solution,  which  exhales  chlo- 
rine, and  gradually  passes  into  a  colourless  proto- 
muriate. 

A  compomid,  possessmg  very  smgular  properties 
as  respects  the  colours  to  which  it  gives  rise  when  in 
solution,  and  which  from  this  circumstance  has  re- 
ceived the  fanciful  name  of  the  mineral  chameleom,  is 
formed  by  f^ing  together  the  native  black  oxide  of 
manganese  and  potash,  or  its  carbonate*  which,  on 
being  dissolved  in  water,  communicates  to  it  a  green- 
ish-blue colour.  The  soiuticm,  on  standing  a  little 
time  exposed  to  the  air,  lets  fall  the  oxide  of  iron 
which  it  contains,  and  the  colour  becomes  blue ;  and, 
on  the  addition  of  warm  water,  or  an  acid,  the  solu- 
tion assumes  a  violet  colour,  from  which  it  soon 
passes  to  red,  brown,  black,  and  lastly  becomes  co- 
lourless. When  the  colour  of  the  solution  is  bluish- 
green,  the  manganese  is  believed  to  be  united  with 
tiie  alkidi,  in  iShe  condition  of  manganeseous  acid ; 
and  when  it  is  red  the  manganese  is  supposed  to  be 
in  the  state  of  manganesic  acid.  The  manganeseous 
acid  is,  according  to  this  view,  very  easy  of  decom- 
position. When  combined  with  potash,  it  forms  a 
submanganesite ;  and  whenever  the  potash  is  satn- 
rtited,  or  its  action  weakened,  the  manganeseous  acid 
is  decomposed  into  deutoxide  of  manganese  and 
manganesic  acid ;  hence  the  changes  of  the  solution. 

According  to  the  experiments  of  Frommherz,  the 
manganesic  acid  has  a  dark  carmine-red  colour,  tastes 
sweetish  at  first,  but  afterwards  bitter  and  astringent, 
and  is  destitute  of  smell.  When  heated  with  care,  it 
volatilizes.  It  is  decomposed  by  a  current  of  hydro- 
gen gas,  the  hydrogen  acids,  carburet  of  sulphur,  the 
metals,  and  all  organic  substances.  The  salts  of  man- 
ganese are  usually  prepared  from  the  black  peroxide. 
The  acids,  which  have  a  strong  affinity  to  the  pro- 
toxide, expel  the  excess  of  oxygen,  especially  if  their 
action  is  aided  by  heat ;  with  other  acids,  it  is  neces- 
sary to  add  a  little  carbonaceous  matter,  as  sugar,  to 
abstract  a  portion  of  oxygen  from  the  peroxide.  The 
principal  SJEilt  is  the  sulphate  of  manganese,  which 
may  be  thus  prepared :  the  acid  acts  very  slowly  on 
tiie  metal  itself;  if  diluted,  however,  it  acts  more 
quickly^  hydrogen  gas  being  disengaged,  of  a  fetid 
smell.  The  solutioB,  when  concentrated,  is  of  a  rose 
colour ;  when  obtained  neutral,  it  affords,  on  evapora- 
tion, granular  crystals  of  a  reddish  colour,  trans- 
parent and  soluble.  Its  taste  is  styptic  and  bitter, 
and  it  is  very  soluble  in  hot  water. 

Nitrate  of  manganese  may  be  formed  from  the  car- 
bonate. It  is  very  soluble,  and  difficult  to  crystallize. 
It  may  also  be  formed  by  making  the  acid  act  on  a 
mixture  of  peroxide  of  manganese  and  sugar  or  gum, 
the  vegetable  substance  serving  to  reduce  the  man 
ganese  to  the  minunum  of  oxidizement,  while  much 
carbonic  acid  is  evolved.  The  muriatic  acid  is  equally 
incapable  of  combining  directly  vrith  the  black  oxide, 
but.  according  to  the  usual  law,  it  de-oxidates  it ;  one 


part  of  t^  muriatic  add  b  deoomposed ;  its  hydrogen 
combines  with  the  excess  of  oxygen  of  the  black 
oxide  to  form  water ;  the  chlorine,  the  other  elemert 
of  this  portion  of  the  acid,  ib  evolved ;  and  the  rest 
of  the  muriatic  acid  unites  with  the  protoxide  of 
manganese  to  form  the  muriate.  The  solution  of 
muriate  of  manganese  is  of  a  rose  colour  when  con- 
centrated, and  affords,  by  evaporation,  small  crystals 
of  a  pale  rose  colour,  which  are  four- sided  tables ; 
they  are  deliquescent,  very  soluble  in  water,  and«  by 
a  red-heat,  are  converted  mto  a  red  chloride. 

Carhonaie  and  phosphate  of  manganese  may  be 
formed  by  double  decomposition,  being  thrown  down 
in  the  state  of  insoluble  precipitates.  The  salts  of 
manganese  suffer  decomposition  from  the  alkalies, 
whidi  precipitate  the  oxide:  they  are  not  decomposed, 
however,  by  the  inflammables,  or  the  other  metak» 
which  is  a  proof  of  the  affinity  of  manganese  to  oxy- 
gen. Oxide  of  manganese  combines  with  those  eartla 
which  are  capable  of  vitrification  and  with  their  com- 
pounds, and  communicates  to  the  glasses  which  they 
form  a  violet  tinge ;  it  imparts  the  same  colour,  also, 
to  borax  and  other  vitrifiable  salts.  When  heated 
with  these  fluxes,  by  the  blow-pipe,  the  colour  «Km 
disappears  in  the  interior  flame  from  de-oxidation, 
but  appears  again  if  a  little  nitre  is  added. 

Suiphuret  of  manganese  was  obtained  by  Berthier 
by  heating^the  sulphate  in  a  charcoal  crucible  ;  it  was 
of  a  gray  colour  and  crystalline  appearance.  Man- 
ganese, from  its  infusibdity,  does  not  combine  reanfily 
with  many  of  the  metals.  It  shows,  however,  con- 
siderable affinity  to  iron,  occurring  frequentlv  com- 
bined with  it  in  nature.  It  is  contained,  also,  ra 
those  ores  of  iron  which  are  best  adapted  to  the 
fabrication  of  steel,  and  is  supposed  to  improve  ^ 
quality  of  steel.  Gold  and  iron  are  rendered  man 
fusible  by  a  due  addition  of  manganese;  and  ^ 
latter  metal  is  rendered  more  ductile.  Copper 
becomes  less  fusible,  and  is  rendered  whiter,  but  of  a 
colour  subject  to  tarnish.  Manganese  is  applied  to 
no  use  in  its  metallic  form.  The  black  oxide  is  em- 
ployed by  the  chemist  in  preparing  oxygen  and 
chlorine  gases.  It  has  long  Deen.used  in  the  art  of 
glass-making,  to  counteract  the  green  tinge  com- 
municated by  the  iron  contained  in  the  materials — 
an  effect  which  it  produces  by  yielding  oxygen  to  the 
oxide  of  inm,  and  bringing  it  to  a  high  degree  of 
oxidation ;  in  a  larger  quantity  added  to  glass,  it  ghcs 
a  purple  colour.  It  is  also  used  to  give  a  black  co- 
lour to  earthen-ware. 

Mangbl-Wurzbl  ;  a  kind  of  beet,  which  does  not 
afford  fodder  of  as  good  quality  nor  in  such  •hniwiMtw* 
as  was  supposed  at  the  time  of  its  introductioa ;  but 
it  is  valuable  from  its  size  and  hardy  nature.  The 
leaves  may  be  eaten  as  a  substitute  for  spinach,  and 
continue  in  season  long  after  that  frfant  has  withered. 
In  some  parts  of  Germany,  the  farmers  prefer  it  for 
their  cattle  to  most  vegetables :  and,  besides,  it  can 
be  obtained  at  the  latter  part  of  the  season,  when 
green  fodder  is  much  wanted. 

Manifest  is  a  regular  list  of  a  dup'a  cargo,  con- 
taining the  mark  and  number  of  each  separate  pack- 
age, the  names  of  the  persons  by  whom  the  diffierent 
parcels  of  goods  are  shipped,  and  those  of  the 
persons  to  whom  they  are  consigned,  a  specificatkn 
of  the  quality  of  the  goods  contained  in  each  package, 
as  rum,  sugar,  tea,  coffee/  &c.,  and  also  an  accoosft 
of  the  freight  that  the  captain  is  to  receive  from  the 
consignee  of  such  goods,  on  his  arrival*  oorcespCDd- 
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ing  witb  the  bills  of  \MDg  "which  he  has  already 
signed.  The  manifest  is  nsoalij  signed  by  the  ship- 
tvoker  who  clears  the  vessel  oat  at  the  custom-house, 
md  by  the  captain,  and  serves  as  a  voucher  for 
he  latter,  whereby  to  settle  his  account  with  his 
owners,  &c. 

Manioc  ;  a  shrub  allied  to  the  castor  plant,  and  in- 
eresting  from  its  nutritions  properties.  This  plant  is 
>asily  cultivated,  grows  rapidly,  and  produces  abund- 
mtly.  It  is  much  less  subject  to  injury  from  the 
-avBges  of  animals,  or  variations  of  the  atmosphere, 
han  most  crops,  and,  besides,  accommodates  itself 

0  almost  every  kind  of  soil.  The  roots  require  at 
east  a  year  to  bring  them  to  perfection ;  neither  can 
hey  be  kept  in  the  ground  for  a  longer  period  than 
wo  years.  The  cultivated  varieties  are  very  nimierous. 
t  is  said  that  an  acre  of  manioc  will  nourish  more 
persons  than  six  acres  of  wheat.  Every  part  of  the 
>Iant  is  filled  with  the  milky  juice,  which  is  a  very 
iolent  and  dangerous  poison,  bringing  on  death  in  a 
iew  minutes  when  swallowed ;  and  it  may  well  excite 
urprise  that  human  ingenuity  should  have  converted 
he  roots  into  an  article  of  food.  For  this  purpose 
be  roots  were  fcnrmeriy  rasped  with  rough  pieces  of 
tone;  but  they  are  now  ground  in  wooden  mills, 
nd  the  paste  is  put  into  sacks,  which  are  exposed 
or  several  hours  to  the  action  of  a  very  heavy  press, 
ly  this  means  it  is  deprived  of  all  the  poisonous 
lice,  and  the  residue  is  called  autava.  Cassava  flour, 
rhen  kept  free  from  moisture,  continues  good  for 
fteen  or  twenty  years.  It  is  very  nutritious,  half  a 
ound  a  day  being  sufficient  for  any  one.  The  Creole 
romen  prefer  the  cassava  to  wheaten  bread,  but,  to  a 
European,  the  taste  is  rather  insipid.  It  b  also  the 
asis  of  several  different  beverages,  some  of  which 
re  acid,  agreeable,  and  even  nutritive.  The  substance 
ailed  tapioca,  which  is  frequently  imported  into  this 
ountry,  and  is  used  for  jelly,  puddings,  and  other 
ulinary  purposes,  is  separated  from  the  fibrous  part 
f  the  roots  by  taking  a  small  quantity  of  the  pulp, 
fler  the  juice  is  extracted,  and  working  it  by  hand 
U  a  thick  white  cream  appears  on  the  surface, 
his  being  scraped  off  and  washed  in  water  grada- 
lly  subsides  to  the  bottom.  After  the  water  is 
oured  off  the  remaining  moisture  is  dissipated  by  a 
low  fire,  and  the  substance,  being  constantly  stirred, 
radoally  forms  into  grains  about  as  large  as  those  of 
igo.  This  is  the  purest  and  most  wholesome  part 
fthe  manioc 

Manipulation  ;  work  done  with  the  hands.  The 
ord  is  used  in  pharmacy  for  the  preparation  of 
rugs;  and  in  chemistry  for  the  preparation  of  sub- 
jmces  for  experiments. 

Manna.  This  substance,  which  is  so  frequently 
nployed  in  the  materia  fnedica,  and  which  forms  a 
^nsid^^rable  article  of  commerce,  exudes  naturally  or 
om  incisions  made  in  the  trunk  and  branches  of  a 
lecies  of  ash  CornuB  rottrnd^foUa).  It  first  appears 
i  a  whitish  juice,  thickens  on  being  exposed  to  the 
r,  and,  when  dried,  forms  a  whitish  or  reddish 
ranular  substance,  which  is  the  manna  of  commerce. 
he  tree  is  a  native  of  Italy,  and  is  cultivated  ex- 
insively  in  Sicily.  June  mnd  July  are  the  two 
lonths  in  which  the  manna  is  collected.  It  is  de- 
iched  from  the  trees  with  wooden  *knives,  and  is 
ilerwards  exposed  to  the  sun  for  drying.    A  little 

1  in,  or  even  a  thick  fog,  will  often  occasion  the  loss 
r  the  collections  of  a  whole  day.   The  taste  of  manna 

sweet,  and  slightly  nauseous.    It  is  a  raiUt  purgt- 1 


tive,  And  is  principally  administered  to  children. 
The/rurtititf  vhrgaia  also  yields  manna,  but  it  cannot 
be  obtained  frcmi  any  other  species  of  ontMS. 

MANNBR,.ti»  the  fine  arts,  is  used  id  two  different 
meanings : — First,  it  signifies  the  habitual  style  of  an 
artist  or  a  school  of  artists.  Secondly,  fMsmer  (also 
fnamuritm)  is  used  as  a  term  of  reproadi,  and  desig- 
nates those  qualities  of  a  work  of  art  which  do  not 
proceed  naturally  from  the  subject  treated,  but  from 
the  individual  character  of  the  artist,  or  the  false 
taste  of  an  age.  Such  are  the  studied  yet  untrue 
performances  of  certain  actors,  the  phraseology  or 
conceptions  of  certain  poets,  the  colouring  or  com- 
position of  certab  painters,  &c. 

Mancsu  VRB,  in  tiie  miUtanf  art;  a  movement  given 
to  a  body  of  troops,  according  to  the  rules  of  tactics, 
by  which  it  is  intended  to  gain  a  decisive  advantage 
over  an  enemy,  or  to  regain  advantages  which  the 
enemy  has  already  won.  A  mauGeuvre  may  be  ex- 
ecuted by  large  or  small  masses,  according  to  a  pre* 
concerted  plan,  or  upon  the  sudden  impulse  of  geniuf . 
seizing  uponti  fovourable  moment :  in  general,  it  may 
be  said  that  manoeuvres  have  become  more  practi- 
cable in  proportion  as  armies  have  grown  larger,  and 
discipline  stricter.  In  an  ancient  battle,  iSler  tibe 
combat  was  well  commenced,  the  commander  lost,  in 
a  great  degree,  the  direction  of  his  troops :  in  modem 
battles  he  is  enabled  by  manceuvres  to  exert  a  much 
more  controlling  influence,  though  there  are  still  mo- 
ments when  he  is  obliged  to  let  the  battle  rage.  To 
execute  effective  manoeuvres  in  the  heat  of  battle 
requires  great  coolness  and  clear-sightedness  in  the 
commander,  and  thorough  training  in  the  troops.  A 
manoeuvre  generally  is  a  test  of  the  excellence  of  the 
officers  of  all  degrees. 

One  of  the  most  important  manoeuvres  is  that  of 
outflanking  an  enemy,  in  which  the  general  keeps 
back  part  of  his  line,  whilst  the  other  part  strives  to 
turn  the  wing  of  the  enemy,  or  to  attack  it  with  the 
assistance  of  a  division  particularly  appointed  to  get 
round  it,  and  thus  to  throw  the  enemy  into  confusion. 
The  invention  of  this  manoeuvre  is  ascribed  to  Epami- 
nondas ;  he  owed  to  it  his  victories  at  Leuctra  and 
Mantinea.  Philip,  Alexander,  Csesar  at  Pharsalia^ 
Baner  at  Wittstock,  Torstenson  at  Jankowitz,  Frederic 
the  Great  at  Hohettfiiedberg  and  Leuthen,  Napoleon, 
and  other  generals,  owe  their  most  brilliant  successes 
to  this  maniBuvre.  In  executing  it,  the  attacking 
army  always  receives  an  oblique  direction,  and  the 
attack  is  sometimes  made  en  icheUm,  as  at  Leuthen. 
The  breaking  through  the  enemy's  line — a  chief  ma- 
noeuvre in  naval  warfare — is,  in  land-battles,  one  of 
the  boldest  and  most  dangerous.  The  retreat  en 
ichequier  (chess-board)  is  one  of  the  most  advan- 
tageous and  most  fitted  to  preserve  calmness  and  order 
among  the  troops.  The  change  of  front  during  the 
combat  is  very  dangerous,  and  rarely  succeeds.  The 
issue  of  a  battle,  where  the  other  circumstances  are 
nearly  equal,  depends  upon  the  capacity  of  the  troops 
for  manoeuvring;  hence  manoeuvring  in  peace  with 
large  bodies  is  very  necessary,  in  which  the  chief 
movements  of  bo&  parties  must  be  laid  down 
beforehand;  but  the  detsals  ought  to  be  left  to  the 
moment,  so  that  the  judgment  of  the  officers  shall  be 
exercised. 

In  the  provinces  of  Prussia  laige  bodies  of  troops 
are  annually  assembled  for  the  purpose  of  manoeuv- 
ring. In  1823,  from  September  5  to  September  20. 
40,t)00  troops  were  coiled»d  for  this  '^bject  near  Ber- 
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Im.  GuBtavus  Adolphas  and  Charles  XII.  exercised 
their  troops  so  well  that  they  were  allowed  to  be  the 
best  in  Europe;  hot  Frederic  the  Great  conceived  the 
whole  art  of  war  from  a  new  point  of  view;  and  from 
Potsdam,  where  he  superintended  the  reviews  and 
manoeuvres  of  his  guards,  and  the  garrison  of  Berlin, 
may  be  said  to  have  proceeded  the  new  art  of  war. 
There  he  perfected  the  movements  which  were  after- 
wards introduced  into  the  army  at  large ;  and  generals 
from  all  Europe  were  sent  to  study  his  mauGeuvres. 
But,  as  so  often  happens  with  the  creations  of  genius, 
the  application  of  his  plans  by  inferior  men  was  at- 
tended with  a  pedantic  minuteness  of  detail  with 
which  the  armies  of  Europe  were  embarrassed  when 
the  wars  of  the  French  revolution  took  place,  llie 
genius  of  the  French  generals  now  reformed  the  art  of 
war  anew ;  manoeuvring  on  a  great  scale  was  invented 
by  them.  Napoleon  developed  it  still  further,  and 
the  rest  of  Europe  learned  it  from  him. 

Manometer  ;  an  instrument  to  measure  or  show 
the  alterations  in  the  rarity  or  density  of  the  air. 

Mantelets,  in  the  art  qf  war;  a  kind  of  movable 
parapets,  made  of  planks  about  three  inches  thick, 
nailed  one  over  another,  to  the  height  of  almost  six 
feet,  generally  cased  with  tin,  and  set  upon  wheels, 
so  that  in  a  siege  they  may  be  driven  before  the 
pioneers,  and  serve  as  blinds  to  shelter  them  from 
the  enemy's  small  shot. 

Manufactures.  Great  Britain  b  essentially  a 
trading  country.  Napoleon  called  us  a  "  nation  of 
shopkeepers,"  but  he  might  more  truly  have  charac- 
terised us  as  a  nation  of  manufacturers.  And  yet, 
in  the  strict  sense  of  the  word,  we  had  no  claim  to 
the  title  prior  to  the  commencement  of  the  last  cen- 
tury. Our  principal  manufactures  date  their  origin 
from  the  invention  of  the  steam-engine :  and  it  is 
most  likely  that  we  should  have  now  been  receiving 
the  manufactures  of  other  nations,  instead  of  sup- 
plying our  own,  if  this  stupendous  machine  had 
never  been  improved  by  Mr.  Watt.  One  of  the 
principal  reasons  why  so  many  more  improvements 
are  made  in  this  country  beyond  what  is  found  in 
the  manufactures  of  any  other  arises  from  the  cir- 
cumstance that  in  Great  Britain  the  masters  have 
generally  been  workmen,  whilst,  among  our  conti- 
nental rivals,  they  are  almost  invariably  the  pos- 
sessors of  the  soil  and  the  princes  of  the  land.  There 
are  few  manufactures  on  any  very  extended  scale  found 
either  in  the  metropolis  or  its  environs.  It  is  only 
in  the  provincial  districts  that  we  observe  the  great 
principle  of  a  "  division  of  labour,"  by  which  prices 
are  reduced,  fully  developed.  Under  these  various 
divisions  then  our  readers  will  best  see  the  progress 
of  the  manufactures  of  Great  Britain  illustrated,  and 
in  our  article  Commerce  will  be  found  the  results 
of  that  division  of  labour  on  a  large  scale,  as  it 
affects  the  commerce  of  the  world. 

Manures  ;  vegetable,  animal,  and  mineral  mat- 
ters, introduced  into  the  soil,  to  accelerate  vegetation 
and  increase  the  production  of  crops.  If  the  soil  to 
be  improved  be  too  stiff  from  excess  of  clay,  it  will 
require  sand ;  if  too  loose  from  excess  of  sand,  it  will 
be  benefited  by  clay ;  but,  when  sand  is  mixed  with 
argillaceous  soil,  the  latter  must  be  broken  and  pul- 
verized, which  may  be  effected  by  exposing  it  to  the 
fT09t^  and  afterwards  dr^ng  it.  Marl  is  a  natural 
CHTTpound  earth,  used  with  great  success  in  the  ame- 
lioration of  soils.  It  consists  of  a  mixture  of  clay 
and  Ume/fcmetimes  containing  a  little  silica  and 


bltunen.  Those  varieties  of  it  which  <iftttfain  nan 
clay  than  lime  are  advantageous  for  a  dry  saadr 
soil ;  while  calcareous  marl,  or  that  in  which  the  Uo^ 
predominates,  is  suited  to  an  argillaceous  soil.  IV 
great  advantage  of  marl  is,  that  it  dilates,  cracks,  azkd 
is  reduced  to  powder,  by  exposure  to  moisture  and 
air.  Marl  in  masses  would  be  totally  useless  in  the 
ground ;  and  it  is  necessary  to  begin  by  laying  it  on 
the  ground  in  heaps ;  for  Uie  more  it  is  heaped  the 
more  it  dilates,  splits,  and  crumbles  to  dust,  in 
which  state  it  is  fit  to  spread  upon  the  ground.  Mari 
is  sometimes  formed  into  a  compost  with  common 
manure,  before  it  is  laid  on  the  soil ;  in  this  state. 
however,  it  should  be  applied  sparingly  at  a  time,  snd 
renewed  frequently.  It  operates  by  subdividing  tht 
soil,  and  hastening  decomposition,  its  calcareou 
particles  disorganizing  all  animal  or  vegetable  bodies, 
by  resolving  them  into  their  simple  elements,  in  whidb 
state  they  combine  with  oxygen,  and  facilitate  this 
union.    The  best  time  for  marling  is  the  autumn. 

Quick' lime,  and  especially  that  derived  from  fossal 
or  living  shells,  is  another  excellent  means  of  amend- 
ing soils.  It  is  particularly  adapted  to  cold  marshy 
soils,  abounding  in  organic  matters,  as  it  assists 
powerfully  in  the  conversion  of  animal  and  v^etable 
substances  into  nourishment  for  plants.,  jiskea  are 
very  ben^cial  to  the  soil,  by  attractmg  moisture 
from  the  atmosphere,  in  consequence  of  the  alkih 
they  contain,  and  thus  accelerating  vegetation.  G^ 
aum  is,  however,  the  most  universal  mineral  manure; 
but  chemists  are  not  agreed  as  to  the  manmT  ia 
which  it  acts  on  vegetation.  It  is  strewed,  in  the 
state  of  fine  powder,  over  crops,  when  the  leaves  are 
in  full  vigour,  towards  the  latter  end  of  April  or  the 
beginning  of  May. 

Common  mamure  is  composed  of  the  remains  of  or* 
ganized  bodies,  of  every  description,  whether  animal 
or  vegetable,  in  a  state  of  decomposition.  The  prin* 
cipal  result  of  this  decomposition  is  carbonic  add* 
which,  becoming  dissolved  in  water,  finds  its  en- 
trance into  the  plant  by  the  pores  in  the  fibres  of 
the  roots,  and,  being  every  where  distributed  throng 
the  vegetable  tissue,  deposits  its  carbon  for  the 
growth  of  the  plant,  while  its  oxygen  esciq>e8  into  die 
atmosphere,  through  the  pores  of  the  leaves.  Ma- 
nure which  has  not  completely  undergone  the  process 
of  fermentation,  so  that  the  straw  is  not  yet  wfaoOj 
decomposed,  is  best  adapted  to  strong  compact  soils. 
the  tubular  remnants  of  straw  answer  the  purpose  of 
so  many  little  props  to  support  the  earth,  and  afford 
a  passage  for  the  air,  thus  rendering  the  soil  lighter; 
besides,  the  completion  of  the  fermentation  taking 
place  after  the  manure  is  buried  in  the  soil  has  the 
advantage  of  raising  the  temperature.  Those  bodies 
which  are  subject  to  the  most  rapid  decomposstioo 
are  most  employed  for  manure.  Of  this  descripdoa 
are  animal  manures  in  general,  which  require  no 
chemical  preparations  to  fit  them  for  the  soiL  Iht 
great  object  of  the  farmer  is  to  blend  them  with  the 
earthy  constituents,  in  a  proper  state  of  division,  and 
to  prevent  their  too  rapid  fermentation. 

In  maritime  districts,  jltA,  when  sufiicientiy  abund- 
ant, are  sometimes  used  to  manure  the  land.  They 
afford  a  powerful  manure,  and  cannot  be  ploughed  in 
too  fresh,  though  the  quantity  should  be  limited. 
Mr.  Young  records  an  experiment,  in  which  herrings* 
spread  over  a  field,  and  ploughed  in  for  wheat,  pro- 
duced so  rank  a  crop  that  it  was  entirely  laid  b^ore 
harvest    Amongst  excrementitioos  solid 
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one  of  tiic  most  powerful  is  the  dkng  iff  hirda  that 
feed  on  animal  food,  particularly  the  (hing  of  sea- 
birds.  The  gnano,  which  is  used  to  a  great  extent  in 
South  America,  and  which  is  the  manure  that  fer- 
tilizes the  sterile  plains  of  Peru,  is  a  production  of  this 
kind.  It  contains  a  fourth  of  its  Weight  of  uric  acid, 
partly  saturated  with  ammonia,  tod  partly  with  pot- 
ash ;  some  phosphoric  acid,  combined  with  the  bases, 
and  likewise  with  Hme ;  small  Quantities  of  sulphate 
and  muriate  of  potash;  a  little  fatt};  matters  and 
some  quartzose  sand. 

Night-soil,  it  is  well  known,  is  a  very  powerful 
manure,  and  very  liable  to  decompose.    Its  disagree- 
able smell  may  be  destroyed  by  mixing  with  quicko 
lime,  after  which,  if  exposed  to  the  atmosphere  in 
layers,  in  fine  weather,  it  speedily  dries,  ts  easily  pul- 
verized, and,  in  this  state,  may  be  used  in  the  same 
manner  as  rape-cake,  and  delivered  into  the  furrow 
with  the  seed.     The  Chinese,  who  have  more  practi- 
cal knowledge  of  the  use  and  application  of  manure 
than  any  other  people  existing,  mix  their  night-soil 
with  one-third  of  its  weight  of  fat  marl,  make  it  into 
cakes,  and  dry  it  by  exposure  to  the  sun.     In  this 
state  it  is  free  from  any  disagreeable  smell,  and  fbrms 
a  common  article  of  commerce  of  the  empire.    After 
night-soil,  pigeons'  dung  comes  next  in  order  as  to 
fertilizing  power.     If  the  pure  dung  of  cattk  is  to  be 
used  as  manure,  like  the  other  species  of  dung  which 
have  been  mentioned,  there  seems  no  reason  why  it 
should  be  made  to  ferment,  except  in  the  soil ;  or,  if 
suffered  to  ferment,  it  should  be  only  in  a  very  slight 
degree.      A  slight  incipient    fermentation   is    un- 
doubtedly of  use  in  the  dunghills;  for  by  that  means 
a  disposition  is  brought  on  in  the  woody  fibre  to 
decay  and  dissolve,  when  it  is  carried  to  the  land, 
or  ploughed  into  the  soil ;  and  woody  fibre  is  always 
in  great  excess  in  the  refuse  of  a  farm.    Too  great  a 
iegree  of  fermentation  is,  however,  very  prejudicial : 
ind  it  is  better  that  there  should  be  no  fermentation 
It  all  before  the  manure  is  used  than  that  it  should 
3e  carried  too  far.     In  cases  where  farm-yard  dung 
:annot  be  immediately  applied  to  crops,  the  de- 
structive fermentation  of  it  should  be  prevented  very 
:arefully,  by  defending  the  surface  of  it,  as  much  as 
x)ssible,  from  the  oxygen  of  the  atmosphere :  a  com- 
>act  marl,  or  a  tenacious  clay,  offers  the  best  pro- 
ection  against  the  air ;  but  before  the  dung  is  covered 
)ver,  or  as  it  were  sealed  up,  it  should  be  dried  as 
nuch  as  possible.     If  the  dung  be  found  to  heat  at 
iny  time,  it  should  be  turned  over,  and  cooled  by 
xposure  to  air.    When  a  thermometer,  plunged  into 
t,  does  not  rise  above  100°  Fahr.,  there  is  littVe  dan- 
;er  of  much  aeriform  matter  flying  off ;  if  the  tem- 
perature be  above  that  point,  the  dung  will  require  to 
»e  immediately  spread  open.    Also,  when  a  piece  of 
taper,  moistened  in  muriatic  acid,  held  over  the 
teams  arising  from  a  dung-hill,  gives  dense  white 
umes,  it  is  a  certain  test  that  the  decomposition  is 
oing  too  far ;  for  this  indicates  that  volatile  alkali  is 
lisengaged.    The  situation  in  which  dung  is  kept  by 
Eumers  is  oflen  injudicious,  it  frequently  being  ex- 
osed  to  the  direct  influence  of  the  sun ;  whereas  it 
hould  always  be  kept  under  sheds,  or  at  least  on 
he  north  side  of  a  wall.    Less  perishable  substances, 
f  animal  origin,  are  sometimes  used  as  manure,  such 
s  horns,  hair,  feathers,  and  hones;  but,  owing  to  their 
ry  nature,  they  require  a  longer  period  for  their 
ecomposition.    They  are  not  calculated  for  annual 
iirvests,  but  to  fructify  the  soil  for  a  produce  of 


much  longer  duration^  such  as  that  of  olive-trees 
and  of  vineyards. 

Vegetable  manure  does  not  undergo  fermentation 
previous  to  being  buried  in  the  soil.  Of  this  kind  of 
manure,  green  crops,  such  as  clover,  lupins,  and  buck- 
wheat, which  are  ploughed  into  the  soil,  are  the  best, 
since  they  contain  a  considerable  quantity  of  water* 
and,  when  buried,  serve  to  lighten  the  soil  previous 
to  decomposition.  It  is  especially  adapted  to  hot  cli^ 
mates.  Rape-cake,  which  is  used  with  great  success 
as  a  manure,  contains  a  large  quantity  of  mucilage, 
some  albuminous  matter,  and  a  small  quantity  of  oil. 
It  should  be  used  recent,  and  kept  as  dry  as  possible 
before  it  is  applied.  It  forms  an  excellent  dressing 
for  turnip  crops,  and  is  most  economically  applied  by 
being  thrown  into  the  soil  at  the  same  time  as  the  seed. 
Sea-weeds,  consisting  of  different  species  otfuci,  alga, 
uidfi-eva,  are  much  used  as  a  manure.  This  ma- 
nure is  more  transient  in  its  effects,  and  does  not  last 
for  more  than  a  single  crop,  which  is  easily  accounted 
for  from  the  large  quantities  of  water,  or  the  ele- 
ments  of  water,  which  it  contains.  It  decays  without 
producing  heat  when  exposed  to  the  atmosphere,  and 
seems,  as  it  were,  to  melt  down  and  dissolve  away. 
Soot,  which  is  principally  formed  from  the  c(»nbus<» 
tion  of  wood  and  pit-coal,  contains,  likewise,  sub* 
stances  derived  from  animal  matters,  and  is  a  very 
powerful  manure.  It  requires  no  preparation,  but  ia 
thrown  into  the  ground  with  the  seed. 

The  foregoing  species  of  manure  have,  for  the  sake  of 
confenience,  been  described  separately,  though  they 
are  very  rarely  employed  unmixed  by  the  farmer ;  on 
the  contrary,  the  most  common  manure  consists  of  a 
mixture  of  animal,  vegetable,  and  mineral  substances, 
such  as  farm-yard  litter,  night-soil,  mud  from  the 
streets,  dust  from  the  roads,  or  earth  Irom  the  bottom 
of  ponds  and  rivers,  abounding  with  organic  remains 
of  fish,  shells,  and  rotten  plants.  Before  being  laid 
upon  land,  it  usually  requires  to  be  well  turned  nir 
and  exposed  to  the  air  for  some  time ;  but,  as  soon  as 
it  is  spread,  it  should  be  ploughed  in,  to  prevent  loss 
by  evaporation.  As  to  the  depth  below  die  surface 
of  the  ground  to  which  it  should  be  deposited,  it 
may  be  remarked  that  this  should  never  be  below 
the  reach  of  the  roots  of  the  plants  it  is  intended 
to  nourish ;  for,  in  proportion  as  it  is  dissolved  and 
liquefied,  it  will  naturally  descend.  And  it  is  better 
to  manure  lands  in  the  spring  than  in  autumn,  lest 
the  winter  rains  should  dissolve  it  too  much,  and 
endanger  its  sinking  below  the  roots  of  the  crop. 
With  regaird  to  the  quantity  of  manure,  it  is  a  com- 
modity so  scarce  that  it  is  not  likely  to  be  employed 
in  excess.  This  occurs,  however,  sometimes  in  garden 
culture,  and  it  produces  a  strong  and  disagreeable 
flavour  in  the  vegetables.  But  the  stock  of  manure 
is  generdly  so  limited  that  it  has  hitherto  been  the 
study  of  agriculturists  rather  to  discover  some  means 
of  compensation  for  a  deficiency  than  to  avoid  danger 
from  excess. 

We  cannot  close  this  account  of  the  best  modes  of 
applying  manure  without  briefly  adverting  to  the 
economical  arrangements  which  have  lately  been  made 
for  effecting  this  object  in  Holland.  It  forms  the 
principal  feature  in  a  system  of  rural  economy,  by 
means  of  which  establishments  called  "pauper  colo- 
nies" are  enabled  to  support  themselves,  and  yet 
return  an  annual  interest  to  those  who  have  csla* 
blished  them.  '  Mr  Jacob  furnishes  the.  followiag 
facts:  — 
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''IWlieii  the  h(ra99  «id  bam  are  built,  the  soil 
fonaed,  bv  mixing  sand  and  day  to  a  consiatence 
which  makfia  it  8i]&ciently  retsntive  of  moisture,  the 
land  manured^  dug,  and  one  crop  sowed  or  planted  on 
it»  (hen  a  family  consisting  of  from  six  to  eight  per- 
sons is  fixed  on  it,  at  an  expense  of  about  141/.  To 
enable  this  housdiold  to  subsist  or  pay  the  rent,  and 
to  save  something,  it  is  necessary  that  very  intense 
manuring  be  persevered  in.  The  directors  therefore 
require,  and  by  their  enforcement  of  the  prescribed 
regulations,  indeed,  compel  each  family  to  provide 
si&cient  manure  to  dress  the  whole  of  the  land  every 
year.  For  this  purpose  each  household  must  provide 
Itself  with  three  hundred  fodder  of  manure,  yearly ;  or, 
in  English  terms,  one  hundred  and  fifty  tons,  or  at  the 
rate  of  more  than  twenty  tons  to  each  acre.  When 
it  is  considered  that  few  of  our  best  English  farmers 
can  apply  one  half  that  quantity  of  manure,  it  will 
not  appear  wonderful  that  seven  acres  should  be  made 
to  provide  for  the  sustenance  of  the  same  number  of 
persons,  and  leave  a  aurplna  to  pay  rent  and  to  form 
a  reserve  of  savings.  On  each  farm  the  live  stock 
of  two  cows,  or  one  cow  and  ten  sheep,  to  which  may 
be  added  pigs,  would  not  nearly  enable  the  cultivator 
to  manure  his  snudl  portion  of  land  once  even  in 
four  or  five  years. 

"It  hence  becomes  necessary  to  form  masses  of 
compost,  the  collecting  the  materials  for  which  forms 
the  greater  part  of  the  employment  of  the  colonists. 
These  masses  are  created  almost  wholly  by  manual 
labour,  of  that  kind  which,  but  for  such  an  applica- 
tion of  it,  would  be  wholly  lost  to  the  community. 
As  straw  is  at  best,  in  the  early  period,  not  abundant, 
and  as  that  from  the  com  must  at  first  be  chiefly 
used  as  food  for  the  cattle  or  for  covering  to  the 
houses,  other  materials,  which  the  heaths  furnish,  are 
resorted  to  in  order  to  make  beds  for  the  cattle.  The 
heath  land  is  pared,  but  the  operation  is  to  cut  with 
the  spade  a  very  thin  slice  of  the  earth,  and  not  to 
the  bottom  of  the  roots  of  the  plants,  that  they  may, 
as  they  soon  will  do,  shoot  again ;  the  parings  are 
not  only  made  thin,  but  in  narrow  strips  or  small 
spots.  Thus  but  little  soil  is  taken  away,  and  the 
roots,  though  cut,  are  not  all  of  them  destroyed ;  the 
parts  that  are  left  bare  are  protected  from  being  too 
much  dried  up  by  the  sun  and  wind,  and  the  seed  of 
the  ripe  heather  is  scattered  over  the  spaces  left  bare 
near  them,  and  soon  bring  forth  the  same  plants. 
By  this  operation  there  is  a  constant  succession  pro- 
vided of  heathy  material. 

"  This  paring  for  the  heath  is  a  joint  operation,  per- 
formed by  the  men  in  a  kind  of  military  lines.  The 
society  pays  each  for  the  work  he  performs,  and,  when 
the  average  cost  is  ascertained,  the  sods  are  sold  to 
the  several  households  at  the  same  price,  and  are  car- 
ried to  their  respective  farms  in  small  one-horse  carts, 
which  are  kept  by  the  society  for  that  and  for  similar 
purposes,  to  which  mere  manual  labour  cannot  be  so 
beneficially  applied.  When  these  sods  are  dried  and 
conveyed  to  the  bams  of  the  colonbts,  they  are  piled 
in  a  kind  of  stack,  and  portions  of  it  are  pulled  out, 
not  cut  out,  to  ensure  their  being  broken  into  small 
fragments.  With  these  the  bedding  of  the  cows  or 
sheep,  as  the  case  may  be,  is  formed. 

"The  use  of  bog  turf  or  peat  as  one  of  the  mate- 
rials of  compost  is  not  approved.  It  impedes  the 
process  of  fermentation,  which  is  the  most  important 
part  of  the  preparation  of  the  heaps  of  manure. 
Another  expedient  is  therefore  adopted,  by  paring 


the  second  year's  grass  land,  whether  of  tkmr,  ryt 
grass,  or  fiorin.  These  clods,  containing  a  proportiGii 
of  the  roots  of  the  plants  which  have  been  bcfion 
harvested  from  them,  and  much  garden  mould,  be- 
come useful  auxiliaries  to  the  heathy  turf,  and  spare 
the  use  of  that  material,  which  if  solely  applied 
would  require  almost  as  much  land  to  supply  i*.  m 
the  farm  itself. 

"The  bedding  of  the  cattle  with  fresh  material  a 
performed  every  morning  and  evening*  and  remains 
under  them  seVen  days  and  ni^ts,  when  it  is  wheeled 
to  the  dunghill.  Each  morning  that  which  lies  netr 
the  hinder  part  of  the  cow  is  thrown  forward,  and 
the  part  towards  its  bead  takes  its  place,  and  &esh 
heather,  about  a  quarter  of  a  fodder,  or  two  hnnditd 
and  fifty  pounds,  added  to  the  bedding ;  the  same  ii 
also  done  every  evening.  The  sheep  and  pigs  are 
only  supplied  with  fn^  heather  once  a  day.  It  ii 
reckoned  that  ten  sheep  make  an  equal  qoantitv  of 
dung  with  one  cow.  It  must  be  obvious  to  every  one 
that  the  changing  and  consequent  turning  over  thir- 
teen times  must  make  the  mixture  of  the  animal  sad 
vegetable  substances  more  equably  rich ;  and  the  md- 
form  treading  of  it  must  break  it  mto  small  partidcs 
and  give  greater  scope  to  the  fermentative  putzeftc- 
tion. 

"  Each  week  the  stalls  are  cleaned,  and  the  duBf 
conveyed  to  the  place  appointed  at  the  back  of  the 
bam.  This  is  of  a  round  shape,  from  three  to  fb« 
feet  in  depth.  The  bottom  and  sides  are  walled  witk 
either  clinkers  or  turf,  and  made  water-tight.  It  is 
commonly  from  twelve  to  fourteen  feet  in  diameter, 
and  sufficiently  capacious  to  contain  the  dung  made 
by  the  cattle  in  the  course  of  four  weeks.  The  man 
is  thus  composed  of  portions  whidi  have  remaioed 
from  four  weeks  to  one  day,  over  which  the  adici 
from  the  household  and  all  Uie  sweepings  of  the  pte- 
mises  are  strewed.  Adjoining  to  tne  dung-heap  is 
the  reservoir,  into  which  the  drainings  of  the  stalls  are 
conveyed.  Equal  care  is  taken  that  every  other  ma^ 
terial  for  compost  is  preserved.  In  Engtand*  littk 
attention  is  paid  to  these  matters ;  and  even  in  agri- 
cultural districts  many  of  the  most  valuable  ingre- 
dients for  fertilizing  the  earth  (soap-suds,  for  instance) 
are  constantly  thrown  away.  This  cesspool,  contain- 
ing about  a  hogshead,  is  never  allowed  to  run  over; 
and,  if  it  has  not  rained,  is  every  other  day  filled  op 
with  water,  and  then  with  a  scoop  taken  up  and 
sprinkled  over  the  heap  of  dung.  As  this  heap  con- 
tains four  week's  dung,  or  thirty  fodder,  or  fifteen 
tons,  the  administering  fourteen  such  portions  of  ridi 
fermenting  matter  must  vastly  enhance  the  value  oi 
the  whole  for  the  purposes  of  vegetation. "  (See  Ro- 
tation of  cropg,) 

Map.    See  this  word  in  Gxoorapbicjli.  Division. 

MxPLa ;  a  well-known  American  tree.  It  grows 
in  moist  situations,  from  lat  49^  to  the  gulf  of  Mexico, 
both  in  the  Atlantic  and  western  States.  The  bright 
red  blossoms  appearing  at  a  time  when  there  is  no 
vestige  of  a  leaf  in  the  forest  render  this  tree  very 
conspicuous  at  the  opening  of  spring ;  and  again  at 
the  close  of  the  season  it  is  not  less  conspicuous,  from 
the  scarlet  colour  which  the  leaves  assume  when  they 
have  been  touched  by  the  (rost.  The  leaves  aie 
cordate  at  base,  unequally  toothed,  fivc-Iobed,  and 
glaucous  beneath.  It  attains  the  height  of  seventy 
feet,  with  a  diameter  of  three  or  four  at  the  base. 
The  wood  is  easily  turned,  and  when  polished  ac- 
quires a  silken  lustre ;  it  is  hard  and  fine-grainedL 
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md  is  employed  chiefly  for  tiie  lower  parts  of  Windsor 
diairs,  somedmes  for  saddle  .trees,  wooden  dishes, 
ind  similar  purposes.  The  variety  called  curled  staple, 
rom  the  accidental  undulation  of  the  fibres,  is  one  of 
he  most  ornamental  woods  known,  and  bedsteads 
nade  oi  it  exceed  in  richness  and  lustre  the  finest 
Qshogany.  It  is  sometimes  employed  for  inlaying, 
(ut  its  most  constant  use  is  for  the  stocks  of  rifles 
nd  fowling  pieces.  The  sugar  maple  is  one  of  the 
dost  valuable  trees.  Besides  the  sugar  which  is 
btained  from  the  sap,  the  wood  afibrds  excelloit 
uel,  and  from  the  ashes  are  procured  four-fifths  of 
be  potash  which  forms  such  an  important  item  in 
jnerican  exports.  The  sugar  is  superior  in  quality 
9  the  common  brown  sugar  of  the  West  Indies,  and, 
rhen  refined,  equals  the  finest  in  beauty.  It  is,  how- 
ver,  little  used.  The  potash  is  exported  from  the 
leo  principal  northern  ports.  New  York  and  Boston, 
'o  the  latter  place  the  wood  is  brought  in  great  quan- 
ties  from  Maine  for  fuel,  and  is  esteemed  hardly  in- 
^rior  to  hickory.  In  Maine  and  New  Hampshire,  it 
( employed  in  ship-building  for  the  keel,  and  likewise 
I  the  lower  frame ;  for  the  axle-trees  and  spokes  of 
rheels ;  and  sometimes  in  the  country  for  the  frames 
r  bouses.  A  variety,  with  undulations,  like  the  curled 
laple,  and  ccmtaining  besides  small  spots,  is  called 
crd't  fye  nuqtle,  and  forms  exceedingly  beautiful  arti- 
les  of  furniture. 

Marelb,  in  common  language,  is  the  name  ap* 
lied  to  all  sorts  of  polished  stones  employed  in  the 
ecoration  of  monuments  and  public  edifices,  or  in 
le  construction  of  private  houses ;  but,  among  the 
taterials  thus  made  use  of,  it  is  necessary  to  dis- 
nguish  the  true  marbles  from  those  stones  which 
&ve  no  just  title  to  such  a  designation.  In  giving  a 
lort  but  universal  character  of  marble,  it  may  be 
lid  tliat  it  effervesces  with  dilute  acid,  and  is  capable 
^  being  scratched  with  fiuor,  while  it  easily  marks 
rpsum.  These  properties  will  separate  it  at  once 
om  the  granites,  porphyries,  and  silicious  pudding- 
ones,  with  which  it  has  been  confounded  on  one 
de,  and  from  the  gypseous  alabaster  on  the  other, 
rom  the  hard  rocks  having  been  formerly  included 
ider  the  marbles,  comes  the  adage,  "hard  as 
arble." 

Marbles  have  been  treated  of  under  various  divi- 
ons  by  different  writers.  The  most  frequent  division 
IS  been  that  of  two  great  sections— j>rtmi/tve  marbles^ 
hich  have  a  brilliant  or  shining  fracture,  and  second' 
y  marbles,  or  those  which  are  possessed  of  a  dull 
icture.  This  classification  has  grown  out  of  the 
ea  that  the  former  class  was  more  anciently  created 
•an  opinion  which  the  deductions  of  geology  for  the 
Dst  part  sufficiently  confirm,  though  occasionally 
i  find  a  marble  of  a  compact  and  close  texture  io 
i  rocks,  and,  on  the  other  hand,  those  which  are 
;hly  crystalline  in  very  recent  formations.  Dau- 
DtoD  has  founded  a  classification  of  marbles  upon 
e  colours  which  they  present ;  those  of  a  uniform 
lour  forming  one  class;  those  with  two  colours, 
other;  those  with  three  shades,  a  third;  and 
on.  The  best  classification  of  these  substances, 
wever,  is  that  of  M.  Brard,  which  divides  all 
urbles  into  seven  varieties  or  classes : — ^viz.  1. 
rblee  qf  a  nHtform  coUmr,  comprehending  solely 
)8e  which  are  either  white  or  black ;  2.  variegaied 
rbiew,  or  those  in  which  the  spots  and  veins  are 
erIaoBd  and  disposed  without  regularity :  occasion- 
y,  this  variety  embraces  traces  of  organic  remains; 


when  these  are  disposed  in  star-like  masses  they  are 
sometimes  called  madrepore  nutrhks  ;  3,  ehett  marhki, 
or  those  which  are  in  part  made  up  of  shells ;  4. 
Iwmachetti  marblee,  or  uiose  which  are  apparently 
wholly  formed  of  sheUs ;  5.  c^Un  marbles,  or  those 
which  are  veined  with  green  talc ;  6.  breccia  marbles, 
or  those  which  are  formed  of  angular  fragments  of 
different  marbles,  united  by  a  cement  of  some  different 
colour ;  7*  pudding-stone  marbles,  or  those  which  are 
formed  of  reunited  fragments,  like  the  breccia  marbles, 
only  with  the  difference  of  having  the  pebbles  rounded 
in  place  of  being  angular. 

Parian  marble ;  its  colour  is  snow-white,  inclining 
to  yellowish- white ;  it  is  fine,  granular,  and,  when 
polished,  has  somewhat  of  a  waxy  appearance.  It 
hardens  by  exposure  to  the  air,  wnidi  enables  it  to 
resist  decomposition  for  ages.  Dipoenus,  Scyllis, 
Malas,  and  Micciades,  employed  this  marble,  and 
were  imitated  by  their  successors.  It  receives,  with 
accuracy,  the  most  delicate  touches  of  the  chisel, 
and  retains  for  ages,  with  all  the  softness  of  wax,  the 
mild  lustre  even  of  the  original  polish.  The  finest 
Grecian  sculpture  which  has  been  preserved  to  the 
present  time  is  generally  of  Parian  marble ;  as  the 
Medicean  Venus>  the  Diana  Venatrix,  the  colossal 
Minerva  (called  Pallas  qf  FelletriJ,  Ariadne  (called 
Cleopatra),  and  Juno  (called  CapitolinaJ,  It  is  also 
Pariun  marble  on  which  the  celebrated  tables  at 
Oxford  are  inscribed, 

Penielican  marble,  from  Mount  Pentelicus,  near 
Athens,  resembles,  very  closely,  the  preceding,  but  is 
more  compact  and  finer  granular.  At  a  very  early 
period,  when  the  arts  had  attained  their  full  splendour, 
m  the  age  of  Pericles,  the  preference  was  given  by 
the  Greeks,  not  to  the  marble  of  Paros,  but  to  that 
of  Mount  Pentelicus,  because  it  was  whiter,  and  also, 
perhaps,  because  it  was  found  in  the  vicinity  of 
Athens.  The  Parthenon  was  constructed  entirely  of 
Pentelican  marble.  Among  the  statues  of  this 
marble  in  the  royal  museum  at  Paris  are  the  Torso, 
a  Bacchus  in  repose,  a  Paris,  the  throne  of  Saturn, 
and  the  tripod  of  Apollo. 

Carrara  marble  is  of  a  beautiful  white  colour,  but 
is  often  traversed  by  gray  veins,  so  that  it  is  difficult 
to  procure  large  blocks  wholly  free  from  them.  It  is 
not  subject  to  turn  yellow,  as  the  Parian.  This 
marble,  which  is  almost  the  only  one  used  by  modem 
sculptors,  was  also  quarried  and  wrought  by  the 
ancients.  Its  quarries  are  said  to  have  been  opened 
in  the  time  of  Julius  Caesar. 

Red  antique  marble  (rosso  aniioo  of  the  Italians ; 
Mgyptium  of  the  ancients).  This  marble,  according 
to  antiquaries,  is  of  a  deep  blood-red  colour,  here 
and  there  traversed  by  veins  of  white,  and,  if  closely 
inspected,  appears  to  be  sprinkled  over  with  minute 
white  dots  as  if  it  were  strewed  with  sand.  Another 
variety  of  this  marble  is  of  a  very  deep  red  without 
veins,  of  which  a  specimen  may  be  seen  in  the  Indian 
Bacchus,  in  the  royal  museum  of  Paris. 

Green  antique  marble  (verde  antico  of  the  Italians) 
is  an  indeterminate  mixture  of  white  marble  and  green 
serpentine.  It  was  known  to  the  ancients  under  the 
name  marmor  Spartamun,  or  Lacedmmonium, — 4frican 
breccia  marble  (antique  Jfrican  breccia).  It  has  a 
black  ground,  in  which  are  imbedded  fragments  or 
portions  of  a  grayish-white,  of  a  deep  red,  or  of  a 
purple  wine  colour.  This  is  said  to  be  one  of  the 
most  beautiful  marbles  hitherto  found,  and  has  a 
superb  effect  when  accompanied  with  gilt  ornaments. 
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Its  native  place  ia  not  kncrwn  with  certainty;  it 
coDJectured  to  be  Africa.     The  pedestal  of  Vem 
leaving  the  bsUi,  and  a  luge  colnmn,  both  in  the 
ru>-a1  museniQ  in   Paris,   are  of  this  marble.     (See 
Natcb&l  HisTOBT  Division  of  this  work.) 

MtacB ;  orisiually  the  first  moath  of  tbe  Roman 
vtar,  go  named,  according  to  traditioD,  by  Romulus 
in  honour  of  bis  father  Mars.  Till  the  adoption  of 
the  new  style  in  England  (1752),  the  25th  of  March 
vas  new  year's  day;  hence  Janaary,  February,  and 
the  first  twenty-four  days  of  March  have  frequently 
two  years  appended,  as  January  1,  1701-3.  (See 
Calendar.) 

March  ;  a  movement  by  regular  steps  in  the  man- 
ner of  soldiers  ;  also  a  jouroey  performed  by  a  body 
of  soldiers  either  on  foot  or  on  horseback.  Soldiers 
on  a  march  are  subject  to  certain  rules,  very 
sary  to  keep  them  in  good  order,  and  fit  to  meet  the 
enemy.  The  march  in  the  first  sense  of  regular  step 
dilTers  on  different  occasions.  In  the  parade-march, 
from  75  to  95  steps,  differing  in  different  armies,  are 
made  in  a  minute ;  in  the  quick-march,  from  108  to 
115  steps;  and,  in  the  storming-march,  120  stepe  ' 
the  Prussian  army. 

March  further  si^iGea  the  mnsic  composed  for 
•uch  novements ;  it  is  composed  in  }  or  |  time  for  the 
parade-march,  and  in  |  for  qnick  time.  There  are 
many  sorts  of  such  marches  for  festivals,  funerals, 
Bec,  varying  according  to  their  different  purposes. 

Mask,  or  Masque  ;   a  cover  to  conceal  the  face. 
In  the  ancient  revels  the  mask  was  considered  an 
essential    part  of  the   costume ;    and 
modem    Italian  carnival,   as    well   as 
masquerade  attire,  it  retains  all   its   peculiar  cb(^ 
racter  for  drollery.    Architects  appear  to  have  bor- 
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odour  to  the  braMll.  It  was  fomeriy  id  gMKt  ic> 
pute  as  a  medicine  throughout  Europe,  but  at  tlw 
preseiit  time  ia  very  little  nsed. 

MaTaHiA  McDicA.     Sec  Mbdiciwb. 

Mathematics.  If  we  call  every  thing  wUch  wt 
can  represent  to  our  mind  as  comp(»ed  of  homogoie- 
ous  puts  a  magnitude,  mathematics,  according  to  tie 
common  definition,  is  the  science  of  detenaiuing  mag- 
nitudes, i.e.  of  measuriagorcalculatingthem.  Every 
magnitude  appears  as  a  collection  of  bomogoKoas 
parts,  and  may  be  considered  in  A'a  aole  reapect; 
but  it  also  appears  under  a  particular  form  or  extnuM 
in  space,  which  originates  from  the  compositioa  of 
the  homogeneous  parts,  and  to  which  tielong  tie 
notions  of  situation,  proportion  of  parte,  fcc  Nd 
only  all  objects  of  the  bodily  world,  but  alao  tint, 
powers,  motion,  tones,  &c.,  may  be  represented  aad 
treated  as  mathematical  magnitudes.  The  aoence  rf 
mathematics  has  to  do  only  witli  these  two  prDpatics 
of  magnitudes,  tbe  quantity  of  the  homogeneoot 
parts,  which  gives  the  numerical  magnitude,  and  the 
form,whichgivesthe  magnitude  of  eitenaion.  Tltisn 
one  way,  and  the  most  common,  of  repreaenting  the 
subject :  there  are  others  more  philoaopbical,  but  lea 
adapted  to  the  limited  space  which  can  allowed  to  ao 
vast  a  subject,  in  a  work  like  the  present.  In  iiiw- 
tigating  these  two  properties  of  magnitodes,  tlv 
peculiar  strictness  of  the  proofs  of  mathematica  giia 
to  its  conclusions  and  all  its  proceases  a  certaioty, 
clearness,  and  general  application,  which  aatidei  tk 
mind,  and  elevates  and  enlarges  the  sphere  of  its  v- 
tivity.  According  as  a  magnitude  is  constdoed 
merely  in  the  respects  above  mentioned,  or  in  ccd- 
nection  with  other  circumstances,  mathematics  are 
divided  into  ^lare  and  applied.  Pure  mathematks  arc 
again  divided  into  ariZ/uaeftc,  which  considers  tbe  nu- 
merical quality  of  magnitude*,  and  geometry,  whid 


rowed  some  of  their  most  singular  and  characteristic 
masques  from  the  attire  of  those  who  were  the  prin- 
cipal actors  in  the  "  feasts  of  unreason."  The  left- 
band  sketch  in  the  above  engraving  is  copied  from 
the  porch  of  a  Gothic  edifice,  and  the  lower  part  of 
tbe  figure  was  dressed  in  the  robes  of  a  priest. 

The  other  masque  is  copied  from  an  ancient  tomb ; 
but  the  architects  of  the  middle  ages  appear  to  have 
made  most  use  of  the  mask  in  the  erection  of  sacred 

Mastic  ;  a  resinous  substance  obtained  from  in- 
cisions mode  in  the  branches  of  the  piitaehia  Imlitciu, 
a  small  tree,  or  rather  shrub,  growing  in  the  Levant 
and  other  countries  bordering  on  the  Mediterranean. 
This  tree  belongs  to  the  natural  family  lerebiiUhaceie, 
It  forms  one  of  the  most  important  products  of  Scio, 
and  has  been  cultivated  in  this  and  same  of  the  neigh- 
bouring islands  from  remote  antiquity.  Heat  seems 
to  exercise  a  great  influence  on  the  resinous  product. 
Niastic  is  consumed  in  vast  quantities  throughont 
the  Turkish  empire,  and  is  there  used  as  a  maati- 
cttCnry  by  women  of  all  denominations,  for  the  purpose 
of  cleansing  the  teeth  and  imputing  an  agreeable 


treats  of  magnitudes  in  their  relations  to 


tbe  solutions  of  their  problems,  the  common  mode  u[ 
numerical  calculations,  and  also  algebra  and  oi 
are  employed.  To  the  applied  mathemetica 
the  application  of  arithmetic  to  political,  o 
and  similar  calculations;  of  geometry  to  a 
levelling,  Etc. ;  of  pure  mathematics  to  the  powot 
and  effects,  the  gravity,  the  sound.  Sec,  of  the  dry, 
Hqnid,  and  aerifnnu  bodies  in  a  state  of  rest,  eqoili- 
brinm,  or  in  motion — in  one  word,  its  application  la 
tbe  mechanical  sciences;  to  the  rays  of  light  in  Ae 
optical  sciences  ;  to  the  position,  magnitude,  motitw, 
paUi,  &c.,  of  heavenly  bodies  in  the  astroDCBiital 
sciences,  with  which  the  measurement  and  calcnlaliea 
of  time,  and  the  art  of  making  snn-dials  (see  Dial). 
are  closely  connected.  The  name  of  applied  matl^ 
matics  has  sometimes  been  so  extended  as  to  cmbian 
the  application  of  the  science  to  architectors,  navig*- 
tion,  the  military  art,  geography,  natural  philoaofAy, 
&c. ;  but  in  these  connecbons  it  may  be  morv  coa- 
venicntly  considered  a*  forming  a  part  of  tbe  re- 
spective sciences  and  arts. 

It  is  to  be  regretted  that  thereisaayet  Boperftctly 
satisfactory  work  treating  of  the  history  of  IHm 
science,  so  noble  in  itself,  and  so  vast  in  ita  applio- 
Kiistner  and  Montuda  leave  much  to  be 
desired.  Tbe  establishment  of  mathematics  on  a 
scientific  basis  probably  took  place  among  tbe  IndiaB* 
and  Egyptians.  We  find  the  first  devek^ieBCBt  of 
the  science  among  theGreeks,  those  great  teacfaasof 
Europe  in  aliuost  all  branches,  l^ea,  and  moie 
particularly  Pythagoras,  Plato,  Endoius,  investigated 
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BUftbemitics  with  a  'scientific  spirit,  and  extended  its 
domain.    It  appears  that  geometry,  in  those  ages, 
was  more  thoroughly  cultivated  than  arithmetic. 
The  ancients,  indeed,  understood  by  the  latter  some- 
thing different  from  that  which  we  understand  by  it. 
In  fact,  we  have  not  a  clear  idea  of  the  ancient  arith- 
metic. Their  numerical  calculations  were  limited  and 
awicward,  Sufficient  ground  for  which  might  be  found 
in  their  unperfect  way  of  writing  numbers,  if  there 
were  no  other  reason.    Euclid's  celebrated  Elemenia 
(a  work  of  unrivalled  excellence,  considering  the  time 
of  its  origin),  the  ingenious  discoveries  of  Archimedes, 
and  the  deep  investigations  of  ApoUonius  of  Perga, 
carried  the  geometry  of  the  ancients  to  a  height  which 
has  been  the  admiration  of  all  subsequent  times.  Since 
then  it  has  been  made  to  bear  more  on  astronomy, 
and  has  4>ecome  more  connected  with  arithmetic. 
Among  the  Greek  mathematicians  are  still  mentioned 
Eratosthenes,  Conon,  Nicomedes,  Hipparchus,  Nico- 
machos,  Ptolemy,  Diophantus,  Theon,  Proclus,  Euto- 
cias,  Plipus;  and  others. 

It  is  remarkable  that  the  Romans  showed  little 
'disposition  for  mathematics ;  but  the  Arabians,  who 
learned  mathematics,  like  almost  ail  their  science, 
from  the  Greeks,  occupied  themselves  much  with  it. 
Algebra  and  trigonometry  owe  them  important  im- 
provements. Through  me  Arabians,  mathematics 
found  an  entrance  into  Spain,  where,  under  Alphonso 
of  Castile,  a  lively  zeal  was  displayed  for  the  cultiva- 
tion of  this  science.  After  this,  it  found  a  fertile  soil  in 
Italy ;  and  in  the  convents  a  monk  would  sometimes 
follow  out  its  paths,  without,  however,  adding  to  its 
territory.    This  was  reserved  for  later  ages. 

The  science  of  mathematics  owes  much  to  Gmiin- 
den,  Peuerbach,  Regiomontanus,  Pacciolo,  Tartaglia, 
Cardanus,  Macrolycus,  Vieta,  Ludolphus  de  Ceulen, 
Peter  Nunez,  Justus  Byrge,  and  others.  To  this 
period,  however,  all  mathematical  operations  of  any 
extent  required  a  weary  length  of  detail ;  but,  in  the 
seventeenth  century,  Napier,  by  the  introduction  of 
logarithms,  immensely  facilitated  the  process  of  cal- 
rulationj  and  Newton  and  Leibnitz,  by  their  in- 
Initesimal  calculus,  opened  the  way  into  regions  into 
vhich  no  mathematician  had  previously  attempted  to 
»enetrate.  From  this  time,  the  science  obtained  a 
v^onderfol  extension  and  influence,  by  the  labours  of 
Qch  min^s  as  Galilei,  Torricelii,  Pascal,  Descartes, 
^'Hopital,  Cassini,  Huydiens,  Harriot,  Wallis,  Bar- 
ow,  Halley,  James  and  John  Bemouilli,  and  others. 
Iras  it  became  possible  for  Manfredi,  Nicoli,  the  two 
(omouillis,  Euler,  Maclaurin,  Taylor,  Bradley, 
'iairaut,  D'Alembert,  Lambert,  Tobias  Mayer,  Rast- 
er, Hindenburg  (the  inventor  of  the  combinatory 
Eialysis) ,  Lagrange,  Laplace,  Legendre,  Gauss,  Bessel, 
dd  the  later  mathematicians  in  the  eighteenth  and  in 
le  present  century,  to  make  great  advances,  and  to 
ve  us  satisfactory  conclusions,  not  only  respecting 
vr  earth,  but  also  Uie  heavenly  bodies,  the  phenomena 
id  powers  of  nature,  and  their  usefUl  application  to 
e  wrants  of  life,  to  establish  firmly  so  many  notions 
evioosly  vague,  and  to  correct  so  many  errors. 
The  number  of  mathematical  manuals  increases 
ily,  writhout,  however,  much  surpassing  the  best  of 
e  earlier  ones  in  perspicuity,  novelty,  and  method, 
rendering  them  unnecessary  to  the  student. 
fdAJT,  tbm  fifth  month  in  the  year,  has  thirty-one 
ys.  In  ihe  Salic  laws,  this  month  is  called  Mw, 
i  it  TV'Ofild  appear  that  the  idea  of  youthful  beauty 
1  loireliness,  so  natundly  ooohected  by  northern 
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nations  vrith  the  month  of  May,  gt«ve  rise  to  its 
name.  In  the  Low  Saxon,  Moj,  in  Dutch,  JIfooy,  is 
beautiful,  agreeable ;  in  Swedish,  3fto,  in  Icelandic, 
Mior,  small,  pretty,  agreeable ;  in  ancient  Swedish, 
M6,  a  virgin  (connected  with  maid,  maiden).  In 
Lower  Brittany,  Mae  signifies  green,  flourishing,  and 
Mae$,  a  field,  meadow ;  German,  Matte  ;  in  Lorraine, 
lo  Mai,  and  M^,  in  ancient  French,  Mets,  Mh,  sig- 
nify a  garden.  Whether  all  these  must  be  referred  to 
one  Teutonic  root,  and  whether  this,  again,  is  con- 
nected with  the  Indian  Majfa,  the  goddess  of  nature, 
cannot  be  investigated  here. 

Mban  ;  the  middle  between  two  extremes :  thus 
we  say,  the  "  mean  motion  of  a  planet,"  its  "mean 
distance,"  &c.,  to  signify  a  motion,  or  distance,  which 
as  much  exceeds  the  least  motion  or  distance  as  it  is 
exceeded  by  the  greatest.  The  mean,  or  mean  propor- 
tion, is  the  second  of  any  three  proportions.  In  an 
arithmetical  proportion,  the  mean  is  half  the  sum  ot 
the  extremes ;  in  a  geometrical,  the  mean  is  the  square 
root  of  the  product  of  the  extremes.  Mean  time  is 
the  mean  or  average  of  apparent  time. 

Mbaslbs  ;  an  exanthematic  disease,  which  appears 
to  have  been  unknown  to  the  ancient  physicians ;  the 
time  of  its  first  appearance  in  Europe  is  uncertain. 
It  is  communicated  by  the  touch  of  infected  persons 
or  things.  It  is  sometimes  epidemic.  Persons  of  all 
a|^  are  liable  to  its  attacks ;  but  it  is  more  common 
in  infants,  and  rarely  afifects  an  individual  a  second 
time.  The  symptoms  are  hoarseness,  cough,  drowsi- 
ness, and,  about  the  fourth  day,  an  eruption  of  small 
red  spots  (hence  the  name  measles ;  from  the  German 
masem,  spots),  which  after  three  days  end  in  scales. 
There  is  more  or  less  of  fever^  attended  with  the  usual 
febrile  affections.  The  measles,  even  when  violent, 
are  not  often  of  a  putrid  tendency,  although  such  a 
disposition  sometimes  prevails.  In  the  case  of  the 
simple  measles,  the  best  treatment  is  abstinence  from 
food,  and  the  use  of  mild,  mucilaginous,  sweetened 
drinks.  Bleeding  is  proper  only  in  the  inflammatory 
measles.  Some  writers  have  treated  the  measles  as 
an  inflammation  of  the  skin ;  but  this  is  merely  a 
symptom  of  the  disease,  and  not  the  disease  itself. 

Mbasurbs.  The  general  principle  that  simplicity 
and  uniformity  are  the  result  of  advancement  in  ci- 
vilizatisn  is  strikingly  exemplified  in  the  case  of 
measures.  Formerly  every  province,  and  almost 
ever>'  place  of  importance,  had  its  own  measures, 
which  proved  a  most  perplexing  hindrance  to  a>m- 
mercial  mtercourse.  In  modem  times,  many  attempts 
at  uniformity  have  been  made.  Two  modes  most 
naturally  suggested  themselves,  either  to  declare  the 
measures  of  one  place  or  province  the  universal  mea- 
sure (as  has  been  done  in  this  country,  by  an  act  of 
parliament,  by  which  the  standard  London  measures 
and  weights  are  declared  to  be  the  standards  for 
weights  and  measures  throughout  the  realm),  or  to 
esti^ish  new  measures,  founded  upon  unalterable 
principles,  upon  the  laws  of  nature,  as  has  been  done 
m  France.  Our  standard  yard  is  determined  by  the 
oscillations  of  a  pendulum  at  London.  This  is  still  an 
arbitrary  standard,  as  the  oscillations  vary  in  different 
pan^lels  of  latitude.  It  is  not,  indeed,  so  arbitrary 
as  tflJdng  the  foot  of  Louis  XIV.  for  a  measure,  yet 
it  is  not  so  philosophical  as  the  present  French 
standard.  The  act  already  alluded  to,  for  establishing 
uniform  measures  throughout  the  realm,  and  called 
the  act  ofwuHformiiy,  took  effect  Jan.  1,  1826. 

The  system  thus  establbhed  is  called  the  impmtA 
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system.  Its  rationale  is  as  foUoMrs  : — ^Take  a  pendu- 
lum which  will  vibrate  seconds  in  London,  on  a  level 
parallel  with  the  sea.  in  a  vacuum ;  divide  all  that 
portion  of  the  pendulum  which  lies  between  the  axis 
of  suspension  and  the  centre  of  oscillation  into391»393 
equal  parts ;  then  will  10,000  of  those  parts  be  an 
imperial  inch,  twelve  whereof  make  a  foot,  and  thirty- 
six  whereof  make  a  yard. 

The  standard  yard  is  "  that  distance  between  the 
centres  of  the  two  points  in  the  gold  studs  in  the* 
straight  brass  rod,  now  in  the  custody  of  the  clerk  of 
the  house  of  commons,  whereon  the  words  and  figures 
'Standard  yard,  1760,' are  engraved,  which  is  de- 
clared to  be  the  genuine  standard  of  the  measure  of 
length  called  a  yard;  and,  as  the  expansibility  of  the 
metal  would  cause  some  variation  in  the  length  of 
the  rod  in  different  degrees  of  temperature,  the  act 
determines  that  the  brass  rod  in  question  shall  be  of 
the  temperature  of  62^  Fahrenheit.    The  measure 
is  to  be  denominated  the  imperial  standard  yard,  and 
to  be  the  only  standard  whereby  all  other  measures 
of  lineal  extension  shall  be  computed.   Thus  the  foot, 
the  inch,  the  pole,  the  furlong,  and  the  mile,  shall 
bear  the  same  proportion  to  the  imperial  standard 
^d  as  they  have  hitherto  borne  to  the  yard  measure 
m  general  use.'' 

The  act  also  makes  provision  for  the  restoration  of 
the  standard  yard,  in  case  of  loss,  destruction,  or  de- 
facement,  by  a  reference  to  an  invariable  natural 
standard,  which  is  to  be  that  proportion  which  the 
yard  bears  to  the  length  of  a  pendulum,  vibrating 
seconds  of  time  in  the  latitude  of  London,  in  a  vacuum 
at  the  level  of  the  sea ;  which  is  found  to  be  as  thirty- 
six  inches  (the  yard)  to  39.1393  (the  pendulum);  thus 
a  sure  means  is  established  to  supply  the  loss  which 
might  by  possibility  occur.    Take  a  cube  of  one  such 
inch  of  distilled  water,  at  62^*of  temperature  by  Fah- 
renheit's thermometer ;  let  this  be  weighed  by  any 
weight,  and  let  such  weight  be  divided  into  252,458 
equal  parts,  then  will  1000  of  such  parts  be  a  troy 
grain ;  and  7000  of  those  grains  will  be  a  pound 
avoirdupois,  the  operation  having  been  performed  in 
the  air.    Ten  pounds,  such  as  those  mentioned,  of  dis- 
tilled water,  at  62^  of  temperature,  will  be  a  gallon, 
which  gallon  will  contain  277  cubic  inches,  and  i^jf^ 
parts  of  another  cubic  inch.    The  standard  pound  is 
determined  to  be  that  standard  pound  troy  weight, 
madp  in  the  year  1758,  in  the  custody  of  the  clerk  of 
the  house  of  commons ;  such  weight  is  to  be  denomi- 
nated the  imperial  standard  troy  pound,  and  is  to  be 
"the  only  standard  measure  of  weight  from  which 
all  other  weights  shall  be  derived,  computed,  and  as- 
certained ;   and  one-twelflh  part  of  the  said  troy 
pound  is  to  be  an  ounce,  and  one-twentieth  part  of 
such  ounce  a  pennyweight,  and  one  twtoty- fourth 
part  of  such  pennyweight  a  grain ;  so  that  5760  such 
grains  shall  be  a  pound  troy,  and  7000  such  grains  a 
pound  avoirdupois,  and  one-sixteenth  part  of  the  said 
pound  avoirdupob  an  ounce  avoirdupois,  and  one- 
sixteenth  part  of  such  ounce  a  drachm." 

If  the  standard  pound  shall  be  lost,  destroyed,  or 
defaced,  the  act  directs  that  it  shall  be  recovered  by 
reference  to  the  weight  of  a  cubic  inch  of  water ;  it 
having  been  ascertained  that  a  cubic  inch  of  distilled 
water,  weighed  in  air  by  brass  weights,  at  the  tem- 
perature of  62°  (Fahrenheit),  and  the  barometer  at 
thirty  inches,  is  equal  to  252,458  grains  ;  and,  as  the 
standard  troy  pound  contains  5760  such  grains,  it  is 
therefore  established  that  the  original  standard  poiind 


may  be  at  any  time  reeoTered,  by  siaking 
weight  to  bear  the  proportion  just  mentioiied  to  a 
cubic  inch  of  water. 

The  standard  gallon  is  determined  by  tiie  mdt  to  be 
such  a  measure  as  shall  contain  ten  pomids  avoirdiipois 
of  distilled  water,  weighed  in  air  at  the  temperature  o; 
62^  (Fahrenheit),  and  the  barometer  at  thirty  indies ; 
and  such  measure  is  declared  to  be  the 
standard  yallon,  and  the  unit  and  only  standard 
sure  of  capacity  to  be  used,  aa  well  for  wi 
ale,  spirits,  and  all  sorts  of  liquids,  as  for  dry  goods 
not  measured  by  heaped  measure ;  and  all  otiier  aea- 
sores  are  to  be  taken  in  parts  or  multiplea  of  the  tud 
imperial  standard  gallon,  the  quart  being  the  fomih 
part  of  such  gallon,  and  the  pint  one-eighth  pvt. 
two  such  gallons  making  a  peck,  eight  such  gaUonsa 
bushel,  and  eight  such  bushels  a  quarter  of  com,  or 
other  dry  goods,  not  measured  by  heaped  measure. 

The  standard  for  heaped  measure,  for  snch  tfaiogs 
as  are  commonly  sold  by  heaped  measure,  sach  as 
culm,  lime,  fish,  potatoes,  fruit,  &c.,  ift  to  be  "the 
aforesaid  bushel,  containing  eighty  poonds  avoirdapoia 
of  water,  as  aforesaid,  the  same  being  made  roun^ 
with  a  plain  and  even  bottom,  and  being  nineteen  and 
a  half  inches  from  outside  to  outside;"  and  goods  thus 
sold  by  heaped  measure  are  to  be  heaped  "in  the  Ibna 
of  a  cone,  such  cone  to  be  the  height  of  at  least  ax 
inches,  the  outside  of  the  bushel  to  be  die  extremity 
of  the  base  of  such  cone." 

Stricken  Measure,  Ihe  last-mentioned  goods  nay 
be  sold  either  by  the  heaped  measure  or  by  the 
standard  weight,  as  before-mentioned  ;  but  lor  every 
othar  kind  of  goods  not  usually  sold  by  heaped  mea^ 
sure,  which  may  be  sold  or  agreed  for  by  raea»ire, 
the  same  standard  measure  is  to  be  used,  bat  the 
goods  are  not  to  be  heaped,  but  stricken  widi  a  rooad 
stick,  or  roller,  st/kight,  and  of  the  same  diameter 
from  end  to  end.  Copies  and  models  of  the  standard 
of  length,  weight,  and  measure,  are  to  be  made  and 
verified  under  Uie  direction  of  the  treasury,  and  every 
county  to  be  supplied  with  them  for  reference  vrhca- 
ever  required.  Existing  weights  and  measures  may 
be  used,  being  marked  so  as  to  show  the  proportioa 
they  have  to  the  standard  measures  and  weights; 
tables  of  equalization  of  the  weights  are  to  be  made  by 
the  treasury ;  tables,  also,  for  the  customs  and  excise. 
by  which  the  duties  will  be  altered  so  as  to  make 
them  equal  to  what  they  are  at  present,  in  conseqaener 
of  the  alterations  in  the  weights  and  measnres. 

The  measures  now  in  use  in  "die  United  States  of 
America  are  precisely  identical  with  oar  own ;  and  It 
is  creditable  to  the  government  of  that  country  tiiat 
they  did  not  suffer  any  narrow-minded  jealousy  of 
the  origin  of  this  beautiful  system  to  interfere  wifli 
its  adoption. 

The  following   series  of  tables  form  a  complete 
outline  of  our  weights  and  measures,  calcalated 
the  London  Standard. 

1.   MEASURE  OF  LENGTH. 


12  inches 
3  feet 
5^  yards 
40  poles 
8  furlongs 

69A  mile* 


=  1  foot 
=  1  yard 
=  1  rod,  or  pole 
^  1  furlong 
=  1  mile 

=  1  degree  of  a  great  circle  of 
the  earth. 

An  inch  is  the  smallest  lineal  measure  to  whidi  a 
name  b  given,  but  subdivisions  are  used  for 
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fnupoM.  Among  mechanics,  the  inch  i«  commonly 
divided  into  eighths.  By  the  officers  of  the  revenue, 
and  by  sdentific  persons,  it  is  divided  into  tenths, 
hundredths,  &c.  Formerly,  it  was  made  to  consist 
of  twelve  parts,  caUed  liaua;  bnt  these  have  properly 
fidlen  bto  dbuae. 
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Partieular  Meawtm  of  Length. 

1  nail       =  2i  mches     '^ 

1  quarter  ^  4  nails  vosed  for  measuring 

1  yard     s=  4  quarters     |     dolii  of  all  kinds. 

1  ell         =5  quarters    J 

1  hand     =  4  inches,,  use^  for  the  height  of  horses. 

1  fathom  =  6  feet,  used  i'^  measuring  depths. 


llink       = 


=1 


7M 

inches 


1  chain     z:  100  links 


J 


used  in  land  measure,  to 
facilitate  computation 
of  the  content,  ten 
square  chains  being 
equal  to  an  acre. 


2.  MEASURE  OF  SURFACE. 


144  square  inches 

9  square  feet 

30i  square  yards 

40  perches 

4  roods,  or  160  perches 

640  acres 


ac  1  square  foot 

=s:  1  square  yard 

=:  1  perch,  or  rod 

=  1  rood 

^  1  acre 

=s  1  square  mile. 


5.  ANGULAR  MEASURE, 
OR  Divisions  of  the  Ciecls. 


3.  MEASURES  OF  SOLIDITY  AND  CAPACITY. 

Division  I. — Solidity. 

1728  cubic  inches  =  1  cubic  foot 

27  cubic  feet  =  1  cubic  yard. 

Division  II. 

Imperial  measure  of  capacity  for  all  liquids,  and  for 
all  dry  goods  except  such  as  are  comprised  in  the 
third  division : 


4  gills 
2  pints 

4  quarts 

2  gallons 
9  gallons 

3  bushels 

5  quarters 


1  pint 
1  quart 
1  gallon 
1  peck 
1  bushel 
1  quarter 
1  load 


34|  cubic  in.,  nearly 

69* 

277* 

554  i 

2218} 

10]  cubic  feet,  nearly 

61i 


t» 


t» 


rhe  last  four  denominations  are  used  fbr  dry  goods 
>iily.  For  liquids  several  denominations  have  been 
leretolbpe  adopted,  viz.  fbr  beer,  the  firkin  of  9  gal- 
ons,  the  kilderkin  of  18,  the  barrel  of  36,  the  hogs- 
lead  of  54,  and  the  butt  of  108  gallons.  Tliese 
viil  probably  continue  to  be  used  in  practice.  For 
inne  and  spirits,  there  are  the  anker,  rdiflet,  tierce, 
lOgshead,  puncheon,  pipe,  butt,  and  tun ;  but  these 
lay  be  considered  rather  afr  the  names  of  the  casks 
\  which  such  commodities  are  imported  than  as 
zpressing  any  definite  number  of  gallons.  It  is  the 
ractice  to  gauge  all  such  vessels,  and  to  charge  them 
ccording  to  their  actual  content. 

Division  III.  ^ 

nperial  measure  of  capacity,  for  culm,  lime,  fish, 
^tatoes,  fruit,  and  other  goods  commonly  sold  by 
saped  measure : — 

2  gallons  =  1  peck        =  704  cubic  in.,  nearly 
8  gallons  =  1  bushel      =  2815i       „         „ 

3  bushels  =  1  sack        ==  4  8-9  cubic  feet,  nearly 

(For  measures  of  weights,  see  Wbiohts.) 


60  seconds  s=  1  minute 

60  minutes  as  1  degree 

30  degrees  d£  1  sign 

90  degrees  aft  1  quadrant 

360  degrees,  or  12  signs  =  1  circumference. 

Formerly  the  subdivisions  were  carried  on  by  sikties ; 
thus  the  second  was  divided  into  60  thirds,  the  third 
into  60  fourths,  ht.  At  present,  the  second  is  more 
generally  divided  decimally  into  tenths,  hundredtite, 
&c.    The  degree  is  frequently  so  divided.     • 

6.  MEASURE  OF  TIME. 


60  seconds 
60  minutes 
24  hours 
7  days 
28  days 


=s  1  minute 

=r  1  hour 

sr  1  day 

=  1  week 

=  1  lunar  month 


28,  29,  30,  or  31  days  =s  1  calendar  month 
12  calendsur  months      =  1  year 

365  days  =  1  conmion  year 

366  days  =  1  lesq>  year. 

In  400  years,  97  are  leap-years,  and  303  common. 
The  second  of  time  b  subdivided  like  that  of  angular 
measure.  We  shall  now  give  a  tabl^  of  itinerary 
measures  of  different  countries,  exhibiting  the  num« 
ber  of  each  answering  to  100  English  miles ;  also  the 
length  of  a  single  measure  of  each  sort  in  English 
yards:— 


Arabia, 

Bohemia, 

Brabant, 

Burgundy, 

China, 

Denmark, 

England, 

Flanders, 

France, 


Grermany, 

Hamburg, 

Hanover, 

Hesse, 

Holland, 

Hungary, 

India, 

Ireland, 

Italy, 

Lithuania, 

Oldenburg, 

Persia, 

Pdand, 

Portugal, 
Prussia, 


Miles 


t> 


tf 


Lis 
Miles 


»f 


Greographical 

Miles 
Leagues  as-    > 

tronomical*   ) 
Do.  marine 
Do.  legal,  of) 

2000  toises     ) 
Miles  geog. 
Do.  long 
Do.  short 
Miles 


Ko  of e«di    LMiftb  oft 
=  ICO  Baf .    nnf l«  i 

81.93 

17.36 

28.93 

28.46 
279.80 

21.35 
100.00 

86.91 
25.62 


»» 


»» 


»» 


Cos 

MHes 


t» 


»» 


»» 


tParasang, 
farsang 
{Miles  short 
Do.  long 
Legoas 
Miles 


or 


! 


36.21 

28.97 

41.28 

21.72 
17.38 
25.66 
21.35 
15.23 
16.68 
27.52 
19.31 
60.43 
57.93 
86.91 
18.00 
16.26 


in  Bog.  yd*. 

2148 

10137 
6082 
6183 

629 
8244 
1760 
2025 
6869 

4860 

6075 

4263 

8101 

10126 

6859^ 

8244 

11559 

10547 

639^ 

9113 

2894 

3038 

2025 

9781 

10820 


27.33   6440 


28.97 
21.72 
26.03 
20.78 


6075 
8101 
6760 
8468 


'  *  Thereaf»S5IeigaetinadecT«e.    A  French  post  is  smnl  It 
%  lesfnetf  or  to  5bM  Bngluh  muet. 
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Lvsgtii  ofa 
in  Bo(.  ]r4c. 

2025 


Rome, 

Russia, 
Saxony, 
Scotland, 
Silesia, 


Spain, 


Suabia, 

Sweden, 

Switzerland, 

Turkey, 


N*.  cTmcIi 

=  100  Enf. 

{Modem  miles      86.91 

Versto  150.81 

MUes  17.76 

^8.70 
27.67 
fLegoas  com-*| 
I    mon,  of  800  >  23.73 
\    varas  J 

Do.  legal,  600)   3^^^      4^35 
yaras  j 

Miles 


tf 


»» 


1612 

1167 
9905 
1984 
7083 

7416 


99 


\ 


99 

Berries 

Miles 


17.38 
15.04 
19.23 
96.38 
80.05 


10126 

11700 

9153 

1826 

1409 


FOOT  MEASURES 


or  VARIOUS  C0UNTRIB8  RKOUCBD  TO  BNOLISH  FBBT. 

Eiig.feeL 

Amsterdam 930 

Antwerp        940 

Augsburg 972 

Barcelona 992 

Basle        944 

Berlin 992 

Berne 962 

Bologna 1.244 

Bremen 955 

Breslau 1.125 

Brussels 902 

China,  mathem ,     .     1.127 

China,  imperial  ...*...     1.051 

Constantinople .*    .     2.195 

Copenhagen 1.045 

Cracow I.I69 

Dantzic    .     .     .     .' 923 

Dresden 929 

Florence        994 

Frankfort 933 

Hamburg 993 

Leghorn 992 

Leipsic 1.034 

Leyden 1.023 

Liege 944 

Lisbon 952 

Lyons 1.119 

Madrid 915 

Marseilles 814 

Mentz 988 

Moscow 928 

Munich 947 

Nuremburg 996 

Padua      , 1.406 

Palermo 747 

Paris 1.066 

Prague 987 

Rhinland 1.023 

Rome 966 

Stockholm 1.073 

Strasburg 956 

Trent 1.201 

•    Turin 1.676 

Tyrol 1,096 

Venice 1.137 

Verona 1.117 


fiif.fcii 

Vicenza 1.136 

Vienna 1.036 

Ulm 826 

Urbino     .........    1.162 

Utrecht 741 

Warsaw I.169 

Wesel 771 

Zurich 979 

OTHER  MEASURES, 

RBDUCED   TO   BNOLISH    PBBT. 

Amsterdam  ell 2.223 

English  fathom 6.000 

French  metre 3.198 

French  toise 6.396 

Venice  ell     ....,.,     .  2.069 

Vienna  ell 2.557 

ANCIENT  MEASURES. 

Arabian  foot 1.095 

Babylonian  foot 1.144 

Egyptian  foot 1.421 

Greek  foot 1.007 

Hebrew  foot 1.212 

Hebrew  sacred  cubit 2.002 

Hebrew  great  cubit 12.012 

Roman  foot 965  to  .970 

Egyptian  stadium 730.800 

Roman  mile  of  Pliny.  .  .  .  4840.500 
Roman  mile  of  Strabo  .  .  .  4905.000 
Pvthian  or  Delphic  stadium  .  576.877 
The  mean,  or  nautical,  or  Persian 

stadium 532.147 

Great  Alexandrian,  or  Egyptian  sta- 
dium     710.659 


Eng.  Miles. 
Cubit   ......  0 

Stadium 0 

Sabbath  day's  journey.  0 
Eastern  mile       ...  1 

Parasang 4 

A  day's  journey .    .     .33 

The  following  comparative  view  of  the  weights  sad 
measures  of  England  and  France  was  published  br 
the  Royal  and  C^tral  Society  of  Agriculture  in  Pvu 
in  their  AtrnMary  for  1829;  and  it  may  be  proper  to 
add  that  the  above  work  contains  a  greater  qusntitT 
of  useful  information  than  any  other  periodicsl  is 
France. 


MEASU 

Paces. 

RE. 
Feet 

0 

1.834 

145 

4.6 

729 

30) 

403 

1.0 

153 

3.0 

172 

4.0 

MEASURES 

English. 
1  inch  (l-36th  of  a  yard) 
1  toot  (l.3dofayard) 

I  yard  imperial 

II  fathom  (2  yards) 

1  pole,  or  perch  (5i  yd.) 
1  furlong  (220  yards) 
1  mile  (1760  yards) 
French. 

1  milimetre 
1  centimetre 
1  decimetre 

1  metre 

1 1  myriametre 


OF  LENGTH. 

French. 
2  539954  centimetret 
3.0479449decimetns 
0.91438348  metre 
1.82876696  metre 
5.02911  metres 
201.16437  metres 
1609.3149  metres 

Btagluh. 
0.03937  inch 
0.39370s  inch 
3.937079  inches 
39.37079  inches 
3.2808992  feet 
1.093633  yard 
6.2138  miles 
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SQUARE  MEASURE. 

En^b.  French. 

1  ^m^A  ^noro  /    0-836097  metic 

1  yard  square  |       ^^^^ 

-      J  ,  v\  f  26.291939  metres 

1  rod  (square  perch)  j     ^^^ 

1  rood  (1210  yards  square)  10.116775  ares 
1  acre  (4840  yards  square)     0.404671  hectares 

French.  Bnglith. 

1  metre  square  1.196033  yard  square 

1  are  0.098845  rood 

1  hectare  2.473614  acres 

SOLID    MEASURE. 
Eni^Uh.  French. 

1  pint  (l-8th  of  a  gallon)  0.567932  litre 
1  quart  (1.4th  of  a  gallon)  1.135364  litre 
1  gallon  imperial  4.84345794  litres 

1  peck  (2  gallons)  9.0869159  litres 

1  bushel  (8  gallons)  36.347664  litres 
1  sack  (3  bushels)  1.09043  hectolitre 

1  quarter  (8  bushels)  2.907813  hectolitres 

Mechanics  is  the  science  which  treats  of  forces 
and  of  motion.  It  had,  probably,  its  origin  in  the 
construction  of  machines,  and  an  important  branch  of 
it,  practical  mechanics,  investigates  their  construction 
and  effects.  Forces  acting  upon  bodies  may  either 
produce  rest  or  motion.  In  the  former  oase  they  are 
treated  of  under  statics,  in  the  latter  under  dynamics. 
Hydrostatics  and  hydraulics  respectively  treat  of 
Jkdds,  at  rest  or  in  motion. — ^When  a  body  is  acted 
on  by  two  or  more  forces  which  counteract  each 
other,  so  that  no  motion  is  produced,  the  body  and 
the  forces  are  said  to  be  in  a  state  of  e^iUbriuM, 
The  conditions  of  equilibrium  form  the  subject  of 
statics.  1.  A  body  acted  upon  by  two  equal  and 
opposite  forces  will  remain  at  rest.  In  this  case 
eiuer  of  tbe  two  opposite  forces  may  be  nuuie  up  of 
several  parallel  forces.  It  is  then  said  to  be  the  re- 
sulta$U  of  those  forces.  2.  If  two  forces  act  with 
reference  to  each  other  obliquely  upon  a  body,  they 
may  be  counteracted  by  a  third  (called  also  their 
rtwUant),  If  the  two  forces  be  represented  in  direc- 
tion and  intensity  by  two  contiguous  sides  of  a 
parallelogram,  their  result  will  be  represented  in  di- 
rection and  intensity  by  its  diagonal.  This  is  called 
the  parallelogram  of  forces,  3.  If  several  forces, 
acting  at  once  upon  a  polygon,  can  be  represented  in 
direction  and  intensity  by  several  sides  of  a  polygon, 
they  may  be  counteracted  by  a  single  force,  acting  in  a 
direction  and  with  an  intensity  represented  by  the 
sidewhich  would  be  necessary  to  complete  the  polygon. 

All  the  changes  which  come  under  our  observation 
in  this  science  are  the  consequence  of  motions  pro- 
duced by  the  action  of  a  few  great  elementary  forces. 
The  consideration  of  the  motions  which  take  place 
among  the  particles  only  of  one  or  of  several  bodies 
comes  within  the  department  of  chemistry.  Those 
motions  which  affect  masses  are  the  appropriate  sub- 
ject of  the  second  part  of  mechanics. 

All  motions  are  found  to  take  place  in  conformity 
to  a  few  universal  principles  deduced  from  observa- 
tion and  confirmed  by  experiment.  These  principles 
have  often  been  placed  at  the  beginning  of  treatises 
on  mechanics,  under  the  name  of  the  laiM  of  motion. 
If  not  expressed  in  this  manner,  the  truths  they  de- 
clare, .making  an  essential  part  of  the  principles  of 
the  science,  are  necessarily  introduced  under  some 
other  forixi.  Their  comprehensiveness  adapts  them  to 
our  purpose,  and  they  are  here  quoted  in  the  language 


of  Newton.  I.  "  Every  body  perseveres  in  its  state 
of  rest,  or  of  uniform  motion  m  a  right  line,  unless 
it  is  compelled  to  change  that  state  by  forces  im- 
pressed thereon."  This  is  called  the  law  of  tnertia, 
and  expresses  the  entire  indifference  of  matter  to 
motion  or  rest.  The  proposition  that  a  body  will 
never  begin  to  move  of  itself  needs  no  proof:  it  is 
the  conclusion  of  universal  observation.  Wherever 
we  observe  motion  we  conclude  that  there  is  a  power 
in  action  to  produce  it.  Thtf  other  part  of  the  law, 
that  motion  is,  in  its  nature,  as  permanent  as  rest, 
and  that  it  is  in  a  right  line,  is  far  from  being  a  self- 
evident,  or  even  an  obvious  truth.  Limited  observa- 
tion would  lead  to  the  conclusion  that  all  matter  has 
a  tendency  to  rest,  and  such  has  long  been,  and  still 
is,  a  common  error.  The  same  limited  observation 
led  some  of  the  ancient  astronomers  to  imagine  that 
all  bodies  when  forced  into  a  state  of  motion  naturally 
moved  in  curved  lines.  There  is,  however,  abundant 
proof  of  the  permanence  of  motion ;  and  if  friction 
and  the  resistance  of  the  air,  the  two  most  universal 
obstacles  to  the  motion  of  bodies  near  the  surfieice  of 
the  earth,  could  be  entirely  removed,  instances  of  per- 
manent motion  would  be  still  more  numerous.  In 
proportion  as  they  are  removed,  or  as  bodies  are 
beyond  their  influence,  we  observe  a  tendency  in  the 
motions  of  those  bodies  to  become  more  and  more  per- 
manent. A  marble,  rolled  on  the  grass,  soon  stops ;  on 
a  carpet,  it  moves  longer;  on  a  floor,  still  longer;  and 
on  smooth  level  ice,  where  the  wind  is  not  unfavour- 
able, it  continues  very  long  in  motion.  In  a  vacuum 
where  the  resistance  of  air  is  not  felt,  two  windmills, 
whose  pivots  have  equal  friction,  and  which  are  set 
in  motion  by  equal  forc^,  continue  to  move  equally 
long  whatever  be  the  position  of  their  vanes.  In  the 
air,  the  one  whose  vanes  cut  the  air  will  move  much 
longer  than  the  one  whose  vanes  are  opposed  to 
it.  A  pendulum  in  a  vacuum,  having  only  the 
stiffness  of  the  riband  by  which  it  is  suspended 
to  overcome,  will  vibrate  for  a  whole  day.  A  spin- 
ning top  in  the  same  situation,  retarded  only  by  the 
friction  of  its  point,  is  said  to  continue  spinning  for 
hours.  In  all  these  cases  the  continuance  of  the 
motion  is  proportioned  to  the  diminution  of  friction 
and  resbtance.  We  can  hardly  avoid  the  conclusion 
that  a  body  unce  put  in  motion  would,  if  left  to  itself, 
continue  to  move  with  undiminished  velocity. 

The  heavenly  bodies,  moving  in  free  space,  subject 
to  no  opposing  influence,  keep  on  in  their  path  with 
a  velocity  which  has  remain^  unabated  since  flrst 
they  were  launched  from  the  hand  of  the  Creator. 
They  move  not,  indeed,  in  straight  lines,  but  in  curves, 
as  they  are  drawn  towards  each  other  and  towards  a 
centre  by  the  universal  force  of  gravity.  This  force 
does  not  diminish  their  velocity,  but  deflects  them 
continually  from  the  right  line  m  which  they  tend  to 
move.  If  this  central  force  were  suspended,  they 
would*  all  shoot  forwards  into  space,  and  the  harmony 
of  their  motions  would  cease.  Some  force  similar  to 
this  central  tendency  is  always  in  action  whenever 
we  see  bodies  move  in  curve  lines. 

The  stone  to  which  a  boy  gives  accumulated  force 
by  whirling  it  round  in  a  sling  is,  for  a  time,  kept  in 
its  circle  by  the  central  force  represented  by  the 
string ;  when  let  loose  it  darts  forward  in  the  air, 
turning  not  to  the  right  or  left,  until  the  atmospherical 
resistance  destroys  its  motion,  or  the  force  of  gravity 
bends  it  to  the  ground.  A  full  tumbler  of  water, 
placed  in  a  sling,  and  made  to  vibrate  with  gradually 
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increBsing  oscUlations,  m&y  at  last  be  made  to  revolve 
in  a  circle  about  the  band>  each  drop  tending  to  move 
put  in  a  straight  line  from  the  centre,  and  therefore 
remaining  safe  in  the  tumbler,  whose  bottom  is  al- 
ways farthest  from  the  centre.  In  a  com  mill  the 
grain  is  poured  gradually  in|»  a  hole  in  the  centre  of 
the  upper  mill- stone.  The  weight  of  the  stone  puU 
verizes  the  corn,  while  its  circular  motion  throws  it  out 
as  fast  as  it  is  ground  into  a  cavity  around  the  stone. 

When  a  vessel,  partly  full  pf  water,  is  suspended 
by  a  cord,  and  made  to  turn  rapidly  rounds  the 
water,  in  its  tendency  to  move  out  in  a  straight  line, 
recedes  from  the  centre,  and  is  gradually  heaped  up 
against  the  sides  of  the  vessel,  sometimes  even  leaving 
a  portion  of  the  bottom  dry.  Water  moving  rapidly 
in  the  stream  of  a  river,  or  the  tide  of  the  sea  forced 
violently  through  a  narrow  passage  between  opposite 
rocks,  not  unfrequently  forms  a  whirlpool  on  the 
same  principle.  Bent  out  of  its  course  by  a  pro- 
jecting ledge,  it  departs,  as  if  reluctantly,  from  a 
straight  line,  and  heaps  itself  up  towards  the  circum- 
ference of  the  circle  in  which  it  is  compelled  to  move. 
To  this  cause,  too,  it  is  owing,  however  little  we 
might  expect  such  a  consequence,  that  a  river,  passing 
through  an  alluvial  soil,  and  once  turned  from  its 
onward  channel,  continues  to  pursue  a  meandering 
course  to  the  sea.  Driven,  by  any  cause,  to  one  side, 
it  strikes  the  bank  with  all  its  violence,  is  repelled, 
4od  rebounds  with  the  same  force  to  the  opposite  side, 
continually  wearing  the  two  banks,  and  leaving  a 
larger  space  on  the  inner  side  of  the  bends. 

The  force  with  which  a  body  constrained  to  move 
in  a  circle  tends  to  go  off  in  a  straight  line  is  called 
the  eenir^fitgtd  force.  Advantage  is  taken  of  it  in 
many  processes  of  the  arts,  and  in  all  circular  motions 
of  machinery.  The  clay  of  the  potter  is  placed  on 
the  centre  of  a  swiftly  revolving  table,  and  while  his 
hand  shapes  it  the  centrifugal  force  causes  it  to 
assume  the  desired  dimensions.  A  globe,  or  sheet  of 
molten  glass,  is  in  a  similar  manner  made  to  expand 
itself.  The  legs  of  a  pair  of  tongs,  suspended  by  a 
cord,  and  made  to  revolve  by  its  twisting  or  untwist- 
ing, will  diverge  in  proportion  to  the  velocity  of  the 
revolution. 

The  steam  governor  of  Watt  is  constructed  and  acts 
on  this  principle.  Weights  are  attached  to  two  rods, 
to  which  a  circular  motion  is  communicated  by  the 
machinery  which  is  to  be  governed.  If  the  motion 
be  so  rapid  as  to  cause  these  rods  to  diverge  from 
each  other  beyond  a  certain  angle,  they  act  upon  a 
valve  which  partly  closes  and  diminishes  the  supply 
of  steam.  With  a  slower  motion  the  rods  collapse, 
and  the  valve  is  opened. 

In  consequence  of  the  centrifugal  force  occasioned 
by  the  rotation  of  the  earth,  the  weight  of  bodies  at 
t^  equator  is  diminished  the  289th  part.  If  the 
earth  revolved  on  its  axis  in  eighty-four  minutes,  the 
loose  parts  near  the  equator  would  be  projected  from 
tiie  surface.  Another  consequence  or  particular  of 
the  law  of  inertia  is,  that  motion  is  communicated 
gradually.  A  force  which  communicates  a  certain 
quantity  of  motion  in  one  second  will  impart  double 
the  quantity  in  two  seconds.  A  ship  does  not  yield 
at  once  to  the  impulse  of  the  wind  when  the  sails  are 
set ;  its  motion  increases  as  new  portions  are  succes- 
sively imparted.  A  horse  does  not  start  at  once  with 
a  carriage  into  his  utmost  speed ;  his  force  is  at  first 
'8|Mnt  in  giving  motion  to  the  inert  mass.  After- 
wards, with  far  less  exertion,  be  keeps  up  the  motion. 


being  required  to  supply  that  portion  only  whidi  b 
destroyed  by  the  obstacles  of  the  road.  The  motion 
communicated  to  a  body,  if  not  destroyed  by  mm 
force,  is  accumulated.  Thus  a  nail  is  driven  in  by 
all  the  force  of  the  hand,  accumulated  throogli  thf 
whole  time  of  the  descent  of  the  hammer.  The 
knowledge  of  this  fact  gives  the  means  of  in- 
creasing the  effective  force  of  a  moving  power  in  i 
very  great  degree.  A  force  of  fifty  pounds  cornmnm* 
cated  every  second  to  a  loaded  wheel  will,  if  not  di- 
minished by  friction  or  other  cause  of  waste,  enabk 
it  to  overcome  a  resistance  of  five  hundred  ponndi 
once  in  every  ten  seconds.  Such  a  wheel  b  called  a 
flif  wheel. 

II.  "  The  alteration  of  motion  is  ever  proputionei 
to  the  motive  force  impressed,  and  is  made  in  tlv 
direction  of  the  right  line  in  which  that  force  is  im- 
pressed." This  is  only  a  statement  that  a  doo^ 
force  generates  a  double  motion;  that motkm can- 
not increase  or  diminish  itself,  nor  turn  to  ^  ligi^ 
or  left  without  cause.  In  consequence  of  this,  two 
or  more  forces  acting  at  once  on  a  body  in  diffnent 
directions  cause  it  to  take  a  direction  different  from 
that  of  either  force,  and,  if  one  of  them  is  a  variable 
or  constantly  acting  force,  to  move  in  a  ciuve  tine. 
This  is  called  the  eompoeition  qf /orcet,  the  single 
motion  impressed  upon  the  body  being  considered  as 
composed  of  the  several  motions  which  the  forces 
acting  separately  would  have  produced.  A  boat, 
rowed  at  the  rate  of  three  miles  an  hour  directly  froa 
the  bank  of  a  river  which  runs  at  the  rate  of  two 
miles  an  hour,  is  acted  on  at  once  by  the  force  of  tbe 
rowers  and  that  of  the  current,  and  will  be  foood,  at 
the  end  of  an  hour,  three  miles  from  the  bank«  and 
two  miles  below  the  point  from  which  it  started, 
having  moved  in  a  diagonal  line  between  the  direc- 
tions of  the  two  forces. 

The  resolution  of  forces  is  the  reverse  of  this.  A 
single  force  is  considered  as  resolved  into  two  or  ouve 
others.  A  ship,  sailing  on  a  side  wind,  is  sent  for- 
ward by  a  part  only  of  its  force.  The  other  part  bas 
no  efiect,  or  that  only  of  driving  her  out  of  her  course. 

III.  "To  every  action  there  is  always  opposed aa 
equal  reaction ;  or  the  mutual  actions  of  two  boifiei 
on  each  other  are  equal  and  in  opposite  directions.* 
If  you  press  a  stone  with  your  finger,  the  finger  is 
equally  pressed  by  the  stone.  A  horse  drawing  npoa 
a  load  is  drawn  backward  by  its  whole  weight,  and, 
if  he  succeed  in  moving  it,  it  can  only  be  with  a 
velocity  proportioned  to  the  excess  of  his  strength 
over  the  reaction  of  the  load.  A  magnet  and  piece 
of  iron  attract  each  other  equally ;  and  if,  when  m 
the  sphere  of  mutual  attraction,  one  is  fixed  and  tk 
other  free,  whichever  is  free  will  be  drawn  to  4e 
other.  Two  equal  boats,  drawn  towards  each  other 
by  a  rope,  act  m  the  same  manner ;  if  both  are  (itt, 
they  meet  in  the  middle.  When  a  gun  is  discharged 
it  recoils  with  a  force  equal  to  that  with  which  the 
ball  is  propelled,  but  with  a  velocity  as  much  less  as 
its  weight  is  greater.  If,  in  the  side  of  a  vessel  of 
water,  hanging  perpendicularly  by  a  cord,  a  hole  be 
opened,  the  vessel  will  be  pushed  back  from  the  per- 
pendicular by  the  reaction  of  the  jet  of  water,  and 
will  remain  so  while  it  flows.  A  consequence  of  this 
law  is,  that  the  earth  is  attracted  by  each  body  on  its 
surface  as  much  as  it  attracts,  and  that  when  a  stone 
falls  towards  the  earth  the  earth  rises  to  meet  it.— 
The  force  with  which  a  body  acts  is  estimated  by  its 
velocity  and  mass  conjomtly,  and  is  called  its  ■•- 
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Hius,  if  two  ballt  of  one  and  two  pounds 
weij^t  rcspecdTelv  be  moving  with  the  same  velocity^ 
the  lai^ger  has  twice. the  momentum  of  the  smaller, 
aince  each  pound  of  the  larger  has  the  same  velocity 
as  the  ball  of  a  single  pound.  A  body  of  small  weight 
may  therefore  be  made  to  produce  the  same  mechanical 
effect  as  a  large  one,  by  sufficiently  increasmg  its 
velocity.  The  cannon  ball  of  modem  times  is  not 
less  efl^ctual  in  battering  down  walls  than  the  massy 
battering-ram  of  the  ancients. — The  forces  which  may 
be  employed  to  give  motion  to  machines  are  called 
mechamcal  agentt  or  ftnt  movtr$.  They  are  water, 
wind,  steam,  gunpowder,  and  the  strength  of  man 
and  other  animals.  They  may  be  indirectly  referred 
to  three  independent  souroes— gravity,  heat>  and 
animal  strength. 

Gravity,    A  bodv  falling  from  a  state  of  rest  de- 
scends 16  feet,  nearly  (16.095),  in  one  second ;  but, 
as  all  the  motion  which  is  communicated  by  gravita^ 
tion  remains  in  it,  and  it  receives  an  accession  of 
motion  every  indefinitely  small  portion  of  the  first 
second,  it  is  moving  more  rapidly  at  the  end  of  the 
second  than  at  any  previous  time,  and  with  that  motion 
alone,  if  it  continued  uniform,  would  descend  through 
twice  siicteen  or  thirty-two  feet  in  the  next  second ; 
but  during  this  next  second  as  much  motion  is  com- 
municated as  during  the  first,  and  consequently  the 
body  descends  through  three  times  sixteen  or  forty- 
eight  feet  in  this  next  second.   The  whole  of  this  ac- 
cumulated motion  would  alone  carry  it  through  four 
times  sixteen  or  sixty- four  feet  in  the  third  second,  and 
the  continued  action  of  gravitation  carries  it  once  six- 
teen; so  that  it  actually  descends  five  times  sixteen 
or  eighty  feet  during  the  third  second.    In  Uie  fourth 
second  it  would,  in  the  same  manner,  descend  seven 
times  sixteen  feet ;  in  the  fifth,  nine  times  sixteen,  &c., 
the  series  of  odd  numbers  expressing  the  distances 
passed  through  in  the  successive  seconds.    By  adding 
these  numbers  we  find  that  at  the  end  of  two  seconds 
the  body  will  have  descended  four  times  sixteen  feet; 
at  the  end  of  the  third,  nine  times  sixteen ;  at  the 
end  of  the  fourth,  sixteen  times  sixteen,  dec.;  the 
whole  distance  fallen  through  at  the  end  of  any  num- 
ber of  seconds  being  found  by  multiplying  the  square 
of  that  number  by  sixteen  feet.     Sudi  is  the  simple 
and  remarkable  law  of  the  descent  of  bodies  by  the 
uniformly  accelerated  velocity  produced  by  gravita- 
tion.  The  velocity  acquired  in  one  second  b  sufficient 
of  itself  to  carry  a  body  through  twice  sixteen  feet ; 
that  acquired  in  two  seconds  would  carry  it  four 
times  sixteen  feet;  that  acquired  in  three  seconds, 
tiirough  six  times  sixteen  feet,  ficc.,  the  velocities 
possessed  at  the  end  of  any  number  of  seconds  being 
represented  by  twice  that  number  multiplied  by  six- 
teen feet.    The  following  table  exhibits,  1.  the  space 
fallen  through  in  the  successive  seconds;  2.  the  whole 
spice  fallen' throu^  at  the  end  of  a  number  of 
seconds;  and,  3.  the  final  velocity: — 

Time,    ----123456789    10  seconds. 
1.  SucoessiTe  spaces,  1    8   5   7   9  U  18  15  17    19  times  ISli. 
S.  Total  spaces.       -    1    4    9  IS  25  36  49  M  81  100    „       h 
S.  Final  velocltj.    -    3    4    6    8  10  12  14  16  18    20    „       ;. 

By  means  of  this  table,  a  traveller  standing  on  the 
•unmiit  of  a  cliff  might  ascertain  its  height  above  the 
plain  or  torrent  below,  with  considerable  accuracy, 
by  letting  fall  a  stone  and  observing  the  time  of  its 
fall.  It  would  only  be  necessary  to  make  allowance 
for  the  resistance  of  the  air,  which,  for  small  veloci- 
ties, is  not  very  great. 


^he  same  cause  which  communicates  motion  to  a 
(ailing  body  would  gradually  destroy  that  of  a  body 
ascending.     A  ball  projected  upwards  with  the  ve- 
locity of  1000  feet  per  second  would,  therefore,  rise 
with  a  uniformly  retarded  motion  to  the  height  from 
which  a  body  must  fall  to  acquire  that  velocity.    The 
phenomena  of  accelerated  and  retarded  motion  are 
beautifully  exhibited  by  Atwood's  machine  for  that 
purpose.    In  moving  down  an  inclined  plane,  a  solid 
body  is  urged  by  a  portion  of  the  force  of  gravitation, 
which  is  continually  s^ialler  as  the  plane  is  neater  to 
a  horizontal  position.    When  it  is  horizontal,  the 
whole  weight  of  the  body  is  sustained  by  the  plane. 
The  velocity  acquired  by  bodies  moving  down  planes 
of  different  inclinations  is  the  same  as  they  would 
have  acquired  hy  falling  freely  through  a  distance  equal 
to  the  perpendicular  height  of  the  plane.    U  i*  &a« 
cessary,  in  the  construction  of  machines,  carriages, 
buildings,  bridges,  and  ships,  and  in  many  omer 
cases,  to  ascertain  exactly  the  centre  of  gravity  of  the 
whole  and  of  each  part ;  since,  if  the  centre  of  gra- 
vity, in  any  body  or  system  of  bodies,  be  supported* 
the  whole  must  remain  firm,  and  in  a  state  of  rest, 
in  every  possible  position.     The  various  problems 
arising  from  this  necessity  have  been  solved  with 
great  accuracy,  and  on  fixed  principles.     In  all  re- 
gular solids  of  uniform  density,  whether  bounded  by 
jitraight  or  curve  lines,  the  centre  of  gravity  coincides 
with  the  centre  of  magnitude. 

If  a  body  of  any  shape  be  suspended  freely  from 
any  one  point  of  its  surface,  the  straight  line  extend- 
ing from  that  point  to  the  centre  of  the  earth  will  pass 
through  the  centre  of  gravity.  This  line  is  called  the 
Une  tf  directum.  The  centre  of  gravity  may,  there- 
fore>  sometimes  be  found,  practically,  by  suspending  a 
body  successively  from  two  of  its  pomts,  and  observing 
the  point  where  the  lines  of  direction  cross  each  other. 
The  centre  of  gravity  of  a  triangle  is  at  one-third  the 
distance  from  the  middle  of  the  base  to  the  vertex ; 
that  of  a  cone  and  of  a  pyramid  at  one-fourth  the 
same  distance. 

Stability,  in  every  case,  depends  upon  the  position 
of  the  centre  of  gravity  in  reference  to  the  base. 
Hie  nearer  it  is  to  the  base,  and  the  further  the  line 
of  direction  falls  from  each  part  of  the  perimeter  of 
the  base,  the  greater  b  the  stability.  The  sphere 
rests  equally  in  every  position,  because  the  centre  of 
gravity  is  at  the  same  distance  from  every  part  of  the 
surface;  it  is  unstable  in  every  position,  as  it  rests 
on  a  single  point  of  the  plane ;  and  it  yields  to  the 
smallest  force,  as  the  centre  of  gravity  does  not  rise 
when  the  sphere  revolves.  In  order  that  the  pyra- 
mid or  cone  may  be  overturned,  the  centre  of  gravity 
must  rise  almost  perpendicularly,  and  move  for  a 
great  distance  before  it  ceases  to  tend  to  fall  back 
to  its  place.  Hence  their  stability,  and  hence  the 
propriety  of  giving  to  steeples,  monuments,  and  other 
buildings  of  great  height,  a  pyramidical  or  conical 
figure.  .Those  carriages  are  most  secure  which  are 
hung  low,  and  have  the  wheels  far  apart.  What- 
ever raises  the  centre  of  gravity  or  narrows  the  base 
allows  the  line  of  direction  more  easily  to  pass 
without  it,  and  consequently  diminishes  stability. 
Hence  we  see  the  imprudence  of  rising  in  car- 
riages or  boats  which  are  in  danger  of  being  overset, 
and  hence  the  danger  of  high  loads  on  waggons, 
where  the  roads  are  not  perfectly  level.  The  force  of 
gravity  is  not  often  employed  directly  as  a  me- 
chanical agent,  or  prime  mover.    Those  most  fre- 
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quently  employed  to  give  motion  to  machinery  are 
water,  wind,  heat,  and  the  strength  of  animals. 

Water  acts  by  its  weight  and  by  the  veheity  which 
it  acquires  from  falling,  in  consequence  of  its  weight. 
Wind  acts  by  its  volume  or  mass  and  its  velocity. 
Both  these  agents  are  variable,  and  both  act  in 
a  straight  line.  Heat,  as  given  out  by  combustible 
materials,  produces  steam  or  gas,  or  gives  motion  to 
air  by  making  it  lighter,  and  thus  causing  it  to  rise. 
The  steam  or  gas,  when  formed,  has  a  tendency  to 
expand  itself,  presses  against  <the  sides  of  the  vessel 
which  contains  it,  and  endeavours  to  escape  with  a 
force  proportioned  to  the  heat  and  pressure  to  which 
it  is  exposed.  When  allowed  to  escape  in  only  one 
direction,  it  necessarily  generates  motion  in  a  straight 
line.  Steam,  as  usually  employed,  generates  motion, 
which  is  alternately  in  one  direction  and  the  opposite. 
The  strength  of  animals  is  coomionly  made  to  act 
upon  some  centre  of  resistance,  by  drawings  pushing, 
or  pressing,  and  produces  variable  motions,  naturally 
in  a  straight  line,  but  often  in  a  curve.  The  motions 
or  pressures  produced  by  all  these  agents  are  capable 
of  being  compared  with  those  produced  by  weights. 
They  might  all  be  referred  to  a  common  standard, 
the  unit  of  which  should  be  the  force  required  to  raise 
a  given  weight  a  certain  number  of  feet  in  a  given 
dme. 

The  mechanical  agents  are  employed  to  measure, 
time,  to  move  ships  and  carriages,  to  raise  weights, 
to  shape  wood  and  work  metals,  to  overcome  the  re- 
sistance of  air,  of  water,  and  of  cohesion,  to  draw 
out  and  form  materials,  and  to  combine  them  into 
new  fabrics.  To  apply  Ihem  to  accomplish  any  one 
of  these  effects  requires  the  intervention  of  some 
mechanical  contrivance.  Such  a  mechanical  con- 
trivance, whether  consisting  of  a  few  or  of  many  parts, 
is  called  a  machine,  A  machine  has  been  defined, 
"  a  system  of  bodies,  fixed  or  movable,  so  connected 
together  that  a  movement  impressed  on  one  of  them 
shall  be  transmitted  to  the  others. "  The  object  of  a 
machine  is  often  vaguely  supposed  to  be  to  produce 
or  augment  power.  It  can  never  have  this  effect. 
The  resistance  of  the  fixed  and  the  friction  of  the 
movable  parts  will  always  consume  a  part  of  the 
power  of  the  prime  mover.  The  real  object  of  every 
machine  is  to  increase  or  diminish  the  velocity  of  the 
moving  force,  to  change  its  direction,  to  accumulate 
its  action  and  expend  it  at  a  single  effort,  to  distribute 
the  force  among  a  great  number  of  small  resistances, 
or  to  divide  the  force  of  a  resistance  so  that  it  may  be 
overcome  by  a  series  of  actions,  or  by  the  continued 
action  of  the  moving  power.  A  machine  may  com- 
bine Jthe  action  of  several  movers,  and  employ  one  to 
regulate  the  others,  so  that  the  final  effect  shall  be 
perfectly  uniform.  The  pendulum,  the  governor,  and 
the  fly-wheel  are  employed  for  this  purpose. 

fiy  the  mechamcal  powers  are  signified  the  simple 
macnines  to  which  all  machines,  however  complex, 
may  be  referred.  They  are  essentially  three  in  num- 
ber, but  usually  considered  as  six ;  1.  The  Uver,  and 
tiie  wheel  and  axis  ;  2.  the  inclined  plane,  the  screw, 
the  wedge;  3.  the  pulley. 

The  lever  is  a  bar,  resting  on  a  support,  called  a 
/ulcrum  or  prop,  for  the  purpose  of  raising,  by  a 
power  applied  to  one  end,  a  weight  at  the  other.  An 
iron  crow,  used  by  workmen  to  raise  heavy  stones, 
affords  a  good  instance  of  a  lever.  The  stone  is  the 
weight ;  the  block  on  which  the  crow  rests  is  the 
/ulcrum ;  the  strength  of  the  men,  the  power.    To 


gain  any  advantage  by  its  use,  the  f alcnun  maaaft  \m 
nearer  to  the  weight  than  to  the  power.  If  the  dis- 
tance from  the  power  to  the  fulcrum  be  five  times 
greater  than  the  distance  from  the  weight  to  the  fitU 
crum,  a  force  of  one  pound  in  the  power  will  balance 
a  pressure  of  five  pounds  in  the  weight.  But  in  this 
case  the  end  of  the  long  arm  of  the  lever  will*  as,  it 
turns  on  the  prop,  pass  through  a  spAce  five  times 
greater  than  that  of  the  short  arm.  By  sack  a  lever 
a  man  could  raise  1000  pounds  with  the  same  exer- 
tion as  would  be  required  to  raise  200  without  a  lever, 
but  he  could  raise  it  only  a  fifth  part  so  high  in  the 
same  time.  What  he  Vrould  gain  therefore  in  poi^ 
would  be  lost  in  time.  In  theory,  a  lever  is  ooa- 
sidered  inflexible  and  without  weight.  There  b  an 
equilibrium  when  the  power  and  weight  aie  inverself 
as  their  distances  from  the  ftiknun. 

Leverage  is  the  distance  of  the  power  Ihnii  the  fid- 
cmm.  The  meehankal  advantage  or  purekase  is  pro- 
portional to  this  distance  compared  with  that  of  the 
weight  from  the  fulcrum.  Levers  are  of  three  kinds» 
according  to  the  relative  position  of  the  power,  the 
prop,  and  the  weight.  In  the  first,  the  prop  is 
between  the  power  and  the  weight.  To  it  beloBg 
scissars,  snuffers,  pincers  (in  which  the  pivot  or  joiat 
is  the  prop),  the  hand- spike,  the  brake  of  a  pomp,  &c. 
A  hammer  with  its  claw  is  a  bent  lever  of  this  kind. 
In  the  second,  the  weight  lies  between  tiie  fokrvra 
and  the  power.  This  includes  the  oar,  where  tbe 
boat  is  the  weight  to  be  moved ;  the  door,  of  which 
the  hinge  is  the  fulcrum;  the  wheel-barrow,  nut- 
crackers, bellows,  and  the  knife  attached  at  one  end* 
used  to  chip  dye-woods.  In  a  lever  of  the  third  kind, 
the  resistance  is  at  one  end  and  the  fulcrum  at  the 
other.  To  this  belong  the  pitchfork  and  spade,  the 
one  end  being  the  power  and  the  other  the  fuJana, 
sheep-shears,  with  a  bow  at  one  aid,  giving  a  greater 
fJEUsility  of  motion.  The  bones  of  animals  are  levers 
of  this  kind,  and  are  moved  by  muscles  so  attad>ed 
as  to  give  rapidity  of  motion  at  the  expense  of  power. 
The  ox-yoke  is  of  this  kind,  the  neck  of  eadi  os 
being  the  fulcrum  with  reference  to  the  exertion  of 
the  other.  The  stronger  of  two  oxen  most  have  the 
short  arm  of  the  lever,  that  they  may  be  able  to  pott 
together.  So  a  load  supported  on  a  pole  and  borne 
by  two  moi  must  divide  the  pole  un^qnally,  if  either 
is  to  be  favoured. — ^The  mechanical  advantage  may 
be  multiplied  to  any  extent  by  a  combinaticm  <^  levers 
of  the  first  kind.  Such  a  combination  is  used  to  jsrsve 
the  strength  of  iron  cables. —To  the  lever  are  referred 
the  various  instruments  employed  for  weighting.  The 
most  perfect  of  these  is  the  common  bakmce»  For 
entire  accuracy,  the  arms  should  be  of  precisely  the 
same  length,  and  as  nearly  as  possible  inflexible, 
light,  and  strong.  The  axis  on  wtdch  it  turns,  and 
the  points  of  suspeiision  at  the  ends  of  the  anas, 
should  be  sharp,  and  rest  upon  poUshhd  plates  *of 
steel. 

If  we  wish  to  construct  a  balance  vrith  the  least 
possible  degree  of  friction,  this  form  of  the  lever  should 
be  adopted,  but,  instead  of  allowing  it  to  rest  on  a 
flat  plane,  the  fulcrum  should  be  formed  of  steel  and 
suspended  by  a  magnet.  By  adopting  this  plan. 
the  friction  ^minishes  as  the  weights  placed  in  the 
scale-pans  are  increased,  an  effect  exactly  the  rcPtise 
of  that  which  results  firom  the  use  of  the  ordinary 
balance. 

The  Editor  of  this  work  has  a  specific  gravity 
balance  arranged  upon  this  principle,  which  toras 
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ttt^j  widi  the  «i^t  bmtdredUi  part  «f  a  gnun,  uid 
TCt  the  first  cost  wm  little  more  than  thai  of  a  com- 
Buui  pair  of  scales. 

In  the  accompanying  figure  we  gin  a  view  of  I 
CombinatioD  orieren  IQ  which  ^at  power  is  ob- 
tained. It  it  intended  for  pressing  and  cutting  of 
metal.  The  prin- 
cipal lever,  placed 
at  the  top  of  the 
machine,  revolves 

fulcram  a,  which 
most  be  immov- 
able and  of  great 
Btrength.  The 

point  i  is  JQit 
three  times  as  far 
from  the  axis  a  as 
the  pressing  orifice 
is.  Aroddescenda 
from  the  point  b,  and  carries  the  mechanical 
advantage  thus  obtained  to  the  lever  beneath,  and, 
«s  that  toma  on  an  axis  placed  at  the  eitremity, 
a  presaiog  power  applied  at  the  end  of  the  longer  erm 
d  will  act  with  an  Bmazing  force  on  the  cutting  part 
of  the  mschbe.  The  weight  e  is  intended  merely  to 
raise  the  levprs  after  the  power  is  withdrawn. 

The  Khfel  and  axle  consist  of  a  wheel  attached  to 
■  snialler  cylinder,  and  moving  on  the  same  aiis. 
The  weight  to  be  raised  hat  a  cord  winding  roond 
tile  cylinder,  and  the  power  is  attached  to  die  cir- 
cumference of  the  wheel.  It  maybe  regarded  as  a 
continual  lever,  each  epoke  of  the  wheel  representing 
the  long  arm,  and  the  radios  of  the  cylinder  the  short 
arm.  The  mechanical  advantage  depends  on  the 
ratio  of  the  cylinder.  In  the  litp'i  leindioMt,  movable 
ban  or  hand-spikes  are  substituted  for  a  wheel. 
The  eopifsn  is  a  vertical  wheel  and  aile  osed  on 
board  ships  to  weigh  the  anchor. 

The  wheel  and  aile  may  turn  on  different  centres, 
and  have  their  circumferences  connected  and  made  to 
act  on  each  other,  by  meana  of  a  strap  or  belt,  or  by 
a  system  of  cogs  or  teeth.  The  latter  plan  is  adopted 
in  this  arraogemeDt,  and  is  called  whttl  and  praion 
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turn*  the  wheel  d,  and  that  givca  motion  to  tita 
small  barrel.  The  handle  at  a  will  raise  a  weight  of 
ten  pounds  at  the  screw,  and,  if  that  make  forty  t«- 
volutions  to  one  of  the  wheel,  four  hundred  pounds 
may  be  raised.  It  may  hardly  be  necessary  to  add 
that,  as  the  barrel  is  smaller  than  the  wheel,  tba 
mechanical  advantage  is  proportionably  incteMetL 


The  wei^t  to  be  raised  is  supported  by  a  flexible 
cord  coiled  roond  the  axis  a;  and,  as  the  teeth  of  the 
nheel  are  three  times  as  far  from  the  centre  as  the 
cord,  one  pound  will  raise  three  poonds.  In  the  wheel 
and  pinion  «  i  a  similar  advantage  is  obtained,  and 
nine  pounds  may  be  elevated.  Passing  on  to  the  third 
in  ,the  seiles,  twenty-seven  poonds  inay  be  raised 
by  a  maintaining  power  of  one  pound  ^iplied   by 


Another  example,  and  a  still  mwe  striking  one,  is 
given  in  the  wheel  and  axis  abed.  The  power  is  in 
tbc  first  instance  applied  at  the  handle  a,  which 
acta  on  the  screw  b  t  with  great  force.  .Tlie  icrew 


The  efficacy  of  the  wheel  and  axle  may  be  increaaad 
either  by  enlarging  the  diameter  of  the  wheel  or  di- 
"inishing  that  of  the  cylinder. 

The  CkintM  capstan  furnishes  the  means  of  increai* 
ing  the  mechanical  efficacy  to  any  degree.  It  coosista 
of  two  cylinders  of  nearly  equal  diameters,  turning 
uponthesameazis,  the  weight  bcinf  supported  by  the 
loop  of  a  very  long  cord,  one  end  of  which  unwinds 
from  the  smaller  cylinder,  while  the  other  end  is  coiled 
□pon  the  larger.  The  elevation  of  the  weight  by  each 
revolution  is  eqoal  to  half  the  difference  of  the  two 
circumferences,  the  mechanical  mlvantage  depending 
npou  the  amallness  of  this  difference. 

Ad  arrangement  of 
this  kind  is  shown 

the  accompanying 
figure.  One  end  erf' 
the  cord  coils  round 
the  first  cylinder,  and  ^ 
descending  passes 
under  the  pulley  to 
which  the  weight  is 
attached.  It  is  then 
carried  around  the 
smallest  cy{inder, 
and  the  apparatus 
may  either  tie  made 
to  draw  in  a  horU 
Eontal  or  vertical 
direction. 

laeliiwd  plamt. — When  a  drayman  lays  a  plank 
from  the  street  to  the  higher  level  of  the  floor  of  a 
atore-bonse,  that  be  may  be  able  to  roll  in  a  heavy 
cask,  he  employs  the  principle  of  the  indued  plane  ; 
and  the  more  gradual  the  inclination  of  the  plank 
the  more  easily  will  he  effect  his  purpose:  that  i^ 
the  advantage  gained  by  the  inclined  plane  is  greater 
the  more  the  length  of  the  plane  exceeds  its  hetghL 
A  road  which  is  not  level  is  an  inclined  pla&e. 
When  a  road  mounts  over  a  hill,  instead  of  winding 
round  its  foot,  a  team  of  horses  with  a  load  of  a  ton 

ight  must  exert  strength  sufficient  to  lift  the  load 
perpendicularly  into  the  air,  to  a  hdght  equal  to 
that  of  the  top  of  the  hill,  inatead  of  that  moderata 
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exertioQ  whkh  i*  Decemry  to  orercome  the  friction 
of  tlie  axis  of  tbe  waggon  knd  the  *Ught  ineqtiBli- 
ties  of  >  level  road.  Hntce  the  aban^ty  of  con- 
strnctiiig  roads  in  hill;  countries  to  pais  directly 
Orer  the  tops  of  hilU,  hkatead  of  winding  by  Bmalt 
drcaits  along  their  base-  Abody  deecendingtreelyon 
■B  inclined  plane  mores  with  a  velocity  as  much  less 
than  that  with  which  it  falls  freely  as  the  height  of 
the  plane  is  less  then  tbe  length.  If  the  elevation 
were  one-siiteenth  of  the  length,  the  bod^  would  roll 
down  one  foot  in  the  Qrst  second,  and  four  in  twice  that 
time.  It  is  on  this  principle  that  the  eqnality  in  the 
vibrations  of  a  pendalum  mav  be  explaijied.  A  long 
vibration  talies  no  more  time  than  a  short  one,  because 
the  body  begins  to  fall  in  this  case  down  a  steep  plane, 
and  acquires  great  velocity.  In  a  short  vibration, 
the  beginning  of  Its  paA  is  a  very  gradml  descent. 
A  short  pendulom  vibrates  more  rapidly  than  a  long 
one,  because  it  has  a  shorter  distance  to  move  in  a 
path  of  the  same  steepness.  A  body  moving  down 
an  inclined  plane  moves  four  times  as  far  in  two 
seconds  as  in  one.  A  pendulum,  to  vibrate  once  in 
two  seconds,  must  be  therefore  fonr  times  as' long 
as  one  which  beats  seconds.  The  most  remarkable 
application  of  the  inclined  plane  is  in  the  construction 
of  the  Moriae  mil-Miy,  on  which,  by  the  power  of  a 
few  horses,  a  ship  of  600  tons  is  drawn,  with  all  its 
cargo,  out  of  the  water,  high  enough  to  allow  work- 
XieD  to  pass  under  its  keel.  An  example  of  this 
species  of  mechanical  power  has  already  been  given 
under  iNCLiNmn  Plane. 

The  (creH.  Imagine  an  inclined  plane  to  pass 
ranud  an  immense  building  like  the  tower  of  Babel, 
Affording  means  of  ascending  to  the  top,  and  you 
have  the  first  idea  of  the  lerm.  It  is  an  inclined 
plane  wr^ped  spinlly  round  a  solid  cylinder.  The 
advantage  gained  by  it  depends  on  the  slovmess  of 
the  ascent,  that  is,  on  the  number  of  turns,  or  thrtadt 
as  ^y  are  called,  in  a  given  distance.  It  is  always 
nied  in  combination  wit£  a  lever.  It  is  a  machine  of 
great  power,  commonly  employed  to  produce  com- 
pression or  to  raise  heaw  weights.  In  the  screw 
beneath,  the  threads  whie&  form  the  path  of  the  in- 
clined  plane  are  flat,  instead  of  being  sharp  as  in  the 
common  wood  screw,  and  this  form  is  welt  fltted  for 
heavy  work,  as  it  materially  reduces  the  friction. 


Hunter's  screw  is  a  compound  of  two  screvn  with 
breads  of  differ«nt  degress  of  Gnenew,  one  moving 
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within  the  other,  the  end  adnnctng  st  tadi  tew)!- 
tion  throng  a  distance  equal  to  Iha  differoice  of  ds 
threads.    (See  Scrkw.} 

The  vedgt  is  a  double  inclined  plane,  ostd  IM- 
monly  to  cleave  wood  or  stone,  and  sometimes  la 
elevate  a  large  mass,  as  part  of  a  .building  or  i  ^lip. 
The  effect  of  a  wedge  depends  apparently  upon  liic- 
tion,  elasticity,  and  the  slowness  vrith  which  mtiB 
is   communicated   to   a  mass  of  matter.    Wbm  t 
wedge  is  driven  in  the  particles  immedtatety  Id  tea- 
tact  with  it  are,  for  a  moment,  displaced :  the  fncUi 
against   it   prevents   it   froq 
receding,  and  when  the  dis- 
placed particles  endeavour  to 
resume    their    relative    posi- 
tion the   rift   is   lengthened 
as  is  shown  in  the  wood  cut. 
To  tbe  wed^  may  be  referred 
various  cutting  tools,  such  aa 
axes,  knives,  swords,  chisels, 
and  nails  and  spikes  to  be 
driven  into  wood,  as  well  as 
pins,  needles,  awls,  &c.    Ille 
saw  and  the  file  and  rasp  are 
modifications  stiU  more   re- 
mote.  The  colter  of  a  plough, 
the  blade  of  a  spade,  and  other 
instTumenta  to  penetrate  the 
earth,  are  in  the  shape  of  a 

The  pulUy.  If  a  rope  be  stretded  horiiont^ 
between  two  fixed  points  by  eqoal  weights  attsdKd  K 
the  ends,  any  very  small  weight  applied  to  the  rapt 
between  these  points  will  bend  the  rope  and  tlw 
raise  the  weights.  If  we  suppose  the  rope  to  b« 
been  perfectly  horizontal,  the  weight  applied  acti  up* 
those  at  the  ends  with  a  mechanical  advantage  "u 
may  be  considered  infinite,  as  it  acts  at  ri^l  ufki 
to  the  directions  of  the  opposite  actions  c^  Ilw 
weights.  This  is  a  necessary  consequence  of  tke 
principles  of  the  resolution  of  forces.  Tbe  aqtknii' 
one  oi  two  forces  can  have  no  effect  in  oannleMliK 
a  third,  unless  they  act  in  such  a  direction  thittkar 
action  can  be  resolved  into  two,  one  of  whkk  ii 
opposite  to  the  direction  of  the  third  force.  Wsk 
the  rope  is  horizontal  the  two  weights  connttibabstt 
each  other,  but  produce  no  Auiher  effect  until  At 
rope  is  bent  into  an  angle.  A  bending  of  thenpt 
must  therefore  take  place  in  consequence  of  the  ictio* 
of  any  force,  however  small.  Qy  bending  the  npt 
'it  mast  raise  the  weights  and  support  them  at  s  poiot 
above  their  former  position,  thus  producing  an  <qi>- 
librium  with  them  however  great  they  may  be.  A 
necessary  consequence  of  the  principle  on  whidi  il 
depends  is,  that  when  a  rope  or  chain  of  anymstoiil 
whatever  b  stretched  horizontally  its  weight  iJoM 
will  prevent  its  being  perfectly  straight,  and  no  tbnt 
is  sufficient  to  straighten  a  rope  unless  it  hanp  pc- 
pendicularly.  Advantage  ts  often  takai  of  this  {»m 
by  seamen  in  tightening  ropes,  which  have  prevHwif 
been  drawn  as  closely  as  possible  by  the  dinct  acta* 
of  their  strength. 

The  flexible  rope  to  which  we  bars  adverted  iMs 
essential  part  of  tiie  pulley,  which  is  a  tmalt  wkd 
moving  oa  an  axis  or  pin,  fixed  in  a  frame  calM  s 
block.  Hie  circumference  of  the  wheel  has  t  gwe 
for  the  rope  to  move  in.  The  pulley  is  siid  la  be 
jlieif  or  MOvoUe,  according  as  its  block  admits  ataa- 
tiOD  or  not.    A  fixed  puUeg^  gives  no  m 
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_  I,  bat  it  ciikbiM  n*  to  ^ply  f«rt«  more  eon- 
tntiy.  by  fb>nging  ita  direction.  A  nun  Btand- 
Jng  on  the  dieck  of  a  ship  is  kble,  by  meaiw  of  oaf 
£ied  &t  the  top. of  the  mut,  to  raue  a  weight  to  that 
point  by  drawing  downwards .  lathe  tame  manner 
ore  IB  raiacd  from  mines,  and  water  from  deep  wells. 
The  wheel  iit  the  grooved  eiKnmferetice  roond  wtiich 
the  Tope  passee  gives  facility  to  iti  motion  by  prevent- 
Ug  the  necesaity  of  its  beDding  suddenly  round  a  shaip 
nige,  and  diminishei  the  friction  by  trtunfemng  it 
from  the  rope  to  tbe  axi«  of  the  wheel.  One  or  more 
grooved  wheels,  called  (Awmsf,  set  in  a  block,  and 
ZQOving  freely  round  an  iron  esis,  constitute  a  fnlley. 
and  the  combiaatiMi  of  pulley  and  nq>ea  a  tacUe.  If 
the  rope,  instead  of  beiog  attached  to  tne  weight, 
pastes  through  a  movable  policy  attached  to  the 
ifeight,  and  terminates  >ii  a  hook  or  ring  in  the  upper 
blodc,  the  tackle  becomes  an  engine  by  which  another 
advantage  ia  gained.  As,  in  thU  case,  the  weight  is 
sujqxuled  by  two  parte  of  a  rope,  each  part  sustaioiog 
fine-half,  the  power  necessary  to  support  one  of  these 
parts  is  equal  to  only  one-half  the  weight  supported, 
and,  by  drawing  npou  one  end  of  the  rope  with  a 
power  a  little  greater  than  one-half  of  the  weight,  the 
-whole  weight  will  be  raised.  It  is  on  this  principle 
that  advantage  is  gained  by  the  pulley.  Jf  the 
■weight  were  supported  by  the  four  parts  of  a  rope, 
■which  passed  through  two  fixed  aod  two  movable  pul- 
leys, each  port  sustaining  one-fourth  of  the  weight, 
■  power  equal  to  one-fourth  part  of  the  weight,  at- 
tached to  the  free  end  of  the  rope,  would  balance  the 
■whole  weight,  and  something  more  than  one-fourth 
■would  raise  iL  This  advantage  is  purchased  by  the 
mace  through  which  the  power  most  move,  and  the 
time  occupied  by  the  motion.  .  To  raise  a  weight  fifty 
Aiet,  by  the  combini^on  last  mentioned,  the  power 
■anet  move  over  a  space  of  200  feet.  The  pulley  is  em- 
ployed to  elevate  large  weights  to  the  tops  of  build- 
ings, or  to  upper  iofts  m  store-bouses.  Its  numeroos 
varieties  are  chiefly  Dsed  on  board  ships. 


An  example  of  the  simplest  form  of  the  pulley 
nvoi  at  B  A,  in  which  a  weight,  uj.  Is  supported  by 
die  hand  p  i.  The  pulley  in  this  case  serves  merel 
to  change  the  direction  of  motion.  If  we  suppose 
second  pulley  to  be  attached  to  the  first,  as  much 
larger  as  is  shown  by  the  dotted  line,  or  rope  a,  the 
effect  would  be  doubled,  as  In  the  common  wheel 
axle.  In  figure  3,  the  same  mechanical  advantage  is 
obtained  by  a  single  pulley.  The  cord  passes  round 
tlio  pulley  it  b,  and  the  weight  of  two  pounds  ia  sup- 
pcrtfd  by  a  power  of  one  applied  by  tJie  hand  iXpi. 
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To  nnderstand  this,  it  «ill  olily  be  Mcsssttry  to  bear 
in  mind  that  the  axis  of  the  pnlley  to  which  tha 
weight  is  really  attached  is  only  half  the  distance 
from  the  flexible  hdcrum  6  that  the  point  a  it  to 
which  the  power  is  applied,  la  the  third  series  we 
have  the  same  arrangement  of  the  left-hand  pulley, 
but  the  power  is  applied  through  the  medium  of  a 
roller  at  ti^  which  is  employed  only  to  change  the 
direction  of  motion, 

A  great  many  eiperiments  made  by  Rondelet  have 
shown  that,  for  most  purposes,  the  best  propmttons 
for  the  wheel  of  a  pulley  are,  1.  that  its  diameter 
shwUd  be  five  times  its  thickness ;  9.  that  the 
diameter  of  the  pin  should  be  one-twelfth  of  that  of 
the  wheel ;  3.  that  the  wheel  should  have  about  one- 
twelfth  of  its  thickness  cm  each  side  for  its  play  in 
the  block. 

In  concluding  our  account  of  the  mechanical  pow< 
ers,  it  may  be  advisable  to  take  one  machine  in 
which  several  are  combined.  The  lAer  b,  by  moving 
tiiroQgh  1^  arc  b  g,  tends  to  elevate  the  barrel  at' 
tached  to  the  cylinder  a.  This  is  effected  by  the  two 
arms  d  and  e,  which  arc  attached  by  a  flexible  joint 
to  the  end.  When  the  end  of  the  lever  b  is  elevated, 
then  the  arm  d  carries  forward  the  wheel  a  single 
tooth.  When  it  is  depressed,  e  moves  the  wheel. 
The  same  machine  may  be  employed  to  do  other 
work,  and  when  conUned  with  a  pulley,  as  at  /,  ita 
power  is  doubled. 


The  term  nudallio*  is  applied  to 
those  ptoductionB  Of  the  mint  wluch,  if  gold/  exceed 
the  oitmis  in  site ;  if  silver  the  denoriM ;  and  if  cop- 
perthe  first  or  large  brass  coin.  Antiquaries  have  long 
differed  as  to  the  purposes  for  which  they  were  de- 
signed ;  they  are  generally,  however,  supposed  to  have 
been  struck,  like  the  medals  of  our  time,  to  com- 
memomte  some  remarkable  event.  Yet  circumstances 
are  not  wanting  to  render  it  probable  that  they  were 
intended  for  circulation  as  money.  Perhaps  both 
objects  were  nnited,  U  least  in  many  instances,  a 
large  number  of  pieces,  of  a  definite  value,  being 
coined  in  memory  of  a  great  event,  and  thus  adapted, 
at  the  same  time,  for  current  use.  Medallions  are 
not  numerous.  The  Greek,  or  those  struck  in  the 
Qreek  provinces  of  the  Roman  empire,  are  more  conL- 
mon  than  the  Roman,  but  of  inferior  workmanship. 
A  gold  medallion  exists  of  Aognstus,  and  one  of  Do- 
mitian ;  but  few,  in  any  metal,  are  found  prior  to  the 
reigns  of  Adrian  and  Antomne ;  those  in  bnts  are 
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tiie  largest,  msny  of  them  being  levend  inches  in 
diameter. 

Medals.    See  Nijmisiiatigs. 

Mbdicins  ;  the  science  of  diseases*  and  the  art  of 
healing  or  alleviating  them.  It  is  founded  on  the 
study  of  man's  physical  and  moral  nature,  in  health 
and  in  disease.  Like  other  sciences,  medicine  has 
gained  more  from  the  single  discoveries  of  close  ob- 
servers than  from  centuries  of  theory.  For  the  few 
hundreds  of  years  in  which  men  have  begun  to  apply 
themselves  more  to  actual  observation,  and  tiie  human 
body  has  been  carefully  studied,  medicine,  like  all  the 
natural  sciences  to  which  it  is  so  near  akin,  has  made 
great  progress. 

The  higher  kinds  of  skill  and  knowledge,  in  the 
earlier  stages  of  nations,  are  in  general  exclusively  ap- 
propriated by  the  priests,  and  this  has  been  the  case 
with  medicine  and  the  other  branches  of  natural 
science.  Hie  knowledge  of  medicifte  was  a  secret  of 
tiie  Egyptian  prfests,  and,  in  Greece,  it  was  carefully 
conc^led,  and  transmitted  from  father  to  son  by  the 
family  of  the  Asclepiades,  an  order  of  priests  of 
.£sculapius.  To  these  belonged  the  great  Hippo- 
crates. He  undertook,  in  the  fifth  century  B.  C, 
after  making  himself  master  of  the  medical  know- 
ledge preserved  in  the  temples  at  Cos  and  Cnidos,  to 
become  the  founder  of  scientific  medicine,  by  sepa- 
rating the  results  of  actual  experience  from  vain 
speculation.  His  doctrine  may  be  called  the  empiric 
raiumaliMm ;  and  numerous  as  are  the  systems  that 
have  flourished  since,  in  ancient  and  modem  times, 
mankind  has  always  returned  to  his  principle  of 
making  observation  the  only  rule  in  the  treatment  of 
diseases.  The  doctrine  of  Hippocrates  was  blended, 
by  his  immediate  successors,  with  the  Platonic  phi- 
losophy, whereby  was  formed  the  (so  called)  ancient 
dogmatic  system.  In  Alexandria,  which  was,  from 
300  B.  C,  the  seat  of  learning,  medicine  was  one  of 
the  branches  studied,  but  soon  degenerated  into  mere 
dialectics  and  book-learning.  Hence  we  find  it  soon 
followed  by  the  empiric  school  (286  B.  C),  the  me- 
thodic school  (100  B.  C.)>  the  pneumatic  school 
(68  B.  C),  and  at  length  by  the  eclectic  school 
(A.  D.  81),  which  took  from  all  the  others.  A  philo- 
sophical and  great  mind  was  required  to  put  an 
end  to  so  confused  a  state  of  medical  science,  and 
such  a  mind  appeared  in  Galen  of  Pergamos.  His 
systan  acquired  an  almost  undisputed  preeminence 
during  the  middle  ages,  and  down  to  the  sixteenth 
century. 

For  some  time  the  intellectual  Aiabtans  cultivated 
tiie  sciences,  and  with  them  medicine.  They  also 
founded  their  medicine  on:  diat  of  Gralen,  but 
fashioned  the  science  according  to  their  notions,  and 
left  it  not  unimproved  in  respect  of  practical  applica- 
tion and  pharmacology.  Arabian  medicine  reached  its 
)a§^i0st  point  under  Avicenna  (bom  980),  who  was 
esteemed  even  hi^^er  than  Galen ;  the  opinion  of 
the  latter's  superiority,  however,  eventually  revived. 
Western  medicine  begins  with.the  medical  school  of 
Salerno,  pertiaps  existing  as  early  as  in  the  ninth 
century,  but  well  established  in  1143  and  1238, 
when  medicine  was  taught  according  to  the  princi- 
ples of  Uie  Greeks.  During  the  rest  of  the  middle 
ages  there  existed  a  Galeno- Arabian  science  of  medi- 
cine, mostly  fostered  by  ignorant  monks,  and  only 
gradually  straggling  on,  after  suflfering,  perhaps  more 
than  any  other  science,  from  every  superstition  and 
every  misconception  of  nature.   Intiic  fourteenth  c^n- 


tory  anatomy  was  improved  by  Mowlini ;  liter,  tb 
knowledge  of  medicaments  by  the  discovery  of  new  tad 
distant  countries,  practical  medicine  by  the  smor. 
ance  of  new  diseases,  and  not  a  litde  by  the  fri^rtM 
syphilis.    The  love  of  Greek  literatnie  was  mM 
by  the  scholars  driven  from  Greece  by  the  ooaqnat 
of  Constantinople  (in  1453) ;  and  men  having  begui 
to  read  the  Greek  medical  writers,  especially  Hippo- 
crates, in  the  original  language,  a  more  sctentificiid 
liberal  spirit  of  investigation  took  the  place  of  sltviiii 
adherence  to  antiquated  prejudice.    Thus  the  £ili  of 
tiie  Galenic  system  was  prepared,  whidi  was  cod- 
pleted  in  the  sixteentii  centuiy,  and  forms  the  eaei- 
tial  part  of  the  reformation  produced  by  TlieophnstH 
Paracelsus  (1526).     Soon  after  Harvey's  great  ds- 
cov^ry  of  the  circulation  of  the  blood  (in  1619)  ^ 
medico-mathematical  doctrine,  under  Alphonso  Bo- 
relli  (who  died  in   1679)  >  developed  itselC  wlnck 
finally  took  the  shape  of  the  dynamic  system  of  Fr. 
Hofiman,  from  which  the  d3niamic  schools  of  moden 
times  proceeded.    For  tiie  newest  systems,  as  tlie 
homoeopathic  system  of  Hahnemann  (see  Howio- 
PATHT),  or  that  of  M.  Broussais,   a  Frendnaaii, 
who  strives  to  trace  all  diseases  to  inflammatioB 
of  the  bowels,  we  must  refer  to  the  publicatioas  d 
those  authors,  and  to  the  medical  periodicals.  TW 
various  medical  sciences,  or  thoae  closely  coooectHi 
with  them,  and  more  or  less  requisite  for  a  thofoogii 
knowledge  of  medicine,  may  be  thus  enumerated:— 
The  whole  range  of  natural  sciences,  as  zootogr 
(including   comparative   anatomy  and  physiologT, 
mineralogy,   geology,   botany,   natural  phikisopiiT. 
chemistry,  &c.) — psychology,  which  teaches  the  vari- 
ous phenomena  of  soul  and  mind — anatomy,  wbidi 
teaches  the  form  and  situation  of  the  organs  bj  tbe 
examination  of  dead  bodies,  and  b  divided  into  osteo- 
logy, treating  of  the  bones;  syndesmology,  of  the 
ligaments ;  myology,  of  the  muscles  ;  splandmokfj, 
of  the  intestines ;  angiology,  of  the  vessels ;  nesro- 
logy,  of  the  nerves ;  and  adenology,  of  the  glands- 
organic  physics,  treating  of  the  mechanical  opecatioos 
of  the  human  body,  tiie  power,  gravity,  &c.,  of  iti 
parts — physiology,  which  treats  of  all  the  phenooKBa 
of  life  in  connection.     Such  is  the  basis  of  all  tboae 
branches  of  science  which  may  be  more  particuMf 
called  medical,  and  which  we  will  now  enomeiate. 
The  science  of  health,  that  is,  of  that  in  whidi  it  coa- 
sists,  its  conditions,  and  its  signs,  is  called  %*^ 
or,  as  far  as  it  relates  to  the  regulation  o(  ^^ 
duBtetics,     Pathology,  on  the  other  hand,  is  ^ 
scieQce  of  disease,  of  that  in  which  it  consists,  iti 
origin,  &c.    Nosology  treats  of  the  varioos  sorts  of 
diseases,  their  origin  and  symptoms,  and  strtves  to 
arrange  diseases  into  one  whole.     P^hoiogkal  as- 
atomy  teaches  the  mechanical  alterations  and  changes 
of  structure.     Semiotics  teaches  ,to  infer  from  tbe 
various  symptoms  the  nature  of  the  disease ;  d»gsm- 
tics,  to  distinguish  the  symptoms  of  different  disMses; 
and  prognostics,  to  infer  from  the  past  and  pR"^ 
state  of  a  disease  its  future  course.    TkerspmOa  n 
the  science  of  the  cure  of  diseases,  often  divided  into 
general,  treating  of  the  subject  of  cure  in  geneftl  its 
character,  &c.,  and  special,  of  the  cures  of  die  psr- 
ticular  diseases. 

Surgery  treats  of  mechanical  injuries,  and  the  node 
of  relieving  diseases  and  derangements  by  mecbanicai 
means.  Obstetrics  treats  of  the  modes  of  focilMiig 
delivery.  Materia  medica  is  the  science  of  medicioiAr 
their  external  appearance,  history,  and  efets  on  the 
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liunumi  oiiianizahon.    Pharmacia  teaches  how  to  pre- 
seire  draga,  &c.,  and  to  mix  medicines. 

CUma,  or  medical  practice,  applies  the  results  of 
all  these  sciences  to  real  cases.  We  should  mention 
in  this  connection  the  lustory  and  literature  of  medi- 
cane ;  the  history  of  diseases ;  a  very  interesting  branch, 
political  medicine,  which  is  divided  into  medical 
police  and  forensic  medicine,  that  branch  which  en- 
ables the  physician  to  give  to  courts  and  other  legal 
anthorities  prc^r  expluiations  in  regard  to,  personal 
kijaries,  particnlar  appearances  of  the  body,  flee,  as 
"whether  a  wound  was  mortal,  how  inflicted,  wheUier 
child  was  dead  before  bom,  &c.   In  many  countries 
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of  a  few  chief  (Passages,  the  same  fundamental  tone 
may  remain  throughout,  or  perhaps  pass  over  into  its 
donUnante;  but  longer  pieces  require  change  of  tone, 
that  the  harmony  also  may  receive  modifications  ac- 
cording to  the  feeling.  Tliirdly,  a  good  melody  re- 
quires rhythm.  A  regular  advance  from  one  part  to 
another,  whether  in  music  or  motion  (dancing)* 
aflfects  the  mind  agreeably,  whilst  an  irregular  progress 
fatigues.  The  love  of  rhythm  is  one  of  the  most 
general  feelings  of  human  nature.  We  find  rhythm 
every  where,  and  to  music  it  is  indispensable,  ai 
tones  without  regularity  of  measure  would  distract 
and  weary.    Hence  music  is  divided  into  portions  or 


physicians  are  appointed  by  Ae  government  for  this  bars ;  these,  again,  are  divided  so  as  to  prevent  mo- 


purpose. 

Mbllitio  Acid;  discovered  by  Klaproth  in  the 
mellite,  or  honey-stone.  It  is  procured  by  reducing 
the  mellite  to  powder,  and  boiling  it  with  about 
•eventy-two  times  its  weight  of  water ;  the  aiumine 
ie  precipitated  in  the  form  of  fiakes,  and  the  acid 
combines  with  the  water.  By  filtration  and  evapora- 
tion, crystab  are  deposited,  in  the  form  of  fine  nee- 
dies,  or  in  small  short  prisms.  It  is  composed  of 
crarbon,  hydrogen,  and  oxygen.  In  combination  with 
tlie  earthy  alkalies  and  metallic  oxides,  it  forms  com- 
pounds called  meUatei. 

Mblodt  ;  in  the  most  general  sense  of  the  word, 
any  successive  connection  or  series  of  tones;  in  a 
more  narrow  sense,  a  series  of  tones  which  please  the 
ear  by  their  succession  and  variety ;  and,  in  a  still 
narrower  sense,  the  particular  air  or  tune  of  a  mu- 
sical piece.  By  melody,  in  its  general,  musical  sense, 
the  composer  strives  to  express  particular  states  of 
feeling  or  disposition,  which,  in  pieces  of  several 
voices,  is  chiefly  effected  by  the  pnncipal  melody,  or 
<^ief  voice,  to  which  the  other  voices,  with  their 
melodies,  are  subordinate.  The  elements  by  which 
the  composer  is  enabled  to  express  a  beautiful  variety 
of  sentiments  and  feelings,  by  means  of  the  melodious 
connection  of  tones,  are  the  variety  of  tones  in  them- 
selves, and  the  variety  of  transitions  from  one  tone 
to  another,  to  which  is  still  to  be  added  the  variety 
of  the  movements  in  which  the  music  proceeds. 

Melody  and  rhythm  are  the  true  means  to  awaken 
dehght,  and,  where  they  are*  wanting,  the  greatest 
parity  of  harmony  remains  without  effect.  "Hie  pro- 
per essence  of  melody  consists  in  ecpresaoa.  It  has 
always  to  express  some  internal  emotion,  and  every 
one  who  hears  it,  and  is  able  to  understand  the  lan- 
guage,* must  understand  the  feeling  expressed.  But 
as  melody,  in  ^e  hands  of  the  composer,  is  a  work 
c^  art  and  taste,  it  is  necessary  that,  like  ever^  other 
work  of  art,  it  aJiould  form  a  whole,  in  which  the 
Tarious  means  are  combined  to  produce  one  effect, 
rhis  whole  must  be  such  that  the  hearer  is  kept  con- 
stantly interested,  and  can  give  himself  up,  vnih  plea- 
sure, to  the  impressions  which  he  receives.  The  par- 
ticular qualities  of  a  good  melody  are  these : — It  is 
indispensable  thai  it  should  have  one  chief  and  fun- 
damental tone,  which  receives  proper  gradations  by  a 
variation  adapted  to  the  expression.  This  can  be 
eflfected  only  by  letting  the  tones  proceed  according 
to  a  certain  scale ;  otherwise  there  would  be  no  con- 
nection between  them.  The  chirf  tone,  again,  must 
be  appropriate  to  the  general  idea  to  be  expressed, 
because  every  kind  of  tone  has  its  own  character,  and 
the  finer  the  ear  of  the  composer  is  the  better  will 
he  always  discover  the  tone  wanted. 

In  very  short  melodies,  or  tunes  consisting  merely 


notony,  without  disturbing  the  general  regularity. 
Accents  are  given  to  certain  parts,  and  it  b  possible 
greatly  to  assist  the  expression  of  feeling  by  slow  or 
quick,  gay  or  solemn  movements,  and  by  the  variety 
of  accents,  and  even  or  uneven  time. 

Much  might  be  said  respecting  the  skill  of  the 
composer  to  adapt  his  music,  not  only  in  general 
to  die  idea  to '  be  expressed,  but  also,  in  song,  to 
the  single  words,  to  the  pause  which  the  hearer 
wishes  here,  or  the  speedy  movement  which  he 
desires  in  other  places ;  the  necessity  of  the  repeti- 
tion of  words,  if  the  feeling  is  long  and  varied, 
while  the  wonl  is  short;  the  childish  impropriety 
of  representing,  as  it  were  by  imitative  sounds,, 
the  ideas  presented  by  particular  words,  which  is 
much  the  same  as  if  a  dedaimer,  every  time  that  he 
pronounces  the  word  ocean,  were  to  endeavour  to 
represent  the  roaring  of  the  waves ;  the  parts  where 
dissonances  are  adnussible,  &c. ;  but  it  would  carry 
us  much  beyond  our  limits. 

Mbnsbs  ;  periodical  discharges  to  which  females 
are  subject  during  a  certain  portion  of  their  life. 

Mensuration  is  the  art  of  ascertaining  the  con- 
tents of  superficial  areas  or  jrianes,  of  solids  or  sub- 
stantial objects,  and  the  lengths,  breadths,  flee,  of 
various  figures,  either  collectively  or  abstractedly. 
The  mensuration  of  a  plane  superficies  or  surface 
lying  level  between  its  several  boundaries  is  easy : 
when  the  figure  is  regular,  such  as  a  square  or  a  par- 
allelogram, the  hei^t,  multiplied  by  the  breads, 
will  give  the  superficial  contents.  In  regard  to  tri- 
angles, their  bases,  multiplied  by  half  their  heights, 
or  their  heights  by  half  their  bases,  will  give  the 
superficial  measure.  The  height  of  a  triangle  is 
taken  by  means  of  a  perpendicular  to  the  base,  let  fall 
from  the  i4>ex  or  summit.  Any  rectangular  figure 
may  have  its  surface  estimated,  however  numerous 
the  sides  may  be,  by  simply  dividing  it  into  triangles  by 
drawing  lines  from  one  angle  to  another,  but  taking 
care  that  no  cross  lines  be  made :  thus,  if  a  trian^e 
should  be  equally  divided,  it  may  be  done  by  one  line, 
which  must,  however,  be  drawn  from  any  one  point 
to  the  centre  of  the  opposite  &ce.  A  four-sided 
figure  will  be  divided  into  two  triangles  by  one 
oblique  line  connecting  the  two  opposite  angles ;  a  five- 
sided  figure  (or  pentagon)  by  two  lines,  cutting,  as 
it  were,  one  trian^^e  out  of  the  middle,  and  makmg 
one  on  each  side;  a  six-sided  figure  (or  hexagon) 
will  require  three  diagonals,  which  will  make  four 
triangles;  and  so  on,  to  any  extent,  and  however 
long  or  short  the  several  sides  may  be  respectivel)r. 

The  most  essential  figure  is  the  circle,  of  which 
mathematicans  conceive  it  impossible  to  ascertain  the 
area  with  perfect  precision,  except  by  the  aid  of  lo-> 
garitfanuc  and  alg^naic  demonstratkm.   It  may  bt 
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iwflicient  in  tlus  place  to  state  that  9)f  of  tiie  di»- 
meter  will  give  the  side  of  a  sqiiare  whose  ana  wiU 
be  comspcMdeiit  with  that  of  a  ciide  having  ten  for 
its  diameter.  Many  drcnlar  or  cylindrical  ^^ures 
€oine  under  the  meaaarer's  consideration — mirrors, 
•rdied  passages,  cohmias,  &c.  The  contents  of  a 
piUsr  are  easily  ascertained,  even  though  its  diameter 
may  be  pcrpetaally  varying;  for  if  we  take  the  dia- 
meter  in  diferent  parts,  and  strike  a  mean  between 
every  two  adjoined,  measurements,  and  maltiply  that 
mean  area  by  the  depth  or  interval  between  ike  two, 
the  sofid  cootents  will  be  found. 

The  contents*  of  pyramids  are  measured  by  multi- 
plying the  arcasof  their  bases  by  half  their  lengths, 
or  their  lengths  by  half  the  areas  of  their  bases. 
Cones  whose  sides  are  straight  are  equal  to  one- 
lUrd  the  solid  contents  of  cylinders  equal  to  them 
in  base  and  altitode.  Solids  which  have  a  certain 
degree  of  regularity  may  be  easily  measured :  thus  a 
enbe  b  computed  by  multiplying  first  its  width  by 
its  length,  then  their  prodnct  by  its  height :  thus  a 
cube  measuring  four  feet  eadi  way  would  be  4  X  4 
=s  16  X  4  r=  Si.  This  b  the  meaning  of  what  is 
called  the  cube  root, 

Parallelopipedoi^,  or  solids  of  a  long  form,  such 
as  squared  timbers,  are  measured  by  the  same  means. 

For  the  mensuration  of  growing  timber  various 
modes  have  been  devised.  After  a  tree  has  been 
felled  its  girth  is  usually  taken  at  each  end  and  at 
the  middle,  when  there  is  no  particular  swell  or  the 
top  extremity  does  not  suddenly  decrease.  But  where 
the  irregularity  is  great  it  is  better  to  take  many  more 
girths,  and,  summing  up  the  whole,  to  divide  their 
amount  by  the  number  of  girths  taken,  so  as  to 
establish  a  mean  measurement.  Divide  that  mean 
measurement  by  four  to  find  the  side  of  a  square  to 
whseh  the  tree  wiU  be  reduced  when  prepared  for  the 
sawyer.  If  the  whole  solid  contents  are  to  be  esti- 
mated, divide  by  three  instead  of  fonr,  and  taking 
the  third  part,  thus  given,  for  a  diameter,  proceed  in 
the  way  idready  shown  to  find  the  side  of  a  square 
equal  to  the  cirde  of  which  that  ascertained  third 
part  is  the  diameter.  5oHd  bodies  or  areas,  such  as 
hay-stacks,  interiors  of  bams,  granaries,  &c.,  come 
under  the  rule  laid  down  for  cubes,  fcc  When  any 
sides  foil  in  regularly,  as  in  garrets,  &c.,  the  inclined 
part  must  be  treated  as  a  pycaaiid,  or  as  a  quoin  (or 
wedge),  and  the  whole  be  summed  up  together.  The 
contents  of  casks,  tubs,  &c.,  are  found  by  the  process 
of  gauging.  (For  that  pact  of  the  subject  which 
appertains  to  Ihe  admeasurement  of  lands,  as  also  to 
the  distances,  heights;,  &c.,  of  remote  objects,  acces- 
sible or  otherwise,  see  SuamTiNO.) 

MvtKVAL  DnajLNGBMBNT,  IifaA.itivr.  By  these 
general  terms  We  understand  every  fom  of  intellec- 
tual disorder,  whether  consisting  in  a  Itotal  vrant  or 
alknation  of  understanding,  as  in  idiocy,  or  in  the 
diseased  state  of  one  or  several  of  the  foeulties. 
Medical  writers  have  adopted  different  systems  of 
dasstfication  in  their  treatment  of  this  subject;  but 
perhaps  Ihe  most  convenient  is  that  which  comprises 
all  mental  diseases  under  the  four  heads  of  mania^ 
melancholy,  demency  or  fatuity,  and  idiocy.  Lunacy, 
in  its  proper  sense,  implies  an  influence  of  the  changes 
of  the  moon  on  the  state  of  the  mind  or  body,  of  which 
modem  science  cannot  recognize  the  existence.  It  is 
true  that  manv  diseases  are  periodical  in  their  returns, 
and  it  is  not  improbable  that  paroxysms  of  violence 
among  insane  persona  may  be  xeaUy  incieased  at  the 


time  of  a  fliU  moon,  by  the  effect  of  the  ahndaws  af 
clouds,  and  other  objects,  as  ghosts  are  gcnevaAf 
seen  by  moonlight;  but  any  other  lunar  inflneacr 
neither  experience  nor  science  can  discover.  Ihc 
causes  of  usanity  are  divided,  by  modem  wrikea, 
into  physical  and  moral.  Every  excess  of  paatina, 
joy,  grief,  anger,  foar,  anxiety,  ^„  becomes  a  monl 
cause  of  insanity. 

Great  political  or  civil  revolutions  hoswe  aiwajt 
been  observed  to  be  attended  with  numerous  casmof 
mental  derangement.  Pinel  observed  this  pheaoae> 
non  in  France,  after  the  revolution  of  )7S9;  and  Ut. 
Rush  describes  similar  effects  in  the  United  States  «f 
America,  after  the  war  of  the  revolution.  Straag 
religious  excitement  often  produces  similar  reeuMa» 
although,  in  many  cases,  retigious  enthnsiaam  is  oaij 
a  form  of  the  malady,  and  not  a  cause.  Maddm 
states  that  insanity  is  rare  among  the  Mnhnmmrdiini. 
and  attributes  it  to  their  consoling  belief  in  the  os- 
tainty  of  their  salvatba.  Dr.  Rush  thinks  that  iki 
disease  is  more  common  among  civilized  common^iei 
than  with  savages,  on  account  of  the  greater  ntUn^m^ 
of  moral  causes  on  the  former.  The  i^ysical  caossi 
of  insanity  are  various  and  numerous ;  diseases  ef 
various  kinds  and  of  different  organs,  bodily  it^nrim 
or  wounds,  excessive  indulgence  in  eating,  tiriwfcwig, 
and  other  sensual  pleasures,  privation*,  exposure  t» 
extreme  cold  or  heat,  he,  are  ansong  thena.  Insam 
persons  are  often,  however,  in  good  health,  and  dis- 
section does  not  always  detect  a  disordered  cooditMia 
of  the  organs.  Philosophy  is  not  gnffirjpntly  ac- 
quainted vrith  the  mutual  action  and  re-action  of  the 
body  and  the  mind  on  eadi  other  to  deeide  how  £k 
the  disordered  state  of  the  one  is  consistent  with  ^ 
sanity  of  the  other ;  nor  is  it  certain  tha.t  tiieie  is  mv 
one  organ  or  function  which  must  be  diseased  to 
affect  the  mind. 

Climate,  ag^  occupation,  and  sex,  are  often  men- 
tioned as  causes  infiuencing  insanity.  Bnt  climate 
does  not  appear  to  be  an  exciting  cause,  although  te 
moral,  civil,  religious,  or  physical  condition  ol  a 
nation  may  have  rendered  the  disorder  more  frsqusBt 
in  some  countries  than  in  others.  The  seasons,  how- 
ever, appear  to  exercise  an  influence,  and  it  is  gene- 
rally observed  that  the  cases  of  insanity  are  mod 
numerous  in  the  hottest  part  of  the  year*  Sniddes 
are  most  frequent  when  the  thermometer  is  above  BiP. 

Although  many  circumstances,  both  phyaieal  and 
moral,  nu^t  seem  to  render  the  female  sex  most  lia- 
ble to  insanity,  it  does  not  iq^pear  that  the  number  of 
insane  females  is  greater  than  that  of  males :  dnmken- 
ness  being  more  prevalent  among  the  latter  may  be 
one  cause  of  this.  In  both  sexes,  the  most  active 
period  of  lyie,  from  thirty  to  forty,  presents  the  gveat^ 
est  number  of  cases.  In  regard  to  orcnpafien, 
sufficient  data  do  not  exist  to  show  that  there  is  say 
decided  predominance  of  cases  in  any  particular 
employment.  Idiocy  is  either  a  cong«utal  or  an 
acquired  defect  of  die  intellectual  facultiesy  or,  m 
Pinel  defines  it,  an  obliteration,  more  or  lem  abmoio^ 
of  the  functions  of  the  understandix^g  and  the  aflec- 
tions  of  the  heart  Congenital  idiocy  may  origiasts 
from  a  malformation  of  the  cranium,  or  of  the  braia 
itself;  the  senses  are  often  wanting  or  defective,  and 
life  is  commonly  of  short  duration.  Acquired  idiocf 
proceeds  firom  mechanical  injury  of  the  cranium,  sc 
from  an  injury  or  a  disease  of  the  brain,  horn,  escem 
in  sensual  indulgences,  intemperance,  fatigue,  and 
from  mond  eanses.    In  this,  ths  senses  may  ha  par- 
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tiflfly  infected  or  quite  destroyvd,  and  life  offcen  con- 
thiiies  to  old  age.  Absolute  idiocy  admits  of  no  core ; 
but  it  should  not  too  hastily  be  conchided  that  a 
patient  is  in  thb  state. 

Mcada  b  a  species  of  mental  derangement  charac- 
terized by  the  disorder  of  one  or  several  of  the 
faculties,  or  by  a  blind  impulse  to  acts  of  Airy. 
Adults  are  the  principal  subjects.  A  nervous  tern- 
peramenty  or  an  irritable  constitution,  predisposes  to  it. 
Females  are  more  exposed  to  it  than  males,  particu- 
larly at  the  period  when  menstruation  begins  or 
ceases,  during  pregnancy,  and  after  delivery.  Violent 
emotions,  a  (hssipated  life,  excess  in  any  indulgence, 
sometimes  produce  it.  The  disorder  of  the  intellec- 
toal  faculties  is  manifested  by  extravagant,  gay, 
gloomy,  or  fiooious  emotions ;  the  gestures  and  words 
seem  automatic  Sometimes  the  conversation  is 
rational,  but  the  patient  bursts  out  at  intervals  into 
paroxysms  of  rage,  attacking  every  thing  which  he 
meets';  the  moral  affections  also  seem  deadened,  and 
tike  most  ferocious  hatred  is  displayed  towards  the 
aaost  natural  objects  of  love.  It  is  sometimes  cured, 
at  other  times  remains  stationary,  and  sometimes  is 
converted  into  demency.  Repeated  bleeding,  helle- 
bore, cold  water  poured  upon  the  head*  scourging, 
and  other  means  of  terror  were  formerly  employed  as 
remedies.  At  present,  solitude,  warm  baths,  low 
diet,  he,  are  more  jcommonly  applied. 

Mtianekohf,  called  also  momomaads;  a  species  of 
mental  disorder*  consisting  in  a  depression  of  spirits. 
Some  dark  or  mournful  idea  occupies  the  mind  ex- 
clusively, so  that,  by  degrees^  it  becomes  unable  to 
judge  rightly  of  existing  circumstances,  and  the 
^ttlties  are  disturbed  in  ti^eir  functions.  The  powers 
of  the  soul  become  weakened,  we  might  say  crippled. 
If  these  feelings  are  allowed  to  attain  a  height  at 
which  the  power '  of  .self-cqntrol  is  lost,  a  settled 
gloom  takes  possession  of  the  mind.  Consciousness, 
however,  may  still  continue ;  the  person  knows  his 
state.  But  if  consciousness  b  also  lost,  if  thb  state 
becomes  continual,  the  melancholic  patient  b  insen- 
sible to  the  world  around  him ;  he  bves  only  within 
himself,  and  there  only  in  the  circle  of  one  fixed  idea. 
In  tbis  disordered  state  of  the  feelings,  the  other 
^EMmlties  may  still  continue  to  act,  althou^  the  mode 
and  result  of  their  operation  will  necessarily  be  in- 
fluenced by  the  exbting  disease.  There  may  be 
reflection  in  the  actions  of  the  patient,  but  the  re- 
flection proceeds  from  false  premises.  Several  kinds 
of  melancholy  are  dbtingubhed ;  the  dbtinctions  are 
founded,  however,  mostly  on  the  cause  of  the  disease. 
A  very  common  cause  of  melancholy  is  love.  He 
who  loses  the  great  object  of  hb  wbhes  and  af- 
fections, which  has  absorbed,  we  might  almost  say, 
the  whole  activity  of  hb  soul,  feels  more  than  jea- 
lousy at  the  success  of  a  fortunate  rival ;  exbtence 
appears  to  him  a  blank,  and  himself  the  most  un- 
happy of  men.  Another  frequent  cause  of  melan- 
choly is  gloomy  views  of  religion.  A  constant  ex- 
citement of  the  feelings  by  the  awful  picture  of  the 
eternal  punishment  of  sm  often  produces  absolute 
despair.  The  use  of  such  means,  to  prepare  the  mind 
for  the  reception  of  deep  religious  principle,  has  not 
unfrequently  led  to  distraction  and  suicide.  Repeated 
failures  in  enterprises  pursued  with  anxious  zeal 
may  also  reduce  the  faculties  of  a  man  so  much  that 
he  becomes  wrapt  up  solely  in  the  idea  of  hb  mb- 
fortnne. 

Melancholy  patients  often  flee  from  men,  haunt 


I  solitary  placeB>  such  as  grave-yards,  and  are  given  to 
nocturnal  rambles.  The  course  of  the  disease  b  va- 
rious ;  sometimes  it  lasts  a  series  of  years ;  some- 
times it  ceases  of  itself,  or  is  cured  by  medical  aid  ; 
more  fireauently  it  passes  over  into  other  kinds  of 
insanity,  or  into  bodily  diseases,  as  dropsy  of  the 
chest,  consumption,  dropsy  in  the  head,  apoplexy,  &c«. 
It  is  said  that  melancholy  people  rarely  suffer  from 
the  gout  or  are  attacked  by  epidemic  diseases. 
Several  physical  causes  are  enumerated  as  inducing 
iti  particularly  a  superfluity  of  black  bile.  Various 
derangements  in  the  physical  system  tend  to  occasioA 
it,  as  debility  of  the  nerves,  violent  flow  of  the  blood 
to  the  heart,  superfluity  of  thick  blood.  Burton'a 
AnaUmy  qf  Melaachokf  consbts  chiefly  of  extracts 
from  ancients  authors  illustrating  the  causes,  effects,, 
and  cure  of  that  morbid  affection.  The  author's  own 
reflections  are  few,  but  they  are  original,  ingenious,^ 
and  striking.  The  subject  of  insanity  is  fully  treated 
in  the  following  works : — Burrow's  Commeniariei  <m 
the  Cautea,  Forms,  Symptoms,  and  TretUment  cf  Is- 
ionity  (London  1828)  ;  Pinel,  lyait^  sur  VAUinaium 
Mewiak;  Vobin,  Xie^  Causes  Morales  et  PkysiqUieM 
des  Maladies  Mentales  (1826). 

MsPHiTic  b  used  to  signify  those  kinds  of  ak 
which  will  not  support  combustion  or  anunal  life,  or, 
more  generally,  offensive  exhalations  of  any  sort. 
Modem  chembtry  has  given  particular  names  to 
many  of  these.     (See  Carbon  and  Sulphur.) 

MsRCANTiLB  Ststbm  IS  ouc  that  prevails  to  a 
greater  or  less  extent  in  every  country  of  Europe.  It 
was  introduced  into  France  by  Colbert.  'As  origkaHy 
understood  and  acted  upon,  it  embraces  some  fal- 
lacious doctrines,  and  carries  some  just  ones  to 
excess.  The  notion,  for  example,  that  wealth  b 
derived  mostly  from  foreign  commerce,  and  depends 
upon  an  annual  importation  of  specie,  called  the  * 
balance  of  trade,  is  erroneous.  This  balance  was 
understood  to  be  the  bullion  or  coin  received  by  a 
country  in  exchange  for  a  part  of  its  exports,  and  the 
foreign  trade  was  supposed  to  be  advantageous  and 
promotive  of  the  national  wealth  in  proportion  as 
the  returns  of  trade  were  made  in  the  precious 
metals,  instead  of  other  merchandise;  whereas  an 
exchange  for  iron,  tin,  leadier,  or  any  other  useful 
merchantable  commodity,  b  quite  as  advantageous 
as  the  importation  <of  specie.  It  will  depend  upon 
the  wants  of  the  community  whether  the  importation 
of  one  or  another  article  will  most  promote  the  na-' 
tional  wealth.  It  would  be  quite  absurd,  therefore, 
to  attempt,  by  legislation,  to  force  trade  to  yield  a 
balance  in  specie.  As  far  as  thb  was  a  direct  ob- 
ject of  the  commercial^  system,  it  was  accoidingly 
mistaken.  If  a  nation  needs  odier  things  more  tium 
specie,  such  prices  will  be  offered  as  will  induce  their 
importation.  But  thb  notion  of  the  importance  of 
the  balance  of  exports  and  imports  is  not  wi&out  ita 
truth  in  a  certain  respect.  It  is  undoubtedly  an  evit 
for  one  nation  to  be  constantly  indebted  to  another. 
It  will  be  found  true  between  individuals,  between 
different  districts  of  the  same  country,  and  also  be- 
tween different  nations,  that  the  indebted  party  is 
the  one  most  liable  to  make  sacrifices.  If  a  peopld 
or  district,  or  an  individual,  will  keep  in  advance 
of  their  means,  and  anticipate  the  income  of  the 
coming  year,  tiie  consequence  will  be  a  perpetually 
straitened  and  embarrassed  state.  This  was  ahrays 
the  case  with  the  British  American  colonies,  and 
even  of  the  United  States  for  many  years  after  thff 
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establishment  of  American  independence.  The  liberal 
credits  in  England  enabled  them  to  anticipate  their 
inbome,  and  they  were,  accordingly,  always  largely 
indebted  to  this  country,  and  thus  constantly  strait- 
ened and  distressed,  notwithstanding  the  country 
was  during  the  same  time  rapidly  growing  in  po- 
pulation and  wealth.  It  is  desirable  that  the  com- 
merce of  a  country  should  be  so  conducted  as  not 
to  'keep  the  country  constantly  iudebted.  If  we 
were,  therefore,  to  consider  the  balance  of  trade 
to  be  a  constant  standing  balance  of  debt  due  to  or 
from  a  country,  in  this  sense  it  would  be  a  subject 
of  ^eat  importance.  The  consequence  of  large 
foreign  credits,  and  of  the  desire  to  consume  more 
of  foreign  products  than  the  .people  have  present 
produce  of  Uieir  labour  sufficient  to  pay  for,  is  occa- 
sionally to  drive  specie  from  the  country ;  and  the 
more  extensive  die  credits  the  more  complete  and 
exhausting  will  be  this  drain  when  it  happens. ' 

Mbrcubt,  or  Quicksilver.  The  name  ^tclr- 
Mtlver  is  derived  from  the  alchemists,  who  regarded 
this  metal  as  silver  in  a  fluid  state,  quickened  by 
some  inherent  principle,  which  they  hoped  either  to 
fix  or  expel.  It  was  known  to  the  ancients,  espe- 
cially to  the  Greeks  and  Romans,  who  employed  it 
in  gilding  and  in  the  extraction  of  the  precious 
mebils.  It  is  distinguished  from  all  other  metals  by 
its  extreme  fusibility,  which  is  such  that  it  does  not 
take  the  solid  state  until  cooled  to  the  thirty-ninth 
degree  below  0  (Fahrenheit),  and,  of  course,  is 
mlF&ys  fluid  in  the  temperate  climates  of  the  eajth. 
Its  colour  is  white,  and  rather  bluer  than  that  of 
silver.  In  the  solid  state  it  is  imperfectly  malleable; 
specific  gravity,  13.6.  It  is  volatile,  and  rises  in 
small  portions  at  the  common  temperature  of  the 
,  atmosphere.  At  the  temperature  of  656^  it  boils 
rapidly,  and  rises  copiously  in  fumes.  When  ex- 
posed to  such  a  heat  as  may  cause  it  to  rise  quickly 
in  the  vaporous  form,  it  gradually  becomes  converted 
into  a  red  oxide,  provided  oxygen  be  present.  This 
was  formerly  known  by  the  name  of  precipitate  per 
je.  A  greater  heat  than  600^>  however,  revives  Uiis 
metallic  oxide,  at  the  same  time  that  the  oxygen 
is  again  libeiBted,  and  we  may  thus  procure  a 
plentiful  supply  of  oxygen  gas  for  dhemical  experi- 
ments. 

Mercury,  if  quite  pure,  is  not  tarnished  in  the 
cold  by  exposure  to  air  and  moisture ;  but,  if  it  con- 
tains other  metals,  the  amalgam  of  those  metals 
oxidises  readily,  and  collects  as  a  film  upon  its  sur- 
fiice.  It  is  said  to  be  oxidised  by  long  agitation  in  a 
bottle  half  full  of  air,  and  the  oxide  so  form^  was 
called  by  Boerhaave  Ethiops^per  ee;  but  it  is  very 
probable  that  the  oxidation  of  mercury  observed 
under  these  circumstances  was  solely  owing  to  the 
presence  of  other  metals.  The  oxides  of  mercury 
are  two.  The  protoxide,  which  is  a  black  powder, 
insoluble  in  water,  is  best  prepared  by  mixing  calo- 
mel briskly  in  a  mortar  with  pure  potassa  in  excess, 
•o  as  to  effect  its  decomposition  as  rapidly  as  pos- 
sible«  The  protoxide  is  then  to  be  washed  with 
cold  water,  and  dried  spontaneously  in  a  dark  place. 
Hie  peroxide^  which  is  commonly  known  under  the 
name  of  red  precipitate,  is  prepared,  as  already  men- 
tioned, from  the  combined  agency  of  heat  and  air,  or 
b^  dissolving  mercury  in  nitric  acid,  and  exposing  the 
nitrate  so  formed  to  a  temperature  just  sufficient  to 
drive  off  the  whole  of  the  nitric  acid.  It  contains 
doable  the  quantity  of  oxygen  found  In  the  protoxide. 


It  is  acrid  and  poisonona,  a»d  carriet  these  q«abti» 
into  its  saline  combinations ;  ndiercas  the  protDi3de 
is  relatively  bland,  and  is  the  basis  of  all  the  laikl 
mercurial  medicines. 

Of  the  combustibles,  mercury  unites  only  with 
phosphorus  and  sulphur.  The  phoapkaret  is  fomwd 
by  heating  either  of  the  oxides  along  with  plM»- 
phorus  in  a  retort  filled  with  hydrogen  gas,  or  ttadcr 
water,  with  frequent  agitation :  the  oxide  is  redeccd, 
and  a  phosphuret  is  the  resvlt.  It  is  of  a  black 
colour,  is  easily  cut  with  a  knife,  and,  in  the  sir, 
exhales  vapours  of  phosphorus.  There  are  two  sai- 
phurets,  the  black  and  the  red,  or  the  proto-mdplurrl 
and  the  deuto-wlphmret^  The  first  is  formed  by  rub- 
bing vigorously  in  a  glass  or  porcelain  mortar  thicc 
parts  of  sulphur  and  one  of  mercury,  or  by  adriisg 
mercury  at  intervals,  and  with  agitation,  to  its  ova 
weight  of  melted  sulphur.  The  second,  which  is 
commonly  called  ci$uiabar,  or  vermilicm,  is  fomed  bv 
subliming  the  proto-sulphuret.  Large  qoantiCin  of 
it  are  manufactured  in  Holland.  The  trntinary  pn> 
cess  consists  in  binding  together  150  lbs.  of  salphor 
and  1080  of  quicksilver,  and  then  heating  the  mixtuc 
in  a  cast-iron  pot,  two  feet  and  a  half  in  dianeter, 
and  one  foot  deep,  precautions  being  taken  that  tke 
mixture  does  not  take  fire.  The  calcined  Etfaiops 
is  then  ground  4o  powder,  and  introduced  into  pots 
capable  pf  holding  twenty-four  ounces  of  water  esrii, 
to  which  are  attached  subliming  vessels,  or  bolt-4iesd« 
of  earthenware.  The  sublimation  nsaally  tafcn 
thirty- six  hours,  when  the  sublimers  are  taken  oat 
of  the  furnace,  cooled,  and  broken. 

The  acids  sustain  an  important  relation  to  roerenry. 
All  of  them  either  dissolve  the  metal  or  unHe  wkh 
its  oxides.  Sulphuric  acid  exerts  little  or  bo  actioa 
upon  it  in  the  cold ;  but,  if  heat  is  applied,  it  is 
decomposed,  the  mercary  is -oxidated,  snlpfaarsas 
acid  is  disengaged,  and  &e  oxide  combines  with  the 
remaining  acid.  This  proto-ndpkafe  of  roerenry 
crystallizes  in  slender  prisms,  Ibrming  a  mass,  soft, 
and  partly  liquid..  It  is  very  acrid,  deliqnesoeat, 
and  soluble  in  water.  If  it  is  urged  with  a  heal 
gradually  raised  until  the  mass  becomes  dry,  the 
metal  is  more  highly  oxidated,  and  a  portion  cit  the 
acid  is  dissipated.  On  pouring  boiling  water  oe 
thk  dry  mass,  it  acquires  a  lively  yellow  cotoor, 
forming  an  insoluble  powder,  known  by  the  appella- 
tion of  twhith  mineral,  or  yellow  sulphate  of  mercury. 
The  water,  in  this  process,  produces  the  usoal  effect 
which  it  has  when  it  decomposer  metallic  salts. 
Exerting  a  stronger  attraction  to  the  acid  than  tc 
the  metallic  oxide,  it  combines  principally  with  the 
former ;  but,  from  the  influence  of  quantity  on  che- 
mical affinity,  the  acid  carries  widi  it  a  portion  of 
the  oxide,  and  conversely,  from  the  operation  of  the. 
same  force,  the  oxide  which  is  precipitated  retains  a 
portion  of  the  acid  combined  with  it.  The  neotral 
sulphate  is  thus  resolved  into  a  super-sulphate,  which 
the  water  dissolves,  and  a  sub-sulphate»  which  re- 
mains undissolved.  This  sub-sulphate  is  chiefly 
used  in  pret>aring  corrosive  sublimate  and  calomel. 

Nitric  acid  acts  on  mercury  with  facility,  oxidatiof 
it,  and  combining  with  the  oxide,  forming  a  perfect 
solution.  The  product  of  this  action  varies  con- 
siderably, particularly  with  regard  to  the  state  of 
oxidation,  according  to  the  circumstances  nadcr 
which  it  is  exerted.  If  the  acid  is  diluted  widi 
rather  more  than  an  eoual  part  of  water,  and  if  the 
action  is  not  accelerated  by  heat,  die  protoxide  only 
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Sb  fbrmed,  and  the  salt  is  t]ie  proio-niirate  qf  merewy. 
If  the  acid  is  less  diluted,  and  if  its  action  on  the 
metal  b  promoted  by  heat,  the  peroxide  is  produced, 
and  the  compound  is  the  per-nUrate  of  mereury, 
Botii  these  solutions,  when  concentrated,  crystallize, 
a  mass  being  deposited,  consisting  of  a  congeries  of 
slender  prisms.  Both  salts  are  corrosive,  deliques- 
cent, and  soluble  in  water.  If  the  solution  of  the 
per-nitrate  is  poured  into  water,  a  partial  decom- 
position happens,  similar  to  that  of  sulphate  of  mer- 
cury, and  a  yellow  insoluble  sub-per-nitrate  of  mer- 
cury is  precipitated. 

Nitrate  of  mercury  b  decomposed  hy  the  alkalies 
and  earths;  and  in  these  decompositions  are  well 
displayed  the  differences  which  arise  firom  different 
•  states  of  oxidation  of  the  metal.  By  potash>  soda, 
or  lime,  added  to  the  solution  of  the  proto-nitratc,  a 
precipitate  of  a  grayish  colour,  with  a  tinge  of  yellow, 
18  thrown  down :  from  the  solution  of  the  per-nitrate 
the  precipitate  is  yellow,  more  or  less  bright.  These 
precipitates  are  sub-nitrates,  the  oxide,  separated  by 
the  alkali,  retaining  a  portion  of  the  acid  combined 
with  it  The  action  of  ammonia  on  these  solutions 
is  more  peculiar.  From  the  solution  containing  the 
mercury  at  a  hig^  state  of  oxidation,  it  throws  down 
a  lyhite  precipitate,  which  is  a  ternary  combination 
of  the  oxide,  with  portions  of  the  acid  and  alkali. 
From  the  solution  at  which  the  metal  exists  at  the 
minimum  of  oxidation,  it  throws  down  a  precipitate  of 
a  dark  pay  or  blue  colour. 

AfnSmiiaibtff  preparation  of  mercury  is  obtained 
by  dissolring  100  grains  in  one  and  a  half  ounce  by 
measure  of  nitric  acid.  This  solution  is  poured  cold 
into  two  ounces  by  measure  of  alcohol  in  a  ^lass 
vessel,  and  heat  b  applied  till  effervescence  b  excited, 
though  it  ordinarily  comes  on  at  common  tempera- 
tures. A  white  vapour  undulates  on  the  surface,  and 
a  powder  b  gradually  precipitated,  which  b  im- 
mediately to  be  collected  on  a  filter,  well  washed,  and 
cautiously  dried.  Thb  powder  detonates  loudly  by 
gentle  heat  or  slight  friction.  It  has  been  very  much 
used  of  late  as  the  match-powder,  or  priming,  for  the 
percussion  caps  of  the  detonating  locks  of  fowling- 
pieces.  Two  grains  and  a  half  of  it,  mixed  with  one- 
aixUi  of  that  weight  of  gunpowder,  form  the  quantity 
for  one  percussion  cap,  according  to  the  researches  of 
Aubert,  Pelissier,  and  Gay-Lussac.  In  preparing  thb 
powder  in  quantities,  the  fulminating  mercury  should 
be  moistened  with  thirty  per  cent,  of  water,  then 
triturated  in  a  mortar,  and  afterwards  mingled  with 
the  sixth  part  of  its  weight  of  gunpowder.  Matches 
of  thb  kind  resist  damp  very  well,  and  take  fire  after 
several  hours'  immersion  in  water.  The  detonating 
match,  or  priming  powder,  made  with  chlorate  of 
potash,  sulphur,  and  charcoal,  has  the  inconvenience 
of  rusting  and  soiling  the  fowling-pieces,  and  thence 
causing  mem  to  miss  fire ;  whereas,  with  the  above 
fulminating  powder,  100  shots  may  be  discharged 
successively.  The  mercurial  percussion  caps  are  sold 
now  in  Pans  for  three  francs  and  a  half  per  thousand. 

The  acetic  and  most  other  acids  combine  with  the 
oxide  of  mercury,  and  precipitate  it  from  its  solu- 
tion in  the  nitric  acid.  Muriatic  acid  does  not  act 
on  mercury.  When  mercury  b  heated  in  chlorine, 
it  bums  with  a  pale-red  fliune,  and  the  substance 
call^  corrosive  nAlimaie  b  formed.  Tlib  deuto- 
chloride  may  also  be  formed  by  mixing  together  equal 
parts  of  dry  bi-deuto-sulphate  of  mercury  and  com- 
mon salt,  and  snbliminff.    The  corrosive  sublimate 
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rises,  and  incrusts  the  top  of  ^  vessel,  in  the  form 
of  a  beautifril  white  semitransparent  mass,  composed 
of  very  small  prismatic  needles.  Its  specific  gravity 
b  5.14.  Its  taste  is  acrid,  stypto-metallic,  and  emi- 
nently disagreeable.  It  b  a  deadly  poison.  Twenty 
parts  of  cold  water  dissolve  it,  and  less  than  one  of 
boiling  water.  It  is  composed  of  73.53  mercury  and 
36.47  chlorine.  It  may  be  recognized  by  the  fol- 
lowing characters  :-^It  volatilizes  in  white  fumes, 
which  seem  to  tambh  a  bright  copper-plate,  but 
really  communicate  a  coating  of  metallic  mercury, 
whicii  appears  glossy  white  on  friction.  When  cans- 
tic  potash  b  made  to  act  on  it  with  heat  in  a  glass 
tube,  a  red  colour  appears,  which  by  gentle  ignition 
vanishes,  and  metallic  mercury  b  then  found  to  line 
the  upper  part  of  the  tube  in  minute  globules. 

Solution  of  corrosive  sublimate  reddens  litmus 
paper,  but  changes  syrup  of  violets  to  green.  Bicar- 
bonate of  potash  throws  down  from  it  a  deep  brick- 
red  precipitate,  from  which  metallic  mercury  may  be 
procured,  by  heating  it  in  a  tube.  Lime-water 
causes  a  deep  yellow  precipitate,  verging  on  red. 
Water  of  ammonia  forms  a  white  precipitate,  which 
becomes  yellow  on  being  heated.  With  sulphureted 
hydrogen  and  hydrosulphurets,  a  black  or  blackish- 
brown  precipitate  appears.  Nitrate  of  silver  throws 
down  the  curdy  precipitate  characteristic  of  muriatic 
acid ;  and  the  proto-muriate  often  gives  a  white  pre- 
cipitate. From  six  to  twelve  grains  were  the  mortal 
doses  employed  by  Orfila,  in  hb  experiments  on 
dogs :  they  died  in  horrible  convubions,  generally  in 
two  hours ;  but  when,  with  a  larger  quantity,  the 
whites  of  eight  eggs  were  thrown  into  me  stomach, 
the  animals  soon  recovered  after  vomiting.  The 
effect  of  thb  antidote  b  to  convert  the  corrosive  sub- 
limate into  calomel.  Sulphureted  hydrogen  may  also 
be  employed  along  with  emetics,  llie  proiO'Chloride 
of  mercury  (mercwriua  dulcie,  or  eahmet),  is  usually 
formed  from  the  deuto-chloride,  by  triturating  four 
parts  of  the  latter  wiUi  three  of  quicksilver  till  the 
globules  disappear,  and  subjecting  the  mixture  to  a 
subliming  heat.  By  levigating  and  edulcorating  with 
warm  water  the  sublimed  graybh-white  cake,  the 
portion  of  soluble  corrosive  sublimate  which  had 
escaped  decomposition  b  removed.  It  may  also 
be  made  by  adding  solution  of  proto-nitrate  of 
mercury  to  solution  of  common  salt;  the  proto- 
chloride,  or  calomel,  precipitates.  The  follow- 
ing b  the  process  used  at  Apothecaries'  Hall  :— 
Fifty  pounds  of  mercury  are  boiled  with  seventy 
pounds  of  sulphuric  acid  to  dryness,  in  a  cast-iron  . 
vessel ;  sixty-two  pounds  of  the  dry  salt  are  triturated 
with  forty  pounds  and  a  hdf  of  mercury  until  the 
globules  dis(Eippear,  and  thirty-four  pounds  of  com- 
mon salt  are  then  added.  Thb  mixture  b  submitted 
to  heat  in  earthen  vesseb,  and  from  95  to  lOOlbs.  of 
calomel  are  the  result.  It  b  washed  in  large  quan- 
tities of  dbtilled  water,  after  having  been  ground  to 
a  fine  and  impalpable  powder.  When  proto-chloride 
of  mercury  is  very  slowly  sublimed,  four-sided  prisms 
terminated  by  prisms,  are  obtained.  It  b  nearly 
tasteless  and  insoluble,  and  is  purgative  in  doses 
of  five  or  six  grains.  Its  specific  gravity  is  7>176. 
Exposure  to  air  darkens  its  surface.  It  b  not  so 
volatile  as  the  deuto-chloride.  ' 

Nitric  acid  dissolves  calomel,  converting  it  into 
corrosive  sublimate.  Proto-chloride  of  mercury  is 
composed  of  mercury  84.746,  and  chlorine  15.254. 
There  are  two  iodidee  of  mercury ;  the  one  yellow,  t^ 
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oUier  red ;  both  are  fUsiUe  and  v6iatile.  The  yeliow. 
ot  prcHodide,  contains  one  half  leM  iodine  than  the 
deutiodide ;  the  latter^  when  crystallized^  is  a  bright 
crimson,  lliey  are  boUi  decomposed  by  concen- 
trated sulphuric  and  nitric  adds.  The  metal  is  con- 
Ysrted  into  an  oxide,  and  iodine  is  disengaged.  They 
are  likewise  decomposed  by  oxygen,  at  a  rod  heat. — 
Mercury,  on  account  of  its  fluidity^  readily  combines 
with  most  of  the  metals,  to  which  it  communicates 
more  or  less  of  its  fusibility.  When  Uiese  metallic 
mixtures  contain  a  sufficient  quantity  of  mercury  to 
render  them  soft  at  a  mean  temperature,  they  are 
called  amtUgamt,  It  very  readily  c<Mnbines  with  gold, 
siker,  lead,  tin,  bismuth,  and  zinc ;  more  difficultly 
with  copper,  arsenic,  and  antimony ;  and  scarcely  at 
all  with  platina  or  iron.  It  does  not  unite  with 
nickel,  manganese,  or  cobalt;  and  its  action  on 
tungsten  and  molybdena  is  not  known.  Looking- 
glasses  are  covered  on  the  back  side  with  an  amalgam 
of  tin.  The  amalgamation  of  the  precious  metals, 
water  gikhng,  the  making  of  vermilion,  the  sUvering 
of  looking-glasses,  the  construction  of  barometers 
and  thermometers,  axe  the  principal  uses  to  which 
this  metal  is  applied.  Scare^  any  substance  is  so 
liable  to  adultmtion  as  mercury,  owing  to  its  pro- 
perty of  dissolving  completely  some  of  the  baser 
metals.  This  union  is  so  strong  that  they  even  rise 
akmg  with  it  in  vapour  when  distilled.  Its  impurity, 
howerer,  can  generally  be  detected  by  its  dnlla^)ect ; 
by  its  tarnishing,  and  becoming  covered  with  a  coat 
of  oxide,  on  long  exposure  to  ti^  air :  by  its  adhesion 
to  the  surface  of  glass ;  and,  when  shaken  with  water 
in  a  bottle,  by  the  speedy  formation  of  a  black  pow- 
der. Lead  and  tin  are  frequent  impurities,  and  the 
mercury  becomes  capable  of  taking  up  more  of  these, 
if  zinc  or  bismuth  be  previously  added.  In  order  to 
dbcover  lead,  the  mercury  may  be  agitated  with  a 
little  water»  in  order  to  oxidize  that  metal :  pour  off 
the  water,  and  digest  the  mercury  with  a  little  acetic 
acid ;  this  will  dissolve  the  oxide  of  lead,  which  will 
be  indicated  by  a  blackish  precipitate,  with  sul- 
phureted  water ;  or  to  this  acetic  solution  add  a  little 
sulphate  of  soda»  which  will  precipitate  a  sulphate 
of  lead*  containing,  when  dry,  seventy  per  c^t.  of 
metal.  Bismuth  is  detected  by  pouring  a  nitric  s(^u- 
tion,  prepared  without  heat,  into  distilled  water ;  a 
white  precipitate  will  a{^>ear,  if  this  metal  be  present* 
Tin  is  manifested,  in  like  manner,  by  a  weak  solution 
of  proto-muriate  of  gold,  which  throws  down  a  pur[4e 
sediment ;  and  zinc  by  exposing  the  metal  to  heat. 

The  medicinal  virtues  of  this  mineral  were  almost 
totally  unknown  to  the  ancients,  who  coasidered  it 
as  a  poison.  It  was  first  employed  for  purposes  of 
medicine  by  the  Arabians,  who  made  use  of  it  in  the 
fana  of  ointments  for  the  skin  and  the  killing  of  ver- 
min. In  modem  times  mercurjr  is  one  of  &e  most 
important  artides  of  the  materia  medica.  It  has  an 
advantage  over  all  otiiers  in  being  a  ^>ecific  remedy 
for  a  disease  which  tends  more  than  any  other  to 
the  destruction  of  the  human  spedes,  and  which, 
without  this  inestimable  discovery,  would  probably 
have  continued  incurable  to  the  presoit  day. 

Mercury,  taken  into  the  stomach  in  its  metallic 
state,  has  no  action  on  the  body,  except  what  arises 
from  its  weight  or  bulk.  It  is  not  poisonous  as  is 
vulgarly  supposed,  but  perfectly  inert.  But,  in  its 
various  sts^  of  combination,  it  produces  certain 
sensible  effects.  It  quickens  the  circulation,  and  in- 
creases all  the  secretions  and  excretions. 


The  metallic  oxide  of  mefcury  differs  very^  mncb  in 
its  effects  on  the  system.  Sometimes,  it  mote  parti- 
cularly increases  one  secretion ;  sometimes  amkher; 
but,  its  moat  characteristic  effect  is  the  increased  flow 
of  saliva,  which  it  generally  exdtes,  if  given  in  suf 
fident  quantity. 

Mb&cvry  ;  the  first  planet  in  order  firom  the  son. 
(See  Astronomy.) 

Mbridian,  in  aainmomjf,  b  a  great  circle  of  tibe 
cdestial  sphere,  passing  through  the  pole  of  the 
earth  and  the  z^iith  and  nadir,  crossing  the  equator 
at  right  angles,  and  dividing  the  ^>here  into  sb 
eastern  and  w^tem  hemisphere.  VHieii  the  sm  is 
on  this  cirde,  it  is  noon  or  mid-day  to  all  places 
situated  under  that  meridian. 

Meridiem,  in  gtograpkfi ;  a  corresponding  terres- 
trial circle  in  the  plane  of  the  former,  amd  wfaidu 
therefore,  passes  through  the  poles  of  the  ^rtk. 
All  places  situated  under  the  same  meridian  hswe 
their  noon  or  midnight  at  the  same  time ;  but,  oada 
different  meridians,  it  will  arrive  sooner  or  later, 
according  as  they  are  situated  to  the  eastward  or 
westward  of  each  other ;  viz.  the  sun  will  be  upea 
that  meridian  soonest  which  is  most  to  the  eastwaid, 
and  that  at  the  rate  of  an  hour  for  every  15^. 

Flnt  MeridiaM  is  that  from  which  all  the  othoi 
are  reckoned,  which,  being  totally  arbitrary^  has 
been  variously  chosen  by  different  geograpbets. 
Ptolemy  makes  his  first  meridian  pass  throuf^  the 
most  western  of  the  Canary  Islands ;  othuers  hate 
chosen  Cape  Verd;  some  the  Peak  of  Teneriff!; 
others  the  Island  of  Ferro,  &c. ;  but  most  natioai 
now  consider  that  the  first  meridian  which  passes 
ever  their  metropolis^  or  their  principal  observatory. 
Thus  we  reckon  from  the  meridian  of  Greenwich  i 
the  French  from  Paris ;  the  Spanish  from  Madrid; 
the  Americans  from  Washington,  &c. 

Meridian  qf  a  Globe  is  the  brazen  circle  in  whidi 
it  turns,  and  by  which  it  is  supported.  T%e  hresm 
meridian  is  divided  into  360  equal  parts^  called 
degrees.  In  the  upper  semicirde  of  the  brass  meri- 
dian these  degrees  are  numbered  from  0  to  9Q,  or 
from  the  equator  towards  the  poles,  and  are  Bsed  for 
finding  the  latitudes  of  places.  On  the  lower  semi- 
circle of  the  brass  meridian  they  are  numbered  from 
0  to  90,  from  the  poles  towards  the  equator^  and  are 
used  in  the  elevation  of  the  poles. 

Meridian  Line  is  a  line  running  dne  north,  and 
south,  the  exact  determination  of  which  ia  of  ^ 
great^  importance  in  all  cases  relating  to  astro- 
nomy, geography,  diallings  &c.»  because  on  Hob  aB 
the  other  parts  have  their  dependence.  Tlie  moat 
celebrated  meridian  line  is  that  on  the  pavement 
of  the  church  of  St.  Petronio,  in  Bologna*  vriiidi 
was  drawn  to  the  length  of  120  feet,  by  the  cele- 
brated Cassini.  Without  knowing  the  meridiaa 
line  of  a  place,  it  would  be  impossible  to  make  a 
diaU  set  a  clock,  or  measure  degrees  on  the  eartik's 
surface. 

Meridian  Line,  on  adial,  is  the  same  as  the  twelve 
o'clock  hour  line. 

Magnetic  Meridian  ;  a  great  cirde  passing  tiirm^ 
the  magnetic  poles.    (See  Magnetism.) 

Meridian  Altitude;  the  altitude  of  any  of  the 
heavenly  bodies  when  they  are  upon  the  meridian. 

Merlon,  in  fortification,  is  that  part  of  a  parapet 
which  is  terminated  by  two  embrasures  of  a  battery. 
Its  height  and  thickness  are  the  same  with  that  of  die 
pari^et ;  but  its  breadth  is  generally  nine  ftet  on  tlv 
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inside,  and  six  on  the  outside.  It  serves  to  cover 
those  on  the  battery  from  the  enemy ;  and  it  is  bet- 
ter when  made  of  earth,  well  beat  and  close,  than 
when  built  with  stones,  because  they  fly  about  and 
wound  those  they  should  defend. 

Mbssntbrt;  a  membrane  in  the  cavity  of  the 
abdomen,  attached  to  the  lumbar  vertebra,  and  to 
which  the  intestines  adhere.  Its  uses  are  to  sustain 
the  intestines  in  such  a  manner  that  they  may  possess 
both  mobili^  and  firmness  to  support  and  conduct 
the  blood-vessels,  lacteals,  and  nerves,  to  fix  the 
glands,  and  give  an  external  coat  to  the  intestines. 

Mbss,  in  tea  language,  denotes  a  particular  com- 
pany of  the  oflicers  or  crew  of  a  ship,  who  eat,  drink, 
and  associate  together,  whence  messnuUe^  one  of  the 
number  thus  associated.    In  military  language,  mess 
denotes  a  sort  of  military  ordinarv,  for  the  msuntcn- 
ance  of  which  every  officer  who  takes  his  meals  there 
gvrea  a  certain  proportion  of  his  pay.    These  associa- 
tions of  officers  in  the  English  armies  exist  not  merely 
in  time  of  peace,  but  even  in  the  field ;  and  foreigners 
are  surprised  at  the  degree  to  which  the  national  love 
of  comfort  previuls,  even  amid  the  fatigues  of  service, 
leading  the  officers  to  carry  with  them  loads  of  table 
equipage,  thereby  adding  to  the  cumbrous  baggage 
of  an  English  army.      In  all  the  descriptions  of 
English  nulitary  life  the  mess  is  conspicuous ;  and  it 
may  easily  be  imagined  that  these  social  meetings, 
-when  the  toils  of  service  are  suspended,  and  the  plea- 
sores  of  the  table  are  hei^tened  by  music — when  the 
Testraints  of  military  etiquette  are  relaxed,  and  a 
soldier-like  frankness  prevails — ^when  the  young  ex- 
press their  hopes,  and  the  older  relate  their  experi- 
ences— are  among  the  bright  spots  of  British  military 
life.    Several  armies,  particularly  the  Prussian,  have 
attempted  in  time  of  peace  to  imitate  the  English 
mess,  but  without  being  able  to  copy  it  fully. 

Mbstrb  De  Camp  ;  formerly  tl^  title  of  the  com- 
manding officer  of  a  regiment  of  cavalry  in  the  French 
service.  He  was  distinguished  by  this  appellation 
on  account  of  there  being  a  colonel-general  in  the 
cavalry.  Thechid'of  a  regiment  of  infantry  was  also 
formerly  so  called. 

Metal;  the  most  numerous  class  of  undecom- 
pounded  chemical  bodies,  distinguished  by  the  foUow- 
mg  general  characters: — 1.  They  possess  a  peculiar 
lustre,  which  continues  to  be  seen  in  the  smallest 
fragments.  2.  They  are  fusible  by  heat,  and  in 
Ihsion  retain  their  lustre  and  opacity.  3.  They  are 
all  (exc^  selenium)  good  conductors  both  of  elec- 
tricity and  caloric.  4.  Many  of  them  may  be  ex- 
tended under  the  hammer,  and  are  called  maUeable; 
or  under  the  rolling-press,  and  are  called  lamnable  ; 
or  drawn  into  wire,  and  are  called  ductile.  5.  When 
their  saline  combinations  are  electrized,  the  metals 
separate  at  the  negative  pole.  6.  When  exposed  to 
the  action  of  oxygen,  chlorine,  or  iodine,  at  an 
elevated  temperature,  they  generally  take  fire,  and, 
combining  with  one  or  other  of  these  three  elementary 
dissolvents,  in  definite  proportions,  are  converted  into 
earthy  or  saline-looking  bodies,  devoid  of  metallic 
Instre  and  ductility,  call^  oxides,  chlorides,  or  iodides, 
^.  They  are  capable  of  combining  in  their  melted 
Btate  with  each  other,  in  almost  every  proportion, 
constil^ting  alloys.  8.  Most  of  them  combine  in 
definite  proportions  with  sulphur  and  phosphorus, 
forming  bodies  frequently  of  a  semi-metallic  lustre ; 
juid  others  unite  with  hydrogen,  carbon,  and  boron, 
^v*ng*ri8e  to  peculiar  gaseous  or  solid  compounds. 


Their  names  are  as  follows:— ^1.  platinum,  2.  gold, 
3.  silver,  4.  palladium,  5.  mercury,  6.  copper,  7.  iron, 
8.  tin,  9.  lead,  10.  nickel,  11.  cadmium,  12.  ^nc, 
13,  bismuth,  14.  antimony,  15.  manganese,  16.  cobalt, 
17*  tellurium,  18.  arsenic,  19.  chromium,  20.  molyb- 
denum, 21.  tungsten,  22.  columbium,  23.  selenium, 
24.  osmium,  25.  rhodium,  26.  iridium,  27.  uranium, 
28.  titanium,  29.  cerium,  30.  potassium,  31.  sodium, 
32.  lithium,  33.  calcium,  34.  barium,  35.  strontium, 
36.  magnesium,  37.  yttrium,  38.  glucinum,  39.  alumi- 
num, 40.  zirconium,  41.  silicium,  42  thorinum,  43 
vanadium.  The  first  twelve  are  malleable,  and  so  are 
the  30th,  31st,  and  32nd,  in  their  congealed  state. 
The  first  sixteen  yield  oxides,  which  are  neutral  salifi- 
able bases.  The  metals  17,  18, 19>  20,  21,  22,  and  23 
are  acidifiable  by  combination  with  oxygen.  Of  the 
oxides  of  the  rest,  up  to  the  30th,  little  is  known. 
The  remaining  metals  form,  with  oxygen,  the  alkaline 
and  earthy  bases. 

A  very  curious  test  of  the  state  of  metals  has  lately 
been  brought  before  the  scientific  world,  which  must 
be  noticed  in  the  present  place.  It  is  well  known 
that  Dr.  Wollaston  devised  a  beautiful  little  arrange- 
ment to  ascertain  the  conducting  power  of  certain 
crystals  having  metallic  characters,  and  which,  ulti- 
mately, proved  to  be  titanium.  If  a  plate  of  cop- 
per be  in  contact  with  a  plate  of  zinc,  and  part  of 
both  plates  be  immersed  in  a  dilute  acid,  the  copper, 
by  its  electric  condition,  decomposes  water,  and  be- 
comes covered  with  bubbles  of  hydrogen.  If  a  piece 
of  paper  or  a  card  be  interposed  where  the  two 
metals  were  in  contact,  the  copper  loses  this  power 
altogether,  and  no  bubbles  appear  on  it ;  but  if  a 
smaU  hole  be  made  in  the  paper  or  card,  and  a  little 
piece  of  metallic  matter  put  there  so  as  to  touch  at 
once  both  the  zinc  and  copper,  then  the  latter  has 
its  full  power  restored.  M.  Macaire  Pnnsep  has 
applied  this  test  more  generally ;  and  he  found,  in 
^e  first  place,  that  a  metal  was  necessary  to  restore 
the  effect ;  lead,  bismuth,  tin,  &c.,  re-produced  the 
bubbles ;  but  sulphuret  of  arsenic,  rutulite,  or  oxide 
of  titanium,  gray  cobalt  ore,  and  the  sulphuret  of 
antimony,  iron,  tin,  or  lead,  produced  no  effect. 
Portions  of  meteoric  stone  from  Aigle  and  Barbosan^ 
by  producing  bubbles,  showed  that  they  contained 
uncombined  metal ;  and  the  method  seemed  com- 
petent to  indicate,  in  all  cases,  whether  the  metals 
were  free  or  in  a  combintd  condition. 

As  lead  gave  bubbles,  but  the  sulphuret  of  lead 
none,  experiments  were  made  with  lead,  to  which 
sulphur,  m  increasing  proportions;  had  been  added  i 
1-lOOth,  1. 50th,  l-32d,  l-lfith,  and  l-12th  of  sul- 
phur did  not  take  away  the  property  from  lead,  but 
when  l-8th  of  sulphur  was  used  no  bubbles  appeared 
upon  the  copper ;  then,  ascertaining  the  proportions 
in  the  definite  sulphuret  of  lead,  he  found  them  to  be 
exactly  those  which  caused  the  evolution  of  bubbles 
to  cease  (eighty-six  lead  and  fourteen  sulphur).  The 
same  effect  occurred  with  the  sulphuret  of  tin  ;  and 
hence  it  was  concluded  that  chemical  combination, 
in  determinate  proportions,  was  necessary  to  pre- 
vent this  electric  decomposition,  and  that  mixtures 
had  no  influence  on  the  phenomena. 

Mbtalloid,  in  chemistry;  a  name  given  at  first  to 
the  metals  which  have  been  obtained  from  the  fixed 
alkalies  and  some  of  the  earths.  These  bodies  having 
been  found  to  be  completely  metallic  are  now  classed 
with  the  other  metals,  and  no  distinction  is  necessary. 

Mbtallubot,  Mbtalluroic  Cbemistst,  is  that 
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part  of  chemistry  which  teaches  the  combinations 
and  analyses  of  metals.  It  has  been  mnch  cultivated 
of  late. 

Mbteoroloot;  that  science  which  investigates 
the  phenomena  of  our  atmosphere  (commonly  called 
meteors),  giving  an  account  of  the  circumstances  at- 
tending c^ch,  and  explaining  the  causes  from  which 
they  arise. 

In  considering  this  science,  we  find  the  objects  of 
it  naturally  divided  into  two  classes,  viz.  those  which 
xise  high  in  the  heavens,  seemingly  without  any  con- 
nection with  this  earth;  and  others  which  are  more 
particularly  connected  with  the  earth,  or  are  percepti- 
ble only  in  the  lower  regions  of  the  atmosphere.  The 
former,  which  may  properly  be  called  celestial  meteors, 
are  only  three  in  number,  viz.  the  large  fire-balls, 
falling  stars,  and  aurora  borealis.  The  second  class 
is  much  more  numerous,  including  the  phenomena  of 
the  ordinary  winds,  rain,  hail,  snow,  clouds,  and  va^ 
pours  of  all  kinds,  thunder  and  lightnmg,  hurricanes, 
whirlwinds,  water-spouts,  tgnes  &tui,  and  other  wan- 
dering luminous  appearances,  not  excepting  the  va- 
rious changes  of  the  atmospl^ere  itself,  with  regard  to 
its  specific  gravity,  rarefaction,  heat,  and  moisture,  as 
indicated  by  the  barometer,  thermometer,  and  hygro- 
meter. 

To  treat  of  all  these  in  a  satisfactory  manner^  it  is 
plain  that  we  ought  to  have  an  intimate  acquaintance 
with  the  constitution  of  the  atmosphere,  with  the 
nature  of  those  powerful  agents  by  which  it  appears 
to  be  principally  influenced,  viz.  fire,  light,  and  elec- 
tric fluid,  and  with  their  peculiar  modes  of  operation 
and  action  upon  one  another  and  upon  the  atmo- 
sphere, and  this  in  every  possible  vanety  of  circum- 
stances. Nor  is  even  all  this  sufficient :  the  various 
phenomena  of  rain,  wind,  snow,  thunder,  heat,  cold, 
&c.,  are  knovni  to  depend  very  much  upon  the  situa- 
tion of  different  places  on  the  surface  of  the  earth ; 
and  their  occasional  variations  are  with  great  reason 
suspected  to  proceed,  partly  at  least,  from  changes 
which  take  place  in  the  bowels  of  the  earth :  whence 
a  meteorologist  ought  not  only  to  be  perfectly  well 
acquainted  with  geography,  but  with  mineralogy 
chemistry,  the  analysis  of  metals,  and  the  general 
principles  of  natural  philosophy. 

In  a  science  so  very  difficult,  it  is  not  to  be  sup- 
posed that  any  thing  like  a  certain  and  established 
theory  can  be  laid  down :  our  utmost  knowledge  in 
this  respect  goes  no  further  as  yet  than  to  the  establish- 
ment of  a  few  facts ;  and,  in  reasoning  even  from  these, 
we  are  involved  every  moment  in  questions  which 
seem  scarcely  within  the  compass  of  human  wisdom 
to  resolve. 

In  considering  the  subject  of  meteorology,  it  will 
readily  be  admitted  that  the  whole  atmospherical 
phenomena  depend,  some  how  or  other,  upon  the 
action  of  die  sun  upon  the  earth,  and  the  annual  and 
diurnal  revolutions  of  the  latter.  As  these  causes, 
however,  are  alv^ys  invariably  the  same,  why  do  we 
not  find  the  same  regularity  in  meteors  that  we  do 
in  other  phenomena  of  nature  i  The  eclipses  of  the 
tun  and  moon,  for  instance,  which  depend  on  the 
different  positions  of  the  earth  and  moon  with  regard 
to  the  great  luminary,  are  found  to  follow  a  certain 
and  regular  course;  so  that  the  very  same  eclipses 
both  as  to  quantity  and  duration,  which  happened 
before  will  happen  again.  But  with  meteors  the 
case  is  quite  different.  Most  of  the  atmosphericid 
phenomena  are  so  various  and  uncertain  that  no 


person  can  pietend  to  reduce  them  to  any  ktad  of 
rule.    Every  succeeding  year,  for  instance,  differs  in 
a  vast  number  of  particulars  from  that  vdiich  pre- 
ceded it,  even  in  such  as  are  the  most  similar  to  one 
another.    Sometimes  we  find  a  number  of  years  suc- 
cessively similar  to  one  another,  and  another  act 
quite  different  taking  place  immediately  after  them ; 
and  some  have  even  fimciedthat  this  succession  took 
place  every  nineteen  years,  nearly  the  time  of  the 
revolution  of  the  moon's  nodes,  though  the  observa^ 
tions  on  which  this  opinion  is  boilt  are  far  from 
being  sufficient  to  establish  it :  at  any  rate,  the  dis- 
similarity between  the  phenomena  of  different  yean 
may  sufficiently  warrant  us  to  conclude  that  other 
causes  besides  the  regular  action  of  the  son  and 
revolution  of  the  eartii  are  concerned.     Some  of 
these  causes  may  be  supposed  to  be  chemical  chan^ 
and  other  commotions  vrithin  the  bowels  of  the 
earth  itself;  but  as  all  chemical  change  is  a  rc^hr 
process,  and  takes  place  only  in  certain  ctrcom- 
stances,  of  which  heat  is  a  very  considerable  one, 
why  is  there  not  annually  a  certain  quantity  of  this 
fermentation  excited,  and  why  are  not  regular  effects 
observed  in  proportion  ?    It  does  not,  indeed,  appear 
that  the  immense  variety  which  occurs  in  meteoro- 
logical appearances  can  by  any  means  be  accounted 
for  but  by  the  interference  of  some  causes  in  their 
own  nature  irregular;  that  is,  capable  of  such  endless 
variety  that  no  assignable  space  of  time  is  sofikicat 
to  exhaust  it.    These  causes,  as  they  cannot  be 
proved  to  exist  cither  on  the  surface  of  the  earth  or 
in  its  internal  parts,  must  be  sought  for  in  the  celes- 
tial expanse  itself.    Sir  Isaac  Newton  supposed  Ute 
planets  to  be  influenced  by  the  comets,  and  Hal 
from  the  tails  of  the  latter  some  of  the  finer  parts  of 
our  atmosphere  were  produced.     He  even  suppoKd 
that  from  these  bodies  a  quantity  of  water,  imagined 
to  be  wasted  in  the  various  operations  of  natoR; 
might  be  supplied.    But,  if  it  is  not  unreasonable  to 
suppose  that  comets  answer  some  such  purposes  ia 
nature,  it  is  as  little  unreasonable  to  thmk  that  the 
visseff  may  influence  the  atmospheres  of  one  another. 
That  this  must  be  the  case  indeed  is  very  probahk, 
not  only  on  account  of  the  light  they  reflect  npoa 
one  another,  but  also  by  reason  of  their  spheres  of 
mutual  attraction,  whidi  extend  an  immense  way, 
and  are  so  powerful  in  the  planets  Jupiter  and 
Saturn  that  they  disturb  the  motions  of  eadi  other*! 
satellites  as  they  pass.    But,  besides  even   these 
causes,  if  we  allow  them  to  be  such,  there  are  odien 
which  take  place  in  the  immense  void  betwixt  the 
celestial  bodite,  and  which  has  with  great  impn>- 
priety  been  determined  an  absolute  vacuum,    nst 
changes  do  take  place  in  thb  space  is  evident  froa 
what  is  related  of  the  temporary  disappearance  ol 
some  of  the  satellites  of  Saturn,  and  their  sodden 
re-appearance,  without  any  perceptible  change  ia 
our  atmosphere  so  as  to  affect  our  view  of  other 
celestial  objects.    It  may  appear  ridiculous  to  tiiink 
that  a  change  in  such  distant  regions  should  have 
any  influence  upon  the  atmosphere  of  the  earth; 
but  we  must  remember  that  if  the  universe  is  con- 
nected together  as  one  vast  system,  which  we  have 
every  reason  to  believe  it  is,  as  impossible  that  a 
change  can  take  place  in  any  part  without  affecting 
the  whole  in  some  degree  as  it  b  impossible  to 
change  any  part  of  a  dock  or  vratch  without  in  some 
measure  affecting  the  whole  movement 
But,  of  all  the  changes  which  take  place  in  tht 
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^lestial  regions,  those  which  affect  the  sun  seem 
most  likely  to  produce  changes  in  our  atmosphere, 
and  to  be  the  hidden  cause  of  many  meteorological 
phenomena.  That  the  sun  is  not  exempt  from  ti^ose 
changes  is  evident  from  the  spots  which  are  always, 
or  for  the  most  part,  to  be  seen  on  his  disc  when 
▼iewed  through  a  telescope.  It  has  been  observed 
In  some  years  that  the  sun  has  seemed  to  lose  his 
influence,  and  even  to  the  naked  eye  appeared  much 
dimmer  tiian  usual.  In  such  cases  it  is  impossible 
but  our  atmosphere,  and  even  the  whole  solar 
system,  must  have  been  affected ;  and  not  only 
must  the  seasons  for  the  present  time  have  felt  the 
malign  influence  of  those  spots,  but  the  atmosphere 
itself  may  have  acquired  such  a  disposition  as  to 
produce  seasons  of  a  peculiar  nature  for  a  number 
of  years  afterwards.  If  it  be  true,  according  to  the 
•hypothesis  of  some,  that  the  sun  is  supplied  with 
fuel  by  comets  fiedling  into  his  body,  it  is  plain  that 
every  new  accession  of  this  kind  must  have  a  pro- 
portionable effect  upon  all  the  bodies  exposed  to  his 
fight.  If  the  comets  do  not  perform  any  such  of. 
fice,  still  it  is  very  probable  that  they  answer  some 
such  purpose  to  the  planets,  as  they  are  never  seen 
beyond  ihe  planctaiy  regions;  and,  though  their 
influence  be  not  immediately  perceptible,  it  is  impos- 
sible to  prove  that  they  have  none,  nor  indeed  is  It 
probable  that  they  have  not ;  for  we  are  very  certaii\ 
that  the  influence  of  any  object  extends  as  far  as  its 
light,  and  how  much  further  we  cannot  tell.  Con- 
sidering the  matter  in  this  view,  therefore,  there  is 
not  a  spot  which  can  obscure  the  sun,  a  comet  that 
can  appear  in  the  celestial  regions,  a  planet  that  can 
approach  the  earth,  nor,  perhaps,  a  belt  or  spot 
which  can  take  place  on  Mars,  Jupiter,  or  Saturn, 
which  may  not  be  productive  of  important  changes 
in  our  atmosphere,  and  affect  the  meteors  produced 
by  it  in  many  different  ways. 

It  would  no  doubt  be  an  error  to  have  recourse 
to  so  many  obscure  causes,  were  there  any  plain 
and  obvious  ones  from  which  the  phenomena  could 
be  deduced.  But  the  endless  variety  of  meteors 
which  occur  throughout  every  part  of  the  globe 
plainly  show  that  the  causes,  whatever  they  are, 
most  be  infinitely  varied  also.  The  principal  one  is 
no  doubt  the  action  of  the  sim  upon  the  earth  and 
atmosphere  in  its  various  positions ;  but  thb  is  re- 
gular, and,  did  nothing  else  interfere,  would  produce 
regular  effects.  Secondary  causes  probably  are  the 
action  of  the  moon  and  planets ;  but  these  also  are 
regular,  though  much  more  diversified  than  the 
former ;  so  that  we  are  at  last  obliged  to  have  re- 
course to  causes  still  more  obscure  and  remote,  as 
comets,  spots  on  the  sun,  and  changes  taking  place 
in  the  effects  of  tiiose  rays  which  pervade  the  whole 
celestial  expanse.  These  we  must  either  assign  as  the 
remote  causes  of  the  phenomena  of  our  atmosphere, 
or  admit  others  equally  obscure,  or  we  must  be  con- 
tented to  own  our  ignorance,  as,  indeed,  must  at  all 
events  be  frequently  the  case. 

But  though,  to  satisfy  ourselves,  such  conjectures 
may  occasionally  be  indulged,  it  is  not  from  them  that 
"we  are  to  derive  any  knowledge  of  the  regular  pheno- 
mena of  nature ;  for  these  are  evidently  owing  to  the 
settled  and  established  action  of  heat,  light,  and  elec- 
tric matter,  which  have  already  been  enumerated  as 
the  great  powers  influencing  and  indeed  in  a  great 
measure  forming  the  substance  of  our  atmosphere. 
The  most  remarkable  effects  of  these  are-* 
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1.  Evaporation,  Thb,  which  is  the  principal 
cause  of  almost  all  the  meteors  of  our  atmosphere* 
may  be  reckoned  in  a  more  particular  manner  the 
effect  of  heat.  Upon  this  principle  vapour  is  shown 
to  be  a  compound  of  water  and  fire ;  and  such  it  is 
supposed  to  be  by  M.  de  Luc,  in  his  Treatise  on 
Meteorology,  as  well  as  by  other  philosophers  of  the 
highest  nmk.  In  considering  this  operation,  how- 
ever, as  carried  on  by  nature,  we  shall  soon  find 
that  it  proceeds  in  a  manner  very  different  from  what 
takes  place  in  our  chemical  operations.  In  the  lat- 
ter, evaporation  is  merely  the  effect  of  heat,  and  the 
process  cannot  go  on  without  a  considerable  degree 
of  it,  especially  if  the  vessel  containing  the  fluid  be 
close.  In  the  natural  way,  on  the  contrary,  the  pro- 
cess goes  on  under  almost  every  degree  of  cold  we 
know;  the  vapours  ascend  to  a  height  which  has 
never  yet  been  determined,  and,  from  the  extreme 
cold  which  they  sustain,  show  evidently  that  they 
are  connected  with  our  atmosphere  by  means  of  some 
other  agent  besides  heat.  From  the  continual  ascent 
of  vapour,  indeed,  if  the  operations  of  nature  were 
of  the  same  kind  with  those  of  art,  the  upper  parts 
of  our  atmosphere  would  be  always  involved  m  a 
fog>  by  reason  of  the  condensation  of  ^e  vast  quan- 
tity which  continually  ascends  thither ;  but  so  far  is 
this  from  being  the  case  that  in  those  elevated  re- 
gions to  which  the  vapours  continually  ascend  the 
air  is  much  drier  than  at  the  surface  of  the  ground. 
This  was  experienced  by  M.  de  Saussure  and  M.  de 
Luc  in  their  journeys  up.  the  Alps.  The  air  was 
there  found  to  be  excessively  dry,  and  evaporation  to 
go  on  much  more  rapidly  than  below ;  so  that  the  sur- 
face of  their  bodies  was  parched  up,  and  an  excessive 
thirst  took  place  by  reason  of  the  great  absorption 
of  the  moisture.  The  same  dryness  was  manifested 
by  the  hygrometer,  which  could  scarcely  ever  be 
brought  to  indicate  any  moisture,  even  when  our 
travellers  were  surrounded  with  clouds,  haU,  and 
rain.  From  many  experiments,  indeed,  it  is  evident 
that  water,  after  bein^  reduced  into  a  state  of  vapour, 
is  capable  of  undergomg  a  certain  change,  by  which 
it  partially  lays  aside  its  fluidity,  and  even,  to  appear- 
ance, its  specific  gravity ;  so  tnat  it  becomes,  as  far 
as  regards  its  mechanical  character,  totally  different 
from  what  it  was  before.  This  nmy  be  familiarly  un- 
derstood from  the  common  operation  of  slaking  lime ; 
for  in  that  case  the  water  unites  with  the  lime  so  inti- 
mately that  the  whole  assumes  the  form  of  a  dry  pow- 
der, extremely  greedy  of  moisture,  and  which  cannot 
be  reduced  to  its  former  state  of  quicklime  without 
undergoing  a  much  greater  degree  of  heat  than  the 
water  by  itself  could  bear.  The  same  thing  is  mani- 
fest from  mixing  dry  plaster  of  Paris  wi3i  water; 
for  thus  a  vast  quantity  of  the  water  is  fixed,  and 
becomes  in  a  manner  solid.  A  still  more  remarkable 
instance  is  in  sending  the  steam  of  water  over  red- 
hot  iron  ;  for  there  the  oxygen  of  the  water  unites  in 
such  a  manner  with  the  metal  that  the  other  element, 
hydrogen,  is  entirely  liberated.  Here  we  are  to' 
consider  the  changes  which  the  element  undergoes 
after  being  reduced  to  the  state  of  vapour.  The  first 
of  these  is  its  assuming  the  appearance  of  smoke 
or  fog  when  mixed  with  the  common  atmosphere* 
which  smoke,  when  examined  by  a  very  powerful 
microscope,  appears  to  be  composed  of  an  infinite 
number  of  spherules  of  water.  They  are  no  doubt 
expanded  by  heat,  and  thus  rendered  lighter  than 
lair,  by  which  Qieant  they  ascend  in  ft.    As  long 


798 


METEOROLOGY. 


at  the  aqueous  vapour  retains  this  visible  form,  it 
retains  also  its  humidity,  and  will  again  become 
a  liquid,  and  wet  whatever  comes  in  its  way ;  and 
this  the  more  readily,  while  it  retains  any  sensible 
degree  of  heat.  As  the  vapour  cools  in  the  at- 
Biosphere,  it  gradually  assumes  an  aerial  state,  mix- 
ing itself  widi  the  air,  so  as  to  be  no  longer  dis- 
tinguishable from  it.  In  this  state  the  air  itself  does 
not  by  any  means  appear  to  become  more  moist, 
but  continually  drier  the  more  water  it  receives. 
This,  however  paradoxical  it  may  seem,  is  a  certain 
fact;  for  in  summer,  though  we  are  assured  that 
evaporation  goes  on  very  rapidly  from  the  surface 
both  of  the  sea  and  land,  yet  the  air,  so  tar  from 
being  moist,  is  much  drier  than  at  any  other  time ; 
and  yet  we  know  that  the  whole  quantity  evaporated 
is,  some  how  or  other,  received  by  the  atmosphere. 
AJfter  the  water  has  attained  to  this  state,  our  en- 
quiries concerning  it  must  assume  a  new  course. 

On  this  subject  M.  de  Luc  has  some  very  curious 
observations,  built  principallv  upon  the  chemical  cha- 
racter of  water,  which  was  tnen  first  developed.    As 
this  gentleman  is  still  considered  as  a  good  authority 
in  matters  of  fact,  we  may  embody  his  statements  as 
nearly  as  possible  in  his  own  words.  Our  author  first 
began  to  alter  his  sentiments  concerning  the  aque<nt$ 
existenceof  vapour  in  the  atmosphere  from  the  circum- 
stance already  mentioned  concerning  the  great  dryness 
of  the  upper  atmospherical  regions  already  taken  no- 
tice of.    A  very  remarkable  instance  of  tins  was  that 
the  ferule  of  his  cane  dropped  off  during  his  journey 
up  one  of  the  Alpine  mountains,  which  he  never  had 
observed  it  to  do  before.    It  is  observed,  likewise, 
that  the  air  in  these  elevated  regions  b  somewhat 
drier  in  the  night  than  in  the  day-time ;  for  which 
M.  de  Luc  gives  tbe  following  reason,  viz.  that  the 
air  on  the  plains  being  condensed  by  the  cold,  the 
superior  air  must  subside,  and  tbe  air  on  the  moun- 
tams  of  course  be  replaced  by  the  drier  air  from 
above  them ;  though  he  thinks  that  this  dryness  may 
also  be  imputed  in  part  to  some  o&er  cause.    This 
increaise  of  dryness  m  the  nigbt,  however,  seems  less 
constant  than  that  in  the  day-time.    Our  author  has 
often  anived  at  the  tops  of  mountains  before  sun- 
rise, and  sometimes  found  the  grass  covered  with 
dew,  though  he  never  had  the  good  fortune  to  be 
able  to  determine  the  state  of  the  air,  for  want  of  an 
hygrometer:  nor,  indeed,  could  the  appearance  of 
dew  be  any  certain  indication  of  the  state  of  the 
atmosphere,  there  being  strong  reasons  to  believe 
that  dew  is  occasioned,  in  a  great  measure,  by  vege- 
tables themselves ;   for  grass,  when  covered  with 
glass  plates,  was  found  to  become  moist  as  well  as 
that  which  had  been  exposed  to  the  open  air.    In 
this  case  the  plates  became  mobt  both  on  the  upper 
and^ under  sides;  but  when  suspended  a  foot  above 
the  ground,  they  were  found  to  be  covered  with  dew 
only  on  the  upper  part. 

The  drjmess  of  the  air  on  the  tops  of  high  moun- 
tains was  otherwise  accounted  for  by  M.  Saussure. — 
When  on  Mont  Blanc,  at  the  height  of  7200  feet 
above  the  level  of  the  sea,  he  found  that  from  six  in 
the  evening  till  half- past  five  next  morning  his  hygro- 
olctcr  moved  twent)'-onc  degrees  (the  whole  scale 
containing  one  hundred)  towards  dryness.  But  this 
he  accounts  for  by  saying  that  from  sunrise  to  three 
or  four  in  the  afternoon,  the  quantity  of  vapours  in 
the  neighbourhood  of  tho  earth  is  continually  di- 
minishmg,  because  they  asccncL  in  the  atmosphere. 


either  in  virtue  of  their  own  levity,  or  by  means  oft 
vertical  wind,  which  he  supposes  to  be  produced  bj 
the  heat  of  the  sun ;  that,  from  the  time  jost  men- 
tioned till  next  morning,  their  quantity  inoesaeB  in 
the  lower  strata,  because  the  upper  vl^)ourB  re-desceul 
in  proportion  as  they  condense;  and  that  ia  tk 
higher  regions  of  the  atmosphere  the  reverse  oo^ 
to  be  the  case,  as  the  upper  strata  are  then  left  dner 
by  the  previous  descent  of  the  vapours.    This  argn 
ment,  however,  is  contradicted  by  M.  Sanssiue  Im- 
self  in  anjpther  part  of  his  work,  where  he  says  that 
in  the  middle  of  the  day,  when  the  sun  is  hottest,  the 
air  in  the  neighbourhood  of  the  earth  contains  really 
more  water  than  it  does  at  the  moment  when  a  refresh- 
ing dew  falls.    It  is  besides  impossible  that  a  vertkd 
wind  can  ever  be  occasioned  by  the  heat  of  the  soa; 
for  this  produces  only  a  general  expansion  of  the 
whole  body  of  the  atmosphere,  as  a  condaisatkm  of  it 
is  occasioned  by  the  action  of  cold,  neither  could  aaj 
considerable  quantity  of  vapour  (supposing  with  BL 
Saussure  that  it  is  a  chemical  solution  of  water  m  ud 
descend  in  the  night-time;  for,  according  to  him, 
this  compound  differs  very  little  from  common  air  is 
its  capacity  of  being  expanded  and  condensed.  Neither. 
acconling  to  M.  Saussure  himself,  can  any  part  of  tk 
water  with  which  the  air  is  combined  desoead  at  all, 
until  some  portion  of  the  former  becomes  supersatu- 
rated with  it,  that  is,  till  it  has  received  more  than  it 
can  hold  in  solution.     But,  if  this  should  happen  to 
be  the  case,  the  superfluous  quantity  vTould  then  ap- 
pear in  the  form  of  a  mist  or  dou^  and  the  hygro- 
meter would  indicate  extreme  humidity;  whereas  the 
contrary  indication  constitutes  the  difiicuhy. 

It  is  besides  evident,  firom  innumerable  instances, 
that  mere  cold  will  not  by  any  means  occaaioD  the 
condensation  of  aerial  vapour.  A  most  remaiiahie 
example  of  this  is  given  by  M.  de  Luc,  in  an  account 
of  a  storm  in  which  he  was  involved  on  one  of  the 
Alps.  "  Though  the  hygrometer  (says  he)  was  within 
33  i  degrees  of  extreme  dryness,  or  66  i  tmm  extreme 
humidity,  thick  clouds  formed  around  us,  which 
obliged  us  to  think  of  retreating ;  in  a  little  time  the 
summit  of  the  mountain  was  surrounded  by  diem: 
they  spread  and  covered  th^  whole  horizon :  a  p^^ 
mature  night  surprised  us  in  a  very  dangerous  road; 
and  we  suffered  one  of  the  most  violent  tempest  1 
ever  experienced  of  wind,  rain,  hail,  and  thunder. 
The  storm  lasted  great  part  of  the  ni^t,  and  ex- 
tended all  over  the  neighbouring  mountains  and 
plains ;  and  after*  it  had  ceased  the  rain  continued, 
with  only  a  few  intermissions,  till  next  day  at  noon. 
In  one  of  these  intervals  I  examined  the  hygrometer 
on  the  outside  of  our  cabin ;  it  showed  only  lA  ^; 
grees  more  humidity  than  bdfore;  and  even  dus 
increase  was  no  more  than  what  the  difference  of 
heat  was  capable  of  producing.  Nevertheless,  new 
clouds  continually  rolled  around  us ;  and  the  rain* 
which  presently  began  again,  accompanied  us  as  it 
were  by  fits  to  the  bottom  of  the  mountain.  When 
arrived  there,  we  saw  the  clouds  disperse  entirely. 
I  observed  the  hygrometer  again  in  the  open  air ;  and 
though  the  earth  was  all  drenched  vrith  water;  and 
the  heat  of  the  sun  much  less,  the  hygrometer  was 
l-h  degrees  drier  than  it  had  been  two  days  before, 
after  a  course  of  fine  weather.  Where  was  all  thii 
water,  and  all  the  ingredients  of  the  storm,  while  tbe 
hygrometer  showed  such  a  degree  of  dryness  in  the 
very  stratum  where  it  was  formed  ?" 

M.  de  Luc  considers  vapour  as  a  combination  or 
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fire  with  water.  By  wipwir,  however,  he  ^^  not 
mean  "  the  Tisible  steam  issuing  from  heated  liqaids, 
but  that  invisible  and  subtile  fluid  which  is  found  to 
be  formed  even  in  vacuo,  and  which,"  he  adds,  "  dis- 
proves the  hypothesb  of  those  who  hold  that  vapour 
is  a  solution  of  water  in  air."  Our  author,  how* 
ever,  gives  a  solution  of  the  difference  betwixt  what 
he  calls  fog  or  mist  and  vapour  which  seems  scarcely 
founded  upon  any  evident  principle.  According  to 
him,  this  vapour  cannot  subsist  unless  the  particles 
of  water  united  to  the  Are  be  at  a  certain  distance 
from  one  another.  When  this  distance  is  lessened  a 
decomposition  takes  place,  by  reason  of  the  attraction 
of  the  aqueous  particles  to  one  another ;  and  they 
then  appear  in  their  proper  form  of  a  liquid,  the  fire 
dissipating  itself  through  the  atmosphere.  The 
smallest  distance  to  which  the  particles  can  be 
brought  without  any  decomposition  varies  according 
to  the  temperature,  but  is  always  constant  in  the 
same  degree.  When  the  thermometer  stands  at  tem- 
perate or  thereabouts,  watery  vapours,  compressed 
into  the  smallest  space  they  can  bear,  are  found  tb 
have  between  -^th  and  ^th  of  the  elasticity  of  air ; 
but  have  less  than  j^th  of  its  weight.  If  such  vapour, 
however,  be  mixed  with  air,  the  minimum  distance 
18  greatly  increased,  by  reason  of  the  interposition  of 
aerial  particles ;  and  thus  it  can  subsist  linder  a  much 
greater  pressure  than  it  could  otherwise  endure.  In 
the  heat  of  boiling  water  it  can,  without  any  mix- 
ture of  air,  bear  the  pressure  of  tiie  atmosphere ;  for 
ebullition,  under  any  given  pressure,  cannot  take 
place  until  the  vapour  produced  in  the  liquor  has 
acquired  a  degree  of  expansive  force  sufficient  to  raise 
the  liquor  into  bubbles  under  that  pressure ;  and  as 
long  as  the  vapour  retains  this  heat  it  must  continue 
capable  of  resistiikg  the  same  pressure.  As  the  heat 
abates,  a  decomposition  begins ;  hence  the  opaque 
steam  over  boiling  water,  which,  by  becoming  vapour 
again  by  uniting  with  the  fire  it  meets  within  a  larger 
apace,  is  diffused  by  its  expansibility.  Thus  vapours 
are  continually  undergoing  decompositions  and  new 
vaporifioations.  This  evaporation  of  the  clouds  after 
they  were  once  formed  M.  de  Luc  states  he  observed 
very  evidently,  some  parts  being  continually  detached 
and  gradually  diminishing  and  disappearmg,  while 
new  ones  are  formed ;  so  that  the  clouds  do  not  con- 
tinue &e  same  for  two  moments  together,  and  the 
evaporation  goes  on  so  fast  that  a  cloud  could  not 
aubsist  without  constant  and  large  supplies.—"  These 
phenomena  appear  to  be  independent  of  heat  and 
cold;  for  sometimes  clouds  form  suddenly  in  the 
middle  of  a  hot  day,  and  after  they  have  poured 
down  their  water  all  is  clear  again,  «and  sometimes 
they  evaporate  after  sunset,  gradually  vanishing  in 
the  calmest  weather  without  any  change  of  place. — 
The  appearances  are  such  as  would  be  produced  by 
a  large  mass  of  water  in  violent  ebullition,  suspended 
invisibly  in  the  atmosphere;  and  the  similarity  of 
effect  naturally  points  out  an  analogy  in  the  cause ; 
that  b,  a  source  of  vapour  in  the  atmosphere  itself* 
It  is  only  when  the  vapour  is  produced  too  abundantly 
and  too  rapidly  to  be  dispersed  by  evaporation  that 
rain  is  formed,  the  vesicles  in  this  case  running  to- 
gether, and  the  water  falling  to  the  lower  part,  as  it 
does  in  soap-bubbles,  till  they  become  thin  enough  to 
burst." 

Heat  and  cold  are  very  powerful  agents  in  pro- 
ducing various  meteors ;  but  these  are  only  relative 
and  Afferent  modifications  of  the  same  principle. 


Though  we  do  not  know  what  connexion  there  is  be- 
tween heat,  cold,  and  what  we  call  electricity,  yet  we 
know  that  this  last  is  very  much  affected  by  tiiem ;  for 
heat  makes  bodies  more  pervious  to  electricity  than 
otherwise  they  would  be,  and  cold  makes  them  less  so. 
Hence  the  most  violent  electrical  phenomena  are 
observed  in  hot  countries ;  while  in  the  colder  regioas 
those  which  depend  on  a  more  moderate  electrification^ 
as  aurorse  boredes,  are  more  frequent.  The  prevalence 
of  heat  and  cold  in  particular  places*  however,  de* 
pends  upon  ckcumstances  which  are  altogether  un- 
known to  us,  and  therefore  we  cannot  investigate  the 
modes  of  their  operation  in  such  a  particular  mannet 
as  could  be  wished.  From  what  has  been  already 
said,  however,  respecting  the  nature  of  Uie  different 
agents  concerned  in  meteorology,  both  in  this  article 
imd  in  other  parts  of  the  work,  v^e  may  take  the  fol- 
lowing view  of  the  canses  of  meteors  in  general :— * 

1.  Evaporation,  combined  with  elecmcity,  pro* 
duces  all  the  phenomena  of  vapour,  ib^  cloudi>  rain» 
&c ;  and  according  as  these  two  are  jomed  to  certain 
degrees  of  heat  or  cold  they  produce  dew^  hoar-frosty 
rain,  hail,  or  snow. 

The  phenomena  of  dew  and  hoar-frost  seem  to 
proceed  from  a  quantity  of  aqueous  vapour  which 
always  exists  in  the  atmosphere,  and  which,  being 
raised  by  mere  heat,  is  condensed  by  mere  cold,  with«» 
out  undergoing  any  other  process.  Hence  it  both 
ascends  and  descends ;  for,  if  we  cover  a  small  space 
of  ground  with  plates  of  glass,  they  vnll  be  wetted 
bo£  above  and  below.  The  reason  of  this  is,  that 
the  evaporation  from  the  ground  does  not  stop  im- 
mediately after  the  air  begins  to  cool,  especially  if  it 
be  covered  vrith  any  thing  vidiich  prevents  the  access 
of  the  cold  air,  as  the  glass  plates  do  in  this  case^ 
The  cold  air,  therefore,  acting  upon  the  glass,  con- 
denses the  T^>our  below  it  in  the  same  manner  that 
the  head  of  a  still  or  the  receiver  of  a  retort  condenses 
tiie  vapours  which  rise  from  the  matter  to  be  distilled. 
If  the  cM  be  very  intense,  hoar-frost  appears  instead 
of  dew,  which  is  nothing  more  than  the  dew  frozen 
after  it  fdls  upon  the  ground,  in  the  same  manner 
that  the  vapour  in  a  warm  room  congeals  on  the  in- 
side of  the  windows  in  a  frosty  night.  Asthisseems 
to  be  the  whole  process,  it  has  not  been  observed 
that  any  electrichy  is  concerned  in  the  production 
of  dew. 

When  the  vapour  has  been  thoroughly  decomposed, 
and  become  invisible,  it  very  frequently  returns  back 
to  its  pristine  state,  so  fiir  as  to  assimie  the  appear- 
ance a(  mist  or  fog.  In  this  case,  electricity  appears 
evidently  to  be  concerned ;  for  Mr.  Cavallo  observed 
that  all  fogs  were  electrified.  When  the  process 
has  advanced  further,  and  the  water  begins  to  col- 
lect into  drops,  the  electricity  is  still  more  remark- 
able ;  and  it  is  by  some  supposed  that  it  is  by  means 
of  electrical  repulsion  that  the  drops  of  rain  keep  at  a 
regular  distance  from  one  another.  When  the  coU 
is  intense,  and  the  electricity  strong,  the  drops 
of  water  are  frozen,  and  hail  is  produced :  but  snow 
indicates  a  more  moderate  degree  of  dectridty ;  and 
a  verv  violent  cold,  accompanied  with  a  strongly 
electrical  atmosphere,  produces  that  excessively  &- 
agreeable  vapour  in  the  polar  re^pons  called  fntt- 
gmoke,  which  is  a  general  congelation  of  all  the  aqiae- 
ous  moisture  contained  in  the  atmosphere. 

2.  By  highly  excited  electricity  alone  are  produced 
the  phenomena  of  thunder,  lig^itning,  fiie-balli,  ignes 
fiBttui,  and  the  aurora  borealis.   In  the  phcaomeaa  of 
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lightning*  evaporation  and  die  other  agents  bjr  which 
fain  and  hail  are  produced  are  also  concerned ;  though 
temperature  b  most  remarkably  so,  and  thunder  and 
Hghtning-  frequently  occur  without  any  rain.  The 
aurora  borealis,  large  fire-balls,  and  the  smaller 
ones  called  faUing-stan,  seem  to  depend  upon  a 
change  in  the  electrical  equilibrium  alone,  with- 
out any  aid  from  evaporation.  The  aurora  bore- 
alis,  indeed,  is  most  common  in  the  northern*  and 
southern  parts  of  the  world,  where  the  cold  is  in- 
tense, though  this  seems  to  be  owing,  not  to  the  cold, 
but  to  the  natural  emission  of  the  electrical  fluid 
from  the  polar  regions  in  much  greater  quantities 
than  from  -others.  The  fire-balls  commonly  ap- 
pear collected  on  the  very  extreme  boundaries  of  the 
atmosphere.  The  ignis  fatuus  sometimes  arises  from 
the  strong  electricity  of  a  certain  portion  of  atmo- 
sphere, and  at  other  times  from  the  emission  of  gas. 

3.  By  the  action  of  heat  and  electricity  combined 
are  produced  the  phenomena  of  hurricanes,  whirl- 
winds, and  water- spouts.  It  is  not,  indeed,  known 
in  what  manner  ^ose  agents  combine  themselves 
to  produce  such  tremendous  effects;  but  it  seems 
evident  that  electricity  is  concerned  in  them,  as  the 
sea-water  becomes  unusually  clear  before  a  hurri- 
cane, and  many  signs  of  electricity  are  usually  ob- 
served in  the  heavens. 

4.  The  winds  are  supposed  to  proceed  mostly  from 
the  heat  of  the  sun  rarefying  the  atmosphere,  and 
occasioning  a  continual  influv:  of  fresh  air  to  fill  up 
the  vacuum ;  but  very  violent  winds  are  frequently 
observed  where  no  such  cause  can  be  supposed  to 
exist.  Thus  on  the  tops  of  high  mountains  the 
winds  are  commonly  very  violent ;  and  mountainous 
countries,  especially  when  cold,  are  for  the  most 
part  also  subject  to  high  vrinds.  As  the  tops  of 
mountains,  however,  are  known  to  be  strongly  elec- 
trified by  their  attracting  and  repelling  the  clouds, 
we  must  suppose  that  this  electricity  has  a  consider- 
able share  in  producing  the  vrinds  which  are  gene- 
rally so  violent  on  their  tops.  This  will  appear  the 
more  probable  when  we  consider  that  frequently 
storms  of  wind,  and  those  of  the  most  violent  Jcind, 
seem  to  be  brought  along  with  clouds ;  as,  for  in- 
stance, that  which  happened  at  Malta^  in  1780, 
in  which  a  dreadful  tempest,  brought  along  with  a 
large  cloud,  almost  destroyed  the  whole  town. 

Thus  we  have  endeavoured  to  give  a  general  sketch 
of  the  doctrine  of  Meteorology :  a  more  particular 
detail  of  the  causes  by  which  meteors  are  produced 
is  given  under  the  names  of  each  of  them  as  they 
occur  in  the  order  of  the  alphabet  Wit^  regard  to 
their  uses,  those  of  the  more  magnifieent  and  ex- 
tensive kind  seem  to  be  destined  to  preserve  the 
balance  of  the  electric  fluid  in  the  atmosphere,  the 
want  of  which  would  be  productive  of  the  most  fatal 
effects  to  the  world  in  general.  The  effects  of  the 
inferior  ones  are  more  confined,  and  are  of  use  only 
to  particular  districts.  Scarcely  ever  extending  their 
influence  over  a  whole  countiy.  Thus  the  clouds, 
which  produce  rain  for  the  purposes  of  vegetation, 
do  not  extend  themselves  over  a  whole  country  at 
once,  but  transitorily  fly  over  different  parts  of  it;  so 
tiiat  when  it  rains,  for  instance,  in  one  place,  the  sun 
mav  shine  in  another,  thunder  be  heard  in  a  third,  £cc. 
It  18,  however,  surprising  to  observe  how  equally 
these  act  over  the  wnole  of  a  very  large  tract  of  land ; 
so  that  though  there  is  never  precisely  the  same 
v^^ather  in  two  places  twenty  miles  distant  from  one 


another,  yet  vegetation  goes  on  without  any  per- 
ceptible difference  in  the  one  as  well  as  the  oQier ; 
neither,  unless  there  be  some  very  remarkable  dif- 
ference in  the  weather  of  one  year  from  that  of 
another,  will  there  be  any  perceptible  difference  in 
the  crop.  For  a  more  particular  investigation  of 
this  point,  however,  see  the  articles  Wiifos  and 
Wbathbb. 

For  the  application  of  meteorology  to  the  fore- 
knowledge of  the  weather,  see  the  articles  WBATHsa 
and  Baroii BTBB. 

MsTOPB,  in  arckUeetwre ;  the  interval  or  sqmre 
space  between  the  triglyphs  in  the  Doric  frieze.  The 
ancients  were  in  the  habit  Of  ornamenting  thew 
parts  of  their  buildings  vrith  carved  works,  or  vrith 
paintings  representing  tiie  heads  of  oxen,  vessels,  and 
other  articles  used  in  heathen  sacrifices.  The  dif- 
ficulty of  disposing  the  triglyphs  and  metopes  in 
symmetrical  proportion  may  have  been  the  cause  of 
their  omission  in  the  Ionic  and  Corinthian  orders. 

Mbtoposcopt;  die  pretended  art  of  divining  from 
the  wrinkles  of  the  forehead.  The  Romans,  believing 
in  every  kind  of  divination,  practised  this,  but  not  so 
much  as  the  people  of  the  middle  ages.  It  seems  sin- 
gular that  metopoBcopy  never  was  so  much  in  vogue 
as  chiromancy,  though  there  might  be  some  possi- 
bility of  divining,  in  part,  the  character  of  a  maa 
from  his  forehead  and  its  wrinkles,  vdiile  the  lines 
in  the  hand  have  no  connexion  with  it. 

Mbtrb  ;  the  French  unit  of  measure.     See  Maa- 

811 RBS. 

Mbxical,  or  Mbscal;  a  spirituous  drink,  ex- 
tracted from  the  aloe,  ^lich  is  consumed  in  kxgt 
quantities  by  the  Mexicans.  It  is  also  called 
dienie  d&  MagmOf, 

Mbzzo  ;  an  Italian  adjective,  which  means 
and  is  ofti»i  used  in  musical  language,  as  aiezso/prfe; 
mezMo  pia$io,  mezso  voce,  which  imply  nearly  the 
same  things  viz.  a  middle  degree  of  piano,  or  soft. 
Metto  9oprano,  a  pitch  of  voice  between  the  soprano 
or  treble  and  counter-tenor. 

Miasma  ;  a  term  used  in  the  doctrine  of  conta- 

tious  and  epidemic  diseases,  vrith  different  meanings, 
ome  authors  use  it  precisely  tike  eoiUagiom  •  vrith 
others  it  signifies  the  contagious  matter  of  chronic 
diseases ;  with  others,  that  contagious  matter  vrhkh 
collects  in  the  atmosphere — flying  contagion.  Some 
understand  by  suommi,  the  v^cle  of  contagion ;  lor 
instance,  the  pus  of  small-pox,  whidi  contains  the 
proper  contagions  matter; 

MUuma  also  signifies  certain  matter  in  the  atmo- 
sphere, owing  its  origin  to  putrefied  animal  or  vege- 
table bodies,  or  to  file  exhalation  of  animal  bodKs^ 
and  producing  specific  diseases.  It  would  be  well  to 
contradistinguish  miatma  from  coniagum,  and  desig- 
nate by  the  former  term  all  the  poisonous  matter  of 
disease  which  is  not  generated  in  living  aninud 
bodies,  but  has  in  some  other  way  entered  &e  atmo- 
spheric air.  One  of  the  most  powerful  correctors  of 
miasmatic  eflduvia  is  chloride  of  lime,  which  is  gettmg 
much  into  use  among  suigeons  and  other  persons 
exposed  to  such  effluvia. 

MicaoMBTBB ;  an  instrument  by  the  help  of  which 
the  apparent  magnitudes  of  objects  riewed  through 
telescopes  or  microscopes  are  measured  with  great 
exactness. 

1.  The  first  iele$eopie  micrometers  were  only  me- 
chanical contrivances  for  measuring  the  image  of  an 
object  in  the  fbcus  of  the  object-gl^     Before  tbeae 
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contnvaDces  were  thought  of,  astronomen  were  ac- 
customed to  meaBQre  the  field  of  view  in  each  of 
their  telescopes  by  observing  how  mnch  ojf  the  moon 
they  could  see  through  it,  the  semidiameter  being 
reckoned  at  fifteen  or  sixteen  minutes;  and  other 
distances  were  estimated  by  the  eye,  comparing 
them  with  the  field  of  view.  Mr*  Gascoigne,  how- 
ever, suggested  a  much  more  exact  method,  by  which 
he  conld  mark  above  40,000  divisions  in  a  foot. 

Mr.  Gascoigne's  instrument  being  shown  to  Dr. 
Hooke,  he  gave  a  drawing  and  description  of  it,  and 
proposed  several  improvements  In  it,  which  may  be 
seen  in  the  Philo$aphieal  TranaacHons,  Abr.,  vol.  i., 
p.  217«  Mr.  Gascoigne  divided  the  image  of  an 
object,  in  the  focus  of  the  object-glass,  by  the  ap- 
proach of  two  pieces  of  metal  ground  to  a  very  fine 
edge,  Ia  the  place  of  which  Dr.  Hooke  substituted 
two  fine  hairs,  stretched  parallel  to  one  another.  An 
account  of  several  curious  observations  that  Mr. 
Gascoigne  made  by  the  help  of  his  micrometer,  par- 
ticularly in  the  mensuration  of  the  diameters  of  the 
moon  and  other  planets,  may  be  seen  in  the  Phil, 
Thmt.,  vol.  xlviii.  p.  190. 

Mr.  Huygens,  as  appears  by  his  Sjfttemj^f  Saturn, 
published  in  1659>  used  to  measure  the  apparent 
diameters  of  the  planets,  or  any  small  angles,  by  first 
measuring  the  quantity  of  the  field  of  view  in  his  tele- 
scope, and  then  preparing  two  or  three  long  and  slen- 
der brass  plates,  of  various  breadths,  the  sides  of  which 
were  very  straight,  and  converging  to  a  small  angle. 
In  making  use  of  tiiese  pieces  of  brass  he  made  tl^m 
slide  in  two  slits,  that  were  made  in  the  sides  of  the 
tube,  opposite  to  the  place  of  the  image,  and  ob- 
served in  what  place  it  just  covered  the  diameter  of 
any  planet,  or  any  small  distance  that  he  wanted  to 
measure.  It  was  observed,  however,  by  Sir  Isaac 
Newton,  that  the  diameters  of  planets,  measured  in 
this  manner,  must  appear  larger  than  they  should  be, 
as  is  the  case  with  aU  lucid  objects  when  they  are 
Tiewed  upon  dark  ones. 

In  the  Ephemeridea  of  the  Marqub  of  )Vf  alvasia, 
published  in  1662,  it  appears  that  he  had  a  method 
of  measuring  small  distances  between  fixed  stars  and 
the  diameters  of  the  planets,  and  also  of  taking  ac- 
curate drawings  of  the  spots  on  the  moon ;  and  this 
-was  by  a  net  of  silver  wire,  fixed  in  the  common 
focus  of  the  object  and  eye-glasses.  He  also  contrived 
to  make  one  of  two  stars  to  pass  along  the  threads 
of  thb  net,  by  turning  it,  or  the  telescope,  as  much 
as  was  necessary  for  that  purpose ;  and  he  counted 
by  a  pendulum-clock,  beating  seconds,  the  time  that 
elapsed  in  its  passage  from  one  wire  to  another, 
"which  gave  him  the  number  of  the  minutes  and  se- 
conds of  a  degree  contained  between  the  intervals  of 
the  wires  of  his  net,  with  respect  to  the  focal  length 
of  his  telescope.. 

In  1666,  Messrs.  Azout  and  Picard  published  a 
description  of  a  micrometer,  which  was  nearly  the 
same  with  that  of  the  Marquis  of  Malvasia,  except- 
ing the  method  of  dividing  it,  which  they  performed 
-with  more  exactness  by  a  screw.  In  some  cases 
they  used  threads  of  silk,  a^  being  finer  than  silver 
-wires.  Dechales  also  recommends  a  micrometer 
consistifig  of  fine  wires,  or  silken  threads,  the  dis- 
tances of  which  were  exactly  known,  disposed  in  the 
form  of  a  net,  as  peculiarly  convenient  for  taking  a 
zoap  of  the  moon. 

M.  de  la  Hire  says  that  there  is  no  method  more 
Bunple  or  commodious  for  observing  the  digits  of  an 


eclipse  than  a  net  in  the  focus  of  the  telescope.  This, 
he  says,  was  generally  made  of  silken  threads,  ana 
for  thb  particular  purpose  six  concentric  circles 
had  also  been  made  use  of,  drawn  upon  oiled  paper ; 
but  he  advises  to  draw  the  circles  on  very  thin 
pieces  of  glass  -with  the  point  of  a  diamond.  Ht 
also  gives  several  particular  directions  to  assist  per- 
sons in  the  use  of  them.  In  another  memoir  he 
shows  a  method  of  making  use  of  the  same  net  for 
all  eclipses,  by  using  a  telescope  with  two  object- 
glasses,  and  placing  diem  at  different  distances  from 
one  another. 

Different  eotutructiona  qf  Mtcnnneten. — ^The  first 
we  shall  describe  is  that  by  Mr.  Huygens.  Let 
A  B  C  D,  Plate  MicBOMaTsa,  fy.  1,  be  a  section  of 
the  telescope  at  the  principal  focus  of  the  object- 
glass,  or  where  the  wires  are  situated,  which  are 
placed  in  a  short  tube  containing  the  eye-glass,  and 
may  be  turned  into  any  position  by  turning  that 
tube ;»»  is  a  fine  wire  extended  over  its  centre } 
vw,  xff,  are  two  straight  plates,  whose  edges  are 
parallel  and  well  defined,  and  perpendicular  to  m»; 
vw\b  fixed,  and  aiy  moves  pandlel  to  it  by  means  of 
a  screw,  which  carries  two  indexes  over  a  graduated 
plate,  to  show  the  number  of  revolutions  and  parts 
of  a  revolution  which  it  makes.  Now,  to  measure 
any  angle,  we  must  first  ascertain  the  number  of  re- 
volutions and  parts  of  a  revolution  corresponding  to 
some  known  angle,  which  may  be  thus  done : — 1st, 
Bring  the  inner  edges  of  the  plates  exactly  to  coin- 
cide, and  set  each  index  to  0 ;  turn  the  screw,  and 
separate  the  plates  to  any  distance,  and  gbserve  the 
time  a  star,  m,  is  in  passing  along  the  wire  mn  from 
one  plate  to  the  other ;  for  that  time,  turned  i&to 
minutes  and  seconds  of  a  degree,  will  be  the  angle 
answering  to  the  number  of  revolutions,  or  the  angle 
corresponding  to  the  distance.  Thus,  if  c?  =  cos.  of 
the  star's  declination,  we  have  15'  dm,  the  angle 
corresponding  to  this  distance ;  and  hence,  by  pro- 
portion, we  find  the  angle  answering  to  any  other. 
2dly,  Set  up  an  object  of  a  kno-vm  diameter,  or  two 
objects  at  a  given  distance,  and  turn  the  screw  till 
the  edges  of  the  two  plates  become  tangents  to  the 
object,  or  till  their  opening  just  takes  in  Uie  distance 
of  the  two  objects  upon  the  wire  m  n ;  then  from  the 
diameter,  or  distance  of  the  two  objects  from  each 
other,  and  their  distance  from  the  glass,  calculate 
the  angle,  and  observe  the  number  of  revolutions 
and  parts  corresponding.  Sdly,  Take  the  diameter 
of  the  sun  on  any  day,  by  making  the  edges  of  the 
plates  tangents  to  the  opposite  limbs,  and  find  from 
any  astronomical  almanac  what  is  his  diameter  on 
that  day.  Here  it  will  be  best  to  take  the  upper  and 
lower  limbs  of  the  sun  when  on  the  meridian,  as  he 
has  then  no  motion  perpendicular  to  the  horizon. 
If  the  edges  do  not  coincide  when  the  indexes  stand 
at  0,  we  must  allow  for  the  error.  Instead  of  making 
a  proportion,  it  is  better  to  have  a  table  calculated 
to  show  the  angle  corresponding  to  every  revolution 
and  part  of  a  i-evolution.  But  the  observer  must 
remember  that  when  the  micrometer  is  fixed  to  tele- 
scopes of  different  focal  lengths  a  new  table  must  be 
made.  The  whole  system  of  wires  is  turned  about 
in  its  own  plane  by  turning  the  eye-tube  round  with 
a  hand,  and  by  that  means  the  wire,  m  n,  can  be 
thrown  into  any  position,  and  consequently  angles 
in  any  position  may  be  measured.  Dr.  Bradley 
added  a  small  motion  by  a  rack  and  pinion  to  set 
the  wires  more  accurately  in  any  position. 
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MICROMETER. 


The  divided  object-glaes  micrometer  was  origin- 
«lly  contrived  by  the  late  Mr.  John  DoUond*  and  by 
him  adapted  to  the  object-end  of  a  reflecting  tele- 
scope. The  principle  is  this  : — ^Ilie  object-glass  is 
divided  into  two  segments  in  a  Hne  drawn  through 
the  centre ;  each  segment  is  fixed  in  a  separate  frame 
of  brass,  which  is  movable,  so  that  the  centres  of 
the  two  segments  may  be  brought  together  by  a 
handle  for  ^at  purpose,  and  thereby  form  one  image 
of  an  object ;  but  when  separated  they  will  form  two 
images,  lying  in  a  line  passing  through  the  centre  of 
each  segment ;  and  consequently  the  motion  of  each 
image  will  be  parallel  to  that  line,  which  can  be 
thrown  into  any  position  by  the  contrivance  of  an- 
other handle  to  turn  the  glass  about  in  its  own  plane. 
The  brass-work  carries  a  vernier  to  measure  thie  dis- 
tance of  the  centres  of  the  two  segments.  Now  let  E 
and  H,  fig,  2,  be  the  centres  of  the  two  segnAnts,  F 
their  principal  focus,  and  P,  Q,  two  distant  objects  in 
the  line  of  FE,  FH,  or  the  opposite  limbs  of  the  same 
object  PBQD ;  then  the  images  of  P  and  Q,  formed 
by  eadi  segment,  or  the  images  of  the  opposite  limbs 
of  the  object  PBQD,  coincide  at  F:  hence  two 
images  m  z  F, » :r  F,  of  that  object  are  formed,  whose 
limbs  are  in  contact ;  therefore  the  angular  distance 
of  the  points  P  and  Q  is  the  same  as  the  angle  which 
the  distance  E  H  subtends  at  F,  which,  as  &e  angles 
supposed  to  be  measured  are  very  small,  will  vary  as 
EH  or  nearly  so;  and  consequently,  if  the  angle 
corresponding  to  one  interval  of  the  centres  of  the  seg- 
ments be  known,  the  angle  corresponding  to  any  other 
will  be  found  by  proportion.  '  Now  to  &id  the  inter- 
val for  some  one  angle,  take  the  horizontal  diameter 
of  the  sun  on  any  day,  by  separating  the  images  till 
the  contrary  limbs  coincide,  and  read  off  by  the  ver- 
nier the  interval  of  their  centres,  and  look  into  the 
ConftotMOffce  de  terns  for  thediameter  of  the  sun  on  that 
day,  and  you  have  the  corresponding  angle.  Or,  if 
greater  exactness  be  required  than  from  taking  Uie 
angle  in  proportion  to  tiie  distances  of  the  centres, 
we  may  proceed  thus : — Draw  FG  perpendicular  to 
EH,  which  therefore  bisects  it ;  then  one  half  EH,  or 
E  6,  is  the  tangent  of  half  the  angle  £  F  H ;  hence, 
half  the  distance  of  tiieir  centres  is  to  the  tangent  of 
half  the  angle  corresponding  to  that  distance  as  half 
any  other  distance  of  the  centres  is  to  the  tangent  of 
half  the  corresponding  angle. 

Hence  the  method  of  measuring  small  angles  is 
manifest ;  for  we  consider  P,  Q,  eiti^er  as  two  objects 
whose  images  are  brought  together  by  separating  the 
two  segments,  or  as  the  opposite  limbs  of  one  object 
P  B  Q,  whose  images,  formed  by  the  two  segments 
F,  H,  touch  at  F  :  in  the  former  case,  £  H  gives  the 
angular  distance  of  the  two  objects ;  and,  in  the  latter, 
it  gives  the  angle  under  which  the  diameter  of  the 
object  appears.  Hence,  to  find  the  angular  distance 
of  two  objects,  separate  the  segments  till  the  two 
images  which  approach  each  other  coincide  ;  and,  to 
find  the  diameter  of  an  object,  separate  the  segments 
till  the  contrary  limbs  of  the  images  touch  each  other, 
and  read  off  the  distance  of  the  centres  of  the  seg- 
ment from  the  vernier,  and  find  the  angle  as  directed 
in  the  last  article.  From  hence  appears  one  great 
superiority  in  this  above  the  wire  micrometer;  as, 
with  this,  any  diameter  of  an  object  may  be  measured 
with  the  same  e^e  and  accuracy ;  whereas  with  that 
we  cannot  with  accuracy  measure  any  diameter, 
except  that  which  is  at  right  angles  to  its  apparent 
motion. 


But,  besides  these  uses  to  wiildi  the  iit^knH 
ment  seems  so  well  adapted.  Dr.  Maskelyne  b« 
shown  how  it  may  be  applied  to  find  the  diffemce 
of^right  ascensions  and  declinatioDs.  For  ^lis  par- 
pose,  two  wires  at  right  angles  to  each  odier,  imct- 
ing  the  field  of  view,  must  be  placed  in  the  primptl 
focus  of  the  eye-glass,  and  movable  about  in  tbdr 
ovm  plane.— Let  H  C  Re,  J^.  3,  be  the  field  of  view, 
H  R  and  C  c  tiie  two  wires ;  turn  the  wires  tiH  1^ 
westernmost  star  (which  b  the  best,  having  fnrte 
to  move)  runs  along  R  O  H ;  then  sepaimte  the  twt 
segm^its  and  turn  iUx>ut  the  micrometer  till  the  tvs 
images  of  the  same  star  lie  in  the  wire  C  c ;  and  then, 
partly  by  separating  the  segments,  and  partly  bj 
raising  or  depressing  the  telescope,  bring  Uie  tvo 
innermost  images  of  the  two  stars  to  appear  and  m 
along  R  O  H,  as  a,h,  and  the  vernier  will  give  tbe 
difference  of  their  declinations :  because,  as  the  two 
images  of  one  of  the  stars  coincided  with  Cc,  the 
image  of  each  star  was  brought  perpendicidariy  upoo 
H  R,  or  to  H  R  in  their  proper  meridian.  And,  im 
(he  same  reason,  the  difference  of  their  times  of 
passing  the  wire  COc  will  give  their  diffmeauc  of 
right  asoensioni. 

These  operations  will  be  facilitated  if  the  telcsccoc 
be  mounted  on  a  polar  axis.  If  two  other  wires  kL 
M  N,  paralled  to  C  c,  be  placed  near  H  and  R,  Ac 
observation  may  be  made  on  two  stars  irhose  &- 
ference  of  meridian  is  nearly  equal  to  H  R,  tk 
diameter  of  the  field  of  view,  by  bringing  the  two 
images  of  one  of  the  stars  \o  coincide  with  one  of 
these  wires.  If  two  stare  be  observed  whose  difiercaee 
of  declination  is  well  settled,  the  scale  of  the  miao- 
meter  will  be  known. 

Hence  the  true  place  of  a  planet  in  the  son's  Sak 
may  at  any  time  of  its  transit  be  found ;  and  cos- 
seqnently  Uie  nearest  approach  to  the  centre  and  the 
time  of  ecliptic  conjunction  may  be  deduced  aithoo^ 
the  middle  should  not  be  observed. 

But,  however  valuable  the  object-glass  nucTGraetcr 
undoubt'edly  is,  difficulties  sometimes  have  been  Ibaad 
in  its  use,  owing  to  the  alteration  of  the  focus  of  tte 
eye,  which  will  cause  it  to  give  different  measures  of 
the  same  angle  at  different  times. 

In  the  Philosophical  Thauaetums  for  1779,  Mr. 
Ramsden  has  described  two  new  micrometers,  whs^ 
he  contrived  with  a  view  of  remedying  the  defects  of 
the  object-glass  micrometer. 

1.  One  of  these  is  a  eaiopirie  micrometer,  which, 
besides  the  advantage  it  derives  from  the  principle  of 
reflection,  of  not  being  disturbed  by  the  mixed  d^rac- 
ter  of  light,  avoids  every  defect  of  other  micrcMneten, 
and  can  have  no  aberration,  nor  any  defect  arisisg; 
from  the  imperfection  of  materials  or  of  execotioa, 
as  the  extreme  simplicity  of  its  construction  requires 
no  additional  mirrors  or  glasses  to  those  required  for 
the  telescope ;  and  the  separation  of  the  image  beiag 
effected  by  the  inclination  of  the  two  specula,  and  not 
depending  on  the  focus  of  any  lefts  or  mirror,  any 
alteration  in  the  eye  of  an  observer  cannot  affect  ti» 
angle  measured.  It  has  peculiar  to  itself  tiie  advan- 
tages of  an  adjustment  to  make  tiie  images  coincide 
in  a  direction  perpendicular  to  that  of  deir  rooUoB, 
and  also  of  measuring  the  diameter  of  a  planet  oa 
both  sides  of  the  zero,  which  vrill  appear  no  incoo- 
siderable  advantage  to  observers  woo  know  how 
much  easier  it  is  to  ascertain  the  contact  of  the 
external  edges  of  two  images  than  their  peifrci 
coincidence. 
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Kfg,  A,  represents  the  small  speculnin  divided 
into  two  equal  part9>  one  of  which  is  fixed  on  the 
end  of  the  arm  B;  the  other  end  of  the  arm  is  fixed 
OA  a  steel  axis,  X,  which  crosses  the  end  of  the 
telescope  C.  Th&  other  half  of  the  mirror  A  is  fixed 
on  the  arm  D,  which  arm  at  t^e  other  end  terminates 
in  a  socket,  y,  that  turns  on  the  axis  X ;  both  arms 
are  prevented  from  bending  by  the  braces  a,  a.  G  re- 
presents a  double  screw,  having  one  part,  e,  cut  into 
double  the  number  of  threads  in  an  inch  to  Uiat  of  the 
part  gt  the  part  e  having  100  threads  in  one  inch, 
and  the  part  g  fifty  only.  The  screw  e  works  in  a  nut 
F  in  the  side  of  the  telescope,  while  the  part  g  turns 
in  a  nut  H,  whidi  is  attached  to  the  arm  B ;  the  ends 
of  the  arms  B  and  D,  to  which  the  mirrors  are  fixed, 
are  separated  from  each  other  by  the  point  of  the 
double  screw  pressing  against  the  stud  h,  fixed  to  the 
arm  D,  and  turning  in  f£e  nut  H  on  the  arm  B.  The 
two  arms  B  and  D  are  pressed  against  the  direction 
of  the  double  screw  e^  by  a  spiral  spring  within  the 
part  II,  by  which  means  all  shake  or  play  in  the  nut 
H,  on  which  the  measure  depends,  b  entirely  pre* 
vented.  , 

From  the  difference  of  the  threads  on  the  screw  at 
e  and  g,  it  is  evident  that  the  progressive  motion  of 
the  screw  through  the  nut  will  be  half  the  distance  of 
the  separation  of  the  two  halves  of  the  mirror ;  and 
consequently  the  half  mirrors  will  be  moved  equally 
in  contrary  directions  from  the  axis  of  the  tele^ 
scope  C. 

The  wheel  V  fixed  on  the  end  of  the  double  screw 
has  its  circumference  divided  into  100  equal  parts, 
and  numbered  at  every  fifth  division  with  five,  ten, 
&c.,  to  100,  and  the  index  I  shows  the  motion  of  the 
screw  with  the  wheel  round  its  axb,  while  the 
number  of  revolutions  of  the  screw  is  shown  by 
the  divisions  on  the  same  index.  The  steel  screw 
at  R  may  be  turned  by  a  key,  and  serves  to  in- 
cline the  small  mirror  at  right  angles  to  the 
direction  of  its  motion.  By  turning  the  finger-head 
T  (fig,  5),  the  eye-tube  P  is  brought  nearer  to  or  fur- 
ther from  the  small  mirror,  to  adjust  the  telescope  to 
distinct  vision ;  and  the  telescope  itself  has  a  motion 
round  its  axis  for  the  conveniency  of  measuring  the 
diameter  of  a  planet  in  any  direction.  The  inclina- 
tion of  the  diameter  measured  with  the  horizon 
is  shown  in  degrees  and  minutes  by  a  level  and 
vernier  on  a  graduated  circle,  at  the  breech  of  the 
telescope. 

'*  It  b  necessary  to  observe,''  says  Mr.  Ramsden, 
**  that,  besides  the  table  for  reducing  the  revolutions 
and  parts  of  the  screw  to  minutes,  seconds,  &c.,  it 
may  require  a  table  for  correcting  a  very  small  error 
which  arises  from  the  eccentric  motion  of  the  half- 
mirrors.  By  thb  motion  their  centres  of  curvature 
-will  (when  the  angle  to  be  measured  b  large) 
approach  a  little  towards  the  large  mirror:  the 
equation  for  this  purpose  in  small  angles  b  in- 
sensible; but  when  angles  to  be  measured  exceed 
ten  minutes  it  shoiild  not  be  neglected.  Or  the 
angle  measured  may  be  corrected  by  diminbhing  it 
in  the  proportion  of  the  versed  sine  of  the  angle 
measured,  taking  into  account  the  focal  length  of  the 
small  muTor.*' 

Mr.  Ramsden  preferred  Cassegrain's  construction 
of  the  reflecting  telescope  to  either  the  Gregorian  or 
Newtonian,  because,  in  the  former,  errors  caused  by 
one  speculum  are  diminbhcd  by  those  in  the  other. 
From  a  property  of  the  reflecting  telescope  (which. 
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he  observes,  has  not  been  attended  to),  that  tht 
apertures  of  the  two  specula  are  to  each  other  very 
nearly  in  the  proportion  of  their  focal  lengUis,  it  fol- 
lows that  their  abermtions  will  be  to  each  other  in  the 
same  proportion ;  and  these  aberrations  are  in  the 
same  direction  if  the  two  specula  are  both  concave  i 
or  in  contrary  directions  if  one  speculum  is  concave 
and  the  other  convex.  In  the  Gregorian  construction, 
both  specula  bemg  concave,  the  aberration  at  the 
second  image  will  be  the  sum  of  the  aberrations  of 
the  two  mirrors ;  but  in  the  Cassegrain  construction, 
one  mirror  being  concave  and  the  other  convex,  the 
aberration  at  the  second  image  will  be  the  diffierence 
between  their  aberrations.  By  assuming  such  pro- 
portions for  the  fod  of  the  specula  as  are  generally 
used  in  the  reflecting  telescope,  which  is  about 
as  one  to  four,  the  aberration  in  the  Cassegrain  con- 
struction vrill  be  to  that  in  the  Gregorian  as  three  to 

2.  The  other  b  a  dioptric  micrometer,  or  one  suited 
to  the  principle  of  retraction.  This  micrometer  b 
applied  to  the  erect  eye-tube  of  a  refracting  telescope, 
and  is  placed  in  the  conjugate  focus  of  ti^  fint  eye* 
glass ;  in  which  position,  the  image  being  consider- 
ably magnified  before  it  comes  to  the  micrometer,* 
any  imperfection  in  its  glass  will  be  magnified  only 
by  the  remaining  eye-glasses,  which  in  any  telescope 
seldom  exceeds  fL\%  or  six  times.  By  this  position 
also  the  size  of  the  micrometer  glass  v<rill  not  be 
tite  i}q  part  of  the  area  whicii  wovdd  be  required  if 
it  were  placed  in  the  object-glass;  and,  notwith- 
standing thb  great  dbproportion  of  size,  which  b 
of  great  moment  to  tiie  practical  opticbn,  tiie  same 
extent  of  scale  b  preserved,  and  the  images  ara 
uniformly  bright  in  every  part  of  the  field  of  t£e  tele- 
scope* 

Fig,  6  represents  the  glasses  of  a  refracting  tele* 
scope;  X,  the  principal  pencil  ef  rays  from  the 
object-glass  O ;  /  f  and  «  u,  the  axb  of  two  oblique 
pencib;  a,  the  first  eye-glass;  m,  its  conjugate  focus, 
or  the  place  ci  the  micrometer ;  &,  the  second  eye- 
glass ;  c,  the  third ;  and  d,  the  fourth,  or  that  which 
is  nearest  the  eye.  Let  j9  be  the  diameter  of  the  ob- 
ject-glass, e  the  diameter  of  a  pencil  at  m,  and  /  the 
diameter  gS  the  pencil  at  the  eye ;  it  b  evident  that 
the  axb  of  the  pencib  from  every  part  of  the  image 
will  cross  each  other  at  the  point  m;  and  e  the  width 
of  the  micrometer-glass  b  to  j9  the  diameter  of  the 
object-glass  as  m  a  b  to  ^  o,  which  is  the  proportion 
of  the  magnifying  power  at  the  point  m;  and  the 
error  caused  by  an  imperfection  in  the  micrometer 
glass  placed  at  m  will  be  to  the  error  had  the  micro- 
meter been  at  O  as  m  is  to  |i. 

Fig.  7  represents  the  micrometer ;  A,  a  convex  or 
concave  lens,  divided  into  two  equal  parts  by  a  plane 
across  its  centre ;  one  of  these  semi-lenses  b  fixed  in 
a  frame  B,  and  the  other  in  the  firame  E ;  which  two 
frames  slide  on  a  platejil,  and  are  pressed  against  it 
by  thin  plates  a ;  the  frames  B  and  £  are  moved  in 
contrary  directions  by  turning  the  button  D.  L  is  a 
scale  of  equal  parts  on  the  frame  B ;  it  b  numbered 
from  each  end  towards  the  middle  vrith  10,  20,  &c. 
There  are  two  vemiera  on  the  frame  E,  one  at  M  and 
the  other  at  N,  for  the  convenience  of  measuring  the 
diameter  of  a  planet,  &c.,  on  both  sides  the  zero. 
The  first  division  on  both  these  verniers  coincides  at 
the  same  time  with  the  two  zeros  on  the  scale  L ; 
and,  if  tiie  frame  is  moved  towards  the  right,  the  re- 
lative motion  of  the  two  frames  b  shown  on  the  scale 
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L  by  the  Ternier  M ;  bat,  if  the  frame  B  be  moved 
towards  the  left,  the  relative  motion  is  shown  by  the 
vernier  N. — ^This  micrometer  has  amotion  round  the 
axis  of  vision  for  the  convenience  of  measuring  the 
diameter  of  a  planet,  &c.,  in  any  direction,  by  turn- 
ing an  endless  screw,  F ;  and  the  inclination  of  the 
diameter  measured  with  the  horizon  is  shown  on  the 
circle  ^  by  a  vernier  on  the  plate  V.  The  telescope 
may  be  adjusted  to  distinct  vision  by  means  of  an 
adjusting-screw,  which  moves  the  whole  eye-tube 
with  the  micrometer  nearer  or  further  from  the  object- 
glass,  as  telescopes  are  generally  made ;  or  the  same 
effect  may  be  produced  in  a  better  manner  without 
moving  the  micrometer,  by  sliding  the  part  of  the 
eye-tube  m  on  the  part  m,  by  help  of  a  screw  or 
pinion.  The  micrometer  is  made  to  take  off  occasion- 
ally from  the  eye-tube  that  the  telescope  may  be  used 
without  it 

The  late  Sir  W.  Herschel,  having  had  much  occa- 
sion for  micrometers  that  would  measure  exceeding 
small  distances  exactly,  was  led  to  direct  his  atten- 
tion to  the  improvement  of  these  instruments ;  and 
the  result  of  his  endeavours  has  been  a  very  ingenious 
mstrument  called  a  lamp-micrometer,  which  is  not 
only  free  from  the  ordinary  imperfections,  but  also 
possesses  the  advantages  of  a  very  large  scale. 
This  instrument  is  described  in  the  Philosophical 
JVansactiona  for  1782 ;  and  the  construction  of  it  is  as 
follows : — 

ABG,  ji^.S,  is  a  stand  nine  feet  high,  upon  which  a 
semicircular  board,  qhogp,  is  movable  upwards  or 
downwards,  in  the  manner  of  some  fire-screens,  as 
occasion  may  require,  and  is  held  in  its  situation  by 
a  peg,  p,  put  into  any  one  of  the  holes  of  the  upright 
piece  AB.  This  board  is  a  segment  of  a  circle  of 
fourteen  inches  radius,  and  is  about  three  inches 
broader  than  a  semicircle,  to  give  room  for  the 
handles  rD,  eP,  to  work.  The  use  of  this  board  is  to 
carry  an  arm  L,  thirty  inches  long,  which  is  made  to 
move  upon  a  pivot  at  the  centre  of  the  circle,  by 
means  of  a  string,  which  passes  in  a  groove  upon  the 
edge  of  the  semicircle  pgohq;  the  string  is  mstened 
to  a  hook  at  o  (not  shown  in  the  figure,  being  at 
the  back  of  the  arm  L),  and  passing  along  the  groove 
from  0  6  to  a  is  turned  over  a  pulley  at  a  and  goes 
down  to  a  small  barrel  e,  within  the  plane  of  the  cir- 
cular board,  where  a  double-jointed  handle,  e  P,  com- 
mands its  motion.  By  this  contrivance,  we  see,  the 
arm  L  may  be  lifted  up  to  any  altitude  from  the 
horizontal  position  to  the  perpendicular,  or  be  suf- 
fered to  descend  by  its  own  weight  below  the  hori- 
zontal to  the  reverse  perpendicular  situation.  The 
weight  of  the  handle  P  is  sufficient  to  keep  the  arm 
in  any  given  position;  but,  if  the  motion  should  be  too 
easy,  a  friction-spring  applied  to  the  barrel  will 
moderate  it  at  pleasure. 

In  front  of  the  arm  L,  a  small  slider,  about  three 
inches  long,  is  movable  in  a  rabbet  from  the  end  L 
towards  the  centre  backwards  and  forwards.  A 
string  is  fastened  to  the  left  side  of  the  little  slider, 
and  goes  towards  L,  where  it  passes  round  a  pulley 
at  m,  and  returns  under  the  arm  from  m,  »,  towards 
the  centre,  where  it  is  led  in  a  groove  on  the  edge  of 
the  arm,  which  is  of  a  circular  form,  upwards  to  a 
barrel  (  raised  above  the  plane  of  the  circular  board ) 
at  r,  to  which  the  handle  rD  is  fastened.  A  second 
string  is  fastened  to  the  slider,  at  the  right  side,  and 
goes  towards  the  centre,  where  it  passes  over  a  pul- 
ley 71 ;  ^^^  the  weight  w,  which  is  suspended  by  the 


end  of  this  string,  retami  the  slider  towiids  ^ 
centre,  when  a  contrary  turn  of  the  handle  permiti  it 
to  act. 

At  a  and  h  are  represented  two  small  lamps,  two 
inches  high,  H  m  breadth  by  li  in  deptL  The 
sides,  back,  and  top,  are  made  so  as  toponutno 
light  to  be  seen,  and  the  front  consists  of  a  thin  bms 
sliding  door.  The  flame  in  the  lamp  a  is  plioed 
three-tenths  of  an  inch  from  the  left  side,  three-teodii 
from  the  front,  and  half  an  inch  frt>m  the  bcttoo. 
In  the  lamp  6  it  is  placed  at  the  same  heij^t  and  dis- 
tance, measuring  from  the  right  side.  The  wick  of 
the  flame  consists  only  of  a  siogle  very  &in  lamp-cot. 
ton  Uiread :  for,  the  smallest  flame  being  suffideot,  t 
is  easier  to  keep  it  burning  in  so  confined  a  plict 
In  the  top  of  each  lamp  must  be  a  little  slit  logtb- 
ways,  and  also  a  small  opening  in.one.side  neartk 
upper  part,  to  permit  air  enough  to  circulate  to  fcal 
the  flame.  To  prevent  eviery  reflection  of  hgfat,  tk 
side  opening  of  me  lamp  a.  should  be  to  the  right,  ud 
that  of  the  lamp  6  to  the  left.  In  the  sliding  door 
of  each  Uunp  is  made  a  small  hole  with  the  poiot 
of  a  very  fine  needle  just  opposite. the  place  idiere 
the  wicks  are  burning,  so  tliat  when  the  sliders  m 
shut  down,  and  every  thing  dark,  nothing  shall  be 
seen  but  two  fine  lucid  points  of  the  size  of  two  stan 
of  the  third  or  fourth  magnitude.  The  lamp  o  is 
placed  so  that  its  lucid  point  may  be  in  the  cestn 
of  the  circular  board,  where  it  remains  fixed.  Tk 
lamp  h  is  hung  to  the  little  slider  which  mores  it 
the  rabbet  of  the  arm,  so  that  its  ludd  point,  ia  » 
horizontal  position  of  the  arm,  may  be  on  a  lefd 
with  the  lucid  point  in  the  centre.  The  moraUe 
lamp  is  suspended  upon  a  piece  of  brass  fiotened 
to  the  slider  by  a  pin  exactly  behind  the  flame,  vpoa 
which  it  moves  as  a  pivot.  The  lamp  is  balaaoed 
at  the  bottom  by  a  leaden  weight,  so.  as  always  ti 
remain  upri^t  when  the  arm  b  either  lifted  abow 
or  depressed  below  the  horizontal  positioD.  Tbe 
double-jointed  handle  rD,  eP,  consists  of  li^  deil 
rods,  ten  feet  long,  and  the  lowest  of  them  may  hive 
divisions  marked  upon  it  near  the  end  P,  ezpressiag 
exactly  the  distance  from  the  central  ludd  point  ia 
feet,  inches,  and  tenths. 

i^m  this  construction  we  see  that  a  pcraoaatt 
distance  of  ten  feet  may  govern  the  two  lucid  poiots, 
so  as  to  bring  them  into  any  required  poeittoD  sootk 
or  north,  preceding  or  following  from  0  to  90°  by 
using  the  handle  P,  and  *also  to  any  distance  froa 
six-tenths  of  an  inch  to  five  or  six  and  twenty  iodKS 
by  means  of  the  handle  D.  If  any  reflection  or  ip- 
pearance  of  light  should  be  left  from  the  top  or  sides 
of  the  lamps,  a  temporary  screen,  consisting  of  s 
long  piece  of  pasteboard,  or  a  wire  frame  coww 
vrith  black  cloth,  of  the  length  of  the  whole  arm, »» 
of  any  required  breadth,  with  a  slit  of  half  an  inch 
broad  in  Uie  middle,  may  be  afiixed  to  the  ann  by 
four  bent  wires,  projecting  an  inch  or  two  b^wt  the 
lamps,  situated  so  that  the  movable  lucid  point  my 
pass  along  the  opening  left  for  that  purpose. 

Fig,  9  represents  part  of  the  arm  L,  half  ^  **"[ 
size ;  S  the  slider ;  m  the  pulley,  over  which  the  cod 
xtvz  is  returned  towards  the  centre ;  v  the  other  corf 
going  to  the  pulley  n  oifig,  8 ;  R  the  brass  ^ 
movable  upon  the  pin  c,  to  keep  the  lamp  "PJJ^ 
At  R  is  a  wire  riveted  to  the  brass  piece,  upon  wwo 

is  held  the  lamp  by  a  nut  and  screw.  ^ 

"Every  artist, "says  the  ingenious  inventor,  ww 

soon  perceive  that  the  motions  of  this  microiBeir'*ii* 
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capable  of  great  improvement  by  the  application  of 
wheels  and  pinimur^  and  other  well  known  mechani- 
cal reeioarces ;  but  as  the  principal  object  is  only  to 
be  able  to  adjust  the  two  lacid  points  to  the  required 
position  and  distance,  and  to  keep  them  there  for  a 
few  minutes,  while  the  observer  measures  their 
distance,  it  will  not  be  necessary  to  say  more  upon 
the  subject. 

"  I  am  now  to  show  the  application  of  this  instru- 
ment. It  is  well  known  to  opticians,  and  others  who 
have  been  in  the  habit  of  using  optical  instruments, 
that  we  can  with  one  eye  look  into  a  microscope  or 
telescope,  and  see  an  object  much  magnified,  while 
the  naked  eye  may  $ee  a  scale  upon  wlldch  the  mag- 
nified picture  is  thrown.  In  this  manner  I  have 
generally  determined  the  power  of  my  telescopes; 
and  any  one  who  has  acquired  a  facility  of  taking  such 
observations  will  very  seldom  mistake  so  much  as  one 
in  fifty  in  determining  the  power  of  an  instrument, 
and  that  degree  of  exactness  is  fully  sufficient  for  the 
purpose.   ' 

"  The  Newtonian  form  is  admirably  adapted  to  the 
use  ^  this  micrometer ;  for  the  observer  stands  al- 
ways erect,  and  looks  in  a  horizontal  direction,  not- 
withstanding the  telescope  should  be  elevated  to  the 
^nith.  Besides,  his  face  being  turned  away  from 
the  object  to  which  his  telescope  is  directed,  this  mi- 
crometer may  be  placed  very  conveniently  without 
causing  the  least  obstruction  to  the  view :  therefore, 
when  I  use  this  instrument,  I  put  it  at  ten  feet  dis- 
tance from  the  left  eye,  in  a  line  perpendicular  to  the 
tube  of  the  telescope,  and  raise  the  movable  board  to 
such  a  height  that  the  lucid  point  of  the  central  lamp 
may  be  upon  a  level  with  the  eye.  The  handles, 
lifted  up,  are  passed  through  two  loops  fastened  to 
the  tube,  just  by  the  observer,  so  as  to  be  ready  for 
his  use.  I  should  observe  that  the  end  of  the  tube 
m  cut  away,  so  as  to  leave  the  left  eye  entirely  free  to 
see  the  whole  micrometer. 

''Having  now  directed  the  telescope  to  a  double 
star,  I  view  it  with  the  right  eye,  and  at  the  same 
time  with  the  left  see  it  projected  upon  the  microme- 
ter :  then,  by  the  handle  P,  which  commands  the 
position  of  the  arm,  I  raise  or  depress  it  so  as  to  bring 
the  two  lucid  points  to  a  similar  situation  with  the 
tvro  stars ;  and,  by  the  handle  D,  I  approach  or  re* 
move  the  movable  lucid  point  to  the  same  distance 
of  the  two  stars,  so  that  ue  two  lucid  points  may  be 
exactly  covered  by  or  coincide  with  the  stars.  A 
little  practice  in  this  business  soon  makes  it  easy, 
especially  to  one  who  has  already  been  used  to  look 
with  both  eyes  open. 

''What  remains  to  be  done  is  very  simple.  With 
a  proper  rule,  divided  into  inches  and  forties  parts, 
I  take  the  distance  of  the  lucid  points,  which  may  be 
done  to  die  greatest  nicety,  because,  as  I  observed 
before,  the  little  holes  are  made  with  the  point  of  a 
Tery  fine  needle.  The  measure  thus  obtained  is  t)^e 
tangent  of  the  magnified  angle  under  which  the  stars 
are  seen  to  a  radius  of  ten  feet ;  therefore,  the  angle 
being  found,  and  divided  by  the  power  of  the  telescope, 
gives  the  real  angular  distance  of  the  centres  of  a 
double  star. " 

Mr.  Cavallo  invented  a  micrometer  which  consists 
ef  a  thin  and  narrow  slip  of  mother  of  pearl  finely 
divided,  and  situated  in  the  focus  of  the  eye-glass  of 
a  telescope,  just  where  the  image  of  the  object  is 
formed.  It  is  immaterial  whether  the  telescope  be  a 
fefraetor  or  a  reflector,  provided  &e  eye-glass  be  a 


convex  lens,  and  not  a  concave  one,  as  in  the  Gali- 
lean construction. 

The  simplest  way  of  fixing  it  is  to  stick  it  upon 
the  diaphragm,  which  generally  stands  within  the 
I  tube  and  in  the  focus  of  the  eye-glass.    When  thus 
I  fixed,  if  you  look  through  the  eye-glass,  the  division  of 
the  micrometrical  scale  will  appear  very  distinct,  un- 
less the  diaphragm  b  not  exactly  in  the  focus ;  in 
which  case,  the  micrometrical  scale  must  be  placed 
exactly  in  the  focus  of  the  eye*glass,  either  by 
pushing  the   diaphragm   backwards    or   forwards, 
when  this  is  practicable;  or  else  the  scale  may 
be  easily  removed  from  one  or  the  other  surface 
of  the  <tiaphragm  by  the  interposition  of  a  circular 
piece  of  papier  or  caid,  or  by  a  bit  of  wax.    This  con- 
struction is  fully*  sufficient,  when  tho  telescope  is 
always  to  be  used  by  the  same  person ;  but,  when 
different  persons  are  to  use  it,  then  the  diaphragm 
which  supports  the  micrometer  must  be  constructed  so 
as  to  be  easily  moved  backwards  or  forwards,  though 
that  motion  need  not  i>e  greater  than  about  a  tenth 
or  an  eighth  of  an  inch.    This  is  necessary,  because 
the  distance  of  the  focus  of  the  same  lens  appears 
different  to  the  eyes  of  different  persons;  and,  there- 
fore, whoever  is  going  to  use  Uie  telescope  for  the 
mensuration  of  any  angle  must  first  of  all  unscrew 
the  tube  which  contains  the  eye-glass  and  micro- 
meter firom  the  rest  of  the  telescope,  and,  looking 
through  the  eye-glass,  must  place  the  micrometer 
where  the  divisions  of  it  may  appear  quite  distinct 
to  his  eye. 

Fig,  10  exhibits  this  micrometer  scale,  but  shows 
it  twice  the  real  size  of  one  which  Mr.  Cavallo 
adapted  to  a  three-fefet  achromatic  telescope  mag- 
nifying about  eighty-four  times.  It  is  something 
less  than  the  twent}'-fourth  part  of  an  inch  broad ; 
its  thickness  is  equal  to  that  of  common  writing- 
paper;  and  the  length  of  it  is  determined  by  the 
aperture  of  the  diaphragm,  whicS  limits  the  field 
of  the  telescope.  The  divisions  upon  it  are  the  200ths 
of  an  inch,  whidi  reach  from  one  edge  of  the  scale  to 
about  the  middle  of  it,  excepting  every  fifth  and  tenth 
division,  which  are  longer.  The  divided  edge  of  it 
passes  through  the  centre  of  the  field  of  view,  though 
this  b  not  a  necessary  precaution  in  the  construction 
of  this  micrometer. 

In  looking  through  a  telescope  furnished  with  such  a 
micrometer,  the  field  of  view  appears  divided  by  the 
micrometer  scale,  the  breadth  of  whidi  occupies  about 
one-seventh  part  of  the  aperture ;  and,  as  the  scale  is 
semi-transparent,  that  part  of  the  object  which  hap- 
pens to  be  behind  it  ma^  be  discerned  sufficiently 
well  to  ascertain  the  division,  and  even  the  quarter  of 
a  division,  with  which  its  borders  coincide. 

At  first  view,  the  observer  is  apt  to  imagine  that  it  is 
difficult  to  count  the  divisions  whidi  may  happen  to 
cover  or  to  measure  an  ol\iect ;  but,  upon  trial,  it  will 
be  found  that  thb  is  readily  performed ;  and  even  those 
persons  who  have  never  been  used  to  observe  vrith  the 
telescope  soon  learn  to  measure  very  quickly  and  accu- 
rately with  this  micrometer ;  for,  since  every  fifth  and 
tenth  division  is  longer  than  the  rest,  the  astronomer 
soon  acquires  the  habit  of  saying  five,  ten,  fifteen; 
and  then  adding  the  other  divisions  less  than  five  com- 
pletes the  reckoning.  Even  with  a  telescope  which 
has  no  stand,  if  the  object  end  of  it  be  rested  against 
a  steady  place,  and  the  other  end  be  held  by  the  hand 
near  the  eye  of  the  observer,  an  object  may  be  mea- 
sured with  accuracy  sufficient  for  several  purposes,  as 
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Ibr  tli0  Mtimatian  of  small  distilnoes,  for  determmiiig 
the  height  of  a  house^  &c.  (See  Tblb6copb.) 

II.  The  micrometer  has  not  only  heen  applied  to 
telescopes,  and  employed  for  astronomical  purposes, 
but  there  have  also  been  varions  contrivances  for 
adapting  it  to  imero9eopieal  observations.  Mr.  Leen- 
wenhoek's  method  of  estimating  the  size  of  small 
objects  was  by  comparing  them  vnth  grains  of  sand, 
of  which  100  in  a  line  took  op  an  inch.  These  grains 
he  laid  upon  the  same  plate  with  his  objects,  and 
viewed  them  at  ^e  same  time.  Dr.  Jurin's  method 
was  similar  to  this ;  for  he  found  the  diameter  of  a 
piece  of  fine  silver  wire,  by  wrapping  it  as  close  as  he 
could  about  a  pin,  and  observing  how  many  rings 
made  an  inch;  and  he  used  this  wire  in  the  same 
manner  as  Leeuwenhoek  used  his  sand.  Dr.  Hooke 
used  to  look  upon  the  magnified  object  with  one  eye, 
while  at  the  same  time  he  viewed  otiier  objects  placed 
at  the  same  distance  with  the  other  eye.  In  this  man- 
ner he  was  able,  by  the  help  of  a  ruler,  divided  into 
inches  and  small  parts,  and  laid  on  the  pedestal  of 
the  microscope,  to  cast  as  it  were  the  magnified  ap- 
pearance of  the  object  upon  the  ruler,  and  thus  exactly 
to  measure  the  diameter  which  Jt  appeared  to  have 
through  the  glass,  which  being  compared  with  the 
diameter  as  it  apjf>eared  to  the  naked  eye  easily  showed 
the  degree  in  which  it  was  magnified.  "A  httle  prac- 
tice," says  Mr.  Baker,  "will  render  this  method 
exceedingiy  easy  and  pleasant.'' 

"The  mode  of  actual  admeasurement,"  observes 
Mr.  Adams  in  his  Microscopical  Essays,  page  59«  "is 
without  doubt  the  most  simple  that  can  be  used ;  as 
by  it  we  comprehend,  in  a  manner,  at  one  glance,  the 
different  effects  of  combined  gldsses ;  and  as  it  saves 
&e  trouble,  and  avoids  the  obscurity,  of  the  usual 
modes  of  calculation." 

The  only  other  instrument  which  our  space  per- 
mits us  to  describe  consists  of  a  screw,  which  has 
fifty  threads  to  an  inch ;  this  screw  carries  an  index, 
which  points  to  the  divisions  on  a  circular  plate, 
which  is  fixed  at  right  angles  to  the  axis  of  the  screw. 
The  revohitions  of  tiie  screw  are  counted  on  a  scale, 
which  is  an  inch  divided  into  fifty  parts ;  the  index 
to  these  divisions  is  a  fleur-de-lis  marked  upon  the 
■lider,  which  carries  the  needle-point  aocross  the  field 
of  the  microscope.  Every  revolution  of  the  micro- 
meter screw  measures  one-fiftieth  port  of  an  inch, 
which  is  again  subdivided  by  means  of  the  divisions 
on  the  circular  plale,  as  this  is  divided  into  twenty 
equal  parts,  over  which  the  index  passes  at  every  re- 
volution of  the  screw ;  by  whidi  means  we  obtain 
with  ease  the  measure  of  1000th  part  of  an  inch :  for 
fifty,  the  number  of  threads  on  the  screw,  being  mul- 
tiplied by  twenty,  the  divisions  on  the  circular  plate, 
are  equal  to  1000 ;  so  that  eadi  division  on  the  cir- 
cular plate  shows  that  the  needle  has  either  advanced 
or  receded  lOOOtfa  part  of  an  inch.  (See  Micno- 
acoPB.) 

MicaoscopB.  The  history  of  this  instrument  is 
veiled  in  considerable  obscurity,  and  among  the 
modems  the  discovery  of  l^e  microscope  has  been 
claimed  by  several  individuals.  The  ancients  appear 
to  have  been  acquainted  with  it  in  one  of  its  forms ; 
lor  Seneca  says,  "  Letters,  though  minute  and  ob- 
scure, appear  larger  and  clearer  through  a  glass  bub- 
ble filleid  with  water."  In  the  middle  ages  this 
knowledge  was  lost.  The  invention  of  the  modem 
mttrument  is  attributed  by  Ihe  celebrated  Duteh 
Hatemotician  Huygens  to  a  countryman  of  his. 


named  Drebeil,  who  constructed  Ihem  about  1621«  ar 
thirty-one  years  after  the  invention  of  die  tdesoope. 
Borelli  attributes  it  to  Jan  sen,  the  reputed  contiifei 
of  the  telescope ;  Viviani  to  Galileo.  The  first  com- 
pound microscope  consisting  of  two  doable  cdbvei 
lenses  seems  to  have  been  made  by  F.  Fontana,  a 
Neapolitan,  who  dates  his  invention  from  1618. 

The  numerous  forms  of  microscopes  may  be  ia- 
cluded  under  theheads  of  single,  compound  rdfractisg, 
and  compound  reflecting  microscopes.    The  theory  of 
the  sittgle  mictoscope  may  be  thus  explaned*     We  aB 
know  that  at  a  small  distance  we  see  more  distinctif 
than  at  a  large.    If  we  look  at  two  men,  one  200  kd 
distant,  the  other  100  feet,  the  former  will  appear  osij 
•ne  half  the  height  of  the  latter,  or  the  angle  which  flie 
latter  subtends  to  the  eye  of  the  obeerver  will  be  twin 
that  subtended  by  the  Ibrmer.     Hence  we  amst  cod- 
dude  that  the  nearer  we  can  bring  an  object  to  the  eje 
the  lar^  it  vrill  appear.    Now  u,  to  reader  the  paito 
of  a  mmute  object  distinguishable,  we  bring  It  very 
near  the  eye  (suppose  within  one  or  two  inchea),  it  will 
become  very  indntinct  and  confused,  in  eonaequcnoe 
of  the  great  divergence  of  die  rays  of  light  from  the 
object,  and  the  power  of  the  crystalline  lens  of  the 
eye  not  being  sufficient  to  collect  the  rays  wheieby  aa 
image  of  the  object  may  be  formed  on  the  retina  at  the 
proper  distance  on  the  back  of  the  eye.     Now  if  ve 
employ  a  sin^^e  microscope,  which  consists  of  a  ooa- 
vex  lens,  usually  made  of  glass  (thoogh  any  other 
transparent  substance  would  have  the  same  power  b 
a  greater  or  less  degree),  and  mounted  in  a  brass  set- 
ting, and  place  it  between  the  object  and  the  eye*  the 
former  being  in  the  focus  of  the  glass,  the  diveigiBg 
rays  from  the  object  will  be  refracted  and  rendered  pa- 
rallel by  the  lens,  and  thus  we  shall  obtain  a  distmcl 
and  near  view  of  the  object.  The  increase  of  appareat 
magnitude  obtained  by  the  employmoit  of  lenses  it 
proportioned  to  the  difference  of  the  distance  of  aa 
object  from  the  lens  and  the  distance  vHien  seen  with- 
out its  assistance.    This  latter  distance  (die  Hictiw^ 
of  distinct  vision  of  minute  objecte  with  the  naked 
eye)  varies   in  difierent  persons,  and  at  difieicat 
periods  of  life.    Some  measure  therefore  mmt  be  as- 
sumed as  a  standard,  before  we  can  express  the  am- 
plifying power  of  a  lens  so  as  mutually  to  have  the 
same  idea  of  the  magnitude  of  an  object.     Some 
authors  adopt  ten  inches  as  the  standard  of  the  foG» 
of  the  eyf,  under  ordinary  circumstances,  and  its  deci- 
mal character  makes  it  a  convenient  multiplier  or 
divisor.    With  this  decimal  standard  we  can  deter- 
mine the  magnifying  power  of  lenses  of  any  focal 
length,  or  formed  of  any  substance  (media).    Thus  if 
we  have  a  lens  which  requires  for  distinct  viskm  the 
object  to  be  one  inch  from  its  centre  (in  a  double 
convex),  we  must  divide  the  standard  ten  by  oae, 
which  will  give  ten  as  the  magnifying  power.     If  the 
lens  require  the  object  to  be  y^th  of  an  indi  distaat* 
its  magnifying  power  will  be  250.    We  have  called 
the  magnifying  power  in  the  first  instance  ten,  becanse 
the  length  of  the  object  is  increased  ten  times  ;  botp 
as  its  breadth  is  also  increased  ten  times,  the  real 
magnifying  power  of  the  lens  is  ten  times  ten,  or 
100.    The  common  form  of  the  magnifiers  em|doyed 
for  microscopes  is  double-convex,  and  they  should  be 
made  as  thin  as  possible ;  for  the  wandering  or  spread- 
ing out  of  the  rays  proceeding  from  an  object  whea 
refracted  by  a  lens  with  sphencal  surfaces,  whereby 
an  indistinctness  is  produced  in  ite  image,  will  be  de- 
creased, as  the  square  of  the  thidukeae  of  die 
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iployed,  and  the  lot8  of  light  in  ptssing  Ummgh 
the  lens  is  less  in  proportion  as  it  is  tlun. 

Within  a  few  years,  diamonds  have  been  formed 
into  lenses  in  consequence  of  their  high  refractive 
power,  whereby  we  can  obtain  lenses  of  any  degree 
of  magnifying  power  with  comparatively  shallow 
curves;  and,  as  the  dispersion  of  colour  in  this 
•abstance  is  Very  low,  the  lens  is  nearly  achromatic. 
Next  to  the  diamond  the  sapphire  possesses  all  the 
powers  requisite  ibr  the  formation  of  perfect  mag- 
nifiers, and  presents  less  difficulty  in  their  con- 
struction; hence  the  expense  of  emplopng  it  b 
considerably  less. 

A  eomptmnd  r^fracHng  mieroacope  is  an  instrument 
consisting  of  two  or  more  convex  lenses,  by  one  of 
^hidi  an  enlarged  image  of  the  object  b  formed,  and 
then  by  means  of  the  other,  employed  as  an  eye-glass, 
WL  magnified  representation  of  the  enlarged  image  is 
obtained.  The  distance  at  which  the  two  lenses  of  a 
coippound  microscope  are  placed  from  each  other 
most  always  exceed  uie  sum  of  their  focal  lengths,  in 
ofder  that  the  image  may  be  formed  by  the  object- 
l^ass  in  the  anterior  focus  of  the  eye-glass.  Com- 
pound microscopes  have  been  constructed  of  almost 
all  possible  dimoisions,  from  a  few  inches  in  length 
to  twenty  fieet;  but  from  experience  it  appears 
that  whenever  their  magnitude  is  augmented  beyond 
a  certain  point  the  effect  is  diminished,  thougn  we 
suppose  toe  amplifying  power  of  both  microscopes 
the  same. 

The  wkar  miero»eope  consists  of  a  common  micro- 
scrope  connected  with  a  reflector  and  condenser,  the 
former  being  used  to  throw  the  sun's  light  on  the 
latter,  by  wMch  it  is  condensed  to  illuminate  the  object 
placed  in  its  focus.  This  object  is  also  in  the  focus  of 
the  microscopic  kns  on  the  other  side  of  it,  which 
transmits  a  magnified  image  of  it  to  a  wall  or  screen 
(sometimes  a  combination  of  two  magnifying  lenses  is 
used) .  The  magnifying  power  vnll  be  greater  in  pro- 
portion as  the  focal  distance  of  the  object-glass  com- 
pared with  the  distance  of  the  wall  or  screen  from  the 
object-glass  is  less.  The  principle  of  the  lucernal  mi- 
cro$eope  is  the  same,  except  that  a  lamp  is  used  instead 
of  the  sun  to  illuminate  the  objects ;  this  lamp  is  en- 
closed in  a  lantern,  to  screen  the  light  from  the 
observers. 

Having  thus  given  a  general  outline  of  the  arrange- 
ment ofthe  microscope  in  its  various  forms»  it  'mil 
now  be  advisable  to  numish  our  readers  wi^  such 
graphic  and  descriptive  particulars  as  will  enable  any 
ingenious  workman,  reading  this  article  in  conjunc- 
tion with  our  treatise  on  Optics,  to  construct  the  in- 
strument. To  render  this  systematic  and  intelligible 
It  may  be  advisable  to  commence  with  the  most  sim- 
pie  form. 

'  A  very  convenient  form  of  microscope  is  shown 
in  the  following  engraving,  where  5  is  a  circular 
piece  of  brass  or  ivory,  in  the  middle  of  which  is  a 
small  hole,  one-twentieth  of  an  inch  diameter.:  in 
this  hole  is  fixed,  vrith  a  wire,  a  small  lens,  whose 
focal  distance  is  c  d.  At  that  point  is  placed  a  pair 
of  pliers,  g  h,  which  may  be  adjusted  by  means  of  the 
slidmg  screw,  as  in  the  figure,  and  opened  by  means 
of  two  little  studs.  The  object  may  be  viewed  with 
the  eye  placed  in  the  other  focus  of  the  lens  at  a ; 
and,  according  to  the  focal  length  of  the  lens,  the 
object/  will  appear  more  or  less  magnified,  as  re- 
presented at  1 1,  If  the  focal  length  be  half  or  one- 
foortii  of  an  inch,  the  length,  surface,  and  bulk  of 


the  object  will  be  magnified  in  a  similar  proportion. 
This  small  instrument  may  be  put  into  a  case  for 
the  pocket.  Those  lenses  whose  focal  lengths  are 
three-tenths,  four-tenths,  and  five-tenths  of  an  inch* 
are  the  best  for  common  use. 

I 


Since  the  nearer  the  eye  can  approach  to  an  object 
the  larger  it  appears,  it  is  plain,  a  double  and  equally 
convex  lens  magnifies  more  than  a  plano-convex  lens ; 
because,  if  the  sphere,  or  convexity,  be  the  same,  the 
focal  length  of  the  former  is  but  half  that  of  the 
latter ;  and,  since  the  double  convex  consists  of  two 
segments  of  a  sphere,  the  more  an  object  is  to  be  mag- 
nified the  greater  must  the  convexity  be,  and  there- 
fore the  smaller  the  sphere ;  till  at  last  the  utmost 
degree  of  magnifying  power  vrill  require  that  these 
segments  become  hemispheres,  and,  consequently,  the 
lens  will  be  reduced  to  a  perfect  spherule,  or  very 
small  sphere. 

If  the  radius  of  the  spherule  be  one-tenth  of  an 
inch,  the  eye  will  have  distinct  vision  of  an  object  by 
means  thereof,  at  the  distance  of  H  radius  (that  is, 
three-twentietfas  of  an  inch),  and,  as  this  is  but  the 
fortieth  part  of  six  inches,  the  length  of  an  ob- 
ject will  be  magnified  forty  times,  the  surface  1600 
times,  and  the  solidity  64,000  times,  by  such  a  small 
sphere. 

If  the  radius  of  a  spherule  be  but  one-twentieth  of 
an  inch,  then  will  the  eye  have  distinct  vision  of  an 
object  at  the  distance  of  three-fortieths  of  an  inch, 
and,  as  this  is  but  the  eightieth  part  of  six  inches^ 
the  length  of  objects  will  appear  eighty  times 
greater,  tiie  surface  6400  times,  and  the  bulk  513,0P0 
times  greater,  to  the  naked  eye  at  six  inches  dis- 
tance. 

In  using  these  spherule  microscopes,  the  objects  aie 
to  be  placed  in  one  focus  and  the  eye  in  the  other ; 
and,  since  the  focus  is  so  exceedingly  near  the  glass, 
it  is  impossible  to  view  any  but  peUucid  bodies ;  for, 
if  any  opaque  object  were  to  be  applied,  the  eye  being, 
as  it  were,  just  on  the  spherule,  would  entirely  pre- 
vent any  light  falling  on  it,  and  it  would  be  too  ob- 
scure to  be  viewed. 

To  remedy  this  inconvenience,  the  focal  length 
should  be  increased  and  a  concave  mirror  substituted 
for  the  plate  6.  The  object  /,  being  placed  in  the 
focus  of  the  mirror,  is  illuminated  by  reflected  light; 
and  the  most  opaque  insect  may  thus  be  seen  with 
advantage  to  the  naturalist.  If  the  instrument  thus 
arranged  be  directed  towards  the  sun,  the  effect  will  be 
very  materially  improved ;  and,  when  this  cannot  be 
accomplished,  a  sheet  of  white  paper  should  be  placed 
benea^  the  instrument. 


nt  eot^maid-mkroteopF,  aa  raide  by  M«s«n. 
Jotica,  of  Holbom,  is  Bhown  in  the  engTsviog  be- 
neath.   Tfaebodyorthe 


Q  be  repn- 


w  tcrewed 
to  the  horizontal  slid- 
ing mnn  c.  At  i  ia  a 
drcalar  pUte,  contun- 
ing  B  seriea  of  glafses, 
varying  in  their  magni- 
fying power.  The  ob- 
jects to  be  magui&ed  are 
placed  in  the  stage  (,and 
the  proper  focas  ob- 
tained by  moving  the 
rack  at/rf.  The  lens  y 
is  employed  to  concen- 
trate the  light  ofa  lamp, 
or  that  of  the  snn,  on 
the  object  to  be  exa- 
mined. The  reflector  at 
h  has  two  mirrors,  the 
one  concave,  the  other 
flat.  The  whole  itutm-  ' 
ment  is  enpported  by  the 
pillar  it  and  the  trian- 
gular itand  I M. 

The  great  fadlity  with  which  objects 
•ented  on  paper,  or  a  rough  glass,  in  the  camera  oa- 
scnra,  and  copiei  drawn  from  them  by  any  person, 
though  nnskilled  in  drawing,  evidently  suggested  the 
application  of  the  microscope  to  this  inetninent. 
The  greatest  number  of  eiperiments  that  appear  to 
have  been  made  with  this  view  were  by  Mr.  Martin 
and  Mr.  Adams,  the  fonner  of  whom  frequently  ap- 
plied the  microscope  to  the  portable  camera,  and  with 
mnch  effect.  But,  these  bstnuaenti  being  found  to 
answer  only  with  the  assistance  of  the  son,  Mr. 
Adams  directed  his  experiments  to  the  construction 
of  an  instrument  of  more  extended  utility,  which 
could  be  equally  employed  in  the  day  and  by  night. 
He  accordingly  succeeded  so  far  as  to  produce,  by 
candle-light,  the  images  of  objects  refracted  from 
a  single  magnifier,  upon  one  or  two  large  convex 
lenses  (of  about  five  inches,  or  upwards,  in  diameter), 
at  the  end  of  a  pyramidal- shaped  box,  in  a  very 
pleasing  manner,  so  as  to  give  opaque  objects,  as 
well  at  transparent  ones,  the  ubnost  distinctness 
of  representation :  but  still  the  light  of  a  candle, 
or.  lamp,  was  found  generally  insufficient  to  throw 
the  requisite  degree  of  illnmination  on  the  objects. 
The  invention  of  the  Argand  lamp  ofiered  a  complete 
remedy  for  this  defect,  by  the  intensity  and  steadiness 
of  its  light. 

The  advantages  of  this  excellently-conceived  in- 
•tniment  are  numeroos  and  important.  "As  the 
far  greater  part  of  the  objects  which  surround  us  are 
opaque,  "  says  Mr.  Adams,  "  and  very  few  are  suffi- 
ciently transparent  to  be  examined  by  the  common 
microscopes,  an  instrument  that  could  be  readily  ap- 
plied to  the  examination  of  opaque  objects  has  always 
been  a  desideratum.  Even  in  the  cxamiDation  of 
transparent  objects,  many  of  the  fine  and  more  curi- 
ous portions  are  lost,  and  drowned,  as  it  were,  in  the 
light  which  must  be  transmitted  through  them ; 
while  different  parts  of  the  same  object  appear  only 
SB  dark  lines  or  spots,  because  tbey  are  so  opaque  as 
not  to  permit  any  light  to  pass  through  them.  These 
diScultieH,  as  well  as  many  more,  are  obviated  in  the 
Incenial  microscopea,  by  which  opaque  objects  of 
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various  sixes  may  be  seen  wiA  ease  *. 
nese,  the  beantifal  colours  whh  which  most  of  Aem 
are  adorned  are  rendered  more  brilliant,  witfaoot 
changing  in  the  least  the  real  tint  of  the  cokrar,  and 
the  concave  and  convex  parts  retain  also  theii  ptDpcT 
form.  The  facility  widi  which  all  opaque  objects 
are  applied  to  this  instrument  is  another  consids 
able  advantage,  and  almost  pecoliar  td  itsdf:  m  the 
texture  and  confignration  of  the  more  tender  parts  are 
often  hurt  by  previous  preparation,  every  irfijed  amj 
be  euunmed  by  diis  instmment  fint  as  opaqo^  sad 
afterwards  (if  the  textnie  wilt  admit  of  it)  as  ttam- 
parent. — The  lucemal  microscope  doe*,  not  in  At 
least  fatigue  the  eye ;  the  object  appean  like  natme 
itself,  giving  ease  to  the  sight  and  pleasure  to  tte 
mind  ;  there  is  also,  in  the  use  of  this  instruiaeat,  bc 
occasion  to  ehnt  the  eye  which  is  not  directed  to  tbe 
object.  A  further  advantage  peculiar  to  ttos  laiau- 
scope  is  that  by  it  the  outlines  of  every  object  may 
be  taken,  even  by  those  who  are  not  accDstomed  to 
4raw ;  while  tluwe  who  can  draw  well  will  receiic 
great  assistance,  and  execute  their  work  with  mOR 
accnracy  end  in  less  time  than  they  won 
have  bMn  able  to  have  performed  it- 
objects  as  well  as  opaque  may  be  copied  in  the  m 
manner.  The  instrument  may  be  used  at  any  tiae 
of  the  day,  but  the  best  effect  is  by  ni(^t ;  in  whick 
regpect  it  has  a  superiority  over  the  aoUr  miatmcapt, 
as  that  instrument  can  be  used  only  wfacn  the  saa 

"Transparent  objects  may  be  examined  vrithOe 
lucemal  microscope  in  three  or  fonr  different  witia, 
from  a  blare  of  light  almost  too  great  for  the  eye  la 
bear  to  that  which  is  perfectly  easy  to  it  i  and,  by 
the  addition  of  a  tin  lantern  to  the  npparato*,  ■>; 
be  thrown  on  a  screen,  and  exhibited  at  one  view  to 
a  large  company,  as  by  tha  solar  microscope. " 


In  the  above  engraving  we  give  a  view  of  this  id- 
stmment  mounted  to  examine  opaque  objects,  i  is  a 
large  mahogany  pyramidal  box,  which  forms  the  bodv 
of  the  microscope )  it  is  supported  Gnnty  on  the  biMl 
pillar  a,  by  means  of  the  socket  n  and  the  cnrnd 
piece  t.  a  is  a  guide  for  the  eye,  in  order  to  direct  it 
m  the  axis  of  the  lenses ;  It  consists  of  twu  bras 
tubes,  I,  one  sliding  within  the  other,  and  a  veniol 
flat  piece,  at  the  top  of  which  is  the  bole  for  the  ey^. 
The  inner  tube  may  be  pulled  out,  or  pushed  in,  to 
adjust  it  to  the  focus  of  the  glasses.  The  vertical 
piece    may  be  rmeed  or  depressed,  tlttt  the  bok 


MICRO 
Oron^  whiek  the  object  U  to  be  vteweA  may  co- 
incide wifli  fte  centre  of  tJie  field  of  view :  it  is  moved 
by  a  milled  screw,  which  could  Dot  be  Bhown  in  this 
figure.  At  J  is  B  dove-lailed  piece  of  braas,  made  to 
receive  the  doTe-tnil  at  the  end  of  the  tubes,  by  which 
it  is  attached  to  the  wooden  box.  The  tubea  may 
be  removed  from  thii  box  occasionally,  for  the  con- 
venience of  packing  it  np  in  a  leM  compass.  At  Uie 
small  end  of  the  cone  is  placed  a  tube  which  cajries 
the  magnifiers,  one  of  which  is  represettted  at  c;  the 
tube  mav  be  unscrewed  occasionally  from  the  wooden 
body,  beneath  the  cone  is  placed  a  iong  square  bar, 
which  passes  through,  and  carries  the  stage  or  frame 
that  holds  the  objects ;  this  bar  may  be  moved  back- 
ward or  forward,  in  order  to  adjust  it  to  the  focus, 
by  means  of  the  pinion  t.  A  hondle  famished  with 
«  univETSol  joint,  for  more  conveniently  tnraing  the 
pinion,  is  shown  at  o.  When  the  handle  is  removed 
a  nut  may  be  used  in  its  stead.  The  stage  A  for 
opaque  objects  fits  npon  the  bar  by  means  of  a  socket, 
tmd  is  brought  nearer  to  or  removed  further  from  the 
magnifying  leus  by  turning  the  pinion  J: :  the  objects 
«re  placed  in  the  front  side  of  the  stage.  The  two 
upper  pieces  of  brass,  r,  are  movable;  they  are  fixed 
to  a  plate,  which  is  acted  on  by  a  spiral  spring,  that 
presses  them  down  and  confines  the  slider  with  the 
objects:  this  plate,  and  the  two  upper  pieces  of  brass, 
arc  lifted  up  by  the  small  nut  d. 

At  the  lower  part  of  the  stage,  there  is  a  semi- 
circolat  lump  of  glass,  g,  which  is  designed  to  receive 
the  light  from  the  lamp,  and  to  collect  and  throw 
it  on  the  concave  mirror  /,  whence  it  is  reflected  on 
the  object.  The  npper  part  of  the  opatjne  stage 
takes  out,  that  the  stage  for  transparent  objects  may 
be  inserted  in  its  place.  _ 

Another  still  more  simple  mode  of  effecting  the 
same  object  is  shown  beneath : 


SCOPE. 

The  mode  of  constructing  tl 
>w  be  illustrated. 


;  nlar  mitnteopa  may 


is  shown  in  its  simplest  form  in  the  above  en- 
graving, in  which  a  bin  the  diagonal  mirror  for  re- 
ceiving  the  rays  of  light,  p  art  lut.  They  are  re- 
flected by  the  polished  eurbce,  and  thrown  on  the 
lens  c  d.  Within  the  focus  at  e  /  is  placed  any 
transparent  object  to  be  magnified,  and  the  image 
thus  iUuminated  passes  through  the  lens  g  h.  The 
of  the  magnified  figure,  li,  will  depend  on  the  dis- 
:e  the  instrument  is  placed  from  the  wall  {  m. 

room  should  be  darkened,  which  is  usnally  ef- 
fected by  employing  a  large  shutter  at  n  0.  Mr-Baker, 
ipeaking  of  this  instrument,  says,  "that  it  has  con- 
reniences  attending  it  which  no  other  microscope 
;Bn  have:  for  dte  weakest  ires  may  use  it  without 
the  least  struning  or  fatigue :  numbers  of  people 
together  may  view  any  object  at  the  same  time ;  and, 
by  pointing  to  the  particular  parts  diereuf,  and  dia- 
courBing  on  what  lies  before  them,  may  be  able  better 
to  nnderstand  one  another,  and  more  likely  to  find 
out  the  truth,  than  in  other  microscopea,  where  they 
must  peep  one  aiter  another,  and  perhaps  see  the  ob- 
ject neither  in  the  same  light  nor  in  the  same  posi- 
tion. Those,  also,  who  have  no  skill  in  drawing,  may 
by  this  contrivance  easily  sketch  out  the  exact  figure 
of  any  object  they  have  a  mind  to  preserve  a  picture 

ince  tiiey  need  only  fasten  a  paper  on  the  screen, 

trace  it  out  thereon  either  with  a  pen  or  pend), 
as  it  appears  before  them.  It  is  worth  the  while  of 
those  who  are  desirous  of  taking  many  draughts  in 
this  way  to  get  a  frame,  in  which  a  sheet  M  paper 
may  be  plac^  or  taken  out  at  pleasure ;  for,  if  the 
paper  be  single,  the  image  of  an  object  will  be  seen 
almost  as  plainly  on  the  back  as  on  the  fore-side; 
and,  by  standbg  behind  the  screen,  the  shade  of  the 
hand  wilt  not  obstruct  the  light  in  drawhi^,  as  it 
must  in  some  degree  when  one  stands  before  it." 


The  Unteili  i*  provided  with  a  sliding  lube  for  tht 
introdoction  of  the  objects  to  be  magnified.  The 
movable  lenses  are  diown  at  o.  Otier  objects  differ- 
ing  in  their  character  may  be  placed  m  the  forceps 
b  attached  to  the  sliding  frame  by  the  plate  c.  A 
p'lite  of  ground  glass.shownatd.aerves  to  receive  the 
figure  of  the  object.  _ 

The  more  recent  application  of  a  jet  of  oxy-nyaro- 
gen,  acting  on  a  ball  or  cylinder  of  lime,  would  not  be 
nnderatood  by  the  reader  without  a  previous  ac- 
Qoaintance  with  both  these  gases.  The  editor,  there- 
fore, purposes  describing  a  large  and  powerful  appa- 
ratoi  of  this  description,  whichhe  has  had  constructed 
(or    his    public    lectures,    under   the   article   Oit- 

Aaja  &  SciBNCM.— Voi«  I- 


A  raluable  solar  microscope  of  the  most  perfect 
fbrm  is  represented  above. 
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MICROSCOPE. 


The  tquare  plate  6  c  d  Is  attached  to  the  window- 
■hutter  by  the  screws  e  f.  The  glass  plate  g  is 
mounted  in  a  brass  frame,  and  may  be  elevated  or  de- 
pressed by  a  screw  at  d,  A  rotatory  motion  is  com- 
mnnicated  by  a  pinion  and  handle  at  c,  which  acts  on 
a  large  wheel,  concealed  by  the  square  plate.  The 
first  lens  is  placed  in  the  tube  a,  immediately  ad- 
joining the  mirror.  Another  tube  m  is  attached  by 
a  screw  at  n,  and  contains  two  small  lenses,  and  the 
rack-work  Xr  2  for  adjusting  the  focus  of  the  instru- 
ment. The  objects  are  introduced  at  t ;  those  best 
fitted  for  exhibition  are  the  wings  of  insects/  and  the 
cuttings  of  wood.  When  glasses  of  high  power  are 
employed  at  h,  they  are  now  constructed  on  the 
achromatic  principle. 

We  may  now  proceed  to  fumisli  our  readers  with 
some  necessary  particulars  respecting  the  method  of 
using  microscopes.  On  this,  Mr.  Aduns,  in  his  Euay 
on  the  Microicope,  has  been  very  copious ;  with  a  view, 
as  he  informs  us,  to  remove  die  comnion  coinplaint 
made  by  Mr.  Baker,  "  that  many  of  those  who  pur- 
chase microscopes  are  so  little  acquainted  with,  their 
general  and  extensive  usefulness,  and  so 'much  at  a 
loss  for  objects  to  examine  by  them;  that  after  divert- 
ing their  friends  some  few  times  with  what  they  find 
in  the  sliders  which  generally  accompany  the  instru- 
ment, or  perhaps  wiUi  two  or  three  common  objects, 
the  microscope  is  laid  aside  as  of  little  further  value ; 
whereas  no  instrument  lias  yet  appeared  in  the  world 
capable  of  affording  so  constant,  various,  and  satis- 
factory an  entertainment  to  the  mind." 

In  using  the  microscope,  there  are  three  things 
necessary  to  be  considered.  1.  The  preparation  and 
adjustment  of  the  instrument  itself.  3.  The  proper 
quantity,  of  light,  and  the  best  method  of  adapting 
It  to  the  object.  3.  The  method  of  preparing  the 
objects,  so  that  their  texture  may  be  properly  under- 
stood. 

With  regard  to  the  microscope  itself,  the  first 
thing  necessary  to  be  examined  is  whether  the 
glasses  be  clean  or  not :  if  they  are  not  so,  they  must 
be  wiped  with  a  piece  of  soft  leather,  taking  care  not 
to  sou  them  afterwaids  with  the  fingers ;  and,  in  re* 
^placing  them,  care  must  be  taken  not  to  place  them 
m  an  oblique  direction.  We  must  likewise  be  care- 
lul  not  to  let  the  breath  fall  upon  the  glasses,  nor  to 
hold  that  part  of  the  body  of  the  instrument  where 
the  classes  are  placed  with  a  warm  hand ;  because 
the  moisture  thus  expelled  by  the  heat  from  the  me- 
tal will  condense  upon  the  glass,  and  prevent  the  ob- 
ject from  being  distinctly  seen.  The  object  should 
be  brought  as  near  the  centre  of  the  field  of  view  as 
possible;  for  there  only  will  it  be  exhibited  in  the 
greatest  perfection.  The  eye  should  be  moved  up  and 
down  from  the  eye-glass  of  a  conipound  microscope, 
till  the  situation  is  found  where  the  largest  field  and 
most  distinct  view  of  the  object  are  to  be  had :  but 
every  person  ought  to  adjust  the  microscope  to  his 
own  eye,  and  not  depend  upon  the  situation  it  was 
placed  in  by  another.  A  small  magnifying  power 
should  always  be  begun  with ;  by  which  means  the 
observer  will  best  obtain  an  exact  idea  of  the  situa- 
tion and  connexion  of  the  whole,  and  will  of  conse- 
quence be  less  liable  to  form  any  erroneous  opinion, 
when  the  parts  are  viewed  separately  by  a  lens  of 
greater  power.  Objects  should  also  be  examined 
first  in  their  most  natural  position ;  for,  if  this  be  not 
attended  to,  we  shall  be  apt  to  form  very  erroneous 
Ideas  of  the  structure  of  the  whole,  as  well  as  of  the 


connexion  and  use  of  the  parta.  A  Uving  Mm^ 
ought  to  be  as  litUe  hurt  or  discomposed  as  possible. 
From  viewing  an  object  property,  we  may  acquire  a 
knowledge  of  its  nature :  but  this  cannot  be  done 
without  an  extensive  knowledge  of  the  subject,  mod 
patience,  and  many  experiments  ;  as  in  a  grett  Dnii> 
ber  of  cases  the  images  will  resemble  each  otbs, 
though  derived  from  very  different  substances.  Mr. 
Baker,  therefore,  advises  us  not  to  form  an  opinioi 
too  suddenly,  after  viewing  a  microscopical  object; 
nor  to  draw  our  inferences  till  after  repeated  experi- 
ment and  examinations  of  the  objects  in  many  diifereit 
lights  and  portions ;  to  pass  no  judgment  upon  thbgi 
extended  by  force,  or  contracted  by  dryness,  or  ii 
an^  manner  out  of  a  natural  state,  without  makii| 
suitable  allowances.  The  true  colour  of  objects  csb. 
not  be  properly  determined  by  very  great  magnifiers; 
for,  as  the  pores  and  interstices  of  an  object  are  eo- 
larged  according  to  the  magnifying  power  of  dte 
glasses  made  use  of,  the  component  particles  of  its 
substance  will  appear  separated  many  uoosaod  tines 
further  asunder  than  they  do  to  the  naked  eye :  heoce 
the  reflection  of  the  light  from  these  particles  will  be 
very  different,  and  exhibit  different  coloars.  It  is 
likewise  somewhat  difficult  to  observe  opaque  objects; 
and,  as  the  apertures  of  the  larger  magnifieiv  are  bat 
small,  they  are  not  proper  for  the  purpose.  If  n 
object  be  so  very  opaque  that  no  light  will  ptss 
through  it,  as  much  as  possible  must  be  thrown  opoa 
the  upper  surface  of  it.  Some  consideration  is  lii»- 
wise  necessary  in  forming  a  judgment  of  the  motioo 
of  living'  creatures,  or  even  of  fluids,  when  tecs 
through  the  microscope ;  for,  as  the  movinf  body. 
and  the  space  wherein  it  moves,  are  magni&d,  the 
motion  will  also  be  increased. 

On  the  management  of  the  light  depends,  m  s 
great  measure,  the  distinctness  of  the  vision :  and  is, 
in  order  to  have  this  in  the.  greatest  pofection,  «e 
must  adapt  the  quantity  of  li^t  to  the  nature  of  tbe 
object  and  the  focus  of  the  magnifier,  it  is  tkerefac 
necessary  to  view  it  in  various  degrees  of  light  Ii 
some  objects,  it  is  difficult  to  distinguish  betwcea  i 
prominence  and  a  depression^  a  shadow  and  a  blaci 
stain ;  or  between  a  reflection  of  light  and  whiteness, 
which  is  particiilariy  observable  in  the  eye  of  tk 
libella  and  other  flies,  all  of  these  appearing  verr 
different  in  one  position  from  what  ^ey  do  in  ai- 
other.  The  brightness  of  an  object  likewise  depeads 
on  the  quantity  of  light,  the  distinctness  of  Tisioa, 
and  on  regulating  the  quantity  to  the  object;  (v 
one  will  be  in  a  manner  lost  in  a  quantity  of  ligkt 
scarcely  sufficient  to  render  another  visible. 

There  are  various  ways  in  which  a  strong  light  Br 
be  thrown  upon  objects,  as  by  means  of  &  son  ipd 
a  convex  lens.  For  this  purpose,  the  microsoope  is 
to  be  placed  about  three  feet  from  a  southern  window; 
then  take  a  deep  convex  lens,  mounted  on  a  seal- 
circle  and  stand,  so  that  its  position  may  etsilf  be 
varied :  place  this  lens  between  ^e  object  and  Ae 
window,  so  that  it  may  collect  a  considerable  number  of 
rays,  and  refract  them  on  the  object  or  the  mirror  of 
the  microscope.  If  the  light  thus  collected  from  the 
sun  be  too  powerf\il,  it  may  be  lessened  by  placiag  i 
piece  of  oiled  paper,  or  apiece  of  glass  slightly  grom 
between  the  object  and  lens.  Thus  a  proper  dcgict 
of  light  may  be  obtained,  and  diffused  equally  over  tie 
surface  of  an  object,  a  circumstance  whidi  ought  to  be 
particularly  attended  to ;  for,  if  the  light  be  throw 
I  irregularly  upon  it,  no  distinct  view  can  be  obtaiacd. 


MIDWIFERY. 
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On  account  of  the  sun's  motion,  and  the  Tariabie 
state  of  the  atmosphere,  solar  observations  are  ren- 
dered both  tedious  and  inconvenient,  so  that  it  may  be 
advisable  for  the  observer  to  be  furnished  with  a  large 
tin  lantern,    formed   something   like  the  common 
magic  lantern,  capable  of  containing  an  argand  lamp. 
There  ought  to  be  ah  aperture  in  the  front  of  the 
lantern,  which  may  be  moved  up  and  down,  and  be  ca- 
pable ofholding  a  lens,  by  which  means  a  pleasant  and 
uniform  as  well  as  strong  light  may  easily  be  ob- 
tained«    The  lamp  should  likewise  move  on  a  rod,  so 
that  it  may  be  easily  raised  or  depressed.    A  weak 
light  is  b€»t  fitted  for  viewing  many  transparent 
objects,  among  which  we  may  reckon  the  prepared 
eyes  of  flies,  as  well  as  the  animalculse  in  fluids.  The 
quantity  of  light  from  a  lamp  or  candle  may  be 
lessened  by  removing  the  microscope  to  a  greater 
distance  from  them,  or  by  diminishing  the  strength 
of  the  light  which  falls  upon  the  objects.    This  may 
very  conveniently  be  done  by  pieces  of  black  paper 
with  circular  apertures  of  different  sizes,  and  placing 
a  larger  or  smaller  one  upon  the  reflecting  mirror,  as 
occasion  may  require.    Tlie  light  of  a  lamp  or  candle 
is  generally  better  for  viewing  microscopic  objects  than 
day-light,  it  being  more  easy  to  modify  the  former 
than  the  latter,  and  to  throw  it  upon  the  object  with 
different  degrees  of  intensity. 

With  regard  to  the  preparation  of  objects,  Swam- 
merdam  has,  in  that  respect,  excelled  almost  all  other 
investigators  who  either  preceded  or  have  succeeded 
him.    He  was  so  assiduous  and  indefatigable  that 
neither  difficulty  nor  disappointment  could  make  the 
least  impression  on  him ;  and  he  never  abandoned  the 
pursuit  of  any  object  until  he  had  obtained  a  satis- 
factory acquaintance  with  it.    Unfortunately,  how- 
ever, the  methods  he  made  use  of  in  preparing  his 
objects  for  the  microscope  are  now  entirely  unknown. 
For  dissecting  8maU  insects,  Swammerdam  had  a 
brass  table,  to  which  were  attached  two  brass  arms, 
movable  at  pleasure.   The  upper  part  of  each  of  these 
vertical  arms  was  constructed  in  such  a  manner  as  to 
have  a  slow  vertical  motion,  by  which  means  the 
operator  could  readily  alter  their  height.    One  of 
these  arms  was  to  hold  the  minute  objects,  and  the 
other  to  apply  the  microscope. 

The  lenses  for  Swammerdam 's  microscopes  were,  of 
various  sizes  as  well  as  foci.  His  observations  were 
always  begun  with  the  smallest  magnifiers,  from 
ivhich  he  proceeded  by  progressive  steps  to  the 
greatest. 

The  minute  scales  or  feathers  which  cover  the 
vrings  of  moths  or  butterflies  afford  very  beautiful 
objects  for  the  microscope.  Those  from  one  part  of 
the  wing  frequently  differ  in  shape  from  such  as  are 
taken  from  otiier  parts ;  and  near  the  thorax,  shoulder, 
mnd  on  the  fringes  of  the  wings,  we  generally  meet 
with  hair  instead  of  scales.  The  whole  may  be 
Droshed  off  the  wing,  upon  a  piece  of  paper,  by  means 
of  a  camel's  hair  pencil ;  after  which  the  hairs  can  be 
separated,  with  the  assistance  of  a  conunon  magnify^ 
ing  ^ass. 

Great  difficulty  b  experienced  in  dissecting  properly 
the  proboscis  of  insects,  such  as  that  of  the  gnat,  and 
the  experiment  must  be  repeated  a  ^eat  number  of 
times  before  the  structure  and  situation  of  the  parts 
can  be  thoroughly  investigated,  as  the  observer  will 
frequently  discover  in  one  what  he  could  not  in  an- 
other. The  eoUecior  of  the  hee,  which  forms  an  ex- 
reedingly  curious  object,  ought  to  be  carefully  washed 


in  spirit  of  turpentine,  by  which  means  it  will  be 
freed  from  the  unctuous  matter  adhering  to  it :  when 
dry,  it  is  a^n  to  be  washed  with  a  camel's  hair 
pencil,  to  disengage  and  bring  forward  the  small 
hairs  which  form  part  of  its  microscopic  beauty.  The 
best  method  of  preparing  the  stings  of  insects,  which 
are  in  <langer  of  being  broken  from  their  hardness,  is 
to  soak  the  case  and  the  rest  of  the  apparatus'  for 
some  time  in  spirit  of  wine,  or  turpentine ;  then  lay 
them  on  a  piece  of  paper,  and  with  a  blunt  knife 
draw  out  the  sting,  holding  the  sheath  with  the  nail 
of  the  finger,  or  any  other  blunt  instrument;  but 
great  care  is  necessary  to  preserve  the  feelers,  which, 
when  cleaned,  add  much  to  the  beauty  of  the  objecj. 
The  beard  of  the  lepas  antifcra  is  to  be  soaked  in 
clean  soft  water,  frequently  brushing  it,  while  wet, 
with  a  camel's  hair  pencil :  after  it  is  dried,  the 
brushing  must  be  repeated,  with  a  dry  pencil,  to  dis- 
engage and  separate  the  hairs,  which  are  apt  to  ad^^ 
here  together. 

The  eyes  of  insects  in  general  form  very  beautiful 
and  curioQs  objects.  Tliose  of  the  libellula  and  other 
flies,  as  well  as  of  the  lobster,  &c.,  must  be  cleaned  frote 
the  blood,  &c.,  after  which  they  should  be  soaked  in 
water  fbr  some  days :  one  or  two  skins  are  then  to  b« 
separated  from  the  eye,  which  would  be  otherwise  too 
opaque  and  confused,  but  some  care  is  requisite  in 
tibds  operation ;  for,  if  the  skin  be  rendered  too  thin, 
it  is  impossible  to  form  a  proper  idea  of  the  organiza- 
tion of  the  part.  In  some  substances,  however,  (he 
organization  b  such  that  by  altering  the  texture  of 
the  part  we  destroy  the  objects  which  we  wish  to 
observe.  Of  this  sort  are  the  nerves,  tendons,  and 
muscular  fibres,  many  of  which  are  viewed  to  most^ 
advantage  when  floating  in  some  transparent  fluid. 
Thus  very  few  of  the  muscular  fibres  can  b^  disco- 
vered when  we  attempt  to  view  them  in  the  open  air, 
though  great  numbers  may  be  seen  if  they  be  placed 
in  water  or  oil.  By  viewing  the  thread  of  a  ligament 
in  this  manner,  we  find  it  composed  of  a  vast  number 
of  smooth  round  threads  lying  close  together.  £Ias> 
tic  objects  should  be  pulled  or  stretched  out  while 
they  are  under  the  microscope,  that  the  texture  and 
nature  of  those  parts  the  figure  of  which  i^  altered 
by  being  thus  extended  may  be  more  fully  disco- 
vered. 

To  examine  bones  by  the  microscope,  they  should 
first  be  viewed  as  opaque  objects ;  but  afterwards,  by 
procuring  thin  slices  of  them,  they  may  be  viewed  as 
transparent.  The  sections  should  be  cut  in  all  direc- 
tions, and  well  washed  and  cleaned ;  and,  in  some 
cases,  maceration  will  be  useful,  or  the  bones  may  be 
heated  to  a  high  temperature,  in  a  clear  fire,  which 
will  render  the  bony  cells  more  conspicuous. 

MiDwiFBaY  is  tne  art  of  aiding  and  facilitating 
childbirth,  and  of  providing  for  the  preservation  of 
the  health  and  life  of  the  mother  during  and  after  her 
delivery.  It  is>founded  on  physiological  and  patho- 
logical science.  Midwifery,  in  some  form,  has  been 
employed  from  the  most  ancient  times,  even  am^ng 
the  rudest  nations,  although  it  was  at  first  very  defec- 
tive, and  consisted,  probably,  only  in  the  most  obvi- 
ous and  indispensable  manual  applications  and  aids. 
£ven  in  the  most  cultivated  nations  of  antiquity,  this 
art  was  in  a  low  state.  The  Israelites  had  iheir  mid- 
wives.  The  first  accounts  of  scientific  male  midwifery 
are  to  be  found  among  the  Greeks  of  the  age  of  Hip- 
pocrates, who  died  357  B.  C.  From  the  writings  of 
that  period,   we  learn  that  the  obstetrical  art  haJ 
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then  reached  a  higher  degree  of  cultivation  among 
the  Greeks  than  in  most  parts  of  Europe  during  the 
last  century.  There  was,  notwithstanding,  much  that 
was  wrong  and  injudicious  in  their  system,  and  only 
a  small  part  of  the  proper  means  of  assistance  was 
made  use  of.  They  often  contented  themselves  with 
invoking  liithyia,  the  goddess  of  childbirth.  Among 
the  Romans,  midwifery  was  confined  to  a  few  simple 
aids,  and  sacrificing  to  Juno  Lucina,  and  other  deities 
who  presided  over  childbirth.  It  was  not  till  a  later 
period  that  the  Roman  women  commonly  employed 
midwives  ;  but,  in  difi&cult  cases,  the  physicians  were 
called  in.  These  were  either  Greeks  living  in  Rome, 
under  the  dominion  of  the  Roman  emperors,  or  they 
drew  their  knowledge  chiefly  from  Greek  authors. 
To  this  epoch  belong  particularly  Soranus,  and  Mos- 
chion,  who  composed  the  first  manual  of  midwifery 
which  has  come  down  to  us. 

In  the  middle  ages,  the  science  was  very  much 
neglected :  it  was  confined  to  the  cutting  of  the  foetus 
from  the  body  of  the  mother,  in  case  of  her  death  be- 
fore delivery.  In  consequence  of  the  injudicious  in- 
terference of  the  popes,  who  conferred  the  professor- 
ships in  the  newly-established  schools  on  the  monks, 
and  gave  them  the  privilege  of  practising  physic, 
while  they  strictly  prohibited  the  practice  of  surgery 
and  anatomy  both  to  the  physicians  and  laity  (1215), 
the  obstetric  art  became  confined  to  internal  and 
superstitious  applications,  and,  indeed,  generally  silnk 
into  the  hands  of  women,  monks,  peasants,  and  other 
ignorant  persons.  When  they  had  exhausted  their 
medical  skill,  the  saints  were  invoked,  images  and 
relics  were  hung  upon  the  woman  in  labour,  &c.  The 
art  continued  in  this  state  till  the  sixteenth  century. 
At  this  time,  the  improvements  in  printing  and  en- 
graving gradually  introduced  a  better  era,  since  the 
surviving  works  of  the  Greeks,  Romans,  and  Arabians 
were  multiplied,  the  intellectual  intercourse  among 
men  became  more  general,  and  the  spirit  of  enquiry 
was  awakened  and  found  a  wider  fieM.  At  this  pe- 
riod, th6  business  of  midwifery  was  so  exclusively  in  the 
hands  of  women  that  it  was  disgraceful  for  a  man  to 
engage  in  it.  Such  an  nndertakmg  was  considered  as 
an  abominable  attempt  on  the  virtue  and  honour  of 
the  female  sex,  and  he  who  ventured  upon  it  as  little 
better  than  a  monster.  In  Hamburg,  in  1521,  Veites 
was  condemned  for  this  offence  to  the  flames.  Seve- 
ral books,  however,  were  published  for  the  better  in- 
struction of  midwives  in  their  profession.  The  first 
was  by  Eucharius  Roslein,  at  Worms,  called  the 
Rose'Gardfm  for  Midwives  and  pre^ant  Women 
(1513).  The  science  of  anatomy,  which  was  now 
more  freely  studied  and  patronized,  also  contributed 
much  to  the  improvement  of  midwifery,  in  which 
Vesalius,  in  Padua  (1543),  particularly  distinguished 
himself.  The  physicians  and  surgeons  turned  their 
attention  only  to  the  theoretical  part  of  the  science, 
but  the  latter  gradually  proceeded  to  the  practice  of 
it,  by  performing  the  Csesarean  operation  on  women 
who  had  died  in  childbirth  (which  was  now  not  only 
permitted  but  commanded  by  law),  and  gradually  un- 
dertaking other  operations  on  women  pregnant  and 
in  labour. 

Francis  Rousset,  a  surgeon  in  Paris,  published  a 
treatise,  in  1581,  in  which  he  brought  several  proofs 
of  the  possibility  of  safely  performing  the  C8e8arean 
operation  on  the  living  mother,  and  it  was  he  who 
first  gave  this  operation  its  present  name.  After  the 
publication  of  this  treatise,  the  operation  was  fre- 


quently performed  on  the  living  subject,  both  m  and 
out  of  France,  and  sometimes  even  when  it  was  act 
unavoidably  necessary.  Pineau,  a  surgeoD  in  Plaiii, 
first  suggested,  in  1589>  the  section  of  the  pobes,  by 
the  observations  which  he  communicated  on  the  se- 
paration whidi  takes  place  between  the  bones  of  the 
pelvis,  for  the  purpose  of  facilitating  birth,  when  mide 
difficult  by  the  extreme  narrovmess  of  the  pelvis. 

In  Germany,  midvnfery  long  remained  in  an  »- 
perfect  state  :  the  midwives  were  generally  ignomt, 
and  men  were  seldom  employed ;  while  in  FiraaeF 
and  Italy  it  was  already  a  common  thing  to  caA  is 
the  aid  of  physicians  and  surgeons.  A  snrgeoii  nuwd 
Clement,  distinguished  in  the  practice  of  xnidwyoy, 
and  who  had  attended  La  Valiere,  the  nustrea  of 
Louis  XIV.,  in  her  delivery,  first  receiired  the  naaeof 
accoucheur  as  a  title  of  honour.  The  surgeons  were  n 
well  pleased  with  the  name  that  they  gradaafi^ 
adopted  it  as  a  general  appellation.  Henry  of  Deveo- 
ter,  a  surgeon  of  Holland,  was  the  first  who,  in  1701. 
endeavoured  to  establish  midwifery  on  scientific  piiD- 
ciples.  In  France,  where  the  art  had  risen  to  hi^ia' 
perfection  than  in  other  countries,  a  school  tor  aid- 
wives  was  established  in  the  HStel  Diem,  in  1745. 

The  history  of  the  origin  and  invention  of  tie 
forceps,  that  highly  useful  instrument  in  midwiferr, 
is  involved  in  some  obscurity.  Between  1660  aod 
1670,  Chamberlin,  a  London  surgeon,  professed  to 
have  invented  an  instrument  with  whic^  he  w» 
able  to  terminate  the  most  difficult  labours  withoiit 
injuring  either  the  mother  or  child :  bat  he  kept  ties 
discovery  to  himself,  and  in  1688  went  to  AoMler- 
dam,  where  he  sold  it  to  certain  practitjoners,  wk> 
turned  it  to  their  profit.  It  was  thus  kept  secnt 
among  certain  persons  for  a  long  time.  At  last, 
Palfyn,  a  famous  anatomist  and  surgeon,  of  Ghent,  b 
Flandeirs,  acquired  some  knowledge  a(  tiie  instraawnt. 
and  caused  one  to  be  made  in  1723.  Some  specks 
of  forceps  appear  to  have  been  known  even  in  Ifce 
time  of  Hippocrates ;  but  the  merit  ci  ChaaaheryB'i 
invention  consisted  in  making  the  blades  separable, 
and  capable  of  being  locked  together  after  havisf 
beto  introduced  into  the  vagina,  and  placed  one  os 
each  side  of  the  head  of  Ihe  child.  It  was  aftcr- 
w^ards  very  much  improved,  especially  by  Levrct,  m 
1747;  Plevier,  in  Amsterdam,  1750;  and  Smdbe, 
in  London,  1752.  The  art  of  midwifery  was 
perfected  by  the  writings  and  instructions  of 
men.  Germany,  too,  produced  several  men  of  i 
nence  in  this  department  of  the  medical  art, 
were  not  only  fhmous  for  their  operative  skill,  hot 
contributed  much  to  the  advancement  of  andwifery 
by  their  observations,  find  to  the  diflbsion  of  conect 
principles  on  the  subject  by  their  lectures  and  writ- 
ings. The  establishment  of  several  schools  ofi 
Tvifery  also  facilitated  the  study  of  the  art, 
brought  it  to  the  degree  of  perfection  which  it 
boasts.  The  course  now  adopted  seems  to  be  the 
true  one,  viz.  by  the  cultivi^on  of  all  the  brmchea 
of  knowledge  connected  with  this  department,  to 
determine  the  cases  in  which  art  may  and  ongpht 
be  passive  and  leave  the  work  to  nature,  and 
in  which  nature  is  insufficient  to  accomplish  the 
livery  alone,  or,  at  least,  without  injury  to  the 
or  child. 

MiLiTAKT  Schools  and  Acadbmibs  ;  schools 
which  soldiers  receive  instruction,  or  in  whidi 
are  educated  for  ^e  army.     Among  the  former 
the  nldier-ichooh,  in  which,  as  is  the  case  in  mmMj 
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armies,  particalarly  in  the  Prussian,  the  private  sol- 
tliers  learn  reading,  writing,  and  arithmetic ;  they 
are  also,  in  the  last-named  country  at  least,  often 
instructed  in  singing ;  so  that  it  is  common,  in  the 
Prussian  army,  for  a  battalion  to  have  its  choir,  which 
sings  during  divine  service,  and  on  other  occasions. 
Instruction  has  become  so  general  in  the  Prussian  army, 
by  means  of  regimental  and  battalion  schools,  that 
daring  the  last  years  of  peace  the  army  was  considered 
an  institution  for  the  instruction  of  the  whole  country, 
as  every  Prussian  is  obliged  to  serve  for  a  short 
time  in  the  standing  army.  In  some  armies  coTwer- 
9azioni  have  been  introduced,  in  which  the  officers 
hold  discourse  with  the  sergeants  and  privates  on  sub- 
jects connected  with  the  service.  When  the  officers 
in  the  armies  of  the  European  continent  were  taken 
from  the  nobility  only,  academies  were  established 
by  government  to  educate  young  noblemen.  They 
were  called  in  Germany  Ritterakademien,  and  some- 
times were  of  a  high  character.  These  establish- 
ments must  be  distinguished  from  the  cadet-houses, 
BO  called,  where,  generally  speaking,  the  children  of 
officers  only  are  educated  for  the  army.  In  many 
countries  noblemen  only  are  admitted  into  these 
also.  In  several  French  cities  companies  of  cadets 
existed  when  Louis  XV.,  in  1751,  first  established 
an  4cole  royale  militaire  for  500  young  noblemen, 
from  eight  to  eleven  years  old.  llie  principal  fea- 
tures of  its  organization  have  been  retained  in  most 
similar  institutions. — See  Recueil  d'Edits  D^clara^ 
Hons,  Reglemens  et  Ordonnances  du  Roi,  concemarU 
r Hotel  de  I'Ecole  roy.  militaire  (Paris,  1762).  The 
(so  called)  Ritterakaaemien  originated  later.  Frederic 
the  Great  established  the  ^cole  militaire  at  Berlin  for 
the  further  accomplishment  of  young  officers.  Even 
before  the  seven  years'  war,  every  French  city  in 
which  a  regiment  of  artillery  was  garrisoned  had  its 
artillery  school.  Saxony  followed  in  1766,  Austria 
and  Prussia  later.  At  present,  the  two  latter  have 
excellent  artillery  schools,  as  well  as  others  in  the 
department  of  engineering.  Since  1815,  the  standard 
of  scientific  education  of  officers  has  been  much  raised 
in  several  armies ;  in  none,  however,  so  high  as  in 
the  Prussian,  in  which  no  person  can  be  promoted 
without  a  severe  examination.  Besides  the  regi- 
mental schools  in  this  army,  mentioned  above,  every 
division  has  its  school,  to  which  young  sergeants, 
&€.,  are  admitted  (if  they  appear,  on  examination^ 
to  possess  the  necessary  elementary  knowledge),  in 
order  to  prepare  themselves  for  examination  for  a 
lieutenancy.  Mathematics,  history,  geography,  sta- 
tistics, the  applied  mathematics,  modern  languages 
(particularly  French),  and  the  military  sciences,  are 
here  the  chief  subjects  of  study.  The  artillery  corps 
and  engineer  corps  have  their  separate  schools  for 
young  officers  to  prepare  themselves  for  examination 
for  the  rank  of  captain.  The  captain  must  continue 
his  studies  by  himself,  to  stand  an  examination  for 
the  rank  of  major.  Of  the  troops  of  the  line,  every 
regiment  is  allowed  to  send  a  few  of  its  young 
officers,  who  must  have  shown  great  diligence,  talent, 
and  considerable  acquirements,  to  the  general  military 
school  in  Berlin — an  institution  of  a  very  high  cha- 
racter. Here  the  highest  branches  of  mathematics, 
geology  and  mineralogy,  chemUtry  and  natural  phi- 
losophy, history,  politics,  the  military  sciences,  lan- 
guages, &c.,  are  taught  in  a  course  which  occupies 
three  years.  The  officers  also  attend  such  lectures 
in  the  university  as  they  choose.     It  is  evident  how 


much  such  establishments  must  raise  the  standaixi 
of  learning  in  the  whole  army;  and,  mdeed,  the 
corps  of  officers  contains  some  of  the  most  accom- 
plished men  in  Prussia.  In  France,  the  former 
cadet-houses  have  been  called,  since  the  revolution, 
military  schools.  (For  the  system  of  military  education 
pursued  in  this  country,  'see  Woolwich  Academy.) 
Military  Scibncss  have,  by  some  of  the  latest 
writers,  been  divided  hrto  the  following  heads : — 

1 .  Tactics,  or  the  science  of  the  drilling  of  an  army, 
as  well  as  of  disposing  and  directing  it  in  battle,  re- 
quiring, of  course,  an  acquaintance  with  the  dif- 
ferent kinds  of  arms.  The  artillerist  devotes  him- 
self particularly  to  the  ordnance,  and  the  various 
branches  of  science  requisite  for  its  proper  manage- 
ment.  The  lower,  or  elementary  tactics,  treats  of 
the  drilling  and  formation  of  soldiers,  and  accus- 
toming them  to  the  movements  of  small  and  large 
divisions,  and  varies  in  character  with  the  different 
regulations  of  different  armies.  Tactics  proper  treats 
of  the  mode  of  dbposing  troops  in  the  actual  combat, 
and  of  the  peculiar  use  of  each  species  of  force, 
cavalry,  infantry  both  heavy  and  light,  and  artillery. 
With  them  is  nearly  connected  the  choice  of  camps, 
or  castrametation,  though,  since  the  introduction  of 
the  system  of  requisition,  this  branch  of  military 
science  has  gone  almost  entirely  out  of  use.  The 
knowledge  of  the  employment  of  pontons  seems  also 
to  fall  within  this  department. 

2.  Strategy,  the  science  of  forming  the  plans  of 
operation,  and  of  directing  armies  accordingly.  It 
has  been  but  lately  treated  as  an  independent  branch, 
since  Von  Bulow  wrote  on  the  subject.  Many  military 
writers  will  not  as  yet  admit  such  a  division ;  but  little 
doubt  can  exist  that  it  will  be  universally  adopted. 

3.  The  branch  which  treats  of  the  just  under- 
standing and  proper  use  of  the  surface  of  the 
earth  for  military  purposes.  The  tactics  of  our  time 
can  overcome  a  number  of  obstacles,  arising  from 
the  character  of  the  ground,  which  were  formerly 
considered  insurmountable;  still,  however,  this  de- 
partment of  military  science,  embracing,  as  it  does, 
a  knowledge  of  the  usual  character  of  the  ground 
under  given  circumstances,  the  course  of  rivers,  of 
mountains,  valleys,  geological  formations,  &c.,  re- 
mains indispensable  for  a  useful  officer.  To  this 
branch  belongs,  or,  at  least,  with  it  is  intimately 
connected,  reconnoitring,  surve3ring,  drawing  of 
topographical  maps,  &c. 

4.  Military  Architecture,  or  Fortification,  which 
teaches  how  to  fortify  any  given  point  by  artificial 
means,  so  that  a  few  persons  may  be  able  to  defend 
themselves  against  the  attacks  of  many.  It  embraces 
the  construction  of  proper  fortresses,  the  attack  and 
defence  of  fortified  places,  and  the  knowledge  of  field 
fortification,  which  treats  of  the  construction,  attack, 
and  defence  of  redoubts  in  the  field,  raised  for  tran- 
sitory purposes,  and  not  so  solid  as  in  standing  for- 
tifications. 

5.  Military  History  and  Biography,  which  em- 
braces a  knowledge  of  all  important  wars,  and  also 
of  the  various  organizations  of  armies,  the  principles 
upon  which  war  has  been  carried  on,  the  different 
arms  used,  and  the  consequences  attending  their 
use,  &c. ;  also  the  lives  of  the  greatest  generals,  and 
the  resources  which  they  found  in  situations  whern 
many  leaders  would  have  despaired.  The  history  of 
military  literature,  to  a  certain  extent,  \a  indispen- 

I  sable  for  a  young  officer,  that  he  may  be  directed  to 
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the  best  works  of  the  different  nations.  Of  the 
auxiliary  sciences,  the  most  important  is  mathe- 
matics, which  is  indispensable  for  a  scientific  soldier ; 
military  geography,  embracing  a  knowledge  of  roads, 
rivers,  valleys,  &c.,  the  law  of  nations,  modern  lan- 
guages, and  gymnastics.  The  branches  of  study 
now  enumerated  are  more  Or  less  essential  to  the 
well-educated  soldier ;  but  they  cannot  make  a 
general,  any  more  than  the  study  of  the  thorough 
base  can  make  a  Mozart,  or  the  knowledge  of  per- 
spective, anatomy,  and  colours,  a  Raphael.  Al- 
though it  would  be  a  useless  waste  of  time  to  set 
about  proving  that  scientific  study  is  essential  to  a 
commander,  yet  the  greatest  general  must  find  the 
most  important  resources  in  his  own  genius;,  and 
thfs  must  act  with  unfailing  promptness.  An' artist, 
if  -unsuccessful,  may  renew  his  efforts ;  but  in  war 
the  issue  of  a  battle  may  depend  upon  an  instant  de- 
cision, and  a  failure  is  rum. 

Militia,  in  the  modem  adaptation  of  the  word, 
a  body  of  armed  citizens  regularly  trained,  though 
not  in  constant  service  in  time  of  peace,  and  thereby 
contradistinguished  from  standing  armies.  It  includes 
all  classes  of  the  citizens,  with  certain  exceptions, 
who  are  drilled  at  particular  periods  in  peace,  and 
liable,  according  to  certain  laws,  to  march  in  cases 
of  emergency  against  the  enemy,  in  some  countries, 
however,  not  beyond  the  frontier.  The  regular  or- 
ganization of  the  militia  distinguishes  it  from  the 
lev^e-en-masse. 

The  militia  exists  in  different  countries  under 
different  names;  in  some  countries,  they  are  de- 
nominated burgher-guards;  in  Austria  and  Prussia, 
landwelir  (defence  of  the  country);  while  the  lev^e- 
en-masse  is  called  in  these  two  countries  landstumu 
When  the  feudal  system  had  rendered  almost  every 
nobleman  on  the  European  continent  an  independent 
monarch  in  miniature,  he  kept  his  own  warriors  in 
his  castle  or  territory,  and  the  difficulty  of  assem- 
bling a  large  general  army,  even  for  a  good  purpose, 
was  immense.  In  the  cities,  where  a  more  repub- 
lican spirit  prevailed,  all  the  citizens  were  obliged,  at 
least,  to  take  part  in  the  defence  of  then:  city,— a 
duty  which  they  were  not  seldom  called  upon  to  per- 
form. The  introduction  of  standing  armies,  chiefly 
in  consequence  of  the  endeavour  of  monarchs  to  ren- 
der their  governments  more  and  more  independent 
of  the  nation  at  large,  caused  the  citizens  to  take 
less  and  less  share  in  the  military  service,  and  in 
many  cases  excluded  them  from  it  entirely ;  yet 
while  in  some  countries  the  services  of  the  citizen 
soldiers  were  becoming  every  day  of  less  importance, 
so  that  burgher- militia  even  became  a  term  of  con- 
tempt in  many  places,  other  governments  began  to 
foster  the  national  militia.  The  Swedish  army  was, 
at  an  early  period,  a  kind,  of  general  militia.  The 
army  consisted  of  twenty-one  regiments,  of  which 
each  owner  of  landed  property  was  bound  to  main- 
tain one  man.  They  assembled  every  year  for  three 
weeks,  and  during  this  time,  as  well  as  in  war,  re- 
ceived full  pay  (as  is  now  the  case  in  Prussia).  The 
Danish  army  was  formed  on  a  somewhat  similar  plan, 
about  a  third  of  each  regiment  consisting  of  enlisted 
foreigners,  while  two-thirds  were  Danish  subjects, 
who,  like  those  in  Sweden,  were  supported  by  the 
owners  of  landed  property,  but,  in  return,  were 
obliged  to  assist  the  latter  in  the  cultivation  of  their 
estates.  In  Germany,  similar  plans  were  adopted. 
The  privates  and  non-commissioned  officers  of  the 


militia  followed  their  agricultural  or  mechanical  pur- 
suits, and  were  generally  under  the  comma&d  of 
officers  out  of  active  service.  They  were  obliged  to 
serve  only  within  the  country.  Frederic  the  Great  used 
them  to  garrison  the  fortresses :  the  same  was  ths 
case  with  the  Austrian  militia  during  the  war  of  suc- 
cession. The  bad  organization  and  unmilitary  spinC 
of  these  troops  rendered  them  the  butt  of  the  troops 
of  the  line.  In  some  cases,  it  was  even  considered 
allowable,  by  the  laws  of  war,  not  to  gire  them  any 
quarter,  when  they  were  employed  oat  of  the  limits 
of  their  country,  and  were  taken  prisoners. 

The  militia  of  this  country  is  somewhat  dif- 
ferently organized.  The.  origin  of  this  national  force 
is  generally  traced  back  to  Alfred.  The  feadal  ni- 
litary  tenures  succeeded;  and  although  the  p&- 
sonai  service  which  this  system  required  degene^ 
rated  by  degrees  into  pecuniary  conunntatioBi, 
or  aids,  the  defence  of  the  kingdom  was  provided 
for  by  laws  requiring  the  general  annmg  of  the 
citizens.  Under  Edward  III.,  it  was  proTided  tint 
no  man  should  be  compelled  to  go  oat  of  the  king- 
dom at  any  rate,  nor  out  of  his  shire  except  in  cases 
of  urgent  necessity,  nor  should  provide  soldjen 
unless  by  consent  of  parliament.  We  first  find  lord- 
lieutenants  of  counties,  whose  duty  was  to'  keep  the 
counties  in  military  order,  mentioned  as  known  of- 
ficers in  the  fifth  year  of  Philip  and  Mary.  When 
(llharles  I.  had,  during  his  northern  expeditions*  is- 
sued commissions  of  lieutenancy,  and  exerted  certain 
military  powers,  which,  having  been  long  exercised, 
were  thought  by  one  party  to  belong  to  the  crown, 
it  became  a  question  in  the  long  parliament  how  &r 
the  poWer  over  the  militia  did  inherently  reside  ia 
the  king,  which,  after  long  agitation,  ended  by  the 
two  houses  denying  the  crown  this  prerogative,  and 
taking  into  their  own  hands  the  entire  power  over 
the  militia.  After  the  restoration,  when  the  mili- 
tary tenures  were  aboUshed,  the  sole  right  of  t&e 
crown  to  govern  and  command  the  militia  was 
recognized. 

The  most  characteristic  features  of  our  militia  at 
present  are,  that  a  number  of  persons  in  each  coantr 
are  drawn  by  lot,  and  officered  by  the  lord-lientenan^ 
and  other  principal  land-owners,  under  a  coounis- 
sion  from  the  crown.  When  drawn  oat,  they  are 
subject  to  military  law.  In  all  cases  of  actual  in- 
vasion, or  imminent  danger  thereof,  and  in  all  cases 
of  rebellion  or  insurrection,  the  king  may  embody 
the  militia,  and  direct  them  to  be  led  into  any  part 
of  the  kingdom,  having  communicated  the  occasioa 
to  parliament,  if  sitting,  or,  if  not  sitting,  having  de- 
clared it  in  council,  and  notified  it  by  proclamatioB. 

In  Tyrol,  a  general  arming  against  the  French 
was  effected  in  1799.  When,  in  1808,  the  arch-dnks 
Charles  was  placed  at  the  head  of  military  affiurs, 
a  general  landwehr  was  organized  throughout  ibt 
Austrian  provinces.  In  1809  these  troops  foogbt 
well.  They  amounted  at  that  time  to  300,000  men ; 
after  1811  to  only  71>500;  but  after  1813  the 
landwelir  was  again  placed  on  its  old  footing,  aad 
part  of  it  have  since  been  called  out  to  increase  the 
army  intended  to  overawe  the  Italian  States,  la 
Hungary,  the  common  law  obliges  every  noblemaa 
to  serve  himself,  and  to  bring  Jus  vassals  into  the 
field,  if  called  upon.  This  Zee&  is  called  an  "insur- 
rection of  the  nobility."  In  1809  this  insurrectiaB 
consisted  of  17>000  horse  and  21,000  foot. 

In  1807  a  general  militia  was  organized  in  Rnssuu 
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which  in  1812  was  of  considerable  servica  against 
the  French.  Prussia  has  carried. the  lamdtoehr  to 
greater  perfection  than  any  other  country;  in  that 
country  the  militia  forms  the  main  body  of  the  army. 
In  1813  every  male  person  under  forty-eight  years 
of  age  was  obliged  to  s^rve  against  the  French  in  the 
militia.  The  national  militia*  at  that  time,  included 
both  infantry  and  cavalry.  The  lower  commissioned 
officers  were  elected  by  the  militia-men,  and  the 
higher  by  the  estates  of  each  circle.  When  Napoleon 
returned  from  Elba,  Prussia  had  150,000  infantry  and 
20,000  cavalry  of  the  mihtia  under  arms.  After  the 
peace  of  1815,  the  landwehryrBS  established  on  its 
present  footing.  Every  Prussian,  vrith  the  single  except 
tion  of  mediatized  princes,  is  obliged  to  serve  for  three 
years  in  the  standing  army,  between  his  seventeenth 
.  and  twenty-third  year.  Part  of  tbis  time,  however, 
^  he  is  generally  on  furlough.  If  a  person  equips  him- 
self and  undergoes  an  examination,  by.  which  he 
proves  that  he  has  received  a  certain  education,  he  has 
to  serve  one  year  only  in  the  standing  army.  After  this 
time,  every  Prussian  belongs,  until  his  thirtieth  year, 
to. the  first  class  of  the  landwehr,  attends  frequent 
drills  on  Sunday  afternoons,  and  has  to  serve  for 
three  weeks  every  year,  when  the  landwehr  is  called 
together  foi  great  manoeuvres.  Every  man  is  in  the- 
landwehr  what  he  wss  in  the  standing  army — foot- 
soldier,  horseman,  or  artillerist.  Grovernment  hires 
horses  for  the  time  of  manceuvring,  and,  as  they 
are  well  fed  and  ridden  by  experienced  men,  the 
owners  generally  like  to  let  out  their  horses  for  the 
occasion.  Every  Prussian,  from  his  thirtieth  year 
until  his  fortieth,  belongs  to  the  second  class  of  mi- 
litia. This  is  not  called  together  in  time  of  peace, 
and,  in  war,  only  in  time  of  the  greatest  emer- 
gency, and  then  only  for  local  or  provincial  service. 
Thus  Prussia  Is  enabled  to  assemble  a  very  large 
army  in  proportion  to  its  population,  whether  to  the 
injury  of  the  nation  is  a  question  not  to  be  discuissed. 
here. 

In  regard  to  the  militia  of  the  United  States  of 
America,  it  was  provided,  by  act  of  congress  of  1792, 
that  "all  able-bodied  white  male  citizens,  between  the 
age  of  eighteen  and  forty-five,  with  certaih  excep- 
tions (officers  of  government,  members  of  congress, 
mariners  in  service,  &c.),  shall  be  enrolled  in  the 
militia.  The  persons  so  enrolled  are  to  provide  them- 
selves with  the  common  arms  of  infantry,  and  with 
ball  cartridges,  &c.,  at  their  own  expense.  These 
are  arranged  into  brigades,  regiments,  companies, 
he,  as  the  legislatures  of  the  several  states  may 
direct.  Each  battalion  is  to  have  at  least  one  com- 
pany of  grenadiers,  light-infantry,  or  riflemen,  and 
each  division  at  least  one  company  of  artillery  and 
one  troop  of  horse.  Proper  ordnance  and  field  ar- 
tillery are  to  be  provided  by  the  government  of  the 
American  states.  The  cavalry  and  artillery  troops 
are  to  consist  of  volunteers  from  the  militia  at  large, 
not  exceeding  one  company  to  each  regiment,  and 
are  to  equip  themselves,  with  the  exception  of  the 
ordnance  above  mentioned.  Whenever  the  United 
States  of  America  are  in  danger  of  actual  invasion 
from  any  foreign  nation  or  Indian  tribe,  the  presi- 
dent is  authorized  to  call  forth  such  number  of  the 
militia  of  the  state  or  states  most  convenient  to  the 
scene  of  action  as  he  may  judge  necessary.  In  case 
of  an  insurrection  in  any  state  against  the  state  go- 
vernment, he  may,  on  application  from  the  legisla- 
ture of  such  state  (or  from  the  executive,  when  the 


legislature  cannot  be  convened),  call  forth  such  nuuK. 
ber  of  the  militia  of  any  other  state  or  states  as  may 
be  applied  for,  or  as  he  may  judge  necessary  to  sup- 
press the  insurrection." 

Milk  ;  a  secretion  peculiar  to  the  females  of  the  clasa 
mammaUa,  or  those  animals  which  feed  their  young 
from  their  teats,  and  which  takes  place,  in  some  of 
them,  only  during  and  after  the  time  of  gestation.  It 
differs  as  procured  from  different  animals,  but  its  ge- 
neral properties  are  the  same  in  all.  When  this  fluid 
is  allowed  to  stand  for  some  time,  it  undergoes  spon- 
taneous changes,  and  is  resolved  into  its  component 
parts:  a  thick  yellowish  substance  collects  on  the 
surface, which  is  cream,while  the  milk  beneath  becomes 
thinner  than  before,  and  is  of  a  pale  bluish  colour. 
When  cream  b  kept  for  some  deiys  without  being 
disturbed,  it  gradually  becomes  thicker,  till  at  last  it 
acquh^  the  consistence  of  cheese ;  so  that  one  me- 
thod of  making  cream-cheese  b  merely  by  putting 
cream  into  a  linen  bag,  and  leaving  it  there  till  it  be- 
comes solid.  When  cream  is  shaken,  it  is  resolv^ 
into  its  component  parts.  The  process  by  which  this 
is  accomplidbed  is  called  chaming,  by  which  two  sub- 
stances are  obtained,  butter  and.  butter-nilk.  In  the 
making  of  butter,  cream  is  allowed  to  stand  for  some 
time,  during  which  an  acid  is  generated.  It  is  then 
put  into  a  chum  and  -shaken,  by  which  the  butter  is 
gradually  separated.  What  is  left  (the  butter-milk) 
has  a  sour  taste,  but  by  no  means  so  much  so  as  that 
of  the  cream  before  the  churning.  Butter  is  some- 
times also  made  from  cream  which  has  not  become 
sour,  but  the  process  is  much  more  tedious,  the  acid 
formed  in  the  other  case  favouring  its  separatioiu 
Butter  is  merely  an  animal  oil,  solid  at  a  natural 
heat,  but  held  in  solution  in  milk  by  some  of  die 
other  substances.  As  thus  procured,  it  is  not  pure* 
but  may  in  a  ereat  measure  be  freed  from  its  impuri- 
ties by  washing  it  with  cold  water  ;  and,  though  apt 
to  become  rancid,  yet,  when  mixed  with  salt,  may  be 
kept  any  length  of  time.  Milk  from  which  butter 
has  been  taken  undergoes  spontaneous  changes.  It 
befcomes  much  sourer,  and  congeals  into  a  mass  of  the 
consistence  of  jelly*  When  heated,  the  fermentation 
of  this  coagulum  is  hastened,  and  by  the  addition  of 
certain  substances  it  very  soon  takes  place;  thus 
acids  and  spirit  of  wine  curdle  it,  which  is  owing  to 
the  albumen  it  contains  being  acted  on  by  them,  in 
the  same  way  as  blood  or  white  of  eggs.  By  far  the 
most  powerful  coagulator,  however,  is  the  substance 
called  rennet,  which  b  the  decoction  of  the  stomacb 
of  animab,  as  a  calf.  When  the  milk  is  previously 
heated,  and  rennet  added,  it  is  ahnost  instantly  coa- 
gulated. If  after  thb  it  b  cut,  a  thinnish  fluid  oozet 
from  it,  and,  if  it  b  put  into  a  bag  and  squeezed,  the 
whole  of  this  is  forced  out,  and  a  whitish  tough  mat- 
ter is  left ;  the  former  b  whey,  the  latter  curd.  Oi 
thb  depends  the  process  of  making  cheese,  which  va 
ries  in  richness  according  to  the  mode  followed  ii* 
preparing  it.  When  milk  is  heated  gradually,  an( 
merely  to  the  temperature  at  which  it  curdles,  ant 
the  curd  freed  gently  from  the  whey,  it  retaim 
almost  the  whole  of  the  cream,  which  adds  to  its 
richness  and  flavour.  But  when  it  b  curdled  quickly* 
and  the  whey  b  speedily  removed  by  cutting  the  curd* 
a  great  deal  or  nearly  the  whole  of  the  cream  b  car- 
ri^  off,  and  the  cheese  is  poor»  and  has  not  the  rich 
flavour  of  Uiat  made  in  the  other  way.  The  latter  b 
the  method  generally  followed  in  Scotland,  whera 
both  cheese  and  butter  are  obtained  from  milk*  the 
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whey  procnred  in  the  process  yielding  a  considerable 
qoantity  of  the  latter;  and  hence  the  comparative 
poorness  of  Scottish  cheese.  In  making  cheese,  hav- 
mg  obtained  the  curd,  and  freed  it  from  its  whey,  the 
remaining  part  of  the  process  is  merely  to  subject  it 


tiiis  forest  deacuidt  into  Holland,  to  be  ag^  bcvifaB 
up  and  distribnted,  and,  when  converted  into  aliiptp 
destined  to  bear  the  produce  of  one  quarter  of  the 
globe  to  the  other. 
The  principal  quarries  are  situated  in  a  piaiB  called 


to  pressure,  by  which  the  whole  of  the  wh6y  is  forced  i  Hacker,  about  half  a  mile  from  the  village  of  Nieder 
out,  the  colour  being  communicated  by  the  addition '  Mending.  They  are  seven  in  nnmber,  about  fifty 
of  colouring  matter :  that  generally  used  is  annotta, :  feet  deep  each,  and  employ  a  great  many  faaods : 
which  is  mixed  vtrith  the  milk.  Whey  has  a  pleasant  while  some  are  raising  the  ponderoos  stones  to  the 
taste,  and  contains  a  considerable  quantity  of  a  sweet-  [  sorface  by  means  of  cranes  &Bd  wheels^  othere  aze 
ish  substance,  called  tugar  of  miUc ;  hence  it  is  fre-  cotting  them,  a  third  class  are  piling  them  up,  and 
quentlv  used  as  drink,  and,  from  its  nutritious  qua-  '  a  fourth  are  loading  the  vehicles  whidi  are  to  cany 
hty,  it  is  administered  to  delicate  people;  hence  also  the  them  away.  An  opening  b  made  into  all  dwse 
use  of  asses'  milk,  which  contains  a  large  quantity  of  quarries  in  tiie  same  manner,  whidi  is  corioiiay  not 
it.  It  is  from  its  containing  this  saccharine  matter ,  only  in  itself,  but  from  the  long  time  it  has  bean 
that  it  is  sometimes,  as  in  some  of  the  northern  parts  practised,  llie  strata  from  which  the  milUstDDes 
of  Europe,  made  to  undergo  fermentation,  by  which  a  I  are  cut  lies  fifty  £eet  below  the  sur&ce,  and  it  is  dif> 
very  weak  spirituous  fluid  is  obtained.  By  evapora-  ,  ficnh  to  imagine  how  it  was  first  diaeovered.  To 
tion  it  affonis  a  minute  quantity  of  saline  matter,  i  arrive  at  it  a  shaft  is  sunk  of  the  shape  of  an  inv«fted 


and  a  considerable  portion  of  sugar  of  milk.  When 
whey  or  milk  is  exposed  to  a  temperature  between  60^ 
and  80^  it  undergoes  a  spontaneous  change,  attended 
by  the  production  of  an  acid,  which  was  originally 
examined  by  Scheele,  and  has  been  termed  lactic  acid, 

MiLL-STONB ;  the  stone  by  which  com  is  ground. 
The  mill-stones  which  we  find  preserved  from  ancient 
times  are  all  small,  and  very  different  from  those  in 
use  at  present.  Thoresby  mentions  two  or  three  such 
found  in  England,  among  other  Roman  antiquities, 
which  were  about  twentv  inches  broad ;  and  ^ere  is 
good  reason  to  believe  that  the  Romans,  as  well  as 
the  Egyptians  and  Jews,  did  not  employ  horses,  or 
wmd,  or  water,  as  we  do,  to  turn  their  mills,  but  made 
their  slaves  and  captives  do  this  laborious  work. 

In  a  very  picturesque  part  of  Germany,  on  the 
banks  of  the  Rhine,  and  at  about  five  leagaes  lower 
down  than  Coblentz,  are  situated  the  very  extensive 
mill-stone  quarries  of  Nieder  Mending.  They  were 
discovered  and  opened  by  the  Romans,  who  long  ex- 
tracted from  them  stones  for  the  hand-mills,  which 
formed  an  indispensable  part  of  the  equipment  of  a 
Roman  army.  Since  then  they  have  been  constantly 
worked  more  or  less ;  for  even  the  wild  hordes  of  our 


Grermany,  destroying  the  dominions  of  the  Romans 
and  avenging  their  slaughtered  and  conquered  coun- 
trymen, were  acquainted  with  the  means  of  grinding 
com  and  braising  malt,  and  contrived  to  extract 
mill-stones  from  the  Roman  quarries.  At  present 
they  are  worked  to  a  great  extent,  and  not  only  sup- 
ply all  the  neighbourhood,  but  are  sent  down  the 
Rhine  into  Holland,  in  great  numbers,  whence  they 
are  again  further  exported  to  England,  and  to  the 
West  and  East  Indies.  The  sending  them  down  the 
river  forms  one  great  branch  of  the  commerce  which 
is  .carried  on  by  all  the  little  towns  and  villages 
situated  on  the  Rhine  in  this  vicinity,  thongh  the 
litde  town  of  Andemach  is  its  principal  seat.  The 
mode  of  conveyance  is  not  expensive,  the  stones  being 
merely  laid  on  some  of  the  immense  rafts  of  timber 
which  are  annually  floated  down  the  Rhine,  from  the 
upper  part  of  Germany,  to  supply  the  industrious 
Dutchmen  with  boats,  ships,  and  houses.  Numerous 
small  rafts,  which  come  down  the  little  rivers  that 
are  lost  in  the  course  of  the  Rhine,  are  united  at  An- 
demach into  one  great  floating  forest,  and  thence, 
carrying  along  with  it  many  travellers,  as  well  as  a 
great  number  of  people  necessary  to  manage  it,  and 
^riou3  heavy  substances,  the  produce  of  Germany, 


cone,  or  of  a  funnel,  being  twenty-  five  feet  in  diamelcr 
at  the  top,  eleven  or  twelve  feet  diameter  at  the  bot- 
tom, and  fifty  feet  deep.  Around  the  sides  a  very 
narrow  spiral  path  is  made,  by  which  the  workmen 
descend,  and  even  children  run  down  and  up  for 
their  amusement.  It  is  customary  for  five  or  six 
fomilies  to  unite  their  labours  to  smk  such  a  shafts 
and  with  time  and  much  hard  work  they  are  thus  en- 
abled to  reach  the  stones,  which  are  the  means  of 
supplying  them  with  both  meat  and  clothing.  The 
earth  through  which  they  have  to  dig  is  fonaed  partly 
of  gravel  and  partly  of  large  masses  of  a  compact 
lava,  which,  however,  it  requires  no  very  extnundi- 
nary  force  to  break  through.  Arrived  at  the  dqvth  of 
fifty  feet,  a  hard,  blackish,  heavy  stone  is  met  with, 
full  of  small,  but  regular  pores,  whidi  gives  a  iew 
sparks  when  strack  with  steel,  but  is  not  at  the  same 
time  so  hard  but  that  the  wodonen  can  fashion  it  to 
their  will,  vrith  strong  and  well-t«npered  tools. 
Mineralogists  describe  ti^s  stone  as  a  sort  of  lava,  or 
like  the  melted  mass  which  flows  down  burning  moun- 
tains, and  suppose  it  to  have  been  produced  by  those 
subterraneous  fires  v^ch  once  perhaps  were  the 
means  of  effecting  a  great  change  over  all  the  surface 


Saxon  ancestors,  who  also  spread  over  this  part  of  of  the  globe,  and  which  still  exist  in  various  places. 


They  suppose  that  it  extends  at  least  all  over  the 
plain  already  mentioned ;  but>  never  having  as  yet  been 
dug  through,  its  thickness  has  not  been  ascertained. 
Were  this  stone  solid  throughout  its  whole  extent,  it 
would  have  been  nearly  impossible  to  work  it ;  but* 
on  cooling,  it  had  separated  into  numerous  m^^^wft  of 
a  prismatic  form,  which  enable  the  labourers  to  in- 
terpose wedges  or  levers,  and  break  off  pieces  large 
enough  to  make  mill-stones  of  five  or  six  feet  in  dia- 
meter. So  many  of  these  have  now  been  taken  away 
that  immense  galleries  have  been  cleared  out,  which, 
separated  from  each  other  by  the  prismatic  columns 
left  standing  to  support  the  roof,  like  stalactites  in 
an  artificial  cavern,  have  a  resemblance  to  the  most 
ancient  of  our  Gothic  cathedrals.  Every  thing  in 
them  seems  vast  and  grand,  except  the  beings  so  in- 
significant in  appearance  at  the  side  of  these  enor- 
mous pillars,  by  whose  labours,  however,  they  have 
been  brought  to  light,  and  can  be  crumbled  to  dust. 
Mill-stones  have  been  made  so  huge  in  this 
country  that  the  centrifugal  force  which  results  frxxn 
their  rotatory  motion  has  been  known  to  tear  them 
asunder.  The  ancient  mill-stones,  on  the  contrary, 
where  so  small  that  they  could  readily  be  carried  bjr 
a  single,  individual. 
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The  mill-stones  eniployed  in  Tuscany  differ  from 
those  used  in  this  country :  indeed,  on  account  of  their 
great  superiority  of  form*  it  may  be  advisable  to  de- 
scribe them  somewhat  in  detail.  The  size  of  the  mill- 
stone used  for  the  most  powerful  mills,  as  well  as 
for  those  of  inferior  strength,  b  a  circle  of  four  feet ; 
the  size  of  the  eye  is  about  seven  inches.  The  face 
of  the  upper  stone  is  hollowed  to  a  conical  surface, 
the  depth  or  height  being  about  one-inch  and  a  half. 
The  face  of  the  lower  stone  is  convex;  the  surface  is 
nearly  a  portion  of  a  sphere,  having  a  radius  of  thirty 
feet,  so  uat  a  distance  of  about  an  inch  is  left  between 
the  centre  qf  the  two  faces.  A  deep  socket  is  let  into 
the  upper  stone,  or  runner,  for  the  reception  of  the 
iron  nut,  placed  on  the  square  of  the  spindle.  The 
runner  is  balanced,  and  rendered  parallel  to  the  con- 
vex or  bed  stone,  by  means  of  four  small  wooden 
wedges,  two  on  each  side,  between  the  nut  and  the 
socket. 

They  profess  to  cut  the  teeth  in  the  form  of  the  hyper- 
bolic spiral ;  but,  being  cut  without  any  great  regard  to 
mathematical  precision,  they  are  usually  portions  of 
circles,  the  place  of  whose  centres  are  in  the  circum- 
ference of  a  circle  of  fourteen  inches  radius,  described 
from  the  centre  of  the  stone.  In  general,  the  teeth 
are  as  close  as  possible  to  each  other ;  but  near  the 
eye  they  are  fewer,  deeper,  and  coarser. 

The  tool  employed  to  cut  the  teeth  Is  a  double 
edge  hammer,  four  inches  wide,  very  sharp,  and 
weighing  about  12lbs.  When  the  stones  are  new 
from  the  quarry,  a  few  days  are  sufficient  for  this 
operation :  and,  when  they  have  been  already  in  use, 
any  able  miller's  man  will  complete  it  in  twenty  mi- 
nutes. The  real  grinding  surface  is  the  six  or  eight 
inches  next  the  circumference  of  the  stone. 

The  flour  produced  varies  in  colour,  according  to 
the  nature  of  the  stones  employed. 

When  the  upper  stone,  or  runner,  is  made  of  dial- 
lage  rock,  consisting  of  crystals  of  diallage  imbedded 
in  nearly  compact  felspar  (both  of  which  are  so  soft 
as  to  yield  without  much  difficulty  to  the  knife,  and 
yet  always  preserve  a  sufficient  degree  of  roughness, 
even  after  long-continued  friction),  the  face  of  the 
stone  being  made  perpendicular  to  the  plane  of  the 
bed  of  the  rock,  and  the  bed,  or  lower  stone,  made 
of  a  compact  porcellanous  limestone,  of  a  pale  flesh 
colour,  softer  than  the  diallage  rock,  the  stones  are 
applied  to  the  grinding  of  the  finer  wheat,  the  com- 
bination of  the  hard  and  soft  stone  being  well  adapted 
to  grind  the  central  parts  of  the  grain  into  fine  flour, 
leaving  the  bran  broad  and  clean ;  and  it  is  difficult, 
even  by  coarse  sifting,  to  give  a  brown  tinge  to  bread 
made  of  this  flour. 

When  both  stones  are  made  of  a  granular  talcase 
quartz,  with  garnet  imbedded  in  it,  the  mill  is  used  for 
grinding  the  coarser  and  harder  kinds  of  com.  These 
stones  grind  almost  the  whole  of  the  grain  exposed  to 
their  action ;  so  that  the  quantity  of  bran  that  re- 
mains after  sifting  is  extremely  small;  hence  this 
mode  of  grinding  is  essentially  economical.  How- 
ever carefully  the  flour  produced  by  these  mills  may 
be  sifted,  the  bread  it  produces,  although  very  whole- 
some and  agreeable,  is  always  dark-coloured,  and 
sometimes  idmost  a  black. 

This  system  of  grinding  used  in  Italy  differs  greatly 
from  that  of  the  English  millers,  and  possesses  con- 
siderable advantages  over  our  method. 

In  England  the  hardest  French  buhrs  are  used  for 
both  stones ;  the  grinding  surfaces  are  flat  and  pa- 


rallel tP  each  other,  and  the  teeth  in  right  tinea: 
hence  the  grindii^  is  partly  peEformed  by  rubbing, 
and  partly  by  cutting,  so  that  the  bran  is  more  or  leas 
torn,  and  part  of  it,  being  ground  as  fine  as  the  flour 
itself,  is  not  separable  by  dressing  or  bolthig,  and  in* 
jures  the  colour.  The  friction  of  the  stones  abo  ex- 
cites considerable  heat,  so  that  the  meal  comes  out 
vTarm  to  the  touch»  and  is  sometimes  so  much  heated 
as  to  be  incapable  of  making  light  bread. 

In  Italy,  for  fine  flour,  hard  and  soft  stones  being 
combined,  the  difficulty  is  overcome  much  more  rea- 
dily, since  white  flour  is  produced  by  means  of  the 
same  dressing  which*  when  applied  to  two  hard 
stones,  produces  brown  flour.  Tne  upper  stone  is  far 
from  hard,  and  the  lower  is  still  softer ;  the  teeth  are 
very  shallow,  but  their  form  is  such  as  to  impel  the 
grain  towards  the  circumference,  where  the  distance 
between  the  stones  is  continually  lessoiing,  so  that  the 
grain  appears  to  be  ground  bv  firiction,  without  any 
cutting  of  the  bran,  especially  as  the  com  is  soft, 
from  its  dampness ;  hence  the  flour  is  not  liable  to 
be  overheated,  and,  the  bran  being  separated  almost 
wholly  by  the  first  sieve,  the  flour  is  pure. 

MiLL-WoBK.  Under  this  head  we  purpose  no* 
ticing  the  simplest  combinations  of  wheel  work  whidi 
are  employed  in  the  constraction  of  mills,  and,  under 
the  articles  WiNn  and  Watbr  Mills,  complete 
views,  both  graphic  and  descriptive,  will  be  given  of 
their  construction. 

The  business  of  a  millwright  is  usually  combined 
with  the  practical  part  of  engineering,  and  much  of 
the  wind  and  water  power  formerly  employed  in 
giving  motion  to  machinery  is  now  superseded  by 
the  introduction  of  the  steam-engine.  Indeed,  with- 
out the  agency  of  steam-power,  uiis  country  could  in 
no  shape  compete  with  other  manufacturing  nations ; 
so  that,  on  account  of  the  great  importance  of  the 
steam-engine  as  a  prime  mover,  it  will  be  advisable 
to  devote  a  commensurate  space  to  its  illustration. 

Various  are  the  methods  by  which  motion  may  be 
communicated  from  one  part  of  a  machine  to  another; 
and  much  of  the  skill  of  the  millwright  consists  in 
his  adapting  certain  methods  to  his  particular  pur- 
poses. Sometimes  a  simple  cord,  or  a  cord  with  pul- 
leys, may  be  used.  Levers,  either  simple  or  combined, 
are  employed  to  communicate  and  also  change  the 
direction  of  the  motion.  Rods  also  are  employed,  which 
may  be  carried  to  a  great  distance  by  being  connected 
together.  But,  of  all  the  methods  of  communicating 
motion,  that  by  means  of  wheeb  is  the  most  frequent. 
Wheels  may  be  made  to  turn  each  other  even  by  the 
simple  contact  of  their  surfaces  when  pressed  together; 
or  their  circumferences  may  be  formed  into  brushes 
with  short  thick  hair,  which  enable  them  to  turn 
each  other  with  considerable  force;  or  they  may 
have  cords,  or  straps  of  leather,  or  chains,  passing 
from  one  to  another;  and  at  ot^er  times  there  are 
points  or  protuberances  on  the  rims  of  the  wheels. 
The  most  usual  method,  however,  of  making  wheels 
drive  each  other  is  by  means  of  teeth.  These 
are  either  cut  into  the  substance  of  which  the 
wheel  is  composed,  when  it  is  of  metal;  or  formed  at 
the  same  time  as  the  rest  of  the  wheel,  when  it  is 
cast. 

The  proper  method  of  shapmg  the  teeth  of  wheels, 
so  as  to  communicate  the  motion  equally,  and  with 
as  little  friction  as  possible,  is  a  matter  of  very  great 
nicety,  and  has  given  rise  to  much  study  among 
meclianics.    The  ends  of  the  teeth  should  be  curves. 
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but  not  i*rt«  of  complete  cirdes.  They  may  be 
formed  of  the  curre  called  the  epicycloid ;  or  of  the 
inTolntea  of  circles,  which  aie  curves  deecribed  by  a 
point  of  a  thread  which  bu  been  wound  round  the 
wheel  wtule  it  is  uncoiled. 

A  wheel  which  has  teeth  cot  upon  the  circam- 
fereaces,  go  ai  to  project  out  io  the  plane  of  its  face, 
is  called  a  spar  wheel ;  and,  when  the  projection  of  the 
teeth  is  at  ri^t  angles  to  the  face  of  the  wheel  and 
parallel  to  the  axia,  the  wheel  is  odied  a  crown  or  con- 
trate  wheel.  Sometimes  the  faen  o(  the  two  wheels 
are  in  the  same  plane,  and  consequently  the  axes 
parallel ;  and  at  other  times  the  axes  are  at  right 
angles  to  each  other,  one  being  a  spur  and  the  other 
a  contrate  wheel. 

There  is  a  mode  of  placing  the  teeth  frequently  re- 
sorted to,  which  consists  in  levelling  the  edge  of  the 
wheel,  and  cutting  the  teetb  on  the  bevel,  by  which 
they  may  turn  in  each  other,  though  varipusly  inclined, 
and  the  teeth  have  also  great  strength.  Their  prin- 
ciple consists  in  two  cones  rolling  on  the  surface  of 
each  other,  as  in  the  accompanying  small  engraving; 
if  their  bases  are  equal,  they  will  pcribrm  their  revolu- 
tions in  one  and  the  same  time. 


species  of  mill-work  may  be  well  innstiated  by  fkt 
accompanying  sketch,  in  which  a  horse  may  be 
attached  to  a  long  lever,  and  thus  made  to  raise  a 
weight  by  a  train  of  wheds  and  pinloos- 


If  the  ctmes  are  fluted,  or  have  teeth  cat  m  them 
diverging  from  the  centre,  they  are  then  called  bevtl 
yaer.  "Hke  teeth  may  be  rafide  of  any  dlmen 
•ccoiding  to  the  strei^h  required ;  and  it  ia  of  great 
use  to  commnoicate  a  motion  in  any  direction,  or 
to  any  part  of  a  building.  The  bevel  geer  represented 
in  the  left-hand  figore  must  be  supported  by  a  frame 
at  the  point  where  the  pivob  intersect  each  other. 
The  frame  is  usually  formed  of  iron  or  wood,  and 
when  the  latter  is  employed  the  pivot-hole  is  of  brass. 
The  perpendicular  shaft  should  always  be  made  to 
tevolve  on  a  sharp  point  in  the  centre. 

Hook's  universal  J oiKT,  described  under  that  article, 
may  be  applied  to  communicate  motion  instead  of 
bevel  geer,  where  the  speed  Is  to  be  continued  the 
same,  and  where  the  angle  does  not  exceed  thirty 
forty  degrees  and  the  equality  of  motion  is  not  i 
garded ;  for,  as  it  recedes  from  a  right  line,  its  motion 
becomes  very  irregular.  This  joint  may  be 
Itructed  by  a  cross,  or  with  four  pins  fastened  at  right 
angles  upon  the  circumference  of  a  hoop,  or  solid 
hail.  It  is  of  great  use  in  cotton  mills,  where  the 
tumbling  shafts  are  continued  to  a  distance  from  the 
moving  power. 

The  employment  of  animal  power  u  the  simplest 


Tlie  weight  to  be  raised  ia  suspended  by  a  rope  m 
chain  which  winds  round  the  drum  I.  On  the  same 
■As  is  placed  a  wheel,  i,  actuated  by  another  wheel, 
g  h.  The  wheel  d  e  gives  motion  to  the  whole  by 
ntervention  of  the  small  wheel  at  /.  A  hone 
may  be  considered  as  the  prime  iamet,  as  the 
a  6  is  on  the  alia  c.  Now,  in  this  apparaln^ 
there  is  a  loss  of.power,  but  a  gain  in  velocity. 
The  various  modes  of  constructing  mills  for  dome^ 
J  well  Eis  manufacturing  processes  will  be  explained 
hereafter,  and  we  now  purpose  confining  ourselves  to 
a  single  example  of  the  mode  of  employing  ani- 
mul  power  in  a  way  which,  from  ita  simplkitr, 
iiii^ht  be  adopted  to  a  great  extent  in  this  country. 
There  is  a  mill  of  a  cheap  and  effective  kind  used 
in  many  parts  of  the  East,  which  appears  to  have 
suK^st^''  ^^^  "^^  °^  ""^  ordiuBjj-  snuff-mill.  Indeed, 
it  is,  in  some  respects,' superior  to  it.  This  mill, 
which  is  employed  in  the  preparation  of  sugar,  coa- 
aists  uf  a  mortar,  beam,  lever,  pestle,  and  regulator, 
as  represented  in  the  engraving  beneath ; — 


The  mortar,  a  a,  is  a  tree  about  ten  feet  long,  sod 
fourteen  inches  over,  which  is  sunk  in  tie  earth,  so  as 
to  leave  about  two  ^t  above  ground.  At  tlie  top  is 
formed  a  conical  cavity  like  a  funnel,  which  ends  ii  a 
hollow  cylinder,  with  a  hemispherical  projectioa  at 
the  bottom,  in  order  to  allow  the  juice  to  run  freely 
to  the  small  opening  that  conveys  it  to  a  spout./. 


MILL 
ntHn  which  It  nins  into  ao  earthen  pot  Round  the 
upper  moDth  of  tbe  mortar  is  a  circular  cavity,  b, 
wMch  serves  to  collect  any  of  the  juice  that  lusy  run 
over  from  the  upper  end  of  the  pieces  of  cane.  A 
channel  is  cut  to  convey  this  juice  down  the  outside 
of  the  mortar  to  the  spout,/. 

The  beam,  i,  ia  about  16  feet  loag.  and  ail  inches 
thick,  and  is  ctit  from  any  large  tree  that  is  divided 
by  a  fork  into  two  armk  A  botlow  circle  is  made 
in  the  fork  for  the  mortar,  round  which  the  beam 
tarns  horizontally  :  the  surface  of  this  excavation  is 
eecared  by  a  semicircle  of  some  strong  wood  ;  the 
other  end  of  the  fork  is  left  quite  open,  in  order  that 
the  beam  may  be  changed  without  any  troubie.  The 
ballock  driver  sits  on  tbe  undivided  end,  to  which 
the  cattle  are  yoked  by  a  rope,  I,  from  his  end  of  the 
beam ;  and  they  ore  kept  in  the  circular  tread  by 
another  rope,  m,  which  passes  from  the  yoke  to  the 
forked  end  of  the  beam.  A  basket,  n,  is  placed  upon 
the  forks  to  hold  the  cuttings  of  the  cane,  and  the 
man,  o,  who  feeds  the  mill,  sits  between  this  basket 
aud  the  mortar.  He  takes  care  to  place  tbe  pieces 
of  cane  sloping  down  the  cavity  of  the  mortar,  Jnst 
at  the  time  that  the  pestle  comes  round ;  and,  after 
the  pestle  has  passed,  he  removes  those  which  have 
been  squeezed. 

The  lever,  p,  is  a  piece  of  timber  nearly  as  long  as 
the  beam.  The  thickest  end,  which  is  also  tbe  lowest, 
is  connected  with  the  undivided  end  of  the  beam  by 
means  of  a  regulator,  t.  A  little  way  from  the  place 
where  it  is  joined  to  the  regulator,  a  piece  of  very 
hard  wood  is  morticed  into  the  lower  side  of  the 
lever,  and  a  smooth  conical  hollow  is  made  in  this 
piece,  to  receive  the  head  of  the  pestle.  The  end  of 
the  lever  furthest  from  the  regulator  is  fastened  by 
two  ropes  to  the  two  arms  of  the  beam. 

The  pestle  is  a  strongcyliodrical  piece  of  timber,  cut 
to  a  point  at  each  end.  The  upper  end  ia  a-smootb 
cone,  the  tower  end  a  piramid  of  twelve  to  fifteen 
sides,  at  the  point  of  which  is  a  short  cylinder.  As 
the  pestle  is  placed  obliqaely,  it  rubs  strongly  against 
the  sides  of  the  mortar  as  it  passes  ronnd ;  and  its 
cylindrical  point  rubs  also  on  tbe  top  of  the  hemi- 
spherical projection,  d,  which  is  in  the  bottom  of  tbe 
cavity  of  the  mortar. 

The  regulator,  t,  is  a  strong  square  of  timber, 
which  passes  through  the  nndivided  end  of  the  beam, 
and  is  secured  below  it  by  part  of  its  circumference 
being  left  for  cheeks.  It  is  pierced  by  eight  holes, 
and  a  pin  is  placed  in  the  lowest  hole,  to  prevent 
the  regulator  from   felling  when  the  strain  is  re- 

Thc  canes  with  which  the  mill  is  supplied  are  cut 
into  pieces,  six  inches  long.  The  mill  goes  night  and 
day  daring  crop  time,  and  presses  about  fifty-sii  pots 
or  218  gallons  of  juice  in  that  time.  Two  bullocks 
are  need  at  a  time,  and,  as  they  arejjriven  very  fast, 
they  are  changed  every  time  three  pots  of  juice  are 
expressed,  and  work  no  more  that  day. 

In  the  raanafacture  of  snuff  in  this  country,  the 
grinding  is  performed  by  a  loaded  pestle,  made  to 
turn  round  as  it  rubs  against  the  sides  of  a  cast- 
iron  mortar,  the  pointed  Tower  end  of  the  pestle  be- 
ing retained  in  its  place  by  a  hole  at  the  bottom  of 
the  mortar.  In  large  manufactories,  a  number  of 
these  mortars  are  placed  in  a  circle,  having  a  large 
toothed  wheel  in  the  centre,  surrounded  by  as 
many  upright  spindles  with  pinions  to  work  in  tbe 
wheel. 


The  mortar,  c,  is  in  this  arrangement  made  to  re- 
volve, and  the  pestle,  h,  is  supported  by  a  bracket 
Gimly  attached  to  the  beam  beneath.  The  pinion,  a, 
rests  on  a  conical  axis,  and  communicates,  as  in  the 
old  arrangement,  with  tbe  principal  driving  wheel. 

Water-mills  are  of  three  kinds: — breatt-miUt, 
mtdenhol-miUt,  and  ovtrthol-anllt,  according  to  the 
manner  in  which  the  water  is  applied  to  Uie  great 
wheel.  In  the  first,  the  water  falls  doWn  upon  the 
wheel  at  right  angles  to  the  fioat-board*,  or  bucket, 
placed  to  receive  it.  In  the  second,  which  is  nscd 
where  there  is  no  fail  of  water,  the  stream  strikes  the 
float-boards  at  the  lower  part  of  the  wheel.  In  the 
tbird,  the  water  is  poured  over  the  top,  and  is  re- 
:ived  in  buckets  arranged  round  die  wheel. 

A  less  quantity  of  water  will  tnm  an  overshot- 
mill  (in  which  the  wheel  has  buckets  instead  of 
float-booids)  than  a  breast-mill,  where  the  fall  of 
water  seldom  exceeds  half  the  height  of  tlie  wheel 
BO  that,  when  there  is  but  a  small  i]uantity  of  water 
and  a  fall  great  enough  for  the  wheel  to  lie  under  it^ 
the  bucket,  or  overshot. wheel,  is  always  used  :  but, 
where  there  is  a  large  body  of  water  with  a  small 
fall,  the  breast  or  float-board  must  be  used.  Where 
tbe  water  mns  only  upon  a  small  declivity,  it  can 
act  but  slowly  upon  the  under  part  of  the  wheel,  in 
which  case  the  motion  of  the  wheel  will  be  slow; 
and  therefore  the  floats  ought  to  be  very  long,  that  \ 
large  surface  of  vater  may  act  upon  (hrm,  so  that 
what  ia  wanting  in  velocity  may  be  made  up  in  power; 
and  then  the  cog-wheel  may  have  a  greater  number 
of  cogs  in  proportion  to  the  ronnds  in  the  trundle, 
in  order  to  give  tbe  mill-stone  a  sufficient  degree  of 
velocity. 

the  opinion  of  Smeaton  that  the  powers 
necessary  to  produce  the  same  effect  on  on  undershol- 
wbeel,  a  breast-wheel,  and  an  overshot- wheel,  must 

to  each  other  as  the  numbets  3.4,  I.TS,  and  1. 

Wind,  which  we  may  consider  as  the  next  substi- 
tute for  animal  power,  appears  to  have  been  fiist  em- 
ployed to  give  motion  to  machinery  in  the  beginning 
' ""         !  of  this  species  of 


if  the  sixth  eentiirv.    llie  t 
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medMBicil  force  is  however  principally  limited  to 
the  grinding  of  com,  the  pressing  of  seed,  and  other 
simple  manipulations,  the  great  irregularity  of  this 
element  precluding  its  application  to  those  processes 
which  require  a  continued  motion. 

A  windmill  with  four  sails,  measuring  seventy  feet 
from  the  extremity  of  one  sail  to  that  of  the  opposite 
one,  each  heing  six  feet  and  a  half  in  width,  is  ca- 
pable of  raising  926  lbs.  232  feet  in  a  minute,  and  of 
vrorking  on  an  average  eight  hours  per  day.  This  is 
equivalent  to  the  work  of  thirty -four  men,  twenty- 
five  square  feet  of  canvass  performing  the  average 
work  of  a  day  labourer.  A  mill  of  this  magnitude 
seldom  requires  the  attention  of  more  than  two  men ; 
and  it  will  thus  be  seen  that,  making  allowance  for 
its  irregularity,  wind  possesses  a  decided  superiority 
over  every  species  of  animal  labour. 

The  following  very  important  errors  have  frequently 
been  made  by  mathematicians  and  practical  mecha- 
nics, in  the  estimation  of  the  force  of  the  wind  or 
the  water  on  oblique  surfaces ;  they  have  generally 
arisen  from  inattention  to  the  distinction  between 
pressure  and  mechanical  power.  It  may  be  demon- 
strated that  the  greatest  possible  pressure  of  the  wind 
or  water,  on  a  given  oblique  surface  at  rest,  tending 
to  turn  it  in  a  direction  perpendicular  to  that  of  the 
wind,  is  obtained  when  the  surface  forms  an  angle  of 
about  55®  with  the  wind ;  but  that  the  mechanical 
power  of  such  a  pressure,  which  is  to  be  estimated 
from  a  combination  of  its  intensity  with  the  velocity 
of  the  surface,  may  be  increased  without  limit  by 
increasing  the  angle  of  inclination,  and  consequently 
the  velocity.  Tli^  utmost  effect  diat  could  1>b  thus 
obtained  would  be  equal  to  that  of  the  same  wind  or 
stream  acting  on  the  float-boards  of  an  undershot- 
wheel  :  but,  since  in  all  practical  cases  the  velocity  is 
limited,  the  effect  will  be  somewhat  smaller  than  this  : 
for  example,  if  the  mere  velocity  of  the  sails  or  float- 
boards  be  supposed  equal  to  that  of  the  wind,  the 
mechanical  power  will  be  more  than  four-fifths  as 
great  as  that  of  an  undershot- wheel ;  that  is,  in  the 
case  of  a  windmill,  more  than  four-fifths  of  the  ut- 
most effect  that  can  be  obtained  from  the  wind.  In 
such  a  case  Maclaurin  has  shown  that  the  sails  ought 
to  make  an  angle  of  74?  with  the  direction  of  the 
wind :  but  in  practice  it  is  found  most  advantageous 
to  make  the  angle  somewhat  greater  than  this,  the 
velocity  of  the  extremities  of  the  sails  being  usually, 
according  to  Mr.  Smeaton,  more  than  twice  as  great 
as  that  of  the  wind.  It  appears,  therefore,  that  the 
oblique  sails  of  the  common  windmill  are  in  their  nature 
almost  as  well  calculated  to  make  the  best  use  of  any 
hydraulic  force  as  an  undershot-wheel;  and,  since 
they  act  without  intermission  throughout  their  whole 
revolution,  they  have  a  decided  advantage  over  such 
machines  as  require  the  sails  or  fans  to  be  exposed  to 
a  more  limited  stream  of  the  wind  during  one  half 
.only  of  their  motion,  which  is  necessary  in  the  hori- 
zontal windmill,  where  a  screen  is  employed  for 
covering  them  while  they  are  moving  in  a  direction 
contrary  to  that  of  the  wind :  and  such  machines, 
according  to  Smeaton,  are  found  to  perform  little 
more  thsm  one-tenth  of  the  work  of  those  which  are 
more  usually  employed.  The  sails  of  a  common 
windmill  are  frequently  made  to  change  their  situa- 
tion according  to  the  direction  of  the  wind,  by  means 
of  a  small  wheel  with  sails  of  the  same  kind,  which 
turns  round  whenever  the  wind  strikes  on  either  side 
of  it,  and  drives  a  pinion  turning  the  whole  ma- 


chinery; the  sails  are  sometimes  made  to  furl  oriBtei 
themselves  according  to  the  velocity  of  the  wind^  fay 
means  of  a  revolving  pendulum,  which  rises  to  m 
greater  or  less  height,  in  order  to  prevuit  the  iiyorj 
which  the  fiour  would  suffer  from  too  great  a  rapidity 
in  the  motion,  or  any  other  accidents  which  mi^t 
happen  in  a  mill  of  a  different  nature.  The  indioa- 
tion  of  the  axis  of  a  windmill  to  the  horizon  is  piin- 
cipally  intended  to  allow  room  for  the  action  oi  the 
wind  at  the  lower  part,  where  it  would  be  weakened 
if  the  sails  came  too  nearly  in  contact  with  the  build- 
ing, as  they  must  do  if  diey  were  perfectly  upright. 
When  it  is  necessary  to  stop  the  motion  of  a  wmd- 
miil,  a  break  is  applied  to  the  surface  of  a  laige 
wheel,  so  that  its  friction  operates  with  a  considerable 
mechanical  advantage. — PartingtoH's  Scumiific  G^ 
zette, 

MiNA,  among  the  Greeks ;  a  weight  of  a  hundred 
drachms :  also  a  piece  of  money  valued  at  a  hon- 
dred  drachmae ;  sixty  of  them  were  equivalent  to  a 
talent. 

Minaret  ;  a  round  tower,  generally  snnoimded 
with  balconies,  and  erected  near  the  mosques  in 
Mohammedan  countries,  from  which  the  sHiecna 
summons  the  people  to  prayer,  and  announces  the 
hours,  bells,  as  b  well  known,  not  being  in  use 
among  the  Mohammedans.     (See  Mosqub.) 

Mine,  in  mUitcay  langwige  ;  a  subteirmneoos  pas- 
sage dug  under  the  wall  or  rampart  of  a  fortification, 
or  under  any  building  or  other  object,  for  the  pur- 
pose of  blowing  it  up  with  gunpowder.  The  gun- 
powder is  in  a  box,  and  the  place  where  the  powder 
is  lodged  is  called  the  chamber  (in  French, /braeaa). 
The  passage  leading  to  the  powder  is  termed  the 
gallery ;  the  line  drawn  from  tne  centre  of  the  cham- 
ber perpendicularly  to  the  nearest  surface  of  the 
ground  IS  called  the  Une  qf  leatt  resistance.  It  has 
been  found,  by  experience,  that  the  fisure  produced 
by  the  explosion  is  a  paraboloid,  and  that  the  centre 
of  the  powder,  or  charge,  occupies  the /bens.  The 
pit  or  hole  made  by  springing  the  mine  i?  called 
the  excavation.  The  fire  is  communicated  to  the 
mines  by  a  pipe,  or  hose,  made  of  coarse  doth, 
whose  diameter  b  about  1  i  inch,  called  a  saucissem 
(for  the  filling  of  which  nearly  half  a  pound  of  pow- 
der is  allowed  to  every  foot),  extending  from  the 
chamber  to  the  entrance  of  the  gallery,  to  the  end  of 
which  is  fixed  a  match,  that  the  miner  who  sets  fire 
to  it  may  have  time  to  retire  before  it  reaches  the 
chamber.  The  saucisson  is  laid  in  a  small  trough, 
called  an  augut,  to  prevent  it  from  contracting  any 
dampness.  This  is  made  of  boards.  The  mine  of  a 
fortress  is  called  a  counterrsme,  the  gallery  of  which 
runs  under  the  covered  way  along  the  outer  margin 
of  the  fosse.  From  this,  ramifications,  called  ra- 
meaux,  extend  under  the  glacis,  from  which  again 
little  passages  are  made  on  both  sides,  to  a£>rd 
means  for  listening  to  and  finding  out  the  enemy's 
subterraneous  movements.  If  the  powder  is  lodged 
so  deep  under  ground  that  its  explosion  is  not  per- 
ceptible on  the  surface,  it  yet  shaJces  the  ground  all 
around,  and  destroys  the  hostile  mines  in  &ie  neigh- 
bourhood. This  is  the  globe  de  compression,  invented 
by  Belidor. 

llie  miners  are  often  armed  with  short  weapon^ 
as  pistols  and  cutlasses,  in  order  to  defend  them- 
selves, if  they  meet  a  hostile  mine.  The  mines  are 
often  80  long  that  it  is  necessary  to  convey  fresh  air 
by  artificial  means  to  the  most  advanced  workmen 
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an'l  tbose  whd  ate  TluDt  a!^  passed  back  from  one  to 
the  other;  the  same  is  done  with  the  dead^  if  a 
combat  ensues  below.  Frequently,  also,  balls,  made 
of  all  kinds  of  substances  which  produce  an  offensive 
smoke,  are  lighted,  in  order  to  stop  the  enemy,  pro- 
vided the  mine  permits  the  party  who  le^op  the  ball 
an  easy  retreat.  Sometimes  mines  are  dug  in  the 
field,  with  a  view  of  blowing  up  such  of  the  enemy 
as  can  be  allured  to  the  spot.  In  such  case,  a  small 
body  of  men  must  generally  be  placed  there,  in  or- 
der to  induce  the  enemy  to  attack  them ;  these  are 
sometimes  sacrificed  with  the  enem^. 

Mining  ;  the  process  for  obtaining  minerals  from 
the  bowels  of  the  earth.  Mines  are  vast  underground 
works,  furnished  with  galleries  which  frequently  ex- 
tend for  miles  from  the  entrance  of  the  shaft  or  well. 
Light  is  constantly  procured  ftom  artificial  sources, 
and  in  some  mines  Uie  dull  glimmer  of  the  "  Davy 
lamp  "  b  the  only  substitute  for  the  cheerful  rays  of 
the  sun.  Vegetation  assumes  a  new  character,  so 
that  plants  lose  their  colour,  and  in  most  cases  their 
ordinary  flavour.  The  miner  is  at  one  time  exposed 
to  an  atmosphere  which  forbids  any  thing  like  health- 
ful respiration,  and  at  another  tne  destructive  fire 
blast  comes  on  the  wings  of  the  wind  ready  charged 
for  his  destruction.  The  best  means  of  averting  these 
dangers  will  be  found  under  our  articles  Ventilation 
and  Safety  Lamp.  The  minerals  are  found  in  veins, 
strata,  or  lumps,  and  contain  gold,  silver,  platina, 
quicksilver,  lead,  iron,  copper,  tin,  zinc,  calamine, 
bismuth,  cobalt,  arsenic,  manganese,  antimony,  mo- 
lybdena,  and  other  metallic  substances;  also  sul- 
phur, brown- coal,  pit-coal,  bitumen,  alum,  and  all 
combinations  of  sulphuric  acid  with  metallic  bases. 
The  mines  are  generally  denominated  from  the  sub* 
stances  obtained  from  Uiem  ;  for  instance,  gold,  sil- 
ver, iron,  lead,  coal,  alum,  salt  mines,  &c.  We 
most  distinguish,  1.  the  mines  in  primitive  moun- 
tains :  2.  those  in  flcetz  mountains  ;  3.  those  in  al- 
luvions. Of  the  first  sort  the  most  important  are 
the  following : — 

1 .  The  mines  in  the  Cordilleras  in  Spamsh  America. 
Thepe  are  few  regions  so  remarkable  for  their 
richness  in  mineraU  as  this  chain  of  mountains. 
The  most  important  mines  are  those  of  silver; 
yet  there  are  also  several  ^old,  quicksilver,  copper, 
and  lead  mines.  In  Chili,  especially  in  the  pro- 
vince of  Coquimbo,  are  several  silver  and  some  im- 
portant copper  mines.  The  richness  of  the  silver 
mines  of  Potosi  (Buenos  Ayres)  may  be  judged  of 
from  the  fact  that  more  than' 1300,000,000  of  dollars 
have  been  coined  there  since  the  year  1545;  but  the. 
ores  are  now  poor.  Copper,  lead,  and  tin  are  also 
found  in  Buenos  Ayres,  the  last,  however,  in  beds  of 
sand  or  clay,  from  which  it  is  obtained  by  washing. 
On  the  opposite  side  of  the  chain,  in  a  low  plain, 
are  the  silver  mines  of  Guantajaya»  famous  for  the 
large  lumps  of  solid  silver  which  they  formerly  fur- 
nished, and  of  which  one  weighed  800  lbs.  In 
Peru,  there  are  forty  districts  particularly  cele- 
brated for  their  gold  and  silver  mines.  Gold  is 
found  especially  in  the  provinces  of  Guailas  and 
Pataz,  and  silver  in  the  districts  of  Guantajaya, 
Pasco,  and  Chota.  The  mines  of  Pasco,  which  twenty 
years  ago  produced  more  than  two  millions  of  dol- 
lars yearly,  had  been,  like  most  of  those  of  South 
America,  very  negligently  managed,  till,  in  1816, 
miners  from  Uomwall  began  to  work  them  by  means 
of  steam-engines. 


The  mines  of  th^  province  of  Chiia  now  Aimish 
about  42,000  lbs.  troy  of  silver  every  year.  The 
quicksilver  mine  of  Guancavelica,  in  Peru,  i#  ^e 
only  one  of  this  kind  in  the  new  world.  In  the  pro- 
vince of  Guantajaya,  rock-salt  mines  are  also  found. 
North  of  the  province  of  Chota,  the  Cordilleras  are 
not  so  rich  in  metals. 

In  New  Grenada  there  are  several  silver  mines ;  at 
Aroa,  in  Caraccas,  a  copper  mine  exists,  whjch 
yields  1600  cwt.  of  metal  yearly;  and  at  Santa  Pe 
rock-salt  and  pit-coal  are  found.  Although  Mexico 
contains  various  metals,  very  little  except  silver  has 
been  obtained  from  that  country.  Almost  all  the 
mmes  are  situated  in  the  Cordilleras,  and  consist  of 
3000  pits,  which  comprise  from  4000  to  5000  beds 
or  layers. 

The  only  mine  in  Mexico  in  which  pumps  of  any  kind 
had  been  tried  prior  to  the  late  introduction  of  ma- 
chinery from  England  is  that  of  Moran,  in  the  district 
of  Real  del  Monte ;  of  which  M.  Humboldt  gives  die 
following  account  :— 

The  mountains  of  the  district  of  mines  of  Real  del 
Monte  contain  beds  of  porphyry,  which,  with  respect 
to  their  relative  antiquity,  differ  a  good  deal  from  one 
another.  The  rock  which  forms  the  roof  and  the 
wall  of  the  argentiferous  veins  is  a  decomposed  por- 
phyry, of  which  the  base  sometimes  appears  clayey, 
and  sometimes  analogous  to  splintery  homstone.  The 
presence  of  hornblende  is  frequently  announced 
merely  by  greenish  stains,  intermingled  with  com- 
mon and  vitreous  feldspar.  At  very  great  eleva- 
tions (for  example,  in  the  beautiful  forests  of  oi^ 
and  pine  of  Oyamel),  we  find  porphyries  with  a 
base  of  pearl-stone  containing  lobsidian  in  layers  and 
nodules. 

What  relation  exists  between  these  last  beds> 
which  several  distinguished  mineralogists  consider  as 
volcanic  productions,  and  the  porphyries  of  Pachuca, 
Real  del  Monte,  and  Moran,  in  which  nature  has  de- 
posited enormous  masses  of  sulphuret  of  silver  and 
argentiferous  pyrites.  This  problem,  which  is  one  of 
the  most  difficult  in  geology,  will  be  resolved  only 
when  a  great  number  of  zealous  and  intelligent  travel- 
lers shall  have  gone  over  the  Mexican  Cordilleras^ 
and  carefiilly  studied  the  immense  variety  of  porphy- 
ries which  are  destitute  of  quartz,  and  which  abound 
both  in  hornblende  and  vitreous  feldspar. 

The  district  of  mines  of  Real  del  Monte  does  not 
display  (as  at  Friberg  in  Saxony,  Derbyshire  in  Eng- 
land, or  the  mountains  of  Zimapan  and  Tasco 
in  New  Spain)  a  great  number  of  rich  veins  of  smalt 
size,  on  a  small  tract  of  ground.  It  rather  resembles 
the  Hartz  and  Scheminitz  mountains,  in  Europe,  or 
those  of  Guanaxuato  and  Potosi,  in  America,  of 
which  the  riches  are  contained  in  a  few  mineral  depo- 
sitions of  very  considerable  dimensions.  The  four 
Veins  of  Biscaina,  Rosario,  Cabrera,  and  Encino,  run 
through  the  districts  of  Real  del  Monte,  from  Moran^ 
and  Pachuca,  at  extraordinary  distances, .  witiiont 
changing  their  direction,  and  almost  without  coming 
in  contact  with  other  veins  which  traverse  or  derange 
them. 

The  Veta  de  la  Biscaina,  of  less  considerable  di- 
mensions, but  perhaps  still  richer  than  the  vein  of 
Guanaxuato,  was  successfully  wrought  from  the  begin- 
ning of  the  sixteenth  to  the  eighteenth  century.  In 
1726,  and  1727,  the  two  mines  of  Biscuna  and  Xacal 
still  produced  together  333,969  ounces  of  silver.  Tbs 
great  quantity  of  water  which  fiHratM  ihrough  tha 
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crerlces  of  the  porphyritic  rock«  Jobed  to  tho  imper- 
fection of  the  means  of  drawing  it  off,  compelled  the 
minq^  to  abandon  the  works  when  they  were  yet  only 
sixty-five  fathoms  in  depth.  A  very  enterprising  in- 
dividual, Don  Joseph  Alexandro  Bustamente,  was 
coarageous  enough  to  undertake  a  level  near  Moran; 
but  he  died  before  completing  this  great  work,  which 
is  7715  feet  in  length  from  its  mouth  to  the  point 
where  it  crosses  the  vein  de  la  Biscaina.  The  level 
of  Moran  traverses  the  vein  de  la  Biscaina,  in  the  San 
Ramon  shaft,  at  a  depth  of  115  fathoms  below  the 
level  of  the  surface  on  which  the  whims  are  placed. 
The  profit  of  the  proprietors  has  been  annually 
diminishiog  since  1774.  In  place  of  driving  levels 
for  trial,  to  discover  the  vein  on  a  great  extent,  they 
continued  their  sinking  to  a  depth  of  nearly  fifty-three 
fiithoms  below  the  level.  At  that  depUi  the  vein 
preserved  its  great  wealth  in  sulphuret  of  silver  mixed 
with  native  silver ;  but  the  abundance  of  water  in- 
creased to  such  a  degree  that  twenty-eight  whims, 
each  of  which  required  more  than  forty  horses,  were 
not  sufficient  to  draw  it  off.  In  1783,  the  weekly 
expenses  amounted  to  1875  f.  Afler  the  death  of  the 
old  Count  de  Regla,  the  works  were  suspended  till 
1791,  when  the  proprietors  ventured  to  re-establish  all 
the  whims.  The  expense  of  these  machines, which  drew 
up  the  water,  not  by  means  of  pumps,  but  by  bags 
suspended  by  ropes,  then  amounted  to  more  than 
31,252/.  per  annum.  At  length  the^  reached  the 
deepest  point  of  the  mine,  which,  accordmg  to  accurate 
measurement,  is  only  1064  feet  above  the  level  of  the 
lake  of  Zumpango ;  but  the  ore  which  they  extracted 
did  not  compensate  the  expense  of  the  process,  and 
the  mine  was  again  abandoned  in  1801. 

It  is  surprising  that  they  never  thought  of  substitut- 
ing foi  this  wretched  plan  of  drawing  off  the  water  by 
b^^  proper  pump  apparatus,  put  in  motion  by  horse 
whims,  by  hydraulic  wheels,  or  by  machines  moved 
by  a  column  of  water  (colonne  d'eau).  A  level  be- 
gun at  Pachuca,  or  lower  down  towards  Gazare  in  the 
valley  of  Mexico,  would  have  exhausted  the  mine  of 
Biscaina  at  the  pit  of  San  Ramon,  for  a  depth  of  202 
fathoms.  The  same  object  could  be  obtained  at  less 
expense  by  following  the  project  of  M.  D'EUuyar,  in 
placing  the  mouth  of  a  new  level  near  Omitlan,  in  the 
road  which  leads  from  Moran  to  the  pl^e  of  amal- 
gamation at  Regla.  This  last  level,  before  reaching 
12,466  feet  in  length,  would  cut  the  vein  of  Bis- 
caiua. 

Tlie  plan  which  is  at  present  followed  is  to  leave 
off  the  clearing  of  the  old  works,  and  to  investigate 
the  mineral  repository  in  points  where  it  has  never 
yet  been  worked,  and  thb  is  effected  by  boring.  In 
studying  at  Real  del  Monte  the  surface  and  undula- 
tions of  the  ground,  we  observe  that  the  vein  of  Bis- 
caina has  furnished  for  three  centuries  its  greatest 
riches  from  a  single  spot;  that  is  to  say,  from  a 
natural  hollow  contained  between  the  shafts  of  De- 
lores,  Joya,  Santa  Cayetano,  San  Teresa,  and  Guada- 
loupe. 

IImi  mines  of  Moran,  formerly  of  great  celebrit}*, 
were  abandoned  for  forty  years  on  account  of  the 
abundance  of  water,  which  could  not  be  drawn  off. 
In  this  jdistrict  of  mines,  which  is  near  the  mouth  of 
the  great  level  of  Biscaina,  there  was  placed  in  1801 
a  machine  h  coUomte  d'eau,  of  which  the  cylinder 
b  ten  feet  three  inches  in  height,  and  six  feet 
Bine  inches  in  diameter.  This  machine,  the  first 
of  the  kind  ever  constructed  in  America,  is  much 


superior  to  those  of  the  mines  of  Hungary.  It 
executed  agreeably  to  the  calculations  and  plans  of  BL 
del  Rio,  professor  of  mineralogy  in  Mexico,  who  iits 
visited  the  most  celebrated  mines  of  Europe,  and  who 
possesses  at  once  the  most  solid  and  most  various 
acquirements.  The  merit  of  the  execution  is  due  to  M. 
Lachansei^  a  Brabant  artist  of  great  talents,  who  has 
also  fitted  up  for  the  school  of  mines  of  Mexico  a  very 
remarkable  collection  of  models,  for  the  use  of  students 
in  mechanics  and  hydrodynamics.  It  is  to  be  regretted 
that  this  fine  machine,  in  which  the  regulator  of  the 
suckers  is  put  in  motion  by  a  particular  mechanism, 
was  placed  in  a  situation  where  there  is  great  difilculty 
in  procuring  a  sufficiency  of  water  to  keep  it  going. 
M.  Humboldt  says  that,  when  he  was  at  Moran,  the 
pumps  could  work  only  three  hours  a  day.  Hie  con- 
struction of  the  macnine  and  the  aqaedacts  cost 
10,937/.  sterling :  they  did  not  at  first  calculate  oa 
more  than  half  the  expense,  and  they  imagined  the 
mass  of  water  to  be  very  considerable  ;  bat,  ^e  year 
in  which  the  water  was  measured  being  exceedingly 
rainy,  it  viras  believed  to  be  much  more  abundant  ihuL 
it  actually  was. 

The  benefits  described  as  being  conferred  on  the 
mining  districts  by  putting  their  industry  in  motioo 
were  thus  justly  anticipated  in  the  report  of  Don 
Lucas  Alaman,  minister  for  foreign  affairs,  dated 
November  1,  1828. 

"  It  is  a  principle  admitted  by  all  writers  on  political 
economy  that  the. most  direct  encouragement  which 
can  be  given  to  agriculture  and  to  industry  is  to  faci- 
litate the  consumption  of  the  produce  of  the  one  and 
the  sale  of  the  manufactures  of  the  other.  If  the 
mines  be  considered  amongst  us  under  this  point  of 
view,  it  will  be  found  that  nothing  contributes  so 
much  as  they  do  to  the  prosperity  of  those  essential 
branches  of  the  public  riches.  The  £;reat  number  of 
people  that  are  occupied  in  them,  the  animals  that 
are  employed  in  the  working  of  the  machinery  and 
in  transporting  the  ores,  the  consumption  that  arises 
therefrom  of  grain,  as  well  as  of  soap,  paper,  iron, 
&c.,  give  a  powerful  impulse  to  agriculture,  the  arts» 
and  to  commerce.  If  practical  illustration  be  neces- 
sary to  prove  those  facts  which  are  doubted  only  by 
men  whose  minds  are  pre-occupied  by  the  paradoxical 
assertions  of  systematic  economists,  they  may  be 
found  on  a  comparison  of  ^  the  state  of  our  mining 
provinces,  such  as  Guanaxuato  and  Zacatccas,  preri- 
ous  to  the  year  1810  and  at  the  present  period. 
Abundance  and  prosperity  then  reigned  throughout 
both  of  them.  The  agriculturist  found  in  those  &- 
mous  reales  (districts)  a  ready  and  certain  market 
for  his  produce ;  the  smith,  the  carpenter,  the  masoo^ 
a  constant  employment  for  his  industry;  the  mer- 
chant an  extensive  consumption  for  the  goods  which 
he  introduced;  and  the  treasures  drawn  from  the 
bowels  of  the  earth  were  distributed  throughout,  and 
revivified  the  most  distant  provinces,  in  paj'ment  for 
the  soap,  wood,  salt,  magistral,  horses,  and  mules, 
that  were  brought  from  all  parts.  The  nature  of  our 
ores  is  also  a  powerful  cause  of  these  happy  results: 
they  are  generally  poor  in  metal,  and  most  abundant 
in  quantity,  and  require  for  their  manufacture  a  great 
quantity  of  machinery  and  ingredients ;  and  it  mar 
therefore  be  said  that  the  miner  merely  diaws  forth 
funJs  to  distribute  them  freely  among  the  labourers, 
merchants,  and  artisans;  and  we  must  naturally 
conclude  that  the  prosperity  of  these  classes  depends 
principally  upon  the  impulse  given  to  them  by  the 


■UMi.  which  b  oar  nottoti  km  Urns  the  Kcting  prin- 
ciple of  all  the  other  branches  of  indnatrjr." 

In  America  gold  is  pTincipally  obtained  by  wash- 
ing. The  principal  gold- wash  tnga  are  an  the  wettem 
aide  ortbe  CordiUeras;  in  New  Grenada,  from  the 
pmtince  of  Barbacoa  to  the  isthmus  of  Panama ;  in 
Chili  and  on  the  shores  of  the  Guif  of  California ;  or 
on  the  eastern  side  in  the  upper  valleys  of  the  Ama- 
zon.    The  washings  of  New  Grenada  also  famish 

3.  The  mines  of  Hungary,  including  thoae  of 
Transytvania,  and  of  tbe  Bannat  of  TemeSwar,  com- 
pose roar  great  districts : — a.  the  north-western, 
which  includes  the  mines  of  Schemnitz,  Kremnitz, 
KcEnigsbei^,  Neusohl,  Schnxelnitz,  Bethler,  Rose- 
nan,  &c.,  nhich  chiefly  furnish  gold,  silver,  capper, 
lead,&c. ; — b.  the  north-eastern,  containing  the  mines 
of  Nagybonya,  I^apnick,  Felsixbanyai  Wizbanya, 
Olaposbanya,  and  Olapos,  which  all  yield  gold,  be- 
sides the  mines  of  Mannarosch,  which  furnish  great 
quantities  of  iron  ; — e.  the  eastern  district,  in  which 
the  mines  of  Nagyag,  Korosbanya,  Vtercespatalc, 
Boitza,  Csertesch,  Fatzsbay,  Almas,  Porkurtt,  Bot- 
schum,  and  Stonischa,  deaerve  notice,  which  chiefly 
ftamish  gold  and  copper ;  near  Vayds-Huniad  and 
<jyalar  are  important  iron-mines  j — d.  the  south- 
wcstem  district,  or  the  mines  of  the  Bannat  of  Te- 
meswar,  yield  ulver  and  copper  in  Oravitza,  Mol- 
dana,  Suuka,  and  Dagnaczka}  while  in  Dombrawa, 
and  Rnchersberg,  iron,  quicksilver,  and  cobalt,  are 
obtained.  Hungary  contains  also  mines  of  pit-coal 
and  rock-salt,  the  latter  especially  on  the  banks  of 
the  Danobe,  the  ManBarnaoh,  and  the  Nera.  The 
vholc  produce  of  Hungary  amounts  to  3260  lbs. 
troy  of  gold,  63,125  lbs.  troy  of  silver,  from  3G,000 
to  40,000  cwL  of  coi^r,  8000  cwt.  of  lead,  and 
about  60,000  CKt.  of  Iron. 


The  interior  of  an  Hungarian  mine,,of  which  a  view 
ia  fiven  in  the  above  engraving,  differs  very  much 
froor  that   of   the    mines   in    this    country.    Voat 


nndergronnd 

Dr.  Clarke  thus  describes  his  descent  of  the  Pres- 
burg  mine,  his  visit  to  which  wse  made  after  he  had 
personally  inspected  many  of  the  principal  woriis  of 

;  same  nature  in  other  connbries,  and  especially 

his  own:— 

''  As  we  drew  near  to  the  wide  and  open  abyss,  a 
vast  and  sudden  prospect  of  yawning  caverns,  and  of 
prodigious  machinery,  prepared  ns  for  the  descent. 
'We  approached  the  edge  of  the  dreadful  gulf  whence 
the  ore  is  rused,  and  ventured  to  look  down,  standing 
upon  the  verge  of  a  sort  of  platform,  constructed  over 
it  in  such  a  manner  as  to  comntand  a  view  into  the 
great  opeuing,  as  far  as  the  eye  could  reach  amidst 
its  gtoomi^  depths ;  for  to  the  sight  it  is  bottomless. 
Immense  buckets,  suspended  by  rattling  chains,  were 
passing  up  and  down  ;  and  we  could  perceive  ladders 
scaling  all  the  inward  precipices,  upon  which  the 
work-people,  reduced  by  their  distuice  to  pigmies 
in  size,  were  ascending  and  descending.  Far  beloT' 
the  utmost  of  these  Ggures,  a  deep  and  gaping  gU'ri 
the  mouth  of  the  lowermost  pit,  was,  by  its  darkness, 
rendered  impervious  to  view.  From  the  spot  where 
we  stood,  down  to  the  place  where  the  buckets  are 
filled,  the  distance  might  be  about  seventy-five  fa- 
thoms ;  and,  as  soon  as  any  of  these  buckets  emerged 
from  the  gloomy  cavity  we  have  mentioned,  or  until 
they  entered  it  in  their  descent,  they  were  visible,  but 
beyond  this  point  they  were  bid  in  darkness. 

"Theclanking  of  chains,  the  groaning  of  the  pnmps, 
the  hallooing  of  the  miners,  the  crealung  of  the  blocks 
and  wheels,  the  trampling  of  horses,  the  beating  of  the 
hammers,  and  the  loud  and  freqiient  subterraneous 
thunder  from  the  blasting  of  lie  rocks  by  gunpowder 
in  diemidstofall  this  scene  of  excavation  aud  uproar, 
produced  an  effect  which  no  stranger  could  b^ujd  uo- 
moved:  we  descended,  with  two  miners  and  our  inter- 
preter, into  this  abyss.  Tbe  ladders,  instead  of  being 
placed  like  those  in  our  Cornish  mines  uponaserieaof 
platforms,  at  so  many  landing-places,  are  lashed  to- 
gether in  one  unbroken  line,  eilendinK  many  fathoms, 
and  warped  so  as  to  suit  the  inclination  or  cur- 
vature of  the  sides  of  the  precipices :  they  are  not 
always  perpendicular,  but  hang  over  in  such  a  man- 
uef  that,  even  if  a  person  held  fast  by  his  hands,  if 
his  feet  should  happen  to  slip,  they  would  &y  off  from 
the  rock  and  leave  him  suspended  over  the  gulf;  yet 
such  ladders  are  the  only  means  of  access  to  the  works 
betow, — and,  as  the  labourers  are  not  accustomed  to 
receive  strangers,  they, neither  use  the  precautioDs, 
nor  offer  the  assistance,  usually  afforded  in  more  fre- 
quented mines.  In  the  principal  fin  mines  of  Corn- 
wall, the  staves  of  the  ladders  are  alternate  bars  of 
wood  and  iron;  here  they  were  of  wood  only,  and  in 
some  parts  rotten  and  broken,  making  us  often  wish, 
during  oor  descent,  that  we  had  never  undertaken  an 
exploit  so  hazardous.  In  addition  to  the  danger  to 
be  apprehended  from  the  damaged  state  of  the  lad- 
ders, the  staves  were  covered  with  Ice  or  mud,  and 
tliuB  rendered  so  cold  and  slippery  that  we  could 
have  DO  dependence  upon  our  benumbed  fingers,  if 
our  feet  failed  us.  Then,  to  complete  our  apprehen. 
sions,  as  we  mentioned  this  to  the  miners,  they  stud, 
— 'Have  a  care!  It  was  just  so,'  talking  about  the 
staves,  'that  one  of  our  women  fell,  about  four  yean 
agu,  as  she  was  descending  to  her  work.'  '  Fell ! ' 
said  cur  Swedish  bterpreter,  rather  aiinpl;.  'and 
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pray  what  beeame  of  her?'  'Became  of  her!' 
oontimied  the  foremost  of  our  guides,  dtsengaging  coie 
of  his  hands  from  the  ladder,  and  slapping  it  against 
his  thi^,  as  if  to  iflnstrate  the  manner  of  tiie  catas- 
trophe,— '  she  imoame  (pantaker)  a  pancake/ 

"  Abw9  desceaded  fiur^ier  from  tiie  surface,  lai^ 
masses  of  ice  appeared^  covering  the  sides  of  the 
precipices.  Ice  is  raised  in  the  buckets  widi  the  ore 
and  rubUe  of  the  mime :  it  was  abo  accumulated  in 
such  quantity  in  some  of  the  lower  chambers  tiiat 
there  are  places  where  it  is  fifteen  fathoms  tiiick,  and 
no  dmnge  of  temperature  above  prevents  its  increase." 

This  seems  to  militate  against  a  notion  now  pre- 
vailing, that  tdie  temperature  of  the  air  in  mines  in- 
creases directly  as  l^e  depth  from  die  sniiace,  owing 
to  tiie  increasing  temperature  of  the  earth  under  the 
same  circumstances  and  in  the  same  ratio ;  but  it  is 
explained  by  the  width  of  the  aperture  at  the  mouth 
of  the  mine,  which  admits  a  free  passage  of  atmo- 
spheric air.  In  our  Cornish  mines,  ice  would  not  be 
preserved  in  a  solid  state  at  any  considerable  depth 
from  the  surfluse. 

"  After  much  ftitigue,  and  no  small  share  ot  appre- 
hension, we  at  length  reached  thq  bottom  (k  the 
mine.  Here  we  had  no  sooner  arrived  than  our 
conductors,  taking  each  of  us  by  an  arm,  hurried  us 
along,  through  regions  of  '  thick-ribbed  ice '  and 
dax^ness,  into  a  vaulted  level,  through  which  we  were 
to  pass  into  the  principal  chamber  of  the  mine.  The 
noise  of  the  countless  hammers,  all  in  vehement 
action,  increased  as  we  crept  along  this  level ;  until, 
at  length,  subduing  every  other  sound,  we  could  no 
longer  hear  each  other  speak,  notwithstanding  our 
utmost  efforts.  At  tiiis  moment  we  were  ushered 
into  a  prodigious  cavern,  whence  the  sound  pro- 
ceeded ;  and  here,  amidst  falling  waters,  tumbling 
rocks*  steam,  ice,  and  gunpowder,  about  fifty  miners 
were  in  the  very  height  of  their  employment.  The 
magnitude  of  the  cavern,  over  all  parts  of  which  their 
labours  were  going  on,  was  alone  sufilcient  to  prove 
that  iron  ore  is  not  deposited  in  veins,  but  in  beds. 
Above,  below,  on  every  side,  and  in  every  nook  of 
this  fearful  dungeon,  glimmering  tapers  disclosed  the 
grim  and  anxious  countenances  of  the  miners.  They 
were  now  driving  bolts  of  iron  into  the  rocks,  to  bore 
cavities  for  the  gunpowder,  for  blasting.  Scarcely 
had  we  recovered  from  the  stupefaction  occasioned 
by  our  first  introduction  into  this  Pandemonium, 
when  we  beheld,  close  to  us,  hags  more  horrible  than 
perhaps  it  is  possible  for  any  other  female  figures  to 
exhibit,  holding  their  dim  quivering  tapers  to  our 
(aces,  and  bellowing  in  our  ears.  One  of  the  same 
sisterhood,  snatching  a  lighted  splinter  of  deal,  darted 
to  the  spot  where  we  stood,  with  eyes  inflamed  and 
distilling  rheum, — ^her  hair  clotted  with  mud;  and 
such  a  face,  and  such  hideous  yells,  as  it  is  impossible 
to  describe,'* 

'*  Black  it  stood  as  night— fierce  as  ten  furies- 
Terrible  as  belli" 

This  description,  though  poetical,  is  of  the  greatest 
value,  as  coming  from  the  pen  of  one  of  the  most 
acute  observers  who  have  yet  written  on  the  subject. 

3.  The  mines  of  the  Altai  mountains  are  very  im- 
portant; they  constitute  the  districts  of  Kolyvan, 
Zmeof,  Tcherepanofsky,  Smenofsky,  Nikolaisky,  Phi- 
lipofsky,  &c.,  with  a  yeariy  produce  of  upwards  of 
1875  lbs.  troy  of  gold,  37,600  lbs.  troy  of  silver,  and 
a  considerable  quantity  of  copper,  iron,  and  lead. 

4.  The  mines  of  the  Ural  are  dispersed,  at  dif- 


ferent distances,  aromd  Ekatennburg ;  'fiioae  at 
Tourinsky  produce  about  90,000,  and  those  of  Goa- 
mecheibky  40,000  cwt.  of  copper  yeariy.  Tlie  iron, 
which  is  obtained  in  the  regions  of  Balgodat  and 
Keskanar,  amounts  to  more  than  1,000,000  cwt. 
yearly.  Near  Berezov  312  lbs.  troy  of  gold  woe 
formeriy  produced;  but  the  quantity  is  now  £tf 
more  considerable. 

5.  The  mines  of  the  Vosges  and  die  Scfawaizwtld 
(Black  Forest).  In  the  former,  nothing  but  ircm  is 
found ;  in  the  latter,  silver,  at  Badenweiler,  Hoch- 
ber^  and  Wolfach,  amounting  to  1135 lbs.  troy;  at 
the  first  of  these  places,  moreover,  800  cwt.  of  lead 
are  obtained  yearly,  and  at  Wittidien,  cobalt ;  be- 
sides iron  in  different  places. 

6.  The  mines  of  the  Hartz :  a.  the  silver,  lead, 
and  copper  mines,  &c.,  of  the  Upper  Hartz,  in  the 
environs  of  the  mining  tovvns  of  Clausthal,  Zelleifekl, 
Lautenthal,  Wildemann,  Gnind,  and  Andreasbcig 

b.  gold,  silver,  and  copper  mines,   near    Goslar 

c.  copper  mines  in  the  neighbourhood  of  Lauterfaeiig 

d.  iron  mines  at  Lauteri>erg,  Walkenried,  Elbinge- 
roda,  and  Bhmkenburg ;  e.  silver,  lead,  and  inm 
mines,  in  the  vicinity  of  Magdesprung :  annual  pro- 
duce about  6^  lbs.  troy  of  gold,  18,750  Iba.  troy  of 
silver,  3000  cwt.  of  copper,  50,000  cwt.  of  lead, 
30,000  cwt.  of  litharge,  200,000  cwt.  of  iron. 

7.  Mines  in  the  eastern  part  of  Germany : — a.  in 
the  Saxon  Erzgebirge,  at  the  towns  of  FVeibei]^ 
Marienberg,  Annaberg,  Ehrenfnedersdorf,  Johann- 
georgenstaidt,  Schneeberg,  annually  yielding  about 
32,500  lbs.  troy  of  silver ;  at  Altenberg,  Geyer, 
Ehrenfriedersdorf,  Zinnwald,  annually  from  3000  to 
4000  cwt.  of  tin ;  at  Schneeberg,  annually  8000 
cwt.  of  cobalt,  600  cwt.  of  copper,  80,000  of 
iron ; — b.  in  Bohemia :  silver,  at  Joachimsdial,  Bfies, 
Przibram,  &c.,  13,800  marcs  (8625 lbs.  troy);  tin, 
at  Schakenwald,  &c.»  9000  cwt ;  cobalt,  4000  cwt. ; 
lead,  1800  cwt. ;  iron,  190,000  cwt. ; — c.  in  the  Rch- 
telgebirge,  prindpaUy  iron,  annually  about  50,000 
cwt. ;— ^.  in  Moravia,  at  Iglan,  &c.,  3125  lbs.  troy  of 
silver ;  e.  in  the  Riesengebirge,  at  Jauer,  Kupferbeig, 
Reichenstein,  330  cwt.  of  copper,  560  cwt.  of  smah; 
1^00  cwt.  of  arsenic,  1200  cwt  of  sulphur,  20,000 
cwt.  of  vitriol. 

8.  Mines  in  the  middle  and  north-western  parts 
of  France.  Those  at  Villefort,  in  the  department  of 
th»  Loz^re,  yield  2000  cwt.  of  lead  and  1000  lbs. 
troy  of  silver ;  at  PouUaouen  and  Huelgoat,  in  Bre- 
tagne,  10,000  cvvt  of  lead,  1250  lbs.  troy  of  alver. 

9.  Mines  of  Scandinavia.  Norway  produces  1600 
marcs  (1000 lbs.  troy)  of  silver;  at  Kongsberg,  in 
1768,  25,000  lbs.  troy,  7200  cvrt,  of  copper,  140,000 
cwt.  of  iron,  4000  cwt.  of  smalt  10,000  cwt  of 
ahua ;  Sweden,  1875  lbs.  troy  of  silver,  from  18,000 
to  20,000  cwt.  of  copper,  1,500,000  cwt.  of  iron. 

10.  Mines  of  the  Pyrenees :  these  are  insignificant 
and  iron  only  need  be  mentioned. 

11.  Mines  of  the  Alps:  they  are  not  by  any 
means,  proportioned  to  the  immense  masses  of  those 
mountains ;  the  silver  mines  of  AUemont  in  Dao- 
phin^,  annually  produce  2000  marcs  (1250  lbs.  troy>; 
the  iron  mines  of  Allevard,  in  the  department  of  ^ 
Isere,  and  the  lead  and  silver  mines  of  Pesey,  in  Sarof , 
formerly  produced  4000  cwt  of  lead,  and  1562  lbs. 
troy  of  silver  annually ;  the  iron  mines  of  Cogoa 
and  Traverselle,  in  Piedmont  annually  yieM  up- 
wards of  200,000  cwt.  of  iron  ;  the  copper  mines  at 
Falkenstein  and  Schwarz,  in  the  Tyrol,  formeriy 
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were  of  importance ;  the  gold  mines  at  Gastein  and 
Muerwinkel,  in  Saltzburg,  annually  yield  118  marcs 
(74 lbs.  troy)  of  gold;  iSie  iron  mines  in  Saltzburg 
and  the  Tyrol  annually  produce  from  60,000  to 
70,000  cwt. ;  the  iron  mines  in  Styria  450,000  cwt. ; 
those  in  Carinthia  260,000  cwt.,  and  those  in  Car- 
niola  100,000  cwt. ;  the  copper  mines  at  Schladming 
in  Styria^  at  Kirschdorf  in  Carinthia,  at  Agardo  in 
the  territory  of  Venice,  and  at  Zamabor  in  Croatia, 
furnish  copper  containing  silver ;  the  zinc  mines  at 
Kaibel,  in  Uarinthia,  annually  produce  3400  cwi  ; 
the  lead  mines  at  Villach  and  Bleiberg,  &c.,  about 
50,000  cwt. ;  the  quicksilver  mines  at  Idria,  about 
1500  cwt. ;  the  rock-salt  mines,  at  Hallein,  Berch- 
tesgaden,  Aussee,  Ischel,  Hallstadt,  &c.^  upwards  of 
3,000,000  cwt.  of  salt 

12.  Mines  of  the  countries  bordering  on  the  Rhine, 
and  of  the  Ardennes.  Copper  is  obtained  from  the 
mines  of  Rheinbreitenbach  and  Dillenburg,  about 
1200  cwt  yearly;  lead  and  silver,  from  the  mines 
of  Holzapfel,  Pnngstwiese,  Lswenburg,  Augstbach, 
Ehrenthal ;  of  the  former,  12,000  cwt. ;  of  the  latter, 
2187 lbs.  troy;  iron  of  an  excellent  quality,  and  in 
great  quantity,  is  procured  in  the  Stahlberg,  in  the 
environs  of  the  town  of  Siesen,  on  the  banks  of  the 
Lahn  and  Sayn,  at  Hohenkirchen  in  Hesse,  on  the 
Hnndsriick,  in  the  Eifel,  in  the  territories  of  Luxem- 
burg, &c.,  calamine  in  the  vicinity  of  Limburg,  in 
the  Netherlands,  15,000  cwt.  yearly ;  in  the  neigh- 
bourhood of  Aix-la-Chapelle,  from  30,000  to  40,000 
cwt. ;  in  the  county  of  Mark,  2600  cwt. ;  lead,  at 
Vednn,  not  far  from  Namur,  4000  cwt.,  together  with 
437  lbs.  troy  of  silver. 

Tlie  mines  of  other  countries  may  be  thus  briefly 
noticed : — ^The  environs  of  Nertschinskoi,  in  Siberia, 
are  very  rich  in  useful  minerals,  and  yield  from 
18,750  to  21,750lbs.  troy  of  silver. 

The  mineral  wealth  of  Spain  and  Portugal  is  now 
almost  exhausted ;  the  quicksi^rer  mines  of  Almaden 
formerly  furnished  20,000  cwt.  yearly ;  the  lead  and 
copper  mines  are  still  productive,  yielding  annually 
more  than  100,000  cwt.  There  are  copper  mines  in 
Japan,  China,  Persia,  Arabia,  in  Tartary,  in  the 
islands  of  the  Indian  Sea,  in  Barbary,  Morocco, 
Abyssinia,  &c. ;  tin  is  produced  in  China,  Pegu,  the 
peninsula  of  Malacca,  Sumatra,  Banca,  &c.,  in  Qie  lat- 
ter country  alone,  70,000  cwt.:  zinc  is  said  to  be 
abundant  in  India ;  quicksilver  in  China  and  Japan ; 
Brazil  furnishes  I7>500lbs.  troy  of  gold  yearly,  which 
is  more  than  is  obtained  from  any  other  country ; 
Africa  at  least  4375  lbs.  troy,  and  Southern  Asia  at 
least  1250  lbs.  troy  yearly,  llie  island  of  Elba  con- 
tains a  great  deal  of  iron. — 

The  mines  in  Floetz  mountains  are  highly  im- 
portant: above  all,  the  coal  mines — this  country  alone 
furnishing  400,000^000  cwt. ;  France,  20,000,000 ;  the 
Netherlands  and  the  countries  along  the  Rhine, 
62,000,000 ;  Silesia,  6,000,000 ;  Saxony,  1,200,000 ; 
Austria,  680,000 ;  Bavaria,  320^000 ;  Hanover,  with 
the  rest  of  Germany,  6,000,000.  The  lead  mines  in 
the  vicinity  of  Aix-la-Chapelle,  which  annually  fur- 
nish from  14,000  to  16,000  cwt.  of  lead  and  upwards 
of  30,000  cwt.  of  lead  ore,  called  alquifou,  used  for 
glazing  earthenware,  are  in  Floetz  moimtains ;  also  th^ 
copper  mines  in  the  territories  of  Mansfeld,  at  Fran- 
kenberg,  Bieber,  and  Riegelsdorf,  in  Hesse,  the  former 
yielding  10,000  cwt.  of  copper  and  5000  lbs.  troy  of 
silver ;  the  important  iron  mines  on  the  Stahlberg)  iBf 
the  Hessian  seignory  of  Schmalkalden ;  the  lead 
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mines  at  Tamowitz,  m  Upper  Silesia,  annually  yield- 
ing 5300  cwt.  of  lead  and  937 lbs.  troy  of  silver ;  the 
calamine  and  zinc  mines,  in  upper  Silesia  and  Poland, 
which  annually  afford  80.000  cwt.  of  calamine  and 
25,000  cwt.  of  zinc. 

We  may  now  turn  more  particularly  to  the  pro- 
gress of  mining  in  our  own  island,  more  especially 
as  regards  Devonshire,  Cornwall,  and  North  Wales. 
Our  mines,  though  of  such  great  national  import- 
ance, have  as  yet  attracted  but  little  attention  from 
any  but  those  immediately  concerned  in  them,  and 
near  the  places  in  which  they  are  situated ;  it  is  the 
more  to  be  wished  that  men  of  science  would  address 
themselves  to  the  consideration  of  their  management 
as  those  engaged  in  them  are  not  often  men  of  suffi- 
cient ability,  or  science,  to  strike  out  any  material 
improvements.  To  be  a  good  miner  requires  an  ac- 
tive mind,  with  industry  and  strict  observation ;  these 
should  be  accompanied  by  some  general  knowledge^ 
at  least,  of  practical  mineralogy,  chemistry,  mecha- 
nics, hydraulics,  &c.,  and  such  a  knowledge  of  prin- 
ciples as  might  lead  to  Improvements  in  the  mecha- 
nical parts  of  his  business.  It  would  be  unreasonable 
to  expect  to  find  these  qualifications  general,  but  the 
attention  of  men  of  science  would  not  fail  to  point 
out  to  the  practical  miner  the  improvements  of  whick 
his  operations  are  susceptible. 

On  the  continent,  many  of  the  most  eminent  men 
have  not  thought  it  beneaUi  them  to  undertake  the  ma- 
nagement of  mines  ;  and  to  this  it  is  fair  to  ascribe 
the  success  with  which  many  of  them  have  been  con- 
ducted. In  our  own  country,  the  superintendence  of 
men  of  science  during  the  last  few  years  has  been 
attended  with  very  considerable  advantage,  and  has 
given  to  this  species  of  property  a  new,  important, 
and  improved  stimulus. 

The  tin  of  Britain  was  known  in  distant  parts  of 
the  world  at  a  very  remote  period.  It  is  generally  be- 
lieved that  the  Phoenicians  were  the  nation  princi- 
pally engaged  in  trading  with  Britain  for  this  article. 
Tin  works  were  carried  on,  long  before  iron  was 
known  in  this  country  :  many  tools  of  oak  are  now 
found,  which  tradition,  among  the  miners,  make  to 
have  belonged  to  the  Saxons  and  Danes. 

It  is  asserted  that  the  greatest  quantity  of  tin  was 
formerly  found  in  the  forest  of  Dartmoor,  in  the 
county  of  Devon ;  and  works  to  a  vast  extent  must 
have  been  carried  on  there,  if  it  be  true,  as  we  are 
told,  that  30,000  men  found  employment  upon 
this  tract.  It  is,  however,  to  be  considered  tha?^ 
by  the  ancient  mode  of  working,  without  the  aid  Ow 
machinery,  many  more  hands  most  have  been  found 
necessary  than  at  present,  probably  in  the  proportion 
of  three  to  one.  All  these  works  at  Dartmoor  were 
only  on  or  near  the  surface :  now,  however,  the 
lodes  or  veins  of  tin  found  in  this  district  are  not 
valuable  enough,  or  do  not  continue  to  a  sufficient 
depth  to  make  them  profitable  to  work. 

Almost  all  the  tin  procured  in  former  ages  was 
probably  from  stream  works,  in  bottoms  or  low 
grounds,  where  fagm^nts  of  the  ore,  washed  from  the 
lodes  in  the  n^ghbouring  hills,  subside,  and  are  sepa- 
rated from  the  earth  in  a  granular  form  by  washing. 
This,  of  course,  is  Obtained  without  any  subterranean 
work.  .  In  such  situations  as  these,  it  is  probable 
that  metali^  were  first  discovered,  mixed  merely  with 
the  upper  soil,  or  lodging  in  clefts  of  rocks. 

The  tracing  and  following  lodes  of  ores  into  the 
earth  is  a  more  difficult  task  than  coming  to  the  me- 
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tal  in  the  way  of  streani  works ;  it  requires  more 
mergyofmiod,  and  n  more  advanced  sUte  of  the  uta. 
The  difficulty  that  must  attend  keeping  a  mine,  aunk 
to  some  depth,  free  from  water,  by  manu&I  labour 
only,  could  not  but  prevent  miners,  before  the  appli- 
cation of  machinery,  from  sinking  luw  into  the  boweU 
of  the  eartii.  We  have,  however,  amne  instances  ' 
Cornwall,  where  old  workings  are  met  with  at 
great  a  depth  as  to  be  even  now  with  difficulty  kept 
dry  by  meam  of  machinery ;  but  these,  though  they 
may  be  accounted  ancient,  were  probably  opened  long 
■nbsequent  to  the  origin  of  mimng  in  this  coantry. 

Here  are  many  mines  which  could  not  possibly  be 
worked  without  ttie  aid  of  gunpowder,  and,  until  the 
discovery  of  this  powerful  agent,  nnder-gronnd  ope- 
rations mutt  have  been  both  uncertain  and  difflcnit. 
The  hammer  and  wedges  for  metals  were  probably 
the  first  matcriata  for  splitting  rocks  (sad  they  still 
continue,  in  the  ground  that  will  yield  to  them,  to  ' 
used  botii  in  Cornwall  and  Wales),  and  the  pick, 
Instnitnent  for  cleariog  the  ground,  having  a  head  for 
driving  the  wedges,  called  by  the  miners  gadM,  from 
the  Cornish  word  gedn,  a  wedge.  The  form  of  these 
uutrumenta,  found  in  old  works,  afford  evidences  of 
their  antiquity.  Wedges  of  dry  wood  were  also  very 
ingeniously  made  use  of,  by  driving  them  in  the  clefts, 
•nd  then  wetting  them,  so  as  to  cause  them  to  swell, 
and  cleave  Uie  rocks  asunder.  Fin  was  an  agent 
long  since  employed  in  splitting  the  rocks  ;  but  the 
effects  of  gunpowder  so  far  exceeded  every  thing  be- 
fore made  use  of,  for  such  purposes,  that  its  discovery 
and  application  to  works  of  this  kind  fonn  a  grand 
epoch  in  the  history  of  mining.  This,  it  appears, 
took  place  in  Hungary,  or  Qennany,  about  Ae  year 
1620,  and  was  first  introduced  into  England  at  the 
copper  mine  at  Ecton,  in  Stafl^rdshire,  about  the 
year  1670,  by  German  miners,  brought  over  by 
nince  Rupert;  but  it  was  not  in  use  in  Somerset- 
shire till  1634,  after  which,  probably,  the  Cornish 
miners  became  acquainted  with  this  powerful  assist- 
ant to  their  operations. 

Tin  was  the  first  object  of  enquiry  by  the  miners  of 
Cornwall.  It  was  probably  first  fouod  on  the  aur. 
face  of  the  ground  ;  almost  all  the  low  grounds  in 
Cornwall  bear  the  marks  of  having  been  itrramed. 
The  Romans  probably  interested  themselves  in  the 
working  of  the  mines ;  indeed,  one  principal  induce. 
ment  to  that  people's  turning  their  attention  to  this 
island  seems  to  have  been  the  metals  that  were 
reputed  to  be  found  here.  Tlie  Saxons  neglected 
tiiese  hidden  treasures,  but  the  Normans  worked 
them  to  great  advantage.  From  that  time  to  the 
end  of  the  reign  of  John,  the  mines  were  not  profit- 
able, and  mostly  in  the  hands  of  the  Jews,  They  re- 
vived in  the  time  of  Richard;  but  in  the  reign  of 
Edward  11.  the  Jews  were  banished  the  kingdom, 
neglected.     Edmund,  the  eldest 


son  of  the  king,  and  Earl  of  Cornwall,  however,  made 
some  important  alterations  in  the  regulations  of  the 
tin  works,  by  a  charter,  which  was  confirmed  by 
Edward  1.,  in  the  latter  part  of  his  reign.  Indeed,  it 
is  from  this  time  that  the  peculiar  laws  and  privile^s 
relating  to  the  Stannaries  are  to  be  dated.  Mining 
infringed  in  some  instances  upon  property,  and  caused 
disputes,  besides  requiting  indulgences,  not  general ) 
and  thus  cases  arose,  not  cognizable  by  the  common 
law.  In  this  way  a  peculiar  code,  springing  from  cus- 
tom, took  Its  rise ;  and,  though  it  in  some  measure 
Misted  before,  yet  it  was  not  till  this  period  diat  h 


was  confirmed  by  royal  charter,  and  enforced  by 
subsequent  acts  of  Parliament.  It  was  by  titia  chaitn 
that  the  bounding  of  land  for  Uie  purpose  of  tinatn 
working  on  it,  the  duties  to  the  earl  of  Cornwall, 
and  the  coinages  of  tin,  or  stamping  with  the  eart's 
seal,  were  established.  Before  the  reign  of  Ed- 
ward I.  tinmers  worked  on  the  earl's  land  ootr, 
paying  him  a  fifteenth  part  of  what  they  obtained; 
they  were  not  permitted  to  dig  in  sanctnaiy  groond, 
churches,  mills,  houses,  gardens,  and  m  on;  ai^ 
if,  in  working  under,  they  chanced  to  '*T"'p 
any  house  or  highway,  they  were  obliged  to  make  it 
good.  When  it  became  an  object  to  search  thron^MMt 
any  place  or  person's  land,  a  court  also  to  determine 
cases  belonging  to  the  tin  works  was  necesaary ;  and 
this,  adjudging  under  the  authority  of,  and  acccrdiag 
to  the  code  of  laws  before  mentioned,  was  first  estab- 
lished bv  Edward,  and  is  called  Oie  "  Stamaary 
Court." 

The  ores  are  found  in  veins,  or,  as  they  are  prorin- 
cially  called,  ImUs;  the  most  important  at  which 
generally  run  in  an  east  and  west  direction.  Tkse 
lodes  vary  considerably  in  breadth;  the  average  raay 
be  taken  at  from  one  foot  to  four  feet :  for  in  some 
eases  they  are  only  a  barley-corn  m  width,  while  m 
Nangilea  mine  the  lode  is  in  some  places  thirty  feet 
wide,  and  in  Relistion  mbe  it  is  even  tlurty-sii 
feet  wide.  The  width  of  a  lode  is  by  no  meaiu  lega- 
lar;  for  it  will  vaiy  from  six  inches  to  two  feet  in  Ike 
space  of  a  few  fathoms. 

The  deepest  mine  in  this  country  now  at  work  is 
Dolcoath,  so  named  from  an  old  woman,  Detntty 
Koath,  who  lived  on  the  spot  when  tlie  workiDg  M 
the  mine  conunenced.  The  appearance  of  die  shaft  «f 
&e  Dolcoath  mine,  with  the  connecting  macf  ' 
well  given  in  the  accompanying  engraving. 


The  mines  of  that  neighbourhood  alone  gm  evptoy- 
aent  to  more  than  3000  men.  The  east  aut  west  tote 
i:e  cut  by  others,  called  ere*)  eoxnn,  vihiA  rva  MOtk 
and  south,  and  not  only  canae  an  interruption  to  lbs 
lodes,  bat  alter  their  position,  so  that  the  mincniaMt 
search,  generally  to  the  right  hand,  to  Gad  tbea  agaiB  i 
it  is  very  rare  tliat  left-handed  heavM  occor.  Tboe 
heaves  occasion  muoh  trouble  to  the  minere  ;  in  Hvl 
Pever  it  took  a  seaMh  of  forty  years  to  recovor  Ike 
lode. 

When  adventurers  detennine  to  work  a  miiw,  aid 
have  ^;reed  with  the  proprietor  of  the  soil  leapecting 
his  share,  or  dith,  three  poiota  are  to  be  considered : 
1.  The  discharge  of  the  water  that  may  be  met  wiO- 
3.  The  remov^  of  the  (faub,  that  ia,  the  bamn  nMk 
and  rubbish.  3.  The  raising  of  die  ore.  The  fiitf 
object,  therefore,  is  to  cut  an  adit,  or  nndergiovi^ 
passage,  about  six  feet  hi^  and  two  feat  and  a  half 
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wide,  from  the  bottom  of  some  neighbouring  valley, 
up  to  the  vein.  This  is  a  considerable  expense ;  but 
stLll,  in  the  end,  it  is  the  most  economiod  mode  of 
getting  rid  of  the  water,  which  must  otherwise  be 
raised  by  pumping,  an  operation  which  must  still  be 
resorted  to  in  regard  to  that  part  of  the  mine 
which  is  below  the  upper  part  of  the  adit.  Some 
of  these  adits  are  of  great  length ;  the  one  into  which 
the  steam-engine  of  Chacewater  mine  pumps  its 
water  is  not  less  than  twenty-four  miles  long:  it  is 
the  deepest  adit  in  Cornwall,  and  flows  into  one  of 
the  creeks  of  Falmouth  Haven. 

As  soon  as  the  vtitical  opening  or  shaft  is  sunk 
some  depth,  a  whim  is  erected,  to  bring  up  the  deaids 
and  ore  in  baskets,  called  kibbids,  one  of  which  goes 
down  empty  while  another  comes  up  iuU.  The  whims 
are  turned  by  horses,  steam,  or  other  power.  As  the 
lode  never  runs  down  perpendicularly,  it  is  necessary 
to  cut  galleries,  called  levels,  generally  about  two  feet 
wide  and  six  feet  high,  in  a  horizontal  direction. 
Other  shafts  are  also  sunk,  which  traverse  the  se- 
veral levels ;  or  a  special  communication  is  made  be- 
tween only  two  galleries  by  a  particular  shaft  called 
wins.  When  several  levels  run  parallel  to  each  other 
through  the  rock,  or  country,  as  it  b  called,  they  are 
made  to  communicate  by  other  levels,  called  cross 
cuts. 

For  keeping  the  galleries  from  being  inundated, 
each  mine  is  furnished  with  a  chain  of  pumps,  de- 
scendmg  from  the  adit  level  to  the  bottom  of  the  mine, 
or  9ump,  as  it  is  called :  all  these  pomps  are  worked 
by  a  single  pump-rod,  moved  by  steam-engines, 
whose  aggregate  power  is  firequer^  equivalent  to 
the  labour  of  more  than  1000  men.  The  water 
it  raised  by  these  pumps,  each  of  which  receives 
the  water  brought  up  by  the  one  immediately  below 
it,  until  it  reaches  the  adit,  through  which  it  flows 
by  a  gentle  descent  to  the  surface. 

The  subterranean  excavations  are  effected  by  break- 
ing down  the  looser  parts  with  a  pick-axe,  or  by  blast- 
ing the  more  solid  parts  by  gunpowder.  No  less 
than  30,0002.  Worth  of  this  article  is  annually  con- 
snmed  in  the  mines  of  this  country.  (See  Iron,  and 
the  other  metals  in  their  alphabetical  order.) 

Mineral  Waters.  Fluids  generally  take  up  a 
vast  variety  of  ingredients,  many  of  which  are  of 
great  value  in  a  medicinal  point  of  view.  Our  own 
country  has  many  mineral  springs  in  which  medi- 
cinal properties  are  found  to  reside :  and,  if  this  vast 
natural  laboratory  beneath  the  earth's  surface  were 
better  known,  there  is  no  doubt  but  what  it  would 
be  more  generally  resorted  to.  We  purpose,  in  the 
first  instance,  giving  a  list  of  these  springs,  and  then 
showing  the  mode  of  analysing  their  contents. 

The  following  is  an  alphabetical  table  of  the  most 
celebrated  medicinal  waters  in  Europe,  showing  their 
pecniiar  medicinal  properties. 

AkNM*  qf  Springi.    Flaee$  in  wUek        MedMul  FMue», 

tkejf  are  found. 
N«arSt  OemiAinfl,  Dloretie  ind  porgatiTe. 

France 
Middlewx 
Tyroae^  Ireland 


Abodnxft 

Aoton 
Ai^mloo 


Alx-la-Chapeile     Jniiflta,  Oeraiaay 


Alfeffd*  or  Awfbid  SomenetilUn 


Btrongiy  pnrgatlTe. 

AlterauVe.  Useful  in  scro- 
fulous and  cutaneous 
diseases. 

DiaphoretiCjpurgatiTe,  k 
dioretio.  Usedasbstbs, 
as  wdl  as  taken  inter- 
nallv.  Useful  In  rheu- 
mansms,  ft  all  diseases 
proceeding  from  a  debi- 
lity of  the  system. 

Strongly  porgatire. 


A'anw*  of  Sf*ingt, 
Arbroath 


Flaeei  m  whid^ 
tkeffore 
Coimr 
Scoi 


y  are/Bmnd. 
iCy  of  Foi£ur, 
ooand 


Medicinal  rirtmt. 


Askeron 
Antrim 

Baden 


Bagnigge  ynA\t 
Ban,  orBaudweU 

Balanic 
BaUynahineh 

Bagnien 
Bareges 


Bamet,  and  North' 

han 
Bath 


Diuretic.    Used  in  tndx«> 

gestions»  ncrroui  4ii» 

orders,  &c. 
Yorkshire  Diuretic. 

Ireland  Similar  to  Borrowdato  wa* 

ter,  but  weaker 
Snabiia,  Germany  SeextfaJt-to-CkoM^, which 

it  iMemblea  m  meidiciui 

properties. 


Middlesex 
Lincolnshire 


LaagoedocPrance 
Down,  Ireland 

Biggore,  France 

Mggore,  France 

Hertfordshire 
Somersetshire 


Bandola 
Beuhdi 


Italy 
Surrey 


Borrowdale 
Brentwood 
Bristol 

Bromley 

Bronghton 
Buxton 


Cumberiand 
Essex 

Somersetshire 

Kent 

Yorkshire 
Derbyshire 


Caroline  baths        BohenU 


Cariton 

Carrickfergus 

Carrickmore 

Cashmore 

CMtle-Leod 


Castlemain 
Cawley 
Caw  thorp 
Chadlington 
Chaude  Fontaine 


Cheltenham 


Chippenham 

Cleres 

Clifton 


Cobham 
Colchester 
Coroner,  or  Cum' 
ner 

Coolauran 

Corttorphin 


Nottinghamshire 

Antrim,  Ireland 
Catran,  Ireland 
l¥aterford,Ireland 

Roes-shire,  Scot- 
land 

Kerry,  Ireland 
Derbyshire 
Lincolnshire 
Oxfordshiie 
li^e,  Germany 


Gloucestershire 


Wnuhire 
Oermany 
Oxfordshire 


Surrey 
Essex 

Berkshire 


Strongly  pnrfative. 

Astringent.  Drank  to  the 
quantity  of  two  ptota^ 
or  two  and  a  half. 

Drank  as  a  puivatiTe,  and 
used  for  hot-oaths. 

Useful  in  scorbutic  dis* 
Orders,  and  diseases  of 
indigestion. 

The  waters  used  for  baths, 
like  those  of  Ajx-la- 
Chapelle.  Some  of  the 
■pr^ffs  are  pmrnliTC^ 
and  others  diuretic. 

Diuretic  and  diaphoretic. 
Useful  in  nervous  and 
entaneous  disorders. 

PuigatiTe. 

Highly  nseftil  in  cases  of 
gooi  rheumatism,  indi* 
gestion,  palsy,  and  bill* 
ary  obstructions.  The 
temperature  Tacies  from 
9y»  to  il7«  Fah. 

Gently  laxative,  diuretic, 
and  diaphoretic. 

Highly  purgative.  This 
has  now  become  a  place 
of  .Cishionable  resort, 
and  the  botanical  lee* 
tures  delivered  by  Dr. 
Dickson  in  the  grounds 
were  well  attended 
daring  the    last  seasoo 

^(1883). 

Emetic  and  Cathartio. 

Purgative. 

Used  as  a  bath.  Useful 
in  consumptions. 

Diuretio  ana  corrobora* 
tfve. 

Similar  to  Harrowgate. 

Use  All  in  gout  and  rfaea* 
matism.  UsedaslMdhs, 
and  drank  to  the  quan- 
tity of  five  or  six  pints 
per  day. 

Pureative,  and  used  as 
baths.  Of  service  in  dis- 
orders of  the  stomach 
&  bowels,  scrofula,  &c. 

Dhiretic  and  corro))oni- 
tive. 

Weakly  purgative. 

Pnrgative  and  diuretic. 

Purgative,  dinretie,  and 
sometimes  emetic. 

Diuretio  and  diaphoretic. 
Useful  in  cutaneous 
diseases. 

Diuretic. 

Genfly  purgative. 

Purgative. 

Purgative. 

Resembles  those  of  Aix- 
la-Chapdle  and  Bux- 
ton. 

Pntgative  and  corrobo- 
rant Is  useful  in  cases 
of  Indkrestion  and  aeor- 
bntic  msorden ;  also  in 
tiiegraveL 

Diuretic. 

Dhnetic. 

Gently  laxative,  and  used 
as  a  bath  for  cutaneous 
disorders* 

Purgative  and  dinretie. 

Strongly  purgative. 

Purgative,  in  the  quanti^ 
of  one,  two,  or  three 
quarts. 

Diuretic. 


Fermanagh,  Ire- 
land 

|fid-LothiaD,Soo(>  Diuittic  and  laaftifa. 
bmd 

3F2 


82S 

Namm  <tf  Sptingt. 

Coventry 
Criokle-Spa 

Croft 
CroM-town 

Conley-hoaie 
D'AixPuFoU 


Deddington 
Devybnich 

Dorrindair 

Berrylester 

I>rig*well 

Dropping-wen 

DrumM-nare 


Drnngoon 

Dabttn  salt 

•pringt 
DiUwieb 
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Dtmnard 
Danse 

Burhm 


Bpaom 
Vmirbom 

FelstMd 
FUah 

Frankfort 

Oainaborougfa 

Oalway 

(Mennlle 

Olaatonbiirj 

Olendy 

Oranihaw 

Hai^ 

Hainpatead 

Hanbridge 

Hanlyt 

Harrowgate 


HartfeU 

Hartlepool 

Holt 

Joaeph't-weU 


Ilinington 
Inglewhite 


Kantork 
Kedleaton 

KUbrew 
Kilbura 
Killaaber 

KUUngihanTally 

Kilroot 

Kinalton 

Kincardine 

KingaeUir 

Kirby 

Knareaborongb 

Knowaley 

Koka 

LathflTi? 
Uandrindod 

Uangybi 

Leamington 

Lees 

Linoonb 


Ptaetiin  vkick 
tieff  artfomnd, 

Warwickahiie 

Laneaabire 

Torkabire 
Waterfordtlreland 

Laneaabire 
Tboolooae,  France 


Oxford 

Fennanagb,  Ire- 
land^ 
Caran*  Ireland 
Caran.  Ireland 
Cumberland 
Yorkabire 
Leitrim,  Ireland 


Fermanagb,  Ire- 
land 
Ireland 

Kent 


Near  Dublin 
Berwickabire, 

Scotland 
Dorbam 

Bobemia 
Surrey 

Roaa-abire,  Scot- 
land 
Eaaez 
Yorkabire 

Germany 

Lincolnablre 

Ireland 

Ireland 

Someraetibiro 

Mema  coujn^* 

Scotland 
Down.  Ireland 
Laneaabire 
Middkaex 
Laneaabire 
Sbropabire 
Yorkabire 


Annandale,  .Scot* 

land 
Durham 
l¥iltshire 
Stock  Common, 

near  Cobbam, 

Surrey 
Warwickablie 
Laneaabire 


Cork,  Ireland 
Derbyabire 

Meatb,  Ireland 
Near  London 
Fermanagb,   Ire- 
land 
Fermanagb,   Ire- 
land^ 
Antrim,  Ireland 
Nottingbamabire 
Mema.  Scotland 
Nortbamptonabire 
Weatmordand 

See  Drommig-iMtt 

Laneaabire 

Bobema 

Laneaabire 
Radnor,    Sooth 

Walea 
Caemanronahire, 

Nortb  Wales 
Warwiokabire 
Eaaex 
SomerstWiire 


Mediehuil  Firhm. 

PnrgatlTe  and  diurMc. 
PuraatiTe,  and  reaembling 

Harrowgate  water. 
PurgatiTe. 
Diuretic,  pargatire,  and 

aometimea  emetic. 
Purgative  and  diuretic 
Uaed  aa  a  bath,  and  alao 

drank  like  the  Aix-la- 

Cbapelle  watera. 
Alterative  and  jpurgative. 
Diuretic  and  diaphoretic. 

Diuretic. 


Astringent, 

PowermllT  dluietie  and 
anthelmintic,  and  of  oae 
in  cutaneous  and  aero- 
fttlous  disordera. 


PuigaliTe. 

Purgative  and  diuretic 
Uaeliil  in  nervoua  caaee 
and  diseaaes  jproceed* 
ing  fhmi  debiluy. 

Diuretic 

Strongly  chalybeate. 

Similar  to  the  Harrow- 
gate  water. 

Purgative. 

Alterative,  and  useful  fai 
cutaneous  diseaaes. 

FOwerfbUy  diuretic  and 

purgative. 
Similar  to  Harrowgate. 
Diuretic  and  laxative. 


Emetic  and  cathartic. 

Alterative  and  diuretic 

Purgative. 

Puigative. 

Alterative  and  purgative. 
Uaeful  in  acurvy,  acro- 
f  ula,  and  cutaaeoua  db- 
eases. 

Aatringent 

Diuretic  and  laxative 
Mildly  purgative. 
Alterative^  purgative^  and 
diuretic 

Diuretic  and  laxative. 

Alterative.  Uaeful  In  scor- 
butic and  cutaneoua 
diieases. 

Similar  to  Harrowgate; 

but  intolerably  fetid. 
Emetic  and  cathartic. 
Purintive* 
Similar  to  Swadlingbar 

water. 
Diuretic 


Purgative. 


Laxative,  and  useful  in 
correcting  acidiUet. 

Operates   by    Insfnsibte 
.  perspiration. 

Uaeful  in  the  acurvy,  and 
cutaneoua  diaordera. 

Useful  in  disorders  of  the 
eyes,  scrofula,  ftc. 

Braetie  and  cathartio. 


Namt$  (^  Sjprtngt, 

liabeak 

Lis-done-Vuma 

BCahereberg 

MaUow 
Malton 


Malvern 

Markaball 

Matk>ck 

Mandsley 

Mecban 

Miner's  Spa 
Moflkt 

Mosa-bouse 

Moreton 

Montd'Or 

Nevel  Holt 


Pioeet  CM  wkkk 
tkeffortfonmd, 

Fermanagn,  Ire- 
land 

Cbue,  Ireland 

Kerry,  Ireland 

Cork,  Ireland 
Yorkabiie 

(Soneeatenhire 


JfedfeteolFi 


Similu'  to 

water. 
Emetic, 

diuretie. 
Similar    to 

water. 
Uaeftalin 
Similar    to 

water. 
Diuretie 


Derbyshire 

Laneaabire 

Fennanagh,  Ire- 
land^ 

Lancashire 

Annandale,  Soot- 
land 

Laneaabire 

Shropshire 

France 

Leicestershire 


Purgative 


NewCartmall 
Newnham  Regis 
Newtondale 
Newton-Steward 
Nexdenice 

Nobber 
Normanby 

Nottington 

Orston 

Oulton 

Owen  Brran 

Passy 

Pettigoe 

Pitkeaaily 

Pontgibaolt 

Pouguea 

Pyrmont 


Queen  Camel 

Richmond 

Ripppn 

Road 


Lancashire 
'Warwif^abire 
Yorkshire 
Tyrone,  Ireland 
Germany 

Meath.  Ireland 
Yorkshire 

Dorsetshire 

Nottingham 
Norlblk 
Cavan,  Ireland 
NearParia 
Donnegal,  Ireland 
Perthahire,  Scot- 
land 
Auvergne,  France 
mvemoia,  France 
Westphalia,  Ger- 
many 


Somenetabire 

Surrey 

Yoikabire 

WUtabire 


Diuretic  and 

purgative. 
Stion^y  pmgattvie. 

Diuretic  porgativ^  sad 
di^hovetle. 

Purgative,  diuselie,  aal 
diaphoretie.  —  Fowar- 
fuUy  antiseptie  in  ■». 
triddkeesceTnidcBS- 
lent  in  ilisiilima,  dy- 
aenteriea,  fte. 

Purgative. 

Astiingttrt. 

Diuretic  dia¥lM)ireCie.sai 

tonic 
Similar  to  Hartfefl. 
Similar  to 

ter. 
Uaeful  in 

eases. 
Purgative. 

Diuretic 

Diuretie. 
Gently  purgative. 

Diuretie  and  laxsAve. 
Diuretic  and  laxaitive. 
Diuretic  diapboieCicad 

laxative. 

ed  in  OMca 

constittttkMi  ia 
Uaed  in 


St.  Bernard's  well  Near  Edinburgh 


St  Erasmus's  wen  Staffordshire 


Scarborough 

Sedlits 

Seltier 


Sene,  or  Send 

Seydachuts 

Shapmoor 

Sbettlewood 

Shipton 

Somersham 

Spa 

Stanger 

Sucbalosa 

Sutton  Bog 

Swadlingbar 

Sydenham 

Tarleton 

Tewksbury 

Thetfbrd 

Thursk 

Tibsbelf 

TUbury 

ToberEony 

Tonstefai 

Tnlee 


Yorkshire 

Bobemia 

Germany 


Wiltshire 

Germany 

Westmoreland 

Deibysbire 

Yorkshire 

Huntingdonshire 

Liege,  Germany 

Cumberland 

Hungary 

Oxfordshire 

Cavan,  Irdand 

Kent 

Lancashire 

Gloucestershiie 

Norlblk 

Yorkshire 

Derbyshire 


DianboreCie. 

Useral  in  seief nbapewj^ 

and 

ders. 
A  verr  vakutbte 

mucin  uaed  in  •< 

diseaaes.  It  ia  dfuretfc 

and  purgative. 
fjhrnii^T    to    Boaiowdais 

water. 
Diuretic  and  putgativew 
Strongly  pomtivc. 
Diuretic    UmM  in  fhi 


Near  Dublin,  lie- 
land 
Cologne,  Germany 

Kerry,  Ireland 


gravel, 

acurvy,  tcrofula,  Ise. 

DJuretic. 

Purgative. 

Similar  to  Harrowgale. 

Corroborant  Ik  alfemtive. 

IMuretie  and  purgative. 

Emetic  and  rthaitic. 

Diuretic  and  tonic 

Alterative  and; 

Alterative 

letic 
Purgative. 

Diuretie  and  pv^sfiwe. 
Stronaly  purntivcw 
Purgative  aoia  dime 
Diuretic  and  pi 
Similar  to  Spe 
Diuretic  and  diaphonttc 
Similar  to  Tibory. 


Stanilar  to 
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Nmm  qf  Slpringt.     Placet  mwkieh  MedM^Firimt.     I  decomposed  by  the  addition  of  filming  nitrous  acid, 

TmbrUlge  K^  are/amd,    ^  ^^^pent  chUybeate.  |  or,  according  to  Kirwan's  meAod,  a  quantity  of  the 


UpmiiMlier 
Wndww 


Daaphiny, 

France 
Northmnbeiland 


Qsefbl  in  aUdiseiifles  for 
whioh  the  Spa  it  reoom- 
mended. 
PargaUre  and  dinieUc 
Binretio  and  laxative. 


'Weatherttack 
Whiteacre 
l^igglet  worth 
'Wirdiinga& 

l¥itham 
^irksworfh 

2ahoioyiee 


Westmoreland 
LancaBbire 
Yorkshire 
Waldeok. 
Germany 


Derbyihire 
Germany 


Similar  to    Hairowgate 

water. 
Pumtive. 
Astringent. 
Emetic. 
Useful  in  Bcorbutio  and 

gouty  diseases. 
Duiretlc  andalteratiTe. 
Usefol  in  scrofulous  and 

cutaneous  diseases. 
Mnch  esteemed  in  scro- 
fulouB  cases. 
The  first  step  in  the  tmalifna  of  a  mineral  water  is 
to  ascertain  the  gaseous    substances  it  contains,  as 
these  frequently  contribute  to  hold  the  solid  sub- 
stances dissolved. 

Carbonic  acid  uncombined,  or  in  excess,  may  be 
discovered  by  the  pungent  acidulous  taste  of  the 
"Water,  and  its  sparkling  appearance  when  poured 
into  a  glass.  Waters  impregnated  with  it  become 
Tapid  from  exposure  to  the  air,  or  to  a  moderate  heat, 
Irom  the  escape  of  the  gas. 

The  chemical  tests  to  discover  it  are  infusion  of 
litmus  and  lime-water,  the  former  receiving  from  the 
mineral  water  an  evanescent  redness,  the  latter 
producing  a  miikiness  or  precipitation,  which  dis- 
appears when  an  excess  of  the  mineral  water  is 
added,  the  carbonic  acid  rendering  soluble  the  car- 
bonate of  lime,  to  which  the  turbid  appearance  is 
owing.  The  transparency  is  equally  restored  by 
dropping  into  the  liquid  a  little  muriatic  or  nitric 
acid,  ny  the  evanescent  redness  given  to  litmus, 
carbonic  acid  is  distinguished  from  any  other  free 
acid  that  mi^t  be  present ;  and,  by  the  transparency 
being  restoml  by  these  re- agents,  the  fallacy  that 
might  arise  from  the  precipitation  of  the  lime  by  any 
sulphate  in  the  water  is  guarded  against.  The 
quantity  may  be  ascertained  by  exposing  the  water 
to  heat  in  a  retort,,  collecting  the  gas  disengaged  in  a 
jar  over  mercury,  and  introducing  a  solution  of 
potash,  by  which  the  carbonic  gas  is  absorbed. 

Sulphurous  acid  gas  is  very  seldom  to  be  looked 
for ;  when  present,  it  is  discovered  by  its  smell,  by 
giving  a  permanent  red  colons  to- a  solution  of  litmus, 
and  by  rendering  colourless  an  infusion  of  roses. 
Its  quantity  b  estimated  by  expelling  it ;  exposing 
the  gas  to  a  solution  of  potash,  and  obtaining  the 
sulphite  of  potash ;  oe  by  adding  to  it  sulphuretted 
bydrogen  gas  as  long  as  any  diminution  of  volume 
IB  produced,  these  two  gases,,  by  their  mutual  action, 
being  converted  into  water  and  sulphuric  acid,^  and 
being  therefore  entirely  condensed* 

Nitrogen  gas  is  discovered  by  remaining  unab- 
sorbed  when  the  elastic  fluid,  expelled  from,  a  mineral 
-water  by  heat^  has  been  exposed  to  a  solution  of 
potash. 

Sulphuretted  hydrogen  exbting  in  a  water  is  dis- 
covered by  its  smell,  by  the  deposition  of  sulphur 
from  it  on  exposure  to  the  air,  or,  on  the  addition  of 
nitrous  acid,  by  blackening  silver  or  mercury  im- 
mersed in  it,  and  affording  adaik-coloured  precipitate 
with  acetate  of  lead.  The  quantity  has  been  estimated 
by  expelling  it  from  the  water  by  heat,  but  the  whole 
of  it  cannot  thus  be  expelled ;  nor  can  it  easily  be 
collected  to  be  measured  with  accuracy,  as  it  is  ab- 
sorbed by  water,  and  acts  on  quicksilver.     It  may  be 


water,  so  as  to  combine  with  the  oxygen  of  the 
atmosphere ;  nitrous  acid  is  formed,  and  this,  being 
absorbed  by  the  water,  decomposes  the  sulphuretted 
hydrogen ; '  the  quantity  may  be  inferred  from  the 
quantity  of  sulphur  precipitated,  and  collected 
on  a  filter,  thiity-four  grains  of  sulphur  being 
held  equivalent  to  100  cubic  inches  of  sulphuretted 
hydrogen  gas.  When  sulphuretted  hydrogen  and 
carbonic  acid  gases  exist  together  in  mineral  water, 
the  elastic  fiuid  obtained  fVom  the  water  by  heat  is 
exposed  in  a  tube  to  nitrous  acid,  by  which  the  sul- 
phuretted hydrogen  is  immediately  absorbed  and 
decomposed. 

After  the  gaseous  substances  in  mineral  waters 
have  been  ascertained,  the  solid  contents  are  to  be 
examined. 

The  mineral  acids,  when  combined  with  any  base, 
or  in  excess,  are  discovered  by  the  water  giving  a 
permanent  red  colour  to  vegetable  infusions ;  but  in 
this  state  they  are  very  rarely  present. 

The  neutral  and  earthy  salts  are  the  chief  ingre- 
dients of  mineral  water.  We  have  to  ascertain  the 
acids  they  contain,  and  the  bases  with  which  these 
are  united;  and  for  this  purpose  it  is  in  general 
necessary  to  reduce  the  volume  of  the  water  by 
evaporation,  to  render  more  sensible  the  operation  of 
the  re-agents  by  which  they  are  detected ;  only  taking 
care,  when  the  evaporation  is  executed  with  this 
view,  not  to  carry  it  so  far  as  to  give  rise  to  the 
separation  of  any  of  the  solid  ingredients. 

Sulphuric  acid,  in  combination  with  the  alkalies 
or  earths,  is  detected  by  muriate  of  barytes,  acetate 
of  lead,  and  nitrate  of  mercury,  all  of  these  causing 
an  immediate  precipitation.  The  first  is  at  once  the 
most  delicate  and  most  accurate,  and  the  others  there- 
fore may  be  regarded  as  superfluous.  Its  delicacy  is 
such  that  it  discovers  the  most  minute  quantity  of  sul- 
phuric acid.  The  only  fallacy  to  which  it  is  liable  is 
that  of  affording  a  precipitate  from  the  presence  of 
an  alkaline  or  earthy  carbonate ;  this  is  obviated  by 
adding,  previously  to  the  water,  a  small  (quantity  of 
pure  nitric  or  muriatic  acid;  or  by  the  turbid  appear- 
ance, after  it  has  been  produced,  disappearing,  if  it 
has  arisen  from  this,  on  the  addition  of  a  few  drops 
of  either  of  these  acids. 

Muriatic  acid  is  detected  by  nitrate  of  silver,  the 
muriate  of  silver  which  is  formed  being,  from  its  in- 
solubility, instantly  precipitated,  and  giving  rise  to  a 
bluish  turbid  appearance.  The  delicacy  of  this  as 
a  re-agent  b  great,  the  most  minute  quantity  of 
muriatic  acid  in  any  state  of  combination  being 
detected^  It  is  liable  to  fallacy,  however,  from  a 
precipitate  being  likewise  produced  by  it  from  the 
presence  either  of  any  carbonate  or  any  sulphate, 
llie  operation  of  the  former  is  obviated  by  the  previous 
addition  of  a  few  drops  of  pure  nitric  acid,  which 
decompose  the  carbonate  and  expel  the  carbonic 
acid ;  to  avoid  the  latter  it  b  necessary  to  decompose 
any  sulphate  by  the  addition  of  nitrate  of  barytes. 

Carbonic  acid,  in  combination  with  the  alkalies  or 
earths,  may  be  discovered  by  the  effervescence  pro- 
duced by  Uie  addition  of  sulphuric  acid  when  con- 
centration has  been  produced  by  evaporation,  and  by 
muriate  of  barytes  forming  a  precipitate  soluble  with 
effervescence  in  nitric  or  muriatic  acid.  The  alkaline 
carbonates  are  dbtinguished  by  their  power  of 
changing   the  vegetable   colours;    the  earthy  and 
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metallic  ctrbonates,  by  being  precipitated  when  the 
water  is  partly  evaporated. 

These  are  the  acids  usually  met  with  in  mineral 
waters ;  l^y  are  commonly  combined  with  the  fixed 
alkalies,  lime,  magnesia,  or  alumina,  or  with  oxide 
of  iron.  ' 

Lime  is  immediaiely  precipitated  by  oxalic  acid. 
Some  of  the  mineral  acids,  however,  eitiier  decompose 
this  acid,  or  hold  dissolved  the  precipitate  it  forms 
with  the  lime,  and  hence,  if  disengaged  by  the  de- 
composition, they  might  have  this  effect.  Tlus  fidiacy 
is  guarded  against  by  using,  not  the  pure  acid,  but 
oxalate  of  potash  or  ammonia^  the  alkali  neutralizing 
the  acid  disengaged  ftom  the  lime.  Oxalic  acid  pro- 
duces a  precipitate  likewise  with  magnesia,  but  tiiis 
takes  place  very  slowly,  even  when  the  magnesian  salt 
is  in  large  quantity,  while  with  lime  it  is  immediate. 
Sulphuric  acid  is  also  a  test  to  discover  lime,  but  it  is 
one  of  much  less  delicacy. 

Ammonia  and  lime-water  are  the  tests  of  magnesia; 
the  former  precipitating  it  partially,  the  latter  entirely. 
In  order  that  the  lime  may  be  an  accurate  test,  it  is 
necessary  to  remove  any  carbonic  acid  which  may 
exist  in  the  water,  by  previously  adding  nitric  acid ; 
and  any  sulphuric  acid,  by  muriate  of  barytes. 
Another  source  of  fallacy  more  important  arises  from 
alumina  being  precipitated  by  the  re-agents  as  well 
as  magnesia.  The  nature  of  the  precipitate  may  be 
discovered  by  dissolving  it  in  nitric  or  muriatic  add, 
and  again  precipitating  the  solution  by  carbonate  of 
potash.  If  this  dried  precipitate  be  subjected  to  the 
action  of  diluted  sulphuric  or  muriatic  acid  it  will  be 
immediately  dissolved  if  the  earth  be  magnesia;  while, 
if  it  be  alumina,  it  will  dissolve  slowly ;  or  the  pre- 
cipitate may  be  boiled  in  a  solution  of  potash ;  if  it 
be  alumina  it  will  be  dissolved,  while  magnesia  will  re- 
main undissolved.  Succinate  of  ammonia  too  precipi- 
tates alumina,  but  not  magnesia.  But  the  best  mode  of 
discovering  magnesia  is  by  the  formation  of  its  triple 
phosphate  with  ammonia.  This  may  be  effected 
by  the  method  of  Dr.  WoUaston,  by  adding  car- 
bonate of  ammonia  to  a  solution  containing  any  mag- 
nesian salt;  no  effect  appears,  but  on  adding  phosphi^ 
of  soda  precipitation  takes  place ;  or  the  same  result 
may  at  once  be  obtained  by  adding  sub-phosphate  of 
ammonia. 

The  alkalies,  when  in  a  state  of  combination,  can- 
not be  discovered  by  any  striking  tests,  but  their 
presence  is  inferred  when  acids  are  discovered  in  a 
mineral  water  which  are  not  free,  and  which,  at  tfie 
same  time,  from  the  application  of  tests,  do  not  ap- 
pear to  be  combined  with  earthy  or  metallic  bases. 

Soda  is  the  alkali  generally  present.  The  peculiar 
salts  which  it  and  potash  form  with  the  different 
acids  serve  to  distinguish  them.  With  oxalic  acid, 
soda  forms  a  salt  sparingly  soluble ;  while  potash 
forms,  with  the  same  acid,  a  salt  easily  dissolved. 
With  tartaric  acid,  on  the  contrary,  soda  forms  a  so- 
luble salt ;  while  with  potash  an  acidulous  tartrate  is 
formed,  of  comparatively  sparing  solubility.  Muriate 
of  platina  affoids  a  test  still  more  delicate,  giving  a 
precipitate  with  the  salts  of  potash,  but  not  with 
those  of  soda. 

Silicious  earth  is  contamed  in  some  waters,  not 
combined,  however,  with  any  acid.  A  portion  of 
alkali,  likewise,  generally  exists  in  such  water ;  but 
this  is  either  in  &e  state  of  a  carbonate,  or  in  such 
small  quantity  that  it  can  scarcely  be  considered  as 
the  solvent  of  the  silex.    This  earth  may  be  dis- 


cotered  by  evaporating  the  water,  and  adding  nitrir 
or  muriatic  acid  to  the  solid  residuum ;  the  silex  vfl 
remain  undissolved  ;  and  its  nature  may  be  still  more 
clearly  proved  by  fusing  it  with  the  blow-pipe,  with 
either  of  the  fixed  alkalies. 

Of  ^e  metals  existing  in  mineral  waters,  iron  is 
the  principal ;  any  other,  indeed,  is  of  verj  nrt  oc- 
currence. It  is  combined  sometimes  with  solplmik 
acid,  but  more  generally  with  carbonic  acid. 

Chalybeate  waters,  as  those  impregnated  with  iron 
are  named,  deposit  an  ochrey  sediment,  on  exposure 
to  the  air.  The  iron  is  discovered  by  very  delkilx 
tests,  principally  infusion  of  galls  and  prussiate  of 
potash,  the  former  striking  a  purple  colour,  the  odher 
giving  rise  to  a  blue  precipitate.  Tlie  lafter  is  liable 
to  fkliacy,  principally  jfrom  tiie  iron  whidi  existB  ia 
its  composition,  and  which  is  liable  to  be  evolved  by 
an  acid,  so  as  to  give  rise  to  the  blue  precipitate. 
The  former  is  not  liable  to  this  or  any  other  im- 
portant fallacy,  and  is  much  more  delicate,  a  deep 
colour  being  Struck. when  the  iron  b  present  in  very 
small  proportion.  The  colour  is  liable  to  be  varied 
by  the  action  of  various  salts,  alkaline  and  eaitiiy 
carbonates  rendering  it  violet,  neutral  alkaline  salts 
deepening  the  purple  tint,  and  sulphate  of  lime  ren- 
dering the  precipitate  at  first  whitish  and  afterwank 
black.  Carbonate  of  lime  has  a  singular  effect.  If 
the  iron  is  in  small  quantity,  and  at  a  lugh  state  <tf 
oxidation,  the  colour  does  not  appear;  while,  if  it  b 
in  a  low  state  of  oxidation,  the  purple  tint  is  etvn 
heightened.  By  applying  this  test  before  and  after 
ebullition  of  the  mmeral  water,  we  discover  whe- 
ther die  oxide  of  iron  has  been  dissolved  by  car- 
bonic acid  or  sulphuric  add :  if  the  fortner  has  been 
the  solvent,  being  expelled  during  the  boiling,  the 
oxide  is  precipitated,  so  that  either  Ae  liquor,  after 
filtration,  when  cold,  doel  not  suffer  the  chsoge  of 
colour,  or  the  tint  is  much  less  deep.  The  quantitj 
of  oxide  may  be  in  some  measure  determine  by  its 
precipitation  from  exposure  to  the  air  and  ebullition ; 
or  it  may  be  predpitated  by  succinate  of  soda,  and 
l&e  precipitate,  calcined  at  a  red  heat  with  a  little 
ciirbonaceous  matter,  gives  the  quantity  of  oxide  of 
iron.  Benzoate  of  soda  may  be  substituted  as  mars 
economical. 

Besides  the  method  of  discovering  the  saline  ingre- 
cBents  in  mineral  waters  by  re-agents  whidi  indicate 
their  principles,  ^ey  may,  by  certain  methods,  be 
obtain^  in  their  entire  state,  and  their  quantities 
determined. 

Evaporation  is  employed  wiBi  this  view,  different 
substances  being  obtained  as  the  evaporation  is 
carried  to  a  greater  or  less  eitent.  Thus  the  carbo- 
nates of  time  and  magnesia  are  usually  first  precipi- 
tated, afterwards  sulphate  of  lime  falls  down  :  if  after 
these  precipitations  the  liquor  be  drawn  off  and 
allowed  to  cool,  the  alkaline  neutral  salts  and  the 
sulphate  of  magnesia  will  crystallize,  while  muriate  of 
magnesia  and  muriate  of  lime,  if  present,  will  remain, 
forming  an  uncrystallizable  residue. 

Alccliol  fadiitates  the  analysis  by  a  similar  opera- 
tion. When  added  to  the  water  brought  jto  a  certain 
state  of  concentration,  it  tiirows  down  first  sulphate 
of  lime,  afterwards  carbonate  of  Imie  and  carbonate 
of  magnesia ;  and  if  added  in  larger  quantity,  or  after 
a  renewed  evaporation,  it  either  predpitates  or  causes 
to  crystallize  sulphate  of  magnesia  and  sulphate  of 
soda,  while  any  muriates  remain  dissolved.  Advan- 
tage, too,  is  taken  of  its  solvent  power,  the  solid  sub- 
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•tances  being  obtained  by  evaporation  to  dryness* 
and  their  separation  being  facilitated  by  the  addition 
of  alcohol  in  successive  portions. 

It  is  by  these  methods  of  evaporation  and  precipi- 
tation that  tiie  ingredients  of  mineral  waters  have 
been  determined.  By  the  use  of  re-agents,  their 
principles  are  discovered,  and  even  the  quantity  of 
tiiese  may  be  estimated.  The  quantity,  for  example, 
of  sulphuric  acid  may  be  ascertained  from  the  weight 
of  the  precipitate  formed  by  adding  muriate  of  barytes, 
the  proportion  of  sulphuric  acid  which  a  given  weight 
of  this  brought  to  a  certain  state  of  desiccation  con- 
tains being  known:  the  quantity  of  muriatic  acid 
Biay  be  inferred  from  the  weight  of  the  precipitate 
formed  by  adding  nitrate  of  silver ;  that  of  carbonic 
acid  from  the  weight  of  the  precipitate  formed  by 
water  of  barytes  or  lime;  tnat  of  lime  from  the 
weight  of  the  oxalate  of  lime  precipitated  by  oxalate 
of  potash ;  and,  in  a  similar  manner,  the  weights  of 
other  substances  that  can  be  precipitated  by  re-a^nts 
in  new  states  of  combination  may  be  determined. 
Bnt  it  is  always  from  the  substances  actually  obtained 
that  the.  composition  is  previously  inferred,  these 
being  supposed  to  be  the  ingredients  which  exist  in 
solution.     (See  Watbb,  Analysis  of.) 

Mite;  a  small  coin,  formerly  current,  equal  to 
about  one- third  of  a  farthing ;  it  also  denotes  a  small 
weight  used  by  the  moneyers.     It  is  equal  to  the  I 
20th  part  of  a  grain,  and  divided  into  24  doits. 

MiTBB,  in  architecture,  is  the  workman's  term  for 
an  angle  of  forty-five  degrees,  or  half  a  right  one.  If 
the  angle  be  a  quarter  of  a  right  angle,  they  call  it  a 
ha^^mitre.  To  describe  such  angles,  they  have 
an  instrument  called  the  mitre -square ;  with  this 
they  strike  the  mitre-lines  on  their  quarters  or  bat- 
tens ;  and,  for  despatch,  they  have  a  mitre-box,  as 
they  call  it,  which  is  made  of  two  pieces  of  wood, 
each  about  an  inch  thick,  one  nailea  upright  on  the 
edge  of  the  other ;  the  upper  piece  has  the  mitre- 
lines  struck  upon  it  on  both  sides,  and  a  kerf  to  di- 
rect the  saw  in  cutting  the  mitre-joints  readily,  by 
only  applying  the  piece  into  this  box. 

Mnbmonics,  the  art  of  assisting  the  memory. 
One  species  of  mnemonics,  and  perhaps  the  earliest, 
is  to  attach  the  idea  to  be  remembered  to  some  im- 
pression of  the  senses,  such  as  those  external  objects 
which  are  most  familiar  to  our  eyes.  Some  persons 
make  use  of  a  picture,  arbitrarily  drawn,  to  which 
they  attach  the  subjects  to  be  remembered,  in  a  cer- 
tain order ;  others  make  use  of  numbers.  There  are 
certain  natural  aids  to  the  memory,  which  we  all 
employ  :  for  instance,  if  we  put  a  piece  of  paper  in  a 
conspicuous  part  of  a  room,  or  make  a  knot  in  a 
handkerchief,  in  order  to  be  reminded  of  certain 
things  at  particular  times.  An  orator  who  intends 
to  deliver  a  long  speech  without  notes  may  derive 
assistance  from  previously  entering  the  room  where 
he  is  to  speak,  and  attaching  in  his  mind  to  certain 
prominent  objects  in  the  room  the  chief  heads  of  his 
speech.  To  remember  dates,  several  methods  have 
been  advised.  The  one  proposed  in  Gray's  Memo- 
ria  Tschnica  is  to  make  certain  changes  in  the  names 
of  persons,  places,  &c.,  in  such  a  way  that  the  words 
shall  signify  also  certain  numbers,  according  to  a 
plan  previously  adopted.  A  table  must  be  drawn 
up,  similar  to  the  following : — 

a  e  i  o  u  au  oi  ei  ou  y 
123456  78  90 
h    d    t    f    I      8      p     Jc     n    X 


ilf  we  now  wish  to  impress  in  our  memory  that  Ju- 
^  lius  Caesar  arrived  at  the  supreme  power  46  B.  C, 
we  may  change  the  Julius  into  Julios,  which  will  be 
easily  remembered  whenever  we  think  of  Julius,  and 
08  signifies,  according  to  the  above  plan,  46.  If  we 
wish  to  remember  that  Alexander  the  Great  founded 
his  empire  331  B.  C,  we  change  Alexander  into 
Alexita,  ita  signifying  331  according  to  the  above. 
In  the  same  v^y  Cyrus,  changed  into  Cyruts,  gives 
the  year  of  the  foundation  of  his  great  empire.  This 
method  may  much  facilitate  the  retaining  of  facts  to 
a  certain  extent ;  but  it  would  seem  as  if  the  changes 
themselves  might  become  too  numerous  to  be  easily 
remembered. 

Systems  of  mnemonics  of  a  more  general  character 
have  been  proposed ;  few,  however,  or  none,  have  re- 
mained in  vogue  for  any  length  of  time.  Generally 
speaking,  mnemonics  ought  to  be  individual :  each 
person  should  find  out  that  method  of  assisting  his 
memory  which  is  most  convenient  to  himself ;  and 
this  will  vary,  of  course,  with  his  habitual  associa- 
tions. The  only  true  basis  of  a  philosophic  memory, 
however,  is  just  classification. 

Considerable  aid  to  the  memory  may  be  derived  from 
the  use  of  rhymes,  or  a  rhythmical  arrangement  of 
words.  Before  the  invention  of  writing,  rhythm  was 
employed  to  preserve  the  memory  of  historical  facts. 
The  ancients  were  well  acquainted  with  mnemonics ; 
according  to  some,  the  science  came  from  the  East  to 
the  Greeks ;  others  consider  the  poet  Simonides  as 
the  inventor  of  them  ;  but  such  inventions  cannot  be 
properly  assigned  to  any  particular  individual.  In 
the  time  of  Cicero  it  was  known  among  the  Romans. 
After  Quintilian's  time,  mnemonics  again  declined. 
In  considering  the  use  of  mnemonics  by  the  ancient 
orators,  we  should  remember  that  they  delivered  long 
orations  indeed,  but  had  nothing  like  our  debates,  in 
which  a  member  of  a  deliberative  body  sometimes 
rises,  and  speaks  for  hours  in  succession,  recapitu- 
lating all  which  has  been  said  before  him  on  the 
question,  and  therefore,  to  a  considerable  degree, 
without  premeditation.  Most  of  the  systems  of  mne- 
monics devised  for  the  ancients  would  be  useless  for 
a  parliamentary  orator  of  the  present  day.  In  the 
place  of  the  ancient  mnemonics,  the  schoolmen  used 
the  tabulary  method.  Conrad  de  Celtes,  in  the  fif- 
teenth century,  and  Schenkel,  in  the  sixteenth,  re- 
established the  ancient  system.  In  modem  times, 
several  scholars  have  given  much  attention  to  this 
subject.  The  degree  to  which  the  power  of  memory 
has  been  sometimes  carried  is  almost  incredible. 
Thus  Seneca  states  that,  by  the  mere  effort  of  his 
natural  memory,  he  was  able  to  repeat  2000  words 
upon  once  hearing  them,  each  in  its  order,  though 
they  had  no  dependence  or  connexion  on  each  other. 
He  also  mentions  Cyneas,  ambassador  to  the  Romans 
from  king  Pyrrhus,  who  in  one  day  so  well  learnt 
the  names  of  the  people  whom  he  saw  that  the  next 
day  he  saluted  all  the  senators,  and  all  the  popu- 
lace assembled,  each  by  his  proper  name.  Plmy 
says  that  Cyrus  knew  every  soldier  in  his  army  by 
name,  and  L.  Scipio  all  the  people  of  Rome,  Char- 
mipas,  or  rather  Cameades,  it  is  said,  would  repeat 
the  contents  of  any  volume  found  in  the  libraries,  as 
readily  as  if  he  were  reading.  Dr.  Wallis  tells  us 
that,  without  the  assistance  of  pen  and  ink,  or  any 
thing  equivalent,  he  was  able,  in  the  dark,  by  the 
mere  force  of  memory,  to  perform  arithmetical  oper- 
ations, as  multiplication,  division,  extraction  of  roots 
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&c.,  to  forty  places.  It  is  said  of  Magliabecchi  that 
a  gentleman  having  lent  him  a  manuscript,  which  he 
was  going  to  print,  came  to  him  soon  after  it  was 
returned,  and,  pretending  that  he  had  lost  it,  desired 
him  to  repeat  as  much  of  it  as  he  could  ;  on  which 
Magliabecchi  wrote  down  the  whole,  without  missing 
a  word  or  varying  the  spelling. 

Moat,  or  Ditch,  in  fortificaiiqn ;  a  deep  trench 
^ug  round  a  rampart  of  a  fortified  place.  The  brink 
of  the  moat  next  the  rampart  is  called  the  scarp; 
and  the  opposite  one  the  counier-$carp,  A  dry  moat 
round  a  large  place,  wiHi  a  strong  garrison,  ^  pre- 
ferable to  one  full  of  water,  because  the  passage 
may  be  disputed  inch  by  inch,  and  the  besiegers, 
when  lodged  in  it,  are  continually  exposed  to  the 
bombs,  grenades,  and  other  fire-works,  which  are 
thrown  incessantly  from  the  rampart  into  their  works. 
In- the  middle  of  dry.  moats,  there  is  sometimes  an- 
other small  one  called  a  lunette,  which  is  generally 
dug  till  the  water  fills  it.  The  deepest  lEmd  broadest 
moats  are  accounted  the  best ;  but  a  deep  one  is  pre- 
ferable to  a  broad  one :  the  ordinary  breadth  is  about 
twenty  fathoms,  and  the  depth  about  sixteen.  To 
drain  a  moat  that  is  full  of  water,  a  trench  is  dug 
deeper  than  the  level  of  the  water,  to  let  it  run  o£f, 
and  then  hurdles  are  thrown  upon  the  mud  and 
slime,  covered  with  earth,  or  bundles  of  rushes,  to 
make  a  sure  and  fina  passage. 

Mobility;  a  contingent  property  of  bodies,  but 
most  es^entikl  to  th^ir  constitution.  Every  body  at 
rest  can  be  put  in  motion,  and,  if.no  impediment  in- 
tervene, this  change  mje^  be  effected  by  the  slightest 
external  impression.  Tnus  the  largest  cannon  ball, 
suspended  ^eely  by  a  rpd  or  chain  from  a  lofty  ceil- 
rng,  is  visibly  agitated  by  the  horizontal  stroke  of  a 
awan  shot  which  has  gained  some  velocity  in  its 
descent  through  the  arc  of  a  pendulum.  .In  like 
manner,  a  ship  of  any  burden  is,  in  calm  weatiier 
and  smooth  water,  gradually  pulled  along  even  by* 
the  exertions  of  a  boy.  A  certain  measure  of  force, 
indeed,  is  often  required  to  conimence  or  to  main- 
tain ^e- motion;  but  this  consideration  is  wholly 
extrinsic,  and  depends  on  the  obstad^  at  first  to  be 
overcome,  and  on  the  resistance  which  is  .afterwards 
encountered.  If  the  adhesion  and  intervention  of 
other  bodies  were  absolutely  precluded,  motion 
would  be  generated  by  the  smallest  pressure^  and 
would  continue  with  undiminished  energy. 

,  MpDK,infiitmc;  a  particular  system  or  constitution 
of  sounds,  by  which  the  octave  is  divided  into- certain 
intervals,  according  to  the  genus..  The  theories  re- 
specting the  ancient  modes  are  rendered  sbmewhat 
obscure,'  b^  the  difference  among  their  authors  as  to 
the  definitions,  divisions,  and  nances  of  their  modes. 
While  the  ancient  music  was  confined  within  the 
narrow  bounds  of  the  tetrachord,  the  heptachord,  and 
octachord, ,  .there  were  only  three  modes  admitted, 
whose  fundamentals  were  one  tone  distant  from  each 
other.  The  gravest  of  these  was  called  the  Dorian ; 
the  Phrygian  was  in  the  middle,  and  the  acutest  was 
the  Lydian.  lb  dividing  each  of  these  tones  into 
two  intervals,  place  was  given  to  two  other  modes, 
the  Ionian  and  the  ^olian,^  the  first  of  v^ich  was 
inserted  between  the  Dorian  and  Phrygian,  and  the 
second  between  the  Phrygian  and  Lydian.  The 
system  being  at  length  extended  both  upward  and 
downward,  new  modes  were  established,  taking  their 
denomination  from  the  first  five,  by  joining  the  pre- 
position kvper  (over  or  above)  for  those  added  at  the 


acute  extremity,  and  the  preposition  kfpo  {umAa^ 
for  those  below.  Thus  the  Lydian  mode  was  fol- 
lowed by  the  H3rper-Dorian,  the  Hyper-Ionian,  the 
Hyper -Phrygian,  the  Hyper-i£olisn,  and  the  H3rper- 
Lydian,  in  ascending;  and  the  Dorian  mode  was 
succeeded  by  the  Hypo-Lydian,  Hypo-i£o1iao. 
Hypo- Phrygian,  Hypo-Ionian,  and  die  Hypo-DcniaD 
in  descendmg.  The  modems,  however,  reckon  only 
two  modes,  the  major  and  the  minor.  The  maior 
mode  is  that  division  of  the  octave  by  wbich  the  in- 
tervals between  the  third  and  fouxth,  and  aerentk 
and  eighth,  become  half  tones,  and  all  the  other  in- 
tervals whole  tones.  The  minor  mode  is  that  diviskHi 
by  which  the  intervals  between  the  second  and  third, 
and  fifth  andsixth,  become  halftones,  and  all  the  othen 
whole  tones.  Another  distinction  also  exists  "between 
the  major  and  minor  modes :  the  major  mode  is  & 
same  both  ascending  and  descending ;  but  the  minor 
mode  in  ascending  sharpens  the  sixth  and  aere&tlv 
thereby  removing  the  half  tone  from  between  tbt 
fifth  and  sixth  to  the  seventh  and  eightli. 

MooEL ;  an  original  of  any  kind  proposed  for 
copy  or  imitation.  It  is  used,  in  building,  for  an 
artificial  pattern  formed  of  stone  or  wood.  In  paint- 
ing, this  is  the  name  given  to  a  man  or  woman  who 
b  procured  to  exhibit  him  or  herself,  in  a  state  of 
nudity,  for  the  advantage  of  the  students.  Tluse 
models  are  provided  in  all  academies  and  schools  for 
painting,  and  the  students  who  have  acquired  a 
tolerable  use  of  the  pencil  are  introduced  to  tliii 
kind  of  study.  By  this  means,  the  details  and  pro- 
portions of  the  human  shape,  the  play  of  the  mosdes, 
the  varieties  of  expression,  &c.,  are  displayed  and 
inculcated  far  better  than  by  any  course  of  lectures 
or  any  study  of  former  works.  It  is  desirable  that 
the  living  models  used  in  an  academy,  or  even  in  a 
private  painting  room,  should  be  changed  as  fre- 
quently as  possible,  or  the  student  is  in  danger  of 
falling  into  mannerism.  Millin  speaks  of  a  model, 
of  the  name  of  Deschamps,  who  did  doty  in  dus 
way  upwards  of  forty  years  in  the  academy  at  Puis, 
axid  comments  on  the  facility  vrith  which  this  per- 
son's form  and  features  might  be  recognized,  in  every 
variety  of  subjM  or  of  expression  in  the  paintings 
of  the  students  of  that  period. 

In  sculpture  a  model  implies  a  figure  made  of 
wax  or  terra  cotta,  or  any  other  plastic  substance, 
which  the  artist  moulds  to  guide  him  in  fashioning 
his  work,  as  the  painter  first  makes  a  sketch,  or  the 
architect  a  design.  When  a  model  of  any  existing 
object  is  to  be  taken,  the  ori^al  is  first  to  be 
greased,  in  order  to  prevent  the  plaster  from  adher- 
ing to  it,  and  then  to  be  placed  on  a  smooth  table, 
previously  greased,  or  covered  with  a  cloth,  to  guard 
against  the  same  accident ;  then  surround  the  ori- 
ginal with  a  frame  or  ridge  of  glazier's  putty,  at  such 
a  distance  as  will  admit  of  the  plaster  resting  upon 
the  table,  on  every  side  of  the  subject,  for  about  an 
inch,  or  as  much  as  may  be  thought  sufilcient  to 
give  the  proper  degree  of  strength  to  the  monld.  As 
adequate  quantity  of  plaster  is  then  to  be  poured 
as  uniformly  as  possible  over  the  whole,  untfl 
it  is  every  where  covered  to  such  a  thickness  as 
to  give  a  proper  substance  to  the  mould,  whidi  may 
vary  in  proportion  to  the  size.  Tlie  whole  must 
then  be  allowed  to  continue  in  this  way  till  dtt 
plaster  shall  have  attained  its  firmness ;  when,  the 
fhune  being  removed,  the  mould  may  be  inverted* 
and  the  subject  taken  from  it. 
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Besides  the  models  which  are  taken  from  inani- 
mate bodies,  it  has  been  frequently  attempted  to 
take  the  exact  resemblance  of  people,  while  living, 
by  using  their  face  as  an  original  for  a  model  from 
which  to  take  a  monld ;  it  may  in  this  case  be  pro- 
per to  mix  the  plaster  with  warm  instead  of  cold 
"water ;  and,  to  prevent  any  danger  from  the  stop- 
page of  respiration,  the  following  method  is  to 
be  practised : — Having  laid  the  person  horizontally 
on  his  back,  the  h^  must  first  be  raised  by 
means  of  a  pillow  to  the  exact  position  in  which 
it  is  naturally  carried  when  the  body  is  erect ;  then 
the  parts  to'  be  represented  must  be  very  thinly 
brushed  over  with  oil  of  almonds :  the  face  is  then 
to  be  first  covered  with  fine  fluid  plaster,  beginning  at 
the  upper  part  of  the  forehead,  and  spreading  it  over 
the  eyes,  which  are  to  be  kept  close,  that  the  plaster 
may  not  come  in  contact  with  the  globe,  yet  not 
closed  so  strongly  as  to  cause  any  unnatunJ  wrin- 
kles. Then  cover  the  nose  and  ears,  first  plugging 
up  the  meatus  auditorius  with  cotton,  and  the  nos- 
trils with  a  small  quantity  of  tow  rolled  up,  of  a  pro- 
per size  to  exclude  the  plaster.  During  the  time 
thi^  the  nose  is  thus  stopped,  the  person  is  to 
breathe  through  the  mouth :  in  this  state  the  fluid 
plaster  is  to  be  brought  down  low  enough  to  cover 
the  upper  lip,  observing  to  leave  the  rolb  of  tow 
projectmg  out  of  the  plaster.  When  the  operation 
IS  Uins  far  carried  on,  the  plaster  must  be  suffered 
to  harden ;  after  which  the  tow  may  be  withdrawn, 
and  the  nostrils  left  free  and  open  for  breathing. 
The  mouth  is  then  to  be  closed  in  its  natural  posi- 
tion, and  the  plaster  brought  down  to  the  extremity 
i>f  the  face.  When  the  mask  is  dry,  it  forms  a  mould 
for  a  perfect  cast. 

Mooillion;  an  ornament  resembling  a  bracket, 
in  the  Ionic,  Corinthian,  and  Composite  cornices. 
In  Grecian  architecture,  however,  the  Ionic  order  is 
without  modillions  in  the  cornice,  as  are  also  the 
Roman  examples  of  the  same  order,  with  the  excep- 
tion of  the  temple  of  Concord,  at  Rome,  which  has 
both  modillions  and  dentils. 

Modulation,  in  music,  is,  in  its  most  extensive 
meaning,  the  diversified  and  proper  change  of  tones 
in  conducting  the  melody,  or  the  progression  of 
tones  in  general,  and  the  sequences  of  concords.  In 
its  narrower  sense,  modukUion  signifies  that  succes- 
sion of  tones  by  which  a  musioBil  passage  proceeds 
from  one  key  into  another.  In  quite  short  pieces, 
also  in  those  compositions  in  which  the  theme 
remains  for  some  time  in  the  principal  tone  before  it 
passes  to  another,  good  modulation  consists  only  in 
continuing  for  some  time  melody  and  harmony  in 
the  assumed  tone,  with  proper  changes  and  variety, 
and  at  last  concluding  in  thisit  tone.  For  this  it  is 
requisite  that,  at  the  very  beginning,  the  concord 
should  become  distinctly  perceptible  by  the  sound  of 
its  essential  tones,  the  octave,  fifth,  and  third ;  and 
Itirther  that  the  melody,  as  well  as  harmony,  should 
be  carried  through  the  tones  of  the  assumed  scale, 
and  that  no  tones  foreign  to  it  should  be  heard  either 
in  the  melody  or  in  the  harmony.  A  variety  of  con- 
cords is  however  necessary,  that  the  ear  may 
enjoy  the  necessary  change.  The  rule  to  let  only 
those  tones  be  heard  which  belong  to  the  assumed 
scale  is  to  be  understood  thus, — that  a  tone  foreign 
to  the  scale  ought  to  be  used  merely  in  passing,  and 
to  be  left  agam  immediately ;  thus,  for  instance,  in 
the  scale  C  sharp,  one  would  certainly  go  through  G 


sharp  into  A  flat,  and  through  Fsharp  to  the  domi- 
nant, and  from  this  back  again  to  the  principal  tone, 
without  violating,  by  these  two  tones  foreign  to  the 
fundamental  tone,  (7  sharp,  the  effect  of  t£e  scale, 
or  destroying  it.  It  is  only  necessary  to  avoid  tones 
totally  foreign  to  the  scale  of  C  sharp ;  such,  for  in- 
stance, as  D  sharp. 

The  second  kind  of  modulation,  or  that  which  is  so 
called  in  a  more  restricted  sense,  requires  more  know- 
ledge of  harmony,  and  is  subject  to  greater  difficulty. 
It  consists  in  giving  to  longer  pieces  the  necessary  va- 
riety, by  more  frequent  change  of  tones,  and  requires  a 
knowledge  of  the  relation  among  the  various  keys,  and 
of  the  tones  connecting  them.  As  it  is  indispensable 
in  longer  pieces  to  carry  melody  and  harmony  through 
several  keys,  and  to  return  at  last  to  the  fun(£i- 
mental,  it  is  necessary,  in  respect  to  such  modula- 
tion, duly  to  consider  the  chaiacter  of  the  composi- 
tion, and,  in  general,  whether  the  modulation  has 
merely  in  view  a  pleasing  variety  or  whether  it  is 
intended  to  serve  as  the  support  of  a  grand  and  bold 
expression.  Considerations  of  this  kind  give  to  the 
composer  the  rules  for  particular  cases,  and  show 
where  he  may  depart  vridely  from  the  principal  tone 
and  where  he  should  remain  near  it,  where  he  may 
thus  depart  suddenly,  and  perhaps  with  some  harsh- 
ness, and  where  his  departures  ought  to  be  slow  and 
gradual,  because  such  departures  are  the  most  im- 
portant means  of  musical  expression. 

In  pieces  of  a  mild  and  quiet  character,  it  is  not 
permitted  to  modulate  so  often  as  in  those  which 
have  to  express  violent  and  great  passions.  Where 
every  thing  relating  to  expression  is  considered,  modu- 
lation also  must  be  so  determined  by  the  expression 
that  each  single  idea  in  the  melody  shall  appear  in 
the  tone  whida  is  most  proper  for  it.  Tender  and 
plamtive  melodies  ought  to  dwell  only  on  the  flat 
tones ;  while  the  lighter  sharp  tones,  which  must  be 
touched  in  the  niodulation,  on  account  of  the  con- 
nexion, ought  to  be  left  immediately  afterwards.  It 
is  one  of  the  most  difficult  parts  of  the  art  to  remain 
steadily  without  fkult  in  a  modulation.  It  is  there- 
fore to  be  regretted  that  those  who  write  on  Uie 
theory  of  the  art  dwell  so  little  on  this  important 
subject,  and  believe  that  tiiey  have  done  enough  if 
they  have  shown  how  the  composer  may  gracefully 
leave  the  principal  tone,  pass  through  die  circle  of 
the  ascending  and  descending  scale,  and  return  at  last 
to  the  first  tone. 

Piccini  had  the  best  views  of  modulation.  "  Mo- 
dulating," he  says,  "  is  to  pursue  a  certain  path. 
The  ear  will  follow  you ;  nay,  it  wishes  to  be  led  b^ 
you,  yet  upon  condition  that,  after  you  have  led  it 
to  a  certain  point,  it  shall  find  something -to  reward 
it  for  its  journey,  and  to  occupy  it  for  some  time. 
If  you  do  not  consider  its  claims,  it  suffers  you  to  go 
on,  at  last,  without  regard,  and  every  endeavour  to 
attract  it  again  is  but  lost  labour."  To  conduct  a  me- 
lody according  to  a  given  modulation,  never  to  de- 
viate from  it  except  for  good  reason,  and  in  the 
right  time  to  return  to  it  in  the  proper  "^^y  and 
without  harshness,  to  make  use  of  changes  in  the 
modulation  only  as  means  of  expression,  and  per- 
haps for  the  necessary  variety, — such  are  the  real 
difficulties  of  the  art ;  while  to  leave  immediatdy  a 
key  VThich  has  hardly  been  perceived,  to  ramble 
about  without  reason  or  object,  to  leap  about  be- 
cause the  composer  does  not  know  how  to  sustain 
himself— in  one  word,  to  modulate  in  order  to  mc^ 
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diilate>  is  to  mite  the  tnie  aim  of  the  art,  and  to 
affect  a  ridiness  of  inTentioa  in  order  to  hide  the 
want  of  it. 

MoDULB ;  an  architectural  measure  ;  the  lower 
diameter  of  a  colnmn  being  divided  into  two  parts, 
one  is  a  module,  and  each  module  is  divided  into 
thirty  minutes ;  thus  neither  is  a  determinate,  but  a 
proportionate  measure.  The  term  is  also  sometimes 
used  with  reference  to  the  different  sizes  of  medals. 

MoLS,  in  architecture ;  a  massive  work  formed  of 
large  stones  laid  in  the  sea  by  means  of  coffer-dams, 
extended  either  in  a  right  line  or  an  arc  of  a  circle, 
before  a  port,  which  it  serves  to  close,  to  defend  the 
vessels  in  it  from  the  impetuosity  of  the  waves,  and 
to  prevent  the  passage  of  ships  without  leave.  Thus 
we  say.  The  mole  of  the  harbour  of  Messina,  &c. 

MoLLB,  in  music  (soft,  or  sweet) ;  a  relative  term, 
signifying  a/a<  twnd,  that  is,  a  sound  which  is  half 
a  tone  lower  than  the  sound  with  which  it  is  com- 
pared,— B  flat,  or  B  moUe,  is  a  semi-tone  beneath  B 
natural.  This  term,  as  its  sense  intimates,  is  applied 
to  the  flat  sounds  on  account  of  their  supposed  soft- 
ness or  sweetness,  in  comparison  vrith  the  effect  of 
the  natural  and  sharp  tones. 

MoLLiTBS  OssiuM ;  a  morbid  softness  of  the 
bones,  vrhich  become  pretematurally  flexible,  in  con- 
sequence either  of  the  inordinate  absorption  of  the 
phosphate  of  lime,  from  Which  their  natural  solidity 
IS  derived,  or  else  of  this  matter  not  being  duly  se- 
creted and  deposited  in  their  fabric. 

MoLTO,  in  mutic ;  a  word  used  in  conjunction 
with  some  other,  by  way  of  augmentation,  as  moUo 
aUegro,  very  quick ;  moUo  adagio,  very  slow. 

MoLTBDBNUM ;  a  metal  which  has  not  yet  been  re- 
duced in  masses  of  any  considerable  magnitude,  but 
is  generally  obtained  in  small,  separate  globules,  of 
a  blackish,  brilliant  colour.  It  is  extremely  in- 
fusible.  By  heat,  it  is  converted  into  a  white  oxide, 
vrkich  rises  in  brilliant,  needle-formed  flowers.  Ni- 
tric acid  readily  oxidizes  and  acidifies  tiie  metal; 
nitre  detonates  with  it,  and  the  remainixig  alkali 
combines  with  its  oxide.  Molybdenum  unites  with 
several  of  the  metals,  and  forms  with  them  brittle 
compounds.  The  specific  gravity  of  the  pure  metal 
is  8.611 :  it  has  tiiree  degrees  of  oxidatLon,  forming 
two  oxides  and  one  acid.  The  laoiyMv  acid  is  com- 
posed of  forty-eight  parts  of  molybdenum  and  twenty- 
four  of  oxygen ;  it  has  a  sharp,  metallic  taste,  reddens 
litmus  paper,  and  forms  salts  with  alkalme  bases; 
specific  gravity,  3.4.  It  is  very  sparingly  soluble  in 
water ;  but  the  molybdates  of  potarii,  soda,  and  am- 
monia, dissolve  in  tnat  fluid,  and  the  molybdic  acid  is 
precipitated  from  the  solutions  by  any  oif  the  strong 
acids.  The  protoxide  of  molybdenum  is  black,  and 
cponsists  of  one  equivalent  of  oxygen  and  one  equiva- 
lent of  molybdenum.  The  deutomde  is  brovm,  and 
contains  tvdce  as  much  oxygen  as  the  protoxide. 
Berzelius  has  formed  three  (£lorides  of  this  metal, 
the  composition  of  which  is  analogous  to  tiie  com- 
pounds of  this  metal  with  oxygen. 

The  native  miphurti  of  molybdenum  occurs  in 
most  primitive  countries,  disseminated  in  granite  or 
gneiss  rocks,  in  thm  plates  of  a  foliated  structure, 
soft,  flexible,  slightly  soiling  the  fingers,  and  greasy 
to  the  feeling ;  colour  pure  lead-gray ;  lustre  metallic; 
spcKcific  gravity  4.691.  It  does  not  melt  before  the 
blow-pipe,  but  emits  sulphureous  fumes.  It  b  no- 
where found  in  large  quantities,  although  known  to 
eirist  in  numerous  places.    Its  priacipal   European 
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localities  are  Altenberg,  in  Saxony,  and  S^laggea- 
wald  and  Zinnwald,  in  Bohemia.  In  the  Unilei 
States  of  America,  the  largest  and  best  pieces  have 
been  found  in  the  gneiss  quarries  of  Had<iam,  Con- 
necticut, where  plates  half  an  inch  thick,  nod  fov 
inches  over,  have  been  met  with.  At  this  place  it 
often  exhibits  the  low  six-sided  prism.  it^lso 
occurs  at  Brunswick,  in  Maine,  in  the  same  rock,  aad 
at  Chesterfield,  Massachusetts,  in  granite. 

MoMBNTUM,  in  wieckamicB,  is  the  same  with  impi(m, 
or  quantity  of  motion,  and  is  generally  estimated  bf 
the  product  of  the  velocity  and  mass  of  the  body. 
This  is  a  subject,  however,  which  has  led  to  variom 
controversies  between  philosophers,  some  estimali^ 
it  by  the  mass  into  the  velocity,  as  stated  mbon, 
while  others  maintain  that  it  varies  as  the  mass  into 
the  square  of  the  velocity ;  but  this  difference  aeoas 
to  have 'arisen  rather  from  a  misconception  of  the 
term  than  from  any  other  cause,  those  who  maiBf»;<i 
the  former  doctrine  understanding  momcmimm  to  sig- 
nify the  momentary  impact,  and  those  who  hokl  the 
latter  considering  it  as  tibe  sum  of  all  tht  iaapulaes,  tiH 
the  motion  of  the  body  is  destroyed. 

MoNBY ;  the  common  medium  of  exchange  amoaf 
civilized  nations.  Money  must  consist  of  a  matBrial, 
1.  which  has  a  value  of  its  own ;  2.  which  every  aaa 
is  willing  to  accept  in  exchange  for  his  property ; 
3.  whose  value  is  readily  ascertained.  If  this  male- 
rial  is  moulded  into  a  particular  form,  and  stnapcd 
with  a  mark  denoting  its  value,  so  that  it  is  appro- 
priated expressly  to  the  exchanging  of  articles  havi^ 
value,  it  is  called  wtonejf,  in  distinction  &om  other  ar- 
ticles which  have  value,  but  which  are  not  used  as  t 
medium  of  exchange.  The  materials  of  vrhich  mo- 
ney is  made,  as  well  as  the  coin,  are  merchandise, 
like  other  articles  that  are  bought  and  sold.  Differ- 
ent nations  have  chosen  for  money  different  nateriak. 
all  having  more  or  fewer  of  the  ahove-meatiaaed  pe- 
culiarities. All  nations  advanced  in  trade  and  the 
arts  give  preference  to  metals,  espedaliy  tiie  precioai 
metaJs ;  for,  1.  They  derive  ^ue  from  die  rmnllnaai 
of  their  quantities,  compared  vrith  the  demand  for 
them  in  the  ornamental  and  useful  arts.  %.  They 
are  very  little  subject  to  corrosion  and  destrac- 
tion  by  use.  3.  They  are  susceptible  oi  BHnoto 
division,  and  may  be  used  in  small  qawntitict  or 
masses.  4.  They  are  easily  transported,  as  tUr 
transportation  to  any  distance  will  cost  bat  a  snaH 
part  of  their  value.  5.  The  qumitity  is  increaMd  by 
labour.  The  advantage  of  using  the  precioaa  metah 
for  a  universal  currency  is  stui  greater  wben  per- 
sons are  appointed  under  the  au&ority  of  the  lav 
to  decide  what  pieces  shall  be  circulated  as  moaey. 
to  stamp  them  so  as  to  fix  their  weight  and  itumnfM, 
and  to  fumbh  them  with  the  superscription  of  tla 
authority  by  which  they  are  authorised.  Soih 
pieces  are  called  coin*,  and  form  the  ordinary  mrdi— 
of  exdiange. 

Instead  of  money,  the  merchaat  oft^i  reccifgj  i 
promissory  note  or  bill:  this  substtfcnte  b  saaiet 
improperly  termed  aioiiey.  It  is  BMmifest  that 
missory  notes  or  bills  of  exchange  are  of  the 
value  irith  the  real  money  only  while  they  can  be 
readily  exdmnged  for  coin,  aad  that  they  mnat  tote 
their  value  in  proportion  as  the  credit  of  thoee  wht 
issue  tiiem  sinks.  This  is  true  of  all  paper  money, 
all  metalHc  money  whose  current  value  is  higher  thm 
its  real  Value,  and  all  notes  or  bonds  takea  issteai 
of  money.    That  any  sort  of  numey  may  bt  received 
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for  ibr  real  value,  or  that  whicli  it  represents,  and 
trade  be  carried  on  by  means  of  it,  it  is  necessary 
that  its  valae  should  be  acknowledged  wherever  it  is 
used.    A  distinction,  however,  is  made  between  mo- 
ney which  is  received  in  only  one  trading-place  or 
small  circle,  issued  in  time  of  peculiar  necessity,  de- 
nominated toketu,  &c.,  also  coins  current  in  only  one 
country,  and  money  which  is  every  where  acknow* 
ledged  and  received,  such  as  bars  of  gold  and  silvof , 
of  a  certain  weight  and  fineness.    The  exchangeable 
Talue  of  gold  and  silver,  like  that  of  all  other  com- 
modities, depends,  in  the  first  place,  on  their  abund- 
ance or  scarcity,  or,  in  other  words,  the  quantity  sup- 
plied in  comparison  with  the  quantity  wanted,  or 
for  which  there  is  a  demand ;  and,  in  the  second 
place,  upon  the  labour  necessary  in  extracting  the 
ore  firom  the  mines,  and  refining  it. 

The  comparative  value  of  gold  and  silver  is  neces- 
sarily very  nearly  the  same  all  over  the  world,  since 
each  metal  costs  but  a  trifle  for  transportatioh,  and 
both  are  articles  of  value  every  where.  The  quanti- 
ties of  gold  in  its  various  forma  of  coin  and  bullion 
of  all  descriptions,  indnding  bars,  plate,  8tc.,  have 
been  estimated  at  10,000,000lbs.  troy  weight.  A 
scarcity  of  money  can  occur  oply  when,  1.  me  iba- 
terial  of  which  it  is  manufactured  is  deficient ;  or, 
2.  when  those  who  are  in  want  of  it  have  nothing  to 
give  in  exchange  to  its  possessors.  In  the  latter  case, 
there  is  no  real  dieficiency  of  money,  for  therie  are 
individuals  who,  by  the  terms  of  the  supposition, 
possess  the  money  :  there  is  only  a  deficient  demand 
for  goods  on  hand,  and  those  only  are  in  want  of 
money  who  are  unable  to  dispose  of  these  goods. 
All  mechanics,  artisans,  and  manufacturers,  want 
money  enough  to  purchase  the  raw  materials  which 
bhey  consume,  and  to  pay  the  wages  of  their  labour- 
srs.  Merchants  need  money  to  pay  manufeu:turers 
md  producers  f6r  their  goods,  and  to  transport  titem 
where  they  are  wanted  ;  and  ^e  lait  consumer  needs 
t  to  give  in  exchange  for  what  he  eats,  drinks,  wears, 
kc,  to  the  dealer  of  whom  he  procures  the  requisite 
articles.  Now,  if  any  one  of  these  classes  has  not 
he  money  required  for  any  of  those  purposes,  there 
8  a  scarcity  of  money  for  that  class  of  individuals. 
n  these  and  similar  cases,  the  scarcity  of  money 
loes  not  suppose  a  real  scarcity  of  gold  and  silver, 
»r  a  deficiency  of  coined  metals.  The  scarcity 
irises  from  the  want  of  industry,  or  means,  in 
ny  class  of  citizens,  to  procure  the  money  in  cir- 
olation,  or  from  their  industry  being  directed  to 
he  production  of  such  articles  as  there  is  no  pre- 
ent  demand  for  among  tlie  actoA  possessors  of 
loney;  As  when,  for  instance,  in  grain^grovring 
oimtries,  there  is  a  deficiency  of  purchasers  of 
tie  grain  produced,  tiiere  not  being  consupiers 
nou^  of  the  grain,  who  can  obtain  or  produce 
esirable  articles  in  exchange  for  it.  In  such  a 
Else,  the  producers  of  gram  can  obtain  money 
nly  by  exportation  of  the  article  to  forei^  ports, 
jid  if  it  happen  that  the  foreign  lands  to  which  it 
>  exporfei)  ^^^  already  provided  with  grain  from 
>me  other  quarter,  it  will  remain  vnsold— not  be- 
luse  there  is  no  money,  but  beeaase  there  is  no 
Lotive  to  induce  its  possessors  to  part  with  it  for 
rain. 
In  places  where  manufactures  of  an^  kind  prosper, 
certain  quantity  of  money  is  required  to  provide 
le  materials.  This  sum  is  easily  ascertained,  ac- 
>rding  to  a  certain  average,  and  there  is  no  scarcity 


of  money  fbr  the«e  purpoto  a  long  as  this  sum  ift 
on  hand.     But  when  the  nianufacture  is  increased, 
by  the  operation  of  particular  circumstances,  and  the 
place  produces  more  goods  than  common  upon  this 
account,  a  scarcity  of  money  may  easily  occur  among 
those  devoted  to  this  branch  of  business.     If  now 
these  persons  possess  goods  or  credit,  they  make  use 
of  both  to  obtain  the  money  required  from  other 
parts,  which  will  depend,  again,  upon  ^eir  being 
able  to  pay  the  expenses  of  transporting  their  goods, 
or  to  give  to  the  holders  of  money  a  higher  interest 
than  they  can  elsewhere  obtain.     Money,  in  such 
cases,  becomes  of  more  value  in  these  places  than 
in  those  Where  it  is  not  so  much  in  demand ;  and  it 
follows,  from  this,  that  money  vrill  leave  the  places 
where  it  is  abundant  to  seek  those  where,  from  the 
want  of  it,  more  will  be  paid  for  its  use ;  and,  in  this 
manner,  a  scarcity  of  money  will  work  its  own  cure. 
Money  is  profitable  to  any  country  only  by 
means  of  its  circulation ;  for  circulation  makes  mo- 
ney the  continually  repeated  cause  of  the  production 
of  new  portions  of  property :  and^  on  this  account, 
a  very  small  sum  of  money  which  b  in  cokistatat  km> 
culation  is  of  far  more  benefit  to  i  country  than  the 
possession  of  the  largest  sums  which  remaui  locked  up, 
and  do  not  change  owners.    A  great  quantity  of  mo- 
ney, therefore,  is  of  no  service  to  a  country,  unless 
there  are  desirable  things  in  that  country,  for  the 
purchase  of  which  it  is  to  be  paid,  and  thus  trans- 
ferred from  one  to  another.    When,  therefore,  more 
money  flows  jnto  any  country  than  will  pay  for 
what  the  country  actually  produces,  money  becomes 
o^  less  valite,  and  the  money  price  of  merchandise 
greater.    In  this  oase,  it  is  better  to  procure  the 
goods  from  countries  where  their  money  price  is  less. 
The  mioney  will  thus  be  exported  again,  and  procure 
a  return  of  cheap  good&  in  its  place.    But,  by  this 
process  Ihe  industrious  part  of  the  population  is  in* 
jured,  ahd  thote  only  receive  {Hrofit  who  make  these 
exichanget  of  money  for  foreign  goods.    The  laboiir- 
inig  classes  tiserefbre  ^cperience  a  scarcity  of  money> 
because  the  articles  which  they  produce  do  not  com* 
mand  a  ready  sale.    In  this  manner,  all  the  gold  and 
silver  obtained  by  Spain  and  Portugal  firom  South 
America  passed  mto  foreign  countries  in  exchange 
for  foreign  necessaries,    llie  only  true  means,  then, 
to  remo^  and  to  prevent  permanently  %  scarcity  of 
money  is  to  improve  the  state  of  domestic  and  intei^ 
nal  indilstry ;  and  their  opinion  is  wholly  destitute 
of  foundation  who  believe  that  a  mere  plenty  of  me* 
ney  is  sufficient  to  develope  a  healthy  state  of  domes- 
tic induatry ;  f6r  Hile  money  does  not  produce  th^ 
goods,  but  follows  their  production.     And  money 
will  not  sftay  in  a  country  ih&t  does  not  contain  goods 
upon  Which  it  may  be  expended,  but  it  seeka  thos^ 
countries  which  produce  the  objects  of  desire. 

The  money  now  used  in  this  country  is  formed 
principally  of  the  precious  metals,  with  which  our  com- 
mercial transactions  abundantly  supply  us ;  but  the 
gold  and  silver  money  at  present  in  circulation  is 
principally  of  modern  coinage,  a  fact  sufficiently 
proved  by  the  fcdlowing  tables  :— 

OoldMonef. 

Tear.  Doable  Sorereigns.  ^Boyereigns.  HalfSorereigni. 

1817  —  3,235,239  1,040,098 

1818  —  2^7,230  515,14» 

1819  —  3,574  — 
1^20  —  931,994  17,521 
1821  —  9,405,114  115,044 


8S6 

Year. 
1822 
1823 
1824 
1825 
1826 
1827 


DO1AI0  SoTtnlgBi. 

30,838 
1,402 


6,356,787 
616,770 
3,767,904 
4,200,343 
5,724,046 
2,266,629 


MONEY. 

IfSorereigni. 

Tear. 

^— 

1823 

112,140 

1824 

295,769 

1825 

380,575 

1826 

172,415 

1827 

246,007 

1828 

Ciowiw. 


Tear. 
1816 

1817 
1818 

1819 
1820 
1821 
1822 


32,240 
Crowns. 


38,808 
170,874 
112,068 
109,494 

31,232 


37,855,633 
Silver  Money. 


2,895,314 


HalfCrowna 
1 14,048 

1,011,582 
363,132 
598,752 
299,574 
179,388 


ShilUnga: 

1,306,998 

1,151,568 

67,122 

379,764 

398,772 

123,156 


SixpenoM. 
384,120 
273,042 
107,118 
117,810 
37,224 
21,582 


Hair  Crowns. 

BhilHngi.    i 

250,470 

34,650 

— 

58,212 

207,900 

15340 

282,348 

122,958 

12/)78 

273,636 

317,592 

17,226 

28,710 

4,158 

1,386 

9,504 

396 

462.476  3,432,528  4,148,694  990,59i 
The  following  document,  copied  from  a  paper  laid 
before  the  House  of  Commons,  gives  the  quantity  of 
pounds  weight  of  standard  gold  received  into  H» 
Majesty's  mint  from  the  6th  August,  IS^^l,  to  the 
9th  February,  1832,  and  of  the  value  of  gold  moniei 
coined,  specifying  the  proportion  of  each  denomina- 
tion of  coin,  and  stating  the  amount  retained  lor 
assaying,  loss,  and  coinage,  and  how  the  same  has 
been  applied: — 


Quantity    of  gold 
raeeived  in  tiie  Mint 
Standard  weight 


Jbs,    oz,  dwt.  gr. 
12,365   11    14   15 


Value  of  monies 
coined. 


£.       9.  d. 

438,046  10  0 


Charges 

ineoned  for 

coinage. 


£•    9,  d, 
3,134  15  3 


How  flie  charge  for  coinage  has  been  applied. 


To  the  money- 
ers,  by  agreement 
bearing  aU  waste 
and  expenses  in 
the  coiiuge. 


£•     9,  d, 
1,640  12  6 


To  the  melter, 
by  agreement 
bearing  aU  waste 
and  expenses.  . 


£,    9.  dm 
390  12  6 


Forfliemaater*s 

reffulated  fees, 

applied  under  act 

of  Parliament 


£.   9,  d. 
859  7  6 


ex^ 

diflkrent 

oftheMiat 


intht 


£.   «.  tf. 
244  2  9 


The  following  b  an  accurate  account  of  the  bank 
notes  or  paper  money  in  circulation  for  four  succ^- 
sive  years :— In  1829. 20,953,000;  1830, 19,631,000; 
1831,  20,575,000;  and  in  1832,  18,542,000. 

The  value  of  the  metallic  currency,  as  a  medium  of 
circulation,  difiers  considerably  in  different  coun- 
tries, even  in  coins  of  the  same  name.  The  following 
table  furnishes  a  comparative  view  of  their  value  with 
reference  to  our  own  money :  it  may,  however,  be 
proper  to  add  that  commercial  changes  will  make 
some  difference  in  this  amount  at  different  periods. 

AUSTRIA  AND  BOHEMIA. 

Gold. 

dwt  gis.    English Valne. 


Name  of  Coin. 

Emperor's  Ducat 
Hungarian  Ducat  . 
Half-Sovereign 
Quarter-Sovereign 


Suvetm 


Crown,  since  1753    . 
Half  Rix-doUar,  or  Florin 
20  Kreutzers    .        . 
10    Ditto     . 


2 
2 
3 
1 

18 

9 

4 
2 


5} 
5} 

74 

16} 
1 

04 

6i 
3i 


0  9 


0 
0 
0 

0 
0 
0 
0 


9 
14 

7 

4 
2 
0 
0 


d. 
5 

5i 

9 

4i 

H 
oj 

8i 

4 


BADEN. 
Gold. 
Piece  of  2  Florins     .        ..49 
1  Florin  .  .    2    4i 

SUoer. 
Piece  of  2  Florins     .        .    .  16    2 
1  Florin  .        .        .81 

BAVARIA. 
Gold. 

CaroUn 6    5i 

Maximilian  •        .  .44 

Stiver. 
Crown 18    2 


0  16  8i 

0    8  4} 

0    3  3i 

0     1  7J 


1     0    4i 
0  13    7i 

0    4    6 


Name  of  Coin. 


Rix-doUar  of  1800 

Teston,  or  K6pfstuck        .    .    4 

DENMARK. 

Gold. 
Ducat  current  since  1767  2 

Ducat  specie,  1791  to  1802    .    2 

OMoer. 
Rix-dollar,  or  Piece  of  6  Dan-  > .  ^ 
ish  Marks  of  1750    .    .     5*' 
Danish  Mark  of  16  Schillings  >    . 
.        .        .9 


dwt  gn. 

17  12^ 
6* 


of  1776 


0 
5J 


6 
0 


O 
O 


O 
O 


O 
0 


4 
O 


7 
9 


4 
0 


01 
8i 


6 
4i 


0 
7i 


Name  of  coin. 


FRANCE. 

Naw  Coin. 

Gold, 

dwt  gra. 


20  Franc  piece    .       .    4    3^ 
40  ...    8     7 

Silver  (ardent  hltmc), 
5  Franc  piece      .        .  16    1      • 
2  ...    6  11 

1  .        .    3    5^ 

i,  or  50  centimes        .    1  15 
i,  or  25  centimes        .    0  18i 

BilUm  CsMMMOte  ffrieej. 
Piece  of  10  centimes 

Copper,  old  osmd  mw. 
IMcime,  or  2  sons    .... 
Son,  or  5  centimes       •        .        .    • 
Sou,  or  1  centime    .... 

HAMBURGH. 

Gold. 
NameofCofai.  dwt  gn. 


KagUsh  Value. 
O   15   10| 

1  11    a^ 


0 
0 
0 
0 
0 

0 

O 


4 
1 
0 
0 
0 

0 

0 


o 

7 

a 

0}.80 
Oi.80 


Ducat  ad  Lmm  Imperii 
New  Town  Ducat 


2 
2 


5} 
5i 


O 
0 


9    4i 

9    4 


Name  of  Coin 


Siher. 


MONEY. 

Name    oCCoia. 


dwt  gn.    EneUsh  Value. 


I 

4 


2     5} 
6  10} 

9    7i 
4  15; 

4 


'?{ 


16  Schilling  Piece,  Ck>nYention    6  20         0 
Rix-doUar  Specie  .        .  18  18  0 

HOLLAND  AND  BELGIUM. 
Gold. 
Ducat  .... 

Ryder 

20  Florins,  1808  . 

10  Florins        •        .        .4 

10  Williams,  1818 

Silver, 

Florin 6  22 

Escalin  .        .        .    3    4f 

Dacaton,  or  ryder  •    .  20  22 

Dacat,  or  rix-dollar  .  18    6 

LOMBARDO-VENETIAN. 
Gold. 
SoTereign,  1823    . 
Half  Ditto       .... 

Siker. 
Crown  .... 

Half-Crown,  or  Florin      .    . 
Austrian  Livre 

MOGUL  (EAST  INDIES.) 
Gold. 
Mohar  of  Bengal      •        .    , 
Ditto  of  Bombay 
Gold  Rapee  Bombay         .    . 
Ditto  Madras 

Star  Pagoda,  Madras       .    , 

Silver. 


9 

5 

14 


0  17 
0  16 


8  18 
4    9 

17  7* 
8  151 
2  18i 


7  23 
7  104 
7  11 
12 
4ft 


7 

2 


Rapee,  Sicca 
Ditto  Arcott 
Ditto  Bombay 
Ditto  Broach 


7 
7 
7 

7 


12 

9 

11 

10 


NAPLES. 
Gold. 
New  Ounce  of  3  Dncats    .    • 

Stiver. 
12  Carlini,  1804 
S  Carlini,  1804 
1  Ditto,  1804  . 
Ducat  of  10  Carlini,  1818 

PAPAL  STATES. 
Gold. 
Fistola  of  Pius  VI.  and  VII. 
Half  Ditto 
Zecchino,  1769 
Half  Ditto    . 


17  15 
2  22 
1  11 

14  18 


3  12} 

1  18) 

2  4ft 
1     2ft 


SHver. 


Crown  of  10  Paoli 
TestoneofSPaoli. 
20  Paoli 


17 
5 
3 
1 


8 

4 


Paolo 

PARMA. 
Gold. 

Zecchino 2 

40  Lire  of  Maria  Louisa  > 
since  1815         .         .      5 
SO  Ditto 

Silver. 
Jhicat  of  1784  . 
Piece  of  3  Lire 
5  Lire  of  Maria  Louisa     .    . 

PERSIA. 
Gold. 
Rupee       .... 


1 

2 

10 

17 


5} 
7} 
3J 


16  11 

2     8} 
16    0 


0 
0 
0 
0 


1 

0 

0 
0 
0 


1 
1 
1 
1 

0 


1 

0 
5 

4 


7 

13 

4 
2 
0 


13 

10 

9 

9 

7 


d. 

2ft 

7 


52 

li 

21 

11 

6ft 

8ft 
6 

5 

4 


1 
6ft 

1ft 
Oi 

8* 


8 
1 
2 
3 
6 


0 
0 
0 
0 


2     Oft 
1  11} 


1 
1 


11 
9 


2  lOft         0  10     5} 


0 
0 
0 
0 


4 
0 
0 
3 


1ft 

8 
4 
4* 


0  13  lift 
0  6  lU 
9  4ft 
4     8* 


0 
0 


0 
0 
0 
0 


4 
1 
0 
0 


0  9 

1  11 


3ft 

3ft 

10ft 

6ft 


61 

9 


0  15  10ft 


0 
O 
0 


4  1ft 
0  6ft 
3  lift 


1     9     1} 


dwt  gn. 


Half  Rupee  ... 

Silver. 
Double  Rupee  of  5  Abassis 
Rupee  ..... 
Abassi       .... 
Mamoudi     .... 
Larin        .... 

Gold. 
Lisbonine,    or   Moidore    of 

4800  reis . 
Half  Ditto  of  2400  reb  . 
Quarter  ditto  of  1200  reis 
Portuguese,  or  Moiadobra  of  ) 

6400  reis      .        .        .     ^  > 
Half  Portuguese  of  3200  reis 
Piece  of  16  Testons,  or  1600  > 

reis i 

Do.  of  12  Tes.  or  1200  reis     . 
Do.  of  8  Tes.  or  800  reis 
Cruzadaof  480  reis  .        .    . 

SUver. 
New  Cruzada  of  480  reis 


3  11 

1  17ft 
9    5} 

4  14} 

2  71 

1  171 

1     31 

0  16ft 

9    1 


':}" 


6J 

7 

aft 
6ft 

9 


PRUSSIA. 
G0I4. 

Ducat 2 

Frederick      ....    4 
Half  Ditto        .        .        .    .    2 

Silver. 
Rix.dollar,  or  thaler  of  30  Sil- 

bergroschen  of  1823 
Piece  of  5  Silbergroschen       .    2 
Silbergros      ....     ...... 

RAGUSA. 
mviver. 
Raffusan,  or  Talaro        .        .  18  22 
Half  Ditto        .        .        .    .    9  11 

Ducat 8  19 

12  Grossettes   .  .    .    2    9ft 

6  Ditto       .        .        .        .14} 

RUSSIA. 
Gold. 

Ducat 2    5} 

Imperial  of  10  Rubles       •     .    7  I7ft 
Half  Ditto     .        .         .        .     3  20ft 

Silver. 
Ruble  from  1763  to  1807 
Carlin 


Half  Ditto 

Pistola 

HalfDitto 

Crown 

Half-crown  . 
Quarter  Ditto  . 
New  Crown  of  1816 


Silver.' 


15  10 
10    7} 
5    2| 
5  10} 
2  I7i 

15  2ft 
7  13ft 
4  18| 

16  0 


837 

BocUih  Value, 
s.     i.    d. 

.     0  14     6} 

0  3  10ft 
0     1   Hi 

009 
0     0     4ft 

0  0     9ft 

1  6  lift 

0  13     5ft 

0  6     8} 

1  15  11 

0  17  lOJ 

0    8  lift 

0  6  4ft 
0  4  5} 
0     2     7ft 

0     4   11 


094 
0  16  6 
0    8     3 

0     2  lift 

0    0    5} 
0    0    0} 


0  3  0 

0  1  6 

0  1  1 

0  0  4 

0  0  2 


0  9    4ft 

1  12     9 
0  16    4ft 

0  3     2 

1  19     14 

0  19    6} 

1  2    6} 
0  11     3ft 

0    3     8} 
0     1  10ft 
0  11     0 
0     3  lift 


SAVOY  AND  PIEDMONT. 
Gold. 
Zecchino       .        .        .        .2    5} 
Double  new  Pistola  •f  24  livrea     6    4ft 
HalfDitto        .        .        .     .    3    2ft 
New  Pistola  of  20  livres,  1816    4    3] 
Carlino,  suice  1755        .        .  30  22f 
HalfDitto        .        .        .    .  15  11, 
Zecchino  of  Genoa        .        .    2    51 

Siher. 
Crown  of  6  Litres  since  1775   22  14 


095} 

1  3    9ft 
0  11  10} 
0  15  10 
5  19    0 

2  19    6 
0    9    6J 

0    a^    7* 


838 

NaaeoiOoin. 


M  O 


dwt  gr. 


Haif-crown  .  .        .11 

Quarter  Ditto,  or  30  Sons  .  5 
One-eighth  Ditto,  or  15  Sous  2 
New  Crown  of  5  Livres,  1816  16 

SAXONY. 
Gold. 

Ducat 2 

Double  Augustus  .  .  .  8 
Augustus  ....  4 
Half  Ditto        .  .     .     3 

Silver. 
Rix-dollar  Specie,  or  Conven-  } 

tion,  since  1763        .        .  i 
Half  Ditto,  or  Florin       .    . 
llialer  of  24  Groschen  (ima-  1 

ginary  coin)     .        .        ./ 
Oroschea    •        •        .        • 


18 
9 


7 
15i 

19} 

14 


5} 
34 
1 

04 


3i 


Ounce,  1748. 
Crown  of  12  Tarins 


SICILY. 

Gold. 

•        • 
Silver, 

• 

SPAIN. 
Gold. 


2  20} 
17  14 


Doubloon  of  8  Crowns         .    17    9 
'  of  4  Crowns         .      8  164 

■  of  2  Crowns    .     .      4 

Half-pistol,  or  Crown  2 

Silver. 
Piaster 
Real  of  2,  or  Peseta,  or  one-  ) 

fifth  of  a  Piaster      .        .  $ 
Real  of  1,  or  Half  Peseta,  or  1 

one-tenth  of  a  Piaster      .  / 

SWEDEN. 


17 

3 


8i 

6 
18 


1  21 


Gold. 


Diucat 
Half  Ditto 
Quarter  Ditto 


2 
1 
0 


5 

24 
13i 


Silver. 
Bix-dollar of 48  shilUngd,  from  >  |  ^  1 1^ 

1720  to  1802  .        .)***' 

Two-thirds  of  Rix-dol.  of  32  )  ,«  , , , 

schillings         .        .        .  T^*  "' 
One- third,  or  16  schillings.        6    5] 


SWITZERLAND. 
Gold. 


32  Franken  piece 
16  Ditto      . 
Ducat  of  Zurich 

Berne 

Pistole  of  Berne  . 


8  22 


4 
2 
2 

4 


11 

6i 

5J 
21 


Siker. 


Crown  of  Bask  •        .     15     | 

Half  Crown,  or  Florin         .      7  124 
Franken  of  Ben^,  since  1803      4  I7i 
Crown  of  Zurich         •        .     16    0 
Crown  of  Basle  and  Soleure  >  ^^  ^3 

since  1798       .        .        •  > 
Piece  of  4  Franken  of  Swit-  K^  ^o 

zerland  of  1803        .        .5***  ^^ 
Ditto  of  2  Franken  of  Swit-  }  g  iix 

•        .J 


zerland  of  1803 
Ditto  of  X  Frankf  n 


BogUdiVahie. 

£ 

t. 

d. 

0 

2 

94 

0 

1 

4i 

0 

0 

.;i 

0 

3 

0 

9 

s 

1 

12 

11 

0 

16 

5i 

0 

8 

3} 

Name  of  Coin. 


t! 


1 

0 
0 

1 

0 
0 


16 

20 

131 

16 
20 
10 


0    4     14 

0    2    04 
0    3     1 
0    0     1| 

0  10  lOi 
0    4     Oi 


3  4  8 

1  12  4 

0  16  2 

0  8  1 

0  4  3i 

0  0  104 

0  0  6i 


0 
0 
0 


9    3i 

4 


i\ 


0    4     6 


0 
0 


3 
1 


0 
6 


1  17    9 
0  18  104 
095 
092} 
0  18  10 


0 
0 
0 
0 


3 
1 
1 
3 


0    4 


74 
94 
24 
84 
8 


4  17* 


0     4     9 

0    2    4i 
0     1     2i 


N  E  Y. 

TURKEY. 
Gold. 

dwt.  gr. 

Zecchin  Zermahbonb  of  SnU 

tan  Abdoul  Hamet 
Halfditto 
Roubbi^,  or  4  Zecchin  Fon-  > 

doukli      .        .        .        .5 
Zecchin  Zennahboubof  Sel.  HI. 
Half  Ditto 
Quarter  Ditto 

Siher. 
Altmichlec  of  60  Paras        .    16  50 
Yaremlec  of  20  Paras,  or  60  > 

Aspres    .        .        •        .5 
Rouble  of  10  Paraa,  or  30  > 

Aspres  .        .        .5 

Aspre,  120  in  the  Piastre      . 
Piastre  of  40  Paras 
Piece  df  5  Piastres 

TUSCANY. 
Gold. 
Ruspone,  3  Zecchini^  with  the  > 

lily  .        .        .        .  ) 

One-third  Ruspone,  or  Zee-  > 

chino      .        .        .        .  i 
HalfZecchino     . 
Zecchino  with  effigy    : 
Rosina        .... 
Half  Ditto 

Siher, 
Francesconi  of  10  Pftoli       .    17  134 
Piece  of  5  Paoli  .         .       8  18} 


6 


1 

2 

4 
2 


174 

64 

2J 
5J 

114 
54 


2  Paoli 
iPaoU 


3 

1 


Zecchino 

Halfditto 

Ozella 

Ducat 

Pistola 


VENICE. 
Gold. 


3 

5 

4 
4 


I 


3 
3 
8 
Si 


1 


saver. 
DucBt  of  8  Livres         .     •   .     14  ISj         O 
Crown  of  the  Cross     .        .    20  10  O 

Ducatoon    .         .         .        .     18    0  O 

Talaro         ....     18  13  0 

UNITED  STATES  OF  AMERICA. 

Gold. 
Double  Eagle  of  10  Dollars       II    6  3 

Eagle  of  6  Dollars       .        .5  15  1 

Half  Eagle  of  2i  Dollars     .2  194         0 

Stiver. 
Dollar         .        .        .        .     17  10     '     D 
Half  Dollar         .        .  •      .     ^  174        ^ 
Quarter  Dollar    .        .        .      4    8^         0 

The  copper  coinage  is  almost  entirely  confined  to  the 
cent,  which  is  worth  rather  more  than  the 
halfpenny. 

T%e  following  are  the  weights  of  the  Engliah  coinage : 

01.  dwt.         gt; 


2 

1 

8 

1 

4 


64 
164 


54 
2f 

19 
91 

84 


0 

0 

0 

0 
0 

o 

o 
o 


6 

3 

I 

6 
2 

1 

2 
O 


4. 
11 

54 

11 

9k 

4} 

94 


004} 


o 

0 


1 

2 


7 
34 


18    7 

0     9    6} 


0 

4 

9 

0 

9 

H 

0 

17 

I 

0 

8 

6i 

0 

4 

54 

0 

2 

24 

0 

10 

0 

0 

0 

5 

o 
o 
1 
o 
o 


9 

4 

17 

5 


6 
9 

4 

114 


15  m 


91 
lOi 

10  114 

4     34 

2     II 
1     Oi 


Sovereign    . 

.      0 

5 

3.274 

Half  Sovereign    . 

.      0 

2 

13.637 

Double  Sovereign 

.      0 

10 

6.S49 

Five  Sovereign    . 

1 

5 

16^70 

Sixpence 

0 

1 

19.7>lltha 

Shilling       .        • 

.      0 

3 

15.3.1ltiM 

Half-Crown 

.      0 

9 

2.2.11tiu 

Cro^vn        •        . 

.      0 

18 

4.4-llths 

MONOCHORD MONTGaLPIBR   BALLOON. 


MoNOCHOHD,  an  ancient  instmment,  or  maclillle, 
80  called  because  it  is  furnished  with  only  one 
string.  Its  use  is  to  measure  and  adjust  the  ratios 
of  the  intervals,  which  it  effects  by  the  means  of 
movable  bridges,  calculated  to  divide  the  chord  at  the 
pleasure  of  the  experimentalist.  The  numochord  ap- 
pears to  have  been  in  constant  use  with  the  ancients, 
as  the  only  means  of  forming  the  ear  to  the  accurate 
perception,  and  the  voice  to  the  true  intonation,  of 
those  minute  and  difficult  intervals  which  were  then 
practised  in  melody. 

MoNocHROMB,  in  ancient  pahUing ;  a  painting 
with  one  single  colour.  This  description  of  art  is 
Tery  ancient,  and  was  known  to  the  EtruscaHs.  The 
first  specimens  of  the  art  of  painting  were  of  one 
tint  only,  which  was  most  commonly  red,  made 
either  with  cinnabar  or  minium.  Instead  of  red, 
white  paint  was  sometimes  used.  Quintilian  says 
of  Polygnotus,  and  Pliny  of  Zeuxis,  that  dieir  per- 
formances of  this  kind  were  of  the  latter  description. 
The  antique  tombs  of  the  Tarquins,  in  die  neighbour- 
hood of  Cometo,  offer  several  figures  pcUnted  in 
-white  upon  a  dark  ground.  The  firet  four  plaites  in 
the  first  volume  of  the  paintings  of  Herralaneum 
contain  several  monochromes  upon  marble.  The 
most  numerous  monuments  existing  of  this  kind  of 
painting  are  on  terra  cotta^ 

Monolithic  ;  consisting  of  a  single  stone.  Ac- 
cording to  Herodotus,  there  was  a  monolithic  sanc- 
tuary attached  to  a  temple  at  Sais,  dedicated  to  Mi- 
nerva, twenty-one  cubits  long,  fbwteen  wide,  and 
eight  high,  which  was  brought  fhmi  Elephantine. 
The  carriage  of  it  employed  2000  men  t^ee  years^ 
Some  striking  specimens  of  monolithic  temples  are 
still  found  in  £gypt,  and,  like  the  monolithic  obelisks, 
bear  testimony  to  the  wonderfbl  application  of  me- 
chanical power  among  the  ancient  Egyptians. 

Monopoly  b  an  exclusive  right,  secured  to  one  or 
more  persons,  to  carry  on  some  branch  of  trade  or 
manuracture,  in  contradistinction  to  a  freedom  of 
Tade  or  manufacture  enjoyed  by  all  the  worid,  or  by 
Ul  the  subjects  of  a  particular  country.  The  most 
requent  monopolies  formerly  granted  in  Europe 
vere  the  right  of  trading  to  certain  foreign  coun- 
ries,  the  right  of  importing  or  exporting  certain  ar- 
icles,  and  diat  of  exercising  particular  arts  or  trades 
n  certain  towns  or  boroughs.  These  species  of  mo- 
kopoly  are  now  genendly  understood  to  be  injurious, 
rhey  still  subsist,  however,  to  a  very  considerable 
txtent  in  Europe,  but  they  have  never  been  intro- 
luced  into  the  United  States  of  America.  There  is, 
Lowever,  one  species  of  monopoly  sanctioned  by  the 
aws,  not  only  of  that  country,  but  of  all  countries 
hat  have  made  any  advances  in  the  arts,  namely, 
he  exclusive  right  of  an  invention  or  improvement 
or  a  limited  number  of  years.  The  excUsive  right 
f  an  author  to  the  publication  of  his  own  work  is 
lardly  a  monopoly,  but  rather  a  right  of  property, 
esting  upon  the  same  principle  as  the  ri^t  to  lands 
r  chattels.  The  law,  therefore,  by  giving  an  aa- 
hoT  the  exclusive  right  to  the  publication  of  his  own 
rork,  for  a  limited  number  of  years,  makes  no  grant ; 
:  is  only  allowing  him  what  is  his  own,  for  a  li- 
lited  time.  But  £he  exclusive  right  to  the  use  of  an 
ivention  or  improvement  is  a  monopoly,  since  it 
eprives  others,  for  that  period,  of  the  chance  of  the 
dvantage  of  making  the  same  improvement,  disoo- 
ery,  or  invention  themselves.  ^  is  taking  away  a 
ight  whidi  they  before  had. 
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Monsoons  (  periodical  trade-windSj  v^ich  blow 
six  months  in  one  direction  and  the  rest  of  the  vear 
in  an  opposite  one.  They  prevail  in  the  Indian  ucean, 
north  of  the  tenth  degree  of  south  latitude.  From 
April  to  October,  a  violent  south-west  wind  blows, 
accompanied  with  rain ;  and  from  October  to  April 
a  gentle,  dry,  north-east  breeze  prevails.  The  change 
of  the  winds,  or  the  breaking  up  of  the  monsoons,  as 
it  is  called,  is  accompanied  by  storms  and  hurricanes. 
These  periodical  currents  of  winds  do  not  reach  very 
high,  as  their  progress  is  arrested  by  mountains  of  a 
moderate  altitude.     (See  Winds.) 

MoNSTBRS,  in  physiology  ;  creatures  whose  forma- 
tion deviates  in  some  remarkable  way  from  the 
usual  formation  of  their  kind.  The  deviation  con- 
sists sometimes  in  an  unusual  number  of  one  or  se- 
veral organs ;  sometimes,  on  the  contrary,  in  a  defi- 
ciency of  parts ;  sometimes  in  a  malformation  of  the 
whole  or  some  portion  of  the  system,  and  sometimes 
in  the  presence  of  organs  or  parts  not  ordinarily  be- 
longing to  the  sex  or  species.  In  most  cases,  these 
unusual  formations  are  not  incompatible  with  the 
regular  performance  of  the  natural  functions,  'al- 
though they  sometimes  impede  them,  and  in  some 
cases  are  entirely  inconsistent  with  the  continuance 
of  the  vital  action.  It  is  not  surprising  that  we 
should  be  ignorant  of  the  manner  in  which  monsters, 
or  irregular  births,  are  generated  or  produced; 
though  it  is  probable  that  the  laws  by  wnich  these 
are  governed  are  as  regular,  both  as  to  cause  and 
effect,  as  in  common  or  natural  productions. 

Formerly,  it  was  a  general  opinion  that  monsters 
were  not  primordial  or  aboriginal,  but  that  they  were 
caused  subsequently,  by  the  power  of  the  imagination 
of  the  mother  transferring  the  imperfection  of  some 
external  object,  or  the  mark  of  something  for  which 
she  longed  and  with  which  she  was  not  indulged, 
to  the  child  of  which  she  was  pregnant,  o^  by  some 
accident  which  happened  to  her  during  her  preg- 
nancy. But  this  has  been  disproved  by  common 
observation,  and  by  philosophy:  not  perhaps  by 
positive  proofe,  but  by  many  strottf  negative  facts;  as 
the  improbability  of  any  child  being  bom  perfect, 
had  such  a  power  existed ;  the  freedom  of  children 
from  an^  blemish,  thougli  their  mothers  had  been 
in  situations  most  exposed  to  objects  likely  to  pro- 
duce them;  the  ignorance  of  the  mother  of  any 
thing  being  wrong  in  the  child,  till,  from  informa- 
tion of  the  fact,  she  begins  to  recollect  every  accident 
which  happened  during  her  pregnancy,  and  assigns 
the  worst  or  the  most  plausibte  as  the  cause;  the^ 
organization  and  colour  of  these  adventitious  sub- 
stances ;  the  frequent  occurrence  of  monsters  in  the 
brute  creation,  in  which  the  power  of  the  imagi- 
nation cannot  be  great ;  and  the  analogous  appear- 
ances in  the  vegetable  system.  Judging,  however, 
firom  appearances,  accidents  may  perhaps  be  allowed 
to  have  considerable  influence  in  the  production  of 
monsters  of  some  kinds,  either  by  actual  injury  upon 
parts,  or  by  suppressing  or  deranging  the  principle 
of  growth,  because,,  when  an  arm  for  instance  is 
wanting,  the  rudiments  of  the  deficient  part  may 
generally  be  discovered. 

MoNTooLFiBE  Balloon.  This  ingenious  species 
of  aeronautic  machine  appears  better  fitted  for  the  pur- 
pose of  navigating  the  air  than  the  balloon  usually 
employed,  as  it  is  less  costly  and  more  manageable 
Ijian  the  hydrogen  gas  balloon.  Under  the  article 
,4|Si^pNA5iTics  we  Cave  the  history  of  its  inven- 
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■  to  point  oat  iti  pecnliw 


The  montgolfler  or  flie  bftllooD,  of  wbidi  wb  gm 
gniphic  repreBentetion,  owes  its  property  offlo»foig 
the  BtmiMiphere  to  the  rarefyiDgpower  of  heat  applied 
to  the  air  contained  within.  I^ere  is  a  vulgar  error 
that  the  "smoke  renders  theljalloon  booyanl-"  that, 
however,  is  not  the  fact,  aa  the  carbon  of  which  the 
amoke  ia  realij-  composed  is  BpecificaJly  heavier  than 
Ae  atmosphere.  From  this  will  be  seen  the  impolicy 
of  employing  those  comboatible  bodies  which  make 
much  smoke.  With  common  care  on  the  part  of  the 
aeronant,  there  ia  no  real  daneer  of  the  balloon  ig- 
piting,  as  the  air  contained  wiuiin,  being  deprived  of 
its  oiygtn,  might  extingoiah  comboation,  but  woald 
never  produce  it. 

Id  a  common  hydrogen  gas  balloon  the  aerostet  is 
made  to  ascend  by  dischai^ng  ballast,  and  descend 
b^  allowing  the  gas  to  escape.  Now  these  processes 
will  cease  to  operate  for  want  of  the  necessary  ma- 
terials after  one  or  two  ascents ;  but  with  the  mont- 
golfler balloon  a  traveller  may  aacend  by  a  alight 
addition  to  his  tiiel,  or  descend  by  lowering  the  fire, 
any  number  of  timea.  With  this  control  over  the 
balloon,  advantage  may  be  taken  of  currents  at  dif- 
ferent heights  in  the  air,  and  the  whole  apparatns 
thuB  rendered  much  more  manageable  than  it  is 
nsaally  found.  Tie  cloth  shonld  of  coQi«e  be  ren- 
dered incombustible  by  some  saline  solution. 

MOHTB ;  the  twelfQi  part  of  the  year,  and  so  called 
from  the  moon,  by  whose  motions  it  waa  formeriy 
regulated,  being  properly  the  time  in  which  the  moon 
muB  through  Qu:  zodiac.  The  lunar  month  is  eithu- 
illuminative,  periodical,  or  synodical. 

The  iUHMinative  Monlh  is  the  interval  between  the 
first  appearance  of  one  new  moon  and  that  of  the 
next  following.  As  the  moon  appears  sometimes 
sooner  after  one  change  than  after  another,  Uie  qnan- 
tity  of  the  illominUive  month  is  not  always  the  uune. 


'n»  TWks  and  Arabs  reckon  by  tlua  miHitb.  A 
haar  prriodietU  month  a  the  time  in  which  the  moan 
runs  through  tl^e  zodiac,  or  retoms  to  the  aame  p«iit 
again,  the  quantity  of  which  ia  2?  d.  7  b.  43'  iT. 
A.  lunar  jyaodicoj  mimlh,  called  also  a  bmatiam,  k 
the  time  between  two  conjunctions  of  the  mooti  with 
the  aun,  or  between  two  new  moons,  the  qoantity 
ofwhichiaSgd.  ISh.Ws'll"'.  The  ancient  Bomani 
uaed  lunar  months,  and  made  them  alternately  cf 
twenty-nineandthirtydays.  They  marked  the  daystf 
each  month  by  three  terms,  ealemdt,  nonet,  and  via. 
The  Solar  vumth  is  the  time  in  which  the  nm 
mn*  tliou^  one  entire  sign  of  the  ecliptic,  tlv 
mean  quantity  of  which  b  30  d.  10  h.  39'  5  ', 
being  the  twelfth  part  of  365  d.  5  h.  49',  tlic  meu 
solar  year.  The  aitroHomical  or  naho^  mo»ik  m 
that  measured  by  some  exact  interval,  comapondiD( 
to  the  motion  of  the  sun  or  moon ;  such  are  the  lunar 
and  solar  months  above  mentioned.  The  ami  a 
eonuMM  ntonih  ia  an  interval  of  a  certain  aombo'  of 
whole  days,  approaching  nearly  to  the  quantity  of 
some  astronomical  month.  These  may  be  either  lu- 
nar or  solar.  The  etvij  bmar  month  conaists  alter- 
nately of  twenty-nine  and  thirty  days.  Tlias  will 
two  civil  months  be  equal  to  two  astronomical  oots, 
abating  for  the  odd  minutes  j  and  so  the  new  moao 
will  be  kept  to  the  first  day  of  such  civil  months,  fi* 
a  long  time  together.  This  waa  the  month  in  dvil  it 
common  use  among  the  Jews,  Greeki,  and  Romn^ 
till  the  time  of  Julius  Cssar.  The  ewU  waiar  iMid 
consisted  alternately  of  thirty  and  thirty-one  dayi^ 
excepting  one  monQi  of  the  twelve,  whidi  cooaolcd 
only  of  twenty-nine  days,  but  every  fourth  yeuef 
thirty  days.  The  form  of  civit  months  waa  intiv- 
duced  by  Julius  Cssar.  Under  Augnatiia,  the  titA 
month  (till  then,  from  its  place,  called  SeitUiMj  re- 
ceived the  name  Augmtiu  (now  Angntf),  in  hooov 
of  that  prince ;  and,  to  make  the  compliment  atiB 
greater,  a  day  was  added  to  it.  which  made  it  consitf 
of  thirty-one  days,  thoo^  till  then  it  had  only  cob. 
talned  thirty  days,  to  compensate  for  which  a  day 
was  taken  from  Febroary.  making  it  conaiit  rf 
twenty-eight  days,  and  twenty-nine  every  fonrtk 
year.  Such  are  the  civil  or  calendar  months  now 
oaed  throughout  Europe. 

MoHUMaKT.  The  productions  of  aculptore  aad 
architecture,  intended  to  transmit  to  posterity  the  me- 
mory of  remarkable  individuals  or  eventa,  are  moil 
generally  understood  by  the  term  monuments  of  an- 
tiquity. Such  aa  ornament  public  placea,  gardens.  &c, 
arechiefly  in  commemoration  of  great  eventa,  Amn^ 
the  monuments  in  honour  of  individuals  are  tomb* 
and  sepulchral  edifices  or  columns.  In  all  ages,  aoJ 
with  every  nation,  we  find  this  description  of  mona- 
ment,  from  the  first  rude  attemptsof  art  to  itagirate* 
perfection.  The  moat  ancient  known  to  ns  ate  tht 
obelisks  and  pyramida  of  Egypt,  and,  perhaps  c«- 
temporarv  with  these,  the  tombs  of  the  Peraian  km^ 
which  are  atill  beheld  with  admiration  in  the  ruus 
of  Feraepolis.  Tbeae  monuments  command  our  a«t 
by  their  grandeur  and  simplicity,  in  which  they  m 
perhapa  superior  to  aimUar  works  of  Grecian  art 
though  the  latter  excel  them  in  bcau^.  Hardly  uj 
country  offered  ao  great  a  number  of  monuments  ■ 
Greece,  where  they  were  erected  m  honour  al  tk 
victors  in  battle,  and  in  the  solemn  games,  and  if 
other  distinguished  men,  but  were  often  also  throw* 
away  on  the  undeserving.  The  wamor  bad  ataCMS 
and  trophies;  the  victor  in  the  gamea  bad  tUM 
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and  pillars.    On  the  UthmnB  of  0>rinth,  near  the 
temple  of  Neptune*  were  Btatuea  of  the  victors  in  the 
Isthmian  games ;    in  the  holy  grove  of  Altis,  near 
Olympia,  were  those  of  the  victors  in  the  Olympic 
games.    There  were  also  many  trophies.    Buildings 
were  frequently  erected  in  commemoration  of  dis- 
tinguished persons  or  events,  which  differed  greatly 
in  form  and  splendour.    Thus,  in  Athens,  the  cho- 
ragtc  monuments  were  erected  in  honour  of  those  who 
hid  received  the  prizes  as  choragi  in  the  theatrical 
and  musical  games.     In  these  games  it  was  cus- 
tomary for  each  of  the  ten  guilds  of  Athens  to  select 
one  dijragvM,  who,  at  his  own  expense,  undertook  the 
regulation  and  superintendence  of  the  games.    Each 
endeavoured  to  surpass  the  other ;  the  conqueror  re- 
ceived a  tripod  of  hrass  as  the  prize,  which  was 
usually  the  work  of  a  great  artist,  and  was  regarded 
as  an  honour  to  his  family.    This  prize  was  puhlidy 
placed  on  a  small  edifice  or  a  single  pillar,  on  which 
the  name  of  the  choragta  and  the  date  of  the  games 
were  inscribed.    A  particular  street  in  Athens,  called 
the  street  of  tripods,  was  appropriated  to  these  monu- 
ments.   Some  of  tiiese  have  been  preserved  to  our 
time.    The  most  splendid  of  all,  and  the  most  orna- 
mented, is  the  choragic  monument  of  Lysicrates, 
usually  called  the  lantern  of  Demosthene$:  next  to 
this  are  the  monuments  of  Thrasyllus  and  Thrasycles, 
and  some  pillars.    The  Romans,  who  contended 
with  the  Greeks  in  the  arts,  were  equally  success- 
ful in  monuments,  of  which  one  species  (the  trium- 
phal arch)  is  entirely  theirs.  (See  Triumphal  Arch.) 
The  earliest  tombs  in  Qreece  and  Rome  were 
erected  either  on  the  spot  where  the  ashes  of  the  de- 
ceased were  deposited  or  in  some  other  place  chosen 
at  pleasure.    These  latter  were  termed  cenotaphs. 
Both  kinds  were  found  in  the  cities  or  their  vicinity, 
and  scattered  along  the  roads,  which  they  orna- 
mented. The  rude  stone  v^as  by  degrees  transformed 
into  a  noble  pillar;  subsequently,  on  a  foundation 
of  stone,  two  small  pillars  were  erected,  covered 
ymth  a  pediment,  and  the  intermediate  space  was 
destined  for  the  image  of  the  deceased,  inscriptions, 
and  bass-reliefs.     Small  buildings  in  the  form  of 
temples  followed,  and  these,  in  time,  increased  in 
magnificence.     (Skb  Tomb.) 

Moon  is  the  name  given  to  the  satellites  which 
revolve  round  tiie  primary  planets  and  illuminate 
them  with  light  reflected  fh>m  the  sun.  In  common 
language,  we  mean  by  moon  the  particular  satellite  of 
ourearth.  Like  the  other  heavenly  bodies,  it  daily  alters 
its  apparent  position  among  the  fixed  stars,  and  in 
the  course  of  a  month  appears  to  make  acomplete  revo- 
lution round  the  heavens,  from  west  to  east,  while,  at 
the  same  time,  it  has,  like  the  fixed  stars,  an  apparent 
daily  motion  from  east  to  west.  Among  all  the 
lieavenl^  bodies,  the  moon  is  the  nearest  to  us.  Its 
mean  distance  is  estimated  at  about  thirty  times  the 
diameter  of  the  terrestrial  equator,  or  237»000  miles. 
The  point  at  which  it  approaches  nearest  the  earth 
is  cfliled  its  perigee;  the  point  of  its  greatest  dis- 
tance is  called  the  apogee.  It  passes  through  both 
these  points  in  each  revolution.  According  as  it  is 
xiearer  to  or  further  from  the  earth  its  diameter, 
as  seen  from  the  earth,  appears  larger  or  smaller. 
In  the  moon's  revolution  great  inequalities  are 
remarked.  These  arise  mostly  from  the  strong 
attraction  of  the  sun  in  the  various  positions  which 
it  assumes  relatively  to  the  earth.  This  was  first 
understood  after  Newton's  discovery  of  the  uni- 
Arts  &  SciBNCBS. — Vol.  I. 


versality  of  ^e  law  of  gravity.  Tobias  Mayer  pub^ 
lilted  the  first  accurate  lunar  tables.  Besides  the 
double  motion  of  the  moon  round  our  earth,  and 
with  the  earth  round  the  sun,  it  also  revolves  on  its 
own  axis.  It  completes  a  revolution  on  its  own  axis 
in  the  same  time  with  its  revolution  round  the  earth, 
as  appears  from  its  always  presenting  the  same  side 
to  the  earth.  In  consequence  of  this  remarkable  co- 
incidence, tiie  earth  must  appear  to  a  spectator  on 
the  moon  to  be  always  in  the  zenith.  One  side  of 
the  moon,  moreover,  never  receives  the  reflection  of 
the  sun's  rays  from  the  earth,  while  the  other  is  con- 
stantly illuminated  by  it ;  both  sides,  however,  are 
equally  illumined  by  the  direct  rays  of  the  sun. 
Some  little  irregularity  has  been  perceived  in  the 
surface  of  the  moon  presented  to  the  earth,  its  spots 
sometimes  appearing  more  to  the  north,  at  others 
more  to  the  south ;  a  similar  variation  is  perceived 
east  and  west.  This  phenomenon  is  denominated 
the  Ubration  of  the  moon  in  latitude  and  longi- 
tude.   The  causes  of  both  have  been  discovered. 

Of  all  the  heavenly  bodies,  the  moon,  from  its 
comparative  proximity  to  the  earth,  is  the  one  of 
which  most  is  known.  That  it  is  an  opaque  bod)« 
receiving  its  light  from  the  sun,  is  evident  from  the 
phenomena  of  solar  and  lunar  eclipses,  but  more  par- 
ticularly from  the  various  phases  which  it  presents. 
Even  the  naked  eye  discovers,  on  the  illuminated  sur- 
face of  the  moon,  several  spots,  more  or  less  bright ; 
and  a  good  telescope  shows  us  in  the  bright  parts, 
on  the  limits  of  illumination,  prominences  and  de- 
pressions, which  are  regarded  as  mountains  and 
valleys.  The  numerous  observations  of  Herschel 
and  Schroter,  through  a  number  of  years,  have  put 
the  existence  of  these  beyond  dispute.  The  large 
dark  spots  appear,  when  intersected  by  the  frontier 
line  of  illumination,  always  even  and  vrithout  pro- 
minences. Hence  they  are  supposed  to  be  plains, 
consisting  of  a  substance  which  has  comparatively 
little  power  of  reflecting  the  sun's  rays.  That  they 
are  seas  is  not  probable,  since  Huvgens  observed 
great  depressions  in  them,  and  Schroter,  in  several 
of  these  depressions,  discovered  evident  traces  of  va- 
rious horizontal  strata,  lying  one  upon  the  other, 
and  forming  a  wall  around  them.  Schroter,  who 
measured  several  of  these  depressions,  found  their 
diameter  to  be  from  thirty  feet  to  more  than  half  a 
mile ;  the  diameter  of  one,  in  fact,  was  more  than 
sixteen  miles,  and  its  depth  30,000  fathoms. 

'Vhe  shepherd  Endymion,  according  to  Pliny,  first 
observed  the  course  of  the  moon  and  its  changes. 
Hence  the  story  of  Endymion  and  Diana.  Even  the 
Chaldeans  considered  the  moon  as  the  smallest 
among  the  heavenly  bodies  and  the  nearest  to  the 
earth ;  they  knew  that  her  light  was  borrowed,  fixed 
her  periodical  phases  with  much  accuracy,  and  attri- 
bute Imt  eclipses  to  the  shadow  of  the  earth.  Thai 
the  moon  was  inhabited  was  conjectured  by  Or- 
pheus, or  rather  by  the  author  of  the  verses  which 
exist  under  his  name ;  and  Pherecydes  of  Scyros, 
a  contemporary  of  Servius  Tullius,  is  said  to  have 
determined  the  time  of  her  revolution.  The  Pytha- 
goreans affirmed  that  the  moon  contained  mountains, 
cities,  plants,  animals,  and  men.  Anaximander  knew 
the  size  of  the  moon,  its  distance  from  the  earth, 
and  that  its  light  was  borrowed  from  the  sun.  The 
spots  on  its  surface  Clearchus  considered  to  fa^  seas. 

In  modem  times,  this  planet  has  occupied  much 
of  the  attention  of  astronomers.    Doctor  Francis  von 
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PMiIa  GraiUraUen,  profestor  of  aBtroiiom^  at  Mu- 
nich, has,  of  late  yean,  paid  great  attention  to  the 
moon,  and  his  discoTeries  and  hypotheses,  though 
ifraoting  confirmation,  have  excited  much  interest. 
In  his  opinion,  the  straight  lines,  often  of  consi- 
derable length  and  a  parallel  direction,  which  have 
been  observed  on  its  surface,  and  which  are  made  up 
of  objects  resembling  in  shape  a  star,  an  inverted  Z, 
&c.,  are,  in  fact,  roads,  with  cities,  temples,  dwell- 
ings, iBcc.    At  present,  however,  these  conjectures  can 
hardly  be  regarded  as  more  than  the  creations  of  a 
lively  imagination.     (See  Astbonomt.) 
Moral  Philosophy.    See  Philosophy. 
MoBDAMTs.      The  colouring  substances  used  in 
dyeing  have  been  divided  by  Doctor  Bancroft  into  mb- 
gtantive  and  adjective  colours.  Substantive  colours  are 
those  which  communicate  their  tint  immediately  to 
the  material  to  be  dyed,  without  the  aid  of  any  third 
substance.    Adjective  colours  require  the  interven- 
tion of  a  third  substance,  which  possesses  a  joint  at- 
traction for  the  colouring  matter  and  the  stuff  to  be 
dyed.    The  substance  capable  of  thus  fixing  the  co- 
lour is  called  a  mordant,  and  by  Mr.  Henry  a  basis, 
(See  Dybiiio.) 

MoROXYLic  Acid  ;  the  name  applied  by  Klaproth 
to  an  acid  found  in  combination  with  lime,  forming 
a  blackish -brown  coating,  on  the  trunk  of  a  white 
mulberry  tree  at  Palermo.  Its  taste  and  other  quali- 
ties approach  nearest  to  those  possessed  by  the 
succimc  acid.  It  crystallizes  in  colourless  trans- 
parent prisms,  and  is  soluble  in  water  and  alcohol. 

Morphia  ;  a  new  vegetable  alkali,  extracted  from 
opium,  of  which  it  constitutes  the  narcotic  principle. 
It  is  obtained  pure  by  the  following  process : — A  con- 
centrated infusion  of  opium  is  boiled  with  a  small 
quantity  of  common  magnesia  for  a  quarter  of  an 
hour :  a  considerable  quantity  of  a  grayish  deposit 
ftdls :  ti^  is  washed  on  a  filter  with  cold  water,  and 
when  dry  digested  in  weak  alcohol  for  some  time, 
at  a  temperature  beneath  ebullition.  In  this  way, 
a  little  morphia  and  a  great  quantity  of  colouring 
matter  are  separated.  Ilie  matter  is  then  drained  on 
a  filter,  washed  with  a  little  cold  alcohol,  and  after- 
wards boiled  with  a  large  quantity  of  highly  rectified 
alcohol.  Thb  liquid,  being  filtered  while  hot,  on 
cooling,  deposits  the  morphia  in  crystals,  and  very 
little  coloured.  The  solution  in  alcohol  and  crystal- 
lization being  repeated  two  or  three  times,  colourless 
■aorphia  is  obtained.  It  crystallizes  in  double  four- 
sided  pyramids,  whose  bases  are  squares  or  rectan- 
gles; sometimes  also  in  prisms,  with  trapezoidal 
bases.  It  dissolves  in  eighty-two  times  its  weight  of 
boiling  water,  and  the  solution,  on  cooling,  deposits 
rep^ar  and  colourless  crystals.  It  is  soluble  in 
thirty-six  times  its  weight  of  boiling  alcohol,  and  in 
forty-two  timed  its  weight  of  cold  alcohol.  It  dis- 
solves in  eiffht  times  its  weight  of  sulphuric  ether. 
All  these  solutions  change  the  infusion  of  brazil-wood 
to  violet,  and  the  tincture  of  rhubarb  to  brown.  Ao- 
cording  to  M.  Bussy,  morphia  consists  of 

Carbon ••••  69*0 

Hydrogen 6.5 

Azote .    4.5 

Oxygen 30.0 

100.0 
With  acids  it  forms  a  class  of  salts  in  like  manner 
as  do  the  other  vegetable  alkalies.  Sutphaie  uf  mor- 
phia ctystallizes  in  prisms,  which  dissolve  in  twice 


their  weight  of  distilled  water.    They  ait  compoMC 

of 

Acid •         ....22 

Morphia •• 40 

Water    .......^ 38 

100 
Nitrate  of  morphia  yields  needle-formed  crystak  u 
stars,  whidi  are  soluble  in  one  and  a  half  times  duir 
weight  of  distilled  water.    Muriate  ofwtorphia  is  so- 
luble in  ten,  and  a  half  times  its  weight  of  distilled 
water.  The  acetate  crystallizes  in  needles,  tiie  taitnle 
in  prisms,  and  the  carbonate  in  short  prisms.    Tinc- 
ture of  galls  is  said  to  be  a  good  test  of  morphia*  free 
or  combined.  Subacetateof  lead  throws  down  all  the 
animal  matters  with  which  acetate  of  mnmnrffMi  m^y 
come  to  be  associated  in  the  stomach,  without  acting 
on  that  vegetable  salt.    The  excess  of  lead  may  be 
separated  from  the  clear  liquor  by  a  few  bubbles  of 
sulphuretted  hydrogen ;  and  the  morphia  may  tha 
be  recognized  by  crystallization  ta  vacuo,  and  by  the 
red  colour  which  nitric  add  imparts  to  it.     No  mor- 
phia is  found  in  the  blood  of  animals  killed  wi&  it. 
Morphia  acts  with  great  energy  on  the  animal  eco- 
nomy.   A  grain  and  a  half,  t^en  at  thi«e  dillcrent 
times,  produced  such  violent  symptoms  upon  three 
young  men  of  seventeen  years  of  age,  that  Sertoma 
was  alarmed  lest  the  consequences  ^lould  have  pcofci 
fatal. 

Mortality.  The  law  of  mortality  is  that  whidi 
determines  the  proportion  of  the  number  of  pcnoas 
who  die  in  any  assigned  period  of  life  or  interval  d 
age,  out  of  a  given  number  who  enter  upon  the  same 
interval,  and  consequently  the  proportion  of  those 
who  survive.  Tables  showing  how  many  out  of  a 
great  number  of  children,  as  10,000  or  100,000,  bon 
alive,  die  in  each  year  of  their  age,  and  conscqueatly 
how  many  complete  each  year,  and  exhibitiiig  this 
law  through  the  wb#le  extent  of  life,  are  called  fMm 
qf  mortaiUjf,  The  basis  of  such  calculations  most  be 
an  accurate  register  of  the  number  of  births  and 
deaths,  and,  in  the  case  of  the  latter,  at  what  ages  ia 
a  given  district  or  extent  of  country.  In  England  the 
bills  of  mortality,  or  abstracts  from  parish  rsgktcn^ 
show  the  numbers  who  are  bom  and  die  in  ^  £ffer 
ent  parishes;  and  in  other  countries  similar  mortoaiT 
registers  are  kept  The  results  ftimished  by  such 
tables  are  very  various,  and  of  great  interest. 

If  the  registers  were  kept  with  sufficient  aocoracy 
and  minuteness,  they  would  enable  us  to  drterrains 
the  proportion  of  deaths,  not  only  at  diffierent 
and  in  different  regions,  but  at  different  aeaaoi 
persons  of  different  occupations  and  habits,  in  to' 
or  in  the  country,  and  would  aflbrd  valuable  matehah 
for  the  science  of  political  economy.  Althoogh  much 
more  attention  has  been  paid  to  this  subject  ia 
recent  times,  yet  the  observations  have  not  been  m 
extensive  nor  so  accurate  as  is  desirable.  Tlie  fixit 
table  of  mortality  was  constructed  by  Doctor  HaUey, 
from  the  mortuary  registers  of  Breslan,  for  fi¥e  ycsn 
ending  with  I69I,  and  was  inserted  in  hia  paper  ea 
the  subject  in  the  Phiiosophical  Dmsacfiom  §» 
1693,  with  many  useful  obeervationa  on  the  p«^ 
poses  to  which  such  tables  may  be  applied.  (See 
Longevity.) 

Mortar,  in  gumurjf,  is  a  kind  of  short  cannon,  of  • 
large  bore,  with  chambers.  Mortars  are  nmde  of  stoaci 
brass,  or  iron.  Their  use  is  to  throw  hollow  sbdls  iM 
with  powder,  which,  falling  on  any  building;  or 
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tbfl  wcuka  of  a  fortification,  bnnt,  and  their  fiag- 
mcnts  destroy  every  thing  within  reach;  also  balls 
of  stone,  carcaaaei,  ba^  filled  with  grape-shot,  &c. 
TTiey  were  fir»t  n»ed  in  sieges  for  throwing  great 
balls  of  itone  and  of  red-hot  iron,  before  the  ' 
of  shells.  On  this  account,  the  caliber  of 
in  Gerrnany,  is  generally  estimated  bv  the  weight  or 
a  stone  of  the  size  of  the  bomb  whicn  it  ig  intended 
to  throw.  In  Denmark  and  Knsaia,  on  the  contrary, 
the  caliber  is  estimated  by  the  actual  weight  of  an 
iron  ball  fitting  it ;  in  this  country  and  France,  by 
ita  diameter  m  inches.  In  the  larger  states  of 
Europe,  10,  16,  25,  30,  60,  and  GO  pound  mortars, 
accoiding  to  the  stone  weight  raeasore,  are  used.  In 
the  Pmssian  army,  "!,  10,  85,  iO,  75  pound  mortars 
are  cnstomary.  Ponncily  they  were  used  even  of 
130  lbs.  weight;  bat  these  are  not  employed  at  prc- 
•ent,  except  in  particular  cases.  Ijieir  length  is 
gwerally  from  3}  to  31  times  the  diameUt  of 
the  caliber,  llie  best  form  of  the  mortar  i*  ahown 
beneath: — 


rnte  interior  parts  of  a  mortar  are  the  chamber,  the 
bore,  the  mouth,  the  vent.  The  chamber  is  the  place 
where  the  charge  of  powder  is  lodged.  The  shape  of 
the  chamber  varies.  It  is  generally  conical,  more  or 
leas  truncated.  ZoKdmorfarfaretluwe  used  in  sieges, 
and  mounted  ou  beds.  The  beds  are  made  of  very 
aolid  timber,  and  placed  upon  very  strong  timber 
frames.  Stimt  vartan  serve  to  throw  stones  into  the 
enemy's  works  when  near  at  hand-  Sea  moriart  are 
those  wliich  are  fixed  in  bomb- vessels  for  bombarding 
places  by  sea;  they  are  made  much  longer  and  some- 
'what  heavier  than  land  mortars. 

Tie  use  of  mortars  is  thooght  to  be  older  than  that 
of  cannon,  for  they  were  employed  in  the  wars  of 
Italy  to  throw  balls  of  red-hot  iron  and  stones  long 
before  the  invention  of  sheila.  It  is  generally  be- 
Uered  that  the  Germans  were  the  inventora,  and  that 
they  were  used  at  the  siege  of  Naples,  in  the  reign  of 
Charles  VIII.,  in  U35.  It  is  more  certain  that  shells 
-were  thrown  out  of  mortars  at  the  siege  of  Wachten- 
donk,  in  1588.  by  the  count  of  Mansfield. 

Mortar,  in  buiidtHg.  That  species  of  earthy  compo- 
■ition  which  is  especially  fitt^  to  resist  the  action  of 
-water,  or  a  damp  climate,  is  described  under  the  article 
CaMBitr,  and  we  now  propose  examining  the  cheaper 
forms  kikown  as  mortar. 

The  mode  of  making  the  very  durable  material 
smggeated  by  M.  Loriot  may  be  first  described  : — 
Take  one  part  of  brick-dust  finely  sifted,  two  parts 
of  fine  rrver-sand  skreened,  and  as  much  old  slaked 
lime  as  may  be  sufficient  to  form  mortar  with  water 
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in  the  Dinal  method,  but  so  wet  as  to  serve  for  the 
slaking  of  as  much  powdered  qaick-lime  as  amounts 
to  one-fourth  of  the  whole  quantity  of  bnck-diist 
and  sand.  When  the  materials  are  well  mixed,  em- 
ploy the  composition  quickly,  as  the  least  delay  may 
render  the  application  of  it  imperfect  or  impossible. 
With  respect  to  this  method.  Dr.  Higgins  observes 
that  M.  Loriot  corrects  the  bad  qoahty  of  the  old 
and  effete  Ume,  which  constitutes  the  basis  of  his 
mortar,  and  which  has  regained  a  part  of  the  fixed 
air  that  had  been  expelled  from  it,  by  the  addition  of 
fresh  and  non-efiervescent  lime,  hastily  added  to  it 
at  the  time  of  using  the  composition,  which  must  un- 
doubtedly  improve  the  imperfect  mass.  Accoidiug  to 
Dr.  Higgins,  the  perfection  of  lime  prepared  for  the 
purpose  of  making  mortar  consists  chiefly  in  its  be- 
ing totally  depriv^  of  its  fixed  air.  On  eiamining 
several  specimens  of  the  lime  commonly  used  in  build- 
ing, he  found  that  it  was  seldom  or  never  sufficiently 
burnt,  for  they  all  effervesced,  and  yielded  mora 
or  less  fixed  air,  on  the  addition  of  an  acid,  and 
slaked  slowly  in  comparison  with  weil-bumt  lime. 
Dr.  Higgins  also  relates  some  experiments  which 
show  how  very  quickly  lime  imbibes  fixed  air  from 
the  atmosphera,  on  its  exposure  to  which  it  by  de- 
grees  soon  loses  those  characters  which  chiefiy  dis- 
tinguish it  from  mere  lime-stone  or  powdered  chalk, 
by  soon  attracting  from  thence  that  very  principle 
to  the  absence  of  which  it  owes  its  useful  quality 
as  a  cement,  and  which  had  before  been  expelled 
from  it  in  the  burning.  Hence  he  concludes  that,  as 
limes  owes  ita  excellence  to  the  expulsion  of  fixed 
air  from  it  in  the  burning,  it  should  be  used  as  soon 
as  possible  after  it  is  made,  and  guarded  from  ex- 
posure to  the  air  as  much  as  possible  befors  it  is 
used.  It  is  no  wonder^  therefore,  he  says,  tkat 
London  mortar  is  bad,  if  the  imperfection  of  it  de- 

Ended  solely  on  the  l»dness  of  the  lime  ;  since  th« 
leemployedinitisnotonly  bad  when  it  comes  fresh 
from  the  kiln,  because  it  is  inanfficicntly  burnt, 
and  the  air  has  access  to  it,  but  becomes  worse  be- 
fore it  is  used,  by  the  distance  and  mode  of  its  con- 
veyance, and  when  slaked  is  as  widelv  different 
firom  good  lime  as  it  is  from  powdered  cbalk.  For 
a  similar  reason,  every  other  cause  which  tends  to 
restore  to  the  lime  the  fixed  air  of  whioh  it  had  been 
deprived  in  the  burning  must  depreciate  it 

It  must  receive  this  kind  of  mjnty,  for  instance, 
from  the  water,  to  largely  used,  first  io  alaking  tha 
lime,  and  afterwards  in  making  it  into  mortar,  if 
that  -water  contains  fixed  air,  from  which  few  watera 
are  perfectly  free,  and  which  will  be  greedily  at- 
tracted by  the  lime.     The  injury  arising  from  this 
cause  is  prevented  by  the  substitution  of  lime-WBter> 
far  as  it  may  be  practicable  or  convenient 
From  other  experiments,  made  with  the  view  of  as- 
certaining the  beat  relative  proportions  of  lime,  sand, 
,  in  the  making  of  mortar,  it  appeared  that 
those  specimens  were  the  best  that  contained  one  part 
of  lime  in  seven  of  the  sand ;  for  those  which  con- 
tained less  lime,  and  were  too  short  whilst  fresh. 
It  easily  cut  and  broken,  and  were  pervious 
I  and  those  which  contained  more  lime, 
although  they  were  closer  in  grain,  did  not  harden 
so  soon,  or  to  so  great  a  degree,  even  when  they 
escaped  cracking  by  lying  in  the  shade  to  dry  slowly. 
It  appeared,   further,  that   mortar  which   is  to   be 
used  where  it  must  dr^  quickly  ought  to  b' 
stiff  aa  the  purpose  will  admit,  or  with  th 
3Ga 
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practicable  quantity  of  water,  and  that  mortar  will 
not  cracky  although  the  lime  be  used  in  excessive 
quantity,  provided  it  be  made  stiifer  or  to  a  thicker 
consistence  than  mortar  usually  is. 

Dr.  Higgins  has  also  shown   that   though  the 
netting  of  mortar,  as  it  is  called  by  the  workmen, 

hiefly  depends   on  the  exsiccation  of  it,  yet  its 

Miration,  or  its  acquiring  a  stony  hardness,  is  not 
caused  by  its  drying,  as  has  been  supposed,  but  is 
principally  owing  to  its  absorption  of  fixed  air  from 
the  atmosphere,  and  is  promoted  in  proportion  as  it 
acquires  this  principle,  the  accession  of  which  is  in- 
dispensably necessary  to  the  induration  of  calcareous 
cements.  In  order  to  the  greatest  induration  of 
mortar,  therefore,  it  must  be  suffered  to  dry  gently 
and  set ;  the  exsiccation  must  be  effected  by  a  tem- 
perate air,  and  not  accelerated  by  the  heat  of  the 
sun  or  fire ;  it  must  not  be  wetted  soon  after  it  seta ; 
and  afterwards  it  ought  to  be  protected  from  wet  as 
much  as  possible,  until  the  mortar  is  finally  placed 
and  quiescent ;  and  then  it  must  be  as  freely  exposed 
to  the  open  air  as  the  work  will  admit,  in  order  to 
supply  acidulous  gas,  and  enable  it  sooner  to  sus- 
tain the  trials  to  which  mortar  is  exposed  in  cement- 
ing buildings,  and  other  incrustations. 

Dr.  Higgins  also  enquired  into  the  nature  of  the 
bcEt  sand  or  gravel  for  mortar,  and  into  the  ef- 
fects of  bone-ashes,  plaster,  powder,  charcoal,  sul- 
phur, &c.,  and  he  deduces  great  advantages  from  the 
iiddition  of  bone-ashes,  in  various  proportions,  ac- 
cording to  the  nature  of  the  work  for  which  the 
composition  is  intended. 

Fresh-made  mortar,  if  kept  from  theair  under  ground 
in  considerable  masses,  may  be  preserved  a  great  length 
of  time  without  injury,  aiiid  the  older  it  is  before  it 
is  •sed  the  better,  the  builder  taking  the  precaution 
to  beat  it  up  afresh  previous  to  using  it ;  for  it  not 
only  sets  sooner,  but  acquires  a  greater  degree  of 
hardness,  and  is  less  apt  to  crack.  A  fact  related  by 
Mr.  Smeaton  remarkably  illustrates  these  points. 
Having  had  occasion  to  take  up  a  large  flat  stone  of 
a  close  grain,  of  about  five  feet  square,  that  had  pro- 
bably lain  above  a  century  at  the  bottom  of  a  malt 
cistern,  he  found  that  it  had  been  well  bedded  in 
mortar,  which  had  become  coagulated  to  the  con- 
sistence of  cheese  ;  but,  having  never  come  to  a  perfect 
dryness,  it  so  far  retained  its  natural  humidity  tiiat 
he  found  it  might,  with  some  pains,  be  beaten  up  to 
mortar  without  any  addition  of  water ;  and  afterwards, 
being  suffered  to  dry  in  the  air,  it  set  to  a  stony  hard- 
ness, and  appeared  as  good  mortar  as  any  which  that 
part  of  the  country  could  produce.  Pliny  informs  us 
that  the  ancient  Roman  laws  prohibited  builders  from 
using  mortar  that  was  less  than  three  years  old ;  and 
to  this  circumstance  he  expressly  attributes  the  re- 
markable firmness  of  the  oldest  buildings  in  the  city. 
A  similar  custom  prevailed,  and  indeed  still  prevails, 
in  Vienna,  requiring  the  mortar  to  be  a  year  old  before 
it  is  employed.  But  there  is  nothing  which  shows, 
in  so  striking  a  point  of  view,  the  advantage  and 
necessity  of  beating  mortar  (and  the  effect  produced 
is  owing  to  something  more  than  a  mere  mechanical 
mixture  of  ingredients)  as  the  preparation  of  groat;, 
or  liquid  mortar.  This  differs  from  common  mortar 
only  in  containing  a  larger  quantity  of  water,  so  as 
to  be  sufficiently  fluid  to  penetrate  the  narrow  irre- 
gular interstices  of  rough  stone  walls,  and  is  generally 
made  by  dilating  common  mortar  with  water,  either 
cold  or  hot.     It  not  unfrcqucntly  happens  that  this 


refuses  to  set,  and  at  all  times  it  is  a  long  whue  u 
acquiring  the  proper  hardness;  but  if,  instead  of 
common  mortar,  that  which  has  been  long  and 
thoroughly  beaten  is  employed,  the  grout  will  set  lo 
the  space  of  a  day,  and  soon  after  acquires  a  degree 
of  hardness  much  superior  to  what  is  made  in  the 
common  manner. 

Mortar  which  sets  without  cracking,  whether  this 
be  owing  to  the  due  proportion  of  sand  or  to  the 
slow  exhalation  of  the  water  from  mortar  contahuBg 
less  sand,  never  cracks  afterwards,  whatever  its  faults* 
in  other  respects,  may  be.  As  it  is  the  lime  paste, 
and  not  the  sand,  which  contracts  and  prodnoes 
fissures  in  drying,  so  the  more  sand  there  is  in  tiie 
composition,  the  less  the  cracks  will  be  seen.  Moitar 
which  is  liable  to  crack  becomes  irreparably  injured 
by  frequent  alternations  of  wetting  and  freezing ;  for 
the  water  imbibed  by  the  smallest  fissures,  dilatmg 
as  it  congeals,  loosens  its  whole  texture.  WhNe, 
however,  it  is  composed  of  seven  parts  of  aorted  sand 
to  one  of  lime,  it  is  not  disposed  to  crack. 

To  show  more  clearly  how  much  our  sli^t  build- 
ings are  weakened  by  the  agitations  and  percussioai 
to  which  they  are  exposed,  first  in  erecting  die  walk 
and  settling  the  timbers,  and  then  in  driving  thoae 
wedges  to  which  the  wainscots,  mantlepieces,  and 
other  ornaments,  are  fastened,  we  must  observe  that 
the  absorption  of  carbonic  acid  by  mortar  contribotes 
nothing  to  the  strength  of  it,  if  it  enter  b^bre  it  ii 
finally  fixed  in  a  quiescent  state.  A  little  experieace 
is  sufficient  to  teach  us  that  the  same  matter  whidi 
assists  in  the  induration  of  mortar  never  serves  to 
repair  the  fissures,  or  solution  of  continuity  between 
the  bricks  and  cement,  which  happen  after  it  is  set 
When  mortar  is  set,  and  before  it  is  indurated,  it 
may  be  easily  severed  from  the  bricks  and  crumbled ; 
and,  for  want  of  softness,  it  cannot  bend  into  the 
fissures,  or  resume  its  former  condition  in  any  time. 
Hence,  by  heavy  blows,  and  in  wedging,  our  walls 
must  be  greatly  weakened ;  and  the  more  so  as  the 
houses  are  slight,  quickly  built,  and  hastilT  finiihfd. 

Nothing  is  more  common  than  for  bricUa3^ers  to 
keep  their  mortar  some  time  exposed  to  the  air  in 
heaps,  before  they  consider  it  fit  for  use,  a  practke 
whidi  may  perhaps  be  accounted  for  if  we  consider 
that  some  portions  of  every  kind  of  lime  used  in  this 
country  do  not  slake  freely,  bv  reason  of  their  not 
being  sufficiently  burned,  or  the  admixture  of  gyp- 
seous or  argillaceous  matter,  which  portions,  1^ 
marl,  slake  in  time,  though  not  so  quickly  as  the  piurer 
lime.  The  plasterers,  who  use  a  finer  kind  of  mor- 
tar, made  of  sand  and  lime,  observe  that  their  stucco 
blisters  ifitcontamssmall  bits  of  unslaked  lime;  and, 
as  smoothness  of  surface  is  with  them  of  more  con- 
sequence than  excessive  hardness,  they  take  care  to 
secure  the  perfect  slaking  of  their  lime  by  allowmg 
sufficient  time  for  the  imperfect  parts  to  be  penetrated 
by  the  moisture.  The  bricklayers,  trusting  perlwps 
more  to  the  judgment  of  the  plasterers,  in  this  re- 
spect, than  to  their  own,,  and  considering  it  very  con- 
venient to  slake  a  large  quantity  of  lune  at  onoe» 
follow  the  same  practice,  without  caring  for  nr  appre- 
hending the  real  fact,  that  mortar,  when  exposed  to 
the  air,  is  worse  for  every  hour  it  is  kept,  and  thai 
they  are  taking  such  measures  as  will  prevent  it  from 
ever  Requiring  that  degree  of  hardness  in  whii^  its 
perfecuon  consists. 

Among  the  circumstances  which  contribute  to  the 
speedy  ruin  of  modem  buildings,  it   may  also  iie 
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obterved  that  inortar  made  with  bad  lime,  and  a 
great  excess  of  it,  is  used  with  dry  bricks,  and  not 
nnfreqnently^  with  warm  ones.  Tliese  immediately 
imbibe  or  dissipate  much  of  the  water;  and,  as  the 
cement  approaches  nearer  to  dryness,  it  is  still  liable 
to  be  displaced  by  the  percussions  of  the  workmen. 
To  make  strong  work,  the  bricks  oncht  to  be  soaked 
in  lime-water,  and  freed  from  the  dust  with  which 
they  are  commonly  covered.  By  this  means  the 
bricks  are  rendered  closer  and  harder,  the  cement, 
by  setting  slowlv,  admits  the  motion  which  the  bricks 
receive  when  the  workman  dresses  them,  without 
being  impaired,  and  it  adheres  and  indurates  more 
perfectly.  This  steeping  of  the  bricks  is  an  imitation 
of  the  practice  of  the  plasterers,  who  always  wet  the 
wall  before  they  commence  their  work,  because  they 
know  the  cement  will  not  otherwise  adhere.  This 
oug^t  to  be  done  as  long  as  the  wall  b  thirsty,  and 
lime-water  b  the  most  proper  liquid  they  can  use. 
The  same  advantage  theit  attends  the  soaking  of 
bricks  would  attend  the  soaking  of  bibulous  stones 
in  lune-water. 

Mortification,  in  medicine,  is  the  death  of  a  part  of 
the  body  while  the  rest  continues  alive,  and  often  in 
ft  sound  state.  If  Uie  part  be  a  vital  organ,  as  the 
lungs,  its  death  must  necessarily  be  followed  by  that 
of  the  whole  person.  Mortification  is  called  gan- 
grtne  and  ephwoelni,  when  occurring  in  soft  or  fleshy 
parts,  as  in  the  stomach  or  the  limbs ;  and  cariee 
when  in  a  bone,  as  in  the  spine,  in  the  skull,  &c.  It 
is  caused  by  violent  inflammation,  by  exposure  to 
freezing  cold,  by  hospital  fevers,  by  languid,  or  im- 
peded, or  stopped  circulation,  as  in  cases  of  bed-ridden 
or  pabied  persons,  and  by  improper  food,  particularly 
the  spurred  or  mildewed  grain.  It  may  be  recognized, 
when  preceded  by  inflammation,  by  the  foUowmg 
signs: — subsidence  of  pain,  heat  and  redness,  and 
loss  of  sensibility ;  brown  lividity,  blbtered  skin  with 
bloody  ^ierum  in  the  vesicles,  offensive  odour  occurring 
in  the  part,  and  by  a  small,  rapid,  intermitting  pulse; 
by  shiverings  followed  with  cold  sweat,  diarrhoea, 
delirium,  hickup,  dejection  of  spirits,  and  by  a  wild 
cadaverous  countenance.  When  apart  which  has  been 
frozen  b  suddenly  exposed  to  heat,  mortification 
rapidly  ensues ;  the  part  becomes  florid ;  inflamma- 
tion b  unsuccessfully  attempted,  and  sphacelus  is  the 
result.  In  the  above  species  a  distinctly  marked  line 
divides  the  dead  and  living  portions ;  often  a  healthy 
separation  ensues. 

Mortification  b  common  in  the  fevers,  wounds, 
and  injuries  of  the  crowded  jaib  and  military  hospitab 
of  Europe.  Thb  gangrene  b  considered  contagious 
by  some  surgeons,  the  nurses  and  orderlies  suffering 
from  ulcers  and  slou^is  on  the  hands,  when  touched 
with  the  sponges  used  in  cleansing  the  sick.  The 
same  effiect  b  produced  on  the  sound  portions  of  the 
sldn  of  the  sick.  Thb  hospital  gangrene  b  distin- 
gnbhed  by  its  rapid  spread  to  contiguous  parts,  as  from 
thefingers  to  the  arms,  by  the  oozingofgramous  blood, 
by  horrible  fetor,  by  fatal  depression  of  spirits,  and 
by  the  sullen  despair  of  patients  who  on  the  day  of 
battle  or  of  amputation  were  the  bravest  of  the  brave. 
Sometimes  the  cutting  a  nail  to  the  quick,  or  a  slight 
bruise,  will  induce  gangrene  in  old  or  debilitated 
persons. 

MUdew  mort\ficaium  differs  from  other  kinds  in  ap- 
pearance and  process,  beginning  with  coldness  and 
numbness  in  the  fingers  or  toes  without  fever,  but 
with  spasms  and  hebetude  of  mind ;  it  separates  arms. 


legs  or  thighs,  and  nose.  It  b  more  often  found  in 
the  voluptuous  rich  than  in  the  labouring  poor,  in 
huge  feeders  than  in  free  drinkers.  It  is  Uiought  to 
be  connected  with  a  diseased  state  of  the  digestive 
organs,  and  great  nervous  debility.  Mr.  Pott  some- 
times checked  it  by  opium  in  a  few  days,  and,  after 
the  dropping  off  of  the  affected  parts,  the  patients 
recovered  h^th.  There  b  a  dry  gangrene  to  which 
palsied  persons  as  well  as  others  are  liable,  which 
slowly  destroys  the  limb,  and  commonly  without 
inflammation  or  putrefaction.  This  b  sometimes 
explained  by  the  absence  of  warmth,  and  raobture, 
and  air,  which  are  removed  by  preceding  atrophy : 
the  colour  b  livid,  though  sometimes  nearly  natural. 
When  the  bones  of  the  leg  mortify  or  become  carious, 
new  osseous  matter  b  provided  in  sound  constitu- 
tions. This  process,  occupyidg  years  when  left  to 
nature,  b  much  accelerated  by  the  artificial  removal 
of  the  dead  bone.     • 

Mosaics  are  imitations  of  paintings  by  means  of 
coloured  stones,  pieces  of  glass,  of  marble,  and  even 
of  wood  of  different  colours,  cemented  together  with 
mucA  art.  The  name  is  sometimes  supposed  to  be 
derived  from  Mates,  as  the  pretended  inventor ;  some- 
times from  Musa,  in  the  sense  of  elegance,  beauty ; 
and  sometimes  from  ftovcfiov,  museum  (a  grotto  con- 
secrated to  the  muses),  perhaps  from  the  circum- 
stance that  mosaic  work  was  first  used  in  grottoes. 
We  know  nothing  with  precbion  of  the  invention 
and  history  of  this  art  in  antiquity.  Probably  it 
originated  in  the  East,  but  received  its  perfection 
from  the  Greeks,  and  was  thus  conveyed  to  the 
Romans  in  Sylla's  time.  In  Italy,  and  in  roost  of  the 
countries  occupied  by  the  Romans,  many  floors 
ornamented  with  mosaic  work  have  been  found 
amongst  th/e  ruins.  When,  in  the  fifth  century,  the 
arts  and  sciences  were  driven  from  Italy  by  the  db- 
tracted  state  of  the  country,  this  art  was  preserved 
by  the  Byzantine  Greeks,  and  was  restored  to  Italy 
in  the  thirteenth  century,  where  it  attained  the  highest 
perfection,  particularly  when  Clejnent  VIII.,  at  the 
commencement  of  the  seventeenth  century,  had  the 
whole  of  the  interior  of  the  dome  of  St.  Peter's 
ornamented  with  this  work.  Giambattista  Calandra 
improved  mosaic  by  the  invention  of  a  new  cement. 
He  and  manv  succeeding  artists  employed  the  art  for 
copying  original  paintings  of  famous  artbts,  and  thus 
eternizing  them  in  their  original  freshness  and  beauty ; 
for  one  of  the  greatest  advantages  of  thb  kind  of 
painting  b  its  wonderful  power  of  preservation.  In 
thb  manner  Guercino's  Martyrdom  of  St.  Petronilla, 
and  Dominichino's  Communion  of  the  dying  St. 
Jerome,  were  preserved.  Peter  Paul,  of  Chrbtophorb, 
founded,  at  the  commencement  of  the  eighteenth  cen- 
tury, a  school  for  mosaic  in  Rome,  and  many  of  his 
scholars  carried  the  art  to  a  still  higher  degree  of 
excellence. 

In  recent  times  two  kinds  of  mosaic  are  particularly 
celebrated, — the  Roman  and  the  Florentine.  In  the 
former  the  paintings  are  formed  by  joining  very  small 
pieces  of  stone,  which  gives  greater  variety  and 
elegance,  and  facilitates  the  representation  of  large 
hbtorical  paintings.  The  Florentine  st)ie,  which 
makes  use  of  larger  pieces  of  stone,  is  far  more 
troublesome,  and  is  adapted  only  for  simple  subjects. 

Mosaic  in  wood  the  Italians  call  tansia  or  tarsia ; 
the  French  martpieterie.  In  the  most  costly  mosaics, 
precious  stones  have  been  cut  to  fumbh  materials ; 
but  in  common  works  of  this  art  enamels  of  difTi  rent 
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cotoQi^,  manufactured  for  the  purpose,  are  the  mate- 
ria/ employed.  The  enamel  n  first  formed  into 
sticks,  from  the  ends  of  which  pieces  of  the  requisite 
size  are  cut  or  hroken  off.  These  are  confined  in 
their  proper  places  upon  a  plate  of  metal  or  stone, 
by  a  cement  made  of  quicklime,  pulverized  limestone, 
and  linseed  oil.  The  cement  is  spread  over  the 
plate,  and  a  drawing  made  on  it  to  guide  the  artist,  be- 
fore he  commences  his  work.  He  has  also  constantly 
before  him  the  painting  to  be  copied.  After  the  whole 
has  adhered  it  is  allowed  to  dry  for  two  months,  and 
is  then  polished  with  a  flat  stone  and  emery.  Inlaid 
works,  of  agate  and  other  costly  stones,  are  executed 
on  the  same  principle  as  mosaic,  except  that  the 
stones  are  cut  to  the  shape  of  the  different  parts  of 
the  object  to-be  represented,  whereas  in  mosaic  the 
pieces  are  of  the  same  size  and  shape. 

The  Qfu»  retieulatwn  of  the  ancients,  with  which 
colunms  and  walls  were  sometimes  incrusted,  is 
found  to  consist  of  small  stones  of  a  pyramidal  form, 
the  apex  of  which  is  imbedded  in  mortar,  while  the 
base  which  is  polished  forms  the  outer  surfac|.  A 
mode  has  recently  been  invented  of  sawing  the  plate 
with  the  mosaic  paintings  into  two  or  tluree  sheets, 
and  thus  multiplying  the  paintings.  Should  smoke 
or  dirt  soil  the  -surface,  it  has  only  to  be  polished  to 
be  restored  to  its  original  beauty.  In  1819,  Fem- 
bach,  a  native  of  Baden,  invented  a  new  kind  of 
mosaic  painting,  imitating  with  surprising  fidelity  the 
colour,  the  juncture,  the  lustre,  &c.,  of  mineral 
bodies.  Professor  Blank's  mosaics  of  moss  have  also 
attracted  much  attention. 

MosBLLB  WiNBs;  a  sort  of  clear  and  dry  wines, 
with  a  light  pleasant  flavour  and  high  aroma,  pro- 
duced in  the  countries  on  and  near  the  Moselle. 
They  are  generally  only  first-rate  ordinary  wines, 
but  are  sometimes  of  a  superior  quality.  They  come 
to  maturity  in  about  five  or  six  years,  but,  in  a  favour- 
able season,  they  will  keep  twice  that  time  without 
deterioration,  llie  best  are  produced  at  Braunenberg, 
Graach,  Wehlen,  Zeltingen.  The  Drobner  and  Neu- 
manger  are  also  esteemal.  They  are  now  much  used 
in  Prussia,  on  account  of  the  high  duties  on  foreign 
wines.  Tlie  Moselle  wines  are  often  recommended 
for  their  diuretic  qualities. 

MoTKT  formerly  signified  a  studied  composition, 
enriched  with  all  Uie  beauties  of  the  musical  art.  At 
present,  the  name  of  motet  is  eiven  to  every  com- 
position set  to  Latin  words ;  sucn  as  hymns,  psalms, 
or  any  small  portion  of  scripture,  in  the  Roman 
Catholic  church.  In  tjkrmany  the  name  is  given  to 
figured  musical  pieces,  generally  intended  only  for  sing- 
ing, the  subjecto  of  which  are  passages  of  the  Bible. 
There  are  some  for  four,  five,  and  six  voices.  The 
motete  of  France  and  Italy  are  always  accompanied 
by  instrumental  music.  The  subjecte  are  also  pas- 
sages of  the  Bible,  generally  in  rhymed  Latin  verses, 
whilst  the  words  of  the  Grerman  motet  are  in  prose. 
The  German  motet  is  chiefly  confined  to  the  Pit>tes- 
tant  part  of  Germany.  The  two  Bachs  may  be 
said  to  have  carried  the  German  motet  to  ito  hi^est 
perfection. 

Motion.  The  motion  of  a  body  is  the  change  of 
ite  place  in  space.  All  changes  in  the  material  world 
consist  of  motion.  The  life  of  the  organic  creation 
and  the  action  of  inorganic  bodies  consist  in  motion : 
what  we  call  rest  is  only  relative.  Experience  alone 
convinces  us  of  the  motion  of  bodies  in  space.  Zeno 
of  Elea  endeavoured  to  prove  this  fundamental  idea 


of  motion  to  be  contradictory  to  itMlf,  in  ofdcrlo 
overthrow  the  testimony  of  experience.  If  we  aee 
that  a  body  changes  its  external  relatioBs,  we  gob- 
elude  that  it  moves:  its  continuance  in  the  tame 
relations  is  called  rett.  By  a  change  of  tlie  sitnaftioo 
or  relation  of  bodies  we  are  often  deceived,  and  con- 
found rest  with  mo/ton.  In  some  cases  it  is  easy  to 
perceive  the  error;  in  others  it  is  so  difficult  tint 
man^  centuries  have  been  necessary  to  dispel  the 
illusion ;  for  instance,  in  relation  to  tlie  eartli  and 
the  sun. 

In  motion,  we  must  consider  the  cause,  the  moviiig 
body,  the  direction,  die  path  described,  the  time,  the 
velocity,  and  the  quantity.  The  mass  of  the  moving 
body  must  be  taken  into  consideration,  since  the 
quantity  of  motion  depends  on  the  quantity  of  matter. 
To  move  twice  as  much  matter  requires  twice  as 
much  power.  The  direction  of  the  motion  of  a  body 
is  the  line  along  which  a  moving  point  proceeds, 
either  for  the  whole  or  a  part  of  the  way.  If  all  the 
pointo  of  a  body  move  in  the  same  direction  it  is  only 
necessary  to  observe  the  motion  of  a  single  potnt. 
The  line  described  by  this  point  is  the  path  of  ths 
moving  body.  This  path  itoelf,  if  in  a  wtraight  fine, 
represento  the  direction  of  the  motion ;  if  in  a  carved 
line,  the  direction  at  every  point  of  the  carve  b  deter- 
mined by  the  tangent  to  this  point;  that  is.  ^m 
tangent  shows  the  direction  of  the  moving  body  at 
that  point  in  which  it  would  continue  to  proceed  if 
it  ceased  changing  ito  direction.  If  all  the  points  d 
a  body  do  not  move  in  th6  same  direction,  the  motiQe 
of  each  point  in  particular  ought  to  be  observed ;  ua 
thus  we  may  consider  every  motion  as  the  motioa  of 
a  point.  By  the  space  described,  we  onderstand  tlK 
distance  passed  through  by  the  moving  point.  Siaee 
we  always  consider  the  motion  of  points,  this  space 
is  represented  by  a  line ;  and  thus  the  observatiaa  of 
motion  becomes  geometrical.  Time  is  necessary  for 
motion,  even  for  die  smallest.  By  the  comparison  of 
the  space  described,  and  the  time  in  which  it  is  de- 
scribed, we  find  the  velocity.  One  body  moves 
quicker  than  another  if  it  describes  in  die  same  tioie 
a  larger  space,  or  the  same  space  in  a  less  time. 

By  the  quantity  qf  motion  we  mean  the  velocity 
combined  with  the  quantity  of  matter.  To  move  twa 
pounds  requires  twice  as  much  power  as  to  move  one 
pound  vriUi  the  same  velocity.  To  move  a  hodj 
vrith  the  velocity  2  also  requires  twice  aa  mocn 
power  as  to  move  the  same  body  with  the  velocity  I. 
Hence  it  follows  that  to  move  two  pounds  with  the 
velocity  3  requires  six  times  as  much  power  as  to 
move  one  pound  with  the  velocity  1.  Motion  may 
be  considered  under  several  different  views.  With 
rep;ard  to  change  of  position,  by  which  it  is  ascer- 
tamed,  it  is  either  dmtlute  or  retoHoe,  If  a  body 
passes  from  one  place  to  another,  this  is  called  bIsb 
lute  motion ;  it  is  relative  if  we  consider  the  objeds 
to  which  we  refer  the  motion  of  the  observed  body, 
whether  in  motion  or  at  rest,  as  fixed  points.  WA 
regard  to  change  of  position  the  motion  is  fiiittcr 
eiUier  common  or  proper ;  finally,  either  apporcof  or 
real.  With  regard  to  the  powers  or  causes  which 
produce  motion,  it  is  either  «mpfo  or  coiaposad: 
simple  if  it  is  produced  bv  a  single  power,  or  by 
several  powers  acting  in  tne  same  direction ;  esai- 
pound  if  several  motions  meet,  the  varioas  directieos 
of  which  form  andes  with  eadi  other.  With  regard 
to  the  direction,  the  motion  is  ei^er  in  a  sirmi^  m 
a  cwmted  line;  with  regard  to  the  velocity^  it  is 
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.  ■wfftrw,  or  ueeferoM,  or  rttardtd,  and  the  accs' 
fented  motioii  agUQ  U  either  nmformlj'  or  TuUbiy 
accelented ;  uid  the  retaided  motioii  «tMi  anibrmly 
or  Tuiabljr  retarded. 

MovLDiHO.  See  Akghitbctck*. 

MoDHD,  in  ktraUbj ;  a  globe,  haTing  •  croi 
the  top.  Many  heraldic  e«gle«,  ai  those  of  AoBtria, 
Rusein.  Prnatia,  have  in  one  claw  the  sceptre,  in  the 
other  the  monnd. 

Mouth  ;  in  mo«t  animals,  a  cavity  in  the  anterior 
part  of  the  body,  but  veir  differently  formed  in  differ- 
ent Borta  of  animals.  It  commonly  serres  for  the 
reception  of  food,  and  is  connected  by  a  canal  with 
dte  interior  parts  of  the  body,  where  the  food  is  assi- 
milated.  In  the  higher  order*  it  is  tued  for  m 
cmtion,  the  emission  of  sonnd,  deglntltion,  respira- 
tion, snction,  and  taste,  being  connected  with  organs 
irhich  perform  those  processes.  The  lower  jaw  only 
i>  movable  in  this  division.  Some  of  the  lower 
aiders  teem  to  be  vrithout  a  mouth,  and  to  nourish 
tfaemaelves  by  absorption.  In  birds,  the  eitemd 
parts  of  the  month  are  a  hard,  bony  lubstance,  and 
it  is  not  fitted  for  suction.  In  insects,  the  form  of 
the  month  is  very  varions. 

UowiNO  M&chihb  ;  an  instmment  by  which  a  te- 
riea  of  knives  or  scythei  are  made  to  perform  the 


One  of  the  most  simple  of  these  machmes  is  repre- 
sented above.  It  is  intended  to  be  driven  by  a  single 
horse  placed  behind  the  carriage,  and  as  the  support- 
ing  wheels  roll  forward  they  act  on  a  series  of  wheels 
and  pioions,  so  as  to  drive  forward  the  Icnivee.  The 
height  of  the  horizontal  cntting-wheel  is  regnlated 
by  a  lever  and  weight,  placed  in  the  front  of  the  ma- 
chine. 

Machinery,  when  applied  to  this  and  similar  par- 
poses,  shonld  be  introdnced  but  slowly,  aod  vrith 
great  caution.  In  manafactnrio^  districts,  there  are 
new  sources  of  employment  contmually  arising^  from 
the  artificial  wants  of  society ;  but  the  hasty  intro- 
duction of  agricultural  machinery,  by  displacing  a  large 
portion  of  the  rural  population,  produces  the  most  mis- 
chievous conseouences.  No  one  can  doobt  tie  truth 
of  the  aiiom,  that  the  man  who  causes  two  blades  of 
grass  to  grow  where  but  one  vegetated  before  must 
be  a  great  benefactor  to  mankind;  but  such  a  result 
will  not  be  produced  by  machinery:  on  the  contr»ry, 
we  find  that  in  many  soils  the  plough  has  been 
advantageously  laid  aside  and  spade  husbandry  re- 
sorted to.      (See  Plodgb.) 

MosA ;  a  soft  lanuginons  substance,  prepared  from 
the  young  leaves  of  aspeciesofmugwort.  Itisusedby 
the  surgeons  in  the  follovring  way : — A  little  cone  of 
the  moia  is  l^d  upon  the  diseased  part,  previously 
moisUned,  and  set  on  fire  at  the  top.  It  bums  down 
with  a  temperate  glowing  heat,  and  produces  a  dark- 
coloured  spot,  the  separation  of  which  is  promoted  by 
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applying  a  Uttle  garlic.  Hie  ni 
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is  left  to  dischajM 
up.  according  to  the  object  in  view.  Ttu 
moxais&mouB  in  the  Eaetfor  curing  several  disease^ 
and  the  French  are  much  in  the  habit  of  using  it; 
but,  whenever  English  surgeons  wish  to  prodnce  a 
slough,  they  have  recourse  to  caustics,  in  preference 
to  actual  fire. 

Mvcic  Acid  ;  this  acid  has  generally  been  known 
by  the  name  of  taecAolaelie  acid,  because  it  was  first 
obtained  from  sugar  of  milk ;  but  all  the  gums  appear 
equally  to  afford  it.  To  obtain  it  irom  a  gum,  we 
have  only  to  heat  one  psjt  of  this  substance  with 
two  of  nitric  acid,  till  a  small  quantity  of  nitrons  gas 
and  of  carbonic  acid  is  disengaged,  when  the  dis- 
solved mass  will  deposit,  on  cooling,  the  mucic  acid. 
The  polvcrulent  acid  is  soluble  in  about  sixty  parts 
of  hot  water.  It  decomposes  the  muriate  of  baiytes, 
and  both  the  nitrate  and  muriate  of  lime.  It  scarcely 
acts  npoQ  the  metals,  but  forms  salts  with  their 

Mdcus;  one  of  the  primary  fluids  of  the  animal 
body,  perfectly  distinct  from  gelatin  and  vegetable 
mucus ;  transparent,  glutinous,  thready,  and  of  a  salt 
eavonr.  It  contains  water,  muriate  of  potassa,  soda, 
lactate  of  lime  and  of  soda,  and  phosphate  of  lime. 
The  mucus  forms  a  layer  of  greater  or  less  thickness 
at  the  surface  of  the  mucous  membranes,  protects 
these  membranes  against  the  action  of  the  air,  of  the 
aliment,  the  different  glandular  fluids,  &c.  Inde- 
pendently of  this  general  use,  it  hat  others  that  vary 
according  to  the  situation  of  the  mucous  membranes : 
thus  the  mncos  of  the  note  is  lavonrable  to  smell,  that 
of  the  mouth  to  the  taste ;  while  that  of  the  stomach 
and  the  intestines  assists  in  the  digestion.  A  great 
part  of  the  mucus  is  absorbed  again  by  the  membrane* 
which  secrete  it :  another  part  is  carried  outwards, 
either  alone  (as  in  blowing  the  note  or  spitting),  or 
mixed  with  the  pulmonary  tianapiiation,  or  with  tha 
excremental  matter.  Sec. 

MoLATTo  is  commonly  need  to  signify  the  off- 
spring of  a  black  and  a  white.  The  mulatto  is  of  a 
yellow  colour,  with  curled  or  woolly  hair,  and  re- 
sembles the  European  more  than  an  African.  The 
descendants  of  Europeans  and  Indians  are  called 
MSSfiioe.  In  Spain,  the  term  mttlatlo  is  often  applied 
those  persons  in  whom  the  Moorish  Mood  bw 
been  mingled  with  the  Spanish. 
•  MuLBBBBr;  a  genus  of  plants  allied  to  the  nettle, 
and  belonging  to  the  natural  family  uriicta.  It  is  • 
native  of  China,  and  the  Chinese  claim  the  art  of 
rearing  tilk-worms,  and  manufacturing  stuffs,  from 
a  very  remote  period.  From  China,  this  art  was  in- 
troduced into  India  and  Persia,  and  was  practised 
there  for  many  ages  before  it  reached  Europe.  Hw 
Greeks  became  acquainted  with  silk  subsequent 
to  the  time  of  Alexander;  and  it  was  not  till  the 
end  of  the  Republic  that  the  Romans  for  the  first 
time  saw  this  precious  article.  For  many  ages,  silk 
bore  an  enormous  price  at  Rome ;  but,  about  the 
middle  of  the  sixth  century,  during  the  reign  of  Jus- 
tinian, two  monks  arrived  at  Constant]  oopte  from 
India,  bringing  widi  them  the  white  mulberry  and 
the  eggs  of  the  silk-worm.  From  Constantinople, 
the  white  mulberry  was  introduced  into  Greece,  and 
about  the  year  1130  into  Sicily  and  Italy. 

The  first  mulberry  that  was  planted  in  Franca 
was  living  in  lS02,and  there  still  remain  some  stoeka 
that  are  apparently  of  nearly  the  same  age.  It  is 
now  cultivated  and  naturalized  througbont  dw  tooth 
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of  Europe,  and  in  some  of  the  central  parts  of  that 
continent.  In  southern  climates,  the  leaves  appear 
to  contain  a  less  proportion  of  water,  and  more  of 
that  substance  which  causes  the  worms  to  produce 
silk  in  greater  abundance  and  of  a  finer  quahty.  In 
Greece,  Asia  Minor,  and  Persia,  it  is  usual  to  give  to 
the  worms  the  branches,  with  the  leaves  attached  to 
them ;  but  in  Spain,  Italy,  jmd  France,  the  leaves 
are  carefully  stripped  (rom  the  trees,  taking  care  to 
despoil  each  tree  entirely,  otherwise  the  sap  will  be 
unequally  attracted.  The  varieties  of  this  tree  are 
ver^  numerous.  The  most  approved  mode  of  culti- 
vation is  from  seed,  and  in  the  south  of  France  no 
other  mode  is  adopted. 

The  paper  mulberry  is  of  a  moderate  size,  bearing 
leaves  which  are  either  simple  or  divided  into  lobes 
more  or  less  deep,  rough  above  and  hairy  beneath. 
It  was  originally  fjrom  India  and  Japan,  but  is  now 
very  commonly  cultivated  in  Europe,  and  succeeds 
even  in  Uie  more  northern  parts.  For  a  long  time 
the  female  plant  was  unknown  in  Europe,  and  at 
the  present  time  it  is  rare  in  this  country.  The 
islanders  of  the  Pacific  make  a  kind  of  clothing  from 
the  bark  of  this  tree  in  tiie  following  manner : — ^Twigs 
of  about  an  inch  in  diameter  are  cut  and  depriveid 
of  tbeir  bark,  which  is  divided  into  strips,  and  left 
to  macerate  for  some  time  in  running  water.  After 
the  epidermis  has  been  scraped  off,  and  while  yet 
moist,  the  strips  are  laid  out  upon  a  plank  in  such 
a  manner  that  they  touch  at  the  edges,  and  two  or 
three  layers  of  the  same  are  then  placed  upon  them, 
taking  care  to  preserve  an  equal  thickness  through- 
out. At  the  end  of  twenty-four  hours  the  whole 
mass  is  adherent,  when  it  is  removed  to  a  large,  flat, 
and  perfectly  smooth  table,  and  is  beaten  vrith  little 
wooden  clubs,  till  it  has  attained  the  requisite  thin- 
ness. This  kind  of  cloth  is  easily  torn,  and  requires 
to  be  washed  and  beaten  many  times  before  it  ac- 
qmreB  its  full  suppleness  and  whiteness.  The  na- 
tives dje  it  red  and  yellow,  and  also  make  a  similar 
cloth  from  the  bread-fruit  ttee,  but  that  from  the 
mulberry  is  preferred. 

The  paper  which  is  used  in  Japan  and  many  other 
countries  in  the  East  Indies  is  made  from  this  plant. 
For  this  purpose  the  annual  shoots  are  cut  after  the 
fall  of  the  leaves,  tied  in  bundles,  and  boiled  in  water 
mixed  with  ashes;  after  which  the  bark  is  stripped 
off  by  longitudinal  incisions,  and  deprived  of  tha 
brown  epidermis.  The  bark  of  the  more  tender 
shoots  is  separated  from  the  rest,  as  it  furnishes  a 
very  white  paper  for  writing,  while  that  produced 
by  the  remamder  is  coarse  and  gray,  and  serves  for 
wr^ping  or  similar  purposes.  The  writing-paper 
is  not  suitiU>le  for  quills,  and  these  nations  employ 
hair  pencils,  or  the  feathers  of  birds.  For  painting 
they  make  use  of  wooden  blocks ;  and  this,  as  well 
as  the  writing,  can  be  executed  onl^  on  one  side. 
Silk- worms  will  eat  the  leaves  of  this  tree  indiscri- 
minately, even  when  mixed  with  those  of  the  white 
mulberry. 

MuLK,  in  utamnfacturei :  a  machine,  invented  by 
Crompton  in  1779/  for  producing  finer  yam  than 
was  spun  by  the  machines  previously  in  use,  and 
which  has  now  nearly  supeneded  the  jenny.  For 
producing  threads  of  the  finest  kind  a  process  is 
necessary  which  is  called  Mtrttehimg,  and  which  is 
analogous  to  Utat  performed  with  carded  cotton 
upon  a  common  spinning-wheel.  In  this  ope- 
vation   portions  of  yarn   several   yards  long   are 
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forcibly  stretdied  in  tiie  direction  of  dieir  length, 
with  a  view  to  elongate  and  reduce  dioee  placet  ta 
the  yam  which  have  a  greater  diameter  and  wt 
less  twisted  than  the  other  parts,  ao  tiiat  the  siic 
and  twist  of  the  tiiread  may  become  uniform  tliro«gb- 
out.  To  eflect  the  process  of  stretching,  the  spindki 
are  mounted  upon  a  carriage,  which  is  moved  back- 
wards and  forwards  across  the  floor,  receding  wben  the 
threads  are  to  be  stretched,  and  returning  when  they 
are  to  be  wound  up.  The  3ram  produced  by  mA- 
epkmiMg  is  more  perfect  than  any  other,  and  is  em- 
ployed in  the  fabrication  of  the  finest  articles.  The 
sewing-tiiread  spun  by  mules  is  a  combinatioo  of 
two,  four,  or  six  constituent  threads.  Threads  ham 
been  produced  of  sudi  fineness  that  a  pound  of  oottoa 
has  been  calculated  to  reach  167  miles.  (See  Spikmiivow) 

MuLTiPLB,  in  ariikmeiie,  is  a  number  whidi  cos- 
tains  another  numbor  a  certain  number  of  times. 
Thus  eighteen  is  a  multiple  of  six,  or  of  three,  or  of 
nine,  &c.  A  Commoa  mMpU  of  two  or  more  num- 
bers is  that  which  contains  those  numbers  a  ceftua 
number  of  times.  Tlius  thirty-six  is  a 
multiple  of  four  and  nine,  being  equal  to  nine  ta 
the  former,  and  four  times  the  latter.  To  find  the 
leoit  common  wiuU^ie  of  several  numbers,  reduce 
them  all  to  their  prime  factors ;  then  tiie  product  of 
the  greatest  powers  of  those  prime  fiKtors  ta  the 
least  common  multiple  required. 

MuLTiPLTiNQ  Glass,  in  opHe$,  a  plano-convex 
lens  of  which  the  rounded  surface  is  ground  into 
a  series  of  small  planes,  and,  as  each  plane  gives  a 
distinct  pencil  of  rays,  there  will  be  as  many 
as  there  are  plane  surfaces  in  the  glass. 


Thus  in  the  above  figure  a  b  represents  the  plane 
side  of  the  glass,  and  tea  ray  of  light  passing  to  Uie 
eje  at/.  Objects  will  appear  at  d  and  e  exactly 
similar  to  that  at  c,  in  consequence  of  the  rays  cMf 
light  impinging  on  the  side  planes,  which  by  a  new 
series  of  refractions  give  a  distinct  image  to  eadk 
plane.     Images  are  not  formed  at  the  angles  g  and  k 

MuMMixs;  the  dead  bodies  of  the  Egyptians, 
which  were  preserved  by  embalming.  Owing  eidMr 
to  the  religious  opinions  of  the  E^^tians  or  to  the 
nature  of  the  country,  which  rendered  interment  in- 
convenient, or  the  want  of  fuel,  which  rendered 
burning  difficult,  they  embalmed  all  their  dead,  and 
deposited  them  in  subterraneous  chambers,  or  in 
grottoes  excavated  in  the  mountains.  An  immense 
number  of  them  have  been  found  in  the  plain  of 
Saccara,  near  Memphis ;  hence  called  die  jpIosb  ^ 
the  wwamtef,  consisting  not  only  of  human  bodies, 
but  of  various  animals,  or  heads  of  animals,  bulls, 
apes,  ibises,  crocodiles,  fish,  &c.  Numerous  caves 
or  grottoes,  wiih  contents  of  the  same  kind«  are 
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fimnd  in  the  two  mountamoaB  ridges  which  nm 
nearly  parallel  with  the  Nile  from  Cairo  to  Syene. 
Some  of  the  most  remarkable  of  these  tombs  are 
those  in  the  vicinity  of  ancient  Thebes  in  the  Lybian 
mountains,  many  of  which  were  examined  by  Bel- 
zoni,  and  those  near  Eleithias  (described  by  Hamil- 
ton), further  up  the  river,  which,  though  less  splendid 
than  the  Theban  sepulchres,  contain  more  illustra- 
tioDs  of  the  private  life  of  the  Egyptians.    The 
sepulchral   chambers  are  almost   entirely  covered 
with  fresco  paintings  and  bass-reliefs,  and  frequently 
contain  statues,  vases,  &c.     Some   of  them  (the 
royal  sepulchres)  consist  of  suites  of  spacious  halls 
and  long   galleries  of  magnificent  workmanship. 
Those  of  private  individuals  vary  according  to  the 
wealth  of  the  deceased,  but  are  often  very  richly 
ornamented.    Many  of  these  tombs  have  been  ran- 
sacked by  Arabs  for  the  purpose  of  plunder,  and 
great  numbers  of  the  mummies  destroyed  for  the 
rosin  or  asphaltum  they  contain,  which  is  sold  to 
advantage  in  Cairo.    The  tombs  and  mummies  are, 
many  of  them,  two  or  three  thousand  years  old,  and 
are  m  part  indebted  for  their  preservation  to  the 
dryness  of  the  soil  and  the  mildness  of  the  climate. 
The  processes  for  the  preservation  of  the  body  were 
very  various.    Those  of  the  poorer  classes  were 
merely  dried  by  salt  or  natron,  wrapt  up  in  coarse 
cloths,  and  deposited  in  tiie  catacombs.    The  bodies 
of  the  rich  underwent  the  most  complicated  ope- 
rations, and  were  elaborately  adorned  with  all  kinds 
of  ornaments. 

Embalmers  of  different  ranks  and  duties  extracted 
the  brain  through  the  nostrils,  and  the  entrails  through 
an  incision  in  the  side ;  the  body  was  then  shaved, 
washed,  and  salted,  and  after  a  certain  period  tiie 
process  of  embalming,  properly  speaking,  began.    The 
whole  body  was  then  steeped  in  balsam  and  wrapped 
up  in  linen  bandages ;  each  finger  and  toe  was  se- 
parately enveloped,  or  sometimes  sheathed  in  a  gold 
case,  and  the  nails  were  often  gilded.    The  bandages 
were  then  folded  round  each  of  the  limbs,  and  finally 
round  the  whole  body,  to  the  number  of  fifteen  or 
twenty  thicknesses.  Ine  head  was  the  object  of  parti- 
cular attention :  it  was  sometimes  enveloped  in  several 
folds  of  fine  muslin,  the  first  of  which  was  glued  to 
the  skin,  and  the  others  to  the  first ;  the  whole  was  then 
coated  vrith  a  fine  plaster.    A  collar  of  cylindrical 
glass  beads  of  different  colours  was  attached  to  the 
mask  which  covered  the  head,  and  with  it  was  con- 
nected a  tunic  of  the  same  material.    The  beads, 
both  in  the  collar  and  tunic,  were  so  arranged  as  to 
form  images  of  divinities,  of  the  scarabseus,  tiie 
'winged  globe,  &c.    Instead  of  this  the  mommy  was 
sometimes   placed  in  a  sort  of  sheath,  made   of 
paper  or  linen,  and  coated  with  a  layer  of  plaster, 
on  which  were  paintings  and  gilding.  Tliese  paintings 
represented  subjects  relating  to  the  duties  of^the  soul, 
anci  its  presentation  to  the  different  divinities ;  and  a 
perpendicular  hieroglyphical  inscription  in  the  centre 
gave  the  name  of  the  deceased,  and  of  his  relationsi, 
his  titles,  &c.  The  whole  was  then  placed  in  the  coffin. 
Those  mummies  which  have  been  examined  pre- 
sent very  different  appearances.    One  class  has  an 
opening  in  the  left  side,  under  the  armpit,  and  in 
another  the  body  is  whole.    Some  of  those  which 
have  been  opened  have  been  dried  by  vegetable  and 
balsamic  substances,  others  by  salt.    In  the  former 
case  aromatic  gums  or  asphaltum  were  used  (the 
gums,  when  thrown  into  the  fire,  oive  out  an  aro- 


matic odour);  in  these  the  teeth  and  hair  are  ge- 
nerally preserved ;  but,  if  exposed  to  the  air,  they 
are  soon  affected.  Those  prepared  with  asphaltum  are 
of  a  reddish  colour,  and  are  in  good  preservation. 
Those  dried  with  saline  substances  are  of  a  black, 
hard,  smooth  appearance.  On  exposure  to  the  air 
they  attract  moisture,  and  become  covered  with  it 
saline  substance.  Those  mummies  which  have  no 
opening  are  also  partly  preserved  by  saline  sub- 
stances, and  partly  by  asphaltum.  In  the  latter,  not 
only  the  cavities  of  the  body  are  filled  with  it,  but 
the  flesh,  bones,  and  eveiy  part  seem  to  be  pe- 
netrated by  it:  it  was  probably  Injected  in  a  hot 
state.  These  are  the  most  commonly  met  with. 
They  are  hard,  black,  and  without  any  disa^eable 
smell.  The  whole  mummies  prepared  with  salt 
alone  are  white  and  smooth,  and  resemble  parch- 
ment. 

The  coffin  is  usually  of  sycamore,  cedar,  or  paste- 
board; tiie  case  is  entire,  and  covered  vrithin  and 
without  by  paintings  representing  funeral  scenes, 
and  a  great  variety  of  other  subjects :  the  name  of 
the  deceased  b  also  repeated  on  them  in  hierogly- 
phic characters.  The  cover,  which  is  also  entire,  is 
ornamented  in  the  same  manner,  and  contains  too 
the  resemblance  of  the  deceased  in  relief,  painted, 
and  often  gilded.  The  breast  is  covered  with  a  large 
collar;  a  perpendicular  inscription  occupies  the 
centre,  and  funeral  scenes  the  sides.  Hie  coffin  is 
often  enclosed  in  a  second,  and  even  third  case, 
each  of  which  is  also  ornamented  with  similar  re- 
presentations. 

Human  bodies  preserved  in  other  ways,  either  by 
accident  or  by  some  artificial  preparations,  are  also 
called  mummies.  The  Guanches,  or  aboriginal  in- 
habitants of  the  Canaries,  preserved  the  bodies  ot 
their  deceased  friends,  which  have  been  found  in 
great  numbers  in  the  catacombs  in  Palma,  Ferro, 
Tenerifie,  &c.  The  natives  called  them  xtueoe.  They 
are  dry,  light,  of  a  yellow  colour  and  strong  odour, 
and  often  injured  by  worms ;  they  are  enveloped  in 
goat  skins  and  endo^  in  cases.  They  are  supposed 
to  have  been  dried  in  the  air,  after  having  had  the 
entrails  removed ;  and  they  were  also  covered  with  a 
sort  of  aromatic  varnish.  Humboldt  found  mum- 
mies prepared  in  a  similar  manner  in  Mexico.  The 
Peruvians  also  had  the  art  of  preserving  the  bodies 
of  their  incas.  • 

The  burial-place  of  the  Ci4>uchin  monastery  at 
Palermo,  in  Sicily,  is  a  large  subterranean  vault  di- 
vided into  several  wide  and  lofty  galleries,  in  the 
walls  of  which  are  niches  containing  several  hundred 
human  bodies,  kept  in  an  upright  position  by  bebg 
fastened  to  the  wall  behind,  and  clothed  in  their 
usual  dress.  TTie  monks  have  a  peculiar  manner  of 
preserving  bodies,  which  they  keep  secret.  Natural 
mummies  are  frequently  found  preserved  by  the  dry- 
ness of  the  air.  In  a  vault  of  the  cathedial  at  fire- 
men, called  the  lead-cellar  (because  it  was  formerly 
employed  for  melting  lead  for  aqueducts  and  organ 
pipes),  are  bodies  in  good  preservation.  In  the 
monastery  of  St.  fieroard,  on  mount  St.  fiemard, 
tiie  bodies  of  travellers  who  have  been  buried  in  the 
snow  are  deposited  in  a  chapel,  in  which  there  arc 
open  vrindows  protected  by  grates.  They  are  placed 
in  a  sitting  position,  leaning  each  on  another's 
breast.  The  cold  prevents  their  putrefaction,  and 
gives  them  time  to  dry.  The  Gaulish  mummies,  in 
the  cabinet  of  comparative  anatomy,  in  the  Janlin 
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da  Bai,  w«r«  KkuhI  in  Avc^ne  in  the  laat  century. 
Ttny  beu  no  marks  of  tnf  Wumic  prepantion, 
but  tr«  enveloped  in  liaen,  and  appear  to  have  been 
[aterred  with  s^mX  care.  It  U  nncertain  whether 
their  preaervation  was  owing  to  the  Datnre  of  the 
Boil  or  to  a  peculiar  and  now  nnknowo  proceaa  of 
embalming. 

Mommies  were  formerly  need  in  miedtcine,  under 
the  name  of  mumia  mm,  on  account  of  the  balsam 
they  contained ;  bot  they  have  long  ceased  to  be  m 
employed. 

Humps  ;  the  common  name  of  the  disease  called, 
In  scientific  language,  qnumcAe  paroUdta.  It  comei 
Ob  with  the  nanal  febrile  aymptoms,  which  are  soon 
attended  with  a  swelling  of  the  jaws  and  neck,  some- 
time! on  one  side  only,  but  commoDly  on  both.  The 
causes  of  it  are  not  known  with  certainty.  Children 
are  more  subject  to  it  than  adolts.  It  seems  some- 
times to  be  the  effect  of  cold.  It  is  often  epidemic, 
and,  according  to  CuUeo,  is  contagions.  In  general 
It  runs  its  course  vrithont  dangerous  symptoms,  and 
hardly  requires  any  remedies ;  exposure  to  the  cold 
should  be  avoided.  The  mean  duntioa  is  from 
days  to  a  fortnight. 

MuBAL  Abcb;  a  wall,  or  ardied  wall,  placed 
etactly  in  the  plane  of  the  meridian,  for  fliing  a  lane 
quadrant,  seilwit,  or  other  instrument,  bo  obaem  the 
meridian,  ahitiide,  &e.,  of  the  heavenly  bodies. 

McKM.  CmowN,  in  WvUry;  an  insi^ia  of  di 
tinguished  honour.    The  vtt^  etown,  of  whkh 
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Water  absorbs  about  SOOvohiaMfif  AiapaiMd 
the  solution,  when  cold,  has  the  denahy  o(  I.ISM. 
The  common  process  for  obtaining  liqnid  mnriata 
acid  is  the  following :  common  aalt^  •olplraric  mot, 
and  water,  equal  weights,  the  acid  being  miogU 
vnth  one-third  of  water,  and  when  cold  powed  «s 
the  salt;  the  gas  evolved  is  cc'-^^  "-     •- 


The  specific  gravity  a 
tained  is  1.  17-  It  is  geDetally  slightly  tij^ed  vili 
yellow,  liom  the  presence  of  muriate  of  iran  demd 
from  the  veasela  used  in  the  process.  It  cocahtw^ 
like  the  other  powerful  acids,  with  the  nlkalica,  cartka 
and  metallic  oiidea,  fonning  a  very  peculiar  class  if 
salti.  The  following  table  contwiu  the  tjoMOitf  if 
real  acid  in  100  parts  of  licjuid  muriatic  acid,  Utkt 
temperature  of  GO",  accordmg  to  Daiion, 


in    the    accompanying    . 

engraving,  was  origin-  «  w 

ally  given  by  the  Ro-    1  ' 

to  the  soldier  who  fint 

ascended    the    battlc- 

Inents  of  an  enemy's 

wall.     It  was  generally  fwrned  of  gold ;  and,  if  the 

soldier  placed  tiie  Roman  standard  on  tiie  wall,  its 

valne  was  considerably  increased.     By  m»tnaUt  is 

meant  an  ordinary  that  is  walled. 

MuBiATts,  in  chemtbnf;  a  genus  of  salt*,  fonned 
from  the  moriatic  acid  with  certain  bases. 

Mdbi&tic  Acid.  The  name  of  this  acid  is  derived 
from  iMd-ia,  the  Latin  name  of  lea-salt,  Crom  which 
it  is  eittaeted.  It  is  also  called,  in  commerce,  the 
mamu  acid,  and  the  sptrtf  ^  soU.  Sometimes  it  is 
denominated  the  AjrdrociUOTnc  aeid,  in  allusion  to  its 
composition.  It  is  said  to  have  been  known  as  early 
as  the  time  of  Basil  Valentine,  though,  as  a  gas,  it 
was  unknown  till  1773,  when  it  was  obtained  t^ 
IViestley,  by  heating  the  liquid  add,  and  receiving  it 
in  glaaa  veMcls  fill^  with  mercury.  It  is  now  pro- 
cured in  the  gaseous  form  from  the  decompoaitioii  of 
common  salt  by  sulphonc  acid,  and  may  be  collected 
without  the  use  of  a  mercurial  cistern,  simply  by 
delivering  it  from  the  gas-bottle  through  a  narrow 
tnbe,  at  uie  bottom  of  a  ^ial  or  jar :  the  ^,  being  of 
a  *pecificgravityofl.>59>  displaces  the  air,  and  com- 
pletely occDpies  the  vessel.  If  an  inflamed  taper  be 
immersed  in  it,  it  is  immediately  eitinguisbed.  It  is 
destructive  of  animal  life ;  bat  the  irritation  produced 


ations  of  temperature,  but  experiences  no  change  of 
state.  It  is  absorbed  with  great  rapidity  by  water. 
A  bottle  full  of  the  gas,  if  opened  in  water,  ia  almost 

attaataneonaly  filled. 


iitC"     »r«M,      *!*S 


We  add  also  a  table  itf  the  quantity  of  onrink 
id  gas  in  solutions  of  different  sprnfic  giuiiM, 
nrding  to  Bit  H.  Doejr. 


"SIS^ 


Muriatic  acid  i*  a  valuable  article  of  tfae  aalwiB 
itdka.  It  is  particularly  used  in  cases  of  ijwpt^mm 
that  are  attended  with  morbid  secietiooa,  in  he- 
patic derangements,  and  in  cutaneous  d' 
also  of  considerable  value  as  a  disinfect 

HuBKAiit;   a  contagious  disease   i 
principally  caused  by  a  hot,  dry  seaao  . 
putrefaction  of  the  air,  which  bq^ets  an  ii 
of  the  blood  and  a  swelling  in  t^  throat, 
prove  mortal.      The  symptoms  are  a  hajnging  down 
and  swelling  of  the  hmd,  abundance    '  •    ■^- 

eyes,  rattling  in  the  thioaW  ■  short  b 
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tloii  of  the  heaitr  staggering,  a  hot  breath,  and  a 
ahining  toDgue. 

MuscLB.  In  our  aiticle  Akatomt  the  reader  will 
find  a  general  account  of  the  hmnan  structore,  in- 
duding  a  list  of  the  bones  forming  the  frame-work, 
which  give  to  it  form  and  stability ;  and  it  may  now 
be  advisable  to  examine  the. muscles,  or  cords,  by 
which  tiie  motions  are  performed.  It  would,  how- 
ever, be  too  severe  a  tax  on  the  reader,  in  a  work  not 
expressly  intended  for  the  education  of  medical  stu- 
dents, to  enter  into  a  verbal  list  of  many  pages  in  ex- 
tent merely  to  enumerate  the  muscles  as  they  occur 
in  the  human  body ;  we  shall  therefore  confine  our- 
selves to  their  general  structure,  uses,  and  chemical 
character.  The  parts  that  are  usually  included  under 
this  name  consist  of  distinct  portions  of  flesh 
susceptible  of  contraction  and  relaxation,  tiie  motions 
of  which,  in  a  natural  and  healthy  state,  are  subject 
to  the  will^  and  for  this  reason  they  are  called  voImii- 
iory  muscles.  Besides  these,  there  are  other  parts  of 
the  body  that  owe  their  power  of  contraction  to  their 
muscular  fibres ;  thus  the  heart  b  a  muscular  texture, 
forming  what  is  called  a  hoUow  muscle ;  and  the  sto- 
mach, mtestines,  &c.,  are  enabled  to  act  upon  their 
contents,  merely  because  they  are  provided  with 
muscular  fibres :  these  are  called  mooUaUary  muscles, 
because  their  motions  are  not  dependent  on  the  vnll. 
Hie  muscles  of  respiration  being,  in  some  measure, 
influenced  by  tiie  will,  are  said  to  have  a  mixed  mo- 
tion. The  names  by  which  the  voluntary  muscles 
are  distinguished  are  founded  on  their  size,  figure, 
situation,  use,  or  the  arrangement  of  their  fibres,  or 
their  origin  and  insertion ;  but,  besides  these  parti- 
cular distinctions,  there  are  certain  general  ones  that 
require  to  be  noticed.  Thus,  if  the  fibres  of  a  mus- 
cle are  placed  parallel  to  each  other,  in  a  straight 
direction,  they  form  what  is  called  a  rectilinear  mus- 
cle ;  if  the  fibres  cross  and  intersect  each  other,  they 
constitute  a  cofftpotmc?  muscle ;  when  the  fibres  are  dis- 
posed in  the  form  of  rays,  a  radiated  muscle ;  when 
they  are  placed  obliquely  with  respect  to  the  tendon, 
like  tiie  plume  of  a  pen,  a  petmtform  muscle. 

Muscles  that  act  in  opposition  to  each  other  are 
called  antagomste ;  thus  every  extensor  has  a  flexor 
for  its  antagonist,  and  vice  vend.  The  muscles  being 
attached  to  the  bones,  the  latter  may  be  considered  as 
*evers,  that  are  moved  in  different  directions  by  the 
contraction  of  those  organs.  That  end  of  the  muscle 
which  adheres  to  the  most  fixed  part  is  usually  called 
the  origin,  and  that  which  adheres  to  the  more 
movable  part  the  tfuerftoa  of  the  muscle. 

In  almost  every  muscle,  two  kinds  of  fibres  are  dis- 
tinguished ;  the  one  soft,  of  a  red  colour,  sensible,  and 
irritable,  cidled  fieehp  fibres ;  the  other  of  a  firmer 
texture,  of  a  white  glistening  colour,  insensible,  with- 
out irritability  or  the  power  of  contracting,  and 
named  tendinoue  fibres.  They  are  occasionally  inter, 
mixed,  but  the  fleshy  fibres  generally  prevail  in  the 
heO/g  or  middle  part  of  the  muscle,  and  the  tendinous 
ones  in  the  extremities.  If  these  tendinous  fibres  are 
formed  into  a  round  slender  cord,  they  form  what  is 
called  the  tendon  of  the  muscle ;  on  the  other  hand,  if 
they  are  spread  into  a  broad  flat  surface,  it  is  termed 
an  apenenrtma.  The  fibres  that  compose  the  body  of 
a  muscle  are  disposed  in  fasdcnU,  or  bundles,  which 
are  easily  distin^ishable  by  the  naked  eye ;  but  these 
fasciculi  are  divisible  into  smaller  ones ;  and  these, 
again,  are  probably  subdivisible  ad  infinitum.  The 
most  minute  fibre  we  arp  able  to  trace  seems  to  be 


somewhat  plaited ;  these  plaits,  disappearing  when 
the  fibre  is  put  upon  the  stretch,  seem  evidently  to 
be  the  effect  of  contraction,  and  have  probably  in- 
duced some  writers  to  assert  that  ^e  muscular  fibre 
b  twisted  or  spiral. 

A  fibre  is  essentially  composed  of  fibrin  and  o^rno- 
rome,  receives  a  great  deal  of  blood,  and,  at  least,  one 
nervous  filament.  Hie  chemical  analysis  wiU  be 
noticed  hereafter,  and  it  may  be  enough  to  state  that 
the  musde  is  found  to  consist  chiefly  of  fibrin,  with 
albumen,  gelatin,  extractive  matter,  phosphates  of  soda 
and  of  ammonia,  phosphate  and  carbonate  of  lime,  and 
sulphate  of  potassa.  Each  muscle  is  surrounded  by  a 
thin  and  deUcate  covering  of  cellular  membrane,  which 
dipping  down  into  its  substance  encloses  the  most 
minute  fibres  we  are  able  to  trace,  connecting  them 
to  each  other,  lubricating  them  by  means  of  the  feX 
which  its  cells  contain,  in  more  or  less  quantity  in  dif- 
ferent subjects,  and  serving  as  a  support  to  the  blood- 
vessels, lymphatics,  and  nerves,  which  are  distributed 
through  the  muscles.  The  muscles  owe  tiie  red 
colour  which  so  particularly  distinguishes  their  belly 
part  to  an  infinite  number  of  arteries,  which  are 
every  where  dispersed  through  the  whole  of  their  re  • 
ticuiar  substance ;  for  their  fibres,  after  having  been 
macerated  in  water,  are  (like  all  other  parts  of  the 
body  divested  of  their  blood)  found  to  m  of  a  white 
colour.  The  veins,  for  the  most  part,  accompany  the 
arteries,  but  are  larger  and  more  numerous.    The 

Smphatics  are  numerous,  as  might  be  expected  from 
e  great  proportion  of  reticular  substance  whidi  is 
every  where  found  investing  the  muscular  fibres. 
The  nerves  are  distributed  in  such  abundance  to  every 
muscle  that  the  muscles  of  the  thumb  alone  receive 
a  greater  proportion  of  nervous  influence  than  the 
laigest  viscera. 

Muscular  motions  areof  three  kind8,iiamely,  volun- 
tary, involuntary,  and  mixed.  Thtvokmtary  motions 
of  muscles  proceed  from  an  exertion  of  the  will : 
thus  the  mind  directs  tiie  arm  to  be  raised  or  de- 
pressed, the  knee  to  be  bent,  tiie  tongue  to  move,  he. 
The  inookaUarif  motions  of  muscles  are  performed  by 
organs,  without  any  attention  of  the  mind,  as  the 
contraction  and  dilatation  of  the  heart,  arteries,  veins, 
absorbents,  stomach,  intestines,  &c.  The  mixed 
motions  are  those  which  are  in  part  under  the  con- 
trol of  the  will,  but  which  ordinarily  act  without  our 
being  conscious  of  their  acting ;  and  are  perceived  in 
the  muscles  of  respiration,  the  intercostals,  the  ab- 
dominal muscles,  and  the  diaphragm. 

When  a  muscle  acts,  it  becomes  shorter  and  thicker; 
both  its  origin  and  insertion  are  dravm  towards  its 
middle.  The  sphincter  muscles  are  always  in  action ; 
and  so  likewise  are  antagonist  muscles,  even  when 
they  seem  at  rest.  When  two  antagonist  muscles 
move  with  equal  force,  the  part  whidi  they  are  de- 
signed to  move  remains  at  rest ;  but  if  one  of  the 
antagonist  muscles  remains  at  rest,  while  the  other 
acts,  the  part  is  moved  towards  the  centre  of  motion. 
When  a  muscle  is  divided,  it  contracts.  If  a  muscle 
be  stretched  to  a  certain  extent,  it  contracts,  and  en- 
deavoun  to  acquire  its  former  dimensions  as  soon  as 
the  stretching  cause  is  removed.  When  a  muscle 
is  wounded,  or  otherwise  irritated,  it  contracts  inde- 
pendently of  the  vrill ;  this  power  is  called  irritabiUtjfp 
and  it  is  a  property  peculiar  to  and  inherent  in  the 
muscles.  When  a  musde  is  stimulated,  either  through 
tiie  medium  of  the  will  or  any  foreign  body,  it  con- 
tracts,  and  its  contraction  is  greater  or  less  in  pro- 
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poftkm  as  the  stimnlas  applied  it  greater  or  lest, 
llie  contraction  of  moscles  is  different,  according  to 
the  purpose  to  be  served  by  it :  thus  tiie  heart  con- 
tracts with  a  jerk ;  the  urinary  bladder  slowly  and 
uniformly,  llie  intensity  of  muscular  contraction, 
that  IS,  the  degree  of  power  with  which  the  fibres 
draw  themselves  together,  is  regulated  by  the  action 
of  the  brain :  it  is  generally  regulated  by  the  will, 
according  to  certain  limits,  which  are  different  in 
different  mdividuals.  A  particular  organization  of 
the  muscles  is  fiivourable  to  the  intensity  of  their 
contraction :  this  organization  is  a  considerable  vo- 
lume of  fibres,  strong,  of  a  deep  red,  and  striated 
transversely.  The  cerebral  influence,  and  the  dis- 
position of  the  muscular  tissue,  are  the  two  ele- 
ments of  the  intensity  of  muscular  contraction. 
A  very  great  cerebral  energy  is  rarely  found  united, 
in  the  same  individual,  wiUi  that  disposition  of  the 
muscular  fibres  which  is  necessary  to  produce  intense 
contractions:  these  elements  are  almost  always  in 
an  inverse  ratio.  When  they  are  united,  they  pro- 
duce astonishing  effects.  Perhaps  this  union  existed 
in  the  athletm  of  antiquity ;  in  our  times,  it  is  ob- 
served in  certain  mountebanks. 

The  muscular  power  may  be  carried  to  a  wonder- 
ful degree  by  the  action  of  the  brain  alone :  we 
know  the  stren^  of  an  enraged  person,  of  maniacs, 
and  of  persons  m  convulsions,  llie  will  governs  the 
duration  of  the  contraction  :  it  cannot  be  extended  be- 
yond a  certain  time,  however  it  may  vary  in  different 
mdividuals.  A  feeling  of  weariness  takes  place,  not 
very  great  at  first,  but  which  goes  on  increasing  until 
the  muscle  refuses  contraction.  To  prevent  this  in- 
convenience, the  motions  of  the  body  are  so  calculated 
that  the  muscles  act  in  succession,  the  duration  of  each 
being  but  short :  our  not  being  able  to  rest  long  in  the 
same  position  is  thus  explained,  as  an  attitude  which 
causes  the  contraction  of  a  small  number  of  muscles 
can  be  preserved  but  for  a  very  short  time.  The  feel- 
ing of  fatigue  occasioned  by  muscular  contraction  soon 
goes  off,  and,  in  a  short  time,  the  muscles  recover 
thepower  of  contracting. 

The  quickness  of  the  contractions  are,  to  a  certam 
degree,  subject  to  cerebral  influence :  we  have  a 
proof  of  this  in  our  ordinary  motions ;  but  beyond 
this  degree  it  depends  evidently  on  habit.  In  re- 
spect of  the  rapidity  of  motion,  there  is  an  immense 
difference  between  that  of  a  man  who  touches  a  piano 
for  tiie  first  time,  and  that  which  tiie  same  man  pro- 
duces after  several  years'  practice.  There  is,  besides, 
a  very  great  difference  in  persons,  with  regard  to 
the  quickness  of  contraction,  either  in  ordinary  mo- 
tions or  in  those  which  depend  on  habit.  As  to  the 
extent  of  the  contractions,  it  is  directed  by  the  will ; 
but  it  must  necessarily  depend  on  the  length  of  the 
fibres,  long  fibres  having  a  greater  extent  of  contrac- 
tion than  those  that  are  short.  The  will  has  gene- 
rally a  great  influence  on  the  contraction  of  muscles ; 
it  is  not,  however,  indispensable :  in  many  circum- 
stances motions  take  place,  not  only  without  the  par- 
ticipation of  Uie  will,  but  even  contrary  to  it :  we 
find  very  striking  examples  of  this  in  the  effects  of 
habit,  of  the  passions,  and  of  diseases. 

In  Plate  II.  Anatomy,  fia.  1,  we  give  a  front 
view  of  the  outermost  muscles  viewed  anteriorly, 
a.  Platysma  myoides.  ft.  Deltoides.  c.  Biceps  bra- 
chii.  d.  Pronator  radii  teres,  e.  Supinator  radii 
longus.  /.  Flexor  carpi  radialis.  g,  Palmaris  longus. 
A*  Flexor  carpi  ulnaris.    t.  Pectoralis  major,   j.  Ob- 


liquus  descendens  extemus.  k.  Linea  Senukmsriii 
/.  Linea  alba.  «.  Poupart's  ligament,  a 
o.  Tensor  vagins  femoris.  p.  Gracilis,  q, 
intemus.  r.  Pectinalis.  t.  Triceps  adductor 
t.  Psoas  magnus.  a.  Vasbis  extemus.  «.  Viftos 
intemus.    «.  Rectus. 

Fig.  3.  is  a  back  view  of  the  superficial  mwcki 
o.  Trapezius,  b,  Latissimus  dorsu  c  TVltoidei 
d.  Triceps  extensor  cubitu  e.  Gluteus  mMTim«, 
/.  Biceps  flexor  cruris,  g,  Semitendinosus.  k,  S^ 
mimembranoeus.    t.  Gastrocnemius  extemus. 

The  chemical  character  of  muscular  &m  vaA 
next  be  examined.  Their  basis  appears  to  be  ibdi 
not  much  changed,  with  which  are  intenniogU 
small  portions  of  albumen,  gelatin,  an  extracdve  tad 
saline  matter,  these  being  derived  in  part  firom  the 
blood  difiused  by  the  medium  of  the  blood-veseds. 
To  this,  too,  the  colour  is  owing,  as  when  vmhed 
with  water  the  muscular  substance  remains  vdiite. 
The  water  employed  in  this  operation  holds  dissolved 
tiie  other  principles.  When  heated,  the  albonm  b 
separated  by  coa^lation  in  flakes ;  if  these  sre  re- 
moved, and  the  hquor  evaporated,  it  becomes  geli- 
tinous,  a  little  fatty  matter  separating  and  coDectiDi 
on  the  surface ;  and  by  this  experiment  the  alboiDes 
andgelatin  are  detected.  Besides  these,  apoitioD  of 
a  peculiar  extractive  matter  is  obtained  by  evapontiiig 
the  jelly  to  drjrness,  and  treating  it  with  alo^l,  tbe 
alcohol  dissolving  the  matter,  and  yielding  it  by  evi- 
poration,  in  a  soUd  form.  It  is  of  a  brownish  cobor, 
has  a  pungent  odour,  and  a  taste  somewhat  aroma- 
tic :  according  to  Berzelius,  it  consists  of  lactic  adi 
partly  combined  with  alkaline  bases  and  with  ani- 
mal matter.  Lastly,  the  saline  matter  is  procured  hjr 
pouring  boiling  water  on  the  muscular  fibre,  previooilf 
¥rashed ;  it  consists  of  phosphates  of  soda  and  as- 
monia,  and  phosphate  a^d  carbonate  of  lime.  The 
proportions  of  these  differ  at  different  periods  of  life» 
being  more  abundant  in  the  coarse  and  rigid  muscolar 
fibre  of  adult  animals  than  in  the  more  delicate  fiixc 
of  those  who  are  young.  In  the  latter  the  propor- 
tion of  gelatin  is  larger  than  in  the  former.  Wbea 
these  have  been  extracted,  the  fibre  remains,  which 
has  all  the  qualities  of  the  fibrin  of  the  blood. 

When  the  flesh,  without  preparation,  is  boiled  in 
water,  the  gelatin  and  albumen  are  more  completely 
dissolved,  and  the  fibrin  is  difiused  in  threads  in  die 
boiling  liquor.  The  albumen  coagulates,  the  ^elatia 
is  detected  by  the  precipitate  formed  with  taonui,  or, 
if  the  liquor  be  suflSciendy  evaporated,  it  renden  it 
gelatinous. 

When  the  muscular  substance  is  exposed  to  die 
air,  it  soon  becomes  tainted,  and  at  length  putrid,  a 
change  princi(>ally  arisine  from  the  presence  of  gda- 
tin,  which  is  peculiarly  uable  to  putrefactioa  when 
humid ;  and  accordingly,  if  it  has  been  removed  bjT 
washing,  the  flesh  remains  much  longer  sound.  It 
may  be  proper  to  add  that,  for  experimental  purpoaes* 
when  the  blood  is  of  necessity  retained,  the  chloride 
of  lime  may  be  advantageously  employed. 

Muscular  fibre,  decomposed  by  heat,  affnda  the 
usual  products  of  animal  matter.  Its  residual  char- 
coal gives,  by  incineration,  carbonate  and  pho^^hate 
of  lime. 

The  acids  decompose  the  muscular  fibre.  Nitiic 
acid  disengages  nitrogen  gas,  with  a  portion  of  car- 
bonic acid  gas,  and  the  principal  product  is  an  use* 
tuous  substance  of  a  yellow  colour,  rancid  saeC 
bitter  taste,  and  sensibly  acid.    The  unctuous  nstltf 
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may  be  separated  by  the  action  of  alcohol  from  the 
acid. 

Music.  Nature  seems  to  have  established  an  in- 
timate connection  between  the  emotions  of  the  mind 
and  the  sense  of  hearing.  Of  the  two  nobler  senses, 
sight  and  hearing,  the  £st  seems  to  belong  more  par- 
ticularly to  the  imderstanding :  we  owe  to  the  eye, 
and  to  abstractions  from  the  images  which  it  presents, 
most  of  our  general  notions  and  ideas ;  while  the  ear  ap- 
pears to  be  more  intimately  connected  with  the  feelings. 
Feeling  expresses  itself  most  readily  in  tones.  Fear, 
joy,  desire,  anger,  have  each  a  peculiar  tone,  under- 
stood by  all  human  beings.  Man  soon  perceives 
this,  and  often  prolongs  these  tones,  in  order  to  con- 
tinue or  heighten  a  certain  feeling  or  excitement; 
hence  the  repetition  of  the  war-cry,  in  the  combats  of 
rude  tribes*  or  of  the  tones  of  mirth  at  their  fes- 
tivities. The  love  of  excitement,  moreover,  soon  leads 
to  the  production  of  these  tones,  even  on  occasions 
when  the  feeling  from  which  they  first  originated 
does  not  exist :  thus  we  find  the  natural  tones  of  joy 
repeated,  in  order  to  produce  that  of  which  they  were 
originally  the  effect, — a  pleasant  feeling,  a  contented 
state  of  Uie  soul.  This,  it  is  true,  is  not  yet  music 
or  song,  but  it  is  the  first  germ  of  it. 

Another  element  of  music,  springing  from  a  feeling 
deeply  planted  in  the  human  heart,  and  perceptible 
in  children  and  savages  as  well  as  in  the  roost  refined 
and  accomplished,  soon  associates  itself  with  tones : 
we  mean  rh3^thm.  Whatever  may  be  its  origin, — ^whe- 
ther it  was  first  used  to  relieve  the  fatigue  pf  a  march, 
or  to  give  connection  to  a  series  of  tones,  or  to  enable 
numbers  to  join  in  the  utterance  of  the  same  tones, 
or  whether  it  is  to  be  referred  mainly  to  the  spirit  of 
classification  and  love  of  order  which  are  so  univer- 
sally operative,— certain  it  is  that  the  love  of  rhythm 
is  one  of  the  most  general  principles  of  the  human 
soul :  it  pervades  all  tribes,  ail  ages,  all  classes.  It 
alleviates  labour,  and  cheers  the  heart. 

A  simple  division  of  tones  soon  gave  place  to  a  more 
artificial  one,  it  being  readily  perceived  that  a  man 
might  utter  two  short  tones,  and  make  two  short  steps, 
in  the  same  time  as  one  long  tone  or  one  long  step. 
Man  does  this  long  before  he  reflects  on  it :  witness 
the  regular  strokes  of  the  smith's  hammer  or  the 
thresher's  flail,  and  the  dances  of  the  rudest  nations  : 
thus  we  have  the  two  essential  elements  of  song — 
tones  and  rhythm.  As  precise  divisions  in  sciences  or 
arts,  or  any  of  the  departments  of  human  action,  are 
effected  but  slowly,  and  kindred  branches  are  at  first 
usually  mingled,  it  is  highlv  probable  that  dancing 
and  music — two  arts  founded  on  measured  time — 
were  at  first  intimately  connected,  as  we  find  still  to, 
be  the  case  among  most,  perhaps  all,  tribes  in  a  state 
of  infancy.  By  degrees,  the  song  was  separated  from 
the  dance,  and  instruments  which  originally  served 
only  to  accompany  the  song  became  also  the  object 
of  a  separate  art.  Tones  hy  themselves,  apart  from 
dance  or  words,  were  cultivated;  the  laws  according  to 
which  they  must  be  connected,  so  as  best  to  express 
the  language  of  feeling,  were  more  and  more  investi- 
gated, and  the  application  of  these  laws  further  and 
AirUier  extended,  until  music  was  developed  to  that 
degree  of  perfection  which  we  admire  m  the  works  of 
the  greatest  masters. 

Every  musical  production,  to  deserve  the  name, 
must  be  expressive  of  feelings,  and  through  them  of 
ideas ;  but,  though  music  exists  wherever  the  human 
species  is  found,  it  does  not  follow  that  every  good 
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piece  of  music  must  please  all  men  alike,  or  be  under- 
stood b^  all  alike,  because  music  is  an  art  requiring 
cultivation  of  the  mind  and  heart,  to  appreciate  it 
fully;  still,  however,  music,  even  of  the  most  elevated 
kind,  retuns  so  much  of  its  character  of  univer- 
sality that  the  productions  of  the  greatest  masters 
delight  much  more  generally  than  the  best  perform- 
ances in  other  arts.  Witness,  for  instance,  certain 
tunes  of  Mozart,  or  other  great  composers,  which  are 
repeated  on  all  occasions,  so  that  they  not  unfrequently 
b^me  tedious  from  this  cause.  The  Hunter's 
Chorus  in  the  Freischtitz  may  be  heard  through- 
out Europe  and  America.  The  reason  is,  that  music 
addresses  the  feelings,  and  feeling  is  alike  all  over  the 
world.  In  this  point  of  universality,  music  and  ma- 
thematics (incongruous  as  Uie  association  may  seem) 
agree,  the  relations  of  numbers  and  magnitudes,  with 
which  mathematics  have  to  deal,  being  every  where 
the  same,  and  the  simple  feelings  of  the  heart,  which 
music  addresses,  being  common  to  every  region.  In- 
sensibility to  music  may  generally  be  referred  to  a 
defective  organization  in  tiie  sense  of  hearing ;  but 
the  whole  conformation  of  some  men  is  probably 
much  better  fitted  than  that  of  others  to  enable  them 
to  receive  pleasure  from  it.  In  ihia  respect,  too, 
music  and  mathematics  seem  to  have  a  resemblance, 
that  great  excellence  in  either  appears  to  require  a 
marked  peculiarity  in  the  nature  of  the  individual. 
Music  is  based  on  melody,  rhythm,  and  harmony. 

The  effects  of  music  are  sometimes  said  to  be 
merely  sensual.  It  is  addressed  to  the  ear,  indeed ;  but 
all  the  influences  which  we  receive  from  without  are 
conveyed  through  the  medium  of  the  senses,  and  the 
tones  of  music  often  *speak  a  language  to  the  soul 
richer  in  meaning  than  any  words.  It  will  hardly 
be  pretended  that  feelings  which  cannot  be  expressed 
in  words  are  necessarily  of 'a  lower  character  than 
those  which  may  be  so  expressed.  The  most  elevated 
feelings  are  beyond  the  [x>wer  of  even  metaphorical 
language.  Nothing  is  merely  sensual  which  makes 
a  lasting  spiritual  impression  upon  the  soul ;  and  he 
who  denies  to  music  such  a  power  has  not  heard  its 
sublimest  strains,  or  has  not  the  capacity  to  appre- 
ciate them. 

In  music,  we  have  to  distinguish  the  invention 
(called  coiRpofft/tofi)  and  the  execafum.  As  to  the  hUter, 
it  may  be  vocal  or  instrumental ;  and,  as  to  the  pur- 
poses for  which  music  is  intended,  we  have  dbardk  or 
•acred  music,  theairieal  music,  concert,  dtmemg,  &c. 

Wherever  we  find  music,  even  in  its  rudest  begin- 
nings, we  find  also  instruments ;  so  that,  as  far  as  re- 
spects the  known  history  of  this  art,  we  must  consider 
the  developement  of  vocal  and  instrumental  music  as 
coeval.  *Perhaps  the  first  instrument  invented  was  the 
pipe  of  the  shepherd,  who,  in  his  life  of  leisure,  heard 
the  wind  whistle  among  the  reeds.  It  seems  probable 
that  shepherds  first  cultivated  music  as  an  art,  though 
warriors  may  have  used  tiie  exciting  war-cry  toid  war- 
song  before.  Instruments,  as  before  observed,  served 
in  £he  beginning  only  as  an  accompaniment. 

According  to  the  Mosaic  records,  Jubal,  the  son  of 
Lamech,  played  on  musical  instruments,  even  before 
the  deluge.  At  a  later  pertod,  we  find  among  the 
Hebrews,  as  is  the  case  m  the  early  periods  of  all 
nations,  the  character  of  poet  and  singer  united  in  the 
same  individual,  and  with  them  we  also  find  the  al- 
ternating chorus.  The  musical  instruments  which 
accompanied  these  songs  were  harps,  citherns,  trum- 
pets, and  drums.    One  of  the  oldest  songs,  with  in- 
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ttramental  •ccomptniments,  of  whidi  we  have  any 
record,  is  that  which  Miriam  suog,  after  the  pas- 
sage of  the  Red  Sea.  At  the  time  of  David  and 
Solomon,  mnsic  had  reached  its  highest  perfection 
among  the  Hebrews,  and  part  of  their  religious 
service  consisted  in  chanting  solenm  psalms,  vrith 
instrumental  accompanimects.  As  far  as  we  can 
judge,  from  the  information  handed  down  to  us, 
and  even  from  the  structure  of  Hebrew  poetry  itself 
(of  which  a  certain  parallelism,  or  repetition  of  the 
main  idea  in  the  different  members  of  a  sentence,,  vras 
the  chief  characteristic)  it  had  a  very  distinct  rhythm, 
a  varied  melody,  but  a  monotonous  though  strong 
accompaniment  as  was  the  case  vrith  the  music  of 
most  ancient  nations.  They  had  also  proper  musical 
sians,  which  were  put  over  the  musical  text,  and 
wnich  served  to  guide  the  recitation.  Their  music, 
however,  was  employed  not  only  in  the  celebration 
of  religious  service,  in  which,  particularly  since  the 
time  of  David,  a  great  number  of  singers,  male  and 
female,  and  instrumental  performers,  were  employed, 
but  also  at  profane  festivals,  such  as  large  entertain 
ments.  At  this  time,  the  different  kinds  of  instruments 
were  increased,  among  which  the  fttmior  (triangular 
harp),  and  the  cymbal,  are  mentioned  particularly. 

In  the  tomb  of  Osyinandyas,  near  Thebes,  musical 
instruments  have  been  found,  and  it  has  been  con- 
cluded that  the  Egyptians  must  have  been  acquainted 
with  music  3000  years  B.C.  That  the  Hebrews  re- 
ceived the  art  from  them  would  not,  however,  be 
proved  by  that  circumstance,  though  it  may  be,  for 
various  reasons,  probable.  We  pass  over  the  mytho- 
logical accounts  respecting  the  origin  and  perfectio 
of  the  art  of  music  among  the  Greeks.  The  tradi- 
tioBf  indicate  that  they  received  this  art,  or,  at  least, 
great  improvements  in  the  execution  of  it,  from  Ly- 
dia,  where  Amphion  is  said  to  have  learned  music, 
and  Arcadia,  where  the  sheph^ds  practised  on  the 
pipe,  flute,  and  dthera. 

From  the  provinces  of  Asia  Minor,  tiie  different 
modes  of  Cheek  music — the  Phrygian,  Dorian,  Ly- 
dian,  iEolian,  and  Ionian— are  derived.  Their  song, 
as  it  would  appear  from  what  we  can  gather  from 
the  ancient  authors,  consisted  in  a  musicu  recitation, 
accompanied  by  one  or  more  instruments  to  support 
the  rhythm.  From  the  sixth  century  B.C.,  music 
seems  to  have  been  studied  scientifically,  and  parti- 
culariy  tht  tones  were  measured.  Lasus,  of  Hermi- 
one,  in  the  Peloponnesus,  who  lived  about  546  B.C., 
and  was  the  teacher  of  Findar,  is  said  to  have  written 
something  on  the  theory  of  music. 

Pythagoras,  who  is  said  to  have  learned  music 
from  the  Egyptian  priests  (which,  however,  is  con- 
ndered  improbable)  occupied  himself  with  the  mathe- 
matical relations  of  tones.  The  instrument  which  he 
invented  for  Uie  mathematical  determination  of  sounds 
was  called  the  Pythagorean  eaium.  He  is  also  said 
to  have  added  the  eighth  chord  to  the  harp,  to  which 
several  oAers  were  afterwards  added.  Damon  is 
mentioned  as  one  of  the  most  distinguished  teachers 
of  music  in  the  times  of  Pericles  and  Socrates.  Plato 
asserted  that  his  music  could  not  be  changed  vrithout 
changing  the  constitution  of  the  state  itself. 

Plato  and  Aristotle  considered  music  useful  as  a 
means  of  education.  In  their  time,  the  scale  was 
considerably  increased ;  but,  at  the  same  time,  com- 
plaints arose  against  the  degeneracy  of  music  and  of 
the  national  manners  throufp  its  influence.  A  simi- 
lar complaint  was  made  agai.;st  Phrygius,  who  lived 


in  the  time  of  Socrates.  Probably  the  caase  of  it 
was  the  application  of  music  to  the  expression  of  the 
more  tender  feelings,  as  love,  &c.,  while  it  had  been 
previously  used  chiefly  to  awaken  patriotic  or  re- 
ligious feeling,  as  with  the  Lacedemonians.  The 
division  into  theoretical  and  practical  mosic  wss 
probably  known  even  then.  Theoretical  music  com- 
prised as  well  the  arithmetical  calculations  respecting 
the  proportions  of  sound  and  tones  as  the  doctriif 
of  harmony,  which  teaches  the  general  rales  of  tO 
the  various  concords.  Composition  and  soi^  de- 
pended upon  this  branch.  The  latter,  and  tius 
music  in  general,  was  divided;  according  to  the  pro- 
portions of  the  tones  required  in  the  different  sorts  of 
music,  into  the  diatomc,  enharmonic,  and  at  a  later 
period  the  chromatic.  In  regard  to  the  tones  whidi 
were  the  basis  of  these  compositions,  certain  modes 
were  adopted,  denominated,  as  has  been  already 
stated,  from  the  countries  whence  they  chiefly  came. 
Music  was  divided  also,  in  respect  of  composition, 
into,  1.  the  art  of  composing  the  song,  that  is,  die 
art  of  giving  to  poetry  the  proper  song,  or  mode  of 
recitation,  because  the  recitation,  or  dedamatios, 
was  also  indicated  by  notes ;  2.  the  art  of  giving 
a  proper  rhythm  to  the  motion  of  the  body  or  the 
voice;  and,  3.  into  foetict,  the  technical  part  of 
poetry,  connected  intimately  vrith  music  in  those 
times :  to  this  belonged  siefrtct.  As  to  ezecatioB. 
music  was  divided  into  instrumental  music,  vocsl 
music,  and  pantomimic  action  in  connection  w^ 
music.  At  the  time  of  Alexander  the  Greats  Aris- 
toxenus,  a  t>upil  of  Xenophilus  and  Aristotle,  ^stm- 
guished  himself.  He  wrote  a  great  number  of  treatises 
on  music,  of  which  three  are  still  extant,  and  o- 
tended  ^  scale  to  eighteen  chords,  which  were  £• 
vided  according  to  tetrachords  and  pentachords.  His 
pupils  (called  the  Ari$tojnmaM»J  rejected  the  strict 
proportions  of  Pythagoras,  and  made  use  c^  the  in- 
tervals of  whole  and  half  tones,  guided  merdy  by 
feeling.  Aristoxenus  also  introduced  the  chromatie 
music,  the  invention  of  which  belongs  to  this  timci 
instead  of  Hie  enharmonic. 

Euclid  (277  B.  C.)  is  the  first  writer  who  treated 
the  mathematical  doctrine  of  sounds.  With  the  de- 
cline of  liberty,  music  also  sunk,  like  the  other  arts. 
The  Romsns  seem  to  have  received  the  music  which 
they  used  at  sacrifices,  together  vrith  the  rellgioas 
service,  from  the  Etruscans,  but  the  instmmentil 
music,  used  on  the  stage  and  in  war,  from  the  Greeks. 
Stringed  instruments  are  said  to  have  been  introduced 
into  Rome  as  late  as  186  B.  C.  In  general,  the  Ro- 
mans, so  warlike  in  their  disposition,  most  cultivated 
martial  music.  At  an  early  period  of  their  history, 
it  was  a  great  hindiance  to  the  progress  of  tiie  art 
that  it  was  practised  only  by  slaves. 

With  the  Romans,  eomure  and  conaea  signified  the 
musical  recitation,  which  was  accompanied  by  instru- 
ments, and  which  seems  to  have  stood  in  the  same 
relation  to  rhetorical  recitation  as  the  poetic  rlf<&- 
mmi  to  the  mmerm  of  prose ;  to  which  we  must  add, 
however,  that  orators  had  the  intonation  giv^en  by 
instruments  at  the  beginning  of  their  speech  and 
during  the  same.  The  Romans  made  use  of  tiieir 
capital  letters  as  notes.  On  the  stage,  the  song  was 
accompanied  with  flutes.  The  instruments  first  pre- 
luded ;  then  the  actor  began ;  and  probably  the  instia- 
mental  accompaniment  continued  in  simple  concord^ 
or  made  ehort  pauses  and  supported  or  hetg^tenei 
ti^c  emidiatic  expression  by  recommencing. 
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The  choruses  seem  to  hare  been  accompanied  dif- 
ferently from  the  monologue  and  dialogue.  This 
accompaniment  consisted  of  flutes  and  other  wind 
inscramentB»  comprised  with  the  Romans  under  the 
name  of  Hbim;  sometimes/  also^  of  the  lyre  and 
cithern.  The  flutes  were  different*  according  to  the 
comic  or  tragic  poem  which  they  had  to  accompany ; 
hence  U&ere  were  tikim  deaitrm  and  smUtrm,  tiie  former 
particularly  intended  for.tiie  serious^  the  latter  for 
the  comic  passages,  and  for  comedies.  Horace,  in 
hia  Epiitola  ad  Pitonm,  savs  that  formerly  only 
simple  wind-instruments,  with  a  few  holes,  had  been 
used ;  no  flutes  which  vied  with  the  trumpets  (tuba). 
Rhythm  and  melody,  he  says,  had  become  less  strict. 
At  later  periods,  still  louder  complaints  were  raised 
against  the  noise  of  the  instruments,  whidL  obliged 
the  actor  to  raise  his  voice  extremely.  In  all  this, 
the  Greeks  had  preceded  the  Romans.  Under  the 
four  emperors,  particularly  Nero,  music  was  culti- 
vated as  an  object  of  luxury.  After  his  death,  500 
aingers  and  musicians  are  said  to  have  been  dis- 
missed. 

From  the  sixteenth  and  seventeenth  centuries,  there 
grew  up  at  the  courts  of  monarchs  the  free  chamber 
tftyle,  and,  from  this,  the  theatrical  style.  The  in- 
vention of  the  opera,  in  the  sixteenth  century,  has 
chiefly  contributed  to  the  splendour  and  vanety  of 
modern  vocal  music,  and  the  astonishing  improve- 
ment in  the  mechanical  structure  of  various  instru- 
ments greatly  advanced  instrumental  music,  and  at 
the  same  time  harmony,  in  the  latter  half  of  the 
eighteenth  century.  The  merit  of  the  advancement 
of  vocal  music  is  claimed  particularly  by  the  Italians ; 
the  improvement  of  instrumental  music  by  the  Ger- 
mans, French,  and  English. 

The  invention  of  the  lyrie  drama  of  the  modems  is 
considered  by  many  persons  to  be  of  very  distant 
date ;  that  is  to  say,  if  by  the  lyric  drama  we  are  to 
understand  every  representation  accompanied  by 
music.  And  in  fact,  although  these  older  repre- 
sentations differ  widely  from  me  l3rric  drama  of  our 
time,  still  the  musical  observer  cannot  fidl  to  remark 
in  the  former  the  foundation  and  essential  principles 
of  the  latter. 

An  Orfeo  of  Angelus  Politianus  was  ccmiposed  as 
early  as  the  year  14/5,  and  a  musical  tragedy  is 
spoken  of  as  having  been  performed  at  Rome  in 
1480.  It  is  said  thiU,  in  1555;  Alphonso  della  Viola 
set  to  music,  for  the  court  of  France,  "  USaai/Ufe*' 
a  pastoral  drama  by  Agostino  Beccari ;  and  in  15/4 
an  opera  was  performed  at  Venice  for  the  reception 
of  Henry  III.,  when,  on  his  return  from  Poland,  he 
passed  through  that  town,  in  order  to  take  posses- 
sion of  the  crown  of  France,  to  which  he  succeeded 
on  the  death  of  his  brother  Charles  IX.  These  facts 
are  so  remote,  and  so  very  few  vestiges  of  them  re- 
main, that  it  is  impossible  to  deduce  any  thing  posi- 
tive as  to  the  state  of  this  branch  of  the  musical  art 
at  that  early  period. 

The  real  epoch  to  which  the  birth  of  drsmatic 
music,  properly  so  called,  may  be  fixed,  is  that  of 
the  invention  of  the  recitative  or  recited  music, 
which  gave  to  the  lyric  drama  a  peculiar  language 
and  construction.  The  following,  it  is  said,  was  its 
origin. 

'niree  Florentine  gentlemen,  J.  Bardi,  P.  Strozzi, 
and  J.  Corsi,  amateurs  of  the  art,  being  littie  satis- 
fied with  the  attempts  made  up  to  their  time  to 
bring  dramatic  poetiy  to  perfection,  conceived  the 


idea  of  havmg  a  lyric  drama  written  by  their  <>^ 
lyric  poet,  and  composed  by  the  most  eminent  of 
their  musicians.  They  consequentiy  selected  Ott* 
Rinuccini  and  Jacq.  Peri,  both  of  them  Florentines : 
the  former  wrote  a  poem  entitled  Dapkne,  to  which 
the  latter  applied  a  sort  of  recitation,  in  notes,  having 
all  the  sounds  of  music,  vdthout  its  regular  support 
and  marked  time.  The  work,  thus  arranged,  was  per- 
formed in  1597»  at  the  house  of  CSorsi,  and  obtained 
the  utmost  success;  so  much  so  as  to  determine 
Rinuccini  to  write  two  other  works  of  the  same  kind, 
namely,  Emridice  and  Ariana,  In  the  same  year  in 
which  ArianawBB  performed  at  Florence,  an  oratorio, 
vdth  the  same  description  of  recitative,  composed  by 
Emilio  del  Cavaliere,  andentitied  Di  Amina  e  di  Cor» 
po,  was  performed  at  Rome.  Thb  work,  together 
with  that  of  Peri,  was  published  in  1608 ;  and  in 
their  prefaces  the  two  authors  daim  tiie  honour  of 
the  inventioD  of  recitative,  which  they  both  maintain 
to  be  the  revival  of  the  chanting  declamation  of  the 
Greeks.  Each  of  them,  in  support  of  his  claim, 
cites  diffierent  works  written  previously  to  the  time 
of  which  we  have  just  been  speaking ;  and  Emilio, 
especially,  mentions  a  drama  of  his  own,entitied  La 
IHtperatione  dd  Satiro,  composed  and  performed  in 
private  since  the  year  1590,  and  another  represented 
m  1595.  If  we  may  credit  J.  B.  Doni,  the  mvention 
or  revival  of  recitative  belonged  neither  to  the  one 
nor  the  other,  but  to  Vincent  Ghdileo,  frither  of  the 
celebrated  Galileo  tiie  astronomer,  who  feeling,  as 
well  as  Bardi  and  the  other  amateurs  of  Florence, 
the  defects  in  tiie  music  of  that  age,  and  inspired 
with  the  ardour  of  research,  occupi^  himself  in  re- 
covering the  musical  declamation  of  the  Greeks, 
and,  having  studied  the  recitative,  applied  it  to  the 
episode  of  the  Cinmi  UgoUno  of  Dante.  He  com- 
posed also,  in  the  same  style,  7%e  LammUation»  qf 
Jeremiah,  and  sang  them  himself,  witii  a  viol  accom- 
paniment, before  a  numerous  assembly.  Julius 
Caccini,  of  Rome,  a  ^oung  singer,  who  frequented, 
with  many  other  musicians,  the  house  of  Bardi,  was 
enthusiastic  in  his  admiration  of  this  new  style,  and 
himself  composed  several  pieces,  with  recitative  of  a 
verjr  improved  description.  J.  Peri  became  his  rival 
in  improvements,  and  both,  according  to  Doni,  co- 
operated in  settii^  to  music  the  Daphne  of  Rinuccini. 
Peri  afterwards  composed  EuruUce,  and  Caccini 
Cqfhahi.  These  pieces  were  followed  by  Ariana, 
which  was  put  into  recitative  by  CI.  Monteverde. 
Of  all  the  above-named  works,  the  Etaidice  of 
Peri  was  most  successful  when  performed  in  pub- 
lic. This  representation  took  place  in  1600,  at 
Florence,  on  the  occasion  of  the  marriage  of  Henry 
IV.  of  France  with  Mary  de  Medicis.  In  the  pre- 
face to  the  poem,  which  was  printed  the  same  year, 
Rinuccini  states  that  the  music  composed  by  Peri 
to  his  Daphne  had  made  him  cease  to  fear  that 
he  should  never  witness  the  revival  of  the  mu- 
sical declamation  of  the  Greeks.  In  fact,  nearly 
the  whole  of  this  work  is  in  recitative;  and  it  is 
difficult  to  discover  any  difference  firom  the  rest  of 
the  music  in  those  passages  at  the  head  of  which 
is  placed  the  word  aria.  The  same  observation  ap« 
plies  to  all  the  works  composed  up  to  the  middle  of 
the  same  century.  It  is  only  in  the  opera  of  Jamm, 
written  by  Cicognini,  and  set  to  music  in  1649  by 
Cavelli,  that  we  begin  to  perceive  airs  having  a  me- 
lody differing  from  that  of  the  recitative ;  yet  still 
these  airs  are  usually  insipid,  and  generally  (to  give 
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some  idea  of  them)  a  kindof  minaet,  written  in  the  time 
of  two-three,  and  varying  repeatedly.  A  greater  de- 
gree of  progress  is  perceptible  in  the  operas  of  Cesti, 
who,  in  his  JDoria,  composed  in  1663,  began  to  in- 
trodnce  airs  in  which  the  talents  of  the  singer  might 
be  displayed  to  advantage,  fiat  what  is  particularly 
remarkable  at  this  epoch  is,  that  the  opera  began  to 
degenerate  into  a  spectacle  calculated  to  please  the 
tight  alone  ;  insomuch  that,  in  the  works  represented 
about  the  end  of  the  seventeenth  century,  no  men- 
tion whatever  is  made  either  of  the  poet,  the  com- 
poser, or  the  singers,  but  only  of  the  machimst  and 
the  decorator.  This,  however,  did  not  discourage 
an  immense  number  of  composers  from  devoting 
themselves  to  this  style.  Among  these,  there  were 
many  who  had  both  practical  knowledge  and  genius, 
to  prove  which  it  is  sufficient  to  name  Fr.  Graspa- 
rini,  Perti,  CoUonna,  Lotti,  and,  above  all,  the  cele- 
brated Alessandro  Scarlatti,  to  whom  the  invention 
of  the  obligato  recitative  is  generally  attributed.  The 
principal  characteristic  of  these  celebrated  composers 
of  operas  is  however  their  science ;  and  perhaps  this 
was  all  they  could  do  at  a  period  such  as  that  in 
which  they  wrote. 

In  the  midst  of  this  confusion,  some  few  among 
them,  and  particularly  Scarlatti,  felt  the  necessity  of 
making  the  melody  conformable  to  the  expression 
of  the  words ;  and  some  attempts  made  to  this  effect 
were  very  successful.  This  great  improvement  was, 
however,  left  to  be  completed  by  the  composers  of 
the  eighteenth  century ;  and  it  is  to  the  illustrious 
pupils  of  Scarlatti,  namely,  to  Leo,  Vinci,  Sarrow, 
Hasse,  Porpora,  Feo,  Abos,  and  specially  Pergolese, 
that  this  approach  to  perfection  is  attributable. 
They  were  well  seconded  by  the  poets  of  their  time, 
and  particularly  by  Apostolo  Zeno,  and  his  pupil 
Metastasio,  who  presented  them  with  poems,  writ- 
ten with  purity  and  elegance,  and  full  of  interesting 
incident.  Three  generations  may  be  considered  to 
have  followed  this  same  system,  profiting  by  the 
successive  embellishments  of  melody  and  of  the  or- 
chestra. 

Didactic  authors,  such  as  Bemardi  and  Padre 
Martini,  usually  distinguish  three  styles  of  cham- 
ber music,  namely,  simple  madrigals,  accompanied 
madrigals,  and  cantatas.  To  these  we  may  with  pro- 
priety add  a  fourth,  namely,  fugitive  pieces,  containing 
an  immense  number  of  different  sorts  and  varieties. 

The  madngal  is  a  species  of  composition  much  re- 
sembling the  fugue  (see  Fueus),  but  the  style, 
being  less  dry  than  that  of  the  latter,  is  suscepti- 
ble of  every  kind  of  expression.  It  was  so  called 
from  beuig  usually  set  to  a  peculiar  kind  of  short 
poem,  known  also  by  that  name.  There  are  two 
kinds  of  madrigals :  namely,  simple  madrigals,  or 
those  executed  by  voices  alone,  and  accompanied 
madrigals,  or  those  in  which  the  voices  are  supported 
by  the  organ  or  piano-forte. 

Simple  madrigals  appear  to  have  been  invented  atthe 
beginning  of  the  sixteenth  century.  During  the  whole 
of  the  succeeding  century  this  style  was  very  much  cul- 
tivated, but  since  the  early  part  of  the  eighteenth  it 
has  been  completely  abandoned,  as  much  Arom  the 
recognized  difficulty  of  equalling  the  early  com- 
posers in  this  kind  of  music  as  on  account  of  the 
attention  given  exclusively  to  dramatic  and  instru- 
mental music,  which  are,  in  some  respects,  com- 
pletely the  anlipodes  of  this  system. 

Accompanied  madrigals  are,  necessarily,  a  more 


modem  invention ;  they  can  have  existed  only  atnoe 
the  time  when  the  custom  was  introduced  of  pottiiig 
an  instrumental  bass,  differing  from  the  vocal  cme,  be- 
low the  voices.  The  most  ^ebrated  composers  of 
this  species  of  madrigal  flourished  between  the  mid  • 
die  of  the  seventeenu  and  beginning  of  the  ei^it- 
eentk  centuries.  These  are  Frescobaldi,  Caximni, 
Lotti,  Scarlatti,  Clari,  Marcello,  and  Durante ;  dK 
last  three  of  whom  in  particular  have  1^  sone 
chrfi'd'cswre.   in  this  style  of  composition. 

A  cantata  is  a  short  poem  which,  oonstdered  in  i 
literary  sense,  has  no  very  determinate  character, 
though  it  is  usually  the  recital  of  a  simple  and  in- 
teresting fact,  inteivpersed  with  reflectioiis,  or  the 
expression  of  some  particular  sentiment.  It  may  be 
in  all  styles  and  all  characters,  sacred,  pmlane,  he- 
roic, comic,  and  even  ludicrous ;  represenung  the  ac- 
tion or  feeling  of  either  a  single  or  several  persons ; 
it  even  sometmies  assumes  the  character  of  the  oca- 
torio ;  as,  for  instance,  in  the  sacred  poem  of  Tie  Pm- 
tion,  T%e  Oreatum  of  Haydn,  and  others.  The  can- 
tata is  supposed  to  have  been  invented  about  Ae 
commencement  of  the  se\'enteenth  centary.  Like  the 
madrigal,  this  style  of  composition  has  been  generally 
abandoned  and  neglected  for  nearly  two  generations ; 
so  much  so  that  learned  amateurs  alone  now  de^ 
to  study  the  masterpieces  left  to  us  in  this  style. 

Fugitive  pieces  consist,  as  we  have  before  said*  of 
an  immense  number  of  styles,  and  an  mnaying  va- 
riety of  subjects.  Every  nation  has  its  peculiar  styie 
of  music.  Italy  has  the  cttnionette,  Uie  viUneflr, 
thejiotole,  the  estrambotte,  &c. ;  Spain  the  bolero,  &c ; 
France  the  romance,  the  vaudeville,  &c. 

We  may  now  notice  the  introduction  of  Uie  gamai, 
and  the  origin  of  counterpoint.  With  regard  to  the 
former,  the  invention  of  the  gamiU  presupposes  a  cer- 
tain degree  of  progress  in  the  musical  systooi,  in  the 
same  manner  that  the  alphabet  conveys  the  prelimt- 
nary  idea  of  the  existence  of  a  language.  We  make 
this  remark  that  the  scale  of  music  may  not  be  coa- 
founded  with  tiie  $y$tew^  which  mi^t  otherwise 
easily  be  the  case.  It  was  in  the  commencement  of 
the  eleventh  century,  in  the  year  1022,  diat  ^le  ma- 
sical  scale  first  took  the  form  which  it  still  retains. 
This  reformation  was  chiefly  owing  to  Guido,  a  Be- 
nedictine monk  of  the  monastery  of  Pomposa,  bom 
about  990,  at  Arezzo,  a  little  town  of  T^iscany,  for 
which  reason  he  is  commonly  called  in  France  Gay 
d'Arezze.  Between  the  death  of  Pope  Gregory  and 
the  period  of  which  we  are  now  speaking,  many  at- 
tempts were  made  to  improve  musical  notation.  In- 
deed, it  may  be  easily  conceived  that  letters  placed 
on  syllables,  to  indicate  sounds,  could  not  be  qoictiy 
understood ;  it  was  therefore  found  necessary  to 
some  more  intelligible  method.  That  which  most 
turally  occurred  was  to  place  the  letters  at 
degrees  of  height  from  each  other,  analogous  to  dK 
elevation  or  depression  of  the  voice,  and  to  maik 
these  degrees  in  a  more  accurate  manner  by  means 
of  parallel  lines.  This  was  the  method  employed 
before  Guy,  and  he  only  simplified  and  regulated  it 
Instead  of  repeating  the  letter,  Guy  merely  wrote  it 
at  the  commencement  of  the  line,  and,  whenever  it 
afterwards  occurred,  simply  put  a  dot  in  its  place. 
Shortly  after,  he  rendered  this  still  plainer,  by 
placing  dots  in  the  intervals  of  the  lines ;  using  these 
intervals  to  denote  degrees,  by  which  he  reduced  the 
distances  from  one  note  to  another,  and  made  the 
scale  much  easier  to  perform  at  sight.    Guy  likewise 
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tdded  to  the  ancient  syitem  a  bass  note  answering 
to  M^  on  the  first  line  of  the  clef  Fa ;  he  designated 
this  note  by  the  aamma  of  the  Greeks  (D,  and  it  is 
from  this  sign  that  the  series  of  sounds  in  the  sjrs- 
tem  take  their  name  of  gammt.  To  these  inventions 
he  added  another,  that  of  counting  by  hexachords 
instead' of  tetrachords,  and  of  designating  by  die  syl- 
lables Mt,  re,  mi,  fa,  $ol,  la,  the  wutjor  hezachord, 
upon  whatever  degree  of  the  system  it  was  placed : 
this  was  the  foundation  of  his  method^  of  soUfaing 
which,  however,  it  would  be  tedious  to  explain  here. 
The  mvention  of  counterpoint  b  likewise  attributed 
to  him,  though  without  anv  foundation.  It  is  true 
he  was  one  of  the  first  who  wrote  on  the  subject, 
but  he  was  not  the  inventor ;  for,  although  this  art 
had  made  little  progress,  still  it  was  known  before 
Guv's  time. 

It  may  be  proper  to  state  that  the  organ  was  intro- 
duced into  France  in  the  year  7S7,  and  soon  became 
universal  in  the  churches  of  the  west.     It  was  di- 
rectly used  as  an  accompaniment  to  the  voice.    This 
accompaniment  was  at  first  entirely  in  unison ;  but 
the  facilitv  with  which  several  sounds  could  be  dis- 
tinguishea   at  once   occasioned  the  remark,   that, 
among  the  various  union  of  soimds,  many  were 
agreeable  to  the  ear.    The  minor  third  was  one  of 
the  first  remarked  for  its  pleasing  harmony,  and  was 
therefore  generally  used,  though  only  at  the  close  of 
an  air;  and  this  method  was  called  orgamemg.  There 
were  likewise  many  other  methods;  for  instance, 
holding  on  the  sound  of  the  organ  on  some  note  be- 
low the  chant  or  singing  part,  or  playing  the  air 
a  fourth  below  or  a  fifth  above,  and  frequently  both 
together,  which  last  was  called  doubk  orgamzaHom. 
Soon  after,  this  method  was  adopted  in  singing  with- 
out the  organ ;  and  from  thence  the  terms  de$ettni, 
meaning  double  chant,  ir^le,  quadruple,  m&UuB,  mo- 
iet,  quimtet,  quartet,  &c.,  all  of  which  preceded  the 
term  couutervoint.  An  uninterrupted  series  of  authors 
anterior  to  Guy,  as  Notker,  Remi  of  Auxerre,  Hue- 
bald,  and  Odon  de  Cluny,  testify  the  origin  and  pro- 
gress of  this  art,   and  historically  demonstrate  its 
being  a  modem  invention,  totally  unknown  to  tiie 
ancients.    Their  writings,  as  well  as  those  of  Guy, 
and  of  J.  Cotton  (his  commentator),  are  to  be  found 
in  tiie  valuable  collection  which  the  prince  abb^  Ger- 
bert  published  under  the  title  of    Scriptoree  Ecde- 
rnattid  de  Mueicd  Sacrd  potueimum,  &c. 

The  introduction  of  time,  or  the  relative  values  of 
che  notes  in  music,  forma  an  important  feature  in  its 
progress  as  a  science.  The  first  music  divided  into 
l>ar8  appeared  about  the  beginning  of  the  seventeenth 
centuj^,  thou^  the  system  was  not  generally 
adopted  till  the  eighteenth.  The  distance  between 
the  bars  was  in  time  diminished,  till  they  encToeed 
but  one  measure,  as  in  the  present  day ;  the  only 
exception  now  being  in  the  h  capeUa  time,  namely, 
in  two  semibreves,  with  a  quick  movement,  when  the 
bars  are  still  marked  only  every  second  measure,  to 
avoid  their  too  frequent  repetition.  Tlie  introduction 
of  bars,  vrith  their  gradual  increase,  has  produced  the 
natural  result  of  bringing  into  disuse  notes  of  great 
value ;  and  at  the  present  period  the  note  of  highest 
-value  is  the  semibreve,  if  we  except  the  breve  in  co- 
peUa  time.  As  for  the  round  and  uie  maxim  diey  are 
now  no  longer  known,  except  by  the  musical  anti- 
quarv.  The  form  of  the  notes  has  likewise  sustained 
an  alteration,  though  scarcely  worth  noticing.  For- 
mmtly,  the  head  of  Uie  note  was  square ;  towards  the 
Abts  h  ScimNCBS.— Vol.  I. 


middle  of  the  seventeenth  century  they  were  formed 
round,  or  of  an  inclined  oval ;  and  in  the  course  of 
100  years  the  round  became  universal,  and  is  the 
form  retained  up  to  the  present  time.  Rhythm,  as 
we  have  previonsly  seen,  has  sustained  but  slight 
variation;  but  it  has  been  quite  the  reverse  with 
sounds,  and  consequently  wiUi  harmony  and  coun- 
terpoint. 

Till  the  close  of  the  fifteenth  century,  the  degene- 
rated tones  of  the  Greeks,  as  preserved  in  the  chant 
of  the  Roman  church,  not  only  served  as  a  foun- 
dation to  ecclesiastical  chanting,  and  to  the  works 
of  composers  who  endeavoured  to  harmonize  those 
chants,  or  to  compose  according  to  that  system,  but 
various  profane  songs  of  that  time  which  we  still 
possess,  and  some  of  which  are  to  this  day  popular, 
appear  to  have  partaken  of  the  ecclesiastical  modes. 
In  1^  course  of  the  sixteenth  century,  however,  a 
movement  appeared,  which  led  the  art  to  that  state  of 
perfection  which  it  has  now  attained.  To  dispel 
whatever  may  appear  vague  or  obscure  in  this  re- 
mark, it  is  necessary  to  give  a  clear  idea  of  what  is 
meant  in  music  by  tone  or  mode,  and  subsequently 
to  demonstrate  the  relations  subsisting  between  the 
modem  and  ecclesiastical  modes.  No  one  endowed 
with  the  most  ordinary  musical  organization,  or 
capable  of  the  slightest  observation,  can  fail  to  have 
remarked  the  tendency  that  every  musical  piece  has 
to  terminate  on  some  particular  note  or  sound,  for 
which  no  other  could  be  substituted,  vrithout  render- 
ing the  air  incomplete.  This  experiment  may  be  tried 
on  the  most  sunplc  tunes  known.  We  say  of  a  piece 
of  music.  It  is  in  the  heg  of  such  a  note,,  when  it  ends 
on  that  note  or  sound,  and  which  note  b  called  the 
tonic  or  principal ;  now,  if  we  decompose  a  piece  of 
music  which  is  supposed  to  be,  throughout,  in  the 
same  key,  it  will  be  found  that  it  is  composed  of  a 
certain  number  of  different  keys,  each  having  a  direct 
afilnity  to  the  principal  key  note.  The  eiuemble  or 
system  of  these  afilnities  constitutes  the  musical  mode: 
and  if,  from  the  tonic  to  Uie  octave,  we  place  all  the 
intermediate  sounds  in  regular  succession,  we  shall 
form  the  scale  of  the  mode.  It  is  possible  to  imagine 
a  great  number  of  different  modes,  from  which  may 
be  formed  a  variety  of  systems.  Each  of  these  sys- 
tems of  modes  will  constitute  essentially  the  same 
number  of  idioms  or  musical  languages,  which  will 
belong  to  various  races  of  men.  Thus  the  eastern 
nations  appear  to  hafe  had  a  system  of  modes  quite 
different  firom  ours,  and,  indeed,  we  have  not  to  this 
day  any  very  distinct  idea  of  them.  At  the  present 
day  we  have  but  two  modes,  namely,  the  m^jor 
mode,  the  scale  of  which  is  contained  m  uf ,  re,  mi, 
fa,  $ol,  la,  n,  ut;  and  the  minor  mode,  in  which  the 
ascending  scale  is  la,  si,  ut,  re,  mi,  fa,  sol,  Ip;  and  in 
descending,  la,  sol,  fa,  mi,  re,  ut,  si,  la;  this  is,  at 
least,  according  to  the  notions  at  present  existing, 
though  there  is  still  much  want  of  precision  and  ac- 
curacy in  the  theory  of  this  subject.  However  this 
may  be,  these  modes  are  entirely  modern,  it  being 
hardly  more  than  100  or  150  years  since  they 
have  oecome  prevaJent,  and  to  the  extent  of  render- 
ing it  a  doubtful  question  whether  or  not  the  mo- 
dem nations  of  Europe  can  ever  accustom  their 
feelings  to  any  other  system  of  tones,  and  further 
whether  all  other  such  systems  are  not,  for  them, 
rather  systems  of  modulation,  that  is  to  say,  of 
concatenation  of  modes,  than  a  system  of  modes, 
properly    so   called.     The  ancient   contrapuntbts 
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had  an  established  and  almost  exclusive  rule  to 
add  the  third  and  fifth  to  all  the  notes  of  the  scale, 
with  the  exception  of  that  which  bears  the  minor 
fifth,  to  which  thy  put  the  sixth :  they  looked  upon 
all  harmony  as  allowable  which  was  exempt  from  a 
succession  of  fifths  and  octaves :  but  the  doctrine  of 
the  new  modes  soon  displayed  the  errors  of  this 
harmony,  which  formed  an  infinity  of  bad  combina- 
tions, such  as  the  sixth  with  the  third,  or  frequently 
on  many  other  degrees  of  the  scale :  it  was  on  the 
above  principle  that  Palestrina  and  all  his  school 
wrote. 

A  schoolmaster  in  Lombardy  (Charles  Monte- 
verde),  who  flourished  about  1590,  invented  the  har- 
mony of  the  dominant ;  he  was  also  the  first  who 
used  the  seventh  and  even  the  ninth  of  the  dominant; 
he  likewise  employed  the  minor  fifth  as  a  conso- 
nance, which  had  always  before  been  used  as  a  dis- 
sonance. Thus  the  tonal  harmony  became  known ; 
and,  his  principle  being  once  admitted,  all  its  conse- 
quences were  naturally  deduced,  and  musicians  ar- 
rived almost  insensibly  at  the  conclusion  that  only 
three  essential  harmonies  were  to  be  acknowledged 
in  the  mode,  namely,  that  of  the  tonic,  of  the  domi- 
nant, and  of  the  sub-dominant,  which  are  all  that 
should  be  placed,  either  direct  or  inverted,  on  theSe 
dotes  and  on  those  comprised  in  their  harmony. 
Charles  Monteverde  likewise  introduced  into  compo- 
sition double  dissonances,  which  were  soon  succeeded 
bv  triple  dissonances,  and  diminished  and  altered 
chords.  It  must  naturally  be  supposed  that  counter- 
point was  in  some  degree  affected  by  these  innova- 
tions ;  it  now  became  usual  to  employ  intervals  in 
melody  which  had  till  then  been  totally  interdicted ; 
and  the  intervals  in  harmony  soon  succeeded  each 
other  in  a  way  till  then  unknown.  About  this  time 
L.  Viadana  de  Lodi  formed  the  idea  of  giving  to  the 
instrumental  bass  a  different  melody  from  that  of  the 
vocal,  to  which  it  had  previously  stnetly  adhered ;  he 
further  proposed  to  make  this  new  bass  reign  through- 
out the  piece,  to  consider  it  as  the  basis  of  the  whole 
composition,  and  to  represent  by  figures  the  chord  it 
was  to  carry.  In  these  points  alone  can  he  be  con- 
sidered as  the  inventor  of  fundamental  bass ;  for  it 
does  not  appear  he  in  any  way  added  to  harmony. 
All  these  innovations  excited  tne  indignation  of  the 
masters  attached  to  the  ancient  rules ;  but  at  length 
sense  and  experience  overcame  their  vague  and  ab- 
stract reasonings.  At  first,  indeed,  these  new  methods 
were  merely  applied  to  profane  and  modem  music, 
and  the  ecclesiastical  chants  continued  to  be  formed 
on  the  ancient  rules,  somewhat  mitigated,  however, 
according  to  the  method  of  Palestrina  and  the  Roman 
school;  but,  towards  the  close  of  the  seventeenth 
century,  they  began,  in  practice,  to  consider  the 
church  tones  merely  as  a  form  to  enchain  or  keep 
within  bounds  the  modem  tones,  and  according  to 
this  principle  they  applied  tonal  harmony  to  their 
ecclesiastical  compositions.  It  is  thus  that  the  school 
of  Naples,  particularly  Durante,  considered  the  sub- 
ject, and  the  modem  tones  are  now  universally  ac- 
knowledged in  church  music.  Practice  has  ever, '  in 
all  the  arts,  preceded  theory,  or  rather  doctrine ;  and 
indeed  it  should  always  be  thus,  for  doctrine  should 
merely  observe  the  operations  of  genius  and  reduce 
them  to  principles ;  it  should  not  advance  too  quickly, 
thereby  exposing  itself  to  be  contradicted  by  experi- 
ence.    If  we  examine  the  successive  doctrines  of  the 


additional  proof  of  the  tratfa  of  diew  obserratuns. 
P.  Aaron,  JL.  Fogliani,  and  all  those  who  wrote  during 
the  first  two  generations  of  the  sixteenth  centonr, 
added  little  to  the  improvements  of  the  fifteendi.  Zar- 
lino,  who  published  in  1571   hb  Harmomie  Itutita-' 
iiofu,  collected  and  developed  all  the  theories  and 
precepts  established  up  to  his  time ;  and  his  work 
was  then  considered,  and  for  long  afber,  as  the  most 
eminently  classical  ever  written  on  music  Far,  how- 
ever, was  he  from  exceeding  in  knowledge  the  coei- 
posers  of  his  day,  for  he  appears  not  to  have  heard 
of  Palestrina,  who  flourish^  about  1552.    All  Zar- 
lino's  doctrine  veas  established  on  the  practice  of  te 
masters  of  the  Flemish  school,  of  whom  he  himtetf 
was  a  pupil.    In  this  he  veas  followed  by  Arta»»  Zac- 
coni,  and  others,  who  wrote  towards  Ihe  <do8e  of  the 
sixteenth  century.    D.  P.  Ceroni,  who  published  at 
Naples,  in  1613,  his  Afdopeo  f  Maetiro,  nairowed 
the  boundaries  of  the  doctrines  of  music.     He  modi- 
fied his  instructions  according  to  those  of  Palestrina 
and  other  masters  of  the  Roman  school.     Galeazao 
Sabbatini,  who,  in  1644,  gave  rales  for  thorougk- 
bass,  wrote  on  the  same  principles.    But  it  was  not 
until  we  possessed  the  treatises  of  Bemanii,  Buoooa- 
cini,  and  Gasparini,  towards  the  close  of  the  sevea- 
teenth  or  commencement  of  the  eighteenth  centuiy, 
that  the  practices  in  counterpoint  introduced  at  the 
close  of  the  sixteenth  century  were  reduced  into  a 
theoretical  system ;  from  that  time  to  this,  these  doc- 
trines have  remained  nearly  the  same  as  they  woe 
established  by  the  last-named  authors.    Towards  ^ 
commencement  of  the  eighteenth  century,  a  Frco^ 
writer,  M.  Rameau,  afilrmed  that  all  rules,  up  to  his 
time,  were  merely  blind  traditions,  without  connectioD 
or  foundation,  and  proposed  reducing  them  to  a  lew 
precepts,  which  he  pret^ided  to  deduce  from  the  laws 
of  phvsics.   As  the  opinions  of  this  celebrated  man 
have  for  some  time  been  much  in  fashion  in  Franoe, 
and  have  had  a  useful  influence  on  certain  pcnnts  of 
musical  doctrine,  it  may  be  proper  to  give  sotne  idea 
of  them.     If  we  examine  the  various  diords  used  in 
accompaniment,  we  shall  find  they  may  all  be  traced 
to  different  combinations  of  certain  groups  of  sounds. 
For  example,  the  chords  nt,  mi,  aol,  sm,  so(,  «/,  aei^ 
ut,  mi,  are  eridently  but  three  combinations  of  the 
sounds  ut,  mi,  8ol;  the  chords  sof,  at,  re,  fm,  Jt,  ft, 
fa,  sol,  re,  fa,  sol,  si,  fa,  sol,  si,  re,  are  four  combina- 
tions of  the  sounds  sol,  si,  re,  fa,  in  which  each 
sound  becomes  successively  the  bass,  the  arrange- 
ment of  the  higher  sounds  being  perfectly  indifferenL 
Now,  if  we  consider  one  of  the  chords  which  are  com- 
posed of  the  same  sounds  as  principal,  the  others  may 
be  viewed  merely  as  dependents.    With  this  idea  tbe 
ancients  were  perfectly  acquainted,  and  they  con- 
sidered that  chord  as  principal  in  which  aB  the 
sounds  were  placed  at  intervals  of  diirds,  tike  re- 
maining chords  (composed  of  the  same  sounds)  beiaf 
inversions  of  the  first.   Some  ignorant  writers  have 
attributed  the  origin  of  this  idea  to  Rameau.    In  thb 
they  are  mistaken,  and  to  be  convinced  of  their  error 
they  have  onlv  to  glance  at  the  vnitings  of  Zarhno, 
Bemardi,  and  oth^,  when  they  vrill  find  that  die 
above  idea,  which  is  indeed  founded  in  truth,  had 
long  been  familiar  to  the  ancients.    What  may  with 
trudi,  however,  be  attributed  to  Rameau  is^  h»  hav- 
ing endeavoured  to  include  all  the  laws  of  harmoof 
in  those  lavra  which  govern  the  principal  diocds.    To 
this  end,  he  names  these  chords  fimdamemt^  cAardIt; 


period  we  have  been  surveying,  we  shall  find  an  I  the  note  whldi  acts  as  bass  he  calls  the  fimdameaiai 
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note;  and  finally  be  UrmA  fimdamenial  bass  that  hy- 
pothetical bass  which  is  formed  solely  by  the  funda- 
mental note.    This  being  decided,  he  next  proceeds 
to  prescribe  rules  for  the  formation  of  this  bass,  or 
rather  for  the  succession  of  fundamental  chords ;  and, 
according  to  his  doctrine,  harmony  will  be  regular 
whenever  the  chords  of  which  it  is  formed,  being 
brought  back  to  their  fundamental  chords,  offer  suc- 
cessions in  the  bass  correspondent  to  the  rules  which 
he  has  established.    When  the  conservatory,  esta- 
blished at  Paris  towards  the  close  of  the  eighteenth 
century,  determined,  for  the  benefit  of  the  pupils,  to 
invent  and  adopt  an  elementary  work,  a  professor  of 
that  establishment  (Catel)  proposed  a  treatise  on 
harmony,  which  of  all  those  hitherto  published  agrees 
best  witfi  the  practice  observed  for  nearly  two  cen- 
turies past.    He  considers  as  natttral  chords  all  such 
as  are  commonly  termed  consonances,  also  all  dis- 
sonant chords  used  without  preparation;   he  ex- 
amines in  a  summary  manner  their  principal  succes- 
sions, and  demonstrates  in  what  way,  by  means  of 
the  anticipations,   retardations,   and  alterations  of 
which  they  are  susceptible,  they  produce  all  artificial 
chords  or  dissonances  properly  so  called.    This  doc- 
trine had  been  previously  taught  by  the  school  of 
Durante,  as  we  find  from  the  small  treatise  of  Fena- 
roli,  entitled,  Regole  per  It  Principiante,  &c.,   and 
was  likewise  established  in  Germany ;  but  Catel  pro- 
duced it  in  a  much  clearer  and  more  decided  form, 
and  it  has  been  adopted  in  France  by  all  able  musi- 
cians :  indeed  it  must  be  considered  a  most  important 
step  in  the  doctrine  of  harmony. 

The  subject  of  musical  instruments,  as  a  branch  of 
scientific  accompaniment,  should  be  considered  under 
two  heads : — firat,  as  to  the  sonorous  principle  which 
forms  the  basis  of  each  one  separately ;  secondly,  as 
to  the  mechanism  of  execution.  First,  in  respect  to 
the  sonorous  principle,  instruments  are  divided  into 
stringed,  wind,  smd  vocal  instruments,  &c. ;  as  re- 
lates to  their  mechanism,  they  may  be  divided  into 
six  classes,  namely,  bowed  instruments,  wind  instru- 
ments, keyed  instruments,  stringed  instruments, 
instruments  of  percussion,  and,  lastly,  mechanical 
instruments.  At  the  head  of  these  six  divisions  must 
be  placed  the  human  voice,  the  first,  the  most  beau« 
tiful  of  all  instruments,  and  which  serves  as  a  model 
for  the  construction  of  every  other. 

Without  entering  into  unnecessary  detail,  it  will 
be  sufficient  to  enumerate  the  instruments  now  most 
in  use  amongst  those  nations  whose  musical  system 
resembles  our  own.  These  are,  first,  amongst  bowed 
instruments,  the  violin,  the  viola  or  tenor,  me  violon- 
crello  or  bass,  and  the  double-bass;  secondly,  amongst 
wind  instruments,  the  German  flute,  the  clarionet, 
the  hautboy,  the  bassoon,  the  horn,  the  trumpet,  the 
trombone,  the  serpent,  the  fife,  and  the  flageolet; 
thirdly,  amongst  keyed  instruments,  the  piano-forte 
and  tne  organ;  fourthly,  amongst  stringed  instru- 
ments, the  harp,  the  guitar,  the  lyre,  and  the  man- 
dolin; fifthly,  amongst  instruments  of  percussion, 
drums  of  different  kinds,  and  cymbals ;  sixthly  and 
lastly,  amongst  mechanical  instruments,  the  self- 
playing  organ,  alophon,  &c. 

Instrumental  music  is  nothing  more  than  a  melody 
or  a  system  of  melodies  appropriated  either  to  a 
single  instrument  or  to  several  together.  This  leads 
us  to  consider  it  in  two  points  of  view:  first,  as 
single  music ;  secondly,  as  concerted  music. 

Single  music  is  that  which  is  composed  or  adapted 


peculiarly  for  a  single  ihstrmnent,  whether  it  be,  io 
fact,  produced  by  that  one  instrument,  or,  in  order 
to  increase  the  effect,  be  accompanied  by  one  or  more 
additional  instruments,  they  being  entirely  sub- 
servient to  the  principal.  This  music  b  the  aolo 
properly  so  called,  and  the  accompanied  solo,  of  which 
the  concerto  is  the  most  brilliant  style.  There  are  as 
many  styles  of  solos  as  there  are  of  instruments ;  but, 
as  it  is  impossible  that  we  should  enter  into  all  the 
details  which  this  variety  presents,  we  shall  confine 
our  notice  to  the  solo  of  the  violin,  which  is  regarded* 
and  justly,  as  the  first  of  all  instruments. 

Solos,  whether  simple  or  accompanied,  comprehend^ 
imder  the  name  of  studies,  fantasias,  capricci,  sonatas^ 
concertos,  &c.,  &c.,  an  infinite  number  of  pieces  ia 
various  forms  and  styles.  The  construction  of  solos, 
whether  simple  or  accompanied,  comprehends  their 
melodic  form  and  the  choice  of  instruments,  both 
which  objects  have  varied  repeatedly  previously  to 
attaining  their  present  degree  of  perfection.  The 
form,  indeed,  is  still  constantly  changing,  so  much 
so  that  there  appears  to  be  no  fixed  rule  on  this  head. 
With  regard  to  the  selection  of  instruments,  a  subject 
that  concerns  the  whole  series  of  accompanied  solos, 
from  the  sonata  (which  is  the  simplest  of  all)  to  the 
concerto,  there  have  also  been  a  ^'ast  number  of 
changes.  The  sonata,  in  the  course  of  the  seven- 
teenth century,  was  in  many  respects  fixed  by  Corelli. 
The  concerto  was  invented  by  Torelli,  his  contempo- 
rary, imder  the  name  of  concerto  grosso,  and  employed 
at  first  only  five  instruments,  namely,  the  quartet  and 
the  leading  part.  F.  Benda  and  J.  Stamitz  made  the 
addition  of  wind  instruments,  forming  it  thus  into  a 
kind  of  symphony.  In  every  thing  relating  to  the 
execution  of  instrumental  music,  it  is  of  the  utmost 
importance  to  dispel  a  very  common  error  which  con- 
sists in  believing  that  music  was  formerly  very 
simple,  and  easily  performed.  This  error  arises  from 
the  circumstance  of  the  old  writers  having  made  use 
of  notes  of  very  great  value,  and  its  not  being  re- 
membered, at  the  same  time,  that  these  notes  were 
executed  with  great  rapidity,  so  that  they  had,  in 
fact,  no  greater  value  than  those  in  use  at  the  present 
time.  Besides  which,  if  we  cast  our  eyes  upon  the 
collections  of  pieces  remaining  to  us  from  the  preced- 
ing centuries — ^for  example,  upon  the  Virginal  Book  of 
Queen  Elizabeth,  published  in  1678~-difficulties  wi\l 
be  found  which  would  puzzle  the  most  able  of  our 
modem  performers. 

There  have  been  the  same  revolutions  as  to  taste 
and  style  in  instrumental  music  as  in  singing;  it 
has  indeed  always  been  influenced  by  the  existing 
style  of  vocal  composition.  Without  referring  to  the 
periods  anterior  to  the  seventeenth  century,  concera- 
mg  which  we  have  little  or  no  information,  we  know 
that,  during  the  first  two  generations  of  that  century, 
music  was  entirely  in  the  madrigal  style.  When 
dramatic  music  began  to  prevail  under  Corelli,  the 
contemporary  of  Perti,  Colonna,  and  Scarlatti,  it  was 
scientific  and  rather  dry ;  Geminiani  first  enriched  it 
by  expression,  both  as  to  composition  and  executioc 
Soon  afler  this  period  the  concerto,  in  particular,  was 
greatly  improved  in  the  hands  of  the  elegant  Jamo- 
wick  and  of  the  graceful  Mestrino,  both  of  whom 
were  still  surpassed  by  Violti,  who  gave  to  this  style 
the  character  which  seems  so  peculiarly  his  own,  and 
brought  it  to  a  degree  of  perfection  which  it  seems 
scarcely  capable  of  exceeding. 

All  we  have  said  concemmg  solos  applies  equally 
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to  concerted  music,  bv  which  term  we  uoderftand 
instrumental  music  witn  different  parts,  in  which  all 
the  instruments  are  equally  obligato,  either  because 
each  of  them  has  its  appropriate  part  or  because  each 
takes  vp  the  strain  successively,  the  others  alternately 
becoming  accompaniments.  These  twQ  methods  are 
practised  alhce  in  the  duet,  the  trio,  the  quartet,  the 
quintet,  and  other  pieces  where  each  instrument  has 
its  separate  part,  and  in  the  symphony,  where  all  the 
parts  are  doubM  for  effect,  according  to  justly  de- 
termined proportions.  Boccherini  was  the  first  who, 
in  1768,  gave  to  the  trio  a  fixed  character;  after 
him  came  Fior^o^  Cramer,  Giardini,  Pugnani, 
and,  lastly,  Violti.  It  is  also  Boccherini  who,  at  the 
same  period,  first  fixed  the  quartet ;  he  was  followed 
by  Gi&rdini,  Combini,  Pugnani,  and,  in  another 
school,  by  Pleyel,  Haydn,  Mozart,  and  Beethoven. 
Boccherini  4ikewise  about  this  time  fixed  the  qvinlet, 
in  which  he  has  no  rival  but  Mozart. 

The  symphony,  improved  since  the  miodle  of  the 
same-  century,  by  Gossec,  Toeski,  Wanhall,  and 
Emmanuel  Back,  was  perfected  by  Haydn,  who,  fol- 
lowing the  steps  of  Bach,  brought  this  branch  of 
music  to  a  degree  of  superiority  till  then  unknown, 
and  which  has  since  become,  for  his  followers,  a 
model  scarcely  to  be  equalled.  (See  Singing,  and 
the  various  musical  instruments  in  their  alphabetical 
order.) 

Munc,  Sacred.  Almost  all  ^lations  who  have  an 
established  religious  service  have  made  music  an  im- 
portant part  of  it ;  and,  in  a  general  sense,  we  might 
give  the  name  of  sacred  music  to  all  music  employed 
m  religious  festivals,  even  before  the  Christian  era,  as 
that  of  the  Egyptians,  Hebrews,  Greeks,  and  Romans, 
as  well  as  to  the  religious  songs  of  the  bards  and  scalds. 
The  early  Christians,  who  were  led  by  various  passages 
in  their  sacred  writing  to  employ  religious  songs,  in- 
troduced at  their  religious  meetings  (particularly  in  the 
Eastern  churches)  the  singing  of  tibe  psalms  and  hymns 
which  are  to  be  found  in  the  books  of  the  Old  Tait^ 
meni,  and  to  which  the  Jewish  converts  had  been 
already  accustomed  in  their  assemblies.  They  sang 
also  at  the  Lord's  supper  and  at  the  agapes.  At  the 
synod  of  Laodicea  (364),  regular  songs  were  intro- 
duced, which  were  sung  from  notes  by  persons  ap- 
pointed for  this  purpose.  The  Western  churches  re- 
ceived through  Ambrosius,  bishop  of  Milan,  a  regular 
church  music,  similar  to  the  Eastern.  Probably  this 
possessed  a  regular  modulation  and  rhythm,  only 
that  both  were  defective  through  the  imperfection  of 
the  music  at  that  time ;  the  latter  appears  to  have  been 
limited  to  long  and  short  tones;  the  former  was  founded 
upon  the  Grecian  modes  remaining  in  Italy,  and  was 
very  poor.  Perhaps  many  of  the  melodies  of  Grecian 
and  Roman  hymns  now  received  words  adapted  to  the 
religious  worship  of  the  Christians.  The  Christian 
fathers  bear  witness  to  the  use  of  songs  in  the  (^is- 
tain  communities  in  the  first  century,  and  many  of 
them,  as  Ambrosius  and  Augustine,  were  great  ad- 
mirers of  them. 

In  regard  to  the  manner  of  singing  in  the  first  as- 
semblies, it  was  sometimes  in  solo,  sometimes  alter- 
nately, and  sometimes  there  was  a  chorus  of  Uie 
whole  assembly,  who  united  in  repeating  short  pas- 
sages, before  sung  or  read,  from  which,  probably, 
the  female  sex  was  at  first  excluded.  For  the  regular 
ordering  of  the  singing,  precentors  were  instituted  in 
the  fourth  century,  who  were  considered  as  inferior 
.  officers  of  the  church.    Schools  appropriated  to  sing- 


ing were  instituted  later,  and  only  in  a  fjpw  places 
Pope  Gregory  the  Great  (590—604)  distingmshed 
himself  in  the  Roman  churdi  as  the  founder  of  a  new 
singing  school,  in  which  boys  were  instructed.  It 
was  the  model  of  many  other  institutions  of  this  kind. 
In  consequence  of  Uiis  education  of  persons  for 
singers,  the  singing  was  not  only  more  artificial,  bat 
the  people  were  also  for  the  most  part  excloded,  par- 
ticularly as  the  hymns  were  in  Latin.  Gregory  col- 
lected in  his  AniiphonariMm  the  existing  songs  of  the 
church,  which  he  selected  from  the  best  ancient  melo- 
dies, improved  and  increased  by  the  addition  of  new 


ones. 


The  Gregorian  Chant,  so  called  after  him» 
in  unison  with  loud  notes  of  similar  value,  with  ihytiua 
and  metre  (by  which  it  is  particularly  distinguished 
from  the  Ambrosian),  or  in  the  old  Grecian  modes, 
but  with  a  more  complex  modulation.     This  Gr^o- 
rian  or  plain  chant,  which,  b>'  means  of  Gregory  and 
his  successors,  has  been  extended  throughout  the 
west,  is  the  foundation  of  the  Christain  church  music. 
It  was  also  called  chcral  aong,  because  it  was  sung  by 
a  choir.  The  Gregorian  Chant  was  afterwards  adopted 
both  in  England  and  France.    Charlemagne,  who  la- 
boured particularly  for  its  diffusion,  caused  several 
singing  schools  to  be  established  in  France,  and  united 
them  with  the  monasteri^.  The  Gregorian  Chant  wis 
probably  introduced  into  Germany  by  Boniface,  hot 
It  was  first  generally  diffused  there  in  the  time  of 
(Charlemagne.    The  developement  of  the  music  ka 
four  voices  may  have  been  assisted  by  the  choral ;  but 
musical  instruments  contributed  yet  more  thereto,  as 
well  as  to  the  formation  of  perfect  harmony ;  among 
these,  the  organ  particularly,  which  soon  took  the 
first  rank  in  the  churches.    Now  figured  music  ame, 
and  likewise  figured  song,  which,  in  the  fifteenth  cen- 
tury, .began  to  become  general,  as  the  custom  grew 
up  of  varying,  extending,  and  embeUishing  the  ac- 
companying voices  of  a  melody,  while  ihe  chief  voice, 
upon  which  the  fundamental  melody  depended,  re- 
mained unchanged  (hence  it  was  called  eeta/nsjii  Vsai, 
canto  fertno,  plain-chant) ;  but  still  the  chief  voice 
often  became  the  under  voice.    This  happened  after- 
wards, also,  widi  melody.   The  invention  of  measored 
music  caused  the  choral  to  be  performed  in  a  more 
regular  measure,  and  gave  greater  extent  to  harmoay. 
Choirs  of  singers  now  became  necessary,  and  singing 
was  often  applied,  especially  in  Italy,  to  hnghtrn 
the  splendour  of  religious  worship.    (See  Itauaji 
Music.) 

The  organ  was  contmually  improved,  after  tlie  fif- 
teenth century,  and  other  instruments,  abo,  were 
introduced  into  the  church,  against  which  complaints 
were  often  made,  as  well  as  against  the  new  figured 
music  in  general,  whidi  found  peculiar  support  in  tht 
instrumental  music.  Yet  these  complaints  were 
chiefly  directed  against  the  abuse  of  the  figored  and 
instrumental  music,  and  they  were  not  able  to  banisk 
them  from  the  church.  The  fifteenth  and  stxtecnth 
centuries  form  a  new  period  of  church  music,  which 
WBS  extended  by  the  great  masters  in  Italy,  France, 
the  Netherlands,  and  Germany.  Luther's  services  ts 
the  Grerman  church  music  are  well  known,  for  whkk 
he  laboured,  by  means  of  his  friend  Senffd .  Daring 
the  seventeenUi  and  eighteenth  centuries,  charck 
music  became  continually  more  brilliant  and  ahrayi 
more  corrupted  by  the  intermixture  of  profane  masic. 
In  the  Ronmn  Catholic  church,  the  sacred  nmsic  is 
confined  to  fixed  forms  of  text ;  for  instance,  the  teit 
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of  the  mass,  the  Qffertoria,  T^Deum,  Saloe,  Requiem, 
Pidbns.  In  the  Protestant  church,  poets  and  com- 
posers allow  themselves  new  forms. 

MiusK.  This  valuable  article  in  the  materia  me- 
dica  comes  to  our  country  in  round  thin  bladders, 
which  are  generally  about  the  size  of  a  pigeon's  egg, 
covered  with  short  brown  hairs,'  lined  with  a  thm 
brown  membrane,  well  filled,  and  without  any  ap- 
pearance of  having  been  opened.  The  musk  itself  is 
dry,  with  a  kind  of  unctuosity,  of  a  dark  reddish 
brown  or  rusty  blackish  colour,  in  small  round 
grains,  with  very  few  hard  black  clots,  and  perfectly 
free  from  sandy  or  any  other  visible  foreign  matter. 
If  chewed  and  rubbed  with  a  knife  on  paper  it  looks 
smooth,  bright,  yellowish,  and  is  free  from  grittiness. 
Laid  on  a  red-hot  iron  it  catches  fiame  and  bums 
almost  entirely  away,  leaving  only  an  exceedingly 
small  quantity  of  light  grayish  ashes.  The  largest 
and  fullest  bag  seldom  contains  more  than  two  diums 
of  musk.  Its  taste  is  somewhat  bitter,  and  its  smell 
extremely  powerful  and  peculiar.  Neumann  got  from 
thirty  grains  of  musk  twelve  of  watery  and  four  of 
alcoholic  extract ;  and,  inversely,  ten  of  alcoholic  and 
six  of  watery.  Its  smell  and  taste  were  elevated  in 
distillation  with  water,  but  not  with  alcohol.  Neither 
the  fixed  nor  volatile  oils  dissolve  it. 

'Die  very  great  price  of  musk  has  given  nse  to  many 
modes  ot  adulterating  it.  To  increase  its  weight, 
sand,  and  even  particles  of  lead,  are  introduced 
through  very  small  openings  into  the  bags.  The 
real  musk  is  frequently  abstracted  from  the  bag  and 
its  place  supplied  with  dry  blood  coarsely  powdered, 
or  some  mixture  with  asphaltum.  These  adultera- 
tions are  to  be  detected  by  discovering  that  the  bag 
has  been  opened.  The  presence  of  blood  is  also 
known  by  the  fetid  smell  it  emits  when  heated  suffi- 
ciently, and  by  the  formation  of  ammonia  when 
rubbed  with  potass.  Asphaltum  is  known  by  its  shin  - 
ing  fracture  and  melting  on  hot  iron,  while  musk  is 
converted  into  charcoal.  But  there  are  even  artificial 
bags  filled  with  a  composition  containing  some  real 
musk.  These  are  in  general  thicker  and  covered  witii 
lon^r  hair,  and  want  the  internal  brown  membrane 
which  lines  the  real  musk  bag. 

Musk  is  said  to  be  a  medicine  of  very  great  efficacy, 
and  one  for  which,  in  some  cases,  there  is  hardly  any 
substitute.  When  properly  administered  it  sometimes 
succeeds  in  the  most  desperate  circumstances.  It  raises 
the  pulse  without  heating  much;  it  allays  spasms,  and 
operates  remarkably  on  the  brain,  increasing  the 
powers  of  thought,  sensation,  and  voluntary  motion. 

It  may  be  employed  in  every  instance  of  t3rphus 
fever,  especially  when  attended  with  delirium,  or 
spasmodic  affection  of  any  particular  organ  or  of  the 
whole  system^  or  subsultus  tendinum,  &c.  It  is  also 
used  with  the  greatest  benefit  in  exanthematous  and 
phlegmonic  diseases,  accompanied  with  typhoid  fever ; 
and  in  many  spasmodic  affections,  as  chincough, 
epilepsy,  trismus,  &c. 

It  is  most  conveniently  given  in  substance  in  pow- 
der, in  doses  of  three  grains  or  upwards,  repeated 
every  one  or  two  hours.  Its  best  preparation  is  the 
tincture. 

MTaae ;  a  gum  resin.  The  best  myrrh  is  brought 
from  Trofflodytitia,  a  province  of  Abyssinia,  on  the 
bordere  of  the  Red  Sea ;  but  what  we  receive  comes 
from  the  East  Indies,  and  b  produc  id  on  the  eastern 
coast  of  Arabia  Felix. 

The  best  mjnh  is  in  the  form  of  lears,  of  a  yellow 


or  reddish  yellow  colour,  l>ecoming  redder  when 
breathed  on ;  light,  brittle,  of  an  unctuous  feel,  pel- 
lucid, shining;  presenting  white  semicircular  strue 
in  their  fracture ;  of  a  very  bitter  aromatic  taste,  and 
a  strong,  peculiar,  not  unpleasant  odour.  It  is  hot 
good  if  whitish,  dark-coloured,  black,  resinous,  ill- 
smelled,  or  mixed  with  impurities,  which  is  too  com- 
monly the  case. 

Neumann  ascertained  that  water  and  alcohol  are 
both  of  them  capable  of  taking  up  the  whole  of  the 
taste  and  smell  of  the  myrrh,  the  extract  made  by 
either  aftier  the  other  being  insipid.  The  alcohol 
distilled  fi-om  the  tincture  elevated  none  of  the  fla- 
vour of  the  myrrh;  but  during  the  inspissation  of 
the  decoction  a  volatile  oil  arose,  containing  the  whole 
of  the  flavour  of  the  myrrh,  and  heavier  tban  water, 
while  the  extract  was  merely  bitter.  From  7680 
parts  of  myrrh,  he  obtained  6000  watery  extract,  180 
volatile  oil,  and  720  alcoholic :  and,  inversely,  2400 
alcoholic,  and  4200  watery.  Braconnot  found  that 
myrrh  chiefly  consisted  of  a  gum,  differing  from'  all 
odien.  1.  It  acquires  cohesion  by  heat,  which  ren- 
ders it  partly  insoluble  in  water,  when  the  solution 
is  evaporated ;  2.  It  furnishes  ammonia  by  distilla- 
tion, and  azote  with  nitric  acid.  3.  It  precipitates 
lead,  mercury,  and  tin,  from  their  solution.  Myrrh 
also  contains  2.3  parts  in  100  of  a  bitter,  very 
fusible,  resinous  matter.  I  have  observed  that  the 
tincture  is  transparent,  and  when  poured  into  water 
forms  a  yellow  opaque  fluids  but  lets  fall  no  precipi- 
tate, while  the  watery  solution  is  always  yellow  and 
opaque ;  and  that  myrrh  is  not  fusible,  and  is  diffi- 
cultly inflammable.  Mr.  Hatchett  found  it  soluble 
in  alkalies. 

Vauquelin  obtained  from  the  root  of  the  AndropO' 
gon  SehoenanihMs,  by  means  of  alcoliol,  a  thick  brown 
oil,  having  an  acrid,  burning  taste,  like  an  essential 
oil,  and  exactly  the  smell  of  myrrh.  It  differs  from 
myrrh  chiefly  in  having  less  solidity ;  but  Vauquelin 
thinks  tiiat  if  it  were  united  to  a  gummy  matter  it 
woidd  exactly  resemble  it.  He  does  not  suppose, 
however,  that  this  is  the  plant  which  produces  the 
myrrh  of  commerce,  but  considera  it  as  a  proof  that 
myrrh  is  formed  in  various  vegetables. 

Myrrh  is  a  heating  stimulating  medicine.  It  fre- 
quently occasions  a  mild  diaphoresis,  and  promotes 
tiie  fluid  secretions  in  general.  Hence  it  proves  ser- 
viceable in  cachectic  diseases  arising  from  inactivity 
of  the  system,  and  is  supposed  to  act  especially  upon 
the  uterine  system,  and  to  resist  putrefaction. 

It  is  employed  medicinally,  in  the  form  of  powder, 
or  made  up  into  pills,  in  doses  of  ten  to  sixty  grains. 
2.  Dissolved  in  water,  as  in  Griffith's  celebrated  but 
unchemical  myrrh  mixture ;  and  3.  Dissolved  in  al- 
cohol. 

NACRE,  or  Mother  of  Pbarl,  is  the  inner  part 
of  the  shell  of  the  pearl  muscle.  This  is  of  a  bril- 
liant and  beautifully  white  colour,  and  is  usually  se- 
parated from  the  external  part  by  aqua-fortis,  or  the 
lapidary's  mill.  Pearl  muscle  shells  are  on  this  ac- 
count an  important  artfcle  of  traffic  to  China  and 
many  parts  of  India,  as  well  as  to  the  diffierent 
countries  of  Europe.  They  are  manufactured  into 
beads,  snuff-boxes,  buttons  and  spoons,  fish  and 
counters  for  card-playing,  and  innumerable  other  ar- 
ticles. The  pearl  muscles  are  not  considered  good 
as  food ;  though,  after  having  been  dried  in  the  sun, 
they  are  sometimes  eaten  by  the  lower  classes  of 
people  in  the  countries  near  which  they  are  fintnd. 
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Nail-making.  The  art  of  preparing  metallic 
bolts  or  pins  for  building.  Formerly,  the  nail- 
maker's  process  was  very  tedious,  every  nail  being 
made  by  the  hand,  and  each  begun  and  finished  by 
the  same  individual;  it  was  afterwards  discovered 
in  this  manufacture,  as  in  many  others,  that  by  the 
division  of  labour,  and  by  assigning  to  different  per- 
sons the  pointing,  heading,  &c.,  a  greater  quantity  of 
work  was  done  by  the  same  number  of  hands ;  of 
course  the  processes  were  much  simplified  and  ex- 
pedited, and  the  article  could  be  sold  on  much  lower 
terms. 

Since  the  commencement  of  the  present  century, 
ingenious  mechanics  have  not  only  improved  the 
method  of  manufacturing  nails,  but  have  thought  it 
expedient  to  secure  to  themselves  the  exclusive  right 
of  their  inventions  by  obtaining  the  king's  letters 
patent :  of  some  of  these  we  shall  proceed  to  tran- 
scribe an  account  from  the  Circle  of  the  Mechanical 
Arts : — 

In  the  year  1790  Mr.  Thomas  Clifford,  of  the  city 
of  Bristol,  obtained  two  patents  for  the  manufacture 
of  nails  of  every  kind.  The  principle  on  whicl^  his  first 
invention  is  founded  is  that  of  making  the  nails  in  a 
die ;  that  is,  by  having  a  die  or  the  impression  of  the 
nails  to  be  cut,  composed  of  one  or  more  pieces  of 
iron.  The  iron  of  which  the  nails  are  to  be  formed 
is  drawn  and  rolled  into  the  proper  form  and  thick- 
ness, and,  by  a  force  adapted  to  the  purpose,  is 
pressed  into  the  cavity  or  die  so  as  to  form  the  nails, 
either  complete  or  so  nearly  complete  as  that  they 
can  be  finished  with  a  very  little  labour.  This  opera- 
tion may  be  done  in  several  ways,  but  the  one  parti- 
cularly recommended  by  Mr.  Clifford  is  by  rollers  of 
iron  or  steel,  and  worked  by  water,  steam,  wind, 
horses,  &c.  The  two  rollers  are  to  be  made  of  iron 
and  caused  with  steel,  each  of  the  same  diameter,  and 
the  diameter  proportioned  to  the  length  and  size  of 
the  nail  intended  to  be  made.  Each  roller  should 
have  one  or  more  cog-wheels,  the  cogs  of  one  roller 
to  work  into  those  of  the  oUier,  so  that  the  rollers 
may  both  perform  the  same  exact  revolution.  One 
half  of  the  impress  of  the  nail  is  to  be  cut  with  one 
roller,  the  other  half  with  the  other,  so  that  the  two 
impressions  form  a  cavity  or  die  of  the  exact  form  of 
the  nail,  extending  the  lengthways  of  the  nail  on  the 
circumference  of  the  rollers ;  and  as  many  impres- 
sions of  the  same  kind  may  be  cut  in  the  rollers,  one 
at  the  end  of  the  other,  as  will  complete  the  circum- 
ference, and  continue  the  cavity  all  round  the  rollers, 
the  point  of  one  nail  joining  the  head  of  the  next,  or 
the  two  points  and  two  heads  joining  each  other. 
The  rollers  must  in  this,  as  in  other  cases,  be  made 
to  work  very  true,  and  close  to  each  other. 

The  mode  of  operation  is  this  : — A  rod  of  metal, 
iron  for  instance,  rolled  or  drawn  to  a  convenient 
size,  is  to  be  heated,  and,  while  hot,  the  end  of  it  is 
put  between  the  rollers,  into  the  cavity  or  die  which 
forms  the  impression  of  the  nail.  The  rollers,  being 
now  put  in  motion,  will  draw  the  iron  through, 
pressed  into  the  cavity  which  forms  the  impression  of 
the  nail,  the  one  jointed  to  the  other,  which  must  be 
afterwards  separated  by  means  of  instruments  acting 
as  nippers,  shears,  chisels,  &c.  The  rollers  being  made 
to  work  very  close  to  each  other,  where  the  edge  of  the 
nail  is  formed,  will  prevent  much  of  the  metal  from 
being  pressed  out  on  each  side  of  the  nail,  and  what 
is  pressed  out  may  be  cut  off  by  instruments  adapted 
to  the  purpose.  Several  pairs  of  rollers  may  be  made 


to  work  together,  and  each  pair  may  have  Beicnl 
rows  of  dies  cut  on  them,  so  as  to  form  the  impres- 
sion for  several  strings  of  nails ;  and  a  rod  of  iron,  be- 
ing put  into  each  of  them;  will  roll  out  aa  many 
strings  of  nails  with  one  revolution  of  the  rolkfB. 
A  pair  of  rollers  may  also  have  the  greater  part 
of  tiieir  surface  cut  with  dies,  and  a  flat  bar  or  piece 
of  iron  be  made  to  pass  between  the  rollers,  so  as  to 
form  sheet  nails  ;  the  whole  of  them  connected  with 
one  another  by  thin  plates  of  iron,  of  which  thef 
are  composed,  and  this  would  require  each  nail  to  be 
cut  out  or  separated  from  the  sheet  by  proper  tnatm- 
ments. 

Mr.  Clifford's  second  invention  consiatSp  1.  In 
drawing  the  iron,  or  other  metal,  into  a  tapenag 
wedge-Tike  form,  according  to  the  length  and  thid^- 
ness  of  the  different  sizes  of  nails  to  be  made.  2.  Hie 
nails  are  to  be  cut  out  of  those  wedge-like  plates^  by 
means  of  a  punch,  the  face  of  which  is  made  aooonf- 
ing  to  the  size,  taper,  and  form  of  the  nail  to  be  cut 
out ;  as  also,  having  a  hollow  bolster,  the  hoUow  or 
aperture  of  which  must  also  be  made  of  the  size  aai 
form  of  the  nail,  and  consequently  to  fit  and  receive 
the  punch  above  mentioned.  The  punch  thna  fitted 
to  the  bed,  and  sliding  in  the  frame  to  keep  it  steady, 
will,  by  a  blow  or  by  pressure,  cut  or  force  a  part  of 
the  taper-plate  into  and  through  an  apertore  of  the 
bed  fitting  to  it,  and  by  which  the  nail  is  formed. 
This  operation  is,  by  the  manufacturers  of  buttone* 
buckles,  &c.,  generally  called  cutting  out.  3.  To  form 
the  heads  of  horse-naUs,  called  rose  heads,  and  otfaeis 
of  nearly  a  similar  kind,  after  the  operations  of  draw- 
ing and  cutting  out,  the  nail  is  to  be  pot  into  a 
heading  tool,  which  is  also  called  a  bed,  which  bed 
receives  the  nail,  excepting  a  small  portion  at  the 
thick  end  of  which  the  head  is  formed  by  a  pondu 
This  punch,  by  a  blow  or  pressure,  forms  the  head 
as  required ;  and,  when  the  naib  are  made  of  bard 
iron,  after  they  are  cut  in  the  way  described,  the 
thick  end  is  made  hot  before  they  are  put  into  the  bed 
or  heading  tool.  Another  method  adopted  in  the 
manufacture  of  nails  is  by  cutting  them  out  of  iroa 
plates  of  equal  thickness,  and  afterwards  pointing 
them  either  by  a  hammer  or  other  pressure,  la 
making  nails  that  are  of  a  triangular  form,  the  plate 
or  strip  of  iron  is  pressed  into  a  die,  having  impres- 
sions to  the  form  of  such  nails,  after  which  they  are 
cut  out  by  a  punch. 

At  about  the  same  period  in  which  the  foregoing 
patents  were  obtained,  Mr.  William  Finch,  of 
Woombourne,  in  Staffordshire,  invented  another  me- 
thod of  making  nails  and  spikes  by  machinery,  to  be 
worked  by  steam,  &c.,  by  which  all  mai^i^al  labour 
was  to  be  saved.  In  his  specification  he  describes  his 
power  as  consisting  of  one  main  shaft,  caused  to  re- 
volve in  either  a  horizontal  or  perpendicular  direction 
by  means  of  a  water-wheel  or  a  steam-engine.  Sodi 
main  shaft  will  put  in  motion,  by  means  of  cog  and 
pinion  wheels,  other  countershafts  or  barrels,  oa 
which  are  fixed  arms,  &c.,  and  on  these  are  hamimers 
that  are  worked  in  either  a  lift  or  a  tilt  manner.  He 
also  makes  three  divisions  of  hands  in  the  manu&c- 
turing  of  headed  nails,  namely,  one  man,  woman,  or 
child,  stationed  before  the  hammer,  which  person*  by 
mere  activity,  will  with  one  hand  not  only  form  the 
larger  size  nail,  but  a  far  greater  number  in  the  same 
given  time:  when  the  third  person  will,  with  the 
same  kind  of  hammer,  head  and  finish  a  great  number 
of  the  same  shanks  together*  leaving  them  truer  made. 
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and  l)etter  for  use  tban  by  the  old  mode.  Also,  by  a 
division  of  hands,  the  same  apparatus  will  make  such 
nails  as  require  no  tool  or  frame  to  be  headed  in ; 
namely,  the  one  to  carry  the  iron  from  the  fire,  and  the 
other  stationed  before  the  hammer  to  finish  them.  In 
enumerating  the  advantages  and  savings  of  this  method, 
above  the  others  then  in  use,  Mr.  Finch  says  that,  by 
heating  many  rods  in  one  fire,  there  will  be  a  saving  of 
coal :  by  the  more  speedy  motion  of  machine  hammers, 
several  nails  will  be  made  by  once  heating  the  rod, 
whereas  by  the  old  method  only  one  is  made :  again, 
the  motion  being  regular,  independently  of  strength, 
a  child  will  be  able  to  make  the  largest  nail  or  spike. 
(See  Scasws.) 

Nankbbn,  or  Nanking  ;  a  sort  of  cotton  cloth, 
which  takes  its  name  from  the  city  of  Nanking,  where 
it  was  originally  manufactured.  It  is  now  imitated 
in  most  other  countries  where  cotton  goods  are 
woven ;  but  those  of  the  East  are  superior,  on  account 
of  the  natural  colour  of  the  cotton  (gossypium  religion 
nm)  being  reddish,  while  in  those  countries  where 
white  cotton  is  used  it  is  necessary  to  give  it  the 
proper  hue  by  artificial  means. 

Naphtha,  a  liquid  bitumen.  It  is  very  light,  of  a 
pale  yellow-green  colour,  transparent,  thin,  and  liquid. 
It  is  highly  inflammable  and  volatile.  It  is  inti- 
mately connected  with  the  following  bodies :  petro- 
leum, or  mineral  tar,  which  is  semi-liquid,  often  of 
a  thicker  consistence,  tenacious,  semi-transparent,  of 
a  reddish-brown  colour,  and  foetid  odour.  Maltha, 
which  is  solid,  but  soft,  has  a  degree  of  tenacity,  and 
a  strong  bituminous  smell.  Its  colour  is  black,  its 
lustre  highly  resinous.  It  is  sometimes  elastic,  form- 
ing what  has  been  named  the  elastic  bitumen.  As- 
pbaltum  is  the  last  of  the  series,  and  forms  the  con- 
nection with  pitch  coal.  It  is  of  a  black  colour  and 
resinous  lustre,  without  transparency ;  its  fracture  is 
conchoidal ;  it  is  light,  and  has  a  bituminous  smell 
when  rubbed  or  heated.  It  melts  easily,  takes  fire, 
and  bums  without  leaving  any  ashes.  Through  all 
these  substances  there  is  a  perfect  gradation ;  naph- 
tha, by  inspissation,  becoming  petroleum,  and  this, 
by  the  same  operation,  passing  into  asphaltum ;  and 
even  the  different  specimens  of  these  are  frequently 
found  in  the  same  situation.  They  also  agree  in  their 
chemical  characters,  are  inflammable,  insoluble  in 
water  and  in  alcohol,  but  combine  with  fixed  and  es- 
sential oils,  and  are  partially  soluble  in  ether.  They 
are  not  dissolved  by  the  alkaUee,  and  are  decomposed 
by  the  more  powerful  acids. 

Petroleum  is  at  present  very  rarely  employed  as  a 
medicine  ;  though,  if  the  finer  kinds  could  be  pro- 
cured genuine,  they  seem  to  deserve  some  notice. 
They  are  more  agreeable  than  the  oil  of  amber,  and 
milder  than  that  of  turpentine,  of  the  virtues  of  both 
of  which  they  participate.  They  are  principally  re- 
commended by  authors  for  external  purposes,  agamst 
pains  and  aches,  in  paralytic  complaints,  and  for  pre- 
venting chilblains.  For  these  purposes,  some  of 
the  more  common  mineral  oils  have  been  made  use 
of  with  good  success.  An  oil  extracted  from  a  kind 
of  stone-coal  has  been  extolled  among  the  common 
people,  under  the  name  of  British  oil,  for  rheumatic 
pains,  &c. ;  even  this  is  often  counterfeited  by  a  small 
portion  of  oil  of  amber  added  to  the  common  ex- 
pressed oils. 

The  Barbadoes  tar  Is  found  in  several  of  the  West 
India  islands,  where  it  is  highly  esteemed  by  the  in- 
habitants as  a  sudorific,  and  in  disorders  of  the  breast 


and  lungs ;  though  in  inflammatory  cases  it  is  im- 
proper. 

Naples  Yellow,  a  dye,  is  prepared  by  exposing 
lead  and  antimouy  with  potash  to  the  heat  of  a  rever- 
beratory  furnace.  It  stands  tolei;^bly  well,  but  turns 
black  upon  the  contact  of  iron.  A  native  pigment  of 
this  kind  is  also  obtained  from  a  species  of  lava. 

Naed,  among  the  Greeks  and  Romans ;  a  sort  of 
aromatic  oil ;  and  also  a  sort  of  plant.  Pliny  men- 
tions several  species  of  the  latter.  The  ancients  were 
accustomed  to  anoint  themselves  with  nard  at  their 
feasts.  In  the  Scriptures  the  use  of  it  is  also 
mentioned  (John  xii.  3,  and  Mark  xiv.  3),  where  dif- 
ferent substances  seem  to  be  intended. 

Natron  ;  a  salt  which  is  found  in  the  ashes  of 
several  marine  plants;  in  some  lakes,  as  in  the 
natron  lakes  of  Egypt ;  and  in  some  mineral  springs, 
&c.  (See  Soda.) 

Naumachia,  among  the  Romans ;  a  public  spec- 
tacle, representing  a  naval  action.  Csesar  viras  the 
first  who  exhibited  a  spectable  of  this  sort,  which 
soon  became  the  favourite  amusement  of  the  Roman 
people.  The  circus  maximiu,  in  which  they  were  at 
first  represented,  being  found  inconvenient,  buildings 
were  erected  by  the  emperors,  particularly  calculated 
for  the  purpose :  these  edifices  were  likewise  called 
namMchuB,  They  resembled  the  amphitheatres,  and, 
like  them,  were  at  first  built  of  wood.  Domitian 
appears  to  have  been  the  first  who  erected  one  of 
stone.  A  naumachia,  built  by  Augustus,  was  1800 
feet  long  and  200  wide,  and  was  capable  of  contain- 
ing fifty  ships  with  three  banks  of  oars,  besides  many 
sinall  vessels.  They  were  suddenly  laid  under  water 
by  means  of  subterraneous  canals,  so  that  the  ships 
were  raised  at  once  from  the  dry  floor  before  the  eyes 
of  the  spectators.  The  water  was  usually  brought 
from  the  Tiber,  near  which  the  naumachia  were 
generally  built,  but  sometimes  from  aqueducts.  The 
naumachiarii,  or  persons  who  fought  in  these  exhibi- 
tions, were  gladiators,  slaves,  criminals,  &c.,  who 
were  doomed  to  die,  unless  they  were  saved  by  the 
interposition  of  the  people,  or  of  the  person  presid- 
ing at  the  show. 

Naval  Architecture.  The  commerce  and  po- 
litical exbtence  of  Great  Britain  in  a  great  measure 
depend  on  the  scientific  skill  displayed  by  our  artisans 
in  ship-building.  Prior  to  the  close  of  the  last  century 
but  little  attention  was  paid  to  the  principles  of  flota- 
tion and  displacement,  on  which  the  science  of  the 
subject  may  be  said  to  rest.  Now,  however,  we  have 
regular  academies  where  young  men  are  educated  for 
the  purpose.  In  these  establishments  they  acquire 
a  perfect  knowledge  both  of  the  theory  and  practice 
of  ship-building,  and  there  is  no  doubt  but  that  the 
results  of  such  a  system  of  education  will  be  highly 
advantageous  to  our  marine  force. 

The  navy  of  England  does  not  date  its  origin  prior 
to  the  time  of  our  Saxon  ancestors.  It  is  now,  how- 
ever, the  best  defence  for  our  sea-girt  shores.  The 
navy  may  indeed  be  considered  as  the  natural  strength 
of  the  British  empire,  nor  need  we  apprehend  any 
danger  from  foreign  invasion  while  Britain  retains  the 
sovereignty  of  the  seas.  To  ensure  this  important 
desideratum,  the  art  of  ship-building  must  receive 
that  assistance  from  theoretical  science  without  which 
foreign  navies  will  ultimately  excel  us  on  our  own 
peculiar  element. 

The  first  authentic  testimony  which  we  find  of  the 
existence  of  a  navy  in  this  country  occurs  at  the  in- 
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Ttsion  of  Nonnandy  by  Henry,  ramamed  Beauclerc, 
in  tke  year  1106;  and  the  crusading  expeditions, 
which  immediately  followed,  contributed,  in  some 
degree,  to  cherish  the  embryo  giant  in  its  youth. 
Selden  has  given  tl^  event  just  mentioned  as  the  sera 
of  the  first  assertion  on  the  part  of  Britain  to  the 
right  of  what  is  called  the  dominion  of  the  sea;  and 
adduces,  in  proof,  the  orders  given  by  Henry  to  his 
Butescarli,  or  sea  officers,  that  they  should  take  par- 
ticular care  no  vessels  from  Nonnandy  approached 
the  English  coast. 

The  variety  of  improvements  and  inventions  which 
took  place  during  the  fourteenth  and  fifteenth 
centuries,  tended  to  render  general  nautical  know- 
ledge much  more  respectable  than  it  had  been.  To 
the  mvention  of  the  compass  is  most  probably  owing 
the  discovery  of  America.  To  that  of  cannon,  and 
their  introduction  into  ships,  may  be  attributed  those 
improvements  in  naval  architecture  which  distinguish 
a  modern  ship  of  war  from  the  ancient  galley. 

The  celebrated  Sir  Walter  Raleigh,^peaking  of  the 
ability  and  knowledge  possessed  by  the  British  ship- 
wrights, observes,  "  To  say  the  truth,  a  miserable 
shame  and  dishonour  it  were  for  our  shipwrights,  if 
they  did  not  exceed  all  others  in  the  setting  up  of  our 
royal  ships,  the  errors  of  other  nations  being  far  more 
excusable  than  ours ;  for  the  kings  of  England  have 
for  many  years  been  at  the  charse  to  build  and  furnish 
a  navy  of'^  powerful  ships,  for  ueir  own  defence,  and 
for  war  only;  whereas  the  French,  the  Spaniards, 
the  Portuguese,  and  the  Hollanders,  till  of  late,  have 
had  no  proper  fleet  belonging  to  their  prince  or  state." 

To  render  our  description  of  the  modern  improve- 
ments in  ship-building  intelligible  to  the  reader,  it 
will  be  necessary  for  us  to  examine  what  uaval  archi- 
tecture was  in  ancient  times. 

The  vessels  used  on  the  Nile  appear  to  have  been 
formed  of  small  planks  cut  out  of  the  acantha  or 
Egyptian  thorn :  these  were  not,  as  might  be  naturally 
supposed,  cut  into  lengths,  as  planks,  but  nearly 
square,  measuring  about  three  feet  each  way ;  they 
were  lapped  over  each  other  like  tiles,  and  fastened 
together  by  a  proper  number  of  wooden  pins  nearly  of 
the  same  shape  with  the  trenails  of  modem  times. 
This  mode  of  construction  was  found  sufficiently 
strong  for  the  purposes  to  which  it  was  applied,  even 
without  the  obvious  assistance  of  any  internal  frame 
of  timber,  and,  proving  equal  to  the  necessities  and 
ambition  of  the  inventors,  they  for  a  long  time 
troubled  not  themselves  with  attempting  any  addi- 
tional improvement. 

The  hull  of  the  vessel  being  completed,  a  compe- 
tent number  of  seats,  or  benches,  for  the  accommo- 
dation of  the  rowers,  were  added;  and  when  the 
joints  or  seams  were  carefully  caulked  with  the  pa- 
pyrus, so  as  completely  to  exclude  the  water,  the 
floating  fabric  become  fit  for  immediate  use.  We 
must  not,  however,  forget  to  mention  that  experience 
very  easily  suggested  the  necessity  of  some  directing 
as  well  as  impelling  power,  in  aid  of  human  labour. 
A  mast  formed  out  of  a  straight  stick  of  the  acantha, 
and  a  sail  made  of  papyrus,  supplied  the  latter ;  at 
the  same  time  a  rudder,  which  is  said  to  have  passed 
through  the  keel  or  bottom  of  the  vessel,  remedied 
the  defect  occasioned  by  the  want  of  the  former. 

As  the  Egyptian  vessels  are  the  earliest  of  which 
any  well  authenticated  graphic  illustration  has  been 
preserved,  we  give  at  fig,  1,  plate  I.  Naval  Archi- 
TXCTURB,  a  view  of  one  of  their  earliest  sailing  ves- 


sels from  a  bass-relief.  An  Egyptian  yesael  of  tke 
present  day  is  represented  at  jig.  2,  and  besntilaUy 
illustrates  the  difference  between  the  naval  ardiitec- 
ture  of  ancient  and  modem  times. 

Among  a  people  so  destitute  of  ambition  as  we  find 
the  Chinese  described,  little  variation  could  be  ex- 
pected to  take  place  either  in  ship-building  or  any 
other  art  connected  in  the  most  distant  way  with 
war,  and  extension  of  territory,  since  that  time  when 
experience  taught  them  that  their  different  rode  oob- 
trivances  fully  answered  the  humble  ends  to  which 
they  were  applied.    On  comparing  the  account  gives 
by  Sir  George   Staunton  of  their  smaller  veaecls 
with  those  in  use  among  the  aboriginal  Britons,  thm 
similitude  vrill  be  found  extremely  striking.     "  The 
boats,"  says  he,  "  conunonly  in  use  amonjg  tfaeai» 
consist  of  five  planks  only,  joined  together  withsnt 
ribs  or  timbers  of  any  kind.    These  planks  are  bent 
to  the  proper  shape,  by  being  exposed  for  some  tine 
to  a  flame  of  fire.  They  are  brought  to  a  line  at  each 
end,  and  the  edges  are  joined  together  with  wooden 
pins,  and  sdtcned  with  bamboo  split  into  flexiUe 
threads,  and  the  seams  afterwards  smeared  with  a 
paste  made  with  quick-lime  from  sea  shdls  and  wa- 
ter.   Others  are  made  of  wicker-work,  smeared  all 
over,  and  rendered  water-tight  by  the  same  compo- 
sition as  is  used  for  the  former.    The  owners  aiect  to 
paint  eyes  upon  the  heads  of  all  these  boats,  as  if  to 
denote  the  vigilance  requisite  in  the  conduct  of  then. 
They  are  remarkable  for  standing  the  sodden  diock 
of  violent  waves,  as  well  as  for  being  stiff  opon  the 
water,  and  sailing  expeditiously.  The  boat  bekmgii^ 
to  the  chief  of  the  district  was  built  upon  the  saaw 
plan,  but  upon  a  larger  scale ;  it  had  a  carved  and  gilt 
head,  bearing  some  resemblance  to  that  of  a  tiger, 
and  a  stem  omamented  with  sculpture  and  painlxd 
with  a  variety  of  designs  in  lively  colours.     In  these 
boats  the  principal  sitters  are  generally  at  the  stea, 
instead  of  being  near  the  stem,  as  is  the  costom  in 
Europe." 

The  Chinese  are  said,  by  modem  tikvelieis,  to 
build  vessels  which  trade  as  far  as  Manilla,  Japaa. 
and  Batavia,  the  burthen  of  which  frequently  amoui^ 
to  800  or  even  to  1000  tons.  All  well-infonned 
writers  agree,  as  already  stated,  that  no  altera- 
tion has  been  made  in  the  naval  architecture  of  this 
extraordinary  people  for  several  centuries  past ;  and 
it  has  excited  their  wonder,  in  no  small  degree,  thst 
though  Canton  is  visited  by  the  ships  of  various 
nations,  the  superior  constraction  of  which*  it  might 
be  apprehended,  must  be  necessarily  acknowledged* 
yet  they  have  never  thought  proper  to  adopt  any  in* 
provement  whatever  in  the  art  It  is  rational,  how* 
ever,  to  believe  that  if  no  innovation  has  been  made 
in  the  form  and  rigging  of  their  vessels  the  size  snd 
burden  of  them  have  been  nevertheless  permitted  to 
increase  with  the  spirit  of  trade  and  foreign  ooa- 
merce  which  the  example  of  Europeans  cannot  bat 
have  diffused.  This  supposition  will  reconcile  die 
account  just  given  of  the  tonnage  of  the  modem 
Chinese  vessels  with  the  seemingly  contradictofy 
authority  of  former  visitors,  from  whom  it  has 
understood  that  the  capacity  of  the  Chinese 
or  junks,  never  exceeded  300  tons.  A  Chinese 
sel  similar  to  those  employed  by  that  people  for 
than  2000  years  is  shovm  at  j^.  Z^pUUt  I.  Naval 
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The  keel  is  reported  to  have  been  generally  ooit- 
ted  during  the  early  ages  of  navigation  ;  in 
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intended  merely  for  coi>uiRrci4l  parpoMa.  The  form 
of  these,  from  the  moit  authentic  descriptioiu,  Hp- 
pean  to  have  home  greater  limilitode  to  those  at 
pment  employed  in  the  ume  line  among  the  Dntch 
than  to  any  otben  now  in  use.  Iliey  were  flat- 
flooicd,  round,  broad,  drawing  little  water,  and  of 
very  great  breadth  in  proportion  to  th«r  length,  w> 
that  tiiey  might  be  capable  of  containing  a  greater 
freight  than  would  be  the  caae  under  the  adoption  of 
any  other  fonn.  Heir  floor-timbers  were  con- 
tinooaa;  and  with  the  addition  of  one  fbttock  only 
on  each  side  (called  by  the  Greeks  the  ribs,  from 
that  portion  of  the  animal  body)  the  frame  was 
completed. 

Some  persoDt,  indeed,  have  gone  so  far  as  to  as- 
sert that  by  a  peculiar  mode,  known  only  to  the  an- 
cients, the  timber  was  rendered  so  flexible  that  the 
frame  was  formed  of  one  piece  onlv.  This  secret, 
however,  ^ipears  to  have  been  notning  more  than 
bringing  it  by  force  into  its  proper  curve,  and  either 
eonflning  it  till  time  had  in  a  great  measnre  sub- 
daed  its  elastic  efforts  to  regain  its  original  and  na- 
tnrallyBtrmightform.or.aa  a  more  expeditiooa method, 
by  adding  cross-pieces,  now  called  beams,  and  bolting 
them  strongly  to  the  timbers,  thus  completing  the 
vessel  by  one  nniotermpted  operation.  This  practice 
being  soon  found  extremely  latwrioua  and  incoovenient 
was  qaii±ty  disccmtiDoed  with  regard  to  vessels  of  bur- 
then, and  Qie  keel  aniversally  and  indiscriminately  ap- 
pliedtothem.asweUastovesselsofwar.  Tothekeel, 
improvement  and  subsequent  eiperience  BnB;gested  the 
addition  of  the  keelson,  which,  confining  uie  heads 
of  the  floor-timbers,  then  in  two  parts,  jointed  and 
divided  by  the  keel,  very  materially  contriboted  to 
the  strength  and  safety  of  the  vessel.  Close  to  the 
keelson  was  the  well,  contrived  as  the  receptacle 
for  the  bilge-water  which  the  working  of  the  vessel 
dirougb  the  rongh  sea  caused  the  admission  of, 
and  which,  from  the  impossibility  of  closing  the 
joints  or  seams  completely  by  caulking,  found  its 
way  in  in  considerable  qoantities.  The  part  imme- 
diately above  the  keelson  was  called  the  hold,  and 
from  thence  is  derived  the  English  word  keel,  which 
forms  the  bottom  of  it.  Aloft,  beams  were  flied,  as 
ahready  stated,  which  served  to  strengthen  the  ves- 
sel, and  support  that  necessary  covering  well  known 
by  the  name  of  deck.  The  complete  arrangement  of 
the  interior  of  one  of  these  ancient  vessels  will,  how- 
ever, be  best  understood  by  a  sectional  view. 


180  feet.  In  breadth  forty-five,  and  in  hei^t,  from  tha 
upper  edge  of  the  deck  to  the  bottom  of  the  well,  forty- 
three  feet.  The  well  known  ship  of  Hiero,  king  ofSy- 
racnse,  was  of  nearly  4000  tons  bartheu.  The  rules 
of  construction  in  general  use  for  those  which  were 
usually  employed  in  commerce,  after  the  art  had  pro- 
gressively advanced  toward  what  was  then  supposed 
perfection,  were  in  the  following  proportion  :  sup- 
posing the  breadth  twenty-flve  teet,  the  length  was 
100.  The  galleys  which  were  intehded  entirely  for 
the  purposes  of  war  were  twice  that  length,  but  of 
the  Mune  breadth ;  nor  can  that  very  eitensive  differ- 
ence be  deemed  incredible,  or  even  wonderful,  when 
it  is  known  that,  even  in  modem  times,  vessels  no 
less  eitrvragantly  proportioned  have  been  built  for 
parlicttlar  purposes,  and  have  proved  by  no  means  ill 
adapted  to  them. 
In  the  accompanying  engraving  we  give  a  view  of 
second-rate  Roman  ^ey. 


V-. 


One  figure  represents  the  galley  taken  at  midships, 
•nd  the  curve  formed  by  the  timber  frame  is  credit- 
able to  the  talent  of  their  naval  architects.  The 
Other  figure  serves  to  show  the  forms  of  the  head 
and  stem  of  the  galley. 

The  principal  dimensions  of  difl'erent  classes 
vessels  in  nse  among  the  ancients,  as  well  as  of  those 
which  were  of  such  extraordinary  magnitude  as  to 
be  extremely  uncommon  end  rarely  constructed, 
have  been  transmitted  to  posterity  with  much  appa- 
tent  certainty  and  p  ""        '  '    -•-''■—'■— 

*eM«l  called  the  li 


Mabomiui  gives  the  following  dimensions  of  tiiese 

vessels :  "They  were,"  says  he,  "  in  length  125  feet; 

breadth  eleven ;   but  according  to  new  regulations. 


The  Quadriremewaa  125  feet  long,  and  thirteen  broad: 
the  height  of  the  Octoreme  (as  the  same  author  as- 
serts) measured,  from  the  upper  surface  of  the  deck 
to  the  lower  edge  of  the  keel,  eleven  feet !  the  Hexe- 
reme  nine."  Their  flrst  requisite  was  swiftness  -  on 
that  principally  depended  the  success  of  all  their  na- 
val encounters ;  and  every  other  quality  was  of  little 
consequence  to  them.  For  this  reason,  the  minds  of 
those  ingenious  men  who  considered  the  science  of 
constrocting  vessels  as  a  national  art,  which  the 
well-doing  of  their  country  particularly  demanded 
should  be  carefully  cultivated,  were  constantly  ap- 
plied to  the  discovery  or  advancement  of  some  im- 
provement. As  soon  as  it  was  practically  found 
that  the  narrowness  of  their  vessels  contributed,  in  a 
great  degree,  to  their  swiftness,  and  this  established 
as  a  fixed  and  invariable  principle,  the  next  care  was 
to  dispose  the  rowers  so  commodiously  within  the 
vessel  that  they  might  not,  in  the  first  place,  impede 
each  other  in  their  motions,  and,  in  the  second,  that 
no  part  of  the  side  should  be  left  vacant  where  it 
was  possible  to  employ  or  work  an  oar.  The  attain- 
ment to  this  degree  of  perfection  is  attributed  to  the 
Sidonians;  and  the  variety  of  the  different  service* 
which  repeated  warfare  created  gave  birth  t 
those  different  classes  into  which  ^e  ar'-'™*  « 

CurriuB  gives  a  very  circumstantial  account  of  a 
fire-ship,  equipped  by  the  IVrians  at  the  time  their 
capital  was  b^ieged  by  Alexander.  "  Having  se- 
lected," say*  the  author,  "  one  of  the  laisest  galleys 


It  galleys 
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they  possessed,  they  loaded  it  by  the  st^n,  with 
stones  and  other  ballast,  so  that  the  prow  became 
considerably  elevated  above  the  surface  of  the  water. 
The  whole  of  the  vessel  which  was  above  water  was 
thickly  coated  with  sulphur,  and  other  substances 
easily  inflammable,  which  operation  being  com- 
pleted, advantage  was  taken  of  a  wind  favourable  for 
the  attempt,  and  all  the  sails  being  set  the  crew, 
who  in  aid  of  the  sails  made  use  of  their  oars  also, 
directed  it  towards  the  mole  which  Alexander  had 
with  so  much  difficulty  laboured  to  construct.  When 
they  had  approached  sufficiently  near  to  the  destined 
object  of  destruction,  the  vessel  was  set  on  fire,  and 
the  crew  jumped  into  boats  which  had  followed  for 
the  purpose  of  receiving  them."  This  project,  at  that 
time  new  in  theory  as  well  as  practice,  proved  com- 
pletely successful :  the  hopes  of  Alexander  were  frus- 
trated, at  least  for  a  time,  and  every  trace  as  to  the 
labour  of  so  many  thousand  men  vanished  almost  in 
an  instant,  for  the  whole  of  the  stupendous  work 
was  completely  destroyed.  Nor  was  it  on  such  an 
occasion  alone  as  the  preceding  that  these  destructive 
engines  of  war,  as  they  might  without  impropriety 
be  styled,  were  used.  Various  were  the  occasions 
on  which  they  were  employed,  especially  in  the  at- 
tack of  fleets  when  lying  m  harbour ;  for  in  this  par- 
ticular application  of  them  the  ancients  appear  to 
have  been  most  expert. 

The  following  account  given  of  a  Scottish  ship  of 
war  may  stand  as  the  summary  history  of  the  northern 
royal  nav}' :  — 

"  The  king  of  Scotland  rigged  a  great  ship  called 
the  Great  Michael,  which  was  the  largest  and  of 
superior  strength  to  any  that  had  sailed  from  Eng- 
land to  France ;  for  this  ship  was  of  so  great  stature, 
and  took  so  much  timber,  that,  except  Falkland,  she 
wasted  all  the  woods  in  Fife,  which  were  oak  wood, 
with  all  timber  that  was  gotten  out  of  Norway ;  for 
she  was  so  strong,  and  of  so  great  length  and  breadth, 
all  the  Wrights  of  Scotland,  yea,  and  many  other 
strangers,  were  at  her  device  by  the  king's  command, 
who  wrought  very  busily  in  her,  but  it  was  a  year 
and  a  day  ere  she  was  completed.  To  wit :  she  was 
twelve  score  foot  of  length,  and  thirty-six  foot  within 
the  sides ;  she  was  ten  foot  thick  in  the  wall  and 
boards,  on  every  side  so  slack  and  so  tight  that  no 
cannon  could  go  through  her.  This  great  ship  cum- 
bered Scotland  to  get  her  to  sea.  From  that  time 
that  she  was  afloat,  and  her  masts  and  sails  complete, 
with  anchors  offering  thereto,  she  was  counted  to  the 
king  to  be  thirty  thousand  pounds  expense  by  her 
artillery,  which  was  very  great  and  costly  to  the 
king  by  all  the  rest  of  her  orders.  To  wit :  she  bare 
many  cannon,  six  on  every  side,  with  three  great 
bassils,  two  behind  in  her  dock  and  one  before,  with 
three  hundred  shot  of  small  artillery,  that  is  to  say, 
myand  and  battered  falcon,  and  quarter  falcon,  flings, 
pestilent  serpentens,  and  double  dogs,  with  hagtor 
and  culvering,  crossbows  and  handbows.  She  had 
three  hundred  mariners  to  sail  her ;  she  had  six  score 
of  gunners  to  use  her  artillery,  and  had  a  thousand 
men  of  war  by  her,  captains,  shippers,  and  quarter- 
masters." 

We  may  now  proceed  to  the  practical  part  of  our 
subject,  which  b  in  fact  of  the  greatest  importance. 
Stability  and  *'  flotation"  are  the  first  and  principal 
points  which  strike  the  consideration  of  the  naval 
architect;  and,  of  these,  stability  evidently  claims  pre- 
cedence, even  before  flotation  or  speed,  because  the 


safety  of  the  human  race  depends  on  the  former,  aai 
only  the  political  or  pecuniary  advantage  of  it  on  the 
latter.  Supposing  a  vessel  drawing  six  feet  water, 
and  having  a  length  of  keel  amounting  to  forty  feet, 
it  is  too  evident  to  need  explanation  that  such  a  vea- 
sel  must  make  infinitely  more  leeway  than  if  it  drew 
twelve  feet,  or  was  eighty  feet  in  length,  the  latend 
resistance  being  increased  according  to  the  squares  of 
the  side  or  surface  presented  to  Uie  water.  From 
this  cause  is  derived  the  reason  why  vessels  of  great 
length  are  less  apt  to  make  leeway  than  diose  which 
are  shorter.  The  hope  of  increased  advantage  may, 
however,  be  productive  of  evil  in  some  respects,  pro- 
vided the  system  be  not  properly  confined  within  rea- 
sonable bounds.  The  inconvenience  to  be  dreaded  is 
material,  and  may  be  attended  with  the  worst  ctmse- 
qaences.  The  reason  is  easily  demonstrable  in  plain 
and  ver>'  few  terms.  The  action  of  the  rudder,  and 
its  influence  on  the  motion  or  course  of  the  vessel,  are 
exactly  that  of  the  lever ;  and,  if  the  hull  becomes  ex- 
tended to  an  immoderate  length,  the  force  of  such 
lever  is  gradually  weakened  and  less  capable  of  effect- 
ing its  office,  till,  in  the  end,  it  becomes  totally  use- 
less ;  so  that  unless  its  own  power  be  increased  by 
an  cxtraordinar}'  addition,  which  would  be  incon- 
venient, or  if  very  fiir  augmented  impracticable,  on 
account  of  the  power  required  to  govern  and  regulate 
it,  the  ship  will  become  the  sport  of  the  winds  and 
waves,  refusing  to  obey  the  wishes  and  will  of  its 
pilot. 

To  remedy  this  inconvenience,  vessels  were  intro- 
duced having  an  exceedmgly  narrow  breadth  of  floor, 
and  built  in  every  respect  what  ir  termed  sharp ;  so 
that,  by  their  sinking  considerably  lower  beneath  the 
surface  of  the  water  than  those  of  flatter  constroctioa, 
they  might,  though  much  shorter,  continue  to  present 
the  same  face,  in  square  inches  or  feet,  to  the  fluid  as 
a  lateral  resistance,  and  consequently  be  roidered 
equally  as  little  liable  to  fall  to  leeward.  Tliis  system 
of  construction  is,  however,  pregnant  with  quite  as 
many  inconveniences  as  the  former.  It  experiences 
infinitely  more  resistance,  in  the  first  instance,  in  its 
passage  through  the  water ;  its  very  contracted  capa- 
city, in  proportion  to  its  measurement  and  expenae 
of  construction,  renders  it  inconvenient  and  anad- 
visable,  even  as  a  vessel  of  war,  and  totally  incom- 
patible with  the  ideas  as  well  as  interests  of  commerce. 
Added  to  these  considerations  is  that  scarcely  less 
consequential  objection  arising  from  its  great  drmogfat 
of  water,  its  incapability  of  sailmg  where  vessels  of 
a  flatter  construction  would  pass  with  safety,  and 
the  extreme  danger  to  which  it  would  be  exposed 
in  case  of  touching  the  ground,  even  in  that  alight 
degree  which  would  be  unattended  with  apprehen- 
sion in  the  instance  of  a  flat- floored  vessel. 

If  we  compare  the  hull  of  a  ship  to  the  skeleton  of 
the  human  body,  the  keel  may  be  considered  as  the  back- 
bone, and  the  timbers  as  the  ribs.  The  keel  therefore 
supports  and  unites  the  whole  fabric,  since  the 
and  stern  posts,  which  are  elevated  on  its  ends, 
in  some  measure,  a  continuation  of  the  keel,  and 
to  connect  and  enclose  the  extremities  of  the  aides  by 
transoms,  as  the  keel  forms  and  unites  the  bottom 
by  timbers.  The  keel  is  generally  composed  of  se- 
veral thick  pieces,  placed  lengthways,  which,  after 
being  scarfed  together,  are  bolted  and  clinched  upon 
the  upper  side.  When  these  pieces  cannot  be  pro- 
cured long  enough  to  afford  a  sufficient  depth  to  the 
keel,  there  is  a  strong  thick  piece  of  timber  boUsd  to 
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tiie  bottom  thereof,  called  the  false  keel.  The  figure  of 
vessels  is  an  object  of  great  importance*  with<  regard 
to  their  motion,  sailing,  &c. ;  and,  in  the  determining 
vrhat  Ibrm  is  most  commodious,  the  doctrine  of  in- 
finites becomes  of  apparent  service  to  navigation  and 
commerce.     A  body  moving  in  an  immovable  fluid 
is  obliged  to  sever  the  parts  thereof:  and  they  resist 
such  separation. — Now,  setting  aside  a  certain  tena- 
city, by  which  they  are,  as  it  were,  glued  together, 
and  which  is  different  in  different  fluids,  the  whole 
force  of  the  resistance  depends  on  that  of  the  shock 
or  impulse,  for  a  body  that  is  struck  may  be  said  to 
strike  at  the  same  time ;  but  a  perpendicular  stroke  b 
that  which  a  fluid  resists  the  most  readily,  and  for  a 
body  to  move  freely  therein  it  must  be  of  such  a 
figure  as  to  present  itself  as  obliquely  as  possible. 
If  it  were  triangular,  and  moved  with  tLe  point  fore- 
most, it  is  certain  all  its  parts  would  strike  the  fluid 
obliquely :  but  they  would  all  strike  it  with  the  same 
obliquity ;  and  it  were  more  advantageous  that  each 
should  strike  more  obliquely  than  the  next  adjacent 
Now,  such  a  perpetual  augmentation  of  obliquity  can 
nowhere  be  had  but  in  a  curve  line,  each  point  of  which 
is  considered  as  an  infinitely  small  right  line,  always 
inclined  to  the  other  little  right  lines  contiguous  to  it. 
These  brief  observations  will  account  for  the  curvi- 
linear figure  assumed  by  all  perfect  vessels,  the  form 
and  proportions  of  which  we  may  now  proceed  more 
particularly  to  explain. 

When  it  b  proposed  to  build  a  ship,  the  propor- 
tional size  of  every  part  of  her  is  to  be  laid  down, 
from  which  the  form  and  dimensions  of  the  timbers, 
and  of  every  particular  piece  of  wood  that  enters  into 
the  construction,  are  to  be  found.  As  a  ship  has 
length,  breadth,  and  depth,  three  different  plans  at 
least  are  necessary  to  exhibit  the  form  of  its  several 
parts ;  these  are  usually  denominated  the  sheer-plan, 
the  half-breadth-plan,  and  the  body-plan. 

The  sheer-plan  or  draught,  otherwise  called  the 
plan  of  elevation,  is  tiiat  section  of  the  ship  which  is 
made  by  a  vertical  plane  passing  through  the  keel. 
Upon  this  plan  are  laid  down  the  length  of  the  keel ; 
the  height  and  rake  of  the  stem  and  stem  posts ;  the 
situation  and  height  of  the  midship  and  other  frames ; 
the  place  of  the  masts  and  channels ;  the  projection 
of  the  head  and  quarter-gallery  and  their  appendages ; 
and  in  a  ship  of  war  the  position  and  dimensions  of 
the  gun-ports.  ■  Several  imaginary  lines,  namely,  the 
upper  and  lower  height  of  breadth  lines,  water  lines, 
&c.,  are  also  drawn  on  this  plan. 

The  haff'breadth  or  floor  plan,  or,  as  it  is  frequently 
called,  the  horizontal  plane,  contains  the  several  half 
breadths  of  every  frame  of  timbers  at  different 
heights ;  ribands,  water  lines,  &c.,  are  also  described 
on  this  plane. 

The  body'pUm,  or  plane  of  projection,  is  a  section 
of  the  ship  at  the  midship-frame  or  broadest  place, 
perpendicular  to  the  two  former.  The  several  breadths 
and  the  particular  form  of  every  frame  of  timbers 
are  described  on  this  plane.  As  the  two  sides  of  a 
ship  are  similar  to  each  other,  it  is  therefore  unneces- 
sary to  lay  down  both ;  hence  the  frames  contained 
between  the  main  frame  and  the  stem  are  described 
on  one  side  of  the  middle  line,  commonly  on  the 
righ-hand  side,  and  the  after  frame  is  described  on 
the  other  side  of  that  line.  Several  lines  are  de- 
scribed on  these  planes,  in  order  the  more  readily  to 
assist  in  the  formation  of  the  timbers,  the  principal 
of  which  are  the  following : — 


The  top-timber  line  is  a  carve  Kmiting  the  height 
of  the  ship  at  each  timber. 

The  top-timber  half-breadth  line  is  a  section  of 
the  ship  at  the  height  of  the  top-timber  line,  perpen- 
dicular to  the  plane  of  elevation. 

The  height  of  breadth  lines  are  two  lines  named 
the  upper  and  lower  heights  of  breadth.  The  lines 
are  described  on  the  plane  of  elevation  to'  determine 
the  height  of  the  broadest  part  of  the  ship  at  each 
timber,  and,  being  described  in  the  body-plan,  limit 
the  height  and  breadth  of  each  frame  at  its  broadest 
part. 

The  main  half-breadth  is  a  section  of  the  ship  at 
the  broadest  part,  perpendicular  to  the  sheer-plan, 
and  represents  the  greatest  breadth  at  the  outside  of 
every  timber. 

Water-lines  are  lines  supposed  to  be  described  on  the 
bottom  of  a  ship,  when  afloat,  by  the  sur&ce  of  the 
water,  and  the  uppermost  of  these  lines,or  that  describ- 
ed by  the  water,  on  the  ship's  bottom  when  sufiiciently 
loaded,  is  called  the  load  water-line.  According  as 
the  ship  is  lightened,  she  will  rise  higher  out  of 
the  water ;  and  hence  new  water-lines  will  be  formed. 
If  she  be  lightened  in  such  a  manner  that  the  keel 
may  preserve  the  same  inclination  to  the  surface  of 
the  water,  these  lines  will  be  parallel  to  each  other ; 
and,  if  they  are  parallel  to  the  keel,  they  will  be  re- 
presented by  straight  lines  parallel  to  each  other  in 
the  body-plan ;  otherwise  by  curves.  In  the  half- 
breadth  plan,  these  lines  are  curves  limiting  the  half- 
breadth  of  the  ship  at  the  height  of  the  corresponding 
lines  in  the  sheer-plan.  In  order  to  distinguish  these 
lines,  they  are  usually  drawn  in  green. 

Riband  lines  are  curves  on  a  ship's  bottom  by 
the  intersection  of  a  plane  inclined  to  the  plane  of 
elevation,  and  are  denominated  diagonal  or  hori- 
zontal, according  as  they  are  measured  upon  the 
diagonal  or  in  a  direction  perpendicular  to  the  plane 
of  elevation.  Both  these  answer  to  the  same  curve 
on  the  ship's  bottom,  but  give  very  different  curves 
when  described  on  the  half-breadth  plan. 

Frames  are  circular  pieces  of  timber  bolted  to- 
gether and  raised  upon  the  keel  at  certain  distances, 
and  to  which  the  planks  are  fastened.  A  frame  is 
composed  of  one  floor-timber,  two  or  three  fattocks, 
and  a  top-timber  on  each  side,  which,  being  united 
together,  form  a  circular  enclosure,  and  that  which 
encloses  the  greatest  space  is  called  the  midship  or 
main-frame.  The  arms  of  the  floor-timber  of  this 
frame  form  a  very  obtuse  angle;  but  in  the  other 
frames  this  angle  decreases  wiUi  the  distance  of  the 
frame  from  midships.  Those  floor-timbers  which  form 
very  acute  angles  are  called  crutchee.  The  length  of 
the  midship  floor-timber  is  in  general  about  half  the 
length  of  the  main-frame. 

A  frame  of  timbers  is  commonly  formed  by  arches  of 
circles  called  sweeps.  There  are  generally  ^ve  sweeps. 
1.  The  floor-sweep,  which  is  limited  by  a  line  in  the 
body-plan  perpendicular  to  the  plane  of  elevation,  a 
little  above  the  keel ;  and  the  height  of  this  line  above 
the  keel  at  the  midship-frame  is  called  the  dead-rising. 
The  upper  part  of  this  arch  forms  the  head  of  the 
floor-timber.  2.  The  lower-breadth  sweep,  the  cen- 
tre of  which  is  in  the  line  representing  the  lower 
height  of  breadth.  3.  The  reconciling  sweep.  This 
sweep  joins  the  two  former,  without  intersecting 
cither,  and  makes  a  fair  curve  from  the  lower  height  of 
breadth  to  the  rising  line.  If  a  straight  line  be  drawn 
from  the  upper  edge  of  the  keel  to  touch  the  back  of 
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the  floor  sweep,  the  form  of  the  midship-frame  below 
the  lower  height  of  breadth  will  be  obtained.  4.  The 
upper- breadth  sweep,  the  centre  of  which  is  in  the 
line  representing  the  tipper  height  of  breadth  of  the 
timber.  This  sweep  described  upwards  forms  the 
lower  part  of  the  top- timber.  5.  The  top- timber 
sweep  is  that  which  forms  the  hollow  of  the  top- 
timber.  This  hollow  is,  however,  very  often  formed 
by  a  mould,  so  placed  as  to  touch  the  upper-breadth 
sweep,  and  pass  through  the  point  limiting  the  half- 
breadUi  of  the  top-timber. 

We  may  commence  by  giving  the  dimensions  of  a 
ship  of  war,  proposed  to  carry  eighty  guns  upon  two 
decks. 

Length  on  the  gun  or  lower  deck  from  the 

aft  part  of  the  rabbet  of  the  stem  to  the 

aft  part  of  the  rabbet  of  the  post  .  .  182  0 
Length  from  the  foremost  perpendicular  to 

dead-flat 63  11} 

Length  from  the  foremost  perpendicular  to 

next  timber 4    0 

Length  from  after  perpendicular  to  timber 

thirty-seven 3    4 

Room  and  space  of  the  timbers  .  3    8| 

Length  of  the  quarter-deck  from  the  aft 

part  of  the  stem 95    0 

Length  of  the  forecastle  from  the  fore  part 

of  the  beak-head 49    0 

Length  of  round-house  deck  from  the  aft 

part  of  the  stem 51     8 

Height  of  the  gun  or  lower  deck  from  the 

upper  edge  of  the  keel  to  the  under  side 

of  the  plank  at  dead-flat  .  .  .  24  0 
Height  of  the  gun  or  lower  deck  from  the 

upper  edge  of  the  keel  to  the  under  side 

of  the  plank  at  foremost  perpendicular  .  26  0 
Height  of  the  gun  or  lower  deck  from  the 

upper  edge  of  the  keel  to  the  under  side 

of  the  plank  at  after  perpendicular  .     26    3 

Height  from  the  upper  side  of  the  gun-deck 

plank  to  the  under  side  of  the  deck  plank, 

all  fore  and  aft 7    0 

Height  from  the  upper  side  of  the"!    ^  6  io 

upper  deck  plank  to  the  under  >  ^^^'      c  , , 

side  of  the  greater  deck  plank  J  ^^^^'  ^  ^  ^ 
Height  to  the  under  side  of  forecastle  plank 

afbre  and  abaft 6    6 

Height  from  the  upper  side  of  thel    «  ^    ^ 

quarter-deck  plank  to  the  under  >  ^^      g  .^ 

side  of  the  round-house  plank      J  * 
Height  of  the  lower  edge  of  the  main  wales 

at  foremost  perpendicular  .  .  .  24  6 
Height  of  the  lower  edge  of  the  main  wales 

at  dead-flat. 20    0 

Height  of  the  lower  edge  of  the  main  wales 

at  after  perpendicular  .  .  .  .  26  6 
Height  of  the  lower  edge  of  the  channel 

wales  at  foremost  perpendicular  .  .  32  6 
Height  of  the  lower  edge  of  the  channel 

wales  at  dead  flat 29    0 

Height  of  the  lower  edge  of  the  channel 

wales  at  after  perpendicular  .  .  .  34  0 
Height  of  the  upper  side  of  the  wing-transom  28  4 
Height  of  the  touch  of  the  lower  counter  at 

the  middle  line 33     5 

Height  of  the  touch  of  the  upper  counter  at 

the  middle  line 36     2 


Height  of  the  top-timber  line  at  Uie  after 

part  of  the  stern  timber         .        .        •     44     7 
Main  wales  in  breadth  from  lower  to  upper 

edge 4 

Channel  wales  in  breadth  from  lower  to 

upper  edge 3    O 

Waist  rail  in  breadth         .        .        .        .07 
Distance  between  the  upper  edge  of  the 
channel  wales  and  the  under  edge  of  the 

waist  rail .29 

Sheer  rail  in  breadth         .  .        .06 

Distance  between  the  sheer  rail  and  the 
rail  above,  from  timber  thirteen  to  the 

stem 3     5 

Distance  between  the  sheer  rail  and  the 
rail  above,  from  timber  seven  to  timber 

eleven 14 

Distance  between  the  sheer  rail  and  the 

rail  above  to  the  forepart  of  beak-head  1     2 

And  the  said  rail  to  be  in  breadth      •        .06 
Plank  sheer  to  be  in  thickness  .        .        •      0    Si 
Centres  of  the  mast. — From  the  foremost 
perpendicular  to  the  centre  of  the  main- 
mast on  the  gun-deck    ....  103    2 
From  the  foremast  perpendicular  to  the  cen- 
tre of  the  foremast  on  the  gun-deck       .     20    5 
From  the  after  perpendicular  to  the  centre 

of  the  mizzen-mast  on  the  gun  deck       .     28    6 
Height  of  ditto  from  the  upper  edge  of  the 

keel 26     1 

Stem  moulded 13 

Foremost  part  of  the  head  afore  the  per- 
pendicular      2    4 

Height  of  ditto  from  the  upper  edge  of  the 
Jceei      .......     3w     9 

Aft  part  of  the  rabbet  afore  the  perpendicu- 
lar on  the  upper  edge  of  the  keel     .         .34 
Aft  part  of  the  port  abaft  the  rabbet  at  the 

upper  edge  of  the  keel   .        .         .         .26 

Aft  part  of  the  port  abaft  the  rabbet  at  the 

wing-transom 11 

Stern-post  fore  and  aft  on  the  keel    .         .31 
Ditto  square  at  the  head   .         •        .         •       2    OJ 
The  touch  of  the  lower  counter  at  the  mid- 
dle line,  abaft  the  aft  part  of  the  wing- 
transom        7    6 

Round  aft  of  the  lower  counter          •        .14 
Round  up  of  the  lower  counter  .        .        .      0    d 
The  toudi  of  the  upper  counter  at  the  mid- 
dle line  abaft  the  aft  part  of  the  wing- 
transom        9    9 

Round  aft  of  the  upper  counter         .        .       1    3& 
Round  up  of  the  upper  counter  .      0  10 

Aft  part  of  the  stem-timber  at  the  middle 
line,  at  the  height  of  the  tnp-timber  line, 
abaft  the  aft  part  of  the  wing-transom    .     12    6 
Round  aft  of  the  wing-transom  .        .06 

Round  up  of  the  wing-transom  .        .        .       O    Si 
Load  draught  of  vrater  from  the  up-  }  afore.    20    5 
per  edge  of  the  keel  ^       S  abaft.     20    5 

The  channel  to  be  in  length       .        .        .    37    O 
And  in  the  thickness  at  the  outer  edge       .      0    4i 
The  dead-eyes  to  be  twelve  in  number,  and 

in  diameter 16 

Foremost  end  of  the  mun  channel  afore 

timber 0  10 

The  channel  to  be  in  length       .        .        .    38    0 
And  in  the  thickness  at  Uie  outer  edge       «      0    4^ 
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Hie  dead-eyes  to  be  fourteen  in  number, 

and  in  diameter 16 

Foremost  end  of  the  mizzen  channel  abaft 

timber  twiu^ty-seven  .  .  .  .24 
The  channel  to  be  in  length  .  .  .  20  0 
And  in  thickness  at  the  outer  edge  .  .04 
The  dead-eyes  to  be  seven  in  number,  and 

in  diameter 10 

Having  in  the  previous  table  given  the  relative 
proportions  of  every  part  of  a  ship  of  war  con- 
structed in  one  of  his  majesty's  dock-yards,  we 
come  now  to  what  may  be  considered  as  a  new  era  in 
tiie  art  of  ship-building.  Sir  Robert  Seppings,  to 
whom  we  are  indebted  for  some  of  the  most  im- 
portant improvements  in  marine  architecture  which 
have  characterized  the  present  century,  claims  a 
prominent  place  in  our  pages,  and  the  elaborate  cal- 
culations by  Dr.  Young  will  form  the  best  supple- 
ment to  his  ingenious  labours. 

Several  large  ships  have  already  been  built  on  the 
principle  about  to  be  explained ;  and,  from  the  fa- 
vourable reports  of  those  ships,  the  Lords  of  the 
Admiralty  have  given  their  orders  for  the  building 
of  other  ships  upon  the  same  principle. 

To  show,  in  as  clear  a  light  as  possible,  the  ad- 
vantages of  the  application  of  this  new  principle  to 
ship-building,  it  may  be  necessary,  for  the  informa- 
tion of  those  who  are  not  acquainted  with  that  art, 
to  give  the  following  general  outline  of  the  structure 
of  a  ship  on  the  old  principle. 

1.  The  frame  of  a  seventy-fonr-gun  ship  is  formed 
of  more  than  800  different  timbers,  placed  at  right 
angles  to  the  keel,  which  may  be  considered  as  the 
back-bone  of  an  animal,  and  the  frame  timbers  as  its 
ribs.  Each  rib  is  composed  of  several  pieces  of  the 
tiiickncssof  fourteen  inches,  or  thereabouts.  Between 
the  several  divisions  of  the  frame,  or  ribs,  is  a  space 
from^  one  to  five  inches  wide. 

2.  The  exterior  frame  is  covered  vrith  planks  of 
different  thicknesses,  or,  to  carry  on  the  figure,  the 
ribs  are  covered  by  a  skin  of  greater  or  less  sub- 
stance from  the  extreme  ends  of  them  to  the  keel 
or  back-bone.  The  inside  of  the  frame  is  also  almost 
entirely  lined  with  planks,  within  which  is  another 
fMirtial  range,  as  it. were,  of  anterior  ribs,  at  a  con- 
siderable distance  from  each  other,  termed  riders. 

3.  Across  this  frame  are  pieces  of  timber  called 
heams,  united  together  so  as  to  be  of  sufficient  leQ|th 
to  reach  from  one  side  of  the  ship  to  the  other,  liie 
use  of  these  beams  is  to  secure  the  sides  of  die  ship, 
so  as  to  pKvent  her  upper  works  from  spreading, 
and  to  keep  that  part  which  is  under  water  from  being 
compressed  by  &e  fluid.  They  are  also  the  supports 
or  bearers  of  the  decks  (or  what  we  call  in  houses  the 
girders  for  the  floors),  and  must  therefore  be  of  such 
strength  as  to  endure  the  weight  of  the  cannon,  and 
whatever  else  is  to  be  placed  upon  them.  The 
mode  of  fieistening  these  to  the  sides  has,  generally 
speaking,  been  merely  local,  by  two  angular  pieces 
of  timber  or  iron  (called  knees)  bolted  to  each  beam, 
and  also  to  the  sidesof  the  ship,  by  which  means  they 
were  only  partially  held  to  the  side,  and  there  was 
wanting  that  continuity  of  materials,  and  conse- 
quently of  strength,  which  the  new  system  gives. 

Between  the  beams  and  at  right  angles  with  them 
are  placed  pieces  of  wood  called  ccarlings,  and  at  right 
angles  with  these  (consequently  parallel  to  the 
beams)  ledges,  which  correspond  with  joists  in  a 


house.  The  planking  or  flat  of  the  deck  (flooring)  is 
laid  nearly  in  parallel  lines  from  head  to  stem» 
upon  and  at  right  angles  with  the  beams,  and  is 
fastened  to  them  and  to  the  carlings  and  ledges  by 
bolts,  nails,  or  wooden  pins  called  trenails.  From 
this  statement  it  will  appear  evident  that  the  decks, 
according  to  the  old  construction,  are  in  nowise  con- 
nected with  the  sides  of  the  ship. 

Having  thus  briefly  described  the  common  mode  of 
ship-building,  it  will  next  be  proper  to  point  out  such 
of  Its  defects  as  the  new  principle  tends  to  remove. 

In  the  first  place,  it  will  be  perceived  that  all  the 
materials  composing  the  fabric  of  a  ship  are  disposed 
nearly  at  right  angles  to  each  other.  This  disposition, 
which  in  every  wooden  fabric  is  well  known  to  the 
humblest  mechanic  to  be  the  weakest,  is  particularly 
so  in  a  ship,  the  immense  body  of  which,  subject  to 
violent  action  from  impulses  in  every  direction,  is 
sustained  by  a  greater  pressure  on  the  centre  than  the 
extremities,  arising  chiefly  from  the  difference  in  the 
fore  and  after  parts  of  the  body  to  that  of  the  mid- 
ship, or  middle  part. 

From  the  want  of  a  continued  succession  of  sup- 
port from  the  centre  to  the  extremities  originatef 
the  tendency  to  arching,  or  hogging.  This  tendency 
shows  itself  in  a  ship  from  the  moment  of  her  launch- 
ing ;  from  which  some  idea  may  be  formed  as  to  the 
extent  to  which  it  will  be  carried  in  a  troubled  sea,  whcr 
in  the  act  of  pitching  she  is  borne  up  by  the  fluid  onlj 
in  her  central  part,  while  the  head  and  stem  are  for- 
saken, and  therefore  unsupported  by  the  water. 

If  a  straight  line  be  drawn  from  the  head  to  the 
stern  of  a  ship,  whibt  on  the  slip  or  in  the  dock,  no 
sooner  has  she  entered  her  own  element  than  each 
end  of  this  line  will  be  found  to  have  dropped  from 
two  to  five  or  six  inches,  in  consequence  of  the  weak- 
ness of  the  fabric,  and  the  two  extremes  wanting  the 
quantum  of  support  which  the  fluid  gives  to  the  cen- 
tral part. 

The  length  of  a  seventh-four- gun  ship  being  be- 
tween 100  and  200  feet,  it  requires  but  little  know- 
ledge of  the  strength  of  timber  to  perceive  that  plank- 
ing of  that  length,  however  thick,  or  in  whatever 
way  joined  or  put  together,  must,  under  the  present 
system,  bend  with  its  own  weight.  The  fastenings, 
and  consequently  the  connection  of  the  several  parts 
of  the  fabric,  must  therefore  suffer  for  the  want  of 
8tlfftMS8,  and  a  change  of  form  is  the  consequence. 
This  may  be  shown  by  putting  together  four  pieces 
of  wood,  and  securing  them  with  iron  pins  in  the 
form  of  a  square,  which  on  the  least  pressure  may 
be  made  to  change  its  form  to  the  rhombus ;  but  let 
another  piece  be  fixed  to  it  diagonally,  and  the  figure 
of  the  frame  will  be  found  immovable.  Place  a  bar 
in  the  middle  parallel  to  two  of  the  sides,  and  se- 
cure it  firmly  by  iron  pins,  still  the  figure  will  easily 
be  moved  by  the  hand,  like  a  parallel  ruler,  and  as- 
sume the  rhomboidal  shape  of  Jig,  1  or  2.  pUde  IL 
Naval  Architecturx;  but  apply  to  the  frame  what 
the  carpenters  term  the  brace  in  a  common  field-gate 
as  shown  at^.  3,  and  the  figure  will  remain  as  be- 
fore immovable.  If  this  brace  or  diagonal  piece  is 
not  fixed  to  it,  the  outer  part  of  the  gate  (or  that 
part  most  distant  from  the  hinges)  will  have  a  con- 
stant tendency  downwards,  until  at  length  it  will 
reach  the  ground. 

Let  figs.  4  and  5  represent  two  frames  of  wood 
composed  of  pdrts  stroi^ly  connected  by  bolts  and 
iron  pins. 


870 


NAVAL     ARCHITECTURE. 


Fig.  4  will  represent  the  principle  on  which  the 
present  system  of  ship-building  is  conducted. 

Fig.  5  the  new  principle. — Now  if  we  attach  two 
weights  for  the  purpose  of  ascertaining  the  compara- 
tive strength  or  stiffness  of  each  frame,  it  will  be 
seen  that  the  stiffness  of  ^.  5  is  to  that  of  fig.  4  as 
6  is  to  1,  and  the  strength  as  3  to  1. 

The  greater  the  length  of  the  frames,  the  greater 
will  be  the  advantages  of  the  new  principle,  both  in 
stiffness  and  strength. 

The  substitution  of  the  triangle,  as  in  the  frame  of 
fig.  3,  for  the  rectangle  in  the  frame  fig.  1,  compre- 
hends the  principle  of  the  new  system,  the  use  and 
advantages  of  which  will  be  sufficiently  evident. 

The  arrangement  of  the  materials  in  the  triangular 
mode  is  such  that  the  pieces  disposed  horizontally 
are  acted  upon  as  ropes  are  by  a  strain  of  the  fibre, 
whilst  the  other  parts,  composing  a  series  of  triangles, 
are  pressed  upon  as  pillars :  in  other  words,  the 
pressure  acts  in  the  direction  of  the  fibres  of  the 
wood  ;  whereas  upon  the  rectangular,  or  old  plan, 
the  fibres  are  acted  upon  transversely,  or  across  the 
grain,  in  the  same  manner  as  a  stick  is  when  placed 
across  the  knee  and  pressed  by  the  hands  at  each 
end,  which  first  bends,  and  then  breaks. 

To  prevent  any  transverse  action  upon  the  fibre  of 
the  timber  is  one  of  the  benefits  arising  from  the 
new  system,  and  to  impede  a  longitudinal  extension 
of  the  structure  is  another. 

For  as  the  diagonal  frame,  composed  of  a  series  of 
triangles,  aided  by  diagonal  trussing  between  the 
ports,  prevents  the  fabric  from  being  acted  upon 
transversely  to  the  fibres  of  the  materials  horizontally 
placed,  so  the  wales,  the  planking,  the  shelf-pieces, 
the  improved  waterways,  and  the  deck  systematically 
secured,  become  the  tie-beams  of  the  structure.  In 
a  word,  the  system  of  triangles  is  so  constructed,  in 
conjunction  with  the  planking  of  the  ship,  as  con- 
jointly to  possess  that  property  of  a  triangle  already 
explained,  viz.  that  its  figure  is  as  unalterable  as  the 
compression  or  extension  of  the  fibre  of  timber  will 
admit  it  to  be. 

The  strength  of  the  principle  has  hitherto  been 
considered  as  applying  to  or  resisting  an  alteration 
of  the  figure,  by  giving  great  stiffiiess.  It  is  now  to 
be  taken  in  another  point  of  view,  that  of  rendering 
the  strength  of  the  &bric  as  general  and  united  as 
possible.  For,  let  it  be  again  observed,  the  strength 
of  any  body  is  but  equal  to  that  of  its  weakest  part. 

In  the  new  system,  the  openings  between  the  ribs 
are  filled  in  wiih  slips  of  timber  nearly  tor  the  height 
of  the  orlop  or  lower  tier  of  beams,  which  being 
then  caulked,  and  peyed  or  pitched  over,  make  the 
frame  from  head  to  stem,  and  within  a  few  feet  of 
the  greatest  draught  of  water,  one  compact  and  water- 
tight mass  of  timber ;  so  that,  were  any  of  the  outer 
planking  of  the  bottom  to  be  knocked  off,  the  ship 
would  not  only  still  keep  affoat,  but  would  be  se- 
cured from  sinking.  In  the  old  system  the  starting 
of  a  plank  would  be  and  often  has  been  fatal. 

The  mode  of  filling  in  these  openings  between  the 
frame,  where  the  width  of  the  space  does  not  exceed 
three  inches,  is  by  driving  in  slices  of  wood  cut  wedge- 
like ;  two  of  these  being  driven,  one  from  the  out- 
side, the  other  from  vrithin,  form  the  parallel  space 
of  die  opening,  thereby  bringing  the  parts  into  the 
dosest  contact.  In  the  openings  exceeding  the  width 
of  three  inches,  the  space  is  occupied  by  pieces  cor- 
responding wiUi  the  openings,  the  fibre  of  such  pieces 


being  laid  in  the  same  direction  as  that  of  the 
timbers.  These  fillings  occasion  no  consamptioB  of 
useful  timber,  as  one-fourth  of  the  produce  of  slab 
and  other  useless  wood  now  sold  as  fathom  wood, 
would  supply  a  sufficient  quantity  for  die  consump- 
tion of  the  whole  navy. 

The  advantages  obtained  by  filling  in  the  openings 
are  these  : — To  add  to  the  strength  and  durability  of 
the  fabric  $  to  preserve  the  health  of  the  crew  from 
the  effects  of  the  impure  air  arising  from  the  filtk 
which  soon  collects  in  these  openings  ;  to  render  the 
ship  less  liable  to  leakage,  as  well  as  to  facilitate  the 
stoppage  of  any  leak ;  and,  lastly,  to  increase,  as  it 
may  be  said,  the  thickness  of  the  bottom  from  foor 
inches  or  four  and  a  half  (the  usual  thickness  of  tiie 
plank)  to  about  sixteen,  thereby  lessening  very  con- 
siderably the  danger  to  be  apprehended  from  getting 
on  shore,  or  foundering  at  sea.  That  it  tends  also 
to  the  durability  of  the  ship  will  be  inferred  from 
the  following  positions  : — 

1.  That  the  openings  on  the  old  principle  are. 
after  a  ship  has  had  any  considerable  length  of 
service,  choked  up  in  many  parts  with  an  accumula- 
tion of  filth. 

2.  That  no  free  circulation  of  air  can  be  obtained 
in  these  openings  by  any  means. 

3.  That  timber  being  either  freely  exposed  to  the 
air,  or  entirely  excluded  from  it,  is  eqaally  preserved. 

4.  That  it  has  been  found,  on  examining  the  frame 
and  plank  of  old  ships,  that  those  parts  (now  fiUcd 
in)  generally  decay  sooner  than  the  rest,  viz.  from 
the  floor-heads  in  the  midships,  and  from  the  dead- 
wood  forward  and  abaft,  to  the  height  of  the  odop 
clamps. 

If  the  above  positions  be  true,  it  will  follow  that 
by  filling  in  these  openings  much  will  be  added  to 
the  durability  of  the  ship,  which  also  will  be  further 
promoted  by  omitting  in  these  parts  the  inside  plank, 
leaving  thereby  the  surface  of  the  frame-timbers  ex- 
posed to  a  free  admission  of  air  as  often  as  die 
ship's  hold  is  unstowed,  and,  by  filling  in,  exdudiog 
the  aur  from  two  of  the  sides  of  every  timber. 

By  omijting  the  inside  plank,  much  is  added  to 
the  internal  capacity  of  the  ship's  hold.  For  though 
the  trussed  frame  projects  from  the  timbers  more  by 
five  inches  than  the  thick  stuff  at  the  floor-headi. 
yet,  as  in  the  old  system  the  perpendicular  riders 
are  brought  upon  the  thick  stuff,  their  projection  into 
the  hold  is  more  by  eight  inches  than  that  of  the 
new ;  the  advantage  dierefore  as  to  stowage  b  in  &- 
vour  of  the  diagonal  frame.  A  tia*  of  iron  ballast 
will  also  be  disposed  of  on  this  principle  many  inches 
lower,  whereby  an  increase  of  stabilky  will  be  givca 
with  less  weight,  which  will  favour  the  ship  in  carry- 
ing her  ports  out  of  the  water,  inasmuch  as  greater 
stability  vrill  be  given  with  less  ballast. . 

An  accurate  conception  of  the  state  of  the  ship's 
hold  may  be  formed  by  referring  to  the  longitudinal 
section  (Plate  11.  figure  6)  of  the  internal  part  of  one 
side  of  a  seventy-four-gun  ship  in  a  compile  state* 
with  fillings  in  the  openings  between  the  timbers  of 
the  frames  instead  of  the  planking  over  them.    In 
this  state  the  diagonal  timbers  are  introduced,  in- 
tersecting the  timbers  of  the  frame  at  about  the  angle 
of  forty-five  degrees,  and  so  disposed  as  that  die  di- 
rection in  the  fore  is  contrary  to  that  of  the  after 
part  of  the  ship  (as  may  be  seen  in  the  engraving)* 
and  their  distance  asunder  from  six  to  seven  feet  or 
more,  their  upper  ends  abutting  against  the  bori* 
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contal  hoop  or  shelf-piece  of  the  gun-deck  beams, 
and  the  lower  ends  against  the  limber  strakes,  ex- 
cept in  the  midships,  where  they  come  against  two 
pieces  of  timber  placed  on  each  side  of  the  keelson 
for  the  purpose  of  taking  off  the  partial  pressure  of 
the    main-mast,    which    always   causes  a  sinking 
dovm  of  the  keel,  and  sometimes  to  an  alarming  de- 
gree.    These  pieces  of  timber  are  nearly  as  square 
as  the  keelson,  and  fixed  at  such  a  distance  from  it 
as  that  the  main-step  may  rest  upon  them.    They 
may  be  of  oak  or  pitch-pine,  and  as  long  as  can  be 
conveniently  procured.     Pieces  of  timber  are  next 
placed  in  a  fore  and  aft  direction  over  the  joints  of 
the  frame-timbers  at  the  floor  and  first  futtock-heads, 
their   ends  in  close   contact  with  and  coaked  or 
donelled  to  the  sides  of  the  diagonal  timbers.     In  this 
state  the  frame-work  in  the  hold  presents  various 
compartments,    each  representing    the  figure  of  a 
rhomboid.    A  truss-timber  is  then  introduced  into 
each  rhomboid  with  an  inclination  opposite  to  that 
of    the  diagonal  timbers,  thereby  dividing  it  into 
two    parts.      The  truss-pieces  so  introduced  into 
the  rhomboid  are  to  the  diagonal  frame  what  the 
key -stone  is  to  the  arch ;  for  no  weight  or  pressure 
on  the  fabric  can  alter  its  position  in  a  longitudinal 
direction,  till  compression  takes  place  at  the  abut- 
ments, and  extension   of-  the  various    ties.      This 
arch-like  property  of  the  diagonal  frame  not  only 
opposes  an  alteration  of  position  in  a  longitudinal 
direction,  but  also  resists  external  pressure  on  the 
bottom,  either  from  grounding  or  any  other  cause, 
because  no  impression  can  be  made  on  its  figure  in 
these  directions  without  forcing  the  several  parts  of 
which  it  is  composed  into  a  shorter  space.    The 
connection  which  is  kept  up  by  means  of  this  trussed 
frame  firmly  attached  to  the  timbers  of  the  ship  by 
circular  coaks  and  bolts,  together  with  the  shelf- 
pieces  united  to  the  sides  and  to  the  several  beams 
by  means  of  the  same  sort  of  fastenings,  gives  such 
unity  to  the  whole  as  to  bear  no  comparison  with 
that  heterogeneous  and  badly  connected  mass  of  ma- 
terials for  which  it  is  substituted. 

It  has  hitherto  been  a  generally  received  opinion 
that  stiffness  or  inflexibility  in  a  ship  is  not  strength, 
but  that  a  yielding  or  bending  of  the  fabric  b  an  es- 
sential quality  to  preserve  it  from  being  destroyed  by 
the  shocks  which  it  is  destined  to  sustain.  This 
misconception  must  have  arisen  from  an  equally  in- 
correct idea,  which  is,  that  a  ship  must  be  an  elastic 
body  because  there  is  a  degree  of  elasticity  in 
the  materials  of  which  it  is  composed.  But  it  should 
be  remembered  that  this  elasticity  of  the  materials 
is  in  fact  very  inconsiderlible,  inasmuch  as  the  minute 
degree  of  elasticity  in  each  piece  is  i^utralised 
in  the  fabric  by  the  various  directions  and  tendencies 
of  the  numerous  parts  of  which  it  is  composed,  so 
that  a  ship,  let  her  construction  be  what  it  may, 
either  loose  or  firm,  is  not  in  any  case  elastic.  It 
follows,  then,  that  every  action  and  reaction  of  the 
sea  operating  upon  different  parts  of  the  fabric  at 
different  times  occasions^  for  the  want  of  unity  of 
the  whole  of  the  parts,  a  constant  and  increasing 
weakness,  which  by  some  may  have  been  taken  for 
elasticity. 

When  a  sea  strikes  a  ship  forward,  the  bow  will 
rise  with  the  sea,  which,  passing  aft,  lifts  the  mid- 
ships in  succession,  leaving  at  this  time,  in  a  great 
measure,  the  fore  and  aft  parts  of  the  ship  with  com- 
paratively little  or  no  support.    Such  shocks,  acting 
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upon  a  body  whose  parts  are  not  firmly  connected* 
produce  a  bending  and  rebending  of  the  fabric,  so 
that  the  several  planks  of  the  sides  play  over  each 
other,  and  the  fastenings  are  strained  and  loosened 
by  a  repetition  of  this  action  and  reaction.  On  the 
contrary,  when  a  body  is  constructed  with  such 
general  unity  and  fixedness  of  all  its  parts  as  that  tf 
one  be  moved  the  whole  must  move  with  it,  then  it 
may  be  said  that  all  the  parts  of  the  structure  bear 
their  portion  of  the  strain. 

The  decks  come  next  under  consideration,  the 
beams  of  which  are  disposed  in  the  new  system  nearly 
as  usual,  except  that  m  midships,  where  a  ship  ne- 
cessarily requires  the  greatest  security,  two  additional 
beams  have  been  introduced.  The  beams  of  the 
several  decks  are  attached  to  the  ship's  side  in  the 
following  manner:— 

1.  By  shelf-pieces  or  internal  hoops.  These  shelf- 
pieces  are  composed  of  several  lengths  of  timber 
scarfed  or  joined  together  by  coaks,  or  circular  douels, 
so  as  to  form  a  kind  of  internal  hoop,  extending  from 
the  hooks  forward  to  the  transoms  abaft,  to  the 
under  side  of  which,  as  well  as  the  under  parts  of  the 
beams,  they  are  securely  coaked,  and,  being  then 
firmly  bolted  to  the  side,  instead  of  becoming  a  mere 
local  fixture  of  the  beam  to  the  ship's  exterior  frame, 
as  the  knees  were,  they  form  one  continued  and  general 
security.  The  shelf- piece  is  also  a  tie  to  the  top  side 
in  a  fore  and  aft  direction,*  co-operating  with  the 
trussed  frame,  as  already  explained. 

2.  By  chocks,  which  are  placed  under  all  the  shelf- 
pieces  in  wake  of  the  beams,  except  the  orlop,  in 
such  a  manner  as  to  receive  the  up  and  down  arm  of 
the  iron  knees.  The  lower  ends  of  those  under  the 
gun-deck  shelf-piece  rest  on  the  ends  of  the  orlop 
beams,  and  those  of  the  several  decks  above  rest  on 
the  projecting  part  of  the  spirketting  below.  The 
chocks,  particularly  those  between  the  orlop  and 
gun-decks,  admit  of  their  being  driven  into  their  re- 
spective places  very  tight,  thereby  acting  like  pillars. 
Another  advantage  attending  them  is  their  great 
tendency  to  stiffen  the  ship's  side,  and  to  prevent  the 
beam  ends  from  playing  on  the  fastenings  when  the 
ship  is  rolling,  or  straining  under  a  press  of  sail. 

The  flat  or  planks  of  the  several  decks  being,  on  the 
old  system,  each  of  them  a  mere  platform,  or,  in  other 
words,  a  cover  to  a  box  unconnected  with  the  sides, 
are  here  not  only  so  disposed  of  as  to  oppose  an  alter- 
ation of  figure  fh)m  a  force  acting  on  the  ship  in  a 
lateral  direction,  but  are  also  made  subservient  in 
securing  the  beams  to  the  sides  of  the  ship. 

The  framing  and  flat  of  the  decks  (excepting  the 
quarter-deck,  forecastle,  and  round-house,  which 
are  laid  upon  the  old  plan)  are  disposed  of,  as  repre- 
sented in  the  plate,  the  former,  that  is,  the  fram- 
ing or  ledges  and  beams,  in  lines,  the  latter  or 
planks  in  black,  those  of  the  starboard  side  being 
laid  contrarywise  to  the  larboard.  The  midship  ends 
of  the  diagonal  planks  abut  against  two  strakes  laid 
in  a  fore  and  aft  direction  outside  the  comings 
of  the  hatchways;  the  other  ends  approach  the 
timbers  of  the  frame,  and  the  buts  at  each  end  are 
secured  to  a  tier  of  carlings  placed  for  that  purpose. 
The  flat  or  plank  of  the  deck  so  disposed  is  connected 
with  a  certdin  number  of  coaks  to  the  hooks,  beams, 
and  transoms.  When  the  decks  are  thus  laid,  water- 
ways, as  already  described,  are  brought  upon  and 
coaJced  to  the  ends  of  the  plank.  These  waterways 
being  then  bolted  through  the  ship's  sides,  and  alsq, 
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in  an  up  and  down  direction,  throogh  the  flat  and 
shelf  pieces,  combine  the  whole  in  one  homogeneous 
mass  of  great  strength. 

Few  s£dps  are  without  some  complaint  of  apparent 
weakness  after  three  or  four  years'  service.  These 
defects,  which  principally  show  themselves  at  the 
beam  ends,  proceed  in  a  great  degree  from  the  local 
attachment  of  the  beams  to  the  snip's  side,  and  the 
flat  or  covering  being  altogether  unconnected,  as 
already  explained.  The  extreme  ends  of  the  beams, 
not  being  properly  secured,  play  and  work  upon  the 
fastenings,  so  that  it  is  not  unusual  to  see  the  bolt- 
holes  cut  to  an  oval  figure  by  the  friction  of  the 
bolts.  The  remedy  usuidly  applied  to  a  ship  in  this 
state  is  to  load  her  with  additional  materials,  such 
as  iron  knees,  standards,  breast-hooks,  &c.,  thus 
adding  greatly  to  the  ori^^inal  weight  of  the  fabric. 
Now  it  IS  evident  that  with  the  first  gale  of  wind 
the  ship  encounters,  after  being  thus  partially 
strengthened,  she  must  be  reduced  to  the  same  state 
of  weakness  she  was  in  before  the  remedy  was  ap- 
plied. Thb  mode  of  strengthening  ships  may  be 
compared  to  that  of  a  raft  firmly  secured  in  the  first 

{>lace  by  strong  lashing,  which  after  some  time  works 
oose,  or  rather  by  working  is  stretched.  As  it  might 
be  too  tedious  a  business  to  secure  the  raft  by  re- 
tightening  the  lashing,  a  small  cord,  or  some  twine, 
would  be  used  to  answer  the  purpose.  It  is  clear 
that  whilst  the  small  cord  or  twine  remained  tight 
no  part  of  the  strain  could  bear  upon  the  strong 
but  loose  lashing,  till  the  other  stretched  or  broke ; 
so  it  is  with  a  ship  that  has  additional  securities 
given  her  without  refastening  those  which  had  worked, 
or  were  much  strained. 

The  tendency  of  the  ship  to  stretch  or  draw 
asunder  in  her  upper  works  being  by  no  means  obvi- 
ated by  the  short  planks  on  the  inside,  between  the 
ports,  a  truss-piece  of  plank  is  substituted  in  lieu  of 
them,  which,  being  well  secured  at  the  abutments, 
very  materially  aicb  the  trussed  frame,  and  gives 
stiffness,  thereby  opposing  the  inclination  to  ardi  or 
hog  aloft. 

Those  essential  qualities  of  strength,  safety,  and 
durability,  having  been  detailed,  a  few  observations 
with  respect  to  the  economjf  of  the  new  principle  may 
not  be  misplaced.  Though  this  is  only  a  secondary 
consideration,  yet,  as  the  roval  navy  cannot  be 
kept  up  wiUiout  a  supply  of  foreign  timber,  it 
evidently  becomes  a  subject  of  considerable  mo- 
ment, when  we  recollect  that  upwards  of  180  oak 
trees  might  be  saved  in  a  seventh-four,  and  a 
greater  number  in  larger  ships,  allowing  each  tree  to 
measure  a  load,  or  fifty  feet  rough  contents.  Hie 
consumption  of  this  scarce  article  might  be  further 
considerably  lessened  in  the  new  system  by  the  use 
of  inferior  and  old  ship  timber,  which  cannot  be  em- 
ployed in  the  other;  and  if  old  ship  timber  were  to  be 
generally  introduced,  as  was  done  in  the  Ramillies, 
one-seventh  part  of  the  English  oak  required  for  a 
new  seventy-four-gun  ship  might  be  saved.  Hie 
facility  of  ascertaining  the  state  and  making  good  the 
defects  of  the  frame  in  the  lower  part  of  the  ship,  in 
consequence  of  omitting  the  inside  planking,  will  also 
occasion  a  considerable  saving  of  timber  and  workman- 
ship :  indeed  the  great  ease  with  which  any  part  of  the 
diagonal  frame  may  be  replaced  justifies  the  making 
use  of  fir  timber,  particularly  for  the  longitudinal 
pieces  and  trusses.  But,  shoul4  the  well-grounded 
liopes  of  durability  be  realized,  the  saving  of  timber. 
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and  indeed  of  every  article 
motts  branch  of  the  national 
great  indeed. 

Sir  Robert  Seppin^  concludes  his  paper  by  ob- 
serving that  the  appomtment  of  most  excellent  and 
meritorious  officers  to  the  ships  already  completed  on 
his  principle  may  be  considered  as  a  most  favoorsbk 
circumstance  towards  ascertaining  the  real  nserits  of 
the  construction.  Indeed,  the  orders  for  carrying 
this  new  principle  of  constructing  His  M^erty's 
ships  into  effect  were  directed  by  such  an  honoorafale 
spirit  of  liberality,  and  so  unshackled  was  the  autho- 
rity given  to  enable  Sir  Robert  to  carry  his  plans  into 
execution,  that  no  subterfuge  could  have  availed  him 
had  any  failure  been  found  in  the  system. 

The  advantage  derived  from  the  employment  of 
forces  acting  obliquely  with  respect  to  each  other,  ia 
a  variety  of  cases  which  occur  in  practical  medianics, 
has  been  demonstratively  established  by  theoretical 
writers  on  the  subject  and  attempts  have  often  been 
made  to  extend  the  application  of  the  principle  very 
considerably  in  the  art  of  ship-building,  but  hitherto 
with  very  little  permanent  success.  Sir  R.  Seppings's 
arrangeinents  are  in  many  respects  either  new  or 
newly  modified.  The  question  respecting  the  best 
disposition  of  the  timbers  of  a  ship  is  bv  no  means  so 
easily  discussed  as  may  be  supposed  by  those  who 
have  considered  the  subject  but  superficially;  and, 
if  we  allowed  ourselves  to  be  influenced  by  a  few 
hasty  arguments  or  experiments,  we  might  be  liable 
to  the  most  dangerous  errors :  on  the  other  hand,  it 
may  easily  happen  that  objections  which  may  occur 
at  first  sight  to  the  application  of  those  arguments  or 
experiments  may  be  capable  of  being  removed  by  a 
more  minute  investigation ;  and  the  importance  of 
the  subject  requires  that  no  assistance  which  can  be 
afforded  by  the  abstract  sciences  should  be  withlieU 
from  the  service  of  the  public,  even  by  those  who 
have  no  professional  motives  for  devoting  themselves 
to  it. 

The  first  consideration  that  is  necessary  for  ca- 
abling  us  to  judge  of  the  propriety  of  any  arraikgement 
respecting  the  construction  of  a  ship  is  to  determine 
the  nature  and  magnitude  of  the  forces  which  are  to 
be  resisted ;  and  the  second  is  to  enquire  in  what 
manner  the  materials  can  be  arranged  so  as  best  to 
sustain  the  strains  which  these  forces  occasion. 

The  principal  forces  which  act  on  a  ship  are  the 
weight  of  the  whole  fabric  with  its  contents,  the 
pressure  of  the  water,  the  impulse  of  the  wind,  and 
the  resistance  of  the  ground  or  of  a  rock ;  and  we 
must  endeavour  to  ascertain  the  degree  in  which  any 
of  them  has  a  tendency  to  bend  the  ship  longitudi- 
nally or  transversely,  or  to  break  through  any  part  of 
her  texture,  and  enquire  into  those  causes  wlu^ 
are  likely  to  promote  or  to  obviate  die  decay  of  the 
substances  employed.       * 

It  b  unnecessary  to  explain  here  the  weU-knowa 
inequality  of  the  distribution  of  the  weight  and  pres- 
sure, which  causes  almost  all  ships  to  have  a  tendency 
to  arch  or  hog,  that  is,  to  become  convex  upwaids  ia 
the  direction  of  their  length.  It  is  possible  that  thcrt 
may  be  cases  in  which  a  strain  of  a  very  difereH 
nature  is  produced ;  but  in  ships  of  war  this  tendency 
appears  to  be  universal.  It  is,  however,  very  difier- 
ent  in  degree  in  the  different  parts  of  a  i^p ;  and*  of 
course,  still  more  different  according  to  ^  diimM 
modes  of  distribution  of  the  ballast  and 
may  occur  in  different  ships ;  but  in  ordinary 
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k  will  i»ol»bly  be  found  neuiy  mA  as  is  represented 
in  the  calcobitions  fhnn  data  which  were  originally 
inmished  by  an  acnte  and  experienced  member  of 
tiie  Navy  Board.  To  this  strain  another  is  added, 
from  acaose  whidi,  although  not  very  inconsiderable, 
appears  hitherto  to  have  escaped  notice ;  that  is,  the 
partial  pressnre  of  the  water  in  a  longitudinal  direc- 
tion affecting  the  lower  parts  of  tiie  ship  only,  and 
^Milling  to  compress  and  shorten  the  keel,  while  it  has 
no  immediate  action  on  the  upper  decks.  Hie  pres- 
sere  thus  applied  must  obviously  occasion  a  curvature, 
if  tiie  angles  made  with  the  decks  by  the  timbers 
are  supp<Med  to  remain  unaltoced,  while  the  keel  is 
Shortened,  in  the  same  manner  as  any  soft  and  thick 
anbstance,  pressed  at  one  edge  between  the  fingers, 
will  become  concave  at  the  part  compressed.  This 
atrain,  upon  tiie  most  probable  supposition  re- 
apectmg  the  comparative  strength  of  the  upper  and 
lower  parts  of  the  ship,  must  amount  to  more  than 
one-third  as  much  as  Uie  mean  value  of  the  former, 
being  equivalent  to  the  effect  of  a  weight  of  about 
1000  tons  acting  on  a  lever  of  one  foot  in  length, 
while  the  strain  arising  from  the  unequal  distribution 
(^  the  weight  and  the  displacement  amounts,  where  it  is 
greatest  (that  is,  about  thirty-seven  feet  from  the  head) 
to  6260,  in  a  seventy-four-gun  ship  of  the  usual  dimen- 
sions; and  althou§^  the  strain  is  considerably  less 
than  this  exactly  in  the  middle,  and  throughout  the 
aftermost  half  or  the  length,  it  is  nowhere  converted 
into  a  tendency  to  "sag,"  or  to  become  concave.  It 
mutt,  however,  be  remembered  that,  when  arching 
actually  takes  place  from  the  operation  of  these 
iorces,  it  depends  upon  the  comparative  strength  of 
the  difeent  parts  of  the  ship  and  their  fiistenings 
whether  the  curvature  shall  vary  more  or  less  from 
the  form  which  results  from  the  supposition  of  a 
uniform  resistance  throughout  the  length.  An  ap- 
parent deviation  may  also  arise  from  the  unequal 
distribution  of  the  weight  through  the  breadth  of  the 
ship :  thus  the  keel  may  actuaUy  sag  under  the  step 
of  the  main-mast,  even  when  the  strain,  as  here  cal- 
culated, indicates  a  contrary  tendency  with  respect 
to  the  curvature  of  the  whole  ship. 

The  magnitude  of  the  strain  on  the  different  parts 
of  a  ship  is  subjected  to  very  material  alterations 
when  she  is  exposed  to  the  forces  of  the  vrind  and 
wnves.  The  effect  of  the  vrind  is  generally  compen- 
sated by  a  change  of  the  situation  of  the  actual  vrater 
line,  or  line  of  flotation,  so  that  its  amount  may  be 
estimated  from  the  temporary  or  permanent  incuna- 
tion  of  the  ship ;  and  the  force  of  the  waves  may  be 
more  directly  calculated  from  their  height  and  breadth. 
These  two  forces  can  seldom  be  so  applied  as  to 
combine  their  effects  in  producing  a  strain  of  the 
same  kind  in  their  full  extent ;  it  vrill  therefore  be 
sufficient  for  our  purpose  t6  determine  the  probable 
amount  of  the  force  of  the  waves,  which  is  more 
materially  concerned  in  effecting  the  longitudinal 
curvature  than  that  of  the  wind.  As  a  fair  specimen 
of  the  greatest  strain  that  b  likely  to  arise  from  this 
cause  in  any  common  circumstances,  we  may  con- 
sider the  case  of  a  series  of  waves  twenty  feet  in 
height,  and  seventy  in  breadth,  the  form  being  such 
that  the  curvature  of  the  surface  may  be  neariy  pro- 
portional to  the  elevation  or  depression:  a  single 
wave  might  indeed  act  more  powerfully  than  a  con- 
tinued series,  but  such  a  wave  can  scarcely  ever 
occur.  We  shall  then  find  upon  calculafeioirthat  the 
greatest  strain  takes  place  in  a  seventy-lbur-gun  ship 
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at  the  distance  of  about  eighteen  feet  from  the  mid- 
ships, amounting  to  about  10,000  tons  at  the  instant 
when  the  ship  is  in  a  horizontal  position ;  while  in 
more  common  cases,  when  the  waves  are  narrower, 
the  strain  vrill  be  proportionally  smaller  and  nearer 
to  the  extremity.  Hence  it  appears  that  the  strain 
produced  by  the  action  of  the  waves  may  very  con- 
siderably exceed  in  magnitude  the  more  permanent 
forces  derived  from  the  ordinary  distribution  of  the 
weight  and  pressure,  being,  according  to  this  state- 
ment, nearly  three  times  as  great ;  so  &at  when  both 
strains  co-operate  their  sum  may  be  equivalent  to 
about  15,000  tons  acting  on  a  lever  of  one  foot,  and 
their  difference,  ii%  opposite  circumstances,  to  about 
5000.  There  may  possibly  be  cases  in  which  the 
pressure  of  the  waves  produces  a  still  greater  effect 
than  this ;  it  may  also  be  observed  that  the  agitation 
accompanying  it  tends  to  make  the  fastenings  give 
way  much  more  readily  than  they  would  do  if  an 
equal  force  were  applied  less  abruptly.  At  the  same 
time  it  is  not  probable  that  this  strain  ever  becomes 
so  great  as  to  make  the  former  perfectly  inconsider- 
able in  comparison  with  it,  especially  if  we  take  into 
account  the  uninterrupted  continuance  of  its  action. 
It  appears  therefore  to  be  highly  proper  that  the  pro- 
vision made  for  counteracting  the  causes  of  arching 
should  be  greater  than  for  obviating  the  strain  in  the 
contrary  direction :  for  example,  if -the  pieces  of  timber 
intended  for  opposing  them  were,  on  account  of  the 
nature  of  their  fastenings,  or  fbr  any  other  reason, 
more  capable  of  resisting  compression  than  extension, 
they  should  be  so  placed  as  to  act  as  shores  rather 
than  as  ties :  although  it  by  no  means  follows,  from 
the  form  which  the  ship  assumes  after  once  breaking, 
that  the  injury  has  been  occasioned  in  the  first  in- 
stance by  the  immediate  causes  of  arching,  since, 
when  the  fintenings  have  been  loosened  by  a  force  of 
any  kind,  the  ship  will  naturally  give  way  to  the  more 
permanent  pressure,  which  continues  to  act  on  her  in 
the  state  of  weakness  thus  superinduced. 

The  pressure  of  the  water  against  the  sides  of  a 
ship  has  also  a  tendency  to  produce  a  curvature  in  a 
transverse  direction,  which  is  greatly  increased  by  the 
distribution  of  the  v^eight,  the  parts  near  the  sides 
being  the  heaviest,  while  the  greatest  vertical  pressure 
of  the  water  is  in  the  neighbourhood  of  the  keel. 
This  pressure  is  often  transmitted  by  the  stanchions 
to  the  beams,  so  that  they  are  forced  upwards  in  the 
middle.  When  they  are  unsupported,  the  beams  are 
more  generally  depressed  in  the  middle,  by  the 
weight  of  the  load  which  they  sustain ;  while  the  in- 
emiality  of  the  pressure  of  the  water  co-operates  with 
ouier  causes  in  promoting  the  separation  of  the  sides 
of  the  ship  from  the  beams  of  the  upper  decks.  On 
the  other  hand,  the  weight  of  the  main-mast  often 
prevailB  partially  over  that  of  the  sides ;  so  that  the 
keel  is  forced  rather  downwards  than  upwards  in  the 
immediate  neighbourhood  of  the  midships.  The  tend- 
ency to  a  transverse  curvature  is  observable  when  a 
ship  rests  on  her  side,  in  the  opening  of  the  joints  oi 
the  planks  aloft,  and  in  their  becoming  tighter  below; 
although  this  effiect  depends  less  immediately  on  the 
absolute  extension  and  compression  of  the  neigh- 
bouring parts  than  on  the  alteration  of  the  curvature 
of  the  timbers  in  consequence  of  the  pressure.  In 
such  a  case  there  is  also  an  obvious  strain,  tending 
to  produce  %  lateral  curvature :  and  shores  are  some- 
times employed  to  prevent  its  effects,  when  a  ship  is 
'  hove  down"  on  her  side.    This,  indeed,  is  com« 
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v^ntintf  a.  rtn  •QcnReDce )  Irat^  wkn.  ».  mtim  q( 
lai^gt  wuret  strike  a  ahip  obliquely,  they  muei  oftea 
a^  ia  a  similar  manner  wiui  immense  fosoe :  tlie 
delation  on  one  side  may  be  precisely  o^^pesite  ta  tlie^ 
depsession.  oa  the  other,,  and  the  strain,  fpem-  this 
canse  can  scarcely  be  less  than,  the  wctieal  stmin 
aljceady  calculated ;  but  its  effecta  efe  less-  commonly 
obsepwdk  because  we  have  not  the  same  meana  of 
asosrtainimptha  weakness  which  vesnlts  firomiA*  hy 
the  opemtioa  of  a  pecmanenit  cause*  When,  a  shij^ 
poseeaes  a  cerfeein  degcee  of  iexibility  she  oMiy,  in 
same  meesaie,  elude  the  ^olence  of  thia  foroib  by 
pmag  way  a  little  for  the  sherl  interval  occupied  by 
the  pessage  ef  the  warn ;-  but  it  nay  be  suepecisd 
thab  her  sailing,  in  a  rough.  see»  must  be  impaired  by 
each  a  temporary  change  of  fearvou 

When  aship  takes  the  gpound,  she  may  eithcv give 
way  al  Once  to  the  stcoke  of  a  voch»  or  rest  on  abot- 
tom  more^  oc  less  soft,  until'  she  is  i^Uy  or  pertiaHy 
abambned  by  the  walen  In  the  former  caee  her 
rseislance  mael  depend,  in  a  great  measme,.  on  the 
parts  in  Uie  imoBediate  neighbourhfead  of  the:  ii^ney ; 
m  the  lattec  it  may  happen  that  she  amy  be  aapperted 
by  so  huge  a  anclace  ea  Do  ha  mesa  in  danger  of 
paisbmg  alaft  than  of  being  crippled.  below&  Com- 
immly,  however,  the  floor^timben'  are  forosd  in.  at 
one  end,  the  first  futtacfcs,  whtch.  eiae  their  tmmediala 
oominaatkms^  being  broheni  off;  and  sometimes  the 
opposite  ends  of  the  flooa^akbera  are  foaccd  ant,, 
espenidly  in  large  ships  withont  iiders^  their  attedb*. 
ment  te  the  keel  remaining'  uoimpaind. 

The  cansea  iwMoh:  peemote  the  decay  of  tnnber  ase 
onir  so.fo  undemtoad  ae.  wa  ere  acquainted  by  exf* 
pencnoe  wiHi  their  efiscte^  A  partial  expoaam  ta 
moistaae  appears  tot  be  hy>  fiur  tfie  moefe  genecal  otf 
these  causes :  it  iSi  well  hnewn.  that  total  suhmession 
does  not  aoeeleseee  decay ;:  a  suHaoa  viAukh  ii  hepfr 
moist  by  impeifect  contact  with,  anedmr,  sa  thee-  a 
portion  of  watsr  ie.  reteined:  between,  them  by*  ca* 
pillary  attraction,  seenm  ahraya  to.  he  tikr  piaa  afe 
which  the  timbers  begin,  to  set  i  while  botit-  me  aur- 
facea  completely  eipcMed  ei^at  to  the  drier  airoc 
to  the  water,  and  those  whkb  are  wedged  ctoeeiyr 
together  and  press  strongly  against  each  otheiv  ra* 
maia  perfectly  sound. 

We  are  acxt  to  enquire  into  the.campanetve  ad« 
vantages  of  different  angular  positions  -of  the  ttmfaeas 
of  a  ship,  for  resistmg  tfae^  fbaces  which  hasa  heem 
dsecribed ;  and  in  parttcnler  howfar theanrangeaauitei 
which  have  been  proposed  by  Sir  R.  Seppmgs  are 
better  calculated  for  Uie  purpose  than.the  conmeem 
modes  of  constniction.  Sir  Robertfs  experinienea 
ehow  that  when  two  parallel  pianha  have  looeepieoes 
interpoeed,  extending  perpendicularly  fram  one  to:  the 
other>  t^y>  are  hscompsjcably  weaker,  with  respect 
to  any>  transverse  I6rce>  Aan  when  the  tatecmadiate 
pieces  are  iU'an  oblique  direction^  sa  as  to  constitttto 
a  ft«me  which  can  only  be  bant  as  a^  whole.  But  it 
cannot  for  a  moment  be  inugined'  timt  the  planka  of 
a  shf]^  are  connected  with  ^e  timhera  in  ae  loose  a 
manner  as- these  transverse  bmces^  wfaidi  will  scarcely 
sapeoit  their  ownt  wei|^t^  for  the  puipose  of  tiie  ex- 
pei&eat ;  and  ia  foot  tim  comparison  would'  have 
requited  that  the  vrhole^spaoe  inabided  by  the  paralw 
lelegrafn^  Aould  be  filled  up>,  in  eesbi  case^  by  similar 
0HneB>  er  at  least  that  tfa»twa  pinnha  should,  have 
beeu'ftrmly  unitsd  at  thr  loons  end:  to  the  transveiee 
braces';  and*  i^  iademeastraUe  that  in  tiiia  case  the 
same  weiglM^  vfould  have  braken  the  pine  as  if  one 
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of  Ae  pleakw  hadfhagt  dMiqaa>  or  aa* 
had  mamined  pacalM  and  head  baoa 
obliqsm  piaceai    Smtk  a  ■ewih  wanhj 
for  imm  peovin^  the:  muftility  of  the 
obliqna  bHMaaa.to areetaagalar  ftaaaa;  foe 
oC  strength  reqnired  for  amy  parlicalnr  ] 
alwaM  determined  hy  the  maginfmie  ed 
wUdi  wouMi  be  capable  oClniaiiii§  tiafc 
oottceraed^  aMbougn  tha  pemsral 
force  ia  properly  called  at— igth;  in.tim 
senae  q£  tiia  lesm:  but  tfasveaiamBaijr 
which  stifibeai,  or  hsfleiibiitT;  k  ei 
vantage.    A  coachi  spriag,. 
ph^ee,  waofai  be.  maderad  tea 
were  united  into  one  mam 
liQQ  timee  as  stiff,,  beudiag  only-  -J^  of 
with  the  same  wei^  that  weald  bend  it 

IanK  m  its  usual  Btaee»  altlKmBL  nenmAM 
gained  by  tha  mnont  with  reaped  to  Ihe 
sisfeing  a  vary  rapid  nntiaiw  Naw  it  ap| 
extremely  dififeult  to  unite  a  number  ofi 
planks  so.  fimsftr  together,  by  pieeea 
at  right.  sBglea,  as  completely  to  preeeat  their 
iaanf  degree  ooar  each  oliier;  sp<ia*diaftoaa 
of  saAeient  strength,  even  if  it  did 
pianha  to  bear  a  gi-eattir  strain  widioat  giviag  wn^ 
might  atHi  JeefacWuatagi  in  many  casee,  hy  *' 
nishia^  tin  digrse  ia  n^nch  the  a  lisle 
would  bend  bsfove  it  broke.  Thesteeagtkafai 
rectangular  firame,  flrasly  fixed  at  one 
deesd  somawhat  leaathaa  donUa  by  perfocily 
iag^  the  Jointe  at  the  other,  an*  thaatlifiBeaa  b  neeeiy 
qaadrapte^  The  oemparattae  aeoavity  alitaiiied  hy- 
thaaddttian of  thadingenel  braoa  ia 
liBMtL  Sappoeing  any  number  ef  plaaka  of 
dimenaione  to  he  simply  oaieach  other  inHiate 
adhesion,  and  to  be  fimriy  fiaed  at  one  end, 
aggregate  strengOi  will  be-  varf  Mttle  gstlm 
thaa  d^sksingle  plank  of  one-eiath'  part  af  lim 
nam  depth  or  thickncse  of  eadh  suppoitsdhynl 
a  Uttfe  stronger  in  tlm  direetion  of  tite  " 
tha  vrimle;  and  the  stiftiees-  of  the  pan 
will  be  as  many  tinMSileee  than  that  of  aaeik  a 
aa^thera  aae  phnks  ia^oaa-thiad  of  Urn-  wiMia> 
iSma,,  if  wa  hadtenel^  planka»  six. 
one.  tllicfc»  wM  IHcllon  nsB^m-  iatenoeetf,  it 
meneteaUy  trae>  hawever  auipfismg^  nat  tiey 
be  eery  httla  stroager  itr  suppectiag  a  wei^t 
end  taan  a  single  tie  an  inch'  squniw  ia  ila ; 
asaiatedby  arlkigewal  braoeaf  equal  relartvaetreagth; 
and  alao  tiwt  this,  apparently' slight  steactoeawaald 
be  nearly  four  taaes  as-  stiff  as  the  tweNe  planhi^ 
being  depeeaaed  en^  eae^-foarth  as  rnadH  witfi  a 
given  weight,  aa^tha  phmks.with'  a  shnifor  ftvee 
t  ing  oa  them. 

it  Uireli  known  tkmt  ifthephmla 
united  into  one  amsa  their  8tr»gth  vroultf  be 
dered  twalvei  times  as  great  by  tite  usion» 
stilbase  144  timeSi  But  thia  le  net  tbagwaharre- 
sistanoe  of  which  the  materiials^  are  eapaM^  even 
without  any^  extension  of  their  base  of  support ;  for 
if  the-  planlBs  were  connected'  in  pidra  at  UT  die 
distance  of  the  whole-  depths  and  allowed  to  neave 
freely  loand'fSstenings  pcncfoetly  secure;  their  atruiat^ 
spcidang  theoratical^r,  wouM  be  greater  hy  one^hriF 
than  if  they  formed  a.  compact  mass,  whilr  their 
stifflaese  would  be  only  about  one-ftpurtfr  as  gfeat? 
aad  an  effect  nearly  similar  might  be  pwidhced  if  the 
respeceivt  pairs,  vrere  united  ^  oUique  braces^  «• 
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tettdlng  ovor  ludf  fh^  dtpih  of  tbe  whol«  dtnKttn^, 
•dtbottgh  it  wOttM  be  Very  diffictilt,  in  prttctke,  to 
ikulke  the  «treti|^  of  An  afrtogemetit  of  1^  kind 
eren  equd  to  that  of  a  compact  mMB,  lAace  th« 
f Asteniogft  eotdd  netef  be  so  perfect  As  to  bring  etery 
fibre  of  each  plank  into  its  full  action  at  once,  as  the 
tiieory  snppoo^.    If  die  planks  were  akeady  united 
into  a  compact  ntAss,  so  as  to  be  incapable  of  bind- 
ing, except  as  a  i«1iole»  it  is  of  importance  to  eflquh-e 
irhether  any  advantage  would  be  gained  by  the 
linther  addition  at  oblique  braces :  and  it  will  appear 
that,  if  the  braces  were  fixed  to  theonterriiost  planks 
of  the  series  Only,  they  would  have  no  nmnnei'  of 
cfiect,  either  on  the  strength  or  on  the  stiifitiess, 
whatever  might  be  their  direction ;  but,  if  they  w6re 
aofficiently  mstened  throughout  the  ettent  to  ^tch 
|>lank  with  which  they  come  into  contact,  tfasy  Would 
Itdd  both  to  the  strength  And  to  the  stiflhess.  Very 
nearly  in  the  same  degree  as  if  they  were  fixed  in 
the  direction  of  the  olanks,  at  a  distance  from  each 
other  equal  to  their  shortest  actual  distance.  So  as  to 
Constitute  As  many  ribs  as  there  are  braces  in  a 
transverse  llne^    Heiic^,  al^ugh  there  is  obtiously 
ho  econoniy  in  such  An  employment  of  oblique  braces, 
yet  it  b  b^  no  meAus  trUci  thAt  oblioue  braces  ari  in- 
capable of  adding  to  the  streng;tn  of  a  structure 
Composed  at  pieces  Arrang^l  at  right  angles ;  the  as- 
sertion might,  however,  be  very  nearly  correct  in 
drcumstanceS  Approachbg  to  those  of  one  of  the 
teperim^nts  which  have  b^  exhibited  for  the  pur- 
pfise  of  Hlnsti^ithig  the  utility  of  such  braces.    On 
the  other  hand,  tke  advantage  of  employing  oblique 
htttetA  mtist  dep^end,  in  a  great  measure,  on  the 
degTM  in  whidi  the  angular  position  of  the  structure 
Wotdd   be  susceptible  of  variation  without  them, 
ifiuce,  when  properly  fkstened,  they  must  universally 
Uiad  to  preserve  tlie  fbrm  undterecL  although  they 
AitB  somewhat  l«ss  ^culated  to  add  to  the  ultimate 
strength  of  the  prfndpal  tie  or  shor6  than  if  their 
ifirection  had  been  kmgitudinal.    To  take,  for  ex- 
ample, the  caS6  of  a  ship's  Arching,  or  hogging :  if 
the  stretigdi  Were  overcome  without  any  deficiency 
6t  stiiAiess,  the  upper  decks  and  wales  would  be 
elongated.  And  the  butts  of  the  plAnks  aloft  parted ; 
while  the  keel  would  be  somewhat  shortened,  and 
tbe  planks  near  it  crfppled,  so  that  a  ship  of  176 
ilet  long  And  forty  feet  deep,  arching  one  foot  witli  a 
ifttifbrm  curvature,  would  have  the  length  of  the 
lUUrtB  aloft,  on  the  level  of  the  quarter-deck,  twenty- 
two  inches  greater  than  that  of  the  keel.    If,  on  the 
<^oiitrAr\%  th6  strength  were  not  overcome,  but  only 
the  stiffness  fatiled,  the  AngulAr  situation  of  the  parts 
Mflg  Altered,  and  the  joints  simply  boooming  loose 
Without  partkg,  the  nlarics  would  slide  on  each  other, 
and  th^ir  square  etrds  would  no  longer  remain  hi  the 
same  vertical  Ime  At  the  ports,  while  there  wduld  be 
no  material  alteration  in  the  comparative  l^gth  of 
tfte  decks  and  keel,  ttofany  permanent  patting  of  the 
butts  of  the  plonks.     l%is  comparison,  dierefore, 
brings  the  question  rest^ecting  the  general  Utility  of 
(SbKque  riders  into  a  very  narrow  compass ;  and  We 
have  only  to  enquire  in  what  way  it  is  most  usual 
for  ships  to  exhibit  symptoms  of  weakness,  in  oiider 
to  decide  it.    Now  it  will  appear  that  in  cases^  of 
arching  in  general  some  of  the  butts  df  the  planks 
are  always  found  to  have  parted  aloft,  at  the  same 
time  that  the  angular  position  of  some  parts  of  the 
structure  has  as  uniformly  been  more  or  less  altered ; 
<ud  very  genchtfly  a  certaiti  degree  of  sliding  !»  ob^ 
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ssrvable  fal  the  plAnkS,  At  t)»  sidftS  of  SOnM  df  HW 

ports* 

It  Appsarsi  th^rsf^M,  t0  be  sufficiently  established 
that  the  principle  of  employing  oblique  thnberS  iS  A 
good  one*  provided  it  b^  so  applkd  as  to  produ^ 
no  pracititiAl  inconvsni€nee<  We  must  nsAt  enquir<i 
whether  Sir  R.  Seppings  has  introduced  it  in  a  manne# 
likely  to  be  el^ectual,  and  not  liable  to  AUy  materiAl 
objections.  He  places  on  the  sides  of  a  seventy •^foUf 
gutt  Ship  stfverAl  series  of  oblique  brsees,  princi- 
pAlIy  between  the  ports,  in  ^S  place  of  the  internal 
planking,  mAking  AA  Angl«  6i  AbbUt  tWenty-four 
degrees  With  the  deeks,  eOAststrng  of  plAnkS  httt 
inches  Hiiek  and  about  eleven  Wide^  C6Aked  and  bolted 
to  the  timbers,  and  Abutting  agjaknt  upright  pieees 
simiTaHy  fastened.  Now  it  follows,  from  what  has 
already  been  stAted,  that  these  pieties  have  about 
four-fifths  as  much  effect  in  co-opetAting  with  tiie 
neighbouring  parts,  Whith  act  horizontally,  as  if  they 
had  been  placed  in  the  sAnie  situation  With  themi 
even  on  me  supposition  that  t^e  relative  ucigUlAr 
situation  of  the  pieces  is  unalterAbly  fixed ;  but,  fof 
preventing  the  AlterAtion  of  this  situAtion,  ther^  ^ 
no  doubt  of  their  being  very  AdvSutAgeously  ArrAng^^ 
SO  fAr  as  their  strength  Is  sufficient ;  and  tke  existence 
of  a  fliudency  to  such  mt  alteration,  in  a  Very  mAte*' 
riAl  degree.  Appears  to  be  altogeUier  IndispUtAble* 
Below  the  gun-deck,  the  oblique  timbers  are  ootiF^ 
siderably  stronger.  Although  they  act  under  f^vteHi^ 
stances  somewhat  tess  ftiVourAbltfi 

Having  thus,  vVith  tiie  assistance  of  D^^  Y^w^f 
ftiUy  eluddaled  Sir  Biobert  S^ppiAgs^s  mods  <if  eMk 
stmcting  large  vesssis*  wei  should  be  wontiflg  in 
justice  to  this  improver  of  oof  SfAVy  did  We  omit  t6 
ndtiee  his  Admirable  pApef  "ott  A  new  principle  of 
constrttcttttg  ships  in  the  ttercAUtile  servilte."  Aftdi 
first.  As  to  the  prineiplS  on  which  merCAUtHe  shIpA 
are  At  present  built,  And  pArticUlArly  AS  regards 
putting  together  their  ribs  of  frdlnes,  and  thef  arrange^ 
ment  of  the  materiids.  In  Ibrmhig  the  ftames  dT 
ribsi  half  of  the  timbers  only  are  uniti^  so  as  to  eon* 
stitute  any  part  of  m  Arch,  dv^ry  alteHaat^  coUpto 
being  connected  together,  th^  mtermediatd  two' 
timbers  (termed  fiUings)  being  unconnected  With 
each  other  and  merely  resting  upon  the  outer  ptattlt^ 
ing,  instead  of  giving  support  to  it.  Now,  it  mast 
be  very  evident  that  ships  so  constructed  cAn  by  nd 
means  possess  equal  strength  with  those  that  iMtV6 
the  whole  of  their  timbers  formed  into  Ifames  iff 
arches.  This  loose  pnK:tfce  is  pe<:uliAr  to  the  English 
merchant-ship  bulkier ;  and  indeed  was  pursued  till 
very  lately  even  in  his  majesty's  navy^  While  1^  pM^*^ 
ferable  system  of  connecting  the  ribs  WAS  CohaMM 
to  other  maritime  powers*. 

The  principte  of  uniting  tte  fiHuneS,  laSely  itttro- 
dtfced  in  Ae  cbnstrtMtion  of  feiglUh  ships  of  mff 
might,  no  doubt,  be  also  intrdduced  into  Uie  UHjr- 
dantile  nAvy,  Which  Would  give  to  tiie  ships  ki 
that  employ  Additional  stTetfgA  and  mcreased  duTA'- 
biltty.  Without  addl£^  to  the  expense  of  buftdlAgr 
But  the  present  mode  of  joining  together  the  s^tersi 
pieees  of  the  same  rib  is  also  highly  objectio*^ 
able.  It  is  done  by  the  introduction  of  a  tllM 
piece,  technically  tersaed  a  dIUdk  or  wedge^pieei,  of 
which  pieces  the  number  amounts  to  upwards  of  459 
in  a  seventy^four  guii«^llip,  and  not  fewer  than  thai 
number  in  an  IncRamAn  of  120a  tonS.  Of  thesd 
chocks,  not  one  in  100  is  ever  replaced  in  thA 
geuffral  repair  of  A^shdp}  for  ^MfVfliie  net  diily  found 
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defectiTe,  but  very  generally  to  have  communicated 
Uieir  own  decay  to  the  timbers  to  which  they  are 
attached,  fieftides  this,  the  grain  of  the  rib-pieces 
being  much  cut,  to  give  them  Uie  curvature  required, 
has  a  considerable  share  in  weakening  the  general 
fabrict  That  they  occasion  a  great  consumption  of 
materials  b  obvious,  as  the  ends  of  the  two  rib-pieces 
must  be  cut  away,  and  then  be  replaced  by  the 
chock. 

This  mode  of  putting  together  the  frame  is  also 
peculiar  to  the  English  ship-builder ;  and  Sir  Robert 
says,  "  I  find,  from  an  old  work  in  my  possession, 
dedicated  to  George  I.,  that  the  practice  was  intro- 
duced in  the  construction  of  English  ships  about 
the  year  1714 :  and  having  heard  that  so  unfriendly 
to  it  was  the  builder  (Mr.  Naish)  of  the  Royal  Wil- 
liam that  he  refused  to  adopt  it,  and  being  desirous 
of  ascertaining  the  fact,  when  that  ship  was  taken  to 

Sieces  at  Portsmouth,  in  1813,  I  found  that  she  was 
uilt  without  the  wedge-pieces  or  chocks,  to  which, 
m  a  certain  degree,  I  ascribe  her  strength  and  dura- 
bility, her  ribs  being  by  her  structure  less  grain-cut, 
and  for  want  of  chocks  less  liable  to  decay  in  those 
parts  where  they  are  inserted." 

Another  great  defect  arismg  out  of  the  present  plan 
of  constructing  mercantile  slups  is  that  the  ends  of 
the  lower  ribs,  or  timbers,  commonly  termed  the 
lower  futtocks,  are  not  continued  across  the  keel,  so 
that  no  support  is  given  in  a  transverse  direction 
when  the  ship  touches  the  ground,  nor  any  aid  to 
counteract  the  constant  pressure  of  the  mast.  This 
great  sacrifice  of  itremgth  and  titf^ty  is  made  for 
no  other  purpose  than  that  of  giving  a  passage  for 
the  water  to  the  pumps. 

The  floor- timbers,  which  by  this  mode  of  construc- 
tion are  the  onlv  timbers  that  cross  the  keel,  are  also 
weakened  for  the  same  purpose.  This  mode  also 
makes  the  conveyance  of  the  water  very  uncertain;  for 
the  passage  is  not  unfrequently  choked,  and  the 
pumps  (from  its  not  being  practicable  to  continue 
them  sufficiently  down)  always  leave  from  six  to 
eight  inches  of  water  in  the  ship;  so  that  these 
compartments  constantly  contain  a  certain  quantity 
of  putrid  bilge  water,  offensive  and  injurious  to  the 
health  of  those  on  board. 

The  deficiency  of  strength  causes  also  an  alarming 
insecurity  in  the  plank  of  the  bottom,  as  shown  at 
that  part  termed  the  garboard  strake,  which  conse- 
onently  has  no  other  fastening  to  the  general  fabric 
than  its  connection  vrith  the  keel :  hence  it  is  obvi- 
ous that,  in  the  event  of  the  keel  being  disturbed,  the 
garboard  strake,  from  its  bebg  attached  to  it,  must 
■hare  the  same  fate  as  the  keel,  and  in  that  case  the 
lois  of  the  vessel  would  be  inevitable. 

To  obviate  these  serious  defects  is  Sir  Robert's 
principal  object.  By  the  principle  he  recommends  the 
component  parts  of  each  rib  are  of  shorter  length 
and  less  curvature,  and  consequently  less  grain-cut ; 
they  are  also  more  firm  and  solid  by  die  substitution 
of  coaks,  or  douels,  for  chocks  or  wedge-pieces ;  and 
the  mode  of  connecting  the  lower  timbers  is  better 
adapted,  in  the  event  of  a  ship  grounding,  to  give 
•u^ort  and  strength  to  the  fiibric. 

^The  plan  of  connecting  die  ends  of  the  timbers  by 
circular  douels,  or  coaks,  is  simply  that  which  has, 
from  time  immemorial,  been  practised  to  unite  the 
fellies  of  carriage- wheels ;  and  we  learn  from  Mr. 
Wood  that  the  same  method  has  been  observed  in 
joining  together  the  separate  pieces  of  the  shafts  of 


the  stone  columns  in  the  nitnt  of  Balbcc.  ^ 
more  of  this  great  edifice  (says  this  author)  remains 
than  nine  lofty  columns  supporting  their  entmblature. 
It  is  remarkable  that  the  shaft  of  these  columns 
consists  of  three  pieces  most  exactly  joined  together 
without  cement,  which  is  used  in  no  part  of  the 
buildings,  they  being  strengthened  witk  trom  pirn 
received  into  a  $ockei.  How  much  this  method 
contributed  to  the  strength  of  the  building  b  re- 
markably seen  in  the  most  entire  temple,  where  a 
column  has  fallen  against  the  wall  of  the  cell  with 
such  violence  as  to  beat  in  the  stone :  it  fell  against 
and  broke  part  of  the  shaft,  while  the  joimimgt  e/ 
the  same  eh^t  have  not  been  ta  the  least  opened  bf  the 
shock. 

That  the  frame  of  the  Talavera,  which  b  buiR 
on  this  principle,  is  superior  in  point  of  strength 
to  a  frame  constructed  on  the  common  system,  b 
fully  established  by  a  report  from  the  oflScers  of  hb 
majesty's  yard  at  Woolwich  to  the  Navy  Board,  who 
directed  them  to  compare  the  strength  of  the  frames 
so  united  with  those  of  the  Black  Prince,  coostnicted 
in  the  usual  way  with  chocks  or  wedges. 

It  may  be  necessary  to  observe  that  the  frame  of 
the  Talavera  is  composed  of  small  timber,  hitherto 
considered  applicable  only  for  the  frames  of  frigates. 
Sir  Robert  was  prompted  to  attempt  the  introduction 
of  the  plan  on  which  she  is  built  from  there  being  a 
surplus  store  of  small  timber  in  the  yard,  and  from  a 
conviction  that  a  well-combined  number  of  small 
timbers  might  be  made  equal,  if  not  superior,  both 
in  strength  and  economy,  to  the  large,  overgrown,  and 
frequently  grain-cut  materiab,  made  use  of  in  con- 
structing the  frames  of  large  ships ;  and  the  result 
has  shown  the  correctness  of  the  principle,  the  adop- 
tion of  which  cannot  fail  to  prove  of  great  national 
advantage  in  the  application  of  sloop  timber  to  the 
building  of  frigates,  and  of  frigate  timber  to  ships  of 
the  line,  whenever  larger  timber  cannot  be  procured. 
On  this  principle,  also,  may  frigates  and  small  ships 
of  war,  or  merchant  vessels,  be  built  of  straight  fir, 
without  the  assistance  of  oak  or  elm,  which  were 
formerly  employed  to  give  the  necessary  curvature  to 
the  sides.  As  it  respects  the  general  safety  of  the 
ship,  it  may  be  proper  to  state  Uiat  the  timbers  uni- 
formly cross  the  keel ;  that  the  frame  of  the  ship  b 
filled  so  as  to  form  one  compact  body  to  the  heij^t 
marked  k,  plate  III.  figs.  1  and  2 ;  and  that  only  cer- 
tain internal  streaks  of  plank,  or  thick  stnfiT,  as  it  b 
termed,  are  introduced,  which  are  those  on  the 
joints  of  the  timbers,  for  the  purpose  of  giving  strength 
where  every  alternate  timber  necessarily  joina,  as 
shown  at  I,  fig.  2.  All  the  rest  of  the  inner  planking 
may  be  omitted,  and  dunnage  battens  brought  in  a 
perpendicular  direction  upon  the  timbers  btSnen  the 
plank,  as  shown  at  m,  forming  regular  spaces  between 
each,  as  b  usual  at  present  t^Mm  the  plank,  thereby 
giving  an  increase  of  stowage  in  jpropordon  to  the 
thickness  of  the  plank  omitted.  Water-coursea,  as 
shown  by  dotted  lines  at  a,  are  to  be  left  in  the  joints 
of  the  timber  under  the  plank,  for  the  purpose  of  con- 
veying the  water  to  the  pumps,  which  by  thb  plan 
will  reach  below  the  water,  instead  of  being  some 
inches  above,  as  b  the  case  with  the  present  mode 
above  described ;  consequently,  by  the  proposed  sys- 
tem, no  stagnant  water  will  remain :  and,  furdier, 
the  timber-passage,  or  water-course,  will  be  out 
smooth  uniform  channel,  which  can  be  cleared  with 
ease^  should  it  be  required,  whenever  the  hold  b 
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itowed;  whenas,  at  prMent,  it  U  accessible  in 
places,  and  forms  compartments  of  putrid  water, 
without  there  being  any  means  of  removing  it. 

Passing  from  the  important  improvements  in  the 
framing  of  the  hull  which  have  originated  with  Sir 
Robert  Seppings,  we  have  next  to  examine  Captain 
Schanck's  suggestions  for  a  sliding  keel.  The  speed 
of  a  vessel  does  not  depend  so  much  upon  the  form 
of  the  bow  as  it  does  on  the  depth  to  which  it  is  im- 
mersed in  the  water.  Captain  Schanck  has  stated,  very 
properly,  that  in  the  case  of  a  frigate  drawing  seven- 
teen feet  water,  and  another  frigate  of  the  same 
'  burden  drawing  only  eleven  feet,  the  latter  will  have 
a  body  of  six  feet  less  fluid  to  divide,  opposing  only 
one,  two,  or  three  keels,  as  may  be  found  necessary, 
to  make  her  hold  a  good  wind,  while  the  former  has 
six  feet  perpendicular  depth  of  her  hull  depressed, 
being  about  one-third  of  her  real  size.  It  follows, 
therefore,  that  she  has  a  body  of  water  to  displace,  and 
force  herself  through,  equal  to  the  difference  between 
eleven  and  seventeen ;  when  it  is  considered,  in  addi- 
tion to  this,  that  the  resistance  of  the  fluid  rapidly 
increases  in  proportion  to  the  depth  it  is  acted 
against,  the  disparity  is  almost  incredibly  increased. 
North-country-built  vessels,  or  those  in  the  coal- 
trade,  are  a  strong  proof  of  this  observation.  These, 
in  general,  draw  one-third  less  water  than  any  other 
vessels  of  British  construction ;  yet,  when  employed 
as  transports,  they  are  generally  found  to  sail  as  fast 
as  any  others ;  aiid  when  going  before  the  wind  in 
ballast,  or  half  loaded,  frequently  beat  the  ships  be- 
longing to  the  royal  navy.  When,  however,  they 
are  close  hauled  on  a  wind  they  will  drop  to  leeward ; 
but,  were  they  furnished  with  sliding  keels,  it  is  most 
likc^  that  they  would  have  the  advantage  over  all 
other  vessels.  The  Dutch,  who  bestow  little  pains 
in  making  their  trading  vessels  sail,  are  nevertheless 
fortunate  in  this  respect ;  for,  when  they  are  light, 
they  sail  fast  before  the  wind,  owing  to  their  small 
draught  of  water.  They  have  also  other  vessels 
built  almost  totally  flat,  such  as  pilot  boats,  yagers 
for  carrying  the  first  herrings  to  market  from  Shet- 
land, and  pleasure  yachts.  All  these  have  lee-boards, 
by  Uie  assistance  of  which  they  sail  as  fast  as  the 
generality  of  those  which  navigate  the  Northern 
Seas.  These  hds  are  manifestly  in  favour  of  flat- 
floored  vessels  and  sliding  keels. 

In  regard  to  the  sailing  trim  of  a  vessel,  it  is 
tbe  decided  opinion  of  most  scientific  men  that 
abipe  of  the  larger  classes  should  always  be  so 
constructed  as  to  sail  on  or  nearly  on  an  even  keel, 
that  is,  so  that  the  ship,  when  trimmed  for  sailing, 
should  have  her  keel  parallel  to  the  surface  of  the 
water;  therefore  by  as  much  as  the  effort  of  the 
wind  on  the  sails  and  masts  in  forcing  the  ship 
through  the  water  has  a  constant  tendency  to  de- 
press the  bow,  so  much  should  the  ship  be  trimmed 
by  the  stem,  as  that  will  be  found  most  advantageous 
both  to  their  sailing  and  steering. 

It  is  a  point  too  well  known  to  every  person  con- 
Tcrsant  in  naval  architecture  to  need  explanation  that 
the  different  constructions  of  vessels  will  occasion  a 
considerable  variance  in  the  quantity  which  those 
actually  of  the  same  measurement  will  carry.  Ships 
built  sharp  forward  and  aft  lose  a  considerable  portion 
of  stowage;  while  some  vessels  have  the  floor  so 
straight  throughout  the  whole  of  their  leneth  that  by 
looking  down  in  the  holds  of  one,  and  of  the  other, 
the  di&rence  is  easily  discernible  by  the  eye.  For  this 


reason  it  is  impossible  a  true  measurement  ever  can 
be  made ;  and  the  assertion  may  be  regarded  as  trua 
that,  notwithstanding  all  which  the  respectable  and 
learned  men  of  different  nations  have  written  on  the 
subject,  no  certain  method  will  ever  be  discovered  of 
ascertaining  the  true  capacity  of  vessels,  until  they 
shall  be  built  with  a  greater  resemblance  to  each  other, 
even  in  the  upper  works,  as  well  as  in  the  lower  part 
of  the  hull.  It  has  frequently  been  observed  by  of- 
ficers, and  others  who  have  had  occasion  to  inform 
themselves  practically  on  the  subject,  that  many 
ships  of  the  same  measurement  will  not  take  in  nearly 
the  quantity  they  are  estimated  to  carry;  while  others, 
exclusive  of  the  quantit}'  of  goods  or  stores  whidi 
their  constructors  allotted  to  tibem,  can  receive  a  still 
greater  cargo,  and  carry  it  with  ease.  It  has  been 
observed,  too,  that  if  sharp-built  vessels  are  at  any 
time  capable  of  containing  me  amount  of  their  calcu- 
lated tonnage  they  are  never  able  to  carry  it  with  the 
same  ease  as  vessels  of  flatter  construction,  in- 
asmuch as  their  form  forward  and  aft  will  inevitably 
occasion  their  pitching  and  shipping  water.  This 
inconvenience  has  been  observed  to  proceed  invariably 
from  the  cause  just  assigned ;  for  a  sharp-built  ship 
sinks  under  its  cargo  so  fast  t^at  by  the  time  it  comes 
to  its  bearings  it  is  frequently  not  nearly  loaded.  Those 
which  have  flat  and  long  floors,  on  the  other  hand, 
sink  slowly ;  and,  after  having  taken  in  the  quantity 
they  measure,  will  frequently  have  plenty  of  room, 
and  remain  high  out  of  me  water :  so  that  it  has  hap- 
pened, not  only  that  an  additional  cargo  has  been 
taken  in,  but  that  when  two  vessels  of  the  same 
measurement,  but  of  contrary  construction,  have 
been  laden  at  the  same  time,  the  flat-floored  vessel 
has  been  enabled  to  carry  what  was  necessarily  re- 
jected by  her  companion;  and,  after  taking  on  board 
the  whole  of  her  additional  cargo,  still  continued  in  the 
best  state  of  trim.  It  appears,  indeed,  to  be  the  opinion 
of  many  ingenious  navisLl  architects,  and  of  Captain 
Schanck  in  particular,  that  one  of  the  first  desi- 
derata in  the  improvement  of  the  art  of  ship-building 
would  be  to  try  experiments  on  the  general  use  of 
long  flat  floors,  which  are  supposed  by  many  to 
promise,  under  certain  regulations,  the  most  exten- 
sive advantages. 

The  only  objection  that  can  be  advanced  against 
this  system  is  the  inaptness  of  a  flat-floored  vessel  to 
hold  a  good  wind,  a  difficulty  which  may  be  entirely 
removed  by  the  adoption  of  sliding  keels,  provided 
they  are  found,  on  more  critical  enquiry,  to  answer 
the  intended  purpose,  without  occasioning  injury  to 
the  vessel  or  material  inconvenience  to  the  mariners. 

In  1663,  Sir  William  Petty  constructed  a  double 
ship,  or  rather  a  single  ship  with  a  double  bottom* 
which  was  found  to  sail  considerably  faster  than  any 
of  the  ships  with  which  it  had  an  opportunity  of  being 
tried.  Her  first  voyage  was  from  Dublin  to  Holy- 
head ;  and  on  her  return  "  she  turned  into  that  nar^ 
row  harbour  agsdnst  wind  and  tide,  among  rocks  and 
ships,  with  such  dexterity  that  many  ancient  seamen 
confessed  they  had  never  seen  the  like."  This  vessel 
with  seventy  more  was  lost  in  a  dreadful  tempest. 

This  subject  was  again  revived  by  Mr.  Gordon* 
in  his  Principles  of  Naval  Architecture,  printed  at 
Aberdeen,  anno  1784,  where,  having  delivered  his 
sentiments  on  the  construction  of  large  masts,  he 
says :  "  These  experiments  likewise  point  out  to  us 
methods  by  which  two  vessels  may  be  laterally 
connected  together,  though  at  a  considerable  distance 
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from  e>d>  other,  in  «  pwmet  ■ufficUptl)'  strpngr 
sitii  vwy  little  increMC  of  weight  or  eipensfl  of  m«- 
teriali,  tad  ivitkout  eipaiing  much  aoititce  to  th* 
sctioD  or  influence  of  the  wind  or  Hi£  wsvgs,  or  ob- 
jtruciiug  their  (notion  in  my  comidenble  depet, 
V>i  conwquently  without  being  much  oppowd  by 
them  on  th«t  ucount  under  any  circumatancM ;  aqd 
if  vcHseU  are  judiclouBly  coiutructed.  with  a  view  to 
Hpch  «  joncttire,  it  would  be  no  easy  iSMtter  to  eqn- 
piertte  all  the  sdviuta^  th«l  nay  be  obtaioed  by 
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qoantity  of  tvl ;  and  altbongji  the  Teu4  on  Ac  <)' 
conatraction  had  l««bo«rd*,  a  freater  quantity  of 
balla«t,  and  two  Thames  pllote  aboard.  7«t  Captain 
Schan^k'B  veiMl  with  three  sliding  keel*  beat  tbtMber 
vesiel,  to  tbeastoiiishiiiemofaUpreKnt.  pnchalfc' 
the  wbole  distance  aailedi 

The  atteation  of  the  raailer  liaa  UtJiatD  t*m 
directed  almoft  eiclowvely  to  fi^  form  of  the  Teaid 

:  may  luxt  ootic*  the  preparatioa  of  tbe  timbtra, 

Mr-  Hookey  hat  inventad  a  mode  of  beBdiw  tbe 
timber!  of  a  iarp  ve»>el  wbieh  promiaes  to  be  of 
great  practical  utility.  It  ii  intended  principally  lor 
Uie  preparing  of  floor-timbera.  fattocka,  brcaal-boakfi 
loiu;  rider*,  beams,  and  knee*. 

In  tiit  building  of  a  serenty-foor-nu  abip  on  Ur- 
H''*  plan,  >  paling  will  be  made  of  mwiy  bvndred 


be  bent,  as  shown  by  tbe  line  in  the  differ- 
ent timbera,  which  preatly  increase*  the  power  if 
bending  it,  and  permit*  the  one  part  to  slide  over  the 
other,  ao  u  to  Leasen  the  tear  of  the  diff««Dt  pcita. 
which  are  afterward*  lecured  together  by  bolta  paaatd 
through  th«a,  and  may  be  itill  farther  it)^e4  by 
additional  ^ecei  let  into  them- 


Thn*  then  it  appears  that  a  veatel  drawipg  eight 
1^  water  only,  keeU  and  all,  might  be  made  to  keep 
as  good  a  v\ai,  or  be  U  little  liable  to  be  driven  to 
leeward,  aa  th«  sharpest  built  yesfel  of  the  same 
length  drawing  ten  or  fifteen,  if  a  few  more  keels  were 
added,  at  the  same  time  that  she  would  be  little  more 
reeisted  in  moving  \n  the  line  of  the  keels  than  a 
vessel  drawing  six  feet  water   only,     ""         '     ' 


«vei«et,  and  thereby  enable  her  toxarry 

Thia  plan  hw  been  put  into  execution  by  Captaii 
Sehuick,  with  diis  difference  only,  that,  instead  of  the 
keels  being  flted  as  proposed  by  Mr.  Gordon,  Cap- 
tain Schanck  constructed  them  so  as  to  slide  down  to 
a  certain  depth  below  the  bottom  or  to  b«  drawn  up 
within  the  ship,  as  occaf  ion  might  rei|vire. 

f^ptun  Schanck  having  communicated  his  plaa*  to 
Oie  Navy  Board,  two  vei«eli  were  in  coote^uenoe 
mdered  to  be  built  of  thirteen  tons  each,  and  similar 
in  dimensions,  one  on  the  old  conatrvcUon  and  the 
other  flat- bottomed,  with  sliding  keel*.  A  compara- 
trre  trial  in  presence  of  the  commissioners  of  Uie  navy 
was  made  on  th«  fiver  Thames,  each  having  tHe  «ane 


showing  ti , .  .     ...     ...  .  , , , 

ttw  ciunUai,  by  the  joint  wtiea  of  which  the  ti»b|ip 
are  forcwl  into  th*  r«]iu*it<  curves,  to  anit  which  te 
blocks  mnst  be  pnnoualy  amogad,  as  wall  aa  Ar 
beams  which  support  them,  attd  vbicli  v*  ao  b»- 
otged  a*  to  form  bottrawai  t«  prevent  tlie  bloaka 
from  shifting  their  place*  in  the  act  of  baadwg  t)ie 
timben,  and  th«  whole  ia  Mcnnly  imited  tagethar  W 
iron  bands. 
Having  pointed  ont  some  importaiit  inpnmnvts 
th«  construction  of  ve*«eU,  w*  may  pow  dirtct  tm 
iden'  attention  to  the  means  of  preecrni«  thtP 
and  their  crews  front  the  most  fatal  of  all  octwr<»«»^ 
namely,  their  /owderny  at  sea- 
Many  auKgestiona  have  been  offered  Ipr  thia  f^H 
pose,  but  there  appean  but  one  at  all  fitM  for  Ob 
intended  object  and  that  i*  foimdad  on  the  OMrnag 
law  of  nature  that  whatever  ia  iptciiically  liriAr 
than  the  <)uaotity  of  water  which  itaowa  lmU(  wiU^ 
place  by  immeraion  will  swim,  a  position  eaanfliM 
in  a  variety  of  ways.  For  tbe  invention  to  which  V* 
refer  the  CQunby  u  indebted  to  a  very  di*tWflai4>ed 
acientifiq  individual  named  Watson,  who  bia  gratis 
itoual;  devoted  himself  to  the  snbjact  from  ponlj  fki- 
Ian thropio  motive*.  This  important  iavoitioB  ooum^ 
in  tbe  employment  of  tube*  made  of  copper  of  acyte- 
drical  form,  termioatiDg  at  each  e>tnnity  l^  cmkv 
or  (emi-|lebulw  endt ;  tha  whole  t^  be  bamtiwdlr 
saaledl  and  to  contain,  in  niimbar  and  c*MciQ,a 
bulk  or  quantity  of  atmoeplkent  tif  mtm,  tf  ik 
diaplvtemeot  of  water,  ta  cowtarbttvw  tfwtMftw 
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portion  of  II16  wvlgIA  ot  ffpMiftie  giwit)'  4if  '^ic  ftUp 
and  Iwr  eooteats  wluch  otberwise,  m  OMi»  of  \Mk 
ttnd  the  ship  filling  tdth  water,  OMSlM  )i<r  to  Mk. 
It  is  designed  to  plaoe  Hit  'ttlkty-^Jtib^B  In  l!he  Bpoces 
between  the  besnis  <f(  tbe  dedcs^  ilso  between  the 
timbers  or  ribs,  the  ebeftf^pieoeB,  and  the  f>la«king» 
>aikd  in  all  other  places  below  tfatt  decks  w£idi  SMy 
be  iSitB  occupied  withont  incon^renienee. 

From  presenting  a  unifoHn  ^^umlar  •surfwe»  -the 
«ifetf-tdbes,  wlien  iin]ner8ed>  wwild  be  petlbctly 
-necnre  against  the  weight  or  prass^Hv  d  the  water  ( 
aiMl,  ftom  'spKflAmg  their  bnof antpower  ofoallfovtr 
the  idktAe  mgeof  the  Mp'^  oeirnnl  decfcs>  Hkey,  in 
liw  event  of  t^  ship  ffiMng,  are  cnlenXated  to  preserve 
iier  eqnitibilvtt  or  centre  of  gravity.  With  vegaid 
«o  that  pot  of  the  hnU  of  tfM  ship  whiiA  wioM,  in 
case  of  filling  from  leak,  become  submerged,  it  is  #b- 
"^noan,  from  the  tkBl>er  of  which  it  is  oomposed  Mng 
-epeeifteany  fighter  liian  water,  that  the  hoM  itaeK 
^prooM  net  *oidy  floaft  withont  llhe  aM  of  (die  l9kibes» 
tmt  ^rould  support,  in  that  position,  a  oeaaidtnible 
incumbent  weight. 

iSewtiml  of  the  articles  00  board  ah^e  of  warnoder 
the  head  of  provisions :  namely,  water,  wine,  spirits, 
8cc.,  when  immersed^  produce  00  tendency  to  sink 
the  ship,  but  on  the  oontrarv,  from  being  of  less 
specific  gravity  than  the  sea,  uiey  afford  an  assisting 
buoyancy;  and,  although  oome  of  the  remaining 
pitrnsions  are  to  a  certain  degree  heavier,  the  greater 
part,  together  with  the  casks  (with  the  exception  of 
the  hoops),  are  lighter  than  sea  water;  hence  it  fol- 
lows that  a  very  immaterial  difference  of  weight 
exists  between  the  specific  gravity  of  the  nrovisioas 
and  that  of  the  aea»  in  the  eveirt  of  their  snbmersion. 
The  matertsl  wttght  wlndi  the  ''safety  tubes''  would 
have  to  support  in  case  of  the  ship  fitting  consists  in 
the  various  metallic  substances  used  in  the  building 
of*  and  those  contained  within  the  ship:  namely, 
the  guns,  the  shot,  the  chain  cables,  the  pumps,  the 
ballast,  die  tanks,  the  gallery  apparatus,  the  bolts, 
nails,  and  other  iron  works,  together  with  the  ma8ts> 
yards,  and  rigging;  but  as  several  of  these  substances 
would,  in  ease  of  &e  ship  filling,  become  immersed, 
so  vronld  their  weight  also  be  reduced  to  an  extent 
eoual  to  the  weight  of  the  bulk  or  volume  of  water 
which  they  would  displace. 

These  counteractions  to  buovancr,  which  are  the 
inseparable  appendages  of  a  ship  of  war,  exist  in  a 
vety  liaslted  degree  on  board  a  merchant  vessel ;  and 
0M  in  most  cases  a  portion  of  die  cargoes  of  merchant 
▼esseb  is,  upon  immersion,  known  to  be  specificallj 
lighter  than  sea  waiter,  and  as  the  getterality  of  their 
cargoes,  when  immersed*  are  not  very  materially 
heavier  than  the  bodjr  or  volume  of  sea  water  thev 
would  displace,  it  follows  that  a  comparatively  small 
quantity  or  bulk  of  atmospheric  air  would  be  fimnd 
requisite  to  keep  vessels  of  this  description  afloat,  in 
the  event  of  their  filling  with  water. 

Hence»  from  the  aggregate  weight  or  specific  gra- 
vity of  the  ship  and  her  contento  (whether  a  ship  of 
war  or  a  merchant  vessel)  being  so  materially 
diminished,  when  immersed,  a  sufficient  bulk  or  quan- 
tity of  atmospheric  air,  contained  vHthin  the  safetv- 
tabes,  the  extent  of  which — reduced  by  a  perfectly 
correct  arithmetical  calculation  for  every  size  and 
description  of  ship— can  readily  be  placed  in  the 
parte  referred  to,  bo  as,  in  case  of  the  ship  filling,  to 
seep  her  afloat  wiUi  her  main  deck  above  the  sunace 
ofdieaea.    80  gieet,  indeed^  would  be  die  di^laoe« 


mettt  of  water,  «»d  consec)uefit  reduction  isf^i^eettc 
gravity,  that  even  an  eighty-gun  shtp,  W^ien  im- 
mersed from  leak,  would  not  require  the  applicatieii 
of  safety-tubes  more  dian  sufficient  to  support  340 
tons  of  ite  immense  weight. 

The  appEcation,  therefore,  of  diis  sim^  principle 
to  the  dedcs  of  aliips,  maidng  them,  in  case  of  die 
ship  filling,  repose,  as  it  Were,  upon  air-^Dled  tube*, 
must  effectually  prevent  the  possibiiU;^  of  a  ship 
foundering  at  sea. 

With  regard  to  the  bj^stmode  of  applyi]%  dietubes, 
it  may  be  proper  to  state  that  they  are  plaioed  agaiaet 
the  timbeni  and  beams  which  constitute  -(like  Hhe 
bones  withrefert nee  to  animal  life)  the  wh(de  strength 
of  the  Mp,  and  under  those  strong  holds  or  festenings 
wlMoh  spread  oirer  die  whole  range  of  the  shjjpk  in  three 
distinct  divisions,  widening  Where  weight  accumu- 
lates and  dininMi^  where  weijjht  decpaaeses?  ih- 
deed,  had  the  safety*tubes  been  the  first  invention  of 
the  mind,  and  had  the  sh^>  been  required  to  be  sui^ 
to  the  reception  of  the  tubeSf  the  general  ooastruction 
of  the  ship,  according  to  ite  present  buiM,  could 
scarcely  have  been  better  adapted  to  the  object  now 
proposed.  Their  lMt«ngement  will  however  be  better 
understood  by  a  reference  to  plai9  III.,  Jigi.  3  and  4, 
Natal  AacHiTBCTuan,  In  wfaidi  a  vkw  is  given  Of 
the  vessel  with  her  safety  •tiAyes.  Thef  are  repre- 
sented as  placed  beaeadi  the  decks  at  a  a,  and  a  aimi- 
lar  series  protecting  di6  eides  ure  f^own  ^  h,  thui 
taking  off  dK  strain  which  would  odierwise  cause  the 
v^Mefto  "  blow  up"  on  her  ixing  eubmergedw 

This  will,  however,  be  placed  &  a  dearer  pohit  of 
view  by  the  follovring  itatcment,  sfaowiBg  the  acting 
and  counteiuding -effect  of  weight  and  bno^cy  upon 
an  eighty-gun  ship  fitted  widi  tubes  of  this  descrip- 
tion, suppt^sing  die  immersion  to  take  piaoe  in  eou- 
sequenceofaladt. 

Weight  qfiht  BmIL 

TiMBaB,Oak.4^«tOUttM.perft.lM7   *   OS 

Ebn*  MoTsS    *-*•    ausia 

' 1283  19  0  II 

6M74 

Mbtal,  Forg«  wotk  .      -       » 

Copper-boUs  tad  sheittihitig 
Sheafiiinff  mdU  and  co)^p«r 


-   9414  0  • 
011   d  i 


ig  nail 
^  deck  ditto  - 
Mtxtfd  m^Ul  nSili    - 
t!iSI-iron  eoakt    • 
Lead-      .      .      • 


•    f  II   e   0 

St9  e  e 


-*-  isa  II 0  0 


1449  13  0  11 
Weight  qf  the  S^'e  Conienti. 

IronbaUast  -  •  -  -  -880900 
Inm  tanks  -  ••  •  •*  *  49000 
OoBinideaitonidta  ^  -  -  ltd  0  •  # 
Powder  99  toaf.  shot  97  -  .  119  0  0  0 
AncbofS,  19  toes,  cluan  cables,  90  -  SB  0  0  0 
BOMpencabUs,98tOM,gimtaeltie,19  )9  0  0  # 
leasts  and  yards      -       -  ^BSOfO 

8a&s  10  tons,  rigging  snd  blocks  44  t4  0  0  0 
Boats  -  -  -  *  -  -  .  10  0  e  e 
Oallej  •  .  ^  .  •  •  TOOO 
OAcers*  foraitore  and  stores  -  -  8  0  0  0 
Boatswain's  stotes  9^  carpenter's  11, 

nnner's  4-  »  •  «  -94000 
Snip's  comp«ny,'700nien,  obestsand 

bedding  '^-       -       .      -        -     71    0   0   0 

-  98  0  i  0 
gsls.  wdgblng  with     ,.    .    ^   ^ 

•     IS   000 

8plrlto..l6S4 ditto  •>      8  10   9   0 

tinegar     TCO ditto       -     *      9  IS    1  If 

Water  860  tons  of  999gab.  each  •  815  0  0  0 
BteadmiOOlteMnlOObags  -  -  85  6  1  0 
Beef  son  piSMs Of  Slbs^eaiA,  wflli 

casks  -  -  -  -  .-16  9085 
Pork7350ditto       4tbf.(Stto      -     in  9   0  95 

Oeifiedefer      •      ol98l  Ht  4 


PreposedsafstiMabss 
Wine  . . .  SSOTgsls.  w( 
sssks 


Tmm.«wMF*  ^.T^'^'HF*)^ 


1381  14  0  4 


1441 


BnmghtOTer-* 

^RTtl^t  of  the  hun 
Welriit  of  ihip*!  eontenti   - 
Floor  MOwlfat.  in  eukt  weighing 

89551be       .... 
Baet    1838  Ibt.  ditto    6a71b«. 

lUiimt  3S75  Iht.  ditto    497     • 

Pea  306biMhel«  ditto  S760  - 
Oatmeal  88  hosheU  ditto  495  • 
Sngar  7350  Ibe.  ditto    1456    - 

Cocoa  4900Ibe.  ditto      990    - 

Teal8251ba.inchefltt.do.    1078     - 
Pieaenred  Meats       .       .       .       - 
Tobacco  5fXK)Ibfl.  in  cflkfl.do.l6801bi. 
Boap   9800  Iba.   candlea  1509  Iba.  in 

boxes  weighing  717  Iba. 
Coals  09  tons  wood  8 1 13  ewt  1  or. 

lOIbi 

Water   caski    156  tuns,     weighing 

empty    ••-.•• 


Total  weight  of  the  ship  and  her  contents     -  9966  If  0  14 
Diiplacement  qf  Wattr,  «poii  JflmMmoii. 

CmMcFmC 

Timber  in  the  buUd  of  the  ship's  hull  53474 
Deduct  for  timber  above  the  lerel 

of  the  main  deck  remaining  un* 

immersed,   consequently  a  dead 

weight,  say  ons-twelfth        -       -  4456 

49018 


NAVAL     ARCIIITECTUaE. 


11  3 

1  1 

1  9 

1  IS 

I  17 

096 

10  8 

1  0 

1  17 

0  19 

3  18 

9  14 

9  19 

9  10 

1  0 

9  7 

0  19 

9  0 

3  5 

0  0 

8  4 

3  7 

75  13 

1  10 

96  9 

1  4 

1598  19  0  3 

ToM.cwt.qr.  Vk, 


-    1416  18  I  96 


14   5  9  10 


which  49018  onbic  feet  of  tiabtr. 

when  immeised,  will  displace  a 

bulk  of  sea  water  equal,  at64|lbs. 

_per  cnbio  ffooC,  to  ... 
Metal,  100  tons,  in  the  buUd  of  the 

ship,  displacing  494  cubic  feet  of 

sea  water,  equal  to  .  .  • 
Space  below  the  main  deek,  oeen* 

pied  by  dtvers  articles,  which  upon 

the  hull's  immersion  from  leak 

would  dispteoe  34.000  cubic  feet 

of  sea  water,  equal  to  •       - 

The  ship's  supply  of  fresh  water 

renderad   inoperatiTO    upon  the 

bull's  immernon  firom  leak         •     315  0  0  0 


16  1   o 


f799   01    8 


Super-speciflo   gmrity,   or  ezcett 


987  11  3    6 


1  I    0 


51    9  199 


CkmiUeraeHon  of  the  Excea  Weight,  5y 

Meant  of  the  Safthf-iuhm. 

Safety-tobes.  containing  10,000  cubic 
feet  of  atmospheric  ur,  hermeti- 
cally sealed,  displacing*  the  like 
quantity  of  sea  water  upon  the 
huirs  immersion  from  leak,  equal, 
at  61|  lbs.  per  cubic  foot,  to        .      •      •       • 

Bxcess  of  bttoyancy,  which  may  be 
considerably  augmented  by  in- 
stantly cutting  away  the  masts, 
sails,  and  rigging,  and  by  throw- 
ing overboara  the  upper  deck 
gunsb  8ec       ••....•• 

That  the  ship's  eqninbriam  or  centre  oC  gravity,  in 
case  of  immersion  from  leak,  cannot  be  disturbed,  must 
be  apparent  when  it  is  considered  that  ail  the  principal 
weights,  vb.  ballast,  &c.,  would  continue  in  the  same 
part  of  the  ship  in  which  Uiey  are  now  put  to  keep  her 
upright  and  her  keel  sufficiently  low ;  and  that  the  only 
difference  is  that  the  air  is  to  be  confined  within  the 
safety-tubes,  in  order  to  support  the  ship  afloat  in 
case  of  immersion,  whilst  in  her  ordinary  state  of  sail- 
ing that  same  element,  which  is  actually  the  main 
cause  of  her  present  flotation,  freely  circulates  in 
the  whole  interior  of  the  ship. 

In  further  support  of  the  impossibility  of  the  ship's 
centre  of  gravity  being  destroyed,  it  should  be  ob- 
served that  the  safety-tubes,  which  are  thus  wholly 
above  the  greater  mass  of  dense  substances,  rise  in 
an  even  line  with  the  particular  weights  attached  to 
each  of  the  several  decKs,  which  consequently  have  no 


material  prepooderalin^  weight  above  tiienit  except 
the  upper-deck  guns,  with  the  masts,  yards,  and  rig- 
ging, most  of  which,  in  the  hoar  of  storm,  or  on  the 
ship  springing  aserere  leak,  would  in  all  pfobsbility  be 
instantly  Uirown  overboard,  and  thereby,  be  it  ob- 
served, a  considerable  elevation  of  the  ship  from  her 
state  of  immersion  would  instantly  enaoe.  Agpin. 
upon  the  ship,  in  the  state  of  immersion  frtim  kak» 
lurching  either  to  the  starboard  or  the  larboard,  it  is 
obvious  that  whilst  the  tubes  on  the  upward  aide  of 
the  ship  would  be  in  part  above  the  surface  of  the 
water,  and  to  a  certain  extent  go  oat  of  action,  the 
tubes  inclined  with  the  ship's  side  downwards,  from 
the  increased  bulk  of  water  above  them,  would  come 
into  more  powerful  operation,  and  prodoce  a  coon- 
teraction  tending  to  make  the  ship  inatantly  ri^ 
herself. 

For  the  purpose  of  affording  a  clear  Tiew  of  the 
value  of  the  tubes  as  applied  to  merchant  ships,  we 
add  the  following  statements,  with  reference  totwa 
of  their  principal  classes,  the  accuracy  of  vd&ich  mtj 
be  relied  on. 

EAST  INDIAMAN  op  1300  Tons  MsASuaaMBirr. 

Statement  ihowing  the  acting  and  counteractimg  fjfed 
ef  the  weight  qf  this  ihip,  when  imntenedfrvm  leak, 
and  fitted  with  the  proposed  eqfety-tubet. 


Weight  qf  the  HnU. 


TiMBBE,  Oak.  3Ce03  at&Sflbi.  per  It  910  19 


ewl.  ^ir.  I 

9 


Fir. 
Ehn. 


4075 
1911 


63    4 
31  19 


1  10 
S  10 


49S69 

MiTAt,  Forge  work  -      .      - 

Copper  bolta,  nails,  kc 

Copper  ahettlhing  and  aheath- 

Ingnaile     •       .       -       - 

Leaa,>boat         •      •      • 


lOOi    titi 


74    4 
97  10 


OST 


19 
S 


9 

0 


t 


0 

o 


110    49  0 

1190    0  191 


Weight  of  the  Sh^'e  Contenti. 

BaOaat,  guna,  ahot.  and  anehori       -  991   0 
Maata,  Tarda,  rigging,  booma,  apart, 

aaila,  Jtc.  -  -  -  -  -  907  0 
Shipwrights*  and  other  stores  -  *  *  £ 
Proviaions  -       -       -       -       -       •j*? 

Water »• 

Wood  and  coala         -       -       -       -   90    0 
Ship's  company,  chests,  and  bedding    19   0 

i  Lead,  copper,  and  iron     -  900   • 
OABeo,i  Private  trado      -      -       •  IS    f 

^  Broad  doth,  9000  bales     -^   J 
Proposed  safety-tubes       -      •      •   14  0 


0   0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 

0 
0 
0 
0 
0 
0 
0 
0 
0 


1004    00   0 


Total  weight  of  the  ahip  and  her  eoBtenta    -  9740   0  1  90 
Ditplacement  of  Water,  mpon  Jmmenum. 

Timber  in  the  build  of  the  ahip'a  hull  49509 
Deduct  for  timber  above  the  level  of 

the   mahi  deck   remaining  unhn- 

mersed,  conaec^oently  a  deaa  weight, 

say  one-twenUeth   -       •       -       -    9190 

40460 

which  40160  cubic  feet  of  timber, 
when  immersed,  will  displaoe  a  bulk 
of  sea  water  equal,  at  4l|  Iba.  per 
cubic  loot,  to  -       -       ...  1169  10  9  91 

SMce  bdow  the  main  deck,  ooevpied 
oy  the  cargo,  &c.,  which,  upon  ttie 
hull's  immersion  fk-om  leak,  would 
displaoe  48000  cubic  feet  of  sea 
water,  equal  to       -       -       -       -  1387  10  0    0 

The  ship's  supply  of  fresh  water 
rendered  inoperative  upon  the  hulTa 
immersion  from  leak      -       -       •    90   0  0   0 


Super-specific  gravity,  or  exeen  wtigifal     - 


OOff   0991 

;oo  79  0 


NAVAL     ARCUIT£CTUR£. 


881 


«irtv*^ 


.    164  10  0  90 


fli   99  16 


mernu  qf  iht  8t(fBiy-imbm. 

BaliB^-tiibet,  eonlaliiiiic  6000  enbio 
ISset  of  atmotpherie  aii;  hermetically 
■ealed,  dUplaeing  the  like  qaantity 
of  sea  water  upon  the  hull's  immer- 
■ton  from  leak,  equal,  at  6^1b8.  per 
eublc  foot,  to       -      -       -       -      «       • 

Bxeess  of  buoyancy,  which  may  be 
considerably  augmented  by  instantly 
cutting  away  the  masts,  sails,  and 
rigging,  and  throwing  orerboard  tiie 
gttltt,eCe«     ------- 

The  preceding  statement,  comprising  the  particalars 
of  an  actual  cargo,  demonstrates  the  successful  result 
of  the  calculation  with  reference  to  an  East  India- 
man,  laden  with  as  large  a  portion  of  dense  weight 
as,  upon  almost  any  occasion,  she  would  he  likely  to 
carry* 

The  whole  displacement  of  water  produced  by  this 
ship,  when  drawing  twenty-two  feet,  would  be 
96,458  cubic  feet. 

The  total  area  of  space  below  the  main-deck  is 
about  114,900  cubic  feet,  of  which  about  25,000 
become  occupied  by  various  substances  appertaining 
to  her,  leaving  a  clear  area  of  about  89>900  cubic 
feet  for  the  reception  of  cargo,  and  for  general  pur- 
poses, viz. — 

Cubic  Feet 

In  the  hold  for  cargo  .        •        •        •   64,613 
Under  the  middle  deck,  for  cargo  and 

general  purposes      •        .        .        •    15,298 
Umler  the  upper  deck,  for  general  pur- 
poses       9,975 

89,886 

If  every  minute  portion  of  the  hold  be,  as  generally 

stated,  filled  with  carso,  it  is  calculated  that,  upon 

the  immersioa  of  a  raip  of  this  measurement  from 

leak,  48,000  cubic  feet  of  water  (a  proportion  of 

only  three-fourths  of  the  space  in  the  hold)  would 

become  dbplaced  by  such  cargo« 

The  following  spaces,  independently  of  others  that 

may  be  found,  without  any  material  encroachment 

upon  the  ship's  room,  may  be  appropriated  for  the 

reception  of  the  safety-tubes,  viz. — 

Cubic  Feet 

Between  the  timbers  .        .        .  2800 

Between  the  beams  of  the  lower  deck  .  2091 

Between  the  beams  of  the  middle  deck  1958 

Between  the  beams  of  the  upper  deck  1360 

8209 
Of  these  8209  cubic  feet,  it  is  calculated  that 
6000,  occupied  by  safety-tubes,  will  be  sufficient 
to  counteract  the  effect  of  the  excess  of  weight  of 
the  ship,  upon  her  immersion  from  leak. 

The  outlay  for  the  supply  of  these  6000  cubic 
feet  of  safety-tubes  is  estimated  at  2400/.,  the  in- 
terest upon  which  sum,  with  a  charge  of  one  per 
cent,  for  wear  and  tear  of  the  copper,  would  be  144/. ; 
and  cidculatmg  33,000/.  as  the  cost  of  the  ship  when 
completely  fitted  for  sea,  and  estimating  the  value 
of  the  ship  and  her  cargo  together  to  be  100,000/., 
the  real  charge  resulting  from  the  adaptation  of  the 
plan  to  this  class  of  ships  would  not  exceed  three 
shillings  per  cent,  per  annum  upon  the  property  thus 
secured  from  foundering.  We  need  hardly  add  that 
this  sum  is  but  as  dust  in  the  balance  compared  with 
the  advantages  to  be  derived  from  the  general  udop- 
tioa  of  this  plan  on  the  score  of  humanity. 


WEST  INDIAMAN  or  450  Toira  Mbasvebmbnt. 

Statement  $howmg  the  attmg  mid  emmieraetmg  t^feet 
of  the  weight  of  thi$  ihip,  when  immenA  from 
leak,  amdJUted  with  the  eqfety^tubee. 


Weight  of  /Ae  Ha//. 

_  Cabieft ^  Tom.  cwt.  qr.  lb.  T 

Tmaai,  Oak.  13718  at  SUAe.  perft.  SIS  9  <  IS 
Fir. .  1038  84}  -  .  10  0  0  itt 
Elm.     450     37l       -       .      7  18    S  80 


cwt  4ft  I^ 


14807 
MiTAL,  Forge  work     .       -       - 
Copper  bolts,  nails,  &e. 
Copper  sheathing  and  sheafli- 
inff  nails      .       .       .       • 
Lead,  about    .      •      •      • 


810   3  1  87 


-  17 
3 

« 
8 


1 
6 

0 
0 


1    8 
880 

1  14 
0    0 


28    8  1  14 
868  11  3  18 


Weight  of  masts,  saib,  rigging,  sa- 
ehors,  bdlast,  stores,  ftc.,  mcluding 
the  cargo,  to  the  extent  of  her  bur- 
den------- 838000 

Total  weight  of  tfaeship  and  her  oontenls      •  1800  11  3  IS 
Dup/oeemeiif  af  Water,  fcpoa  htmermih* 

CaMc  Pmi 
Timber  in  the  build  of  the  ship's  hall  14807* 
Deduct  for  timber  above  the  ferel  of 

the   main  deek    remaining  unim- 

mersed,  eonsequenUy  a  dead  weight, 

say  one-fortieth        ....    395 

138M 
Tom*  cwt.  qr.  Ik. 

which  18,868  cubie  feet  of  timber, 
when  immened,  wiU  displaoe  a  bulk 
of  sea  water  equal,  at  S4|  lbs.  per 
cubic  foot,  to         -       -       -       -40088  10 

Spaee  below  tiie  main  deck  ooeupied 
oy  the  cargo,  3ec.,  which,  luon  im- 
mersion from  leak,  will  displace 
88,600  cubic  feet  of  sea  water,  or      768   0   1    7 


1188   8  8  IT 


8uper-fpedfl( 
wdg^i- 


ic   gravity,    or   excess 


84    8884 


CemeierajisAefh  of  the  Egeeee  Weight,   hg 
meane  qf  the  Sqfeig-tubee. 

Safety-tubes,  containing  1700  cubie 
feet  of  atmospheric  air,  nermetically 
sealed,  displacing  the  like  quantiqr 
of  sea  water,  upon  the  hull's  im- 
mersion from  leak,  equal,  at  84|lbs. 
per  cubic  foot,  to         ...... 


49    88   7 


Excess  of  buoyancy,  which  may  be 
considerably  augmented  by  Instantiy 
cutting  away  the  masts,  sails,  and 
rigging,  ana  throwfaig  overboard 
sundry  wei^y  substances  - 


14  19  8  11 


In  the  foregoing  statement  no  particulars  of  carso 
are  given,  but  in  place  thereof  the  total  virei^^t 
which  a  vessel  of  this  tonnage  could  carry. 

The  whole  displacement  of  water  produced  by  this 
ship,  when  drawing  eighteen  feet  six  inches,  would 
be  41,996  cubic  feet. 

The  total  area  of  space  below  the  main-deck  of  a 
merchant  vessel  of  this  measurement  is  about  45,500 
cubic  feet,  of  which  about  6700  are  occupied  by  va- 
rious substances  appertaining  to  her,  leaving  a  clear 
area  of  about  38,800  cubic  feet  for  the  reception  of 

cargo,  and  for  general  purposes,  viz- 
Cubic  FeeU 
In  the  hold  for  cargo  .        .        .   33,986 

Between  the  upper  and  the  under  deck, 
for  general  purposes         .        •        .     5,799 

38,785    ■ 

Assummg  the  hold  to  be  filled  with  cargo,  both 

upon  the  outward  and  homeward  vo^'age,  the  for- 


««. 


timfy  HuU  apKifc  v^vitjr,  the  latter  efRw.  MttoK. 
lagu,  nr  eoffNv  two  at  wUeb  jtrtielM  abri  t 
actual  baoyanejr,  it  is  calenlBtoil  there  wonU  k 

displacement   equal   to    36,600   cubic   fe«t   of  aa 

The  inces,  iodepeDdentty  of  other*  vbich  may  be 
readily  fouad,  for  the  neaptioa  of  the  jirfttj  uAm, 
are  as  follow,  viz, — 

CnUcPm. 
Between  the  timben  .         .         .         1400 

Between  the  lower  deck  beain*  .  400 

Between  the  opper  deck  beuu  .  300 

4100 
Of  thcK  3100   tabic   feet  it  is  comptited   that 
1700  occupied  by  safety-tubei  will  suffice  to  coun- 
teract the  effect  of  the  enceHweigblof  theaUp  lyon 
her  immertioD  firom  leaJt. 

Tht  OOtUf  for  the  supply  of  these  IJOO  cubic 
&et  tif  Mtfely-tibe*  it  wtioMtcd  At  6S0(^  the  iBterest 
vpon  which  sun.  with  »  charge  of  we  pec  cent.  Ar 
wear  and  tew  of  the  «apper,  woold  be  40t.  1 6<. ;  and 
calculating  IS.OOOl.  as  the  cotf  of  tiie  ship  wbei 
coin[rietely  equipped  b*  aea.  and  estuMting  th«  «a 
Ine  of  the  ship  ai^  her  cai^  togiAcr  to  be  SO.OOOl. 
the  real  charge  to  thj*  cIam  of  ships  wonld  not  ex 
cecd  twenty-penoe  per  cent,  per  annum  opon  the 
]Hnperty  thns  secured  frem  foutuferiag. 

In  concluding  this  aiticte.  it  laa^  be  adTiaaMe  to 
furnish  our  reader*  with  k  general  view  of  the  ar- 
rangement of  a  vessd  iDtended  for  the  parpoaa  of 
steam  navigatioD.  Great  ttrength  is  one  of  Ae  ftrst 
rranitite*  in  this  spec^  of  naval  arcbitectBre. 
Wkoi  ateam-power  was  first  employed  on  the 
lluaie*  tiie  vessels  required  tc  be  retmilt  every  third 
yur.  Mow,  bowerer,  thaalcs  to  the  impranmests 
that  have  been  effected  by  a  partial  application  of 
the  diagonal  bracing,  and  the  diminished  strain  of 
the  engines  by  which  Ihey  are  propelled,  they  last 
nearly  m  long  as  an  ordinary  sailing  vetseL  The 
accompanying  diagram  show*  the  general  arrange- 
ment of  the  engines,  boiler,  ftc. 
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.   length  of  the  * 


giving  way  the  other  roa.y  be  made  to  foniish  a  sup- 

Cly  M  steam  to  both  engines,    lliis  would  of  coortt 
*  with  diminished  power,  but  yet  it  would  cffectn. 


ally  preoent  the  serious  accident*  which  have 
from  oiw  paddle-wheel  being  in  operation  and 
other  ataliontry.  The  main  cylinder  of  one  engine 
is  shown  at  d.  and  the  air-pomp  at«.  The  paddles 
are  represented  at  A  A,  the  boxes  or  case*  being 
removed  from  above.  Metal  fastenings  might  be 
employed  with  great  advantage  in  the  construction 
of  Bteam-boats,  esDCciaily  between  the  paddle-boxes 
and  itte  frame  of  tne  engine. 

In  the   best  ateam-tyoata  the  steering-capstan 
|riaced  in  the  bow  instead  of  the  stern,  and  the  rudder 
u  acted  on  by  two  strong  rope*  whidi  run  the  entire 


we  believe,  niggestcd  ^r  Cifitain  HaM. 


U  the  above-acction  the  boiler  a  is  alrawa  with  ib 
dumncy  b.  Hie  inner-works  of  the  fesael  miNl  bi 
arranged  so  as  to  permit  of  a  perfect  non-condiKiB^ 
substance  being  carried  n>und  the  famace :  paw>4ei 
charcoal  miaed  with  salt  and  »and  is  a  good  mate 
rial  for  the  purpose.  The  engine-room  ia  ahown  • 
S-  If  attention  be  paid  to  the  matter  of  vratjla^ 
when  the  vessel  is  first  built,  there  will  be  ih>  Afi 
calty  in  carrying  on  a  foiced  veatilation  tn>m  th 
bow  to  the  stem.  This  is  a  desideratnm  in  asi 
vesad,  but  is  more  particularly  so  id  the  heatn 
atmosphere  whkh  comj^letely  pervades  a  stewn-boat 

TV..  i__. ij,  gf  pofi|^ij«.  ijie  air  in  l*rgCT  ihfi 

Bted  under  ^anLanox-     (iiee  abi 
Sfiipa.) 

NAvioaTiON ;    the  a 
gcafiiioBl    position    of 

coarse.>~Hor«cc  has  well  sbm  uk  ia>  aeiBt  m 
need*  have  heea  tend  wilk  oak  and  thfit  hr 
who  fiest  committed  his  frail  baik  to  It*  Uiapialiii 
•ea.  Nothm^  tadeed,  coaveya  a  hi^Mr  idaK 
humcn  daring  than  the  boldiwas  with  whacfc  n 
ruabea  farlh  to  encounter  the  elemenb  :  DOthJ 
ipeaka  louder  in  praise  of  bnmau  ingenuity  than  tl 
woDdeiAil  art  by  wlitdi  he  b  enabW  '  ' 
Jaad,  retiring  &m  it  uatil  it  Mea  &«■ 
aad  nothing  viatUe  remaina  but  tha  hollow  heai 
-  and  a  tracklea*  wsate  bdow ;  drivMi  frotn 
by  ndvetse  winis,  yet  by  dint  of 
wearying  out  the  eUnents,  and  at  laigth 
with  nneniig  certainty,  at  the  npected  hai 

If,  howwer,  tb«  darin;;  aad  ingeanity  of  I 
navigator  dctETM  nor  admntioo,  the  rcaok  of  1 
effort*  will  not  appear  nnwcMky  sf  Ike  ■■« 
It  is  to  the  eiereiae  of  his  wonderfiil  ait  thtf  ' 
re  indebted  for  the  Improvement  of  cnr  coodhk 
ihich  arises  from  the  exchange  of  the  supa  Unity 
one  country  for  that  of  another,  the  whole  worU  t 
ing  penetrated,  and  every  dime  made  trtbntaiy 
ever>-  other,  until  the  globe  it  rednc«d  to  a 
common  coontry.  Above  all,  to  navigatioB  •!«  ' 
indebted  for  thst  higher  and  nobler  *dv«Mage,  t 
interchange  of  sense  and  sentiment,  whidi  laksswi 
)  to  the  world,  and  BTge*  iMn  ovwaad 
iprovement.  Yet  it  has  notalwaya  beeai 
Hme  was  when  the  canoe  or  the  raft  ouaaUtirtaJ  t 
only  ship  of  Af  sailer,  and  vrtteo  the  aam 
of  a  lake  or  river  set  bound*  to  lus  loving  raspaai 
and  confined  him  within  view  of  fsmiliar  obj 
Adnmdng  a  step  further,  we  find  Urn  vertswiwg 
headland  to  headland,  or  from  ialand  to  lalaBd, 
a  view  of  gratifying  his  carMtity, 
nntil  a  ^e, driving  him' 


dood.     Meantime,  his  Imrk  adapta  itadf  W  1 
functions,   enlarges  in  siie,  and  impravca  m  fssm 
the  rudderis  added,  the  mast  tnbwttr  uutawfrl.  1 
the  sail  receive*  a  more  favonrdile  application.  Am 
thus  the  art  by  vrhidi  the  sUp  it  iMri^  wd  ttat  b| 
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tl  fe  «0«d«oM.  wSmkati  wHb  «qwa  4t«pt. 
I>Mriv«d9Ct|i«Aid  «fMirroi|pdmco^9^ct8*  tb^  land 
wtudmwji  irofn  mm,  aod  Q9ttog  within  th«  vef^e 
pf  tlie  honwn  bot  a  w«ste  of  truckkias  water,  tbe 
ntaiinfr  cMt9  )iit  eyst  in  despair  to  the  overhanging 
b— iNw.  Aid  is  granted  to  his  prayers:  the  oon- 
ffteltsitions  assist  fim  in  his  ^onrsee  among  many 
vevolying  stars»  he  finds  oa^  stedfast,  and  mato  it 
his  perpftual  guide. 

fikch  do  we  in4  tha  autoal  state  of  navigation 
MO««g  the  savays  tribes  of  onr  own  day ;  and  snch 
w«Mi  idbo  tbe  progress  of  the  art  among  the  earliest 
linHont  that  improved  it  Not  the  laai^  of  the  im- 
provements which  we  have  made  in  this  art  is  that 
luiy&plUicAtion  in  practice  bv  which  it  is  rendered  avails 
«ble  with  little  study  and  capacity.  Anomalous  as 
it  msiy  seem*  yet  it  is  true  that  more  study*  more  ex- 
periepoe,  ami  laboriously  acquired  information,  were 
necessary  to  form  an  Aoestes,  or  a  PaUnurus,  than 
•re  i»ow  reqaired  to  furnish  forth  a  L%  Peronse  or  a 
Party.  The  master,  or  pilot,  of  ancient  times,  who 
had  command  of  tha  sailors,  and  dirscted  aU  the 
eivolutions.  was  not  merely  required  to  know  what* 
ever  related  to  the  managemfntof  the  sails,  the  oars, 
and  the  rudder:  it  was  necessary  for  him  to  be 
liuniliar  with  aU  the  ports  that  lay  in  the  track 
of  his  navigation,  the  landmarks  by  which  they 
were  desig|iat#df  and  all  the  rocks,  quicksands, 
MmI  daqgars  of  th«  intervening  deep;  he  must 
Imow  the  course  of  the  winds,  and  the  indications 
which  preceded  them;  also  the  movements  of  the 
bestial  bodies,  not  merely  for  the  purpose  of  di- 
le^tiiig  his  course  by  them,  but  to  understand  Uie 
wimia  and  weather  which  tome  of  them,  as  Ajnc^ 
tnma  and  the  Dog-star^  were  believed  to  portend. 
Moreover,  he  had  to  be  skilled  in  reading  the  various 
Dmtn^  which  were  gathered  from  the  sighing  of  the 
wind  in  the  trees,  the  murmurs  of  the  waters  and 
their  dash  upon  the  shore,  the  flight  of  birds,  and 
the  gambols  of  the  fishes.  A  voyage  was,  in  those 
dayst  a  momentous  and  awful  undertaking*  When 
tbe  time  arrived  for  the  sailing  of  a  ship  or  fiee^  the 
maate  were  raised,  the  sails  bent,  and  all  made  nBdv 
with  solemnity,  and  mat  parade  of  preparation.  If, 
as  waa  most  usual,  the  ships  were  hauled  up  on  the 
•bore,  the  mariners  placed  their  shoulders  at  the 
sterns^  and,  at  the  word  of  command,  pushed  their 
bows  forward  into  the  sea,  leaping  aboard  when  they 
floatedt  licvers  were  used  to  move  the  heavier  vessels, 
and,  in  bM;er  times,  the  helig  (probably  jack-screw), 
which  Archimedes  had  invented  for  that  purpose. 

Before  putting  to  sea,  the  gods  were  ever  solemnly 
invoked,  and  propitiated  by  numerous  sacrifices; 
thus  we  find  all  Homer's  lieroes  sacrificing  to  the 

Sis  before  they  undertake  a  voyase ;  and  Virgil's 
chises  venturuiig  forth  only  after  having  devoted  a 
bull  to  Neptune  and  another  to  ApoUo.  Nor  did  Uie 
voyagers  alone  supplicate  protection :  the  crowds  of 
friends  and  countrymen,  who  thronged  the  shore, 
joined  ferveatlv  in  prayer  for  their  deliverance  from 
danger,  and,  like  tbe  Venusian  poet,  commended  their 
departing  friends  to  tbe  presiding  deities  of  the  winds 
and  waves.  AU  omens  were  carefully  regarded ;  the 
entrails  of  the  eacrifices  examined,  with  every  pos- 
sible prognostic  of  good  or  evil ;  and  a  very  small 
natter,  the  perching  of  swallows  on  the  ships,  or  an 
accidental  sneeze  to  tbe  left,  was  enough  to  delay  de- 
Mrture,    As  this,  however,  never  took  place  without 


Tbe  ships  wese  adorned  widi  strBUBers  and  gar^ 
lands  of  flowers ;  an4,  when  the  signal  was  given 
from  the  admiral's  ship,  by  sound  of  trumpet,  a  diout 
of  njoicing  rang  through  the  fleet,  sent  back  b^  the 
responding  blessings  of  the  friends  that  remamed. 
After  advancing  a  short  space,  doves,  which  the 
mariners  had  ^ught  from  their  homes,  were  re* 
leased,  and  their  safe  arrival — ^not  unfrequently 
char|;ed  with  the  last  adieu  of  a  departing  lover— was 
considered  auspicious  of  the  return  of  the  fleet.  The 
Admiral  led  the  van,  conspicuous  by  his  painted  sails 
and  streamers,  and  opened  a  path  in  which  many 
followed.  In  moderate  weather,  the  ships  often 
sailed  side  by  side ;  but,  as  the  wind  freshened,  and 
the  sea  grew  rough,  the  order  became  more  open,  to 
avoid  contact.  At  all  times,  they  kept  close  to  the 
land,  following  the  indentations  of  the  coast.  When 
night  approached,  it  was  customary  to  anchor,  or 
elM  to  oeach  the  vessels,  that  the  crews  might  re^ 
pose,  each  rower  sleeping  on  his  bench,  r^y  to 
renew  his  labours  witn  the  returning  sun.  If  the 
amenity  of  the  weather,  the  friendly  aid  of  the  moon, 
or  the  open  pjiture  of  the  navigation,  admitted  d 
sailing  during  the  night*  the  plummet  or  the  sound- 
ing*pole  directed  uieir  course,  or  it  was  shaped,  as 
by  day^  from  headland  to  headland.  If  the  land 
was  not  visible,  the  known  direction  of  the  wind 
continued^  with  the  aid  of  the  stars,  to  gnide  them 
Cynosura  wsiS  the  favourite  star  of  the  Phcenicians ; 
the  Greeks  abandoned  themselves  to  the  durectioa 
of  Helice. 

Having  escaped  the  multiplied  dangers  of  such  a 
navigation,  and  having  accomplished  their  object,  the 
ships  returned  home  with  songs  and  rejoicings.  If 
they  were  to  be  stranded  the  sterns  were  turned  to- 
wards Uie  shore,  and  the  vessels  forced  backwards 
upon  it  with  Uie  oars,  until  the  crew  landing  drew 
them  beyond  the  reach  of  the  surf.  Sometimes  they 
were  taken  into  the  beautiful  moles  or  artificial  har- 
bours which  the  ancients  constructed  with  great 
labour  and  ingenuity  within  the  natural  ones.  These 
were  in  the  ^lape  of  crabs'  claws  or  horns,  the  ends^ 
which  formed  the  entrance,  so  overlapping  as  to 
exclude  the  swell  of  the  sea.  Castles  defended  their 
approach ;  and  a  light-tower,  placed  at  the  entrance, 
guided  those  who  sdled  along  the  coast,  or  desired  to 
enter  by  night :  this  was  called  PAarot ,  horn  the  island 
at  tihe  mouth  of  the  Nile  where  the  first  tower  had 
been  erected.  Here  tiie  vessels  were  not  hauled  up, 
but  sunply  ^tened  to  the  rings  or  piHars  provided 
for  the  purpose,  while  at  the  inner  port  were  docks 
and  stores  for  building  and  repairing.  In  this  poit» 
too,  were  temples  devoted  to  the  gods,  and  especiaUy 
to  ihe  patron  of  the  place,  where  propitiatory  sacri- 
fices were  made,  and  vows  fulfilled  or  recorded ;  here, 
too,  were  numerous  taverns  and  places  of  more  licen* 
tious  gratification.  Whether,  however,  they  stranded 
their  vessels  on  the  beach,  or  moored  them  in  tiM 
harbour,  the  mariners,  before  repairing  to  these  r#> 
sorts,  fulfilled  the  vovrs  made  before  depaiture  or 
in  seasons  of  peril,  offered  thanks  to  Neptune  and 
sacrifices  to  Jupiter,  for  having  granted  them  a  rekaee 
from  the  durance  of  their  ships.  Upon  those  who  had 
escaped  shipwreck  gratitude  was  more  deeply  income 
bent.  In  addition  to  other  sacrifices^  proportioned  to 
their  means,  they  usually  offered  the  garment  in  whiidi 
thev  were  saved,  togeuer  with  a  picture  dceeriptiie 
of  Uie  disaster.    If  nothmg  else  remafaied  to  thcas^ 


m  moat  iEavoorable  auspicee^  it  wae  aluvays  Joyftd      the  hair  was  shorn  firom  the  head  and  eooeecraled  Id 
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the  tatelar  deity ;  hence  oflfering  the  hair  was  the  last 
vow  of  the  distressed  mariner. 

There  is  certainly  much  that  is  beautiftal  in  these 
simple  acts  of  piety;  bnt,  except  in  some  Catholic 
countries  of  the  Mediterranean,  where  pictures  re- 
presenting the  rescue,  and  garments,  are  still  hung 
before  the  shrine  of  an  invoked  intercessor,  and  where 
processions  are  still  made  after  escape  from  ship- 
wreck, none  of  these  touching  customs  now  remain. 
What  can  be  more  beautiful  than  the  grateftil  sense 
of  divine  interference  with  which  Columbus  and  his 
followers  hastened  to  Ailfil  their  vows  after  their  safe 
return  to  Palos?  Such  piety,  if  it  availed  not  to 
avert  present  danger,  at  least  served  to  inspire  con- 
fidence to  meet  it;  and,  when  past,  the  gratitude 
which  it  occasioned  must  have  tended  at  once  to  re- 
fine the  sentiments  and  ennoble  the  heart. 

Imperfect  as  were  the  means  and  knowledge  of  the 
ancients  in  this  noble  art,  yet  the  Carthaginians,  who 
superadded  the  greatest  commercial  enterprize  to  the 
greatest  skill  which  had  yet  been  attained,  achieved 
results  which  may  even  now  be  esteemed  brilliant. 
They  made  the  whole  of  the  old  world  tributary  to 
their  city.  Not  contented  with  exploring  every  nook 
and  corner  of  the  Mediterranean,  Uiey  left  behmd  the 
ocean  which  had  hitherto  almost  entirely  bounded 
the  excursions  of  their  predecessors,  visitCNl  the  At- 
lantic coasts  of  Europe  and  the  British  isles,  and, 
pursuing  the  grand  idea  which  afterwards  led  the 
Portuguese  to  India,  discovered  a  vast  extent  of  the 
western  coast  of  Africa.  Plin^  even  states  that 
Hanno  completed  its  circumnavigation  and  returned 
home  by  the  Red  Sea. 

Had  not  Carthage  prematurely  fallen  beneath  the 
rivalry  of  a  nation  braver  and  more  barbarous,  Vasco 
da  Gama  might  have  had  to  seek  laurels  elsewhere 
than  by  sailing  first  to  India,  and  even  Columbus 
been  spared  the  most  brilliant  and  enviable  of  all  the 
achievements  of  navigation,  the  discovery  of  the  New 
World.  The  art  of  navigation  gained  nothing  after 
the  fall  of  Carthage;  and  the  invasion  of  the  northern 
barbarians  effectually  extinguished  the  few  gleams  of 
science  which  had  survived  her  destruction.  Every 
thing  remained  stationary  for  centuries,  until  the 
returning  day  of  civilization  began  once  more  to 
dawn  upon  the  world.  It  was  not  until  the  close 
of  the  twelfth  century  that  man  became  sensible 
of  the  existence  of  the  most  singular  property  which 
an  ill-wise  and  all-beneficent  Creator  has  provided 
to  be  his  guide  upon  the  deep ;  nor  until  a  still  later 
period  that  the  genius  to  improve  it — the  gift  of  the 
same  good  Being— at  length  rendered  it  available  to 
ao  noble  a  purpose.  We  allude  to  the  polarity  of  the 
magnet  and  the  invention  of  the  mariner's  compass. 
The  property  of  that  mysterious  mineral  to  attract 
iron  was  early  known  to  the  Greeks  and  Chinese:  but 
the  far  more  singular  one  of  assuming  a  particular 
fUrection  was  not  even  suspected.  Pliny  himself, 
who  reeords  every  thing  known  or  fancied  in  his  time 
oonceming  the  magnet,  makes  no  allusion  to  its  po- 
larity. The  first  accounts  of  this  mention  it  as  known 
in  the  twelfth  century^  and  as  being  sometimes  used 
by  mariners  to  ascertain  their  course.  While  the 
heroes  of  the  remotest  times  come  down  to  us,  not 
only  with  an  accurate  account  of  battles  fought  and 
thousands  slain,  but  with  a  minute  detail  of  their 
.private  lives  and  most  insignificant  peculiarities,  pos- 
terity is  at  a  loss  to  know  whom  to  bless  for  a  recent 
disoovery,  of  all  others  the  most  useful  in  its  results. 


the  most  important  in  ita  inflaence  vpcm  tbe 
of  man.  The  eflfects  of  this  discovery  vpon  lurvi^ 
tion  were  not,  however,  immediate ;  for  tke  mariner, 
as  much  as  any  one  the  slave  of  habit,  oo«ld  not  at 
once  appreciate  and  confide  in  the  ezcelleiice  of  his 
new  guide.  This  is  the  only  excnae  for  die  a- 
certalnty  which  hangs  about  the  identity  of  ^ 
discoverer.  The  experience  of  half  %  century,  hov- 
ever,  showed  the  value  of  this  new  airrittMit 

Navigation  now  assumed  a  bolder  character.  IVinee 
Henry  of  Portugal,  son  of  King  Joiui,  faaTing  gmed 
a  brilliant  reputation  in  a  war  widi  tht  Moon,  toned 
from  these  fierce  pursuits  to  the  more  congetiial  oae 
of  science.  Retiring  from  court,  he  cstabiiriied  !«- 
self  in  a  retreat  upon  the  promontory  of  St.  Vincent, 
and,  calling  round  him  astronomers  and  mathe- 
maticians from  every  nation,  he  collected  and 
systematized  all  the  science  of  the  day.  Nor  wire 
his  researches  of  a  merely  speculative  charadier ;  they 
were  directed  to  enlighten  the  field  of  discovery  ia 
which  he  was  engaged  in  search  of  a  nearer  roait  to 
India,  and  which,  tiiough  he  attained  not  the  gnad 
object  of  his  ambition,  repaid  him  well  by  the  inferior 
discoveries  to  which  it  led.  It  was  to  aid  the^ 
enterprizcs  that  he  caused  charts  to  be  drawn,  wfaidi, 
though  they  involved  the  raonstroos  snppoaitioB  of 
the  earth's  being  an  extended  plane,  were  of  no  m- 
considerable  use  to  the  navigaV>r,  as  tbey  bro«|^ 
together  whatever  was  known  of  the  relative  posttioB 
of  the  different  points  of  the  earth,  and  enabled  faia 
to  see  at  a  single  glance,  as  in  a  pictnre,  not  only  the 
direction  of  the  port  which  he  desired  to  visit,  bat 
also  the  various  coasts,  rocks,  and  quicksands,  to  be 
avoided  in  the  way.  He  also  invented  the  astrolabe, 
which  at  that  period  was  simply  a  quadrantal  aich, 
graduated  at  the  rim  into  degrees  and  half  degrees. 
One  edge  of  the  instrument  was  directed  tovrards  the 
heavenly  body  whose  altitude  it  vns  desired  to  i 
sure,  and  a  plummet  suspended  firom  the  centre 

made  to  mark  the  angle  of  elevation,    lliis  was 

at  first  to  discover  the  latitude  from  the  deration  of 
the  pole  star ;  for  as  that  star  is  in  the  horizon  when 
viewed  from  the  equator,  and  rises  gradoally  in  ap- 
proaching the  pole,  so  that  it  would  at  length*  become 
vertical,  it  follows  that  the  elevation  is  always  equal 
to  the  observer's  distance  ftom  the  eqnator,  whidi 
is  the  latitude.  The  error  resulting  from  the  star^ 
not  being  exactly  polar  was  of  little  note  in  those 
primitive  days  of  the  art.  Soon  after,  by  caosing  taMes 
of  the  sun's  declination  to  be  computed.  Prince  Henry 
enabled  the  mariner  to  deduce  his  latitude  more  cor- 
rectly from  the  meridian  altitude  of  that  star. 

All  these  improvements,  however,  tiiough  diey  added 
mnch  to  what  was  already  known,  left  the  art  ia  its 
infancy.  Columbus  was  uie  most  accurate  navigator 
of  his  day ;  still  we  find  him  often  making  an  umr 
of  so  many  degrees  in  his  latitude  that  the  mistake  of 
an  equal  number  of  minutes  would  not  be  excused  in 
a  modem  navigator.  To  mention  one  of  many  in- 
stances, he  places  San  Salvador  three  degrees  north 
of  its  true  position.  But,  if  Columbus  made  his  dis- 
covery with  such  imperfect  means,  the  greater  was  his 
merit :  to  him  belongs  the  credit  by  poshing  boldly 
forth  amid  the  uncertainties  of  the  ocean  of  fbrdag 
navigation  as  well  as  ship-building  to  provide  against 
new  difficulties,  and  march  rapidly  onvnrds  in  the 
career  of  improvement.  From  the  moment  that  the 
hitherto  hidden  mysteries  of  the  ocean  were  dias 
8olv^,  -we  find  impi^vements  and  uiventiotts  aatti- 
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ia  rapid  tnooeMioiit  finl,  the  log  it  introdooed 
to  meAsofe  the  ship's  rate  of  sailing.  Nones,  a 
Portuguese  mathematician,  next  'shows  that  the 
shortest  distance  from  place  to  place  upon  the  surface 
of  the  gk>be  must  always  be  along  a  great  circle  of 
the  sphere ;  he  also  proves  the  fallacy  of  the  plane 
chart.  Gerard  Mercator,  a  Fleming,  nexts  suggests 
the  idea  of  extending  the  meridian  lines  on  the  plane 
ohart,  in  receding  from  the  equator,  in  a  ratio  equal 
to  the  error  occasioned  by  supposing  the  meridians 
parallel,  instead  of  gradually  converging  as  they  do 
towards  the  poles.  By  this  means  &e  advantage  of 
Ck  plane  surface  was  retained  without  the  error  of  the 
old  chart  or  the  incoavenience  and  imperfection  of  the 
fplobular  projection. 

Wright,  an  Englishman,  improving  the  suggestion 
of  Mercator,  calculates  a  table  of  meridional  parts,  in- 
creasing the  length  of  the  arches  of  meridians  in  due 
proportion  towards  the  poles,  and  furnishes,  thereby, 
data  to  determine,  in  any  latitude,  the  difference  of 
any  longitude  from  the  point  of  departure,  or  the  dis- 
tance sailed  east  or  west.  At  the  same  time,  lord 
r^apier's  invention  of  lo^^ithms  wonderfully  dimi- 
nishes the  labour  of  calculation,  enabling  the  mathe- 
matician, by  their  help,  to  substitute  for  the  tedious 
operation  of  multiplication  and  division  the  simpler 
ones  of  addition  and  subtraction.  Now,  too,  Gunter 
presents  the  seaman  with  his  admirable  scale,  con- 
taining the  logarithmic  lines,  by  aid  of  which  and 
a  pair  of  dividers,  all  the  problems  of  ^metry  are 
easily  and  accurately  performed.  The  cucumference 
of  ^e  earth  is  ascertamed  by  measuring  a  given  por- 
tion of  its  arch ;  and,  the  length  of  a  degree  being 
known,  the  log-line  is  marked  accordingly.  The 
quadrant,  or  raUier  octant,  is  invented,  and  measures 
the  altitude  of  the  heavenly  bodies  to  the  nearest 
minute,  undisturbed  like  the  astrolabe  by  the  mo- 
tion (Mf  the  ship.  The  sextant  and  circle  still  im- 
prove upon  the  octant  and  each  other.  And  now 
the  tables  of  the  moon's  motions,  invented  by  Meyer, 
with  a  view  to  ascertain  the  longitude,  are  improved 
by  Maskelyne.  The  idea  of  finding  the  longitude 
by  the  watch  had  been  early  suggested  as  an  im- 
portant use  of  that  admirable  machine ;  but  it  con- 
tinued too  imperfect  until  the  last  century,  when 
the  munificent  rewards  offered  by  our  government 
so  stimulated  mechanical  ingenuitjr  that  it  has  at  last 
become  admirably  adapted  to  this  unportant  purpose. 

To  those  who  are  ignorant  of  the  means  by 
which  men  are  enabled  to  trace  their  way  over  a 
trackless  deep,  and  to  whom  the  whole  art  is  a 
mystery,  it  may  be  interesting  to  learn  how  seamen, 
and  often  very  ig^norant  ones,  are  able  succes* 
fully  to  practise  it.  We  shall,  therefore,  in  conclu- 
sion, briefly  explain  the  actual  practice  of  naviga- 
tion :  and,  first,  it  may  be  necessary  to  premise,  that, 
in  order  to  determine  and  designate  positions  on  the 
surface  of  the  globe,  latitude  and  longitude  have 
been  invented.  Nor  is  this  system  entirely  arbitrary, 
since  nature  herself  furnishes  the  data.  We  have 
the  poles,  determined  points  of  that  axis  round  which 
the  earth  performs  its  daily  revolutions  :  equidistant 
from  these  poles,  and  midway  between  them,  nature 
aids  us  to  conceive  a  line  called  the  e^uaior,  and 
about  which,  by  the  motion  of  the  earth  m  its  orbit, 
the  sun  seems  to  perform  an  equal  movement,  ac- 
complishing the  beautiful  scheme  of  the  seasons  by  an 
annual  excursion  on  either  side. 

What  idea  more  obvious,  and,  at  the  same  time» 


more  beautiful  and  complete,  than  that  of  measuring 
latitude  from  the  equator  towards  the  poles,  upon 
meridional  lines  perpendicular  to  it,  and  formed  upon 
the  surface  of  the  earth  by  planes  of  its  axis )  But 
the  latitude,  though  it  indicates  the  distance  from  the 
equator,  does  not  alone  determine  the  position ;  for 
the  same  latitude  may  correspond  to  an  infinity  of 
places,  except  only  a  latitude  of  ninety  degrees: 
hence,  then,  the  necessity  of  longitude,  measured 
round  the  world  upon  the  equator,  and  small  circles 
parallel  to  ity  for,  cross'mg  each  oUier  at  right  angles, 
the  same  latitude  and  longitude  can  only  concur  at 
one  given  point.  Latitude  and  longitude  are  mea- 
sured in  degrees,  minutes,  and  seconds ;  the  first, 
from  the  equator  to  the  poles,  a  quadrant  of  ninety 
degrees ;  the  second,  from  the  first  meridian  east  and 
west,  a  semicircle,  or  180  degrees,  and  meeting  at 
the  antipodes. 

Let  us  now  show  the  means  by  which  the  mariner 
guides  his  bark  across  the  ocean,  and  is  able,  at  all 
times,  to  determine  his  progress  and  position.  The 
most  important  instrument  used  by  tne  navigator  is 
the  compass.  Having  in  the  compass  an  instrument 
for  directing  our  course,  we  next  seek  the  means  of 
ascertaining  the  distance  run.  This  we  find  in  the 
log.  The  log  is  a  longcord,  having  a  piece  of  wood 
attached  to  one  end.  This  is  of  a  quadrangular  form, 
and  being  slung  at  the  comers  with  line,  and  loaded 
at  the  circumference,  when  thrown  overboard  it  re- 
mains erect  and  stationary,  and  drags  the  line  off  as- 
fast  as  the  ship  passes  through  the  water.  The  line 
is  divided  into  knots  and  Imlf  knots,  representing, 
miles  and  half  miles,  or  minutes  of  a  degree,  to  which, 
they  bear  the  same  proportion  as  the  log-glass  does 
to  an  hour*  Thus  the  log-glass  being  filled  with 
sand,  to  run  through  in  thirty  seconds,  the  length  of 
a  knot  must  be  fifty-one  feet,  the  first  being  the  same 
proportion  of  an  hour  that  the  last  is  of  a  mile.  As, 
however,  the  log  is  found  to  come  home  a  little  in 
the  effort  to  draw  the  line  out,  it  is  customar)*  to 
mark  the  knot  a  foot  or  two  less  than  the  true  length. 

The  mode  of  heaving  the  log  to  measure  a  ship's 
rate  is  as  follows  : — ^The  log-reel,  upon  which  the  line 
is  wound,  being  held  by  one  of  the  sailors,  the  officer 
places  himself  on  the  rail  to  leeward,  and,  a  third 
person  holding  the  glass,  he  proceeds  to  prepare  the 
quadrangular  float,  so  that  the  peg  of  one  of  the  linea 
holding  it  in  a  perpendicular  direction  will  draw  out, 
bv  the  force  of  the  water,  when  the  reel  is  stopped,  and 
allow  it  to  haul  in  easily.  Then,  having  fl;athered  a 
sufficient  quantity  of  line  into  hh  hand,  he  throws 
it  far  to  leeward,  that  it  may  not  be  affected  by  the 
eddies  which  follow  in  the  wake.  The  6tray-line». 
which  allows  the  ship  to  get  astern,  now  runs  off, 
and  the  instant  that  the  white  rag,  which  marks  ita 
termination,  passes  through  the  hand  of  the  officer^ 
he  cries,  "  Turn !"  and  continues  to  veer  out  line 
until  the  glass  runs  out,  and  the  person  holding  it 
cries,  "  Stop!"  Then  the  line  is  grasped,  and  the 
number  of  knots  that  have  passed  off  mark  the  speed 
of  the  ship.  When  this  exceeds  five  miles,  it  is  custom- 
ary to  use  a  glass  of  fifteen  instead  of  thirty  seconds, 
counting  the  knots  double.  The  rate  of  sailing  per 
hour,  multiplied  by  the  number  of  hours,  Uius  gives 
the  measure  of  his  run. 

In  addition  to  these  essential  instruments  for  di* 
recting  the  course  and  ascertaining  the  distance, 
the  navigator  must  be  provided  with  octants  of 
double  reflection,  to  measure  the  altitude  of  the 
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ntxfttkfy  bcNlicB ;  And  a  cvrtK,  df  MXtant,  tuott  (Mi- 
cstely  graduated,  to  measan  distances  between  the 
moon  imd  stars.  He  shoold  also  bate  with  htm  a  boc^ 
containing  the  logarithms  of  numbers,  sines,  tangents, 
and  secants,  to  facilitate  trigonofnetrical  caknla- 
tSon;  tables  for  correcting  altitndes  for  dip,  pnrallaic, 
and  refraction;  also  lists  of  htdtodes  and  longi- 
tddes  for  every  part  of  the  woild ;  and  of  time  of 
high-water  at  every  port,  at  the  period  of  full  and 
change  of  the  moon,  from  which  at  all  times  to  be 
able  to  find  the  tide;  and  a  variety  of  tables,  to  fa- 
cilitate the  various  piuMems  of  navigation.  He 
should  also  have  with  him  an  astronomrcal  almanac, 
containiDg  the  places  and  declinations  of  the  fixed 
stars  and  planets,  and  especially  the  distance!!  of  the 
moon  from  the  sun  and  other  stan,  and  all  that  re- 
lates to  that  body,  with  a  view  to  calcttlate  the  lon- 
^tude  by  observation.  Finally,  he  nrast  be  nra- 
Tided  wiu  the  general  and  local  charts  applicabfe  to 
his  contemplated  voyage.  Thus  fbmished,  the  ma^ 
riner  may  set  sail  with  confidence  f  many  do  so  wfth 
so  other  aids  than  their  compass,  log,  quadnmt,  a 
shigle  chart,  and  a  book  of  navigation,  and  arrive  in 
safety :  but  it  is  less  our  business  to  diow  with  how 
little  care  a  ship  may  be  navigated  than  to  show 
how  she  may  be  carried  fh)m  port  to  port  with  the 
gieatest  possible  certainty. 

Having  taken  leave  of  the  port,  and  vrhen  the 
bat  land  b  about  to  disappear  fixnn  view,  in  con- 
sequence either  of  the  growing  distance  or  the  inter- 
vention of  night,  the  mariner  selects  some  conspi- 
suons  headland,  of  which  the  latitude  and  longitude 
are  noted  in  his  tables,  and  placing  a  compass  in 
tfome  elevated  position,  remote  fpom  way  iron  object 
to  disturb  ite  polarity,  proceeds  to  determine  ite 
bearing,  and  estimate  his  distance  from  it,  either  by 
the  progress  made  fitmi  it  or  by  the  ready  estimate 
of  a  practised  eye.  Or,  taking  the  simultaneous 
bearings  of  two  distinct  points  of  coast,  he  has  stiU 
surer  data  for  deduchig  his  position.  This  is  called 
iakmg  the  imrtwtt,  imd  is  carefcilly  noted  on  tike 
logslate,  vrfth  the  time  c^  making^  the  observation. 
Thencefiirtb  the  log'  is  thrown  every  hour,  and  tiie 
course  and  distance  ore  entered  upon  the  date;  to  be 
copied  mto  the  log-book  at  the  end  of  the  day. 

The  ffarst  tiiring  which  the  na^gator  attench  to, 
after  makhig  fbe  ofing^  which  prudence  dictates  to 
dear  the  dangers  of  the  land,  is  to  shape  his  course 
for  the  port  of  bis  destination.  And  first  h%  searches 
in  l9ie  chart  whether  there  be  any  point  k^  land,  island, 
or  rock,  intervenhig^in  his  way.  If  thene  be,  the  course 
is  primarily  shaped  with  reference  to  the  danger;  if 
not,  the  differences'  ^  latitude  and  longitude  between 
the  two  places  being  taken,  the  course  and  distance 
are  obtained  by  the  aid  of  trigonometry.  The  shortest 
distance  between  any  two  places  on  the  surface  of 
our  sphere  tv  the  arc  of  a  great  chvle  passing  through 
tifose  two  places.-  flius;  between  Cape  Henry,  In 
latitude37^,  tfnci  the  ish^rd  of  St.  Mary,  in  the  same 
latitude  but  50*  long,  fhrther  east,  the  distance  is 
tiiirtf  miles  less*  hr  saHhig  on  a  great  circle  than 
in  sailing  doe  tiist  on  a  pandlet  of  ktltude,  and 
consequently  on  a  lesser  circfe  <^  the  sphere,  tn 
t,  higher  hititude;  the  drffefence  between  saiiing^  on 
a  great  or  small  circle  becomes  more  considerable,  ar 
the  small  circle  grow  smaller ;  thus,  in  the  latitude 
^i  60°,  a:  distance  equal  to  that  between  Cape  Henry 
and  St.  Mary  would  offer  a  disparity  of  n«ariy  20a 
flsiies.  But,  air  it  hroniyin  sailing  on  the  equator,  or 


on  a  meridhm,  that  tte  conipms  uduiis  v^ritMiw 
along  a  great  cirde  of  ^e  sphere,  in  mort  Maea  k 
would  be  necessary  to  change  6ie  eoorne  sft  Aott  iA^ 
tervals,  in  order  to  attain  even  an  apiMOdudtfiw 
towards  this  desidentnm.  For  instaace,  ha  aaffag 
nrott  Cape  Henry  to  St.  Mary,  on  a  gresft  dnle,  ii 
would  first  be  necessary  to  sail  more  tbaa  a  Misf 
northward  of  east,  gMdnalhr  approadttftg  ikMt  iSa^s^ 
tJOD  towaids  the  miiMe  or  the  disfeanee,  wlies  4s 
course  should  be  due  east ;  thence  decfi^ng 
ward,  until  the  land  would  be  made  vpoii  n 
as  much  south  of  east  lis,  on  tflarti^i;  it  ivsks  nstfh 
of  it. 

In  high  latitudes,  when  th6  MdnctkMi  of  dfaMbce 
would  offer  a  suffident  inducement,  it  nany  be  ad- 
vantageous to  attempt  fiollowing  a  grent  drele ;  bat, 
m  ^SbK  seas  ofdinarily  traversed  by  nkariiBen>  llM  tri<« 
fiing  increase  a^  distance  which  results  firafti  M- 
lowing  a  uniibrm  course,  as  obtained  by  Mercato^a 
sailing,  is  ftcr  more  than  compensated  by  kn  cea- 
venience  and  freedom  fVonr  all  perplexitr.     For  th» 
rest,  the  wind  not  unfrequentfy  deprives  ^e  fiistidiM# 
navigator  of  all  choice  l>etween  a  great  cucie  and  t 
loxodromic.    At  the  mfst  noon  sacceedn|^  uie  tnie 
of  taking  his  departure,  ^  m«iner  worib  ««►  Hf 
reckoning.    This  b  an  epoch  fixed  by  Biaf«a«»  bdag 
determined  by  the  passage  of  tile  ann^  oter  the  mt^ 
ridian,  and  is  therefore  well  chosen  as  tile  beginaiyg 
of  theday.    The  log-slate  being  mstrhed,  be  eopies 
the  courses  and  (Kstancet,  if  frtnn  bend  winds  or 
other  cause  they  have  been  various ;  tte  depaitnff 
from  the  land  is  also  converted  into  a  eoorMs;  as  is 
the  current,  if  there  be  any  known  one:    He  neil 
proceeds  to  find  tiie  dUferenee  of  latitude  and  de^ 
parture  from  tiie  mericKaa  tfor>^pswdiw|g  to  eaah 
course,  eitiier  by  geometrical  ddcnkmcm,  or,  miMircs* 
pedWously,  by  reifefence  to  tablea;  then  \m  adds  tin 
severatdifferences  of  latitude  and  depaitore,  and  tf  tlsey 
beofdhfeient  names,  as  some  noruand  umm  soaih. 
some  east  and  others  west,  deducts  tiie  leae  from  the 
greater.    With  tile  renmining  diffisrenee  of  lalltade 
and  departure,  he  not  only  finds  the  coona 
tanos  made  good,  but  diso  hda  nresfent 
The  difference  of  latitude  befalgnpplied  to  the 
left,  by  addhig  or  subtracting  in  sailing  frenn  or  la-^ 
wards  the  equator,  at  once givetf  the  latitndeof  the sypk 
But,  befbre  the  depaituie  can  be  time  appHed- 19  find 
the  longitude,  it  is  necessary  to  reduce  it  to*  Aeoan-' 
verging  t^ftue  meridian  toward  the  poles ;  for,  tfaoagh 
afi  degrees  of  tongitude  are  divided,  Hke  those  of  Inii- 
tude,  into  siity  minutes  or  miles,  yet  they  decresae 
in  length,  Arom  bdng  eiftial  to  a  degree  of  Jatitiidc  al 
the  equator  UntH  tiiey  become  nothing  aft  t^  fiolsk 
Theitg  are  many  ways,  more  ^t  less  aeeamte^  of  de* 
diiclng  the  difi^erenct  t^  longitmle  f^tnartfie  departsMu 
the  latitude  being  known;  they  %tt  founded  i^piMi 
this^  prindple:  the  circumference  of  the  ewATaC  tti* 
equator  is  to  its  circnittf^rence  at  stay  |^Hji  pnNdM 
Gf  latitude  as  the  departure  is  to*  the  dMRmnae  af 
longitinfcf. 

The  most  easy  and  correct  way  of  oMaiaiMa'  die 
difrerence  of  longitude,  on  an  oblique  eontne,  is  ^ 
the  aid  of  a  table  of  meridtonsft  parte ;  far,  havlag 
taken  out  the  meridional  dlfferenoe  e€  latitiidak  tha 
mariner  has  tiiis  simple  proportion :  the  proper  dtf* 
ference  of  latitude  is  to  the  meridional  dMhsenee  of 
latitttdeas  the  departure  is  to  the  diffaenae  of  leagl* 
tude.  The  difference  of  longitude,  than  oMdnal,  it 
applieu  to  the^  loi^itude  lef^,  adding  m 


NAVIGATION. 


•97 


tAMiliaf  to  or  fkom  tile  first  BKridiaii»  aad  the  vetiUt 
ivitt  be  tiie  Mfts  kmgitH^  whicb»  with  the  latU 
twlo  pKTiooBlf  aateitnined,  deterauaea  her  position 
on  the  chart.  The  method  of  navigating  wus  de- 
scribsd  ia  called  dtad  redkoatiy.  It  is  far  from  in- 
faBUile^  and  Ibares  BHtcb  to  desiicu  It  wiU,  indeed, 
do  pvettyveU  m  short  rons;  Imt  as  errors  dailv 
crsa|i  in  from  many  eaasea  escaptng  calcniatioo,  such 
as  bad  steqs0B».  kewav,  heave  oi  the  sea,  nnknown 
cyrusttto,  and  as  these  aocnmnlate  and  become  con- 
sidsntble  at  the  end  of  a  long  voyage^  it  beeomea 
necessary  for  the  maainer,.  removed  from  all  refer- 
ence to  terrestrial  obyects»  to  reaort  t»the  immovable 
goideain  Ae  heavens,  whose  motions  the  God  that 
placed  Hmm.  there,  has  ghren  him  capacity  to  com- 
prckend* 

Lei  ns  now  see  how  the  ship's  position  on  tha 
oesan^  represented  by  latitade  and  longitude,  may  at 
any  time,  without  reference  to  course  sailed,  or  die* 
ttace;  to  capddous  winds  or  stealthy  currenta,  be 
ascettamod  with  ease  and  accuracy.  And>  in  the 
first  place,  to  find  the  latitude,  wa  have  abundant 
data.  All  lAie  hesaenlj^  bodies  are,  by  the  resvohitioB 
of  the  earth,  daily  broii|^  to  the  meridian,  at  which 
time,  if  their  altitude  be  meaeuesd,  their  declination 
or  distance  ftom  the  equinox  being  km>wn,  the  hMti- 
tude  ia  rea^  dedneed;  it  may  alaa  be  deduced 
from  single  ordovble  altitudes  of  bodies  not  in  the 
meridian,  the  times  being  accaratelv  knowir.  Bnt 
the  meriiian  attitude  af  the  son  ia  what  fhmisfaea  at 
onee  the  easiest  and-  most  carvact  method  of  finding 
thelslikKle. 

The  meridiaD  altitudes  af  the  stanw  and  finquently 
of  the  moon,  must  be  taken  at)  nighty  when  the  hori- 
zon is  vaguely  marked;  moreover,  thear  minntaiesa 
aad  wantof  brilliancy  make  obeervation  tronblnome 
and  uncertain  ^  but,  whan  tiia  sun  comes,  teitheneri^ 
dian,  the  observer  brings  a  brilliant  and  palpable 
te  a  welMcfined  horiaon  i  tiMn,  too,  he 


has  the  aiNnntsge  of  observing,  at  m  setf-flzed  epoch, 
the  beginntng  of  a  new  dky.  So  greats  indicdv  an 
the  advantages  ofibred  by  the  meridfian  aMevda  of 
thesnn,  tiurt  no  other  meana  of  finding  the  ktltaii 
are  used,  eicept  when  these  have  ikiled  from  a  t 
cloodled  atmosphere,  or  when*  the  momentary  ex- 
pectation of  making  the^  Isaidf  quickens  the  mariner^ 
anxiety.  We  shaH,  therefore,  now  ex[Mn  the  me- 
thod of dedttchw the  latitude  firom  the  sun^nwri- 
dmn  altitttde.  Furnished  with  a  sextant,  circle,  ov 
octant  of  reflection,  the  observer  goes  upon  deck^ 
and,  having' examined  Readjustment  of  his  instru*- 
ment,  proceeds  to  bring*  down  the  hnage  of  the 
sun  reflected  by  its  minor,  untU^the  lower  limb-jast 
sweeps  tbe  horizon.  He  oontinaee  to  follow  and 
measme  its  ascent,  until  it  ceaseeto  riae  ;*  the  moment 
that  it  becins  to  foH,  and  the  lower  limb  dipe  ia  the 
horizon,  &  sun  has  passed  the  meridian. 

The  altitude  marked  by  the  hufex  being  read  of, 
it  b  next  corrected.  And,  finft,  theoboerver  aids>t]le 
semi-diameter,  in-order  to  make  the  altitude  apply  to 
the  centre  of  the  object;  next;  he  subtracts-  the  dip, 
to  meet  the  error  caused  by  the  extension  of  tdte  horp- 
zoo,  in  consequence  of  the  rotundity  of  t9ie  earth  and 
the  elevHrion>of  his  eye  above  its  surihee ;  also  the-  re<^ 
frtKtion  of  the  atmosphere,  by  which  Uie  object,  when 
not  verticsf,  is  made  to  appear  higher  than  its  true 
plice;  lastly,  he  adds  the  purallax  (a-  smalt  correction, 
mconsiderable  from  the  sun's  distance),  rn  order  to 
rednce  the  calculnthnr  tot  the  centre  of 'die  eaithi  for 


which  point  all  cabmlatinns  arc  mtde,  and  whklk 
is  ever  supposed  to  be  the  station  of  an  observer* 
Having  made  all  tiiese  corrections,  which  many  ma-^ 
rineis  despatch  summarily,  by  an  addition  of  twelve 
minatsa,  he  has  the  true  meridian  altitude  of  the  soar 
Taking  this  from  a  quadrant,  or  ninetv  degrees,,  givea 
its  zenith  distance^  or  distance  from  that  point  in  the 
heavens  which  ia  immediately  over  the  observer,  and 
would  be  met  by  a  straight  line  passing  from  the  centra 
ofthaeavth  through  his  position.  Now»ifthesunwei» 
for  ever  on  the  equinoctial,,  the  zenith  distance  would 
alwayabethe  latitude;  for,  whilst  the  zenith  is  the  ob- 
server's position,  reforred  to  the  heavens,  the  e%aator 
is  there  in  like  manner  represented  by  the  equinoctial; 
and  we  have  already  seen  that  latitude  is  the  distanee 
from  the  equator^  But,  as  the  sun  is  only  twice  a 
year  upon  the  e^uiaoetial^  and  as  his  distance  from 
it  at  times  increases  to  more  than  twenty  degp-ees, 
it  beeomea  necessary  to  take  thia  distance  (called  his 
deeUnatiam}  into  the  estimate.  The  sun*s  declinatibn 
is  given*,  in  the  almanac,  for  the  noon  of  each  day ; 
by  correcting  it  for  the  time  anticipated  or  elapsed, 
according  as  the  sun  conies  first  to  him  or  to  the  first 
meridian,  by  his  position  east  or  west  of  it,  the  ob- 
server obtains  the  declination  for  noon  at  his  ow|k 
position.  Thia  decUnation^  applied  to  t^  zenith  dis- 
tance, by  adding  when  the  sun  is  on  the  same  side  of 
the  equator,  by  subtracting  when  on  the  opposite  side^ 
gives  the  true  latitude. 

A  daily  and  accurate  knowledge  of  hia  l^tnde  is^ 
thea,  to  the  mariner  of  our  da^,  a  desideratum  of  com 
attainment.  By  its  aid,  nothing  is  easier  than  tosmt 
clear  of  any  rock  or  shoal  that  crossea  his  track, 
either  by  a  watcfafril  look-out  at  the  moment  of  pasaing 
its  hdltudew  or  else  by  avoiding  its  parallel  entilrely, 
until  it  be  surely  passed.  Moreover*  this  is  hia  faiest: 
and  sorest  guide  in  aiming  at  his  destined  port;  foe 
he  has  but  to  attain  the  exact  latitude  it  li^  in,  and 
then  sail  direetlv  upon  It,  east  or  west*  to  be  sure  of 
success.  And  here  nature  is  agam  his  firiend  ^  by  a 
singidar  coincidence,,  discoverable  in  glaneing  at  the 
map  of  tJie  world,  moat  coasts  and  continents  lie  in  si 
northern  sod  southern,  direction,  ttenoa  tSie  valna 
alisdied,  by  seamen,  to  an  aomrate  kneiriedgie  of 
the  latitode^  and  hence  the  naudcal  phrase  ofi 
'^Lathnd^  lead,  and  look-out."  But^  if  tt  be  poa- 
sihke  ta  obtain  the  longitBde  with  any  thing  lihe  an 
equal  esne  and  certainty,  no  one  wtll  dispute  itn 
advantage. 

Various  ways  have  been  devised  to  find  the  lonU- 
tudev  in  all  of  which  the  great  element  is  time.  In* 
asmach  aathe  earth  performs  her  diurnal  revcdhtioni 
in  twenty-four  hours  from  the  time  any  gives 
mcvselian  is  brought  under  the  sun  until  it  readies  iir 
again,  it;ft>ttows  that  twenty-fiwr  hours  aad  360  de- 
grees aia  both  equal  te  a  cisde^  and  that  the  equator 
and  other  drdea  of  lonaitnde  mav  be  indilforently 
estMunted  by  either  of  these  divisions.  Henee  the 
difierence  of  time  betwaen  two  places  is  no  o&er 
than  the  diffeienre  betweea  tlK  sun's  commg  totheir 
respective  meridians,  or,  iis  a  woid;  Umir  diflbnoce 
of  longitude;  and  httice  it  follows  that  if  wv,  by  any 
meanSk  Mmultaneausly  ascertaia  tile  time  at  tbs  first 
meridian  and  the  time  on  boasd  ship,  we  shall' haea 
ascertained  the  lonaitude.  The  easiest  method  of  solv<- 
iag  this  problem  ishy  means  of  the  chronometer.  This 
is  a  wateh  so  nicely  constracted  as  to  go  widi  perfoct 
untformity,  either  having  no  error  iriMitever,  or  dsa 
losing  or  gaining  a  known  quantity  every  day.    Hit' 
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watch  it  set  to  the  time  of  the  first  meridian,  and  its 
rate  is  carefhlly  ascertained,  before  leaving  the  land. 
To  find  the  longitude  by  means  of  it,  the  mariner  has 
merely  to  take  an  observation  of  the  sun  or  other  star, 
when  rising  or  falling  rapidly,  and  deduce  the  time 
of  ship ;  this,  compared  with  the  time  at  the  first  me- 
ridian, simultaneously  given  by  the  chronometer, 
determines  the  longitude.    Several  chronometers  con- 
curring with  each  other  may  malce  the  mariner  sure 
of  his  position ;  but  a  single  one,  unchecked  by  other 
data,  and  liable,  from  its  nicety  of  construction,  to 
easy  derangement,  is  a  dangerous  guide.    The  most 
expeditious  and  certain  way  of  observing  the  longi- 
tude is  by  the  eclipses  of  Jupiter's  satellites.    Their 
times  of  immersion  and  emersion  at  the  first  meridian 
are  noted  in  the  almanac,  and  these,  compared  with 
the  times  at  which  the  telescope  shows  the  obeerver 
the  occurrence  of  the  same  phenomena,  determine  the 
longitude.    But  the  unsteadiness  of  a  ship  at  sea  de- 
prives the  mariner  of  this  expeditious  raeUiod.    For- 
tunately, there  yet  remains  open  to  him  one  of  suffi- 
cient accuracy :  this  is  by  observing  the  distance  of 
the  moon  from  the  sun  and  other  fixed  stars,  and 
comparing  the  time  of  observation  with  that  time  at 
which  the  almanac  shows  a  similar  distance  for  the 
first  meridian.     The  only  difficulty  attending  this 
beautiful  method,  which  the  rapid  movement  of  the 
moon  in  her  orbit,  and  her  consequent  change  of  dis- 
tance from  the  stars,  renders  proportionably  correct, 
consists  in  the  first  place  in  nicely  observing  the  dis- 
tance, and  then  in  correcting  it  trigonometncally  for 
the  errors  occasioned  by  parallax  and  refraction. 

A  single  lunar  observation,  like  a  single  chrono- 
meter, has  been  confided  in  to  the  loss  of  many  a 
gallant  ship ;  but  a  series  of  them,  taken  from  day  to 
day,  with  stars  on  different  sides  of  the  moon,  and 
concurring  to  show  the  same  longitude,  are  vrorthy 
of  all  confidence.  Thus,  aided  by  these  heavenly 
guides,  is  the  mariner  at  all  times  able  to  determine 
his  position.  He  should  not,  however,  be  inattentive 
to  any  means  of  information ;  he  should,  by  observing 
the  diffierence  between  the  magnetic  bearing  of  some 
heavenly  body,  and  what  calculation  shows  to  be  its 
true  bearing,  daily  inform  himself  of  that  wonderful 
phenomenon,— the  magnetic  variation ;  he  should,  in 
calm  weather,  ascertdn  the  direction  and  force  of  the 
cturent,  by  lowering  a  boat  and  anchoring  it  to  an 
iron  vessel  let  down  below  the  superficial  strata  of 
the  ocean ;  in  approaching  the  land,  he  should  be 
attentive  to  the  changing  colour  and  temperature  of 
the  sea,  which  last  is,  especially  on  our  coast,  an  ad- 
mirable monitor ;  also  to  the  floating  of  weeds,  and 
the  flight  of  birds,  such  as  do  not  stray  far  from  it. 
All  these  Uttle  cares,  the  watching  of  the  barometer, 
and  profiting  by  its  friendly  predictions,  and  the  fre- 
quent inspection  of  the  chart,  whilst  they  take  from 
the  dangers  of  navigation,  amuse  the  mariner,  and 
beguile  the  tedium  of  the  sea.  Thus,  then,  is  a  ship 
conducted  from  port  to  port;  thus  are  dangers 
avoided  and  difficulties  overcome.  Though  they  who 
traverse  the  vast  ocean  leave  neither  track  nor  way- 
mark  for  the  guidance  of  those  who  follow,  it  is  thus 
converted  into  a  plain  and  convenient  highway,  ex- 
tending to  the  extremities  of  the  earth.  (See  the 
article  Sbip.) 

Nbapbd  ;  the  situation  of  a  ship-  which  is  left 
aground  on  the  height  of  a  spring  tide,  so  that  she 
cannot  be  floated  off  till  the  return  of  the  next 
spring. 
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Nbap  Tinas  are  those  whidi  happen  when  the 
moon  is  nearly  at  the  second  and  foarth  qaafters. 
The  neap  tides  are  low  tides,  in  respect  to  their  op- 
posites,  the  tprimg  tides. 

Nbbula.  The  name  of  nehulm  is  given  to  certain 
little  spots,  resembling  white  doods,  which  are  seen 
in  the  starry  heavens,  and  ndiich,  as  observed  throo|^ 
the  telescope,  present  three  kinds  of  appearances. 
These  appearances  are  either  that  of  singly  stars  en- 
veloped in  a  nebulous  veil,  or  of  groups  of  little  stars, 
or  only  of  a  glittering  cloud.  The  last  are  the  proper 
nebulae,  which  astronomers  consider  as  systems  of 
fixed  stars,  of  which  there  may  be  innnmermble  msl- 
titudes  in  infinite  space.  Herschei,  who  spent  much 
time  in  observing  them,  and  has  described  them  in 
his  Catalogwe  of  One  T%ou9and  new  NeM^  (Lon- 
don, 1786,  4to.),  does  not  consider  Iheoi  all  as 
groups  of  stars.  At  present  as  many  as  2000  are 
known. 

Nbck  ;  that  portion  of  the  human  fraase  which 
unites  the  head  and  the  body.  Several  of  the  ver- 
tebrae of  the  spine  belong  to  the  neck ;  the  first  of 
them  has  the  name  of  s/ist,  from  its  immediately 
supporting  the  head.  Its  upper  side  has  two  cavi- 
ties, into  which  the  apophyses  of  the  os  occipitts  aie 
received ;  but  these  two  cavities  together,  unlike  all 
other  joints,  are  laterally  portions  of  concentric  cir- 
cles, by  which  means  they  are  but  as  one  joint,  and 
so  suffer  the  head  to  move  easily  side- ways,  whi^ 
otherwise  it  could  no  more  do  than  the  knee,  whic^ 
also  has  two  heads  and  two  cavities*  The  nndcr 
side  of  this  bone  has  a  very  flat  articulation  with  the 
next ;  by  whidi  means  it  b  fitted  for  a  rotary  aaotioB. 
The  superior  vertebra  of  the  neck  bein^  fixed  behind 
the  head's  centre  of  gravity,  the  neck  is  so  lar  beat 
forward  as  that  the  last  of  these  vertebrm,  which  has 
a  firm  bearing  upon  those  of  the  thorax,  ialla  exactly 
under  the  centre  of  gravity. 

NBCROMAif CT ;  the  divination  of  the  lutaie  by 
questioning  the  dead.  This,  like  many  saperstitioas 
rites,  originated  in  the  east,  or  the  extreme  nortlw 
and  is  of  the  highest  antiquity.  Some  have,  indeed, 
maintained  that  it  was  not  brought  frona  Egypt  or 
Persia  to  Greece,  but  originated  in  ^e  last-named  conn- 
try  ;  but  it  is  difficult  to  prove  this.  We  find  mention 
made  of  necromancy  in  the  Old  Testament ;  for  in- 
stance, in  the  first  book  of  Samuel  (i.  18),  and  in 
Deuteronomy  (xviii.  11),  where  it  is  forbidden*  la 
the  eleventh  book  of  the  Odyssey,  Homer  has  mads 
Ulysses  raise  the  shade  of  Tiresias  from  die  infernal 
regions.  The  rite  as  there  described  contains  no- 
thing magical,  and  consists  merely  in  the  performaace 
of  a  sacrifice  with  peculiar  solemnities.  Ihis  de- 
scription of  Homer  proves  that  necromancy  was 
common  in  Greece  before  his  time.  In  many  parts 
of  Greece  there  were  oracles  of  the  dead,  the  origin 
of  which  is  lost  in  the  obscurity  of  history.  'Rhc 
fable  of  the  descent  of  Orpheus  to  Hades  is  by  aoms 
considered  to  refer  to  this  species  of  necromancy. 
Indeed,  it  is  very  doubtful  whether  the  expression 
used  of  many  of  the  Greek  heroes,  that  they  descended 
to  the  infernal  regions,  means  any  thing  more  thsn 
that  they  consulted  an  oracle  of  the  dead.  While 
in  the  rest  of  Greece  necromancy  was  prsctised  in 
the  temples  by  priests  or  other  religious  persons,  in- 
dividuals called  ifnfxay§yoi  (evokers  of  spirits)  prac- 
tised it  in  Thessaly,  the  native  country  of  mag^  and 
made  use  of  magical  practices.  In  later  times,  these 
practices  became  horrible;  for  magicians  ascribing  a 
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superior  power  to  human  blood,  and  every  thing 
"which  came  from  the  gibbet  or  the  grave,  were  led  to 
the  most  revolting  and  diBgusting  acts.  They  tore 
men,  half  burnt,  from  their  funeral  piles,  buried  others 
living,  ripped  out  unborn  babes  from  the  wombs  of 
their  moUxers,  and  committed  other  similar  enormi- 
ties. They  frequently  butchered  men,  in  order  to 
consult  their  spirits  before  they  had  time  to  hasten 
down  to  the  regions  of  the  dead.  After  the  total 
downfall  of  paganism,  men  were  satisfied  with  a 
kind  of  necromancy  by  which  they  merely  caused  the 
^p^ices  of  the  dead  to  be  heard  from  their  graves. 

Necrosis.  This  word,  the  strict  meaning  of  which 
is  simply  mortification,  is  by  the  general  consent  of 
surgeons  confined  to  the  mortification  of  the  bones. 
It  was  first  used  in  this  particular  sense  by  the  cele- 
brated M .  Louis,  who  restricted  its  application,  how- 
ever, to  cases  in  which  the  whole  thickness  of 
the  bone  was  destroyed.  By  the  ancients,  ^e  death 
of  parts  of  bones  was  not  distinguished  from  caries. 
However,  necrosis  and  caries  are  essentially  different ; 
for,  in  the  former,  the  afiected  part  of  the  bone  is  de- 
prived of  the  vital  principle ;  but  this  is  not  the  case 
'when  it  is  simply  carious.  Caries  is  very  analogous 
to  ulceration,  while  necrosis  closely  resembles  morti- 
fication of  the  sdil  parts. 

Between  caries  and  necrosis,  says  Weidmann,  there 
ia  ail  that  difference  which  exists  between  ulcers  and 
gangrene,  or  sphacelus,  of  the  soft  parts.  In  caries, 
the  nutrition  of  the  bone  is  only  impaired,  and  an 
irregular  action  disunites  the  elements  of  the  bony 
structure,  which  consequently  sustains  a  loss  of  sub- 
stance ;  but  every  remaining  part  of  it  is  yet  alive. 
In  necrosis,  on  the  contrary,  the  vitality  and  nutri- 
tive functions  cease  altogether  in  a  certain  portion  of 
tiie  bone,  the  separation  of  which  then  becomes  in- 
dispensable. 

We  have  already  mentioned  that  M.  Louis  confined 
the  term  necrosis  to  cases  in  which  the  whole  thick- 
ness of  a  bone  perished ;  but  Weidmann  judiciously 
criticises  this  limitation  of  the  word,  and  maintains 
that  the  nature  of  the  disorder  is  the  same  whether 
it  affects  a  single  scale,  the  whole,  or  a  mere  point,  of 
the  bone.  He  also  objects  to  the  definition  of  ne- 
crosis proposed  by  Chopart,  and  adopted  by  David. 
These  two  authors  have  defined  necrosis  to  be  a  dis- 
order in  which  a  portion  of  bone  perishes,  and  turns 
dry,  in  order  to  be  soon  separated  from  the  living 
parts,  and  replaced  by  a  new  bony  substance,  which 
18  to  perform  its  functions.  But,  as  Weidmann  ob- 
serves, it  may  happen  that  a  piece  of  bone  which 
dies  and  separates  may  not  be  replaced  by  any  new 
formation  of  bone,  though  the  disease  is  of  the  same 
character,  and  merelv  varies  in  some  modifications. 
He  therefore  argues  that  a  true  necrosis  must  always 
be  said  to  exist  whenever  a  dead  portion  of  bone  has 
either  separated  or  is  about  to  separate. 

The  tibia,  femur,  lower  jaw,  clavicle,  humerus, 
fibula,  radius,  and  ulna,  are  the  bones  most  fre- 
quently affected  with  necrosis.  Excepting  the  lower 
jaw  and  scapula,  the  process  of  regeneration  has  been 
noticed  only  in  the  cylindrical  bones.  From  twelve 
to  eighteen  years  of  age  is  the  time  of  life  most  sub- 
ject to  necrosis.  In  some  persons,  two  bones  are 
affected  at  once,  owing  to  constitutional  causes. 

In  the  treatment  of  necrosis,  the  first  g^and  object 
of  the  surgeon  should  be  to  aid  nature  in  her  endea- 
vours to  effect  a  cure,  and  not  to  disturb  her  opera- 
tions by  any  superfiuotis  or  unseasonable  interference: 

Aats  &  Sctw«»$. — Vol.  I. 


The  second  should  be  to  aseitt  her,  sometimes  by  the 
boldest  proceedings,  when  she  loses  her  way,  and 
cannot  by  herself  accomplish  the  end.  But,  in  orde|r 
not  to  attempt  any  thing  wrong,  the  surgeon  must 
understand  correctly  what  nature  does  in  this  disease, 
what  it  is  in  her  power  to  perform,  what  she  either 
cannot  accomplish  at  all  or  not  with  any  degree  of 
certainty,  and  lastly  the  circumstances  in  which  she 
may  err,  and  endanger  the  patient's  life. 

When  a  portion  of  bone  dies,  nature  uses  all  her 
endeavours  to  bring  about  its  separation  from  the  part 
of  the  bone  which  still  remains  alive.  Surgeons  have 
denominated  this  process  eTfoUation,  which  resembles 
the  separation  that  occurs  between  parts  affected 
with  gangrene  and  sphacelus,  and  the  living  flesh. 
An  exfoliation  of  bone,  however,  happens  much  more 
slowly  than  the  separation  of  a  slough  of  the  soft 
parts.  Neither  are  all  exfoliations  completed  at  a 
regular  period  ;  for  they  proceed  most  quickly  during 
youth,  when  the  constitution  is  more  full  of  energy, 
and  the  boues  more  vascular  and  less  replete  vritii 
solid  inorganic  earthy  matter.  On  the  other  hand,  the 
process  is  slower  in  old  or  debilitated  subjects,  whose 
vitality  is  less  active. 

When  the  disease  presents  itself  with  violent 
symptoms,  the  inflammation  and  fever  being  intense, 
the  severity  of  the  case  is  to  be  assuaged  by  low  diet, 
antiphlogistic  remedies,  emollient  applications,  and 
venesection  in  moderation,  the  disease  being  one 
which  is  of  long  duration  and  apt  to  wear  out  the 
patient's  strength.  Here,  perhaps,  topical  bleeding 
ought  always  to  be  preferred  to  venesection.  When 
the  necrosis  has  arisen  from  syphilis,  scrofula,  or 
scurvy,  &c.,  the  medicines  calculated  for  the  cure  of 
these  affections  must  be  exhibited,  ere  any  favour- 
able changes  can  be  expected  in  the  state  of  the 
diseased  bone. 

Iiastly,  it  is  the  duty  of  the  practitioner  to  extract 
the  fragments  of  dead  bone,  in  order  that  the  defi- 
ciencies produced  by  them  may  be  filled  up,  and  the 
ulcers  of  the  soft  parts  healed.  Nature,  who  succeeds 
by  herself  in  detaching  the  dead  pieces  of  bone,  can 
do  very  little  in  promoting  their  passage  outward. 
Frequently,  indeed,  she  has  no  power  at  all  in  this 
process,  and  it  is  only  from  surgery  that  assistance 
can  be  derived.  When  a  dead  piece  of  bone  is  still 
adherent  at  some  points,  its  extraction  should  be 
postponed  until  it  has  become  completely  loose.  If 
it  were  forcibly  pulled  away,  there  would  be  danger 
of  leaving  a  part  of  it  behind,  which  must  have  time 
to  separate  ere  the  cure  can  be  accomplished.  But^ 
when  a  fragment  is  entirely  detached,  and  the  orifices 
of  the  sores  are  sufficiently  large,  it  is  to  be  taken 
hold  of  with  a  pair  of  forceps,  and  extracted.  When 
the  ulcer  has  only  a  very  narrow  opening,  suitable 
incisions  must  be  made  in  order  to  facilitate  the  re-* 
moval  of  the  loose  dead  bone* 

Negative  Sign.  This  sign  implies  that  the  real 
value  of  the  quantity  represented  by  the  letter  to 
which  it  is  prefixed  is  to  be  subtracted  ;  and  it  serves 
with  the  positive  sign  to  keep  in  view  what  elements 
or  parts  enter  into  the  composition  of  quantities. 
It  serves  to  express  a  quantity  of  an  opposite  quality 
to  the  positive  (as  a  line  in  a  contrary  position,  a 
motion  with  an  opposite  direction,  or  a  centrifugal 
force  in  opposition  to  gravity),  and  thus  often  saves 
the  trouble  of  distin^ishing  and  demonstrating 
separately  the  various  cases  of  proportions,  and  pre-  . 
serves  their  analogy  in  view.    But  as  the  proportiona 
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of  lines  depend  on  their  magnitude  only  without  re*- 
gard  to  their  position,  and  motiont  and  fbrces  are 
Mid  to  be  equal  or  nneqnai  in  any  given  ratio  without 
regard  to  their  directions,  and  in  general  the  pro- 
^rtion  of  quantity  relates  to  their  magnitude  only, 
wf^out  determining  whether  they  are  to  be  consider^ 
as  increments  or  decrements,  so  there  is  no  groond 
to  imagine  any  other  proportion  of  -—  i  and  -|-  o  (or 
of —  I  and  +  1)  than  of  the  real  magnitudes  of  the 
quantities  represented  by  h  and  a,  whether  these  quan- 
dties  are  in  any  particular  case  to  be  added  or 
«i:rt>tracted.  It  is  the  same  thing  to  subtract  a 
decrement  as  to  add  an  equal  increment,  or  to  sub- 
tract —  b  from  a  —  b,  as  to  add  +  6  to  it ;  and, 
because  multiplying  a  quantity  by  a  negative  number 
implies  only  a  repeated  subtraction  of  it,  the  multi- 
plying —  ft  by  —  ft  is  subtracting  -—  ft  as  often  as 
there  are  units  in  n,  and  is  therefore  equivalent  to 
adding -{-  ft  so  many  times,  or  the  same  as  adding  -)-- 
•  ft.  But  if  we  infer  from  this  that  I  is  to — n  as  —  ft 
to  ft  ft,  accordmg  to  the  rule  that  unit  is  to  one  of 
^e  ^ftctors  as  the  other  factor  is  to  the  product,  there 
is  no  ground  to  imagine  that  there  is  any  mystery  in 
this,  or  any  other  meaning  than  that  the  real  magni<- 
tudes  represented  by  1,  a,  ft,  and  n  ft  are  proportional ; 
for  that  rule  relates  only  to  the  magnitude  of  the 
ikctors  and  product,  without  determining  whether 
any  factor  or  the  product  is  to  be  added  or  subtracted. 
But  this  likewise  must  be  determined  in  algebraic 
computations :  and  this  is  the  proper  use  of  the  rules 
concerning  the  signs,  without  which  the  operation 
could  not  proceed.  As  a  quantity  to  be  subtracted 
it  never  produced  in  composition  by  any  repeated 
addition  of  a  positive,  or  repeated  subtraction  of 
a  negative,  a  negative  square  number  is  never  pro- 
duced by  composition  from  the  root.  Hence  ,y —  1, 
or  the  square  root  of  a  negative,  implies  an  imaginary 
quantity ;  and,  in  resolation,  is  a  mark  or  character 
of  the  impossible  cases  of  a  problem,  unless  it  is 
compensated  by  another  imaginary  symbol  or  suppo- 
sition, when  the  whole  expression  may  have  a  real 

signification.  Thus  1  -h  V — 1,  and  1  —  */ — I  taken 
separately  are  imaginary,  but  their  sura  is  2 ;  as  the 
conditioBS  that  separately  would  render  the  solution 
of  a  problem  impossible  in  some  cases  destroy  each 
other's  effect  when  conjoined.  In  the  pursuit  of 
general  conchiaioiis,  and  of  simple  forms  representing 
Ifatm,  expressions  of  this  kind  must  sometmies  arise 
where  the  imaginary  symbol  is  compensated  in  a 
manner  that  is  not  always  so  obvious. 

Nbprbitioum  Lionum.  This  wood  is  brou^t 
iirom  America  in  large  compact  pieces  of  a  whitish  or 
pale  yellow  colour  without,  and  of  a  dark  brownish 
or  reddish  colour  within.  If  bruised  and  macerated 
in  water,  it  imparts  a  deep  tincture,  appearing,  when 
placed  betwixt  the  eye  and  the  light,  of  a  golden 
colour,  but  in  other  'situations  a{  a  fine  bJue^  a 
property  by  which  it  difiers  from  all  other  known 
woods.  Other  wooda  are  often  mixed  with  it,  which 
oMly  give  a  yellow  tincture.  With  rectified  spirit  of 
vine  the  same  blue  tincture  b  procured,  becoming 
yellow  by  adding  an  acid,  but  again  blue  by  an  alkali. 

To  the  taste  it  is  slightly  bitter,  and  the  raspings 
have  a  faint  ai:omatic  smell.  A  strong  infusion  m 
water  is  gently  astringent,  and  is  recommended  in 
nephritic  complaints  and  all  disorders  of  the  kidneys 
and  urinary  passages.  It  does  not»  like  the  wanner 
diuretics,  increase  mtamowkion.  | 


Nxaysa.  The  nerves  of  tks  ie^amk 
composed  of  bundles  of  white  parallel  medidlary 
threads.  Every  bundle  is  survoonded  with  a  soft 
sheath  foil  of  blood-vessels,  and  whose  finest  bmnches 
terminate  in  the  substance  of  tiie  nerves.  These 
nerves  are  spread  through  the  whole  animal  fmr. 
and  variously  connected  with  each  odier.  Only  tbt 
epidermis,  the  hair,  and  nails,  are  destitute  of 
They  are  of  various  size,  according  as  they  are 

posed  of  more  or  fewer  bundles  of  medullary  tht 

In  the  course  of  the  nerves  there  are  a  number  of 
knots;  these  are  called  ^osi^ttoaff;  they  are  commoaly 
of  an  oblong  shape,  and  of  a  grayish  cokmr,  some- 
what inclining  to  red,  which  is  perfaapa  owing  to 
their  being  extremely  vascular.  In  paiticnlar  paiti 
of  the  body  the  nerves  come  in  contact  with  ea^ 
oAer,  and  the  bundles  composing  them  are  mutaally 
interwoven  to  such  a  degree  that  they  cannot  be  dis- 
joined without  violence.  These  conuBonicatioiis 
are  called  plesu9e$^  and  are  found  particolarly  in  the 
abdomen,  bdiind  the  stomach>  and  in  the  regian 
of  the  pit  of  the  stomach,  near  the  liver,  meaentery, 
heart,  flee. 

The  final  terminations  of  the  nerves  are  Tarioos. 
particularly  those  which  run  to  the  (urgana  of  aense. 
In  the  auricular  organ,  for  instance,* the  nerrea  ter- 
minate in  a  soft  mass  like  pap,  sonromided  with 
moisture ;  the  optic  nerve  terminates  in  a  naedaUary 
skin ;  the  nerves  of  taste  terminate  in  little  p^fiOm; 
those  of  feeling  in  the  points  of  the  fingers  and  the 
surface  of  the  skin  in  general ;  those  belonging  to  the 
muscles  are  lost  in  the  texture  of  the  same,  ao  that 
their  terminations  cannot  be  accurately  asoertained. 

All  the  nerves  are  embraced  under  the  general 
head  of  the  nerwms  gf/stem.  This  is  most  intimataly 
connected  with  the  brain  and  the  spinal  marrow, 
which  may  be  regarded  as  a  prolongation  of  it.  Ihe 
brain  is  the  centre,  from  which  or  to  which  proeecd 
all  impressions  communicated  to  the  nerves.  The 
substance  of  the  nerves  is  the  same  medullary  aattir 
which  constitutes  the  brain,  resembling  the  wh&e  cf 
an  egg,  and  appearing  to  the  nnassirted  eye  as  if 
composed  of  little  balls.  The  central  termination  ai 
all  &e  nerves  is  in  the  brain  and  spinal  marrow, 
where  they  branch  out  into  the  skin  or  the  interior 
of  the  organs.  The  various  isolated,  and  in  pait 
heterogeneous,  structures  of  which  the  body  ^^!f^w!tL 
which  are  mechanically  joined  by  the  ceUidar  tiasae; 
the  membranes,  and  the  ligaments,  are  naked  Jala 
one  harmonious  whole  by  means  of  the  nerves.  The 
vascular  system  connects  them  only  so  rar  as  it  for- 
nishes  the  supply  of  blood  required  for  their 
and  their  opeistions  ;  but  it  is  properly  the 
system  which  imparts  to  all  their  life,  govema 
operations,  and  establishes  their  sympathy  and  aataal 
action.  11ms  is  efiected  by  means  of  that  portioa  of 
the  nervous  system  which  is  diffused  throng  tht 
abdomen,  formijag  many  nets  and  plexuses,  and  con- 
stituting what  is  called  the  vfijfeiaiwe^or  rqgredacfnik 
or  organic  nervota  ayttem,  because  the  growth  and 
support  of  the  body  are  effected  by  it. 

Another  part  of  tke  nervous  system  afforda  the 
means  of  consciousness  and  voluntary  action.  This 
is  the  ftroia  or  cerebral  mfstem,  which  exdtea  the 
nerves  that  put  in  action  the  muscles  of  volnntaiy 
motion,  and  those  which  supply  sensibility  to  dM 
organs  of  sense*  and  convey*  to  the  brain  the  » 
pressions  thenoe  received.  The  nerves  whidi  ooah> 
mnniratp  with  the  organs  of  sense  run  in  psui    tha 
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firs^  padr  (•UhetDfy  ii«r¥«)  to  tbt  noa^  where  It  U 
spread  over  tke  tnrfboe  of  the  nostrile,  and  fonns  the 
power  of  smell ;  the  second  (optic  nerve)  to  the  eyes ; 
tikis  w  rounds  thick*  and  penetrates  from  behind  the 
ball  or  globe  of  the  eye  (througb  a  round  plate  of  the 
firm  coat  of  the  ball,  containing  many  little  apertures), 
wa4  is  spread  fut  on  the  inner  and  concave  surface  of 
tlMi  globe  into  4  thin  coat  called  the  re/uMi>  on  which 
^he  images  of  external  objects  are  formed ;  the  eighth 
fsair  (anidilory  iierves)  are  spread  over  the  interior  of 
the  eaiv  and  are  sensible  to  the  vibrations  of  the  air. 
From  the  numerous  ramifications  of  the  ninth  pair 
Qomt  the  nerves  of  the  tongue*  which  give  rise  to  the 
sease  ef  taste.     The  general  sense  of  feeling  is  si- 
tuated pasticularly  in  the  skin>  and  peculiarly  in  the 
point*  of  the  fingers.    Thia  sense  is  produced  by  a 
iranety  of  nerves  diffused  over  the  skin,  and  those 
pacta  whicii  are  most  sensitive  are  supplied  with  the 
gipeatest  quantity  of  nerves,  which  form  entire  series 
efcoatiguoos  nervous  jTOfnUie;  for  instance,  at  the 
lips,  the  points  of  the  fingers,  &c.    Thus  the  action 
of  the  nerves  is  reciprocal  from  without  inwards,  and 
trojsk  within  outwanls-— the  first,  because  the  impres- 
«ioii8  on  the  organs  of  sense  ace  communicated  by 
the  aei^ea  to  the  brain,  and  there  form  perceptions 
and  feelings ;  the  second,  because  die  voluntary  m^ 
tions  are  produced  by  communications  from  the  brain 
to  the  nerves,  while  the  leproductive  part  of  the 
nervous  system  quietly  supports  the  whole  machine, 
and,  in  a  sound  state  of  the  body,  is  recognized  only 
bf  the  opeiation  of  die  appetites,  and  by  a  general 
feeling  of  ease  throughout  the  system,  but,  in  a  dis- 
eased state,  gives  rise  to  general  uneasiaess  and  pain. 
The  power  of  the  nervous  system  has  ao  fixed 
point,  but  is  variable,  oven  in  the  same  subject.     In 
sleep,,  the  activity  of  the  cerebral  system  is  impaired, 
that  of  the  reproducttwe  system  heightened;  therefore, 
in  quiel  sleep,  die  operations  of  the  senses  and  the 
volinitary  motbns  cease,  while  the  activity  of  the 
organs  of  respiration  and  circulation,  of  digestion, 
secretion,  and  nourishment  eontinnea.    From  what 
bas  been  said,  it  must  be  obvious  that  the  whole 
action  of  the  body  depends  upon  the  nervous  system. 
<Ste  Phtsiolooy  and  Pbrbmoxoot.) 

Nbrvous  Disbasbs  (searoeer)  are  such  as  consist 
ia  disturbed  aiections  of  sense  and  motion,  unat- 
tended by  any  -chronic  or  acute  inflammation,  or 
hemonhage,  or  by  any  disturbance  of  the  circulation. 
Nervous  pains  are  called  nomralgim ;  tamms  mte  in« 
^untary  contractions  in  oigans  which  have  mus* 
cular  fibres,  or  which  are  merely  sosceptible  of  coa- 
trastion ;  ^cmnmUitna  are  involuntary  and  irregular 
contnietions,  alternating  widi  relaxations,  in  one^  or 
se? eral,  or  all  of  the  muscles,  simultaneously  or  suc«- 
oessively ;  tetmtuf  is  a  permanent  contraction  of  a 
ooiain  class   of  musdes,   ordinarily  followed  by 
death;  eoniraeiUm  *iB  a  retraction  of  the  flexor  mu#- 
olss  of  one  member  or  of  two  paiaUet  members; 
pardjfrii  is  the  diminution  or  loss  of  dM  sensibility 
of  an  organ  of  sense,  or  die  contractility^  of  an  organ 
of  motion.    The  pains,  spasms,  paralysis,  take  dif- 
fcrent  mmies,  according  to  the  parts  affected.    The 
most  remarkable  of  all  the  neuro$es  \b  spoplecey,  which 
is  characterized  by  the  suspension  or  successive  loss 
of  sense  and  understanding,  as  well  as  of  motion; 
Hk  affections  of  the  mind,  known  under  the  names 
ef  iiestoZ  alienatUm,  iHMmtjf,  idiocy,  &c.,  are  also 
nmnm;  that  is,  disturbances  in  the  action  of  the 
MnoQs  system.    It  has  been  asserted  that  aarvous 


diseases  are  rendered  more  common  by  the  progress 
of  civilization ;  and,  in  fact,  the  nerves  become  more 
irritable,  and  therefore  more  liable  to  be  diseased^ 
with  the  progress  of  intelligenoe.  But  the  refinements 
of  the  modems  in  their  food  and  drinks,  the  use  of 
fermented  liquors,  wine,  coffee,  and  tea,  are  the  most 
frequent  causes  of  nervous  maladies.  The  early  and 
excessive  use  of  these  liquids  provokes  the  nerves, 
diseases  the  stomach,  and  gives  rise  to  cerebral  fevers 
in  children,  to  the  vapours  or  hysterics  in  women,  and 
to  hypochondria,  apop.'exy,  and  paralysis  in  men.  It 
is  not  always  easy  to  distinguish  the  symptoms  of 
newro8i$  from  those  of  inficummation;  but,  as  the 
treatment  in  the  two  cases  must  be  entirely  different, 
it  is  of  the  greatest  importance  to  use  every  caution 
in  this  respect.  Particular  medicines,  wluch  were 
considcKd  as  specific  remedies  in  nervous  diseases, 
were  formerly  in  use;  but  experience  has  proved 
that  warm  bathing,  soothing  drinks,  vegetable  diet» 
exercise,  recreation,  sometimes  bleeding,  at  others 
rubefacients,  opium  in  a  few  cases,  when  the  pain  is 
great,  and  Peruvian  bark,  are  the  best  antagonists 
of  fietcronr.  The  treatment  of  nervous  diseases, 
however,  has  not  a  little  embarrassed  the  scientific 
pracUtioner,  as  they  often  resist  the  most  skilful  and 
sagiicious  applications. 

NaT,  in  commerce;  that  which  remains  of  a  weight;, 
quantity,  &c.,  after  making  certain  deductions.  Thus, 
in  mercantile  language,  the  nei  weight  is  the  weight 
of  any  article  after  deducting  tare  and  tret;  netprqfii, 
income,  &c.,  is  the  absolute  profit  or  income  after 
deducting  expenses,  interest,  &c.  It  is  opposed  to 
ffroee. 

NaTHaBLAND  School  of  Paintuto  includes  all 
the  painters  in  the  Netherlands  who,  since  the  four- 
teenth and  fifteenth  centuries,  have  pursued  their  art 
in  a  style  peculiar  to  that  country.  It  is  divided  into 
the  Dutch  and  the  Flemieh  schools.  The  Flemish 
school  was  founded  by  John  van  £yk,  uid  b  dis- 
tinguished by  a  brilliant  colouring ;  magical  effect  of 
the  chiarO'Bcuro;  carefoUy  laboured,  though  often 
tasteless  drawing ;  a  strong,  yet  natural  expression, 
and  boldness  in  composition.  To  this  school  belong 
Francis  Floris  (bom  1590,  died  1570),  called  the 
FleaUth  Baphmel;  John  Stradaaos  (de  Straet),  of 
Bruges  (bom  1536),  who  painted  historioal  pieces 
and  hunting  scenes;  Mart,  de  Vos  (bora  1520); 
Sprai^^  (bmm  1546);  Peter  and  Fraaeis  Porbus, 
tie^faer  and  son ;  Dionysins  C^ahrart ;  the  brodiers  Psiil 
mid  Matthew  Brill;  Van  Ort  (bora  1557);  Peter 
Breughel  and  his  son  John ;  Roland  Savery,  of 
Courtray  (bom  in  1576)*  After  these  came  Peter 
Paid  Robens,  the  boldest  painter  of  modem  times ;  a 
man  of  inexhaustible  industry,  of  gigantic  ilnagination, 
and  power  of  representation,  to  whom  about  4000 
paintings  are  ascribed.  With  him  the  Flemish-school 
reached  its  acme.  Several  distinguiahsd  painters 
follow  I  Franeis  Snyders  (bora  1579),  whose  hunting 
pieces  excel  all  odim  in  boldnsis  and  troth ;  Jodocus 
Momper  (bom  1580),  a  landsraps  painter;  esteemed 
for  his  vaUsys  and  the  distant  views  which  they  pre- 
sent ;  Peter  Neefs,  ths  famous  church  painter ;  David 
T/miers,  father  and  son,  who,  m  representing  com- 
panies of  peasants,  guard^raoms,  tap-houses,  and  all 
kinds  of  low  life,:haee  haxidlf  their  cqud ;  Oasfiar  df 
Grayer  (bora  1583),  who  approaches,  in  the  expias^ 
sion  and  colouring  of  his  historicid  paintings,  to 
Rubens ;  Gerard  Segers,  distinguished  as  a  historical 
nainter ;  his  brother  Daniel,  famous  for  fiower  and 
^  3K2 
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insect  pieces.  James  Jordaens  (born  1594),  however, 
excelled  all  those  who  made  Rubens  their  model. 
Abraham  Janssen,  and  his  pupil  Theodore  Rombouts 
(greater  than  his  teacher),  equal  Rubens  in  colouring, 
but  not  in  conception.  The  industrious  Luke  van 
Uden  executed  the  landscapes  for  Ruben's  paintings ; 
and  his  views  of  the  sky  at  dawn  are  worthy  the 
study  of  every  artist. 

Anthony  van  Dyk  (bom  1599)  obtained  the  name 
of  the  king  of  portrait  painters.  He  excelled  Rubens 
in  correctness  and  beauty  of  forms.  Cornelius  Schiit, 
for  whom  John  Wildens  often  painted  the  landscapes, 
distinguished  himself  as  a  historical  painter ;  Adrian 
Brouwer  acquired  fame  by  his  excellent  representa- 
tions of  scenes  from  common  life ;  John  van  der  Meer 
by  his  pastoral  pieces ;  Anthony  Francis  van  der 
Meulen  by  his  battle  pieces;  Francis  and  John  Milet, 
father  and  son,  by  their  landscapes.  Besides  these, 
we  might  mention  the  names  of  John  Bol,Wenceslaus 
Koeberger,  Henry  Goltzius,  Henry  van  Balen,  Francis 
Hals,  William  Nieuwland,  James  Fouquieres,  Philip 
de  Champagne,  Erasmus  Quellin,  Abraham  Diepen- 
beck,  Theod.  van  Thulden,  John  Goeimar,  James  of 
Artois,  Bonewent  Peters,  David  Kickaert,  Gonzalez 
Coques,  Peter  Boel,  Samuel  van  Hoogstraaten,  John 
Bapt.  Monoyer,  Abraham  Genoels,  Gerard  Lairesse, 
Arnold  von  Vucz,  John  Francis  van  Bloemann,  John 
van  Cleef,  Pet.  Eykens.  Richard  van  Orley,  Louis 
Deyster,  Nicholas  Largilli^re,  Verendael,  Robert  van 
Oudenaerde,  John  Anthony  van  der  Leepe,  Caspar 
Verbriigen,  John  van  Breda. 

The  Dutch  school  is  distinguished  for  a  faithful 
copying  of  nature,  great  finish,  good  chiaro-Mcuro  and 
skilhil  disposition)  of  colours,  and  delicate  pencilling ; 
bat  it  is  reproached  with  choosing  ignoble  subjects, 
and  with  incorrectness  of  drawing.  Its  founder  is 
Luke  of  Leyden  (born  1494).  Its  most  prominent 
artists  are  Octavius  van  Veen,  of  Leyden  (born  1586, 
died  1634),  who  deserves  mention  also  as  the  teacher 
of  Rubens.  Abraham  Bloemart,  of  Gorcum  (died 
164^),  painted  historical  subjects,  landscapes,  and 
animals,  in  good  taste.  Cornelius  Poelenburg,  of 
Utrecht  (bom  1586,  died  1663),  was  peculiarly  happy 
in  painting  small  landscapes  with  figures. 

John  Weynants,  of  Haarlem  (bom  1600),  is  distin- 
guished as  a  landscape  pamcer ;  and  John  Daniel  de 
Heem,  of  Utrecht  (bom  1604,  died  1674),  for  his 
faithful  imitation  of  flowers,  fruits,  carpets,  vase6,&c. 
The  highest  place  belongs  to  Rembrandt,  whose  mas- 
terly colouring  atones  for  all  his  defects,  and  Hermann 
Sachtleben,  who  painted  fine  landscEtpes.  In  the 
delineation  of  common  life,  the  following  are  distin- 
guished:— Gerard  Terburg,ofZwoli  (bom  1608,  died 
1681) ;  in  landscapes,  John  Both,  of  Utrecht  (bom 
1610,  died  1650) ;  Hermann  Swaneveld,  of  Woerden 
(bora  1620,  died  1690).  Asselyn  (bom  1610,  died 
1680)  painted  battles,  kadscapes,  and  pastoral  pieces, 
with  a  brilliant  colouring  and  a  delicate  pencil.  But 
it  will  be  difficult  to  find  any  painter  who  draws  more 
correctly,  colours  more  beautifully,  and  distributes 
light  more  truly,  thm  Gerhard  Dow,  or  Doaw  (bom 
1613,  died  1680). 

Peter  van  Laar  was  the  inventor  of  the  Bambocdate ; 
John  Fyt  (bom  at  Antwerp,  1625)  vras  a  good 
painter  of  beasts,  birds,  and  fruits;  Gabriel  Metzu, 
who  wrrked  in  the  style  of  Terburg,  excelled  him 
in  softness  of  pencilling.  The  landscapes  of  Benen- 
^.rg  of  Utrecht  are  full  of  life  and  freshness.  Phillip 
Wouvermann    (bom   1620,  died    16GS),  the  most 


famous  painter  of  horses,  produced  battle  and  fanot- 
ing  pieces,  horse-markets,  travelers,  and  robbers; 
and  his  paintings,  of  all  kinds,  are  highly  esteemed. 
His  pupil  John  Griffer  painted  the  beaotifiil  views  on 
the  Rhine.  The  landscapes  of  Anthony  Wateiioo» 
for  which  Weenix  executed  the  figures,  are  sometiiiics 
cold,  but  please  on  account  of  the  accuracy  witb 
which  he  represents  light  playing  through  foliage, 
and  the  reflection  of  objects  in  water. 

Berghen  acquired  the  name  of  ^e  Theoeritms  igf 
painiera ;  and  perhaps  Paul  Potter  is  the  only  one 
who  can  dispute  the  superiority  with  hzm.  Whilst 
Ludolf  Backhuysen  painted  storms  at  sea  with  an 
effect  as  true  as  it  is  terrible,  Francis  Miens  distin* 
guished  himself  by  fine  and  accurate  representatioiis 
of  many  domestic  subjects,  and  John  Pfcter  Slinge 
land  was  hardly  more  accurate.  Godfrey  Schalken, 
of  Dort,  has  not  yet  been  excelled  in  the  Uluminatioa 
of  night  scenes.  Excellent  market  scenes,  animals* 
and  landscapes  were  painted  by  Charles  du  Jardin. 
Adrian  van  de  Velde  pabated  landscapes  and  ^ninf^^f 
with  almost  unequalled  perfection.  For  the  repre- 
sentation of  the  beautiful  solitudes  of  nature,  James 
Ruisdael  is  celebrated ;  and  for  quiet,  lovely,  moon- 
light scenes.  Van  der  Neer:  the  former  is  one  of 
the  most  successful  painters  that  ever  attempted  to 
portray  nature.  No  painter  has  painted  more  deli- 
cately, and  with  more  finish,  even  in  insignificant 
trifles,  than  Adrian  van  der  Werf.  The  flower 
painter  Peter  van  Hubt,  of  Dort,  is  not  equal  to 
James  van  Huysum,  who  is  almost  unrivailed  in  tins 
department. 

Among  the  modem  painters,  we  should  menlioii 
Van  Os,  Van  Spaendonk,  Schefier,  PieBeraami, 
Hoges,  Kuipers,  Ommegang;  Van  Bree,  Wonder, 
Schotels.  Pienemann's  picture,  the  Battle  of  Waterieo 
(eighteen  feet  wide,  and  twenty-five  high) ,  was  boug^ 
by  the  king  of  Holland  for  40,000  guilders,  for  the 
purpose  of  being  presented  to  the  duke  of  WeUingtaa. 

The  reproach  of  an  almost  exclusive  adherence  to 
common  reality  has  been  often  applied  to  the  wbofe 
school  of  the  Netherlands;  hot  it  b  confined  by 
some  to  the  Dutch ;  whilst  the  Flemish  sdioot,  they 
say,  in  its  more  elevated  productions,  has  striven 
to  represent  a  nobler  nature.  The  chief  question  in 
painting,  however,  is  not  what  the  artist  attempte, 
but  what  he  accomplbhes ;  and,  if  George  Foster  b 
right  in  saying  that  in  the  works  of  the  Flembh 
painters  we  generally  miss  the  spirit  of  the  poet  in 
the  beauty  of  the  manual  execution,  then  the  Dutch 
school  would  deserve  the  preference,  because,  though 
it  takes  most  of  its  subjects  from  common  reality,  it 
often  represents  them  with  a  poetic  conoeptioii  of 
their  character.  It  would  be  better,  however,  to  de- 
scribe them  both  as  deficient  in  ideal  beauty,  bvt 
distinguished,  in  the  highest  degree,  for 
imitation  of  nature.  There  would  still  remain 
cient  distinction  between  the  two  schools.  That 
they  both  have  great  merit  in  respect  to  the  te^inical 
part  of  the  art  has  never  been  doubted ;  and  that 
they  have  greater  merits,  to  a  much  hi^ier  degree 
than  is  generally  allowed  them,  will  be  evident  firaa 
a  careful  study. 

Nbutrauzation,  in  ckemiMtry,  may  be  thin  ex- 
plained : — If  we  take  a  given  quantity  of  sulphuric  usA 
diluted  with  water,  and  add  it  slowly  to  the  solutiou 
of  soda  by  little  at  a  time,  and  examine  the  mixloic 
after  every  addition,  we  shall  find  that  for  a  oqb- 
siderable  time  it  will  exhibit  the  properties  of  an  add. 
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reddening  vegetable  blues,  and  having  a  taste  per- 
ceptibly sour;  but  these  acid  properties  gradually 
diminish  afler  every  addition  of  the  alkaline  solution, 
and  at  last  disappear  altogether.  If  we  still  continue 
to  add  the  soda,  the  mixture  gradually  acquires  alka- 
line properties,  converting  vegetable  blues  to  green, 
and  manifesting  a  urinous  taste.  These  properties 
become  stronger  and  stronger  the  greater  the  ()uan- 
tity  of  the  soda  is  which  is  added.  Thus  it  appears 
that  when  sulphuric  acid  and  soda  are  mixed  together 
the  properties  either  of  the  one  or  the  other  prepon- 
derate, according  to  the  proportions  of  each;  but 
there  are  certain  proportions  according  to  which, 
when  thev  are  combined,  they  mutually  destroy  or 
disguise  the  properties  of  each  other,  so  that  neither 
predominates,  or  rather  so  that  both  disappear.  When 
substances  thus  mutually  disguise  each  other's  pro- 
perties, they  are  said  to  itttiUralize  one  another. 
This  property  is  common  to  a  great  number  of  bodies ; 
but  it  manifests  itself  most  strongly,  and  was  first 
observed,  in  the  acids,  alkalies,  and  earths.  Hence 
the  salts  which  are  combinations  of  these  different 
bodies  received  long  ago  the  name  of  neutral  $aU$, 

Newtonian  Philosophy.  As  the  doctrines  of 
our  great  English  philosopher  have  long  since  ac- 
quired the  stamp  and  impress  of  truth,  it  may  be 
proper  to  furnish  our  readers  with  a  condensed  view 
of  what  has  in  this  country  been  styled  the  Doctrine 
of  the  Universe. 

The  term  Newtonian  philosophy  is  applied  very  dif- 
ferently by  different  authors.  Some  view  it  as  the 
corpuscular  philosophy,  corrected  and  reformed  by 
the  discoveries  and  improvements  made  by  Sir  Isaac 
Newton.  In  this  sense  it  is  that  Gravesande  calls 
his  elements  of  physics  Iniroductio  ad  Philosophiam 
Newtonianam,  And  in  this  sense  the  Newtonian  is 
the  same  with  the  new  philosophy,  and  stands  con- 
tradistinguished from  the  Cartesian,  tiie  Peripatetic, 
and  the  ancient  Corpuscular.  Others,  by  Newtonian 
philosophy,  mean  the  method  or  order  which  its 
great  founder  observed  in  philosophising ;  viz.  the 
reasoning  and  drawing  of  conclusions  directly  from 
phenomena,  exclusive  of  all  previous  hypotheses;  the 
beginning  from  simple  principles ;  deducing  the  first 
powers  and  laws  of  nature  from  a  few  select  pheno- 
mena, and  then  applying  those  laws,  &c.,  to  account 
for  other  things.  And  in  this  sense  the  Newtonian 
philosophy  is  the  same  with  the  experimental  phi- 
losophy, and  stands  opposed  to  the  Corpuscular. 
Others,  again,  by  Newtonian  philosophy  mean  that 
in  which  physicad  bodies  are  considered  mathemati- 
cally, and  where  geometry  and  mechanics  are  ap- 
plied to  the  solution  of  the  appearances  of  nature, 
m  which  sense  the  Newtonian  is  the  same  with  the 
mechanical  and  mathematical  philosophy. 

The  whole  of  the  Newtonian  philosopkj/,  as  delivered 
by  the  author,  is  contained  in  his  Principia,  or  Ma- 
thematical Principles  of  Natural  philosophy.  He 
founds  his  system  on  the  following  definitions: — 
1.  The  quantity  of  matter  is  the  measure  of  the  same 
arising  from  its  density  and  bulk  conjointly.  Thus 
air  of  a  double  density,  in  a  double  space,  b  qua- 
druple in  quantity ;  in  a  triple  space,  sextuple  in 
quantity,  &c.  2.  The  quantity  of  motion  is  the 
measure  of  the  same,  arising  from  the  velocity  and 
quantity  of  matter  coi^jointly.  'lliis  is  evident,  be- 
cause the  motion  of  the  whole  is  the  motion  of  all  its 
larts ;  and  therefore  in  a  body  double  in  quantity, 
vith   equal   velocity,   the   motion   is  double,   &c. 


3.  The  innate  force  of  matter  is  a  power  of  re- 
sistance, by  which  every  body,  as  much  as  in  it  lies, 
endeavours  to  persevere  in  its  present  state,  whether 
it  be  of  rest  or  moving  uniformly  forward  in  a  right 
line.  4.  An  impressed  force  is  an  action  exerted  upon 
a  body,  in  order  to  change  its  state,  either  of  rest  or 
of  moving  uniformly  forward  in  a  right  line.  This 
force  consists  in  the  action  only,  and  remains  no 
longer  in  the  body  when  the  action  is  over;  for  a 
body  maintains  every  new  state  it  acquires  by  its 
vis  inertuB  only.  5.  A  centripetal  force  is  that  by 
which  bodies  are  drawn,  impelled,  or  any  way  tend 
towards  a  point,  or  to  a  centre.  The  quantity  of  any 
centripetal  force  maybe  considered  as  of  three  kinds, 
absolute,  accelerative,  and  motive.  6.  The  absolute 
quantity  of  a  centrifugal  force  is  a  measure  of  the 
same  proportional  to  the  efficacy  of  the  cause  that 
propagates  it  from  the  centre  through  the  spaces  round 
about.  7'  The  accelerative  quantity  of  a  centri- 
petal force  is  a  measure  of  the  same  proportional  to 
the  velocity  which  it  generates  in  a  given  time. 
8.  The  motive  quantity  of  a  centripetal  force  is 
a  measure  of  the  same  proportional  to  the  motion 
which  it  generates  in  a  given  time.  This  is  always 
known  by  the  quantity  of  a  force  equal  and  con- 
trary to  it,  that  is,  just  sufilcient  to  hinder  the  descent 
of  the  body. 

Scholium  I.  Absolute,  true,  and  mathematical 
time,  of  itself,  and  from  its  own  nature,  flows  equa- 
bly, without  regard  to  any  thing  external,  and,  by 
another  name,  is  called  duration.  Relative,  apparent, 
and  common  time,  is  some  sensible  and  external  mea- 
sure of  duration,  whether  accurate  or  not,  which  is 
commonly  used  instead  of  true  time;  such  as  an 
hour,  a  day,  a  month,  a  year,  &c. 

II.  Absolute  space,  in  its  own  nature,  without 
regard  to  any  thing  external,  remains  always  similar 
and  immovid>le.  Relative  space  is  some  movable 
dimension  or  measure  of  the. absolute  spaces,  and 
which  is  vulgarly  taken  for  immovable  space.  Such 
is  the  dimension  of  a  subterraneous,  an  aerial,  or 
celestial  space,  determined  by  its  position  to  bodies, 
and  which  is  vulgarly  taken  for  immovable  space ; 
as  the  distance  of  a  subterraneous,  an  aerial,  or 
celestial  space,  determined  by  its  position  in  respect 
of  the  eaith.  Absolute  and  relative  space  are  the 
same  in  figure  and  magnitude ;  but  they  do  not  re- 
main always  numerically  the  same.  For  if  the  earth, 
for  instance,  moves,  a  space  of  our  air  which,  rela- 
tively and  in  respect  of  the  earth,  remains  always 
the  same,  will  at  one  time  be  one  part  of  the  absolute 
space  into  which  the  earth  passes,  at  another  time 
it  will  be  another  part  of  the  same;  and  so,  abso- 
lutely understood,  it  will  be  perpetually  mutable. 

III.  A  place  is  a  part  of  space  which  a  body  takes 
up ;  and  is,  according  to  the  space,  either  absolute 
or  relative.  Our  author  says  it  is  part  of  space ;  not 
the  situation  nor  the  external  surface  of  the  body. 
For  the  places  of  equal  solids  are  always  equal ;  but 
their  superficies,  by  reason  of  their  dissimilar  figures, 
are  often  unequal.  Positions  properly  have  no 
quantity,  nor  are  they  so  much  the  places  themselves 
as  the  properties  of  places.  The  motion  of  the 
whole*  is  the  same  thing  with  the  sum  of  the  motions 
of  the  parts ;  that  is,  the  translation  of  the  whole 
out  of  its  place  is  the  same  thing  with  the  sum 
of  the  translations  of  the  parts  out  of  their  places : 
and  therefore  the  place  of  the  whole  is  the  sam^ 
thing  with  the  sum  of  the  places  of  the  parts; 
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•od  for  tiiat  rauon  it  is  intemtl,  and  m  the  whole 
body. 

rv.  Abeolate  moHtm  b  the  tranBlation  of  a  body 
from  one  absolute  place  mto  another ;  and  relative 
motion  the  traneUitioa  from  one  relative  place  into  an- 
other. Thus,  in  a  ship  under  sail,  the  relative  place 
of  a  body  ia  that  part  of  a  ship  which  the  body  pos- 
sesses, or  that  part  of  its  cavity  which  the  body  fills, 
and  which  therefore  laoves  together  with  the  ship ; 
and  relative  rest  is  the  continuance  of  the  body  in 
the  same  part  of  the  ship,  or  of  its  cavity.  But  real 
absolute  rest  is  the  eontinoanee  of  the  body  in  t&e 
same  part  of  that  immovable  space  in  which  the  ship 
itself,  its  cavity,  and  all  that  it  contains,  is  moved. 
Wherefore,  if  the  earth  be  really  at  rest,  the  body 
which  relatively  rests  in  the  ship  win  really  and  ab- 
solutely move  vrith  the  same  velocity  which  the  ship 
has  on  the  earth.  But,  if  the  earth  also  move,  the  true 
and  absolute  motion  of  the  body  will  arise  partly 
from  the  true  motion  of  the  ear&  in  immovable 
apace,  partly  from  the  relative  motion  of  the  ship  on 
the  earth :  and,  if  the  body  move  also  relatively  in 
the  ship,  its  true  motion  will  arise  partly  from  the 
true  motion  of  the  earth  in  immovable  space,  and 
partly  from  the  relative  motions  as  well  of  the  ship 
on  the  earth  as  of  the  body  in  the  ship ;  and  from 
these  relative  motions  will  arise  the  relative  motion 
of  the  body  on  the  earth. 

Absolute  time,  in  astronomy,  is  distinguished  from 
rdative,  by  the  equation  or  correction  of  the  vulgar 
time.  For  the  natural  days  are  truly  unequal, 
though  they  are  commonly  considered  as  equal,  and 
used  for  a  measure  of  tmie:  astronomers  correct 
this  inequality  for  their  more  accurate  deducing  of 
the  celestial  motions.  It  may  be  that  there  is  no  such 
thing  as  an  equable  motion  whereby  time  may  be 
accurately  measured.  All  motions  may  be  accelerated 
or  retarded ;  but  the  true  or  equable  progress  of  abso- 
hite  time  is  liable  to  no  change. 

Aa  the  order  of  the  parts  of  time  is  immutable,  so 
also  Is  the  order  of  the  parts  of  space.  Suppose 
those  parts  to  be  moved  out  of  their  places,  and  they 
will  be  moved  (if  we  may  be  allowed  the  expression) 
<)ut  of  themselves.  For  times  and  spaces  are,  as  it 
vrere,  the  places  of  themselves  as  of  all  &Qkt  tilings. 
All  things  are  placed  in  time  as  to  order  of  succes- 
sion, and  in  space  as  to  order  of  sttiiation.  It  is 
from  their  essence  or  nature  that  they  are  places; 
and  that  the  primary  places  of  things  shcmkl  be 
movable  is  absurd.  These  are  tiierefore  the  absolute 
places ;  and  translations  out  of  those  places  are  the 
only  absolute  motions. 

But,  because  the  parts  of  space  cannot  be  seen  or 
distinguished  from  one  another  by  the  senses,  there- 
fore in  their  stead  we  use  sensible  measures  of  them. 
For,  from  the  positions  and  distances  of  things 
from  any  body,  considered  as  immovable,  we  define 
all  places ;  and  then,  with  respect  to  such  places, 
we  estimate  all  motions,  considering  bodies  as  trans- 
ferred from  some  of  those  places  into  others.  And 
so,  instead  of  absolute  places  and  motions,  we  use 
relative  ones,  and  that  without  any  inconvenience  in 
common  affairs:  but  in  philosophical  disquisitions 
wt  ought  to  abstract  from  our  senses,  and  consider 
tilings  themselves  distinct  from  what  are  only  sen- 
sible measures  of  them.  For  it  may  be  that  there 
is  no  body  really  at  rest,  to  which  the  places  and 
motions  of  others  may  be  referred. 

But  we  may  distinguish  rest  and  motion,  absolute 


and  relative,  one  from  the  other,  by  Aeir  properties, 
cansea,  and  effects.  It  is  a  property  of  rest  thai 
bodies  really  at  rest  do  rest  in  respect  of  each  other 
And  therefore,  as  it  is  possible  that  in  the  remote 
regions  of  the  fixed  stars,  or  perhaps  far  beyond  thea, 
there  may  be  some  body  absolutely  at  rest,  though 
it  be  impossible  to  know  from  the  position  of  bodbs 
to  one  another  in  our  regions  whether  any  of  these 
do  keep  the  same  position  to  that  remote  body,  it 
follows  that  absolute  rest  cannot  be  determined 
from  the  position  of  bodies  in  our  regiona. 

It  is  a  property  of  motion  that  the  parts  which 
retain  given  positions  to  their  wholes  do  partake  of 
the  motion  of  their  wholes.  For  all  parts  of  re- 
volving bodies  endeavour  to  recede  from  the  axis  of 
motion ;  and  the  impetus  of  bodies  moving  forwards 
arises  from  the  joint  impetus  of  all  the  parts.  Tliere- 
fore,  if  surrounding  bodies  be  moved,  thoae  that  are 
relatively  at  rest  within  them  will  partake  of  ther 
motion,  upon  which  account  the  true  and  absolatt 
motion  of  a  body  cannot  be  determined  by  the  trans- 
lation of  it  from  those  only  which  seem  to  rest ;  fiv 
the  external  bodies  ought  not  only  to  appear  at  rest, 
but  to  be  really  at  rest,  otherwise  all  included 
bodies,  beside  their  translation  from  near  the  sur- 
rounding ones,  partake  likewise  of  liieir  true  mo- 
tions ;  and,  though  that  translation  was  not  mad^ 
they  would  not  really  be  at  rest,  but  only  seem  to 
be  so.  For  the  surrounding  bodies  stand  in  the  lihe 
relation  to  the  surrounded  as  the  exterior  part  of  a 
whole  does  to  the  interior,  or  as  the  shell  does  to  the 
kernel ;  but,  if  the  shell  move,  the  kernel  will  also 
move,  as  being  part  of  the  whole,  without  any  re- 
moval from  near  the  shell. 

A  property  near  akin  to  the  preceding  ia  that  if 
a  place  is  moved,  whatever  is  placed  tiimin  mawm 
along  with  it ;  azkl  therefore  a  body  virhich  is  moved 
from  a  place  in  motion  partakes  also  of  Uie  raotiaa 
of  its  place,  upon  which  account  all  moticMis  from 
places  in  motion  are  no  otiier  than  parts  of  entire 
and  absolute  motions;  and  every  entire  motion  is 
composed  of  the  motion  of  the  body  out  of  its  fint 
place  and  the  motion  of  tiiis  place  oat  of  its 
place ;  and  so  on,  until  we  come  to  some  immovabfe 
place,  as  in  the  previous  example  of  the  ship. 
Wherefore  entire  and  absolute  motions  can  be  bo 
otherwise  determined  than  by  immovable  places. 
Now,  no  other  places  are  immovable  but  those  that 
from  infinity  to  infinity  do  all  retain  the  same  given 
positions  one  to  another,  and  upon  diis  accoonC 
must  ever  remain  unmoved,  and  do  thereby  con- 
stitute what  we  call  immovable  space. 

The  causes  by  which  true  and  relative  motions  are 
distinguished  one  from  tiie  other  are  the  forces  im- 
press^ upon  bodies  to  generate  motion.  Trot  mo- 
tion is  neither  generated  nor  altered  bat  by  aooie 
force  impressed  upon  the  body  moved :  but  relative 
motion  may  be  generated  or  altered  witiioot  any  fixca 
impressed  upon  the  body ;  for  it  is  sofildent  omsf 
to  impress  some  force  on  other  bodies  with  whioi 
the  former  is  compared,  tiiat,  by  their  giving  wav. 
tiiat  relation  may  be  dianged  in  which  the  reiatxm 
rest  or  motion  of  tiie  other  body  did  consist.  AgtSbn, 
true  motion  suffers  always  some  change  from 
force  impressed  upon  the  moving  body ;  bot 


motion  does  not  necessarily  undergo  anv  change  Wf 
such  force.  For  if  the  same  forces  are  ukewiae  ic* 
pressed  on  those  other  bodies  vrith  whidi  die  oMi- 
parison  is  made,  that  the  relaitive  position  ouiy  ha 
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preBenred,  then  that  condition  will  be  preserved  in 
which  the  relative  motion  consists.  And  therefore 
any  relative  motion  may  he  changed  when  the  tnie 
motion  remains  unaltered,  and  the  relative  may  be 
preserved  when  the  trae  motioh  soffers  some  change, 
upon  which  account  trae  motion  does  by  no  means 
consist  of  such  relations. 

The  powers  which  distinguish  absolute  from  rela- 
tive motion  may  be  exemplified  by  the  action  of  the 
centrifugal  force.  For  there  are  no  such  forces  in 
a  circular  motion  purely  relative :  but,  in  a  true  and 
absolute  circular  motion,  they  are  greater  or  less  ac- 
cording to  the  quantity  of  the  motion.  If  a  vessel, 
hung  by  a  long  cord,  be  so  often  turned  about  that 
the  cord  is  strongly  twisted,  then  filled  with  water, 
and  let  go,  it  will  be  whirled  about  the  contrary  way ; 
and,  while  the  cord  is  untwisting  itself,  the  surface 
of  the  water  will  at  first  be  plain*,  as  before  the  vessel 
began  to  move;  but  the  vessel,  by  gradually  com- 
municating its  motion  to  the  water,  will  make  it 
begin  sensibly  to  revohre,  and  recede  by  little  and 
.ittle  from  the  middle,  and  ascend  to  the  sides  of  the 
vessel,  forming  itself  into  a  concave  figure ;  and  the 
swifter  the  motion  becomes  the  higher  will  the  water 
rise,  till  at  last,  performing  its  revolution  in  the 
same  times  with  die  vessel,  it  becomes  relatively  at 
rest  in  it.  This  ascent  of  the  water  shows  its  endea- 
vour to  recede  from  the  axis  of  its  motion  ;  and  the 
true  and  absolute  circular  motion  of  the  water,  which 
b  here  directly  contrary  to  the  relative,  discovers 
itself,  and  may  be  measured  by  this  endeavour.    At 


the  axis ;  the  water  showed  no  tendency  to  the  cir- 
cumference, nor  any  ascent  towards  the  sides  of  the 


fore  its  true  circular  motion  had  not  yet  begun.  But 
afterwards,  when  the  relative  motion  of  the  water 
lad  decreased,  the  ascent  thereof  towards  the  sides 
)f  the  vessel  proved  its  endeavour  to  recede  from  the 
ixis ;  and  this  endeavour  showed  the  real  circular 
notion  of  the  water  perpetually  increasing,  till  it  had 
icquired  its  greatest  amount,  when  the  water  rested 
"elatively  in  the  vessel.  And  therefore  this  endea- 
ouT  does  not  depend  upon  any  translation  of  the 
vater  in  respect  of  the  ambient  bodies  ;  nor  can  true 
ircular  motion  be  defined  by  such  translations. 
See  Whirling  Tablb.)  There  is  only  one  real 
ircular  motion  of  any  one  revolving  body,  corre- 
ponding  to  oidy  one  power  of  endeavouring  to  recede 
rom  its  axis  of  motion,  as  its  proper  and  adequate 
fiect ;  but  relative  motions  in  one  and  the  same  body 
re  innumerable,  according  to  the  various  relations 
t  bears  to  external  bodies ;  and,  like  other  relations, 
re  altogether  destitute  of  any  real  effect,  otherwise 
ban  they  may  perhaps  participate  of  that  only  true 
lotion.  And  therefore,  in  the  system  which  sup- 
oses  that  our  heavens,  revolving  below  the  sphere 
f  the  fixed  stars,  carry  the  planets  along  with  tiiem, 
he  several  parts  of  those  heavens  and  the  planets, 
rhich  are  indeed  relatively  at  rest  in  their  heavens, 
o  yet  really  move,  for  tney  change  their  position 
ne  to  another,  which  never  happens  to  bodies  truly 
t  rest ;  and  being  carried  together  with  the  heavens 
articipate  of  their  motions,  and,  as  parts  of  revolv- 
)g  wnc^es,  endeavour  to  recede  from  the  axis  of 
deir  motion. 
Wherefore  relative  quantities  are  not  the  quantities 
lemselves  whose  names  they  bear«  but  those  sensible 


measures  of  themj  wither  accurate  or  inaccurate,  which 
are  commonly  used  lastead  of  the  measured  quantitiat 
themselves.  And  then,  if  the  meaning  of  words  is  to 
be  determuMd  by  their  use,  by  the  names  Hme,  ipace, 
phce,  and  moHon,  their  measures  are  properly  to  be 
understood ;  and  the  expression  will  be  purely  ma- 
thematical if  the  measured  quantities  themselves  be 
meant. 

It  is  indeed  a  matter  of  great  difficulty  to  discover,and 
effectually  to  distinguish,  the  true  motions  of  particU'-* 
lar  bodies  from  those  that  are  only  apparent,  becaase 
the  parts  of  that  immovable  space  m  which  those 
motions  are  performed  do  by  no  means  come  under 
the  observation  of  our  senses.  Yet  we  have  some 
things  to  direct  us  in  this  intricate  affair,  and  these 
arise  partly  from  the  apparent  motions  which  are  the 
difference  of  the  trae  motions,  partly  from  the  forces 
which  are  the  causes  and  effects  of  the  true  motions^ 
For  instance,  if  two  globes,  kept  at  a  given  distance 
one  from  the  other  by  means  of  a  cord  that  connects 
them,  were  revolved  about  their  common  centre  of 
gravity,  we  might,  from  the  tension  of  the  cord,  dis- 
cover the  endeavour  of  the  globes  to  recede  from  the 
axis  of  motion,  and  from  thence  we  might  compute 
the  quantity  of  their  circular  motions.  And  then,  if 
any  equal  forces  should  be  impressed  at  once  on  the 
alternate  faces  of  the  globes  to  augment  or  diminish 
their  circular  motions,  from  the  increase  or  decrease 
of  the  tension  of  the  cord  we  might  infer  the  incre- 
ment or  decrement  of  their  motions;  and  thence 
would  be  found  on  what  faces  those  forces  ought  to 


Srst,  when  the  relative  motion  of  the  water  was  :  be  impressed,  that  the  motions  of  the  globes  might  be 
a^reatest,  it  produced  no  endeavour  to  recede  from  most  augmented;  that  is,  we  might  discover  their 


hindermost  faces,  or  those  which  follow  in  the  circular 
motion.     But  the  faces  which  follow  being  known. 


vessel,  but  remained  with  a  plain  surface ;  and  there-   and  consequently  the  opposite  ones  that  precede,  we 


should  likewise  know  the  determination  of  their 
motions.  And  thus  we  might  find  both  the  quantity 
and  determination  of  this  circular  motion,  even  in  an 
immense  vacuum  where  there  was  nothing  external  or 
sensible  with  which  tho  globes  might  be  compared.  But 
now,  if  in  that  space  some  remote  bodies  were  placed 
that  kept  always  a  given  position  one  to  another,  as 
the  fixed  stars  do  in  our  regions,  we  could  not  indeed 
determine  from  the  relative  translation  of  the  globes 
among  those  bodies  whether  the  motion  did  belong  to 
the  globes  or  to  the  bodies.  But  if  we  observed  the  cord^ 
and  found  that  its  tension  was  that  ver)'  tension 
which  the  motion  of  the  globes  required,  we  miriit 
conclude  the  motion  to  be  in  the  globes  and  the  bodies 
to  be  at  rest ;  and  then,  lastly,  n'om  the  translatiotf 
of  the  globes  among  the  bodies  we  should  find  tiie 
determination  of  their  motions. 

Having  thus  explained  himself.  Sir  Isaac  proposed 
to  show  how  we  are  to  collect  the  true  motions  from 
their  causes,  effects,  and  apparent  differences ;  tadti 
vice  ver$d,  how  from  the  motions,  either  true  or  ap- 
parent, we  may  come  to  the  knowledge  of  their  causes 
and  effects,  in  order  to  diis,  he  lays  down  the  M* 
lowing  axioms  or  laws  of  motion : — 

1.  Every  body  peneveree  m  tfv  ttaite  cf  rest,  or  pf 
uniform  motion  in  a  right  line,  toUeu  it  is  compeUedto 
change  that  state  by  forces  impressed  wpon  U. — Sir 
Isaac's  proof  of  this  axiom  is  as  follows :  "  Projectiles 
persevere  in  their  motions  so  for  as  they  are  not  re» 
tarded  by  the  resistance  of  the  air,  or  impelled  down- 
wards by  the  force  of  gravity.  A  top,  whose  parts, 
by  their  cohesion,  are  perpetually  drawn  aside  from  a 
rectilinear  motion,  does  not  cease  its  rotation  otfier- 


896 


NEWTONIAN     PHILOSOPHY. 


wise  than  as  it  is  retarded  by  the  air.  The  greater 
bodies  of  the  planets  and  comets,  meeting  with  less 
resistance  in  free  space,  preserve  their  motions,  both 
progressive  and  circolar,  for  a  much  longer  time." 

2.  7%e  alteration  qf  motion  i$  ever  proportional  to 
the  motive  force  impreeeed,  and  i$  made  in  the  direction 
of  the  right  Une  in  which  that  force  i$  impreeeed. — ^Thas, 
if  any  force  generates  a  certain  quantity  of  motion,  a 
double  force  will  generate  a  double  quantity,  whether 
that  force  be  impressed  all  at  once  or  in  successive 
moments.  To  this  law  no  objection  of  consequence 
has  ever  been  made.  It  is  founded  on  this  self- 
evident  truth,  that  every  effect  must  be  proportional 
to  its  cause. 

3.  7b  every  action  there  always  i$  opposed  an  equal 
re-action,  or  the  mutual  action  of  two  bodies  upon  each 
other  are  always  equal  and  directed  to  contrary  parts. — 
This  axiom  has  been  disputed  by  many.  "  When  an 
action  generates  no  motion/'  Mr.  Young  says,  "  it  is 
certain  that  its  effects  have  been  destroyed  by  a  con- 
trary and  equal  action.  When  an  action  generates 
two  contrary  and  equal  motions  it  is  also  evident  that 
mutual  actions  were  exerted  equal  and  contrary  to 
each  other.  All  cases  where  one  of  these  conditions 
is  not  found  are  exceptions  to  the  truth  of  the  law. 
If  a  finger  presses  against  a  stone,  the  stone,  if  it  does 
not  yieid  to  the  pressure,  presses  as  much  upon  the 
finger :  but  if  the  stone  yields  it  re-acts  less  than  the 
finger  acts ;  and  if  it  should  yield  with  all  the  mo- 
mentum that  the  force  of  the  pressure  ought  to 
generate,  which  it  would  do  if  it  were  not  impeded 
by  friction  or  a  medium,  it  would  not  re-act  at  all. 
So  if  the  stone  drawn  by  a  horse  follows  after  the 
horse,  it  does  not  re-act  so  much  as  the  horse  acts, 
but  only  so  much  as  the  velocity  of  the  stone  is  di- 
minished by  friction,  and  it  is  the  re-action  of  friction 
only,  not  of  the  stone.  The  stone  does  not  re-act, 
because  it  does  not  act:  it  resists,  but  resistance  is 
not  action. 

"  In  the  loss  of  motion  from  a  striking  body,  equal 
to  the  gain  in  the  body  struck,  there  is  a  plain  solu- 
tion without  requiring  any  re-action.  The  motion 
lost  is  identically  that  which  is  found  in  the  other 
body  ;  this  supposition  accounts  for  the  whole  phe- 
nomenon in  the  most  simple  manner.  If  it  be  not 
admitted,  but  the  solution  by  re-action  is  insisted 
upon,  it  will  be  incumbent  on  the  party  to  account 
for  the  whole  effect  of  communication  of  motion, 
otherwise  he  will  lie  under  the  imputation  of  rejecting 
a  solution  which  is  simple,  obvious,  and  perfect,  for 
one  complex,  unnatural,  and  incomplete.  However 
this  may  be  determined,  it  will  be  allowed  that  the 
circumstances  mentioned  afford  no  ground  for  the 
inference  that  action  and  re-action  are  equal,  since 
appearances  may  be  explained  in  another  way." 

Others  grant  that  Sir  Isaac's  axiom  is  very  true  in 
respect  to  terrestrial  substances,  but  they  affirm  that 
in  these  both  action  and  re-action  are  the  effects  of 
gravity.  Substances  void  of  gravity  would  have  no 
'Hiomentum,  and  without  this  they  could  not  act ;  they 
would  be  moved  by  the  least  force,  and  therefore 
could  not  resist  or  re-act.  "  If  therefore  there  is  any 
fluid  which  is  the  cause  of  gravity,  though  such  fluid 
could  act  upon  terrestrial  substances,  yet  these  could 
not  re-act  upon  it,  because  they  have  no  force  of  their 
own,  but  depend  entirely  upon  it  for  their  momentum. 
Jl  this  manner,  say  they,  we  may  conceive  that  the 
planets  circulate,  and  all  the  operations  of  nature  are 
carried  on  by  means  of  a  subtile  fluid,  which  being 


perfectly  active,  and  the  rest  of  matter  altogdbv 
passive,  there  is  neither  resistance  nor  loss  of  motioiL'' 
From  the  preceding  axiom  Sir  Isaac    drawc  tfce 
following  corollaries : — 

1.  A  body  by  two  forces  conjoined  will  describe 
the  diagonal  of  a  parallelogram  in  the  same  rimo^  tlvt 
it  would  describe  the  sides  by  those  forces  apart. 

2.  Hence  we  may  explain  the  composition  of  aar 
one  direct  force  out  of  any  two  oblique  ones,  viz.  by 
making  the  two  oblique  forces  the  sides  of  a  paralfelo- 
gram,  and  the  direct  one  the  diagonal. 

3.  The  quantity  of  motion  which  is  collected  by 
taking  the  sum  of  the  motions  directed  towards  the 
same  parts,  and  the  difference  of  those  that  an 
directed  to  contrary  parts,  suffers  no  change  from  the 
action  of  bodies  among  themselves,  because  the  motiat 
which  one  body  loses  is  communicated  to  asotber ; 
and,  if  we  suppose  friction  and  the  resistance  of  the 
air  to  be  absent,  the  motion  of  a  number  of  bodio 
which  mutually  impelled  one  another  would  be  per- 
petual and  its  quantity  always  equal. 

4.  The  common  centre  of  gravity  of  two  or  more 
bodies  does  not  alter  its  state  of  motion  or  rest  by  the 
actions  of  the  bodies  among  themselves,  and  therefoiv 
the  common  centre  of  gravity  of  all  bodies  ar»i»g 
upon  each  other  (excluding  outward  actions  and  im- 
p^liments)  is  either  at  rest  or  moves  oniformly  m  a 
right  line. 

The  motions  of  bodies  included  in  a  given  space 
are  the  same  among  themselves,  whether  ihal  spsoe 
is  at  rest  or  moves  uniformly  forward  in  a  right  line 
without  any  circular  motion.  The  truth  of  this  is 
evidently  shown  by  the  experiment  of  a  ship,  where 
all  motions  happen  after  the  same  manner,  whether 
the  ship  b  at  rest  or  proceeds  uniformly  forward  ia  a 
straight  line. 

6.  If  bodies,  any  how  moved  among  tbemseivest 
are  urged  in  the  direction  of  parallel  lines  by  eqoai 
accelerative  forces,  they  will  all  continoe  to  move 
among  themselves  after  the  same  manner  as  if  tker 
had  been  urged  by  no  such  forces. 

The  mathematical  part  of  the  Newtonian  pUkk 
sophy  may  be  said  to  depend  on  the  following 
lemmas,  of  which  the  tir^t  is  the  principal : — 

Lbm.  I.  Quantities  and  the  ratios  of  quantities, 
which  in  any  finite  time  converge  continually  to 
equality,  and  before  that  time  approach  nearer  the 
one  to  the  other  than  by  any  given  difference  become 
ultimately  equal. 

"  These  lemmas,"  observes  Sir  Isaac  Newton, 
"  are  premised,  to  avoid  the  tediousness  of  deducing 
perplexed  demonstrations  ad  absurdmm,  according  to 
the  method  of  ancient  geometers.  For  denkoostia- 
tions  are  more  contracted  by  the  method  of  indivi- 
sibles :  but  because  the  hypothesis  of  indivisibles 
seems  somewhat  harsh,  and  therefore  that  method  is 
reckoned  less  geometrical,  I  chose  rather  to  redaoe 
the  demonstrations  of  the  following  propositioos  to 
the  first  and  last  sums  and  ratios  of  nascent  and  eva- 
nescent quantities,  that  is,  to  the  limits  of  those  soaa 
and  ratios ;  and  so  to  premise,  as  short  as  I  covld, 
the  demonstration  of  those  limits.  For  therri>y  the 
same  thing  b  performed  as  by  the  metiiod  of  infivi- 
sibles ;  and  now,  those  principles  being  demonstrated, 
we  may  use  them  with  more  safety.  Theretee,  if 
hereafter  I  should  happen  to  consid^  qaantitiet  as 
made  up  of  particles,  or  should  use  little  cunre  Ham 
for  right  ones,  I  would  not  be  understood  to  mean 
indivisibles,  but  evanescent  divisible  quantities ;  not 
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tbe  stuns  and  ratios  of  determined  parts,  but  always 
the  limits  of  sums  and  ratios;  and  that  the  force 
of  such  demonstrations  always  depends  on  the  method 
laid  down  in  the  foregoing  lemmas. 

"  Perhaps  it  may  be  objected  that  there  is  no  ul- 
timate proportion  of  evanescent  quantities,  because 
the  proportion,  before  the  quantities  have  vanished,  is 
not  the  ultimate,  and,  when  they  have  vanished,  is 
none.  But  by  the  same  argument  it  may  be  alleged 
that  a  body  arriving  at  a  certain  place,  and  there 
stopping,  has  no  ultimate  velocity ;  because  the  velo- 
city before  the  body  comes  to  the  place  is  not  its 
ultimate  velocity ;  when  it  is  arrived,  it  has  none. 
But  the  answer  is  easy  :  for  by  the  ultimate  velocity 
is  meant  that  with  which  the  body  is  moved  neither 
before  it  arrives  at  its  place  and  the  motion  ceases 
nor  after,  but  at  the  very  instant  it  arrives ;  that  is, 
that  velocity  with  which  the  body  arrives  at  its  last 
place,  and  with  which  the  motion  ceases.  And  in 
like  manner,  by  the  ultimate  ratio  of  evanescent 
quantities  is  to  be  understood  the  ratio  of  the  quan- 
tities, not  before  they  vanish,  nor  afterwards,  but 
with  which  they  vanish.  In  like  manner,  the  first 
ratio  of  nascent  quantities  is  that  vnth  which  they 
begin  to  be.  And  the  first  or  last  sum  is  that 
with  which  they  begin  and  cease  to  be  (or  to  be 
augmented  and  diminished).  There  is  a  limit  which 
the  velocity  at  the  end  of  the  motion  may  attain,  but 
not  exceed ;  and  this  is  the  ultimate  velocity :  and 
there  is  the  like  limit  in  all  quantities  and  propor- 
tions that  begin  and  cease  to  be.  And,  since  such 
limits  are  certain  and  definite,  to  determine  the  same 
IB  a  problem  strictly  geometrical.  But  whatever  is 
geometrical  we  may  be  allowed  to  make  use  of  in 
determining  and  demonstrating  any  other  thing  that 
is  likewise  geometrical. 

-  "  It  may  be  also  objected  that,  if  the  ultimate 
ratios  of  evanescent  quantities  be  given,  their  ulti- 
mate magnitudes  will  be  also  given ;  and  so  all  quan- 
tities will  consist  of  indivisibles,  which  is  contrary  to 
-what  Euclid  has  demonstrated  concerning  incom- 
mensurables,  in  the  tenth  Book  of  his  Elements.  But 
this  objection  is  founded  on  a  false  supposition; 
for  those  ultimate  ratios  with  which  quantities 
vanish  are  not  truly  the  ratios  of  ultimate  quantities, 
but  limits  towards  which  the  ratios  of  quantities  de- 
creasing continually  approach." 

Lbm.  If.  If  in  the  figure  a  g  i  e,  terminated  by 
the  right  lines  a  g,  a  p,  and  the  curve  g  i  «,  there  be 
inscribed  anv  num- 

ber  of  paralleloe^rams,  /?:<* 

a  h,  b  i,   c  k,  &c.,  y 

comprehended  under 
equal  bases,  ab,  b  c, 
e  d,  &c.,and  the  sides 
b  h,  c  t,  d  k,  &c.,  pa- 
rallel to  one  side,  a  g, 
of  the  figure;  and  the 
parallelograms  gnho, 
km  %  q,  i  Ik  c,  &c., 
are  completed ;  then 
if  the  breadth  of 
these  parallelograms 
be  supposed  to  be 
diminished,  and  their  number  augmented  m  h^imhtm, 
the  ultimate  ratios  which  the  inscribed  figure  a  n 
kmilkd,  the  circumscribed  figure  agobqickse, 
and  curvilinear  figure  a  g  h  i  k  e,  will  have  to  one 
another,  are  ratios  of  equality.     For  the  difference 


of  the  inscribed  and  circumscribed  figures  is  the  sum 
of  the  paralletograms  no,mq,lc,  d$ ;  that  is  (from 
the  equality  of  all  their  bases),  the  rectangle  under 
one  of  their  bases  n  h,  and  the  sum  of  their  altitudes 
a g,  that  is,  the  rectangle abgo.  But  the  breadth  of 
^e  rectangle  in  the  direction  a  6  is  supposed  to  be 
diminished  ad  n^bnium,  so  that,  by  lem.  I.,  the  figures 
inscribed  and  circumscribed  become  ultimately  equal 
the  one  to  the  other ;  and  much  more  will  the  in- 
termediate curvilinear  figure  be  ultimately  equal  to 
either. 

Lbm.  III.  The  same  ultimate  ratios  are  also  ratios 
of  equality,  when  the  breadths  ab,bc,cd,  &c,  of 
the  paralellogramsareunequaI,and  are  all  diminished 
ad  infantum.  The  demonstration  of  this  diffiers  but 
little  from  that  of  the  former. 

In  his  succeeding  lemmas.  Sir  Isaac  goes  on  to 
prove,  in  a  manner  similar  to  the  above,  that  the 
ultimate  ratios  of  the  sine,  chord,  and  tangent  of 
arcs  infinitely  diminished,  are  ratios  of  equality,  and 
therefore  that  in  all  our  reasonings  about  these  we 
may  safely  use  the  one  for  the  other :  ^at  the  ulti- 
mate form  of  evanescent  triangles  made  by  fhe  arc, 
chord,  and  tangent,  is  that  of  similitude,  and  their 
ultimate  ratio  is  that  of  equality ;  and  hence,  in  rea- 
soning about  ultimate  ratios,  we  may  safely  use 
these  triangles  for  each  other,  whether  made  with 
the  sine,  the  arc,  or  the  tangent.  He  then  shows 
some  properties  of  the  ordinates  of  curvilinear  figures ; 
and  proves  that  the  spaces  which  a  body  describes 
by  any  finite  force  urging  it,  whether  that  force  is 
determined  and  immutable,  or  is  continually  augmented 
or  continually  diminished,  are,  in  the  very  beginning 
of  the  motion,  one  to  the  other  in  the  duplicate  ratio 
of  the  powers.*  And,  lastly,  having  added  some  de- 
monstrations concerning  the  evanescence  of  angles 
of  contact,  he  proceeds  to  lay  down  the  mathema- 
tical part  of  his  system,  and  which  depends  on  the 
following  theorems: — 

THBoa.  I.  The  areas  which  revolving  bodies  de- 
scribe by  radii  drawn  to  an  immovable  centre  of 
force  lie  in  the  same  immovable  planes,  and  are  pro- 
portioned to  the  times  in  which  they  are  described. 


X 


•--/i 


For,  suppose  the  time  to  be  divided  into  equal  parts, 
and  in  the  first  part  of  that  time  let  the  body  by  its 
innate  force  describe  the  right  line  ab ;  in  the  sc* 
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cond  part  of  tlMt  time  the  same  would,  by  law  1, 
if  not  hindered,  proceed  directly  to  g,  along  the  line 
ht  ah;  so  that  by  the  radii  a$b,  $ g  $,  drawn  to 
the  centre,  the  eqnal  areas  atb,  b$  g,  would  be 
described.  But,  when  the  body  is  arrived  at  b,  sup- 
pose the  centripetal  force  acts  at  once  with  a  great 
impulse,  and,  turning  aside  the  body  from  the  right 
line  bg,  compels  it  afterwards  to  continue  its  motion 
along  the  right  line  b  e.  Draw  g  c  parallel  tob$, 
meeting  6  c  in  e;  and  at  the  end  of  the  second  part 
of  the  time  the  body,  by  cor.  1  of  the  laws,  wiU  be 
found  in  c,  in  the  same  plane  with  the  triangle 
a$b.  Join $c;  and,  because  $ b  and  c  •  are  parallel, 
the  triangle $bc  will  be  equal  to  the  triangle scd,  and 
therefore  also  to  the  triangle  tab.  By  the  like  argu- 
ment, if  the  centripetal  force  act  successively  mcd 
t,  &c.,  and  make  the  body  in  each  single  particle  of 
time  to  describe  the  right  lines  cd,  de,  ef,  &c.,  they 
will  lie  in  the  same  plane,  and  the  triangle  s  c  d 
will  be  equal  to  the  triangle  «  6  c,  and  tdeto  $  c  d, 
and  $  ef  to  $  de.  And  therefore,  in  equal  times, 
equal  areas  are  described  in  one  immovable  plane ; 
and,  by  composition,  any  sums,  $  ad,  9  af,  of 
those  areas  are,  one  to  the  other,  as  the  times  in 
which  they  are  described.  Now  let  the  numbers 
of  those  triangles  be  augmented,  and  their  size  di- 
minished M  it^fimtum;  and  then,  by  the  preceding 
lemmas,  their  ultimate  perimeter  a  df  will  be  a 
curve  line;  and  therefore  the  centripetal  force  by 
which  the  body  is  perpetually  drawn  back  from  the 
tangent  of  this  curve  will  act  continually  ;  and  any 
described  areas  $ad,$af,  which  are  always  pro* 
portional  to  the  times  of  description,  will,  in  this  case 
also,  be  proportional  to  those  times. 

Cor.  1.  llie  velocity  of  a  body  attracted  towards 
an  immovable  centre,  in  spaces  void  of  resistance,  is 
reciprocally  as  the  perpendicular  let  fall  from  that 
centre  on  the  right  line  which  touches  the  orbit.  For 
the  velocities  in  these  places  a,  b^  c,  d,  e,  are  the  bases 
ab,bc,de,  •/  of  equal  triangles ;  and  these  bases  are 
reciprocally  as  the  perpendiculars  let  fall  upon  them. 

Cor.  2.  If  the  chords  a  b,  b  c,  of  two  arcs  suc- 
cessively described  in  equal  times  by  the  same  body, 
in  spaces  void  of  resistance,  are  completed  into  a 
parallelogram,  a  b  c  n,  and  the  diagonal  6  n  of  this 
parallelogram,  in  the  position  which  it  ultimately 
acquires  when  those  arcs  are  diminished  m  u{finitum, 
is  produced  both  ways,  it  will  pass  through  the  centre 
of  force. 

Cor.  3.  If  the  chords  ab,  b  c,  and  d  e,  ef,  of 
arcs  described  in  equal  times,  in  spaces  void  of  re- 
sistance, are  completed  into  the  parallelograms  abcn, 
defm,  the  forces  in  b  and  e  are  one  to  the  other 
in  the  ultimate  ratio  of  the  diagonals  bn,  em,  when 
those  arcs  are  diminished  in  infinitum.  For  the  motions 
b  c  and  e/  of  the  body  (by  cor.  1  of  the  laws)  are 
compounded  of  the  motions  be,  bn,  and  el,  em; 
but  b  It  and  e  m,  which  are  equal  to  c  ^  and  /  {  in 
the  demonstration  of  this  proposition,  were  generated 
by  the  impulses  of  the  centripetal  force  in  b  and  e, 
and  are  therefore  proportional  to  those  impulses. 

Cor.  4.  The  forces  by  which  bodies,  in  spaces 
void  of  resistance,  are  drawn  back  from  rectilinear 
motions,  and  turned  into  curvilinear  orbits,  are  one 
to  another  as  the  versed  sines  of  arcs  described  in 
equal  times,  which  versed  sines  tend  to  the  centre  of 
force,  and  bisect  the  chords  when  these  arcs  are  di- 
minished to  infinity.  For  such  versed  since  are  the 
balfs  of  the  diagonals  mentioned  in  cor.  3. 


Cos.  6.  And  therefore  those  foicea  are  to  tka 
foree  of  gravity  as  the  said  versed  sines  to  the  v<med 
sines  perpendicular  to  the  horizon  of  those  paraboik 
arcs  which  projectiles  describe  in  the  same  time. 

Com.  6.  And  the  same  things  do  all  hold  eood  (by 
cor.  5  of  the  laws)  when  the  planes  in  whidi  the 
bodies  are  moved,  together  with  the  centres  of  force, 
which  are  placed  in  those  planes,  are  not  at  rest,  but 
move  uniformly  forward  in  right  lines. 

Thxor.  IL  Every  body  that  moves  in  any  curve 
line  described  in  a  plane,  and  which,  by  a  radius  drawn 
to  a  point  either  immovable  or  moving  forward  with 
a  uniform  rectilinear  motion,  describes  about  that 
point  areas  proportional  to  the  times,  is  urged  by  a 
centripetal  force  directed  to  that  point. 
'  Casr  I.  For  every  body  that  moves  in  a  curve  line 
is  (by  law  I)  turned  aside  from  its  rectilinear  course 
by  the  action  of  some  force  that  impels  it ;  and  that 
force  by  which  the  body  is  turned  off  from  its  recti- 
linear course,  and  made  to  describe  in  equal  tiroes 
the  least  equal  triangles  9ab,$bc,scd,  &c..  About 
the  immovable  point  «  (by  prop.  40,  £.1,  and  law 
2),  acts  in  the  place  b  according  to  the  direction  of  a 
line  parallel  to  c  (that  is,  in  the  direction  of  the 
line  b  $),  and  in  the  place  c  according  to  the  direc- 
tion of  a  line  parallel  to  A  d  (that  is,  in  the  directioii 
of  the  line  c  $),  &c.,  and  therefore  acts  always 
in  the  direction  of  lines  tending  to  the  immovable 
point «. 

Casb  II.  And  (by  cor.  5  of  the  laws)  it  is  indif- 
ferent whether  the  superficies  in  which  a  body  de- 
scribes a  curvilinear  figure  be  quiescent  or  moves 
together  with  the  body,  the  figure  described^  and  its 
point  $,  uniformly  forward  in  right  lines. 

C^R.  1.  In  nonresisting  spaces  or  mediums,  if  the 
areas  are  not  proportional  to  the  times,  the  forces 
are  not  directed  to  the  point  in  which  the  radii  meet ; 
but  deviate  therefrom  in  conse^uentia,  or  tovrards  the 
parts  to  which  the  motion  is  durected,  if  the  descrip- 
tion of  the  areas  is  accelerated ;  but  in  anieeedenUm 
if  retarded. 

Cor.  2.  And  even  in  resisting  mediums,  if  Ae  de- 
scription of  the  areas  is  accelerated,  the  direction  of 
the  forces  deviates  from  the  point  in  which  the  radi 
meet  towards  the  parts  to  which  the  motion  tends. 

Scholium.  A  body  may  be  urged  by  a  centripetal 
force  compounded  of  several  forces;  in  which  case 
the  meaning  of  the  proposition  is  that  the  fbroe 
which  results  out  of  all  tends  to  the  point  «.  But, 
if  any  force  act  perpetually  in  the  direction  of  lines 
perpendicular  to  the  described  surface,  this  force  wiU 
make  the  body  to  deviate  from  the  plane  of  its  motkm. 
but  will  neither  augment  nor  diminish  the  quantity 
of  the  described  surface,  and  is  therefore  not  to  be 
neglected  in  the  composition  of  forces. 

Thror.  III.  Every  body  that,  by  a  radios  drawn 
to  the  centre  of  another  body,  however  moved,  de- 
scribes areas  about  that  centre  proportional  to  ^tm 
times,  is  urged  by  a  force  compounded  of  the  ceotri- 
petal  forces  tending  to  that  other  body,  and  of  all  the 
accelerative  force  by  which  that  other  body  is  im- 
pelled. The  demonstration  of  this  is  a  natural  coa* 
sequence  of  the  theorem  immediately  preceding. 

Hence,  if  a  body  L,  by  a  radius  drawn  to  another 
body  T,  describes  areas  proportional  to  the  timc^ 
and  if  from  the  whole  force  by  which  the  fint 
body  L  is  urged  (whether  that  force  is  simple,  og, 
according  to  cor.  2  of  the  laws,  compounded  of 
several  forces)  we  subduct  that  whole  acoelecatiit 
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4brce  by  wfaicfe  the  other  body  is  urged,  tlic  whole 
nmainiDC  force  by  which  the  first  body  is  iii^ged  will 
tend  to  me  other  body  T  as  its  centre.  And,  trice 
wered,  if  the  remaining  force  tend  nearly  to  the  other 
body  T,  those  areas  wfH  be  nearly  proportional  to 
the  times. 

If  the  body  L,  by  a  radius  dr&wn  to  the  otiier  body 
T,  describe  areas  which,  compared  with  the  times, 
are  very  unequal,  and  that  other  body  T  is  either  at 
rest  or  moves  uniformly  forward  in  a  rt^t  line,  the 
ttction  of  the  centripetal  force  tending  to  that  other 
body  T  is  either  none  at  all  or  it  is  mixed  and  com- 
bined with  very  powerful  actions  of  other  forces,  and 
the  whole  force  compounded  of  them  all,  if  they  are 
many,  is  directed  to  another  (immovable  or  movable) 
centre.  The  same  thing  obtains  when  the  other  body 
IB  actuated  by  any  other  motion  whatever,  provided 
that  centripetal  force  is  taken  which  remains  alter 
subducting  that  whole  force  acting  upon  that  otiier 
bodyT. 

Scholium.  Because  the  equable  description  of 
areas  indicates  that  a  centre  is  respectedby  ^at  force 
with  which  the  body  is  most  affected,  and  by  which 
it  is  drawn  back  from  its  rectilinear  motion  and  re- 
tained in  its  orbit,  we  may  always  be  allowed  to  use 
the  equable  description  of  areas  as  an  indication  of  a 
centre  about  which  all  circular  motion  is  performed 
in  free  spaces. 

Thbor.  IV.  The  centripetal  forces  of  bodies  which 
by  equable  motions  describe  different  circles  tend  to 
the  centres  of  the  same  circles,  and  are  one  to  the 
other  as  the  squares  of  the  arcs  described  in  equal 
times  applied  to  the  radii  of  circles. — For  these  forces 
tend  to  the  centres  of  the  circle^  (by  theor.  2  and 
cor.  2  theor.  1),  and  are  to  one  another  as  the  versed 
sines  of  the  least  arcs  described  in  equal  times  (by 
cor.  4  theor.  1),  that  is,  as  the  squares  of  the  same 
arcs  applied  to  the  diameters  of  the  circles,  by  one  of 
the  lemmas ;  and  therefore,  since  those  arcs  are  as 
arcs  described  in  any  equal  times,  and  the  diameters 
are  as  the  radii,  the  forces  will  be  as  the  squares  of 
any  arcs  described  in  the  same  time  applied  to  the 
radii  of  the  circles. 

CoR.  1 .  Therefore,  since  those  arcs  are  as  the  ve- 
locities of  the  bodies,  the  centripetal  forces  are  in  a 
ratio  compounded  of  the  duplicate  ratio  of  the  velo- 
cities directly,  and  of  the  simple  ratio  of  the  radii 
inversely. 

Cor.  2.  And,  since  the  periodic  times  are  in  a  ratio 
compounded  of  the  ratio  of  the  radii  directly  and  the 
ratio  of  the  velocities  inversely,  the  centripetal 
forces  are  in  a  ratio  compounded  of  the  ratio  of  the 
radii  directly  and  the  duplicate  ratio  of  the  periodic 
times  inversely. 

Cor.  3.  Whence,  if  the  periodic  times  are  equal, 
and  the  velocities  therefore  as  the  radii,  the  centripetal 
forces  will  be  also  as  the  radii ;   and  the  contrary. 

Cor.  4.  If  the  periodic  times  and  the  velocities  are 
both  in  the  subduplicate  ratio  of  the  radii,  the  centri- 
petal forces  will  be  equal  among  themselves ;  and 
the  contrary. 

CoR.  5.  If  the  periodic  timet  are  as  the  radii,  and 
therefore  the  velocities  equal,  the  centripetal  forces 
will  be  reciprocally  as  the  radii ;  and  the  contrary. 

Coa.  6.  If  the  periodic  timet  are  in  the  SMouipli- 
cate  ratio  of  the  ladii,  and  therefore  die  velocities  re- 
ciprocally in  the  tubduplioate  ratio  of  the  radii*  the 
centripetal  forces  will  be  in  the  duplicate  ratio  of  the 
radii  inversely ;  and  the  contrary. 
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Coa.  f.  And  universally,  if  ^  paiiodic  tiae  it  at 
any  power  R**  of  die  radiut  R,  and  therefore  the  vt- 
loeity  reciprocally  as  the  power  R*— *  of  the  radius, 
the  centripetal  force  will  be  reciprocally  as  the  power 
R*'*^— *  of  the  radius ;  and  the  contrary. 

Cor.  8.  The  saBte  things  all  hold  concerning  the 
times,  the  velocities,  and  forces,  by  which  bodies  de- 
scribe the  simihir  parts  of  any  similar  figures,  that 
have  their  centres  m  a  similar  position  within  those 
figures,  as  appears  by  applying  die  demonstrations 
of  the  preceding  cases  to  those.  And  the  application 
is  easy,  by  only  substituting  the  equable  description 
of  areas  in  the  place  of  equable  motion,  and  using  the 
distances  of  die  bodies  from  the  centres  instead  of 
the  radii. 

Cor.  -9.  From  the  same  demonstration  it  likewise 
follows  that  the  arc  which  a  body  uniformly  revolv- 
ing in  a  circle  by  means  of  a  given  centripetal  force 
describes  in  any  time  is  a  mean  proportional  between 
the  diameter  of  the  circle  and  the  space  which  the 
same  body,  falling  by  the  same  given  force,  would 
descend  through  in  the  same  given  time. 

By  means  of  the  preceding  proposition,  and  its 
corollaries  (says  Sir  Isaac),  we  may  discover  die  pro- 
portion of  a  centripetal  force  to  any  other  known 
force,  such  as  that  of  gravity.  For,  if  a  body  by 
means  of  its  gravity  revolves  in  a  circle  concentric  to 
the  earth,  this  gravity  is  the  centripetal  force  of  that 
body.  But  from  the  descent  of  heavy  bodies  the 
time  of  one  entire  revolution,  as  well  as  the  arc  de- 
scribed in  any  given  time,  is  given  (by  cor.  9  of  this 
theorem).  And  by  such  proposition  Mr.  Huygent, 
in  his  excellent  book  De  Morologio  OaciUatorio,  has 
compared  the  force  of  gravity  with  the  centrifugal 
forces  of  revolving  bodies. 

llie  preceding  proposition  may  also  be  demon- 
strated in  the  following  manner : — In  any  circle  sup- 
pose a  polygon  to  be  inscribed  of  any  number  of 
sides.     And  if  a  body,  moved  with  a  given  velocity 
along  the  sides  of  the  polygon,  is  reflected  from  the 
circle  at  the  several  angular  points,  the  force  vrith 
which  at  every  reflection  it  strikes  the  circle  will  be 
as  its  velocity ;  and  therefore  the  sum  of  the  forces, 
in  a  given  time,  will  be  as  that  velocity  and  the 
number  of  reflections  conjointly;  that  is    (if  the 
species  of  the  polygon  be  given),  as  the  length  de- 
scribed in  that  given  time,  and  increased  or  dimi- 
nished in  the  ratio  of  the  same  length  to  the  radius- 
of  the  circle  (that  is,  as  the  square  of  that  length 
applied  to  the  radius) ;  and  therefore,  if  the  polygon,, 
by  having  its  sides  diminished  in  it{finitum,  coincides 
with  the  circle,  as  the  souare  of  the  arc  described  in 
a  given  time  applied  to  the  radius.    Hiis  is  the  cen- 
trifugal force,  with  which  the  bodv  impels  the  circle^ 
and  to  which  the  contrary  force,  wherewith  the  circle 
continually  repels  the  body  towards  the  centse,  it 
equal. 

Sir  Isaac  then  shows  how  to  find  the  centre  to 
which  the  forces  impelling  any  body  are  directed, 
having  the  velocity  of  the  body  given,  and  finds  the 
centrinigal  force  to  be  always  as  the  versed  sine  of 
the  nascent  arc  directly,  and  as  the  square  of  the  time 
inversely;  or  directly  as  the  square  of  the  velocity  and 
inversely  as  the  chord  of  the  nascent  arc.  From 
these  premises  he  deduces  the  method  of  finding  the 
centripetal  force  directed  to  any  given  point  when  the 
body  revolves  in  a  circle,  and  this  whether  the  cen- 
tral point  is  near  or  at  an  immense  distance ;  so  that 
all  the  lines  drawn  from  it  may  be  taken  for  parallels. 
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The  same  thing  he  shows  with  regard  to. bodies  re- 
volving in  spirals,  ellipses,  hyperbolas,  or  parabolas. 
Having  the  figures  of  the  orbits  given,  he  shows  also 
how  to  find  the  velocities  and  moving  powers ;  and, 
in  short,  solves  all  the  most  difficult  problems  relating 
to  the  celestial  bodies  with  an  astonishing  degree  of 
mathematical  skill.  These  problems  and  demonstra- 
tions are  all  contained  in  the  first  book  of  the  Frin- 
eipia :  but  to  give  an  account  of  them  here  would 
far  exceed  our  limits ;  neither  would  many  of  them 
be  intelligible,  without  lengthened  mathematical  de- 
monstrations. 

In  the  second  book  Sir  Isaac  treats  of  the  pro- 
perties of  fluids  and  their  powers  of  resistance ;  and 
here  he  lays  down  such  principles  as  entirely  over- 
throw the  doctrine  of  Des  Cartes's  vortices.  In  the 
third  book  he  particularly  treats  of  the  phenomena  of 
the  heavenly  bodies,  and  applies  them  to  the  mathe- 
matical principles  formerly  demonstrated ;  and,  as  a 
necessary  preliminary  to  this  part,  he  lays  down  the 
following  rules  for  reasoning  in  natural  philosophy : — 

1.  We  are  to  admit  no  more  causes  of  natural 
things  than  such  as  are  both  true  and  sufficient  to 
explain  their  natural  appearances. 

2.  Therefore  to  the  same  natural  effects  we  must 
always  assign  as  far  as  possible  the  same  causes. 

3.  The  qualities  of  bodies  which  admit  neither  in- 
tension nor  remii>sion  of  degrees,  and  which  are  found 
to  belong  to  all  bodies  within  the  reach  of  our  ex- 
periments, are  to  be  esteemed  the  universal  qualities 
of  all  bodies  whatsoever. 

4.  In  experimeotal  philosophy  we  are  to  look  upon 
propositions  collected  by  general  induction  from 
phenomena  as  accurately  or  very  nearly  true,  not- 
withstanding any  contrary  hypoUieses  that  may  be 
imagined,  till  such  time  as  other  phenomena  occur 
by  which  they  may  either  be  made  more  accurate  or 
liable  to  exceptions. 

The  phenomena  first  considered  are,  1.  That  the 
satellites  of  Jupiter,  by  radii  drawn  to  the  centre  of 
their  primary,  describe  equal  areas  in  equal  times; 
and  that  their  periodic  times,  the  fixed  stars  being 
at  rest,  are  in  the  sesquiplicate  ratio  of  their 
distances  from  its  centre.  2.  The  same  thing  is 
likewise  observed  of  the  phenomena  of  Saturn. 
3.  The  five  primary  planets.  Mercury,  Venus,  Mars, 
Jupiter,  and  Saturn,  with  their  several  orbits, 
encompass  the  sun.  4.  The  fixed  stars  being  sup- 
posed at  rest,  the  periodic  times  of  the  five  primary 
planets,  and  of  the  earth  about  the  sun,  are  in 
the  sesquiplicate  proportion  of  their  mean  dis- 
tances from  the  sun.  5.  The  primary  planets,  by 
radii  drawn  to  the  earth,  describe  areas  no  ways  pro- 
portionable to  the  times ;  but  the  areas  which  they 
describe  by  radii  drawp  to  the  sun  are  proportional 
to  the  times  of  description.  6.  The  moon,  by  a 
radius  drawn  to  the  centre  of  the  earth,  describes  an 
area  proportional  to  the  time  of  description.  Sir 
Isaac  Newton  then  proceeds  to  the  following  pro- 
positions : — 

Prop.  I.  The  forces  by  which  the  satellites  of  Jupiter 
are  continually  drawn  off  from  rectilinear  motions, 
and  retained  in  their  proper  orbits,  tend  to  the  centre 
of  that  planet,  and  are  reciprocally  a9  the  squares 
of  the  distances  of  those  satellites  from  that  centre. 

Prop.  II.  The  forces  by  which  the  primary  planets 
are  continually  drawn  off  from  rectilinear  motions, 
and  retained  in  their  proper  orbits,  tend  to  the  sun  ; 
and  are  reciprocally  as  the  squares  of  the  distances 


from  the  sun  s  centre.  The  former  ptit  of  due  pro- 
position is  manifest  from  (^lenom.  5  and  fitMm 
theor.  2 ;  the  latter  from  phenom.  4  and  cor.  6 
of  theor.  4.  But  this  part  of  the  propositioa  is  with 
great  accuracy  dedudbie  from  the  quieacenoe  of  te 
aphelion  points ;  for  a  very  small  aberration  froM 
the  reciprocal  duplicate  proportion  would  prodooe  a 
motion  of  the  apsides,  sensible  in  every  single  renK 
lotion,  and  in  many  of  them  enormously  great. 

Prop.  111.  The  force  by  which  the  moon  is  re- 
tained in  its  orbit  tends  towards  the  earth,  and  is 
reciprocally  as  the  square  of  the  distance  of  its  place 
from  the  centre  of  the  earth.  Theformer  partof  lh» 
proposition  is  evident  from  phenom.  5  and  theor.  2; 
the  latter  from  phenom.  6  and  theor.  2  or  3.  It  is 
also  evident  from  the  very  slow  motion  of  the  moon's 
apogee,  which,  in  every  single  revolution  amonnt- 
ing  but  to  3^  3'  m  c(nuiquaUia,  may  be  neglected : 
and  this  more  fully  appears  from  the  next  propositioQ. 

Prop.  IV.  The  moon  gravitates  towards  the  earth, 
and  by  the  force  of  gravity  is  continually  drawn  off 
from  a  rectilinear  motion,  and  retained  in  its  orbit. — 
The  mean  distance  of  the  moon  from  the  earth  in  the 
syzigies  in  semi-diameters  of  the  latter  is  aboot  60}. 
Let  us  assume  the  mean  distance  of  sixty  semi  dia- 
meters in  the  syzigies;  and  suppose  one  revointion  of 
the  moon  in  respect  of  the  fixed  stars  to  be  completed 
in   27**  7^  43',    as  astronomers    have    determined, 
and  the  circumference  of  the  earth  to  amoont  to 
123,249,600  Paris  feet.     Now,   if  we  im^gm^  the 
moon,  deprived  of  all  motion,  to  be  let  go,  so  as  to 
descend  towards  the  earth  with  the  impulse  of  aB 
that  force  by  which  it  is  retained  in  its  orbit,  it  will, 
in  the  space  of  one  minute  of  time,  describe  in  its 
fall  15i  Paris  feet ;  for  the  versed  sine  of  that  arc 
which  the  moon,  in  the  space  of  one  minute  of  time, 
describes  by  its  mean  motion  at  the  distance  of  sixty 
semi-diameters  of  the  earth,  is  nearly  15^,  Plans  feet 
—or,  more  accurately,   15  feet,   1  inch«    1  line  }. 
Wherefore  since  that  force,  in  approaching  to  die 
earth,  uicreases  in  the  reciprocal  duplicate  propor- 
tion of  the  distance,  and  upon  that  account  at  the 
surface  of  the  earth  is  60  X  60  times  greater  than  at 
the  moon,  a  body  in  our  regions  faUing  with  that 
force  ought,  in  the  space  of  one  minute  of  time,  to 
describe  60  X  60  X  15^  Paris  feet ;  and  in  the  space 
of  one  second  of  time  to  describe  1 5^  of  those  feet — 
or,  more  accurately,  15  feet,  1  inch,  1  line  |.    And 
with  this  very  force  we  actually  find  that  bodies  here 
on  earth  do  really  descend ;  for  a  pendohim  osciUat- 
ing  seconds  in  the  latitude  of  Paris  will  be  three 
Paris  feet  and  8}  lines  in  length,  as  Mr.  Hnygens 
has  observed.    And  the  space  which  a  heavy  body 
describes  by  fiedling  one  second  of  time  is  to  half  the 
length  of  the  pendulum  in  the  duplicate  ratio  of  the 
circumference  of  the  cirde  to  its  diameter,  and  is 
therefore  15  Paris  feet,  1  inch,  1  line  {.    And  there- 
fore the  force  by  which  the  moon  is  retained  in  its 
orbit  becomes,  at  the  very  surface  of  the  earth*  equal 
to  the  force  of  gravity  which  vre  observe  in  heavy 
bodies  there.    And  therefore  (by  rule  1  and  2)  the 
force  by  which  the  moon  is  retained  in  its  ori»it  is 
that  very  same  force  vi^ch  we  commonly  call  frwrii§. 
For,  were  gravity  another  force  different  from  tfaa^ 
then  bodies  descending  to  the  earth  vrith  the  joint 
impulse  of  both  forces  vrould  fisdl  with  a  double  ve- 
locity, and,  in  the  space  of  one  second  of  time,  wmH 
describe  30}  Paris  feet,  which  is  aJtogeUier 
experience. 
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Tbe  demonstration  of  this  proposition  may  be  more 
dlflfasely  explained  after  the  following  manner: — 
Suppose  several  moons  to  revolve  about  the  earth,  as 
in  the  system  of  Jupiter  or  Saturn,  the  periodic  times 
of  those  moons  would  (by  the  argument  of  induction) 
observe  the  same  law  which  Kepler  found  to  obtain 
among  the  planets,  and  therefore  their  centripetal 
forces  would  be  reciprocally  as  the  squares  of  the 
ciistances  from  the  centre  of  the  earth  by  Prop.  I. 
Now,  if  the  lowest  of  these  were  very  small,  and  were 
so  near  the  earth  as  almost  to  touch  the  tops  of  the 
highest  mountains,  the  centripetal  force  thereof,  re- 
taining it  in  its  orbit,  would  be  very  nearly  equal  to 
the  weights  of  any  terrestrial  bodies  that  should  be 
found  upon  the  tops  of  these  mountains,  as  may  be 
known  ft-om  the  foregoing  calculation.  Therefore,  if 
the  same  little  moon  should  be  deserted  b^  its  centri- 
fugal force  that  carries  it  through  its  orbit,  it  would 
descend  to  the  earth,  and  that  with  the  same  velocity 
with  which  heavy  bodies  do  actually  descend  upon  the 
tops  of  those  very  mountains,  because  of  the  equality 
of  forces  that  oblige  them  both  to  descend ;  and  if  the 
force  by  which  that  lowest  moon  would  descend  were 
different  from  that  of  gravity,  and  if  that  moon  were 
to  gravitate  towards  t]he  earth  as  we  find  terrestrial 
bodies  do  on  the  tops  of  mountains,  it  would  then 
descend  with  twice  the  velocity,  as  being  impelled  by 
both  these  forces  conspiring  together.  Tlierefore, 
since  both  these  forces  (that  is,  the  gravity  of  heavy 
bodies  and  the  centripetal  forces  of  the  moons)  respect 
the  centre  of  the  earth,  and  are  similar  and  equal 
between  themselves,  they  will  (by  rule  1  and  2)  have 
the  same  cause ;  and  therefore  the  force  which  re- 
tiuns  the  moon  in  its  orbit  is  that  very  force  which 
we  commonly  call  gravity,  because  otherwise  this 
little  moon  at  the  top  of  a  mountain  must  either  be 
without  gravity  or  feJl  twice  as  swiftly  as  heavy  bodies 
use  to  do. 

Having  thus  demonstrated  that  the  moon  is  re- 
tained m  its  orbit  by  its  gravitation  towards  the 
earth*  it  is  easy  to  apply  the  same  demonstration  to 
the  motions  of  the  other  secondary  planets,  and  of 
the  primary  planets  round  the  sun,  and  thus  to  show 
that  gravitation  prevails  throughout  the  whole  crea- 
tion«  after  which  Sir  Isaac  proceeds  to  show  from 
the  same  principles  that  the  heavenly  bodies  gravitate 
towards  each  other,  and  contain  different  quantities 
of  matter,  or  have  cQfferentdensities»  in  proportion  to 
their  bulks. 

Prop.  V.  All  bodies  gravitate  towards  every  planet ; 
and  the  weights  of  bodies  towards  the  same  planet, 
at  equal  distances  from  its  centre,  are  proportional 
to  the  quantities  of  matter  they  may  contain. 

Cor.  1.  Hence  the  weights  of  bodies  do  not  de- 
pend upon  their  forms  and  textures.  For,  if  the 
weights  could  be  altered  with  the  forms,  they  would 
be  greater  or  less,  according  to  the  variety  of  forms 
ID  equal  matter,  which  is  altogether  against  ex- 
perience. 

CoR.  3.  Universally,  all  bodies  about  the  earth 
gravitate  towards  the  earth;  and  the  weights  of  all, 
at  equal  distances  from  the  earth's  centre,  are  as  the 
quantities  of  matter  which  they  severally  contain. 
This  is  the  quality  of  all  bodies  within  the  reach  of 
our  experiments,  and  therefore  (by  rule  3)  to  be 
affirmed  of  all  bodies  whatsoever.  If  either,  or  any 
other  body,  were  either  altogether  void  of  gravity  or 
were  to  gravitate  less  in  proportion  to  its  quantity  of 
matter^   then,  because  (according  to  Aristotle,  Des 


Cartes,  and  otiiers)  there  is  no  difference  betwixt  that 
and  other  bodies,  but  in  mere  form  of  matter,  by  a 
successive  ^hange  from  form  to  form,  it  might  be 
changed  at  last  into  a  body  of  the  same  condition 
witti  those  which  gravitate  most  in  proportion  to 
their  quantity  of  matter ;  and,  on  the  other  hand, 
the  heaviest  bodies^  acquiring  the  first  form  of  that 
body,  might  by  degrees  quite  lose  ttieir  gravity.  And 
therefore  the  weights  would  depend  upon  the  forms 
of  bodies,  and  with  those  forms  might  be  changed,  con- 
trary to  what  was  proved  in  the  preceding  corollary. 

Cor.  3.  All  spaces  are  not  equally  full.  For,  if 
all  spaces  were  equally  full,  then  the  specific  gra^  ity 
of  the  fluid  which  fills  the  region  of  the  air,  on  account 
of  the  extreme  density  of  the  matter,  would  fall  no- 
thing short  of  the  specific  gravity  of  quicksilver  or 
gold,  or  any  other  the  most  dense  body ;  and  there- 
fore neither  gold  nor  any  other  body  could  descend 
in  air:  for  bodies  do  not  descend  m  fluids  unless 
they  are  specifically  heavier  than  the  fluids.  And 
if  the  quantity  of  matter  in  a  given  space  can  by 
any  rarefaction  be  diminished,  what  should  hinder  a 
diminution  to  infinity? 

Cor.  4.  If  all  the  solid  particles  of  all  bodies  are 
of  the  same  density,  nor  can  be  rarefied  without  pores, 
a  void  space  or  vacuum  must  be  granted. 

Prop.  VI.  That  there  is  a  power  of  gravity  be- 
longing  to  all  bodies,  proportional  to  the  several  quan- 
tities of  matter  which  they  contain. 

That  all  the  planets  mutually  gravitate  one  towards 
another  has  been  proved  before,  as  well  as  that  the 
force  of  gravity  towards  every  one  of  them,  considered 
apart,  is  reciprocally  as  the  square  of  the  distance  of 
places  from  Uie  centre  of  the  planet.  And  thence  it 
follows  that  the  gravity  tending  towards  all  the 
planets  is  proportional  to  the  matter  which  they 
contain. 

Moreover,  since  all  the  parts  of  a  planet.  A,  gravi- 
tate towards  another  planet,  B,  and  the  gravity  of 
every  part  is  to  the  gravity  of  the  whole  as  the  mat- 
ter of  the  part  to  the  matter  of  the  whole,  and  (by 
law  3)  to  every  action  corresponds  an  equal  reaction, 
therefore  the  planet  B  will,  on  the  other  hand,  gra- 
vitate towards  all  the  parts  of  the  planet  A,  and  its 
gravity  towards  any  one  part  will  be  to  the  gravity 
towards  the  whole  as  the  matter  of  the  part  to  the 
matter  of  the  whole. 

Cor.  1.  Therefore  the  force  of  gravity  towards  any 
whole  planet  arises  from,  and  is  compounded  of,  the 
forces  of  gravity  towards  all  its  parts.  This  may 
be  easily  understood  in  reference  to  gravity,  if  we 
consider  a  greater  planet  as  formed  of  a  number  of 
smaller  planets  meeting  togeUier  in  one  globe ;  for 
hence  it  would  appear  that  the  force  of  the  whole 
must  arise  from  the  forces  of  the  component  parts. 
If  it  be  objected  that  according  to  this  law  all  bodies 
with  us  must  mutually  gravitate  one  towards  another, 
whereas  no  such  gravitation  any  where  appears,  it  is 
answered  that,  since  the  gravitation  towards  these 
bodies  is  to  the  gravitation  towards  the  whole  earth 
as  these  bodies  are  to  the  whole  earth,  the  gravitation 
towards  them  must  be  too  small  to  fall  under  the 
observation  of  our  senses. 

Cor.  2.  The  force  of  gravity  towards  the  several 
equal  particles  of  any  body  is  reciprocally  as  the 
square  of  the  distance  of  places  from  the  particles. 

Prop.  VII.  In  two  spheres,  mutually  gravitating 

each  towards  the  other,  if  the  matter,  m  places  on  all 

I  sides  round  about,  and  equidistant  from  the  centres^ 
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be  similar,  the  weight  of  either  sphere  towards  the 
other  will  be  reciprocally  as  the  square  of  the  distance 
between  their  centres. 

For  the  demonstration  of  this*  see  ibJt  Prwcipia, 
book  I.,  prop.  75  and  76. 

Coa.  l.»  Hence  we  may  find  and  compare  to- 
geUier  the  weights  with  which  bodies  are  drawn 
towards  different  planets.    For  the  weights  of  bodies 
revolving  in  circles  about  planets  are  as  the  diameters 
of  the  circles  directly  and  the  squares  of  their  pe- 
riodic times  reciprocally,  and  their  weights  at  the  sur- 
faces of  the  planets,  or  at  any  other  distances  from 
their  centres,  are  (by  this  prop.)  greater  or  less  in 
the  reciprocal  duplicate  proportion  of  the  distances. 
Hius  from  the  periodic  times  of  Venus,  revolving  about 
the  sun  in  224^  ]6|^,  of  the  utmost  circuogovian  sa- 
tellite revolving  about  Jupiter  in  16**  16^^\  of  the  Huy- 
genian  satellite  about  Saturn  in  IS**  22]^   and  of 
the  moon  about  the  earth  in  27**  7^  43',  compared 
with  the  mean  distance  of  Venus  from  the  sun  and 
With  the  greatest  heliocentric  elongations  of  the  out- 
most circumjovian  satellite  from  Jupiter's  centre  (8' 
16"),  of  the  Huygenian  satellite  from  the  centre  of 
Saturn  (3'  4"),  and  of  the  moon  from  the  earth  (10' 
33^^,  by  computation  our  author  found  that  the 
Ireight  of  equal  bodies,  at  equal  distances  from  the 
centres  of  the  sun,  of  Jupiter,  of  Saturn,  and  of  the 
earth  towards  the  sun,  Jupiter,  Saturn,  and  the  earth, 
were  one  to  another  as  ^,  shr*  &<^<^  ram  respectively. 
Then,  because  as  the  distances  are  increased  or  dimi- 
nished the  weights  are  diminishi*d  or  increased  in  a 
duplicate  ratio,  the  weights  of  equal  bodies  towards 
the  sun,  Jupiter,  Saturn,  and  the  earth,  at  the  dis- 
tances 10,000,  997,  791,  and  109  from  tJieir  centres 
(that  is,  at  their  very  superficies),  will  be  as  10,000, 
943,  529*  and  435  respectively. 

Cor.  2.  Hence  likewise  we  discover  the  quantity 
of  matter  in  the  several  planets.  For  their  quantities 
of  matter  are  as  the  forces  of  gravity  at  equal  dis- 
tances Orom  their  centres,  that  is,  in  the  sun,  Jupiter, 
£atum,  and  the  earth,  as  I,  uW'  fisf  <^^  isAh*  re- 
spectively. If  the  parallax  of  the  sun  be  taken  greater 
or  less  than  10"  30^,  the  quantity  of  matter  in  the 
tarth  must  be  augmented  or  diminished  in  the  tripli- 
cate of  that  proportion. 

Cob.  3.  Hence  also  we  find  the  densities  of  the 
planets.  For  (by  prop.  72,  book  1)  the  weights  of 
equal  and  similar  bodies  towards  similar  spheres 
•re,  at  the  surfaces  of  those  spheres,  as  the  diameters 
of  the  spheres.  And  therefore  the  densities  of  dis- 
similar spheres  are  as  those  weights  applied  to  the 
diameters  of  the  spheres.  But  the  true  diameters 
of  the  sun,  Jupiter,  Saturn,  and  the  earth,  were  one 
to  another  as  10,000,.  997,  791,  and  109;  and  the 
weights  towards  the  same  as  10,000,  943,  529,  and 
435  respectively ;  and  therefore  their  densities  are  as 
100,  94^,  67,  and  400. 

It  is  shown  in  the  scholium  of  prop.  22  book  2  of 
the  Priucipia  that*  at  the  height  of  200  miles  above  the 
•arth,  the  air  is  more  rare  than  it  is  at  the  superficies  of 
the  earth  in  the  ratio  of  30  to  0.0000000000003998. 
And  hence  the  planet  Jupiter,  revolving  in  a  medium 
of  the  same  density  with  that  superior  air,  would  not 
lose  by  the  lesistaoce  of  the  medium  the  1,000,000th 
part  of  its  motion  in  1,000,000  years. 

In  the  above  view  of  the  Newtonian  system  of 
philosophising  we  have  kept  as  close  as  possible  both 
to  ihe  phraseology  and  mode  of  reasoning  pursued 
Uy  the  illustrious  author,  and  it  forms  a  curious 


specimen  of  the  style  of  argument  adopted  bj  the 

ancient  schoolmen. 

Nickel  a  metal  whose  distinct  character 
suspected  by  Cronstedt  in  1751,  and  fully 
tained  by  Bergman  in  1775.  Tie  ore  in  which  it 
was  first  found,  and  from  which  it  is  principally  ob- 
tained at  present,  is  the  Kupfer  nickel,  or  solphuret 
of  nickel,  mixed  also  with  arsenic,  iron,  and  cobalL 
The  pure  metal  and  its  preparations  are  obtained 
from  this  niineral,  or  from  the  artificial  arseniuret 
called  speiss,  a  metallurgic  production  derived  from 
the  roasted  ores  of  cobalt.  The  most  convenient 
method  for  obtaining  the  metal  is  that  in  which  the 
speiss  is  employed,  and  was  suggested  by  Dr.  Wol- 
laston.  Sulphuric  acid  is  added  to  the  polverixed 
speiss»  and  nitric  acid,  abo,  at  intervals,  in  the  pro- 

f>ortion  of  about  one  fourth  part ;  a  green  sohitian  u 
ormed»  and,  after  a  subsidence  of  several  hours,  tfie 
green  supernatant  liquid  is  decanted  and  evaporated 
until  crystals  of  sulphate  of  nickel  are  deposited :  a 
further  evaporation  gives  a  crust  of  arscniate  and 
sulphate,  which  is  dissolved  in  water,  and  agitated 
by  a  current  of  sulphuretted  hydrogen,  until  predpita- 
tion  ceases.  The  fiuid  is  filtered  again,  and  more  of 
the  apple-green  matter  obtained  by  evaporation, 
which,  when  redissolved,  becomes  opaque,  owing  to 
the  precipitation  of  arsenious  acid.  The  fluid  b 
again  filtered,  evaporated,  and  suffered  to  crystallise, 
when  the  sulphate  of  nickel  may  be  relied  upon  at 
being  entirely  pure.  This  sulphate,  being  again  dis- 
solved, is  decomposed  by  carbonate  of  soda,  and  the 
resulting  carbonate  made  into  balls  with  oil,  and 
surrounded  with  charcoal  in  a  crucible,  and,  being 
heated  in  a  melting  furnace  for  two  hours,  yields  a 
pure  button  of  nickel.  Its  colour,  in  this  conditiaa, 
is  between  that  of  silver  and  tin;  and,  when  po- 
lished, its  lustre  is  equal  to  that  of  platinum.  Nioel 
is  malleable,  and  can  be  forged  into  bars  when  hot, 
and  hammered  into  plates  when  cold  ;  its   itpccific 

f;ravity,  when  cast,  is  8.402,  and  when  forged,  8.66. 
t  is  capable  of  being  drawn  into  very  fine  wirie.  It  is 
less  fusible  tlian  iron.  In  a  covered  crucible,  some 
of  it  is  volatilized,  and  appears  in  drops  on  the  cover 
of  the  crucible.  It  is  attractable  by  the  magnet 
nearly  in  the  same  degree  as  iron,  and  becomes  itBelf 
a  magnet  by  touching,  hammering,  Ace.  As  nickel 
does  not  rust,  it  has  a  very  great  superiority  over 
steel  in  the  construction  of  a  compass-needle.  Hicr 
are  two  oxides  of  nickle — ^the  daiiL  ash-gray  and  the 
black.  If  potash  be  added  to  the  solution  of  the  ni- 
trate or  sulphate,  and  the  precipitate  dried,  we  obtaia 
the  protoxide.  It  may  be  regar(M  as  a  compooDd 
of  about  100  metal  with  twenty-eight  oxygen. 

The  peroxide  was  formed  by  Th^nard,  fay  p— sing 
chlorine  through  the  protoxide  diffused  in  water :  a 
black  insoluble  peroxide  remains  at  the  bottom.  Its 
colour  is  a  brilliant  black.  When  heated,  it  loses 
oxygen,  and  becomes  protoxide.  Sulpkvret  tif  ateferiL 
prepared  directly  from  its  elements,  is  of  a  yriiaw  eo> 
lour,  like  iron  pyrites,  and  brittle.  It  consists  of 
seventy  nickel  and  thirty  sulphur.  (MorUe  ^meU 
is  prepared  by  evaporating  the  muriate  to  drynos. 
It  is  of  a  yellow-green  colour,  and  is  aprotoduoride. 
When  calcined  in  a  retort,  one  portion  of  an  olive> 
green  colour  remains  in  the  bottom  of  the  vessel, 
while  another  sublimes,  and  crystallizes  in  small, 
light,  brilliant  plates  of  a  gold-yellow  colour ;  thoe 
are  the  deutochhride.  An  iodide  of  mieM  may  be 
obtained  by  heating  iodine  and  nickel  in  a  tube.    It 
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is  9  browQ  gubstance ;  fiisible ;  soluble  in  water,  to 
wbicb  it  imparts  a  light-green  colour. 

The  salts  of  nickel  possess  the  following  general 
properties : — ^They  have  usually  a  green  colour,  and 
3'ield  a  white  precipitate  with  ferruprussiate  of  pot- 
ash.   Ammonia  dissolves  the  oxide  of  nickel.    Sul- 
phureted  hydrogen  and  infusion  of  galls  occasion  no 
precipitate.    The  hydrosulphuret  of  potash  throws 
down  a  black  precipitate.  Their  composition  has  been 
very  imperfectly  ascertained.  The  sulphuric  and  mu- 
riatic acids  have  little  action  upon  nickel.   Sulphate 
of  nickel  crystallizes  very  readily.  Its  primary  form 
18  a  right-sided  square  prism.    The  nitric  and  nitro- 
muriatic  acids  are  the  most  appropriate  solvents  of 
nickel.    The  nitric  solutioo  is  of  a  pure  green  colour. 
Carbonate  of  potash  throws  down  from  it  a  pale 
apple-green  precipitate,  which,  when  well  washed  and 
dried,  is  very  light.  When  ammonia  is  added  in  ex- 
cess to  a  nitric  solution  of  nickel,  a  blue  precipitate 
ia  formed,  which  changes  to  a  purple  red  in  a  few 
hours,  and  is  converted  to  an  apple-green  by  an  acid. 
The  alloys  of  nickel  with  other  metals  are  unim- 
portant.   With  gold,  in  the  ratio  of  twenty  grains  to 
an  ounce  of  nickel,  a  brass-coloured  brittle  compound 
ia  formed.     With  iron  it  unites  in  every  proportion. 
If  nickel  prevails,  the  metal  is  white,  and  the  ducti- 
lity and  magnetism  are  equal  to  that  of  iron.    It  does 
not  amalgamate  with  mercury.     Pure  nickel  being 
dear  and  rare,  it  is  entirely  unknown  in  common 
life,  and  almost  so  in  the  arts.     It  would  undoubt- 
edly be  applied  to  useful  purposes  if  it  could  be  found 
in    sufficient    quantity.     Dobreiner    has    observed 
that  the  metallic  alloy,  consisting  chiefly  of  arsenic 
and  nickel,  which  is  obtained  from  the  process  of 
fabricating  smalt,  often   crystallizes  in  four- sided, 
tabular  crystals,  and  is  in  every  respect  similar  to 
arsenical  nickel. 

Nicotine  ;  a  peculiar  principle  obtained  from  to- 
bacco. The  following  process  is  adopted  for  obtaining 
it  in  a  state  of  purity : — Boil  twelve  pounds  of  dry 
tobacco  leaves  in  water  acidulated  with  sulphuric 
acid;  evaporate  and  treat  the  extract  with  alcohol 
dilated  with  a  ninth  part  of  water ;  add  a  little  water 
to  the  solution,  and  distil ;  add  hydrate  of  lime  to  the 
ac^ueous  residuum,  and  redistil.  The  product  being 
laixed  and  agitated  with  ether,  the  latter  is  to  be  poured 
offhand  a  fresh  portion  added.  All  the  ethereous  solu- 
tioD*  are  to  be  united,  and  mixed  with  muriate  of 
lime*  which  will  take  away  the  water ;  and  the  con- 
ceatrated  ethereous  solution,  being  evaporated  or  dis- 
tilled, will  leave  100  grains  of  radish  nicotine.  It 
is  liquid  at  21**  Fahrenheit;  its  odour  resembles  that 
of  dry  tobacco ;  its  taste  is  very  acrid,  burning,  and 
dorabJe.  It  is  denser  than  water,  volatilizes  in  the 
Btr,  and  boils  at  417^  Fahrenheit.  It  dissolves  in 
"water  in  all  proportions,  and  the  solution  has  an 
alkaline  reaction.  When  dissolved  in  alcohol  or  ether, 
and  exposed  to  heat,  it  does  not  distil  with  Uieir  va- 
poors.  Acids  take  the  nicotine  from  the  ethereous 
aolntion,  and  form  saUs  insoluble  in  eitiier.  It  is 
eminently  poisonous. 

Nictitating  Mbmbrans,  in  comparative  anatomy; 
a  thin  membrane,  chiefly  found  in  the  bird  and  fish 
kinds,  which  covers  the  eyes  of  these  animals,  shel- 
tering them  from  the  dust,  or  from  too  much  light, 
yet  is  so  thin  and  pellucid  that  they  can  see  pretty 
-well  through  it. 

NiBLLO ;  a  species  of  work  used  among  the  Ro- 
and  mooem  Italians,  somewhat  resembling 


Damascus  work,  and  peribrmed  by  endtasing  a  mix« 
tnre  of  silver  and  lead  into  cavities  and  holes  cut  in 
all  sorts  of  hard  wood  and  metals.  This  art  was  de- 
nominated by  the  anciente  nigellwrn,  and  was  used  by 
them  to  decorate  a  great  variety  of  things,  and  more 
especially  oanddabra.  It  was  practised  by  the  jewel- 
lers and  goldsmiths,  and  flourished  chiefly  in  the 
fifteenth  century. 

NioHT.  (For  the  dimion  of  the  twenty-four  hours 
into  day  and  night,  see  Day  J    As  a  telluric  pheno- 
menon, night  is  of  the  greatest  interest,  from  the  sle^ 
which  it  brings  to  most  organic  creatures ;  the  life  to 
which  others  awake  with  it ;  the  increase  of  feverish 
symptoms  on  its  arrival,  and  many  other  phen<miena« 
One  of  the  most  interesting  of  these  is  the  greaterdear- 
ness  with  which  distant  sounds  are  heard  during  night. 
This  fact,  which  had  been  observed  by  the  ancients* 
and  in  large  cities,  or  their  vidnity,  was  commonly 
ascribed  to  the  repose  of  animated  beings.    When 
Humboldt  first  heard  the  noise  of  the  great  cataracte 
of  the  Orinoco,  in  the  plain  which  surrounds  the 
Mission  of  the  Apures,  his  attention  was  particularly 
directed  to  this  curious  fact,  and  he  was  of  opinion 
that  the  noise  was  three  times  louder  at  night  than 
during  the  day.    As  the  humming  of  insects  was 
much  greater  at  night  than  during  the  day,  and 
as  the  breeze  which  agitated  the  leaves  of  the  trees 
never  rose  till  after  sunset,  this  eminent  traveller 
was  compelled  to  seek  for  another  cause  of  the  phe- 
nomenon.   In  a  hot  day,  when  warm  currents  of  air 
ascend  from  the  heated  ground,  and  mix  with  the  cold 
au*  above,  of  a  diflerent  density,  the  transparency  of 
the  air  is  so  much  affected  that  every  object  seen 
through  it  appears  to  be  in  motion,  just  as  when  we 
look  at  any  object  over  a  fire  or  the  flame  of  a  candle. 
The  air  is,  therefore,  during  the  day,  a  mixed  medium 
in  whidi  the  sounds  are  reflected  and  scattered  in 
passing  through  streams  of  air  of  different  densities, 
as  in  tibe  experiment  of  mixing  atmospheric  air  and 
hydrogen.    At  midnight,  on  the  contrary,  wlien  tba 
air  is  transparent,  and  of  uniform  density,  as  may  ba 
seen  by  the  brilliancy  and  number  of  the  stars,  tiie 
slightest  sound  reaches  the  ear  without  interruption. 
M.  Chladni  has  illustrated  the  effect  of  a  mixed 
medium  by  an  elegant  experiment  of  easy  repetitioii. 
If  we  pour  sparkling  Champagne  into  a  tell  glass  till 
it  is  half  full,  the  glass  cannot  be  made  to  ring  by  a 
stroke  upon  ito  edge,  but  admite  a  dull,  disagresable, 
and  putty  sound.    This  effect  continues  as  long  as  the 
effervescence  lasts,  and  while  the  wine  is  filled  widi 
air-bubbles.    But,  as  the  effervescence  subsides,  the 
sound  becomes  dearer  and  dearer,  till  at  last  the 
glass  rings  as  usual,  when  the  air-bubbles  have  dis- 
appeared.    By   reproducing  the  effiervescenoe,  the 
sound  is  dead^ed  as  before.    The  same  experiment 
may  be  made  widi  effervesdng  malt  liquors,  and  with 
still  more  effect  by  putting  a  piece  of  sponge,  or  a 
little  wool  or  tow,  into  a  tumbler  of  water.    The 
cause  of  the  result  obtained  by  M.  Chladni  is  that 
the  glass  and  the  contained  Uquid,  in  order  to  give  a 
musical  tone,  must  vibrate  regularly  in  unison  as  a 
system ;  and,  if  any  considerable  part  of  a  system  is 
unsusceptible  of  regular  vibration,  the  whole  must  ba 
so.    Baron  Humboldt  has  employed  this  interesting 
experiment  to  illustrate  and  explain  the  phenomenon 
of  distant  sounds  being  more  distinctly  heard  during 
the  night, 

NiGBT-MARE.    Comforteble  and  undisturbed  sleep 
b  one  of  the  greatest  enjoymenti  of  life ;  and,  as  the 
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brain  sympa^tes  more  or  leas  with  every  part  of  the 
body,  it  may  be  considered  a  strong  proof  of  health. 
On  the  contrary,  any  interruption  in  this  blessing, 
independent  of  mental  perturbation,  may  be  consi- 
dered as  a  decisive  proof  of  some  deviation  from 
health.  The  slightest  disorder  of  the  system  may 
be  frequently  perceived  by  paying  attention  to  the 
state  of  mind  during  sleep,  particularly  to  the  nature 
of  dreams.  This  may  be  demonstrated  by  attending 
carefully  to  the  state  of  the  rest  of  persons  on  the 
approach  of  fever  or  any  epidemic  disease,  when  no 
sign  of  any  disorder  of  the  system  is  apparent. 
Frighttul  dreams,  however,  though  sometimes  the 
forerunners  of  dangerous  and  fatal  diseases,  not  un- 
frequently  occur  when  the  disturbance  of  the  system 
is  comparatively  trifling,  as  they  accompany  almost 
every  derangement  of  the  digestive  organs.  Children, 
whose  digestive  organs  are  particularly  liable  to  de- 
rangement, are  often  the  subjects  of  fnghtful  dreams 
and  night- mare.  There  are  many  people  who  fre- 
quently rise  in  the  morning  even  more  wearied  and 
weak,  both  in  mind  and  body,  than  when  they  retired 
to  their  couch;  and,  indeed,  to  whom  sleep  is  an 
object  of  terror  rather  than  comfort,  and  who  in  vain 
seek  for  relief  from  the  ordinary  means  suggested  by 
medical  men.  Mr.  Waller,  a  surgeon  in  the  royal 
navy,  has  written  on  the  treatment  of  night-mare. 
He  observes,  "  To  those  persons  who  are  only  occa- 
sionally subject  to,  and  who  are  generally  most 
alarmed  at  it,  as  the  disease  comes  upon  them  un- 
expectedly, and  wi^out  their  being  able  to  assign 
any  cause  for  it,  it  appears  difficult  to  apply  a  re- 
medy, as  the  mischief  is  generally  over  before  they 
art  aware  of  its  approach.  A  little  attention,  how- 
ever, to  the  state  of  the  digedtive  organs  will  gene- 
rally point  out  to  them  that  it  was  connected  with 
indigestion,  flatulence,  or  costiveness,  or  perhaps  all 
these  together;  frequently  it  is  the  consequence  of 
having  eaten  some  particular  kind  of  food,  which 
experience  shows  always  to  disagree  with  the  sto- 
mach. An  old  writer  on  medical  subjects  observes 
that  *  he  who  wishes  to  know  what  night-mare  is,  let 
him  eat  chestnuts  before  going  to  sleep,  and  drink 
•Aer  them  feculent  wine.'  I  have  found  by  expe- 
rience in  the  West  Indies  that  eating  a  particular 
fruit,  called  the  Alligator  pear,  would  at  any  time 
in  the /2ay  produce  night-msire.  This  is  a  pulpy  fruit, 
which«  when  cut  into,  resembles  a  custard,  and  is 
frequently  spread  upon  bread  and  eaten  instead  of 
butter,  whence  it  has  obtained  among  military  men 
the  name  of  subaltem's  butter,  and  it  is  frequently 
no  contemptible  substitute  for  fresh  butter.  I  used 
frequently  to  eat  it  beat  up  with  the  juice  of  Seville 
oranges  and  sugar,  in  which  case  its  effects  are  al- 
most instantaneous.  So  gp'eat  a  propensity  to  sleep 
came  upon  me  that  I  could  not  resist  the  temptation, 
though  well  aware  of  the  consequences,  so  that  I 
generally  kept  some  person  by  me  to  awake  me  as 
soon  as  the  night-mare  came  on,  which  was  always 
in  the  course  of  a  few  minutes.  I  have  frequently 
shown  this  experiment  to  my  medical  friends.  The 
articles  most  likely  to  produce  night-mare  I  conceive 
to  be  cucumbers,  nuts,  apples,  and  all  such  things 
as  produce  flatulence.  Whenever  a  person  has  dis- 
covered the  offending  article,  it  is  certainly  prudent 
to  abstain  from  it.  more  especially  in  the  evening. 
If,  however,  that  state  of  stomach  and  bowels  which 
gives  rise  to  night-mare  should  be  perceived,  there 
will  be  just  reason  to  apprehend  that  it  will  occur. 


and  it  will  be  advisable  to  have  reconrae  to  aooK 
preventive.  The  fit  of  night-mare  does  not  alwap 
immediately  follow  the  eating  any  improper  food*  bat 
sometimes  several  days  elapse  before  its  attack.  la 
this  case  it  is  easier  to  foresee  and  consequently  to 
prevent  it.  The  signs  by  which  its  approach  may 
be  known  are  unusual  drowsiness,  disagreeable 
dreams,  and  disturbed  sleep,  with  wind  in  the  sto- 
mach and  bowels.  In  this  case  I  would  reconmiend 
immediate  recourse  to  the  carbonate  of  soda,  of  whidi 
ten  grains  may  be  taken  mixed  with  three  drachma 
of  the  compound  tincture  of  cardamoms.  The  bowels 
should  be  opened  by  small  doses  of  magnesia  and 
rhubarb  mixed  in  peppermint  water.  Intemperuice 
of  every  kind  is  hurtful,  but  nothing  is  more  pro- 
ductive of  this  disease  than  drinking  bad  mime;  of 
eatables,  those  which  are  most  prejudicial,  are  fat 
and  greasy  meats,  most  vegetables,  fruits,  and  pastry. 
These  ought  to  be  avoided,  or  eaten  with  caution. 
The  same  thing  may  be  said  of  salt  meat^,  for  which 
dyspeptic  patients  have  frequently  a  predilection,  bat 
which  are  not  on  that  account  less  noxious.  Mo- 
derate exercise  contributes  in  a  superior  degree  to 
promote  the  digestion  of  the  food,  and  prevent  the 
formation  of  flatulence ;  to  those,  however,  who  are 
necessarily  confined  to  a  sedentary  occapation,  I 
would  recommend  particularly  to  avoid  appl)Hog  to 
study,  or  any  other  sedentary  occupation,  imme- 
diately after  eating.  If  a  strong  propensity  to  sleep 
should  occur  afler  dinner,  it  will  be  certainly  better 
to  indulge  it  a  little,  as  the  process  of  digestion  fie> 
quently  goes  on  much  better  during  sleep  than  when 
awake.  What  has  been  said  vrith  respect  to  night- 
mare will  apply  equally  to  all  other  kinds  of  dis- 
turbed sleep.  They  originate  from  the  same  canse^ 
and  will  be  removed  by  the  same  remedies." 

Nightshade.  This  plant  has  been  found  of  great 
use  in  the  heal'mg  art.  The  deadly  nightshade  is  a 
perennial  plant,  with  a  herbaceous  stem,  which  b 
indigenous  both  in  mountainous  and  woody  sitoalioiia 
in  this  country,  and  often  cultivated  in  gardens.  The 
whole  plant  is  poisonous,  and  the  berries,  from  their 
beautiful  appearance,  have  sometimes  proved  fatal  Id 
children.  The  symptoms  excited  are.  dryness  of  the 
mouth,  trembling  of  the  tongue,  very  distressiag 
thirst,  difficulty  of  swallowing,  fiuitless  efforts  to 
vomit,  and  great  anxiety  about  the  prsecordia.  De- 
lirium then  comes  on,  with  gnashing  of  the  teeth. 
and  convulsions.  The  pupil  remains  dilated,  and  is 
not  sensible  even  to  the  stimulus  of  light.  The  &oe 
becomes  tumid,  and  of  a  dark  red  colour.  The  jaws 
are  frequently  locked.  Inflammation  attacks  the 
oesophagus,  stomach,  and  intestines,  sometimes  ex- 
tending to  the  mesentery,  lungs,  and  liver,  accoai- 
panied  with  violent  pains  in  the  abdomen.  The 
stomach  is  very  insensible  to  stimulus,  and  the  pe- 
ristaltic motion  of  the  intestines  is  destroyed.  General 
relaxation,  palsy,  especially  of  the  lower  extremitiea, 
convulsions,  vertigo,  blindness,  coma,  and  death  soc- 
ceed.  The  body  soon  putrefies,  swells,  and  becomes 
marked  with  livid  spots;  blood  flows  from  the  noaav 
mouth,  and  ears,  and  the  stench  is  insufferable.  Oa 
dissection  the  blood  is  found  to  be  fluid,  the  intes- 
tines are  inflated  and  inflamed,  or  eroded  and  gan- 
grenous. The  best  method  of  core  is  to  excite  vooiit- 
ing  as  soon  as  possible,  by  emetics,  and  tickling  tae 
fauces ;  to  evacuate  the  bowels  by  purgatives  and 
glystcrs  ;  and  to  give  largely  vinegar,  honey,  mift, 
and  oil.     In  some  children  who  recovered  by  this 
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treatmeiit,  the  ddirinm  was  sacceeded  by  a  profound 
stupor,  Mccompanied  with  sobsuJtus  tendinum;  the 
face  and  hands  became  pale  and  cold,  and  the  pulse 
small,  hard,  and  quick.  Their  recovery  was  slow, 
and  the  blindness  continued  a  considerable  time,  but 
at  last  went  off.  Yet  this  virulent  poison,  imder 
proper  management,  may  become  an  excellent  re- 
medy. Besides  its  narcotic  power,  it  promotes  all 
the  excretions :  but  its  exhibition  requu-es  the  greatest 
caution ;  for  it  is  apt,  when  continued  for  any  length 
of  time,  even  in  small  doses,  to  cause  dryness  and 
tension  of  the  throat  and  neighbouring  parts,  vertigo, 
dimness  of  sight,  and  even  temporary  blindness. 
When  any  of  these  s3rmptoms  occur,  its  use  must  be 
suspended  for  some  time,  and  afterwards  resumed  in 
smaller  doses. 

Deadly  nightshade  has  been  employed ;  1.  In  se- 
veral febrile  diseases:  in  obstinate  intermittents, 
and  in  the  plague.  3.  In  inflammations :  the  gout. 
3.  In  comatose  diseases:  in  palsy,  and  loss  of 
speech  from  apoplexy.  4.  In  spasmodic  diseases :  in 
epilepsy,  chincough,  hydroj^obia,  melancholy,  and 
mania.  5.  In  cachectic  affections:  in  dropsies, 
and  obstinate  jaundice.  6.  In  local  diseases :  in 
amaurosis,  ophthalmia,  and  cancer. 

Deadly  nigntshade  is  best  employed  in  substance, 
beginning  with  a  very  small  dose  of  the  powdered 
leaves  or  root,  such  as  the  fourth  or  eighth  part  of  a 
gram  for  children,  and  one  grain  for  adults,  to  be  re- 
peated daily,  and  gradually  increased.  In  hydro- 
phobia. Dr.  Munch  gave  the  powdered  root  every  se- 
cond morning,  to  the  extent  of  from  one  to  five  grains 
to  children,  and  fourteen  or  fifteen  grains  to  adults. 

Hie  watery  infusion  is  also  a  powerftil  remedy. 
One  scruple  of  the  dried  leaves  is  inftised  in  ten 
ounces  of  warm  water,  and  strained  after  cooling. 
At  first  two  ounces  of  this  may  be  given  daily  to 
adults,  and  gradually  increased,  until  the  tension  of 
the  throat  shows  that  it  would  be  imprudent  to  go 
farther. 

The  watery  extract  is  not  a  judicious  preparation. 

Externally,  the  powdered  leaves  are  applied  as  a 
narcotic  to  diminish  pain,  and  to  cancerous  and  ill- 
conditioned  sores. 

NiLOMBTBR,  an  instrument  used  amongst  the 
ancients  to  measure  the  height  of  the  water  of  the 
river  Nile,  at  the  period  of  its  overflowing.  The 
nilometer  b  said,  by  several  Arabian  writers,  to  have 
been  first  erected  for  this  purpose  by  Joseph,  during 
his  reign  in  Egypt.  It  was  sixteen  cubits  in  height. 
As  all  the  riches  and  prosperity  of  Egypt  depended  on 
the  overflowing  cf  cliis  river,  the  inhabitants  were  in 
the  habit  of  supplicating  Serapis  when  they  examined 
the  nilometer. 

The  most  rational  and  consistent  account,  however, 
which  we  have  of  the  nilometer,  is  given  by  the  cele- 
brated traveller  Bruce.  "  On  the  point  of  the  island  of 
Rhode,  between  Geyah  and  Cairo,  near  the  middle  of 
the  river,  is  a  round  tower  enclosing  a  neat  well  or 
cistern  lined  with  marble.  The  bottom  of  this  well 
is  on  the  same  level  vrith  the  bottom  of  the  Nile,  which 
has  free  access  to  it  through  a  large  opening  like  an 
embrasure.  In  the  middle  of  the  well  rises  a  thin 
column  of  eight  faces  of  blue  and  white  marble,  of 
which  the  foot  is  on  the  same  plane  with  the  bottom 
of  the  river.  This  pillar  b  divided  into  twenty  di- 
visions called  pecks,  of  twenty-two  inches  each.  Of 
these  pecks  the  two  lowermost  are  left  without  any 
division,  to  stand  for  the  quantity  of  sludge  which 
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the  water  dqx»sits  there.  Two  pecks  are  then  di» 
videdt  on  the  right-hand,  into  twenty-four  digits  eadi; 
then  on  the  left  four  pecks  are  divided  into  twenty- 
four  digits ;  then  on  the  right,  four ;  and  on  the  left 
another  four :  again,  four  on  the  right,  which  com- 
pletes the  numW  of  eighteen  pecks  from  the  first 
division  marked  on  the  pillar,  each  peck  being 
twenty-two  inches.  Thus  the  whole,  marked  and 
unmarked,  amounts  to  something  more  than  thirty- 
six  feet  English. 

"  On  the  night  of  St.  John,  when,  by  the  falling  of 
the  dew,  they  perceive  the  rain-water  from  Ethiopia 
mixed  with  the  Nile  at  Cairo,  they  begin  to  announce 
the  elevation  of  the  river,  having  then  five  pecks  of 
vrater  marked  on  the  nilometer  and  two  unmarked 
for  the  sludge,  of  which  they  take  no  notice.  Their 
first  proclamation,  supposing  the  Nile  to  have  risen 
twelve  digits,  is  twelve  firom  six,  or  it  wants  twelve 
digits  to  be  six  pecks.  When  it  has  risen  three 
more,  it  is  nine  from  six ;  and  so  on,  till  the  whole 
eighteen  be  filled,  when  all  the  land  of  Egypt  is  fit  for 
cultivation.  Several  canals  are  then  opened,  whidi 
convey  the  water  into  the  desert,  and  prevent  any 
fturther  overflowing  of  the  fields ;  for,  were  the  inunda- 
tion suffered  to  go  on,  it  would  not  drain  soon  enough 
to  fit  the  land  for  tillage  :  and  to  guard  against  tUb 
mischief  is  the  principal  use  of  the  nilometer,  thou^ 
the  Turkish  government  makes  it  an  en^e  of  taxa- 
tion. From  time  immemorial  the  Egyptians  paid,  as 
tribute,  a  certain  proportion  of  the  fruit  of  the  ground; 
and  this  was  anciently  ascertained  by  the  elevation  of 
the  water  on  the  nilometer,  and  by  the  mensuration 
of  the  land  actually  overflowed.  But  the  Saracen 
government,  and  afterwards  the  Turkish,  taxed  the 
people  by  the  elevation  alone  of  the  water,  without 
attending  to  its  course  over  the  country  or  the  ex- 
tent of  the  land  actually  overflowed." 

NiTRB.  This  salt  is,  under  certain  circumstances, 
formed  spontaneously  at  the  surface  of  the  soil ;  it  is 
thus  procured  in  India,  whence  the  nitre  we  use  is 
imported.  In  some  countries  of  Europe,  the  pro- 
duction of  it  is  favoured  by  artificial  arrangements. 
Vegetable  and  animal  substances,  with  an  intermix- 
ture of  old  plaster,  mortar,  or  other  forms  of  carbonate 
of  lime,  are  put  into  ditches  lined  with  clay,  and  co- 
vered with  sheds  to  protect  them  from  the  rain,  while 
the  air  is  admitted.  They  are  turned  up  occasionally, 
and  at  the  end  of  a  few  months,  when  virashed  wiUi 
water,  afford  nitrates  of  potash  and  lime.  A  quan- 
tity of  wood- ashes  is  added  to  the  solution,  the 
potash  of  which  decomposes  the  nitrate  of  lime,  and 
increases  the  product  of  nitrate  of  potash ;  this  salt 
is  obtained  in  crystals  by  evaporation,  and  is  purified 
from  a  portion  of  muriate  of  soda  and  other  saline 
matter  which  adheres  to  it,  by  repeated  solutions  and 
crystallizations. 

The  nitre  does  not  pre-exist  in  these  materials, 
and  i«  therefore  obviously  formed  in  the  process.  As 
an  intermixture  of  animal  and  vegetable  matter,  the 
presence  of  carbonate  of  lime,  and  the  admission  of 
the  atmospheric  air,  are  all  necessary,  it  is  probable 
that  the  nitrogen  of  the  animal  matter  combines  with 
the  oxygen  of  the  air,  and  perhaps  with  a  portion  of 
the  oxygen  of  the  vegetable  matter,  and  forms  the 
acid,  the  carbonate  of  lime  favouring  this  combina- 
tion by  the  resulting  affinity  exerted  by  the  lime,  and 
attracting  the  acid  as  it  is  formed :  the  vegetable 
matter  moderates  the  decomposition  of  the  animal 
substances,  and  prevents  them  from  running  into  that 
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putrefaction  by  which  the  nitrogen  is  spent  in  the 
K>nnation  of  ammonia;  it  may  farther  afford  the 
potash,  which  is  the  base  of  the  nitre,  though  it  has 
also  been  supposed  that  a  part  of  this  is  formed  in 
the  process.  A  certain  degree  of  humidity  faTOurs 
the  mutual  actions  whence  these  combinations  arise, 
and  diffuses  more  equally  through  the  materials  the 
nitrous  salts. 

Nitre  crystallizes  in  six-sided  prisms,  bevelled  at 
the  extremities;  its  taste  is  cool;  it  b  soluble  in 
seven  parts  of  water  at  60^,  a  production  of  cold 
attending  its  solution,  and  in  an  equal  quantity  of  boil- 
ing water.  It  melts  easily :  if  the  heat  be  raised,  a 
pi^tiai  decomposition  of  the  acid  takes  place,  and 
oxygen  gas  is  expelitd ;  and  at  the  temperature  of 
ignition  the  decomposition  is  more  complete,  and 
oxygen  and  nitrogen  gases  are  disengaged. 

FYom  its  facility  of  decomposition  by  heat,  nitre 
produces  deflagration,  when  heated  with  inflainmable 
bodies.  It  is  ftt>m  this  property  that  it  is  employed  as  the 
principal  inpedient  in  the  composition  of  gunpowder, 
which  consists  of  seventy-five  parts  of  it  by  weight 
with  sixteen  of  charcoal  and  nine  of  sulphur.  These 
ingredients  are  thoroughly  mixed  by  continued  tritu- 
ration, a  small  quantity  of  water  being  added  to 
favour  this ;  the  paste  into  which  the  composition  is 
at  length  brought  is  granulated  by  pressing  it  through 
a  sieve,  and  the  grains,  aiter  they  are  dry,  are 
rounded  and  glazed  by  friction  from  agitation.  The 
deflagration  of  Uie  gunpowder,  when  an  ignited  spark 
falls  on  it,  is  owing  to  the  rapid  communication  of 
tiie  oxygen  to  the  sulphur  and  the  charcoal,  the  sul- 
phur in  particular  being  easily  inflamed;  and  its 
great  eiqiMuisive  force  depends  on  the  sudden  extrica- 
tion of  the  aerial  products.  Sulphurous  acid  and 
carbonic  acid  are  formed  by  the  oxygenation  of  the  sul- 
I^ur  and  charcoal,  and  nitrogen  by  the  decomposition 
c^the  acid,  probably  with  watery  vapour,  the  elasticity 
of  these  being  muoi  increased  by  the  caloric  rendered 
•ensible. 

Nintic  Acid. — ^This  acid,  which  can  be  extracted 
without  much  difficulty  from  common  nitre  and  sul- 
l^inric  acid,  has  been  long  known  to  chemists,  and  in 
a  diluted  state  has  been  used  in  the  chemical  arts 
nnder  the  name  of  aquafortis.  Priestley  observed  its 
partial  decomposition,  and  its  reproduction  from  the 
union  of  nitric  oxide  (the  product  of  that  decomposi- 
tion) with  oxygen.  Cavendish  discovered  its  ulti- 
mate composition,  and  proved  that  nitrogen  is  its 
base.  This  was  done  bv  a  very  simple  experiment, — 
taking  the  electric  spark  for  a  considers[ble  time  in 
atmospheric  air,  confined  in  a  tube.  The  volume  was 
diminished,  an  acid  was  produced,  and  this  acid  was 
found  to  be  nitric.  When  a  portion  of  oxygen  gas 
was  added  to  the  aur,  and  the  electric  spark  continued 
sufficiently  long,  the  disappearance  of  the  whole  was 
nearly  complete ;  and  a  similar  result  was  obtained 
from  submitting  to  experiment  a  mixture  of  oxygen 
and  nitrogen  gases.  In  all  these  cases,  the  electric 
spark  establishes  the  combination  of  the  gravitating 
matter  of  the  two  gases ;  and  the  principal  pecu- 
liarities which  attend  this  combination  are  the  slow- 
ness with  which  it  takes  place,  and  its  not  being  ac- 
companied by  any  sensible  extrication  of  heat  and 
lifht. 

Analysis  likewise  establishes  the  composition  of 
nitric  add.  If  it  be  passed  through  an  ignited  glass 
or  earthen  tube,  it  is  resolved  into  oxygen  and  nitro- 
gsB  ipMes ;  its  saline  compounds  exposed  to  a  red 


heat  afford  the  same  elements ;  and  its  oxygen  em 
be  abstracted  by  inflammable  substances,  its  nitro- 
gen being  evolved,  either  pure  or  retaining  a  portion 
of  oxygen  combined  vrith  it,  which  by  farther  opera- 
tions may  be  abstracted. 

It  has  been  found  difficult  to  determine  with  acca- 
racy  the  proportions  in  which  its  elements  combine, 
and  in  particular  to  reconcile  them  with  those  of  the 
other  nitrons  compounds,  conformably  to  the  mnJ 
laws  of  definite  proportions.  Those  assigned  by  Ca> 
vendish  were  72.2  of  oxygen  and  27.8  of  nitrogen  by 
weight.  Davy  stated  Uiem  not  far  different  firom 
these,  at  70.6  of  oxygen  and  29.5  of  nitrogen.  The 
latter  are  not  far  from  the  proportions  of  100  of  ni- 
trogen and  200  of  oxygen  by  measure.  Gay-Losaac, 
judging  from  the  composition  of  nitric  oxidle  and  the 
quantity  of  oxygen  with  which  he  found  it  to  com- 
bine to  form  nitric  acid,  states  the  proportioiis  at  100 
of  nitrogen  and  260  of  oxygen  by  measure. 

Nitric  acid  is  obtained  from  the  decomposition  of 
nitre,  a  salt  in  which  it  exists  combined  with  potash* 
and  the  process  usually  followed  is  that  by  the  me- 
dium of  sulphuric  acid.    Two  parts  of  nitre  in  coarse 
powder  are  put  into  a  retort,  and  rather  id<m«  than 
one  part  of  sulphuric  acid  is  poured  apon  it,  the  re- 
tort being  placed  in  a  sand-baUi,  and  connected  with 
a  large  receiver.    A  moderate  heat  is  applied  to  pro- 
duce distillation;  towards  the  end  it  ia  gradudly 
raised,  and  b  continued  as  long  as  any  acid  is  prO" 
duced.    The  sulphuric  acid  combines  with  the  potesh 
of  the  nitre,  and  disengages  the  nitric  acid,  this  de- 
composition being  aided  by  the  greater  volatility  of 
the  nitric  acid.    The  nitric  acid,  however,  when  dis- 
couraged, is  also  partially  decomposed ;  losing  a  little 
of  Its  oxygen,  a  portion  of  it  passes  to  the  state  of  ni- 
tric oxide,  and  this  being  absorbed  by  the  acid  which 
distils  over  gives  it  a  yellow  colour,  more  or  le« 
deep,  or  converts  it  into  nitrous  acid.    This  decom- 
position appears  to  arise  in  a  great  measure  finom  the 
action  of  the  high  temperature,  and  hence  it  takes  place 
principally  towards  the  end  of  the  distillation.     The 
addition  of  more  sulphuric  acid  than  is  strictly  neces- 
sary to  neutralize  the  potash  of  the  nitro  is  os^ol, 
partly  from  the  quantity  aiding  its  affinity,  and  partly 
by  affording  mXer  to  preserve  the  constitution  of  the 
nitric  acid. 

In  consequence  of  this  partial  decomposition,  an 
additional  process  b  requisite  to  obtain  nitric  add. 
The  coloured  acid  is  exposed  to  a  gentle  heat,  applied 
by  a  water-bath ;  the  nitric  oxide  holding  a  portion 
of  nitric  acid  combined  with  it  is  expellttl,  and  the 
acid  becomes  nearly  colourless ;  or,  what  succeeds 
more  completely,  the  nitrous  acid  is  distilled  from  a 
little  oxide  of  manganese,  which,  imparting  to  it  oxy- 
gen, converts  it  into  nitric 

Nitric  add  is  colourless  and  transparent ;  it  emits 
white  vapours  having  a  peculiar  odour.  It  has  all 
the  acid  properties,  tastes  sour  even  when  much  di- 
luted, reddens  the  vegetable  colours,  and  neutralizes 
the  properties  of  the  alkalies  and  earths.  Its  specific 
gravity  b  1.66  at  60^.  In  thb  state  it  contains  a 
quantity  of  combined  water,  equal,  according  to 
Kirwan  and  Dalton,  to  26,  according  to  Dr.  Wol- 
laston  to  25.1  in  100  parts.  The  presence  of  water 
b  essential  to  the  acid  in  its  insulated  state,  as  it 
can  neither  be  formed  nor  can  it  be  disengaged  firoai 
its  saline  combinations  without  water  be  supplied  to  it 

This  acid  freezes  by  cold,  the  facility  of  congela- 
tion varying  considerably,  according  to  its  state  of 
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coDoeotretion :  if  it  is  highly  concentrated,  or  if,  on 
the  other  hand,  it  is  much  diluted,  it  freezes  with 
more  diiBcalty  than  when  of  intermedial  strength. 
It  is  votatilixed  by  heat;  but  its  volatility  is  also 
much  influenced  by  its  state  of  concentration ;  the 
highest  boiling  point  is  that  of  the  acid  at  the  specific 
gravity  of  1.42  ;  it  boils  at  248^;  if  eitiier  stronger 
or  weaker  than  this,  it  boils  at  a  lower  temperature. 
This,  too,  is  the  only  acid  which  rises  tmchanged  by 
boiling,  a  weaker  acid  becoming  stronger,  and  a 
stronger  acid  than  this  becoming  weaker,  as  it  boils. 
At  a  higher  heat  the  acid  is  partially  decomposed. 
A  partial  decomposition  of  it  is  also  effected  by  light ; 
oxygen  is  expelled,  and  it  passes  to  the  state  of  ni- 
trous acid. 

Nitric  acid  has  a  considerable  affinity  to  water :  it 
attracts  it  from  the  atmosphere,  and  it  combines 
with  it  in  every  proportion.  In  consequence  of  this 
affinity,  too,  it  acts  with  energy  on  ice  and  snow, 
liquefying  them  rapidly,  and  producing  intense  cold. 
The  affinity  between  the  elements  of  this  acid  not 
being  strong,  *  it  is  decomposed  by  metallic  and  in- 
flammable bodies,  which  attract  its  oxygen  partially 
or  completely ;  and,  in  consequence  of  this  fscility 
with  which  it  yields  oxygen,  it  acts  with  much 
energy  on  these  substances. 

It  combines  with  the  alkalies,  earths,  and  metallic 
oxides,-  forming  salts,  denominated  nitrates.    The 
generic  characters  of  these  are  a  cool  penetrating 
taste,  affording  oxygen  gas  at  a  high  temperature, 
and  deflagrating  with  inflammable  bodies  at  the  tem- 
perature of  ignition.  They  are  all  soluble  in  water,  and 
crystallizable.  The  individual  nitrates  will  be  consider- 
ed under  their  respective  bases.  (See  Oxidb,  Nitric.) 
Nitrogen.— This  gas  has  already  been  examined 
tinder  the  name  of  Azotb,  and  we  must  now  confine 
ourselves  to  a  few  facts  connected  with  its  combina- 
tion with  toffcne  and  ehiorine.    Nitrogen  combines 
with  chlorine  and  iodine  to  form  two  very  remark- 
able compounds.    The  first  of  these,  the  ehhrme  of 
niirogm,  is  formed  by  the  action  of  chlorine  cm 
Bome  salt  of  ammonia.     Its  formation  is  owing  to 
the  decomposition  of  ammonia  (a  compound  of  nitro- 
gen and  hydrogen)  by  chlorine :  the  hydrogen  of  the 
ammonia  unites  with  chlorine  and  forms  muriatic 
acid,  while  the  nitrogen  of  the  ammonia,  being  pre- 
sented in  its  nascent  state  to  chlorine  dissolved  in 
the  solution,  enters  into  combination  with  it.    Hie 
chloride  of  nitrogen  is  formed  gradually,  when  a  glass 
receiver  filled  with  chlorine  gas  is  inverted  over  a 
bowl  containing  a  solution  of  muriate  of  ammonia, 
and  falls  in  little  globules  through  the  fluid  to  the 
bottom  of  the  dish,  whence  it  is  vrithdrawn  vrith  the 
utmost  care  by  means  of  a  glass  syringe.    On  being 
ejected    into   a   metallic   mortar,    or   leaden  dish, 
containing  a  little  volatile  oil,  or  phosphorus  in  small 
pieces,  it  detonates  with  extreme  violence.  Its  specific 
gravity  is  1.653:  it  is  not  congealed  by  the  intense 
oold  produced  by  a  mixture  of  snow  and  salt,  may 
be  distilled  at  160^  Fahr.,  but  explodes  at  a  tem- 
perature between   200^  and   212^.     It  consists  of 
chlorine  144,  or  four  proportions ;  nitrogen  fourteen, 
or  one  proportion. 

Iodide  of  nitrogen.  From  the  weak  affinity  that 
exists  between  iodine  and  nitrogen,  these  substances 
cannot  be  made  to  unite  directly ;  but,  when  iodine 
ia  put  into  a  solution  of  ammonia,  the  alkali  is 
decomposed,  its  elements  unite  vrith  different  por- 
tioDS  of  iodine,  and  thus  cause  the  formation  of 


hydriodic  acid  and  iodide  of  nitrogen.    The  latter 
subsides  in  the  form  of  a  dark  powder,  which  is 
characterized,  like  chloride  of  nitrogen,  by  its  ex- 
plosive property.     It  detonates  violently  as  soon  as  it 
is  dried,  and  slight  pressure  while  it  is  moist  produces 
a  similar  effect.    Heat  and  light  are  emitted  during  the 
explosion,  and  iodine  and  nitrogen  are  set  free.   It  con- 
sists of  one  proportional  of  nitrogen  to  three  of  iodine. 
With  regard  to  the  nature  of  nitrogen  there  lias 
been,  and  still   exists,  a  considerable  diversity  of 
opinion.     Berzelius  has  inferred,  from  speculations 
connected  with  the  doctrine  of  definite  proportions, 
that  it  is  a  compound  of  oxygen  with  an  unknown 
base,  to  which  he  has  given  the  name  of  nitricum,  and 
has  fixed  the  proportions  at  44.32  of  base  and  55.68 
of  oxygen ;  others,  on  the  contrary,  have  affirmed,  as 
a  consequence  of  this  doctrine,  that  nitrogen  can 
contain  no  oxygen — a  proof  of  the  little  value  to  be 
attached  to  such  speculations.    The  strongest  ar- 
guments for  the  compound  nature  of  nitrogen  are 
derived  from  its  slight  tendency  to  combination,  and 
from  its  being  found  abundantly  in  the  organs  of 
animals  which  feed  on  substances  that  do  not  contain 
it.    Its  uses  in  the  economy  of  the  globe  are  little 
understood.    One  thing  however  is  certain,  that  it 
serves  to  dilute  the  oxygen  of  the  atmosphere,  and 
without  it  we  could  not  employ  the  ordinary  materials 
of  combustion. 

NiTao-MuRiATic  Acio  is  formed  by  mixing  mu- 
riatic acid  and  nitric  acid.  This  compound  has  some 
peculiar  properties,  among  which  is  that  of  dissolving 
gold  with  facility,  from  which  it  received  from  the 
alchemists  the  name  of  aqua  regia.  One  part  of 
muriatic  acid  is  mixed  with  two  parts  of  nitric; 
during  their  combination  the  formation  of  oxymu- 
riatic  acid  is  indicated  by  its  odour,  nitric  oxide  gaf 
is  disengaged,  and  a  portion  of  it  is  retained  in  the 
liquid,  giving  it  a  dark  orange  colour.  It  is  con- 
cluded, therefore,  that  in  the  mutual  action  of  these 
acids  part  of.  the  nitric  acid  is  decomposed,  its  oxygen 
is  transferred  to  the  muriatic,  and  to  the  oxymuriatic 
acid  thus  formed  the  peculiar  chemical  powers  of  the 
compound  have  been  ascribed.  It  appears,  however, 
to  be  chiefly  a  compound  of  nitric  and  muriatic  acids; 
and  its  energetic  action  on  the  metals  seems  to  be 
owing  to  the  latter  acid  by  a  disposing  or  resulting 
affinity  promoting  the  decomposition  of  the  former, 
favouring  therefore  the  communication  from  it  of 
oxygen  to  the  metal,  vrith  which  in  its  oxidated  state 
it  then  combines.  It  is  employed  in  some  of  the 
processes  of  assaying. 

Nitrous  Acid. — ^This  name  is  given  to  the  yeUow 
acid  obtained  hj  the  usual  process  of  decomposing 
nitre  by  sulphuric  acid ;  and  it  owes  its  yellow  colour 
to  the  presence  of  a  portion  of  nitric  oxide.  When 
this  is  disengaged  by  a  moderate  heat,  it  becomes 
colourless :  and,  if  nitric  oxide  is  transmitted  throuf^ 
it  in  this  state,  it  regains  its  colour. 

It  appears  to  follow  from  these  facts  that  there  is 
no  acid  of  determinate  composition  to  which  the 
name  nitrous  can  be  properly  applied.  What  is 
called  such  is  nitric  acid  holding  nitric  oxide  dis- 
solved :  and  the  quantity  of  this  may  be  variable, 
and  even  indefinite,  betwe^i  the  minimum  and 
maximum.  According  to  the  quantity  communicated, 
the  colour  is  deeper.  From  a  portion  not  exceeding 
1.2  of  nitric  oxide  by  weight  in  100  parts,  a  pale 
yellow  colour  is  communicated ;  this,  as  the  quan- 
tity is  increased,  passes  through  shades  of  bri^  vel- 
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low  to  dark  orange,  in  which  tiie  proportion  amounts 
to  about  5.5  ;  beyond  this  an  olive  colour,  and  then 
a  bright  green,  verging  into  bine,  are  obtained ;  and,  if 
the  trannnission  of  the  nitric  oxide  gas  be  continued 
longer,  it  communicates  its  elasticity  to  the  liquid 
acid,  and  the  whole  rises  in  very  dense,  red,  soffbcating 
vapours. 

Some  chemists  have,  however,  assumed  the  ex- 
istence of  an  acid  of  determinate  composition,  and 
have  in  particular  given  this  name  to  the  compound 
in  which  the  largest  proportion  of  nitric  oxide  gas  is 
condensed  by  oxygen  gas.  It  is  obtained  by  ad- 
mitting oxygen  gas  to  nitric  oxide  gas,  when  the 
latter  is  kept  in  excess :  a  dense  red-coloured  vapour 
is  formed. 

Nitrous  acid  vapour,  formed  by  the  combinaticm 
of  nitric  oxide  and  oxygen  gases,  is  of  a  deep  red 
colour,  extremely  suffocating ;  its  specific  gravity  is 
1.457>  air  being  1000;  it  is  rapidly  absorbed  by 
water,  forming  a  solution  of  a  green  colour.  It  acts 
on  inflammables,  and,  in  particular,  sustains  the 
combustion  of  phosphorus. 

The  common  liquid  nitrous  acid  must,  if  these 
views  be  correct,  be  a  mixture  of  these  acids  of  a  spe- 
cific composition  in  various  proportions  with  probably 
more  or  less  v^ater.  It  is  more  or  less  coloured  ac- 
cording to  the  (|uantity  of  nitric  oxide ;  its  specific 
gravity  is  also  diminished,  a  pale  acid  of  1.52,  when 
converted  into  yellow  acid,  becoming  nearly  of  the 
specific  gravity  of  1.51.  The  acid  obtained  by  dis- 
tillation from  nitre  and  sulphuric  acid  is  usually  of 
a  pale  yellow  colour :  but,  if  the  heat  has  been 
raised  very  high  towards  the  end  of  the  process,  it  is 
of  a  deeper  colour ;  and,  if  any  inflammable  matter 
has  been  contained  in  the  materials,  it  is  of  a  dark 
orange  red.  The  colours  which  the  acid  assumes 
from  this  impregnation  of  nitric  oxide  are  likewise 
dependent  on  its  state  with  regard  to  dilution.  If  the 
dark  orange-coloured  acid  be  mixed  with  water,  the 
different  shades  are  produced ;  with  a  large  quantity 
of  water,  blue ;  wiu  more  acid,  olive,  and  bright 
green.  These  colours  are  not  permanent,  the  oxygen 
loosely  dissolved  in  the  water,  or  imbibed  from  the 
atmosphere,  oxygenating  the  nitric  oxide,  and  bring- 
ing the  whole  to  the  state  of  nitric  add. 

Nitrous  acid  in  its  relations  to  other  chemical 
agents  is  similar  to  nitric  acid.  It  oxidizes  in  the 
same  manner  and  vdth  the  same  phenomena,  in  in- 
flammable bodies  and  metals,  and  combines  with  the 
metallic  oxides.  These  combinations  are  indeed 
merely  those  of  the  nitric  acid,  as  the  nitrous  oxide 
u  disengaged  during  the  process. 

The  compounds  of  nitrous  acid  with  the  alkalies  or 
earths  can  scarcely  be  obtained  by  direct  combination ; 
for,  when  it  is  added,  the  greater  part  of  the  nitric  oxide 
b  expelled.  They  are  usually  obtained  by  an  in- 
direct mode,  pointed  out  by  Scheele,  that  of  exposing 
a  nitrate  to  such  a  heat  as  partially  decomposes  the 
nitric  acid,  and  expels  part  of  its  oxygen.  The  re- 
maining acid  with  a  portion  of  nitric  oxide  exists  in 
combination  with  the  alkaline  base,  forming  the  salts 
which  have  been  named  nitrites.  They  are  easily 
decomposed,  and  give  out  nitrous  acid  vapour  on 
the  affusion  of  an  acid.  On  exposure  to  die  atmo- 
sphere, they  absorb  oxygen,  and  return  to  the  state  of 
nitrates.     (See  Oxidb,  Nitrous.) 

Nonas,  in  offrcmonqr;  the  two  points  where  the  or- 
bit of  a  planet  intersects  the  ecliptic.  These  nodes 
are  constantly  changing  their  places. 


-NORTH. 

NoBiA,  a  hydraulic  machine  used  in  Spaa.  It 
consists  of  a  vertical  wheel  of  twenty  feet  diamftrr» 
on  the  circumference  of  which  are  fixed  a  Dumber  of 
little  boxes  or  square  buckets,  for  the  pnrpoae  of 
raising  the  water  out  of  the  well,  comrnvnicati^ 
with  the  canal  below,  and  emptying  it  in  a  icaetvoit 
above,  placed  by  the  side  of  the  wheel.  Tike  buckets 
have  a  lateral  orifice  to  receive  and  to  discharge  die 
water.  The  axis  of  this  wheel  is  embraced  K^  four 
small  beams,  crossing  each  other  at  ri^t  angles,  ta- 
pering at  the  extremities,  and  forming  eight  soaH 
arms.  This  wheel  b  near  the  centre  of  ue  horse- 
walk,  contiguous  to  the  vertical  axb,  into  the  top  of 
which  the  horse-beam  b  fixed ;  but  near  the  bottom 
it  b  embraced  by  four  small  beams,  forming  ei^ 
arms,  similar  to  those  above  described,  on  the  axb  of 
the  water-wheel.  As  the  mule  which  tbey  use  goes 
round,  these  horizontal  arms,  supplying  the  place  of 
cogs,  take  hold,  each  in  succession,  of  thooe  aims 
wiudi  are  fixed  on  the  axb  of  the  water- whed«  but. 
keep  it  in  rotation. 

Thb  machine  raises  a  great  quantity  of  waiter ;  \m 
it  has  two  defects :  the  first  b,  that  part  of  the  walci 
runs  out  of  the  buckets  and  falb  back  into  the  weft 
after  it  has  been  raised  nearly  to  the  level  of  the  re- 
servoir :  the  second  b,  that  a  considerable  proportioa 
of  the  vrater  to  be  discharged  is  raised  higher  than  the 
reservoir,  and  falls  into  it  only  at  the  moment  when 
the  bucket  is  at  the  highest  point  of  the  circle,  and 
ready  to  descend. 

Both  these  defects  are  occasionally  remedied  by 
leaving  the  square  buckets  open  at  one  end,  makii^ 
them  swing  on  a  pivot  fixed  a  little  above  their 
centre  of  gravity,  and  placing  the  trough  of  the  re- 
servoir in  such  a  position  as  to  stop  their  progress 
whibt  perpendicular,  make  them  torn  upon  their 
pivot,  and  so  dischaige  their  contents. 

FVom  the  reservoir  the  water  b  conveyed  by  chan- 
neb  to  every  part  of  the  garden;  these  have  divisaoas 
and  subdivisions  or  beds,  some  large,  others  very 
small,  separated  from  each  other  by  little  channels* 
into  which  a  boy,  with  hb  shovel  or  his  hoe,  directs 
the  water,  first  into  the  most  dbtant  trenches,  and 
successively  to  all  the  rest,  till  all  the  beds  and 
trenches  have  been  either  covered  or  filled  with  vntter. 

Mr.  Townsend,  from  whom  we  take  the  above  ac- 
count, states  that  by  the  aid  of  thb  machine  the 
inhabitants  every  morning  draw  as  much  vrater  firon 
the  well  as  will  serve  through  the  day,  and  in  the 
evening  dbtribute  it  to  every  quarter  according  to  the 
nature  of  their  crops.  The  reservoirs  into  which 
they  raise  the  water  are  about  twenty,  Uiirty,  or  even 
forty  feet  square,  and  three  feet  high  above  the  snr- 
fact  of  the  ground,  with  a  stone'  cope  on  the  wall, 
declining  to  the  water,  for  the  women  to  iraah  and 
beat  their  clothes  upon. 

Our  limits  preclude  us  from  following  Mr. 
Townsend  further  in  the  description  of  a  partkobr 
noria  used  at  Barcelona,  which  he  conceives  to  be 
the  original  chain-pump,  or  at  least  its  parent.  He 
compares  it  with  similar  instruments,  and  shovrs  its 
advantages  and  disadvantages. 

North  ;  one  of  the  four  cardinal  points  of  the 
world,  bein^  that  point  of  the  horizon  which  b  di- 
rectly opposite  to  the  sun  at  its  meridian.  The  north 
wind  b  generally  accompanied  with  a  considerable 
decrease  of  temperature.  It  sometimes  blows  with 
almost  irresistible  fury;  and  is  often  mentkiihed  by 
the  classic  authors  under  the  name  of  JSoreaa. 
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NoBB ;  that  prominence  on  the  face  which  is  the 
oigan  of  scent.  The  ancients  seem  to  have  had  an 
aversion  to  small  noses,  and  the  Romans  esteemed 
above  all  the  aquiline  nose,  which  Pliny  termed,  by 
way  of  distinction,  royal.  It  is  thus  that  iElian  has 
described  that  of  Aspasia,  and  Philostratus  those  of 
Achilles  and  of  Paris.  According  to  Plutarch,  Cyrus 
bad  the  same  f  and  on  this  account  the  Persians  are 
said  to  have  admired  noses  of  this  shape.  But  aqui- 
line noses  were  reckoned  beautiful  only  when  the 
curve  was  gentle  and  almost  insensible,  in  contra- 
distinction to  such  as  were  decidedly  crooked,  rc- 
aembling  tiie  beak  of  a  parrot  The  Grecians,  indeed, 
generally  speaking,  seem  to  have  held  a  straight  line 
from  &e  forehead,  or  rather  slightly  inclined,  to  be 
the  beoM  idial  with  respect  to  this  feature ;  and  ac- 
cordingly we  find  it  in  theur  best  statues,  &c. 

Nosology,  in  taedjciiie  ;  that  science  which  treats 
of  the  systematic  arrangement  and  classification  of 
diseases. 

Notation,  in  arithmntic,  is  the  method  of  ex- 
pressing, by  means  of  certain  signs,  any  proposed 
number  or  quantity.  In  the  modem  analysis,  noiaium 
implies  a  meUiod  of  representing  any  operation  be- 
longing to  this  science ;  and  the  judicious  and  inge- 
nious selection  of  proper  symbols  forms  not  the  least 
important  part  of  it.  The  success  of  a  great  mathe- 
niatical  operation  depends  much  upon  this  point, 
and  the  science  itself  has  sometimes  made  a  new  ad- 
vance by  the  invention  of  new  and  more  manageable 
symbols.  In  the  common  scale  of  notation,  every 
number  is  expressed  by  the  ten  characters  1, 2,  3,  4, 
0«  6>  *!»  8,  9,  0,  the  first  nine  of  which  represent  dif- 
ferent numbers  of  units,  and  denote  various  values 
according  to  the  place  which  they  occupy. 

NoTBS,  in  mime;  the  signs  for  tones.  Even  in  the 
most  remote  antiquity,  certain  letters  of  the  alphabet 
were  used  as  signs  for  musical  tones.  According  to 
some,  tiie  Hebrews  made  use  of  accents  for  this  pur- 
pose, as  the  modem  Greeks  still  do.  The  Greeks 
used  different  signs  for  vocal  and  instrumental  music ; 
and,  as  they  haA  not  yet  conceived  the  idea  of  using 
the  octave  to  express,  bj  means  of  a  prefixed  key, 
a  number  of  the  most  diversified  tones  in  a  similar 
manner,  ^ey  must  have  required  a  great  number  of 
notes  (said  to  have  amounted  to  990 ;  half  for  vocal 
tones,  half  for  instruments).  As  they  used  the  al- 
phabetical signs  for  notes,  it  became  necessary  to 
employ  the  same  letter  in  different  positions  (in- 
dimng,  inverted,  Ace.) ;  thus  F  signified,  in  different 
positions,  seven  different  tones.  Accents,  also,  were 
used,  partly  by  themselves,  partly  added  to  letters. 

If  a  poem  was  to  be  8ung,uie  letters  which  signified 
the  instramental  tone  were  placed  first ;  under  these 
the  letters  for  the  voice ;  and  under  these  the  words. 
As  tiie  syllables  of  the  Greek  language  have  mostly 
a  natural  and  distinct  quantity  (i.  e.  duration  of 
time),  the  Greek  notes  were  not  required  to  show  the 
time,  and  generally  could  be  restricted  to  height, 
depth,  and  nature  of  tone.  In  the  case  of  the  syllables 
called  common  (short  and  long),  there  was  a  liability 
to  mistake,  and  diey  were  therefore  marked  with  A  if 
long  and  with  B  if  short.  The  fifteen  chief  tones 
of  ue  Greek  system  were  first  reduced  to  seven  by 
pope  Gregory  I.  towards  the  end  of  the  sixth  century, 
and  marked  with  the  first  seven  letters  of  the  Roman 
alphabet ;  so  tiiat  the  capitals  were  used  for  the  first 
iroice,  the  small  letters  for  the  higher  octave,  and 
the  double  letters  for  the  highest  octave. 


Parallel  lines  were  soon  invented,  on  which  the 
letters  were  written.  These  were  used  until  the  happy 
idea  was  conceived  of  substituting  for  letters  points 
with  five  lines,  the  points  and  rhombuses  bemg  placed 
as  well  between  the  lines  as  op  them.  TYivb  inven- 
tion is  generally  ascribed  to  Guido  of  Arezzo.  Ac- 
cording to  some,  it  was  known  even  in  the  tenth 
century.  The  letters  which  had  been  formerly  used 
as  notes  now  became  clefs.  Still  the  sign  for  the 
duration  of  a  tone  v^as  wanting.  The  way  of  mark- 
ing it  was  invented,  according  to  some,  by  a  German 
of  Cologne,  of  the  name  of  Franco,  who  lived  to- 
wards the  end  of  the  eleventh  century.  Others 
ascribe  the  invention,  or  at  least  the  improvement,  to 
John  de  Murs  (Jean  de  Moeurs,  or  Menrs.)  The 
dimimUio,  or  division  of  one  note  into  others  of  less 
value  (for  instance,  the  division  of  a  fourth  into  two 
eighths),  and  the  use  of  running  notes,  were  in- 
vented first  by  Jean  Mouton,  chapel-master  to  king 
Francis  I.,  in  the  sixteenth  century.  Since  Rousseau, 
the  designating  of  notes  by  ciphers  has  been  re- 
peatedly proposed,  and  adopted  with  great  success 
m  elementary  schools;  but,  in  other  respects,  the 
old  way  of  writing  notes— one  of  the  most  ingenious 
contrivances  ever  produced,  which  seems  to  have 
given  to  Leibnitz  even  the  idea  of  a  poMigrapk^^  or 
system  of  universal  writing— has  kept  its  ground. 

As  to  printing  notes,  two  periods  are  distinguished 
—the  first  when  notes  were  printed  by  plates,  the 
second  by  movable  types.  The  first  plates  used  for 
this  purpose  were  of  wood,  and  the  oldest  known  are 
of  1473.  Then  the  printing  of  notes  by  copper-plates 
was  invented.  The  cheaper  way  of  printing  from 
tin  plates,  in  which  the  notes  are  punched  with  steel 
punches,  did  not  become  common  till  the  middle  of 
the  last  century. 

As  to  the  second  period,  the  inventor  is  uncer- 
tain. Some  consider  Ottavio  Pistrucci,  in  the  be- 
ginning of  the  sixteenth  century,  as  such.  James 
Panlecque  (bom  at  Chaulne,  in  Picardy,  1573),  a 
celebrated  type-founder  at  Paris,  where  he  died  1648, 
probably  introduced  the  printing  of  notes  from  types 
mto  France.  Yet  the  art  of  printing  wkh  them  re- 
mained very  imperfect,  until  the  well-known  t3rpo- 
grapher  Breitkopf,  at  Leipsic,  carried  the  process,  in 
1755,  to  such  perfection  that  he  may  fairly  be  called 
the  second  inventor.  The  printing  of  music  with 
movable  types  has  now  attained  so  high  a  degree 
of  excellence  as  to  equal  that  which  is  printed  from 
tin  or  pewter  plates,  in  proof  of  which  we  give  a 
line  from  Mr.  Thoms's  foundry : 


Tauchnitz,  of  Leipsic,  first  stereotyped  notes.    The 
process  of  lithography  is  used  at  present 

Great  musicians  can  sometimes  compose  with  the 
pen  in  their  hand,  and  without  the  aid  of  the  piano. 
They  hear  all  the  music  in  their  soul,  as  a  picture 
stands,  with  all  its  hues  and  proportions,  before  the 
mental  eye  of  an  artist,  prior  to  his  touching  the  can- 
vass. Many  persons,  however,  who  play  well  extem- 
pore, are  by  no  means  able  to  compose  on  paper ;  and 
for  them  a  machine  would  be  convenient  which 
could  accompany  the  player's  motions,  and  write  the 
notes  vrith  a  nqiidity  equal  to  that  of  his  perform- 
ance.   The  first  idea  of  such  a  machine  was  given  in 
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the  PkOoiopkicei  IrmuaciUm,  in  1747  (No.  483)» 
AS  the  invention  of  an  English  clergyman  of  the 
name  of  Creed  ;  yet  the  practicability  of  this  idea  was 
not  sufficiently  shown.  In  1748,  a  Mr.  Unger, 
burgomaster  of  Eimbeck,  had  the  same  idea  witiiout 
knowing  of  Creed's  communication ;  and,  in  1752, 
the  academy  of  sciences  at  Berlin  approved  of  his 
suggestions ;  but  nothing  was  done  until  a  member 
of  the  academy,  M.  Selzer,  induced  a  mechanic, 
HohUeld,  to  construct  such  a  machine  from  an  im- 
perfect description  of  Unger's  plan.  In  the  Nimveaua: 
M^noires  de  VAcad^ie  rofftue  des  Science$  et  det 
BeWf8-lettr€$  h  BerKn,  of  1771 »  is  a  description  of 
this  machine.  It  consists  of  two  cylinders,  from  one 
of  which  paper  rolls  off,  while  it  is  rolled  round  the 
otiier,  durmg  which  time  the  keys  move  correspond- 
ing pencils,  which  write  the  note  on  the  paper.  Not 
much  use,  however,  has  been  made  of  the  machine. 

NovEMBBR ;  the  ninth  month  of  the  Roman  year. 
In  our  calendar  it  forma  the  eleventh. 

NoTAU ;  a  cordial .  The  word  is  French,  and  is  de- 
ivftd  from  the  use  of  the  kernels  of  apricots,  nectarines, 
and  peaches,  in  flavouring  the  liqueur  of  which  it  is  the 
name.  The  use  of  them  in  too  large  quantities  has 
sometimes  made  the  liqueur  poisonous,  as  proisic 
acid  may  be  extracted  from  them.  The  other  ingre- 
dients are  French  brandy^  prunes,  celery,  bitter 
almonds,  a  little  essence  of  orange-peel,  essence  of 
'«mon-peeI,  and  rose-water.  It  is  used  like  die 
other  liqueurs. 

NuBfBBR.-^Number  is  either  abstract  or  appli- 
cate :  abstract  when  referred  to  things  in  general, 
without  attending  to  their  particular  properties ;  and 
applicate  when  considered  as  the  number  of  a  par- 
ticular sort  of  things,  as  yards,  trees,  Ace.    When 
particular   things  are  mentioned,  there   is  always 
something  more  considered  than  barely  their  num- 
bers ;  so  that  what  is  true  of  number  in  the  abstract, 
or  when  nothing  but  the  number  of  things  is  con- 
sidered, will  not  be  true  when  the  question  is  li- 
mited to  particular  things :  for  instance,  the  num- 
ber two  IS  less  ^an  three;  yet  two  yards  ia  a 
greater  quantity  than  three  inches,  because  regard 
must  be  had  to  their  different  natures  as  well  w 
number,  whenever  things  of  a  difierent  species  are 
considered ;  for,  though  we  can  compaore  the  number 
)f  such  things  abstractedly,  yet  we  cannot  compare 
them  in  any  applicate  sense.    And  this  difference  is 
necessary  to  be  considered,  because  upon  it  the  true 
"^cnse,  and  the  possibility  or  impossibility,  of  some 
juestions  depend.    Number  is  unlimited  in  respect  of 
acrease ;  because  we  can  never  conceive  a  number  so 
reat  but  still  there  is  a  greater.      However,  In  re- 
ject of  decrease,  it  is  limited ;  unity  being  the  first 
nd  least  number,  below  which  therefore  it  cannot 
escend,  except  by  subdivision  into  decimal  or  other 
*  arts,  which  may  also  be  extended  infinitely,  at  least 
.1  idea,  if  not  in  fact ;  for  we  cannot  conceive  any 
'article  of  matter  so  small  but  that  it  may  be  sup- 
posed capable  of  being  rendered  still  smaller  by 
iivision  and  subdivision. 

Numerator  of  a  Fraction  ;  that  number  which 

tands  above  the  line,  and  shows  how  many  parts 

the  fraction  consists  of,  as  the  denominator  represents 

1  he  number  of  parts  into  which  the  unit  is  supposed 

lo  be  divided. 

Numismatics  is  tiie  name  of  the  science  which  has 
t'nr  its  object  the  study  of  coins  and  medals,  princi- 
;  ally  those  stroek  by  tiie  ancient  GrediLS  and  Romans. 


The  name  of  coin$  is  riven  to  the  pieces  6i  metal  oa 
which  the  puUic  authority  has  impressed  differest 
marks  to  indicate  their  weight  and  value,  to  make 
them  a  convenient  medium  of  exchange.  By  the  word 
medala,  when  used  in  reference  to  modem  times,  is 
understood  pieces  of  metal  similar  to  coins,  not 
intended  as  means  of  exchange,  but  struck  and  dis- 
tributed in  memory  of  some  important  event.  Tlie 
nameof  Mecfailt,  however,  is  sometimes  given  to  all  pieces 
of  money  which  have  remained  from  ancient  times. 

The  parts  of  a  coin  or  medal  are  the  two  sides ;  1. 
the  obverse  side,  face,  or  head,  which  contains  a  por- 
trait of  the  person  at  whose  command  or  in  whose 
honour  it  was  struck,  or  other  figures  relating  to 
him.  This  portrait  consists  either  of  the  head  alone, 
or  the  bust,  or  of  a  half  or  fiall-length  figure.  2.  The 
reverse  contains  mythological,  allegorical^  or  other 
figures.  The  words  around  the  border  form  the  le- 
gend ;  those  in  the  middle  the  inscription.  Neither 
of  these  was  originally  placed  on  coins :  tlie  latter 
is  frequently  merely  a  monogram.  Tlie  lower  part 
df  the  coin,  which  is  separated  by  a  line  from  the  fi- 
gures, or  the  inscription,  is  the  basis,  or  exergme, 
and  contains  subsidiary  matter,  as  the  date,  the  place 
where  the  piece  was  struck,  &c. 

Numismatics  has  the  .same  divisions  as  history. 
Ancient  numismatics  extends  to  the  extinction  of  the 
empire  of  the  West ;  the  numismatics  of  the  middle 
ages  commence  with  Charlemagne ;  modem  niimis<^ 
matics  with  the  revival  of  leaniing.    The  pieces  of 
metal  used  first  as  money  were  rude  and  shape- 
less, with  some    mark  to   indicate   at  once  their 
weight  and  value.  Ancient  writers  even  mention  rao* 
ney  of  leather  among  the  Carthaginians,  Spartans, 
and  Romans.     Money  of  wood  is  also  mentioned 
among  die  Romans ;  as  also  of  shells,  which  are 
still  used  by  some  African  tribes.    But  gold,  silver,, 
and  copper,  have  been  and  are  the  ordinary  mat^ria)^ 
of  money.  The  form  of  money  is  round,  oval,  sqoare* 
triangular,  or  long,  as  were  at  first  the  ohoii.    The 
study  of  medals  b  indispensable  to  archseoiogy,  and 
to  a  thorough  acquaintance  with  the  fine  arts.    They 
indicate  the  names  of  provinces  and  cities,  detennine 
their  position,  and  present  pictures  of  many  cele- 
brated places.    They  fix  the  period  of  events,  deter- 
mine, sometimes,  their  character,  and  enable  us  to 
trace  the  series  of  kings^    They  enable  us  to  learn 
the  difierent  metallui^ioal  processes,  the  different  al- 
loys, the  mode  of  gilding  and  plating  practised  by 
the  ancients,  the    melais  which   they  used,  their 
weights  and  measures,  their  different  modes  of  reck- 
oning, the  names  and  titles  of  the  various  magistrates 
and  princes,  and  also  their  portraits,  the  diffierent 
divinities,  with  their  attributes  and  titles,  the  ntenails 
and  the  ceremonies  of  their  worship,  the  costume  o£ 
the  priests — in  fine,  every  thing  which   relates  to 
usages,  civil,  militaiy,  and  religioias.     Medals  also 
serve  to  acquaint  us  with  the  Instory  of  art.    Th^ 
contain  representations  of  several  celebrated  works 
of  antiquity,  as  the  Hercules  Famese,  and  the  Venus  of 
Cnidus.    like  gems  and  statues,  they  enable  us  to 
trace  the  epochs  of  different  styles  of  art,  to  ascer- 
tain its  progress  among  the  most  civilized  nations,, 
and  its  condition  among  the  rude.    Medals  are  of 
great  assistance  to  philology,  and  the  explanation  of 
the  ancient  classics.   The  ancient  medals  were  struck 
or  cast.    Some  were  first  cast,  and  then  struck. 

The  first  coins  of  Rome,  and  the  other  cities  ol 
Italy,  must  have  beta  cait :  the  hammer  owiM  nst 
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luKve  produced  so  bold  a  relief.  The  copper  coins  of 
Bgypt  were  cast.  The  right  of  coining  money  has 
always  been  one  of  the  privileges  which  rulers  have 
confined  to  themsolves.  The  free  cities  possessed  the 
right  of  inscribing  their  names  on  coins.  The  cities 
subject  to  kings  sometimes  obtained  permission  to 
strike  money  in  their  own  name,  but  most  frequently 
were  required  to  add  the  name  or  image  of  the  king 
to  whom  they  were  subject.  The  medals  of  the  Par- 
thians  and  Phcenicians  offer  many  examples  of  this 
sort.  Rome,  under  the  republic,  allowed  no  indivi- 
dual the  right  to  coin  money  ;  no  magistrate  was  to 
put  his  image  thereon,  though,  sometimes,  this  ho- 
nour was  allowed  by  a  particular  decree  of  the  senate. 

We  can  count  among  the  numismatic  countries 
only  those  into  which  the  Greeks  and  the  Romans 
carried  the  use  of  money.  The  people  in  the  most 
northern  part  of  Europe  had  no  money,  nor  had  those 
of  Asia,  which  extended  most  to  the  east,  and  those 
of  Africa,  at  a  distance  from  the  Mediterranean. 
Weight  should  be  the  standard  of  the  value  of  mo- 
ney ;  and  many  volumes  have  been  written  on  the 
value  of  coins  and  their  weight.  The  difficulties, 
however,  have  not  been  entirely  cleared  up,  because 
the  same  terms  have  always  been  employed  without 
regard  to  difference  of  time.  In  the  code  of  Justin- 
ian complaints  are  made  of  the  indefiniteness  of 
these  expressions  in  donations.  The  difficulty  is  in- 
creased by  the  difference  of  weight  in  the  coins  of 
different  cities,  and  by  our  ignorance  of  the  value  of 
gold  and  silver  compared  with  that  of  bronze  at  dif- 
ferent periods.  The  coins  preserved  from  antiquity 
arc  much  more  numerous  than  those  which  we  pos- 
sess from  the  period  of  the  middle  ages,  in  the  pro- 
portion of  100  to  one. 

Medals  are  sometimes  dug  up  singly,  or  in  small 
numbers,  where  they  appear  to  have  been  thrown  by 
accident ;  but  the  principal  stores  are  found  in  tombs, 
or  in  places  where  fear,  avarice,  or  superstition  had 
deposited  them.  MiUin  thinks  that  the  number  of 
extant  medals  from  ancient  times  may  amount  to 
70,000.  Till  the  third  century,  the  faces  on  medals 
were  represented  in  profile.  In  the  coins  of  the  lower 
empire,  on  the  contrary,  we  see  Gothic  front  faces 
filling  Uie  whole  field  of  medals.  The  modems  have 
employed  both  modes.  The  ancients  gave  more  re- 
lief to  the  figure.  The  art  of  coining  has  flourished 
much  in  Spain.  That  country  was  deprived  of  the 
privilege  of  coining  in  the  time  of  Caligula.  The 
most  ancient  Spanish  medals  are  of  silver ;  their  form 
is  rude,  the  style  of  the  design  barbarous.  The 
numerous  cities  which  existed  in  ancient  Gaul,  be- 
fore its  conquest  by  the  Romans,  fabricated  money  of 
gold,  silver,  and  copper.  The  execution  of  some  of 
Uiem  is  excellent,  but  the  greatest  part  are  barbarous. 
No  medals  are  known  of  Britain,  with  the  exception 
of  some  struck  by  some  of  the  Augustuses,  towards 
the  decline  of  the  Roman  empire ;  and  the  same  may 
be  said  of  Germany.  The  medals  of  some  of  the 
Italian  cities  bear  the  character  of  Greek  art,  and  are 
excellent.  The  medals  of  these  cities  are  numerous, 
as  the  Romans  permitted  their  inhabitants  to  coin 
money  long  after  having  subjected  them.  Greece 
and  AsiaMmor  present  many  fine  and  curious  medals. 
The  coins  of  the  kings  of  Macedon  are  the  most  an- 
cient of  any  yet  discovered  bearing  portraits ;  and 
Alexander  I.,  who  commenced  his  reign  about  500 
▼ears  B.  C,  b  the  earliest  monarch  whose  medals 
nave  yet  been  found.    Then  succeed  the  sovereigns 


who  reigned  in  Sicily,  Cana,  C^rus,  Heraclea,  and 
Pontus.  Afterwards  comes  the  series  of  kings  of 
Egypt,  Syria,  the  Cimmerian  Bosphorus,  Thrace, 
Parthia,  Aitnenia,  Damascus,  Cappadocia,  Paphla- 
gonia,  Pergamos,  Galatia,  Cilicia,  Sparta,  Paeonia, 
Epirus,  lUyricum,  Gaul,  and  the  Alps.  This  series 
reaches  from  the  era  of  Alexander  the  Great  to  the 
Christian  era,  comprising  a  period  of  about  330  years. 
This  must  be  accounted  the  third  medallic  series  of 
ancient  monarchs ;  and  the  fourth  and  last  descends 
to  the  fourth  century,  including  some  of  the  kings  of 
Thrace,  of  Bosphorus,  and  Parthia,  with  those  of 
Comagene,  Edessa,  or  Osrhoene,  Mauritania,  and 
Judea.  A  perfect  and  distinct  series  is  formed  by 
the  Roman  emperors,  from  Julius  Csesar  to  the  Gothic 
destruction  of  the  empire,  and,  indeed,  still  later. 
The  Grecian  medals  claim  that  place  in  a  cabinet, 
from  their  antiquity,  which  their  workmanship  might 
ensure  to  them  independently  of  that  adventitious 
consideration. 

It  is  observed  by  Pinkerton  that  an  immense 
number  of  the  medals  of  cities,  which,  from  their 
character,  we  must  judge  to  be  of  the  highest  an- 
tiquity, have  a  surprismg  strength,  beauty,  and  relief, 
in  their  impressions.  About  the  time  of  Alexander 
the  Great,  however,  this  art  appears  to  have  attained 
its  highest  perfection.  The  coins  of  Alexander  and 
his  father  exceed  all  that  were  ever  executed,  if  we 
except  those  of  Sicily,  Magna  Gnecia,  and  the  ancient 
ones  of  Asia  Minor.  Sicilian  medals  are  famous  foi 
their  workmanship,  even  from  Gelo's  time.  The  coins 
of  the  Syrian  kings,  successors  to  Alexander,  almost 
equal  his  own  in  beauty.  But  adequate  judges  are 
constrained  to  confine  tneir  high  praises  of  the  Greek 
mint  to  those  coins  struck  before  the  subjection  of 
Greece  to  the  Roman  empire.  The  Roman  coins, 
considered  as  medals  in  a  cabinet,  may  be  resolved 
into  two  great  divisions,  the  consular  and  imperial. 
The  consular  coins  seldom  or  never  bore  the  names 
or  titles  of  consuls  till  towards  the  close  of  the  re- 
public ;  nevertheless  they  are  not  improperly  called 
contular,  because  they  were  struck  in  the  consular 
times  of  Rome.  These  have  also  been  denominated 
"  coins  of  families,"  and  are  arranged  according  to 
the  names  inscribed  on  them.  The  brass  consular 
coins  are  rather  uninteresting,  consisting  chiefly  of 
Ibx^,  unwieldy  pieces,  with  types  of  great  simi- 
larity.    Few  of  them  have  any  imagery  or  symbol. 

Gold  was  first  coined  at  Rome,  sixty-two  years 
after  the  application  of  the  mint  to  silver.  The 
general  gold  coin  is  the  aureus.  The  consular  coins, 
whose  number  is  estimated  at  200  in  brass  and  2000 
in  silver,  extend  not  to  above  100  in  gold,  most  of 
which  are  curious.  The  name  of  imperial  medab  is 
applied  specifically  to  those  struck  ^ter  the  conclu- 
sion of  the  republican  era  of  Rome  down  to  the  fall 
of  the  Roman  empire.  Caius  Julius  Caesar  was  the 
first  Roman  who  obtained  permission  to  put  his 
figure  upon  medals.  The  triumvirs  had  each  his  set 
of  medals.  The  medals  struck  after  the  death  and 
apotheosis  of  Augustus  bear  the  title  Dwui  AuguMtuB. 
With  Constantine  commences  the  series  of  medals  oi 
the  emperors  of  the  East  or  of  Constantinople.  The 
series  of  imperial  medals  concludes  with  those  of 
Michael  IX.  The  colonial  medals  had  sometimes 
Greek,  sometimes  even  Punic,  legends ;  but  those  with 
Latin  only  are  far  more  numerous.  Some  of  these 
coins  are  elegant ;  but  they  are  for  the  most  part 
rude  and  unintere^ing.  They  begin  with  JuUus  and 
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Antony,  and  occur  only  in  brass.  Most  of  the  gold 
consular  coins  are  of  great  beaaty  and  high  value. 
Thev  are  also  very  rare. 

The  coins  of  the  middle  ages  embrace  the  hraeteates, 
9ic,,  which  after  the  dissolution  of  the  Roman  empire 
were  circulated  in  the  newly- formed  European  states. 

The  science  of  numismatics  seems  to  have  been 
entirely  unknown  to  the  ancients.  It  does  not  ap- 
pear from  any  ancient  works  that  any  value  was 
set  upon  coins  as  curiosities  by  the  collectors  of 
works  of  art  in  the  times  of  Augustus  and  the  Anto- 
nines,  though  there  were  at  that  time  series  of  coins 
of  cities,  some  of  which  have  come  down  to  us,  and 
attract  attention  on  account  of  their  antiquity  and 
the  beauty  of  their  execution.  Such  are  the  coins  of 
Sybaris  and  the  cities  of  Magna  Gr«cia,  which,  with 
their  independence,  lost  the  right  of  coinage.  This 
disregard  is  more  remarkable  because  gems,  which 
are  so  nearly  allied  to  them,  were  in  high  esteem ; 
but  in  the  fifteenth,  and  particularly  in  the  middle 
of  the  sixteenth  century,  princes,  and  private  in- 
dividuals, in  Italy,  France,  and  Germany,  rivalled 
each  other  in  zeal  for  collecting  these  remains  of 
antiquity,  at  first  principally  with  a  view  of  obtain- 
ing portraits  of  the  chief  characters  of  Roman  history. 
L^mied  treatises  soon  succeeded  these  first  collec- 
tions, in  which  ^e  chief  attention  had  been  paid  to 
striking  impressions. 

The  earhest  treatise  upon  numismatics  was  pub- 
lished by  a  Spaniard,  Antonio  Agostino,  in  1677$  in 
his  dialogues,  which  have  been  translated  into  all 
languages.  Jac.  and  Octav.  Strada,  by  works  il- 
lustrate with  plates,  drew  the  attention  of  the  great 
and  the  rich  to  this  subject.  Wolfgang  Lazius,  phv- 
sician  to  Ferdinand  I.,  made  use  of  coins  for  tne 
illustration  of  history.  Fulvio  Orsini,  and  Ad.  Occo, 
a  physician  at  Augsbure,  applied  themselves  to  the 
study  of  the  Roman  family  and  imperial  coins :  and 
it  is  to  be  regretted  that  tne  latter  restricted  himself 
so  much  in  his  enquiries ;  for  his  process,  with  respect 
to  chronological  arrangement,  vras  confessedly  good. 
Hub.  Goltz,  the  son  of  a  painter  of  Wnrtzburg,  is 
particularly  worthy  of  mention,  as  the  first  who  paid 
much  attention  to  Grecian  coins ;  but  there  is  a  want 
of  accuracy  in  the  writers  of  that  period  which  ren- 
dera  a  great  part  of  their  laboure  useless.  Goltz  was 
at  once  a  draughtsman  and  an  engraver,  but  suffered 
himself  to  introduce  so  much  of  his  own  invention 
into  his  engravings  of  coins  that  they  are  liable  to 
suspicion  in  many  cases  where  they  may  have  been 
correct.  Meanwhile  the  art  of  imitating  the  genuine 
antique  coins  began  to  be  practised.  At  first,  with- 
out any  intention  of  deceiving,  but  merely  to  facili- 
tate the  study,  the  skilful  die-cutters,  Cavino,  Belli, 
ftc,  at  Padua,  Parma,  and  Vicenza,  made  imitations 
of  ancient  coins;  but  these  imitations  were  after- 
wards passed  off  for  genuine,  and  soon  became  an 
article  of  trade,  which  has  continued  to  this  day. 

The  great  number  of  counterfeit  coins  deterred 
many,  during  the  period  which  now  commenced, 
from  the  study  of  numismatics ;  at  least  it  lessened 
the  taste  for  this  study,  always  difficult  on  account 
of  the  learned  apparatus  necessary ;  but  the  researches 
into  separate  departments  of  the  science  became  more 
extensive,  and  the  works  of  Vaillant,  Spanheim,  J.  J. 
Gessner,  Pellerin,  not  to  mention  numerous  others, 
who  have  applied  immense  stores  of  learning  to  the 
illustration  and  explanation  of  numismatics,  are  well 
worthy  of  attention,  though  they  are  not  to  be  im- 


plicitly tmsted.  Tlie  materials  had  now  ao 
mcreased,  by  the  accumulation  of  newly-diaoofeved 
pieces  (Vaillant  visited  the  east  several  times ;  Pel- 
lerin added  to  the  Parisian  cabinet  aiooe  33,000 
ancient  coins),  that  a  critical  selection  and  arrange- 
ment of  the  genuine  became  doubly  necessary,  in 
order  to  facilitate  a  general  survey  of  them.  Joaefk 
Eckhel  undertook  this  task  with  success,  and*  by  a 
strict  geographical  and  chronological  method*  intro- 
duced so  much  order  into  this  science  that  great 
light  was  shed  upon  many  obscure  points  of  hjiboKj 
and  archeology.  His  system  was  first  practicaily 
applied  by  himself  to  the  arrangement  of  the  cabinet 
at  Vienna,  and  afterwards  presented  in  an  improved 
form  in  his  great  work,  Docirma  Nmmortm^  Feio'um 
(Vienna,  1792 — 98,  8  vols.,  4to.),  to  whidi  all  later 
researches  can  only  be  couMdered  as  additions  or 
improvements. 

The  coins  of  the  middle  ages,  which  have  firoat 
time  to  time  been  brought  to  li^t,  are  now  songfat 
for  with  zeal.  By  pureuing  the  same  method  with 
the  modem  as  with  the  ancient  coins,  amngiag 
them  in  a  strictly  chronological  order,  they  have 
been  made  to  shed  light  upon  subjects  which  mano- 
scripts  had  left  unexplained. 

Nutation  of  the  axis  of  the  earth.  By  a  slight 
study  of  the  preeeuUm  of  the  e^iitsojrfs  the  reasoos 
will  be  seen  why  the  axis  of  the  globe  nndeigoes 
annually  a  change  of  position  of  about  5ff,  on  ac- 
count of  the  irregularity  in  the  attractions  of  the  son 
and  moon,  occasioned  by  the  spheroidal  form  oi  the 
earth.  Of  these  50^,  30*  are,  on  an  average*  re- 
ferrible  to  the  attraction  of  the  moon.  But  she 
cannot  produce  this  effect  regularly,  on  accoont  of 
her  own  change  of  position ;  and  there  result  firoat 
these  changes  not  only  inequalities  in  the  quantity 
of  the  precession  of  the  equinoxes,  but  also  a  saaH 
motion  or  nutation  in  the  axis  of  the  earth,  or  in  the 
plane  of  the  equator,  in  consequence  of  which  the 
stars  appear  sometimes  to  approach  the  equator,  at 
other  times  to  recede  from  it,  varying  firom  ^bar 
mean  place  about  9h  seponds.  This  apparent  dwngs 
in  the  declination  of  the  stars  was  first  discovered  by 
observation  by  Bradley,  and  the  physical  canses  of 
it  were  explained  by  D'Alembert  and  others.  It  is 
obvious  that  a  change  in  the  position  of  the  moon 
towards  the  earth  must  produce  a  change  in  die  at- 
traction of  the  moon  upon  th«*  spheroidal  part  of  the 
earth.  Now  this  position  is  affected  considerafaty 
by  the  change  in  the  situation  of  the  moon's  nodes^ 
which  are  subjected  to  an  annual  motion  of  aboat 
18°,  completing  a  revolution  round  the  heavens  ia 
about  eighteen  or  nineteen  yeara.  In  consequence 
of  this  ihe  position  of  the  moon's  orbit  to  the  equator 
can  vary  10°,  and  the  change  in  the  attraction  of  the 
moon  on  the  spheroidal  part  of  the  earth,  ariaiag 
from  this  change  of  inclination,  produces  the  nota- 
tion of  9i  seconds,  the  period  of  which  b  aboat 
eighteen  or  nineteen  yeara.  The  precession  and  na- 
tation alter  the  right  ascensions,  declinations,  and 
longitudes  of  the  heavenly  bodies ;  the  latitudes  re- 
main unchanged.  D'Alembert  On  his  Hedberdbcsisr 
la  Pr4(x»9ion  des  Equinox^  et  iur  la  NntoHom  (Paiii, 
1749,  4to.),  and  Laplace  (MScamqwe  Geletle),  have 
succeeded,  by  analysis,  in  reducing  all  these  intri- 
cate phenomena  to  the  law  of  gravity  with  the  moit 
complete  success,  and  the  corrections  cahruhtfsd 
thereupon,  and  contained  in  the  astronomical  tahlwb 
agree  most  perfectly  with  observations. 
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Nutmeg.  The  use  of  this  fruit  for  culinary  pur- 
poses is  well  known,  as  it  has  become  an  article  of 
commerce  in  every  part  of  the  civilized  world.  With 
the  East  Indians  it  is  likewise  employed  as  a  masti- 
catory. It  does  not,  however,  appear  to  have  been 
very  anciently  known,  at  least  among  Europeans; 
for  the  Greeks  and  Romans  have  left  no  account  of  it, 
and  it  b  first  mentioned  by  the  earl^  Arabian  writers. 
The  tree  that  produces  it  is  a  native  of  the  Molucca 
islands*  and  is  remarkable  for  the  beauty  of  its  foliage. 
It  attains  the  height  of  about  thirty  feet,  and  the 
branches  are  disposed  four  or  five  together,  almost  in 
circles,  forming  a  rounded  and  very  dense  summit. 
The  fruit  is  a  drupe,  about  as  large  as  a  peach, 
smooth  externally,  and  yellow  when  it  arrives  at  ma- 
turity :  the  outer  envelope  is  fleshy,  and  opens  at  the 
summit  into  two  valves,  disclosing  the  scarlet  mace, 
which  forms  the  second  envelope:  the  mace  is  a 
fleshy  fibrous  membrane,  having  a  reticulated  ap- 
pearance, which  turns  yellow  with  age,  and  becomes 
orittle  when  dry;  the  third  envelope  is  thin,  hard, 
and  blackish-brown ;  the  nut,  or,  more  properly,  ker- 
nel, consists  of  a  very  firm,  white,  oily  substance, 
penetrated  with  numerous  irregular  branching  veins. 
The  tree  constantly  bears  flowers  and  fruits  of  all 
ages,  and  its  leaves  fall  so  insensibly  that  the  loss  b 
not  perceived.  About  nine  months  are  required  to 
bring  the  fruit  to  maturity.  Mace  is  very  commonly 
employed  as  a  culinary  spice,  and  resembles  the  nut- 
meg  in  taste  and  odour,  but  is  more  pungent  and 
bitter. 

For  a  long  time,  the  Dutch  had  the  monopoly  of 
lie  commerce  in  nutmegs;  but,  about  the  year  1770, 
Tt  was  introduced  into  the  Isle  of  France,  and  thence 
lassed  into  Surinam,  the  West  Indies,  and  other  parts 
of  tropical  America.  During  the  last  year,  rather 
more  than  250,000  lbs.  of  nutmegs  were  imported 
into  this  country,  of  which  only  160,000  lbs.  were 
retained  for  home  consumption,  and  the  rest  exported. 

Nutrition;  the  process  by  which  living  creatures 
repair  the  loss  which  attrition  and  other  causes  are 
continually  making  in  the  animal  frame.  In  young 
persons  the  nutritive  juices  not  only  serve  to  repair 
the  waste,  but  also  to  supply  the  new  materials  es- 
sential to  the  growth  of  the  individual. 

Buffon,  in  order  to  account  for  nutrition,  supposes 
^he  body  of  an  animal  or  vegetable  to  be  a  kind  of 
mould,  in  which  the  matter  necessary  to  its  nutrition 
is  modelled  and  assimilated  to  the  whole.  But  (con- 
tinues he)  of  what  nature  is  this  matter  which  an 
animal  or  vegetable  assimilates  to  its  own  substance  ? 
V^hat  power  is  it  that  communicates  to  this  matter 
the  activity  and  motion  necessary  to  penetrate  this 
mould?  and,  if  such  a  force  exist,  must  it  not  be 
by  the  same  force  that  the  internal  mould  itself  is 
reproduced  r 

As  to  the  first  question,  he  supposes  that  there 
exists  in  nature  an  infinite  number  of  living  organical 
parts,  and  that  all  organized  bodies  consist  of  such 
organical  parts ;  that  their  productidh  costs  nature 
nothing,  since  their  existence  is  constant  and  inva- 
riable ;  so  that  the  matter  which  the  animal  or  vege- 
table assimilates  to  its  substance  b  an  organical 
matter  of  the  same  nature  with  that  of  the  animal  or 
'vegetable,  which  consequently  may  augment  its  volume 
^thout  changing  its  form  or  altering  the  quality  of 
the  substance  in  the  mould. 

As  to  the  second  question,  "there  exbt,''  says  he, 
^in  nature  certain  powers,  as  that  of  gravity,  that 


have  no  affinity  with  the  external  qualities  of  the 
body,  but  act  upon  the  most  intimate  parts,  Mid 
penetrate  them  throughout,  and  which  can  never  hii 
under  the  observation  of  our  senses." 

And,  as  to  the  third  question,  he  answers  that "  the 
internal  mould  itself  is  reproduced,  not  only  by  a 
similar  power,  but  it  is  plain  that  it  b  the  very  same 
power  that  causes  the  unfolding  and  reproduction 
thereof;  for  it  is  sufficient,"  proceeds  he,  "that  in  an 
organized  body  that  unfolds  itself  there  be  some  part 
similar  to  the  whole,  in  order  that  this  part  may  one 
day  become  itself  an  organized  body,  altogether  like 
that  of  which  it  b  actually  a  part." 

We  may  next  examine  the  practical  part  of  thb 
subject,  and  show  the  comparative  nutritive  proper- 
ties of  different  species  of  food,  and  the  eflfecto  of 
cookery  in  increasing  or  diminbhing  ite  power  of 
susteining  animal  life. 

Dr.  Paris  thus  compares  the  relative  advantages  of 
an  animal  and  vegetable  diet  with  reference  to  nutrition. 
"As  every  description  of  food,"  says  he,  "  whether 
derived  from  the  animal  or  vegeteble  kingdom,  b 
converted  into  blood,  it  may  be  inferred  that  the 
ultimate  effecto  of  all  aliments  must  be  the  same, 
and  that  the  several  species  can  differ  from  each  other 
only  in  the  quantity  of  nutriment  they  afford,  in  the 
comparative  degree  of  stimulus  they  impart  to  the 
orgajBS  through  which  they  pass,  and  in  the  propor- 
tion of  vital  energy  they  require  for  their  assimilation. 
Were  the  degree  of  excitement  which  attends  the 
digestion  of  a  meal  commensurate  with  the  labour 
imposed  upon  the  organs  which  perform  it,  less  irrita- 
tion and  heat  would  attend  the  digestion  of  animal 
than  of  vegeteble  food;  for,  in  the  one  case,  the 
aliment  already  possesses  a  composition  analogous 
to  that  of  the  structure  which  it  is  designed  to  supply, 
and  requires  little  more  than  divbion  and  depuration ; 
whereas,  in  the  other,  a  complicated  series  of  decom- 
positions and  recompositions  must  be  effected  before 
the  matter  can  be  animalized  or  assimilated  to  the 
body.  But  the  digestive  fever,  if  we  may  be  allowed 
the  use  of  that  expression,  and  the  complexity  of  the 
alimentary  changes,  would  appear  in  every  case  to 
bear  an  inverse  relation  to  each  other.  Thb  must 
depend  upon  the  fact  of  animal  food  affording  a  more 
highly  animalized  ch^le,  or  a  greater  proportion  of 
that  principle  which  is  essentially  nutritive,  as  well 
as  upon  the  immediate  stimulus  which  the  alimentary 
nerves  receive  from  ite  contact.  In  hot  countries 
therefore,  or  during  the  heato  of  summer,  we  are 
instinctively  led  to  prefer  veeeteble  food,  and  we 
accordingly  find  that  the  inhabitanto  of  tropical 
climates  select  a  diet  of  thb  description.  The  Brah- 
mins in  India,  and  the  people  of  the  Canary  Islands, 
Brasib,  &c.,  live  almost  entirely  on  herbage,  grains, 
and  roots ;  while  those  of  the  north  use  little  besides 
animal  food.  On  account  of  the  superior  nutritive 
powers  of  animal  matter,  it  b  equaJly  evident  that 
the  degree  of  bodily  exertion  or  exercise  susteined  by 
a  person  should  not  be  overlooked  in  an  attempt  to 
adjust  the  proportion  in  which  animal  and  vegetable 
food  should  be  mixed.  Persons  of  sedentary  habite 
are  oppressed  and  ultimately  become  diseased  from 
the  excess  of  nutriment  which  a  full  diet  of  ani- 
mal food  occasions :  such  a  condition,  by  some  pre- 
cess  not  understood,  b  best  corrected  by  acescent 
vegetables.  It  is  well  known  that  artisans  and 
labourers  in  the  confined  manufactories  of  large 
towna  toffier  conelderably  in  their  hmlth  whenever  a 
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failure  ooours  in  the  crops  of  common  fruits ;  this 
fact  was  remarkably  striking  in  the  years  1804  and 
1805.  Yoottg  children  and  growing  youths  generally 
thrive  upon  a  generous  diet  of  animal  food;  the 
excess  of  nutritive  matter  is  consumed  in  the  de- 
Telopement  of  the  body,  and»  if  properly  digested, 
imparts  strength  without  repletion.  Adults  and  old 
persons  comparatively  require  but  a  small  proportion 
of.  aliment,  unless  me  nutritive  movement  be  ac- 
celerated bv  violent  exercise  and  hard  labour. 

Those  who  advocate  the  exclusive  value  of  animal 
food,  and  deny  the  utility  of  its  admixture  with  vege- 
table matter,  adduce  in  proof  of  their  system  the  rude 
health  and  Herculean  strength  of  our  hardy  ancestors. 
The  British  aborigines,  when  first  visited  by  the 
Romans,  certainly  do  not  appear  to  have  been  con- 
versant with  the  cultivation  of  the  ground;  and 
according  to  the  early  writers,  Ctesar,  Strabo,  Dio- 
dorus  Siculus,  and  others,  their  principal  subsistence 
was  on  flesh  and  milk ;  but,  before  any  valid  con- 
clusion can  be  deduced  from  this  circumstance,  the 
habits  of  the  people  must  be  compared  with  those  of 
their  descendants.  The  history  of  later  times  will 
furnish  us  with  a  satisfactory  answer  to  those  who 
deny  the  necessity  of  vegetable  aliment.  We  learn 
from  the  Ixmdon  BiUg  of  Mortality  that  scurvy  raged  to 
such  an  excess  in  the  sixteenth  century  as  to  have  oc- 
casioned considerable  ravages ;  at  this  period  the  art  of 
gardening  had  not  long  been  introduced.  It  appears 
that  the  most  common  articles  of  the  kitchen  garden, 
such  as  cabbages,  were  not  cultivated  in  England  until 
the  reign  of  Henry  VIII.;  indeed,  we  are  told  that  his 
queen,  Catherine  of  Arragon,  could  not  procure  a 
lalad  until  a  gardener  was  sent  for  from  the  Nether- 
lands to  raise  it.  Since  the  change  thus  happily  in- 
troduced into  our  diet,  the  ravages  of  the  scurvy  are 
unknown.  It  follows,  then,  that  in  our  climate  a 
diet  of  animal  food  cannot,  with  safety,  be  exclu- 
sively employed.  It  is  too  highly  stimulant;  the 
springs  of  life  are  urged  on  too  fast;  and  disease 
necessarily  follows.  There  may,  nevertheless,  exist 
certain  states  of  the  system  which  require  such  a 
preternatural  stimulus;  and  the  physician  may,  there- 
fore, confine  his  patient  to  an  animal  regimen  with 
as  much  propriety  as  he  would  prescribe  opium,  or 
any  other  remedy.  By  a  parity  of  reasoning,  the 
exclusive  use  of  vegetable  food  may  be  shown  to  be 
inconsistent  with  the  acknowledged  principles  of 
dietetics,  and  to  be  incapable  of  conveying  a  nourish- 
ment sufficiently  stimulating  for  the  active  exertions 
which  belong  to  our  present  civilised  condition.  At 
the  same  time  it  must  be  allowed  that  an  adherence 
to  vegetable  diet  is  usually  productive  of  far  less  evil 
than  that  which  follows  the  use  of  an  exclusively 
animal  regimen. 

Dr.  Paris  quotes  some  curious  experiments  made 
by  M.  Majendie  to  ascertain  the  relative  quantities 
of  azote  (nitrogen)  yielded  by  animal  and  vegetable 
food.  He  took  a  small  dog  of  three  year's  old,  fat, 
and  in  good  health,  and  put  it  to  feed  upon  sugar 
alone,  and  gave  it  distilled  water  to  drink :  it  had  as 
much  as  it  chose  of  both»  It  appeared  very  well  in 
this  way  of  living  for  the  first  seven  or  eight  days ; 
it  was  brisk,  active,  ate  eagerly,  and  drank  in  its 
usual  manner.  In  the  second  week  it  began  to  get 
thin,  although  its  appetite  continued  good,  and  it 
took  about  six  or  eight  ounces  (^  sugar  in  twenty- 
four  hours.  Its  alvine  excretions  were  neither  frequent 
nor  copious ;   that  of  tha  oriaa  was  very  abonoant. 


In  the  third  weeR  its  leanness  mcreaaed,  its  strengA 
diminished,  the  animal  lost  its  livelinesa,  and  its  ap- 
petite declined.    At  this  period  there  was  developed 
upon  one  eye,  and  then  on  the  other,  as  mall  vksr- 
ation  on  the  centre  of  the  transparent  cornea ;  it  in- 
creased very  quickly,  and  in  a  few  days  it  was  more 
than  a  line  in  diameter ;  its  depth  increased  in  the 
same  proportion  ;  the  cornea  was  very  soon  entirely 
perforated,  and  the  humours  of  the  eye  ran  out 
This  singular  phenomenon  was  accompanied  with  aa 
abundant  secretion  of  the  glands  of  the  eyelids.     I^ 
however,   became  weaker  and  weaker,  was   unabfe 
to  stand,  and,  though  the  animal  ate  from  three  to 
four  ounces  of  sugar  per  day,  it  became  ao  weak  that 
it  could  neither  chew  nor  swallow  :  for   the  none 
reason  every,  other  motion  was  impossible.     It  ex- 
pired  the  thirty-second    day    of    the    experiment. 
M.  Majendie  opened  the  animal  with  every  possible 
precaution.    He  found  a  total  want  of  fat ;  the  mus- 
cles were   reduced  more  than  five-sixths   of  their 
ordinary  size ;  the  stomach  and  intestines  were  abo 
much  diminished   in   volume,  and    strongly  con- 
tracted.   The  gall  and  urinary  bladders  were  dis- 
tended by  their  proper  fluids,  which  M.  Ghevreal 
was  called  upon  to  examine.    That  distinguished 
chemist  found  in  them  nearly  all  the  characters  which 
belong  to  the  urine  and  bile  of  herbivorous  animab; 
that  is,  that  the  urine  instead  of  being  acid,  as  it  is  ia 
carnivorous  animals,  was  sensibly  alkaline,  and  did 
not  present  any  trace  of  uric  acid,  nor  of  jdiosphate. 
The  bile  contained  a  considerable  portion  of  picro- 
mel,  a  character  considered  as  peculiar  to  the  bile 
of  the  ox,  and,  in  general,  to  that  of  herbivonMis 
animals.    The  excrements  were  also  examined  by 
M.  Chevreul,  and  were  found  to  contain  very  little 
azote,  whereas  they  usually  furnish  a  considenble 
quantity. 

M.  Majendie  considered  that  such  results  required 
to  be  verified  by  new  experiments :  he  accordingly 
repeated  them  on  other  dogs,  but  always  with  the 
same  conclusions.  He  therefore  consideied  it  proved 
that  sugar,  by  itself,  is  incapable  of  supporting  dogs. 
He  afterwards  proceeded  to  enquire  whether  other 
substances,  nonazotised,  but  generally  considered 
as  nutritive,  would  be  attended  with  the  same  conse- 
quences, which  was  found  to  be  the  fact. 

The  character  and  amount  of  cookery  which  food 
undergoes  materially  affects  its  nutritive  properties^ 
and  we  cannot  do  better  than  quote  Dr.  Pans's  ob- 
servations on  this  branch  of  our  subject.  "  By 
cookery,"  he  says,  "  alimentary  substances  undergo 
a  two-fold  change ;  their  principles  are  diemically 
modified,  and  their  textures  mechanically  changed. 
The  extent  and  nature,  however,  of  these  changes,  will 
greatly  depend  on  the  manner  in  which  heat  hai 
been  applied  to  them ;  and,  if  we  enquire  into  the 
culinary  history  of  different  countries,  we  shall  trace 
its  connexiou  with  the  fuel  most  accessible  to  them. 
This  fact  readily  explains  the  prevalence  of  the  pecu- 
liar species  of  cookery  which  distinguishes  the  French 
table,  and  which  has  no  reference,  as  some  have 
imagined,  to  the  dietetic  theory,  or  superior  refine- 
ment, of  the  inhabitants." 

By  boiling,  according  to  this  author,  the  princi- 
ples not  properly  soluble  are  rendered  softer,  more 
pulpy,  and  consequently  easier  of  digestion ;  but 
the  meat,  at  the  same  time,  is  deprived  of  some 
of  its  nutritive  properties  by  the  removal  of  a 
portion  of  its  soluble  constituents.  The  albumen  aad 
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ftelatine  are  also  acted  upon,  the  former  being  so- 
Hdified  and  the  latter  converted  into  a  gelatinous 
substance.  If,  therefore,  our  meat  be  boiled  too 
long  or  too  fast,  we  shall  obtain,  where  the  albumen 
predominates  (as  in  beef)#ahard  and  indigestible  mass, 
like  an  over-boiled  egg ;  or  where  the  gelatine  predo- 
minates, as  in  young  meats,  such  as  veal,  a  gelatinous 
substance  equally  injurious  to  the  digestive  organs. 

Young  and  viscid  food,  therefore,  as  veal,  chickens, 
&c.,  is  more  wholesome  when  roasted  than  when 
boiled,  and  is  easily  digested.    Dr.  Prout  has  very 
justly  remarked  that  the  boiling  temperature  is  too 
high  for  a  great  many  of  the  processes  of  cookery, 
and  that  a  lower  temperature  and  a  greater  time,  or 
a  species  of  infusion,  are  better  adapted  for  most  of 
them.    This  is  notorious  with  substances  intended 
to  be  stewed,  which,  even  in  the  cookery  books,  are 
directed  to  be  boiled  slowly  (that  is,  tot  at  all),  and  for 
a   considerable  time.    The  ignorance  and  prejudice 
existing  on  these  points  is  very  great,  and  combated 
with  great  difficulty ;  yet,  wben  we  take  into  account 
their  importance,  and  how  intimately  they  are  con- 
nected with  health,  they  will  be  found  to  deserve  no 
small  share  of  our  attention.    The  loss  occasioned  by 
boiling  partly  depends  upon  the  melting  of  the  fat,  but 
chiefly  on  the  solution   of  the  gelatine  and  osma- 
zone :  mutton  generally  loses  about  one-fifth,  and  beef 
about  one-fourth,  of  its  original  weight,     fioiling  is 
particularly  applicable  to  vegetables,  rendering  them 
more  soluble  in  the  stomach,  and  depriving  them  of 
a  considerable  quantity  of  air,  so  injurious  to  weak 
stomachs.   But,  even  in  this  case,  the  operation  may 
be  carried  to  an  injurious  extent ;  thus,  potatoes  are 
frequently  boiled  to  a  dry  insipid  powder,  instead  of 
being  preserved  in  that  state  in  which  the  parts  of 
which  they  are  composed  are  rendered  soft  and  ge- 
latinous, so  as  to  retain  their  shape,  yet  be  very 
easily  separated.    On  the  other  hand,  the  cabbage 
tribe,   and  carrots,  are  frequently  not  boiled  long 
enough,  in  which  state  they  are  highly  indigestible. 
In  conducting  this  process,  it  is  necessary  to  pay 
some  attention  to  the  quality  of  the  water  employed ; 
thus,  mutton  boiled  in  hard  water  is  more  tender 
and  juicy  than  when  soft  water  is  used ;  while  ve- 
getables, on  the  contrary,  are  rendered  harder  and  less 
digestible  when  boiled  in  hard  water. 

By  roasting,  the  fibrin  is  corrugated,  the  albumen 
coagulated,  and  the  fat  liquefied.  As  the  ope- 
ration proceeds,  the  surface  becomes  first  brown 
and  then  scorched;  and  the  tendinous  parts  are 
rendered  soft  and  gluey.  Care  should  always  be 
taken  that  the  meat  be  not  overdone :  nor  ought 
it  to  be  under-dressed ;  for,  although  in  such  a 
state  it  may  contain  more  nutriment,  yet  it  will 
be  less  digestible,  on  account  of  the  density  of  its 
texture.  This  fact  has  been  satisfactorily  proved 
by  the  experiments  of  Spallanzani ;  and  Mr.  Hunter 
observes  "  that  boiled,  and  roasted,  and  even  putrid 
meat,  are  easier  of  digestion  than  raw."  Animal 
matter  loses  more  by  roasting  than  by  boiling :  it 
has  been  stated  above  that  in  this  latter  process 
mutton  loses  one-fifth,  and  beef  one-fourth ;  but,  by 
roasting,  these  meats  lose  about  one-third  of  their 
weight.  In  roasting,  the  loss  arises  from  the  melt- 
ing out  of  the  fat,  and  the  evaporating  of  the  water ; 
but  the  nutritious  matter  remains  condensed  in  the 
cooked  solid ;  whereas,  in  boiling,  the  gelatine  is 
partly  abstracted.  Roast  meats  are,  therefore,  more 
ftutritive  than  boiled. 


A  memoir  presented  to  the  Frendi  Academy,  by 
M.  Donn^,  having  thrown  siHne  doubts  upon  the 
wholesomeness  of  gelatine,  M.  Darcet  made  the 
following  summary  .'—Butchers'  meat  contains  per 
100  lbs.  at  a  medium  : 

Dry  meat 24 

Water 64 

Bones 15 


Total  103 
Bones  contain  per  100 : 

Earthy  matter 60 

Gelatine 30 

Fat 10 


100 


Thus  the  fifteen  parts  of  bones  in  butchers'  meat 
may  furnish  six  parts  of  pure  animal  substance,  and 
therefore  100  lbs  of  meat,  which  commonly  yield 
but  twenty-four  of  alimentary  matter,  may  furnish 
thirty  pounds,  if  care  be  taken  to  extract  the  whole. 
It  is  obvious,  therefore,  that  four  head  of  cattle  may 
supply  as  much  nutriment  as  is  now  obtained  by  five. 
(See  Papin's  DiobstAr.) 

Nux  Vomica,  a  flat,  compressed,  round,  and  poi- 
sonous fruit,  about  the  breadth  of  a  shilling,  brought 
from  the  East  Indies.  Its  surface  is  not  much  corru- 
gated ;  and  its  texture  is  firm  like  horn,  and  of  a  pale 
greyish-brown  colour.  It  is  said  to  be  used  asaspecific 
against  the  bite  of  a  species  of  water-snake.  It  is 
considerably  bitter,  and  has  been  used  in  doses  from 
^ye  to  ten  grains  twice  a  day  or  so,  in  intermittents^ 
particularly  quartans,  and  in  contagious  dysentery. 
The  stryehnm  Ignaiii  is  a  tree  of  the  same  lund,  pro- 
ducing a  guard-like  fruit,  the  seeds  of  which  are 
improperly  called  St.  Ignatius's  beans.  These,  as 
also  the  woods  or  roots  of  some  such  trees,  called 
Ugnum  eohbriium,  or  snakewood,  are  very  narcotic 
bitters,  like  the  nux  vomica. 

Nyctalopia  ;  an  affection  of  the  sight,  in  which 
the  patient  is  blind  in  the  daylight,  but  sees  very 
well  at  night. 

With  respect  to  the  causes  of  the  complaint.  Dr. 
Hillary  observes  diat  it  proceeds  from  too  great  a 
tenderness  and  sensibility  of  the  iris  and  retina.  M. 
Lassus  thinks  the  causes  ma^  be  of  different  kinds. 
For  instance,  he  says  that  if  there  were  a  small 
opacity,  like  a  point,  exactly  opposite  the  pupil  ot 
centre  of  the  crystalline  lens,  the  pupil,  contracting  in 
the  open  daylight,  would  stop  the  entrance  of  the  rays 
of  light  into  the  eye,  and  a  day  blindness  arise,  which 
would  be  diminished  by  the  expansion  of  the  pupU  in 
the  shade.  Here,  the  cure  would  depend  upon  the 
removal  of  the  opacity. 

Persons  whose  pupils  do  not  move  freely,  but 
remain  much  dilated,  and  do  not  sufficiently  contract 
in  light  situations,  are  also  affected  with  nyctalopia ; 
for  so  large  a  quantity  of  the  rays  of  light  pass  into 
their  eyes  that  it  serves  rather  to  destroy  than  assist 
vision.  Such  persons  see  tolerably  well,  and  better 
than  the  preceding  class  of  patients,  in  a  darkish 
place,  and  they  ought  to  wear  green  spectacles  in  the 
day-time,  in  order  to  weaken  the  impression  of  the 
rays  of  light.  When  a  person  is  shut  up  a  long 
while  in  a  dark  place,  the  pupils  become  habitually 
dilated,  and,  if  he  expose  himself  suddenly  and  in- 
cautiously to  a  strong  light,  the  eyesight  may  be  de- 
stroyed. This  is  more  particularly  the  case  when  ex- 
periments with  the  oxy-hydrogen  blow-pipe  are  mada 
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OAK.  ^Thift  tree  is  valuable  both  for  its  timber 
and  the  appiicatiob  of  its  bark  to  the  useful  arts. 
The  oak  grows  wild  in  Britain^  and  flowers  in  April. 
The  superior  excellence  of  its  wood  for  ship-building 
has  rendered  its  cultivation  an  object  of  national 
concern.  Duhamel  made  a  series  of  experiments  to 
ascertain  the  strength  of  oak  wood.  He  placed  a 
piece  of  oak,  9>6  inches  deep,  10.6  inches  in  breadth, 
upon  two  supports  24  i  inches  apart ;  when  a  weight 
or  8193  lbs.  was  suspended  to  the  middle,  it  was 
bent  in  the  middle  3.7  inches.  The  piece  broke  with 
a  weight  of  9613  lbs.,  when  it  was  found  to  have 
been  faulty. 

Another  piece  of  oak,  but  sound,  12.2  mches  deep, 
10.6  inches  thick,  and  placed  on  supports  at  the  same 
distance  apart  as  at  the  first  trial,  with  a  weight  of 
819S  lbs.,  bent  2.6  inches,  and  broke  with  a 
weight  of  19*666  lbs.  which  was  placed  in  the  mid^ 
die. 

A  piece  of  sound  oak,  13.8  inches  deep,  12.8  inches 
thick,  and  placed  on  supports  24  i  feet  apart, 
was  bent  one  inch  in  the  middle  with  a  weight  of 
8198  lbs. 

A  piece  of  English  oak  7  feet  long,  2  inches  broad, 
and  2  inches  deep,  bent  1 .27  inches  with  a  weight 
of  200  lbs. 

A  piece  of  Canadian  oak  of  the  same  dimensions 
bent  1 .07  inch  with  a  weight  of  225  lbs. 

A  piece  of  old  ship  timber,  2}  feet  long,  1  inch 
broad,  and  1  inch  deep,  bent  (  inch  with  a  weight 
of  127  lbs. 

The  oak  bark  is  a  material  much  used  in  tanning. 
It  was  formerly  thought  to  be  extremely  useful  in 
vegetation.  One  load  of  oak  bark,  laid  in  a  heap 
and  rotted,  after  the  tanners  have  used  it  for  dress- 
ing of  leather,  will  do  more  service  to  stiffen  cold 
land  (says  Mr.  Mills,  in  his  treatise  on  husbandry) 
tiian  two  loads  of  the  richest  dung;  but  this  has 
been  controverted. 

M.  Vauquelin  discovered  a  remarkable  chemical 
difference  between  the  bark  and  nut-galls,  the  latter 
precipitating  tartrate  of  antimony  and  infusion  of 
cinchona,  which  are  not  acted  on  by  the  former. 
Oak  bark  is  a  strong  astringent,  and  is  recom- 
mended in  hemorrhages,  alvine  fluxes,  and  other 
preternatural  or  immoderate  secretions.  In  these  it 
IS  sometimes  attended  with  good  effects.  But  it  is 
by  no  means  capable  of  being  employed  as  a  sub- 
stitute, in  every  instance,  for  Peruvian  bark,  as  some 
have  asserted ;  and,  indeed,  it  is  so  difficultly  reduced 
to  a  sufficiently  fine  powder,  that  it  can  scarcely  be 
given  internally,  in  substance. 

Olivier  has,  in  his  TraveU  in  the  Ottoman  Empire, 
given  us  an  accurate  botanical  description  of  the  oak 
which  produces  the  gall-nut,  and  which,  he  says, 
v^as  till  then  unknown  to  botanists.  It  is  scattered 
through  all  Asia  Minor,  from  the  Bosphorus  to 
Syria,  and  from  the  shore  of  the  Archipelago  to  the 
frontiers  of  Persia.  It  has  a  crooked  stem,  and 
seldom  reaches  the  height  of  six  feet.  It  oftener 
has  the  appearance  of  a  shrub  than  of  a  small  tree. 
Tlie  gall-nuts  come  at  the  shoots  of  the  young 
bough,  and  are  produced  b^  the  puncture  of  dipUh- 
lepie  galla  iinetorim  to  deposit  an  egg.  They  acquire 
from  four  to  twelve  lines  in  diameter,  and  are  gene- 
rally round  and  covered  with  tuberosities.  They 
are  in  perfection  when  they  have  acquired  their  full 
size  and  weight,  but  before  the  insect  has  pierced 
liiem,  after  which  they  get  a  brighter  colour  and 


lose  some  of  their  weight  The  gaUs  fint  pidBed 
are  laid  apart,  and  are  known  under  tlie  name  of 
forU,  and  in  commerce  are  called  black  and  greea 
galls.  Those  gathered  later  are  called  white  galls, 
and  are  very  inferior  in  value.  In  commerce  ^ey 
occur  of  different  sizes,  smooth  or  knotty  on  ^ 
surface,  of  a  whitish,  reddish,  or  blackish  cokmr, 
and  generally  penetrated  with  a  small  hole.  Inter- 
nally they  consist  of  a  spongy,  but  hard,  more  or 
less  brown  substance,  and  they  have  a  veiy  rouf^ 
astringent  taste.  The  best  galls  are  of  a  blackish-grey, 
or  yellow  colour,  heav\%  and  tubercalated  on  the 
surface.  Neumann  got  from  960  grains  of  coarsely 
powdered  galls  840  watery  extract,  and  afterwaids 
only  4  alcoholic  ;  and,  inversely,  760  alcoholic,  aad 
80  watery.  But  the  most  minute  analysis  is  diat  of 
Sir  H.  Davy,  who  found  that  500  grains  of  good 
Aleppo  galls  gave,  by  lixiviating  them  until  the* 
soluble  matters  were  taken  up,  and  evaporating  die 
solution  slowly,  185  grains  of  solid  matter,  which, 
when  examined  by  analysis,  appeared  to  consist  of. 

Tannin 130 

Mucilage,  and  matter  rendered  insoluble  by 

evaporation 12 

Gallic  acid,  and  a  little  extractive  matter    31 
Remainder,  calcareous    earth   and    saline 

matter IS 

From  some  experiments  by  Dr.  Doncan,  he  is 
disposed  to  think  that  Sir  H.  Davy  has  under-rated 
the  tannin  of  nut-galls  ;  for,  by  simple  repeated  in- 
fusions in  hot  water,  the  residuum  of  5O0  grains  ia 
one    experiment   amounted    only  to  158,  and    in 
another  only  to  136  grains.    The  quantity  of  tannia 
estimated  in  Sir  H.  Davy's  way  amounted  in  the 
first  to   220  grains,  and    in  the  second  to   256l 
The  great  difference  in  these  results  from  Sir  H. 
Davy's  must  be  ascribed  to  some  differences  in  the 
galis  themselves,  or  in  the  mode  of  operation.    A 
saturated  decoction  of  galls,  on  cooling,  deposits  a 
copious  pale  yellow  precipitate,  which  seems  to  be 
purer  tannin  than  what  can  be  got  by  any  other 
process;  but  it  still  requires  and  deserves  a  more 
minute  examination.     In  Dr.  Duncan's  experimeati, 
a  very  weak  infusion  of  nut-galls  was  precipitated  by 
sulphuric  acid,  lime-water,  sub-carbonate  of  poCass» 
acetate  of  lead,  sulphate  of  copper,  nitrate  of  sOver, 
sulphate  of  iron,  tartrate  of  antimony,  nitrate  of 
mercury,  infusion  of  officinal  cinchona,  and  solntioa 
of  gelatine ;  it  was  not  precipitated  by  nitrous  add* 
ammonia,  sulphate  of  zinc,  muriate  of  mercury,  in- 
fusion of  quassia,  or  infusion  of  saffron.    To  what 
principles  these  precipitates  are  owing  remains  stiU 
to  be  ascertained.      Vauquelin  justly  observes  thil 
the  infusion  of  nut-galls  and  of  cixichona  agree  ia 
precipitating  both  gelatine  and  tartrate  of  antimony, 
but  that  they  precipitate  each  other.    Another  ftc^ 
equally  curious,  occurred  :    a  mutually  saturated 
mixture  of  the  infusions  of  nut-galls  and  dnchona 
still  precipitates  gelatine ;  but  these  infusions,  sepa- 
rately saturated  by  gelatine,  do  not  act  on  each  other. 
Hence  it  appears  that  the  action  of  these  infasioos 
on  each  other  depends  on  principles  contained  in 
each,  compatible  with  the  presence  of  **"w^i*   ijot 
re-acting  on  each  other,  and  that  gelatine  precipitates 
these  pnnciples  along  with  the  tannin.     Sir  H.  Dmrf 
has  concluded  that  tannin  and  gelatine  unite  in  fixed 
proportions,  viz.  46  of  tannin  with  54  gelatine :  were 
this  correct,  it  would  very  much  facilitate  the  anaiyai 
of  astringents.    A  twelve  hours'  infusion  of  500 
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pain*  of  nut-nils  in  twelve  ounces  of  water,  preci' 
pitated  (Qccewivety  with  equal  quantitiee  of  solation 
of  ^latine,  containiDg  each  twenty-four  graina.  gave 
precipitates  weighing  98,  64,  48,  and  36  grains: 
bence,  if  we  suppose  the  whole  gelatine  used  to  be 
contained  in  each  precipitate,  these  conaisted  of  34 
gnuna  of  gElatine,  and  74,  40,  24,  and  12  grains  of 
tannin  :  so  that,  from  the  weight  of  the  precipitate 
alone,  we  cannot  estimate  the  tannin.  Or.  Bostock 
drew  the  same  conctuiions  from  a  set  of  experimentB 
"Which  he  made.  It  has  been  generally  asserted  that 
the  precipitate  of  tannin  and  gelatine  ia  insoluble  in 
"water,  either  cold  or  hot)  but  Dr.  Duncan  fonnd 
that  in  boiling  water  it  not  only  became  aoft  and 
oiacid,  but  a  certain  portion  was  dissoWed,  which 
separated  again  when  the  solution  cooled. 

Oaeuii  ;  the  substance  into  which  old  ropes  are 
reduced  when  they  are  untwisted,  loosened,  and 
drawn  af  under.  It  is  principally  used  in  calkii^  the 
seams,  tree-nails  and  benda  of  a  ahip,  for  stopping  or 
preventing  lealcs. 

OAa ;  a  long  piece  of  timber,  flat  at  one  end,  and 
loand  or  square  at  the  other,  used  to  make  a  vessel 
advance  npon  the  water.  The  flat  nart,  which  ia 
dipped  into  the  water,  is  called  the  blaiU,  and  that 
which  ia  within  the  board  is  termed  the  loom,  whose 
extremity,  being  small  enough  to  be  grasped  by  the 
rowers,  is  railed  the  handU.  To  push  ^e  bout  or 
vessel  forwards  by  means  of  this  instrument,  the 
rowers  turn  their  backs  forwards,  and,  dipping  the 
blade  of  the  oar  in  the  water,  pull  the  handle  forward, 
so  that  the  blade,  at  the  same  time,  may  move  aft  in 
the  water.  But,  since  the  blade  cannot  be  so  moved 
without  striking  the  water,  this  impulsion  is  the 
aame  a«  if  the  water  were  to  strike  the  blade  from 
the  atem  towards  the  head :  the  vessel  is  therefore 
necessarily  moved  according  to  the  direction.  Hence 
it  follows  that  she  will  advance  with  the  greater  ra- 
pidity, by  as  much  as  the  oar  strikes  the  water  more 
forcibly  ;  consequently,  an  oar  acta  upon  the  side  of 
»  boat  or  vessel  like  a  lever  of  the  second  class,  whose 
fnlcnuo  ia  the  station  upon  which  the  oar  rests  on 
ibe  boat's  gunwale. 

Oat. — The  meal  of  this  grain  is  nutritious,  and  in 
some  conntries  forms  an  important  article  of  food ; 
but  the  bread  made  of  it  is  rather  indifferent  in 
quality,  and  somewhat  bitter.  Beer  is  made  from 
this  grain  in  Poland  ;  and  it  is,  besides,  distilled  to 
procure  ardent  spirits.  Oats  are  the  best  food  for 
horses,  and  forlliispurposeare  principally  cultivated. 
They  are  also  recommended  as  a  good  winter  fodder 
for  sheep,  a  handful  to  be  given  daily. 

OsaLisa,  in  orcAiiscf are ;  a  truncated,  qnad- 
ikngular,  and  slender  pyramid.  Obelisks  are  of  very 
great  antiquity,  and  appear  to  have  been  fir&t  raised 
to  transmit  to  posterity  precepts  of  philosophy,  which 
■wtn  cut  in  hieroglyphical  characters ;  afterwards 
they  were  used  to  immortalise  the  great  actions  of 
betoea,  and  the  memory  of  eminent  persons.  The 
first  obelisk  mentioned  in  history  was  that  of  Ramasus 
king  of  Egypt,  in  the  time  of  the  Trojan  war,  which 
was  forty  cubits  high.  Phius,  another  king  of 
Eg^rpt,  raised  one  of  hfty-five  cubits ;  and  Ptolemy 
niladelphus  another  of  eighty-eight  cubits,  in  me- 
inory  of  Arainoe.  Auguatus  erected  one  at  Rome  in 
the  Campus  Martius,  which  served  to  mark  the  hours 
of  an  horizontal  dial  drawn  on  the  pavement.  They 
were  called  by  the  Egyptian  priesta  the  fingers  of  the 
■an,  because  they  were  made  in  Egypt  aJeo  to  aenre 
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as  styles  or  gnomons  to  mark  Che  hours  ontbegronBd. 

The  Arabs  still  call  them  Pharaoh's  needles;  whence 
the  Italian  agtigHa,  and  the  French  aigmUf$.  One 
of  the  most  common  and  frequent  situations  in  which 
obelisks  were  erected  was  the  space  before  a  temple. 
At  Luiorare  still  to  be  found  two  very  fine  obelisk*: 
they  are  shown  in  the  accompanying  view. 


These  obelisks  are  about  100  feet  in  hcieht,  and 
are  each  composed  of  a  single  block  of  granite,  frona 
the  quarries  of  Elephantine. 

The  Romans,  in  the  plenitude  of  their  power  and 
splendour,  removed  many  of  these  relics  from  their 
original  aituatlons  into  Italy.  When  that  majestic 
empire  was  over  run  by  the  barbarians  most  of  these 
noble  monuments  were  thrown  down,  defaced,  or  de- 
molished. The  exhumations  made  by  the  decree  of 
pope  Sextns  V.  brought  to  light  four  of  them,  which 
were  repaired  by  his  architect,  Fontona.  Since  that 
period  several  othera  have  been  dug  up.  Several 
ot>eli*ks  have  likewise  been  preserved  at  Constanti- 
nople, the  most  celebrated  of  which  stood  in  that 
part  of  the  hippodrome  denominated  Media  Spina. 
On  the  four  sides  of  the  base  of  this  noble  monument 
were  sculptured  a  variety  of  aubjects;  the  bassi- 
relievi  of  the  northern  side  tiave  been  published  by 
Spon.  At  Catana.  in  Sicily,  fragmenta  have  been 
discovered  of  two  Egyptian  obelisks,  most  probably 
conveyed  thither  by  the  Romans.  One  has  been  set 
up  again,  presenting  a  curious  appearance,  from  its 
having  eight  facea. 

On  the  north  side  of  Penrith,  in  Cumberland,  in 
the  church-yard,  are  two  square  obelisks  of  a  single 
stone  each,  eleven  or  twelve  feet  high,  about  twelve 
inches  diameter,  and  twelve  by  eight  at  the  sides ; 
the  higbest  about  eighteen  inches  diameter,  with 
aomething  like  a  transverse  piece,  and  mortised  into 
a  round  base.  They  are  fourteen  feet  asunder,  and 
between  them  ia  a  grave  enclosed  between  four  temi- 
eircularstones  of  the  unequal  lengths  of  five,  six,  four 
and  a  half,  and  two  feet  high,  having  on  the  ont- 
sidea  rude  carving,  and  the  topa  notched.  His  is 
called  the  Giant's  Grave,  and  ascribed  to  Sir  Ewan 
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OBJ  ECT-GLAS 


CaBsarius,  who  is  said  to  have  been  as  tall  as  one  of 
the  columns,  and  capable  of  stretching  his  arms  from 
one  to  the  other. 

Objbct-Glass.    See  Tblbscopb. 

Oblatb  (flattened  or  shortened) ;  having  its  axis 
shorter  than  its  middle  diameter,  being  formed  by  the 
rotation  of  an  ellipse  about  the  shorter  axis.  The 
earth  is  an  oblate  spheroid,  the  polar  diameter  being 
shorter  than  the  equatorial  diameter  in  the  propor- 
tion of  331  to  332  ;  i.  e.  the  polar  diameter  is  7898 
miles,  and.the  equatorial  diameter  7924  miles. 

Obligato,  in  music,  is  used  of  those  voices  or  in- 
struments which  are  indispensable  to  the  just  per- 
formance of  a  piece.  An  instrument  may  be  ohligaio 
throughout  a  piece,  in  which  case  the  piece  is  called  a 
concerto  forsuch  an  instrument ;  or  an  instrument  may 
become  now  and  then  o6%a/o,  when  these  passages  are 
called  obligatb  or  tolo  passages.  All  instruments  can 
be  used  obligato,  except,  perhaps,  the  double  bass : 
this  is  excepted  partly  because  solo  players  are  very 
rare  on  this  instrument,  partly  because  the  solo  voice 
would  be  too  deep  fur  being  duly  supported  by  other 
instruments;  it  is  therefore  used  more  properly  for 
the  basis  of  harmony.  There  are  some  musicians, 
however,  who  play  solos  on  the  double  bass. 

Obolus  ;  a  Grecian  coin  of  silver  or  copper,  the 
sixth  part  of  a  drachm,  about  10|  pence  in  value.  In 
early  times,  instead  of  money,  were  used  little  pointed 

Eieces  of  iron  or  of  copper.  Six  of  these  filled  the 
and,  and  made  a  drachm.  The  same  name  was 
afterwards  given  to  a  small  silver  coin.  The  Greeks 
placed  an  obolus  in  the  mouth  of  the  dead,  to  pay 
Charon  for  their  passage  over  the  Styx.  In  weight, 
the  oboliu  is  likewise  the  sixth  part  of  a  drachm  ;  the 
latter  coin,  howfv^r,  is  not  always  of  the  same 
value. 

Obsbbvatobt  ;  a  place  destined  for  observing,  jbhe 
heavenly  bodies,  being  generally  a  building  erected 
on  some  eminence,  covered  with  a  terrace  for  making 
astronomical  observations.  The  more  celebrated  ob- 
servatories are — 

The  GreeniTicA  observator}',  built  in  1676,  by  order 
of  Charles  II.,  at  the  solicitation  of  Sir  Jonas  Moore 
and  Sir  Christopher  Wren ;  and  furnished  with  the 
most  accurate  instruments. 

jycho  Brake's  observatory,  in  the  little  island  Ween, 
or  Scarlet  Island,  between  the  coasts  of  Schonen  and 
Zealand  in  the  Baltic.  It  was  erected  and  furnished 
with  instruments  at  his  own  expense,  and  called  by 
him  Uraniburg.  Here  he  spent  twenty  years  in  ob- 
serving the  stars  :  the  result  is  his  catalogue. 

Father  Le  Compte  describes  a  very  magnificent  ob- 
servatory, erected  and  furnished  by  the  emperor  of 
China,  in  his  capital,  at  the  intercession  of  some 
Jesuit  missionaries,  principally  father  Verbeist,  whom 
he  made  his  chief  observer.  The  instruments  are  ex- 
ceedingly large ;  but  the  mode  of  division  is  less  ac- 
curate, and  the  contrivance  in  some  respects  less  com- 
modious, than  that  of  the  Europeans.  The  chief  are, 
an  armiUary  zodiacal  sphere  of  six  feet  diameter ;  an 
equinoctial  sphere  of  six  feet  diameter ;  an  azimuthal 
horizon  of  six  feet  diameter ;  a  large  quadrant  six  feet 
radius ;  a  sextant  eight  feet  radius ;  and  a  celestial 
globe  six  feet  diameter. 

The  following  interesting  account  of  the  observatory 
at  Beitares  is  taken  from  a  paper  in  the  sixty-seventli 
volume  of  the  Philosophical  Transactions  by  Sir 
Robert  Barker.  "  We  entered  this  building,"  says 
Sir  Robert  Barker,  "  and  went  up  a  staircase  to  the 
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top  of  a  part  of  it,  near  the  river  GrangeSf  that  led  to 
a  large  terrace,  where,  to  my  surprise  and  satiataction, 
I  saw  a  number  of  instruments  yet  remaining  in  the 
best    preservation,    stupendously   large,   immorabie 
from  the  spot,  and  built  of  stone,  some  of  them  being 
upwards  of  twenty  feet  in  height ;  and,  though  they 
are  said  to  have  been  erected  200  years  before*  the 
gradations  and  divisions  on  the  several  arcs  appeared 
as  well  cut,  and  as  accurately  divided,  as  if  they  had 
been  the  performance  of  a  modem  artist.    The  exe- 
cution in  the  construction  of  these  instruments  ex- 
hibited a  mathematical  exactness  in  the  fixing,  bear- 
ing, and  fitting  of  the  several  parts,  in  the  necessary 
and  sufficient  supports  to  the  very  large  stones  that 
compose  them,  and  in  joining  and  fastening  them  into 
each  other  by  means  of  lead  and  iron  cramps.    The 
situation  of  the  two  large  quadrants,  whose  radios  is 
nine  feet  two  inches,  by  being  at  right  angles  with  a 
gnomon  at  25^  elevation,  are  thrown  into  such  an 
oblique  situation  as  to  render  them  the  most  difficult, 
not  only  to  construct  of  such  a  magnitude,  bat  to 
secure  in  the  position  for  so  long  a  period,  and  affonb 
a  striking  instance  of  the  ability  of  the  architect  in 
their  construction ;  for,  by  the  shadow  of  the  gnomon 
thrown  on  the  quadrants,  they  do  not  appear  to  have 
altered  in  the  least  from  their  original  position ;  and 
so  true  is  the  line  of  the  gnomon  that  by  apptyiag 
the  eye  to  a  small  iron  ring,  of  an  inch  diameter,  at 
one  end,  the  sight  is  carried  through  three  others  of 
the  same  dimensions  to  the  extremity  at  the  other  end, 
distant  thirty-eight  feet  eight  inches,  without  obstruc- 
tion ;  such  is  the  fimmess  and  art  with  which  this 
instrument  has  been  executed.    This  performance  is 
the  more  extraordinary  when  compared   with  the 
works  of  the  artificers  of  Hindostan  of  this  day  who 
are  not  under  the  immediate  direction  of  a  Eoropean 
mechanic ;  but  arts  appear  to  have  declined  equally 
with  science  in  the  east. 

"  Lieutenant  Colonel  Archibald  Campbell,  at  that 
time  (1777)  chief  engineer  in  the  East  India  Com- 
pany's service  at  Bengal,  a  gentleman  whose  abilities 
do  honour  to  his  profession,  made  a  perspective 
drawing  of  the  whole  apparatus  that  could  be  brosght 
within  his  eye  at  one  view ;  but  I  lament  he  conU 
not  represent  some  very  large  quadrants,  whose  radii 
were  about  twenty  feet,  being  on  the  side  whence  he 
took  his  drawing.  Their  description,  however,  is  thst 
they  are  exact  quarters  of  circles  of  diflTerent  radii, 
the  largest  of  which  I  judged  to  be  twenty  feet,  coa- 
structed  very  exactly  on  the  sides  of  stone  walls 
built  perpendicular,  and  situated,  I  suppose,  in  the 
meridian  of  the  place:  a  brass  pin  is  fixed  at  the 
centre  or  angle  of  the  quadrant,  from  vrhich  the 
brahmin  informed  me  they  stretched  a  wire  to  the 
circumference  when  an  observation  was  to  be  made; 
from  which  it  occurred  to  me  that  the  observer  taast 
have  moved  his  eye  up  or  down  the  drcnmfefeooe  by 
means  of  a  ladder  or  some  such  contrivance  to  raise  or 
lower  himself,  till  he  had  discovered  the  altitode  of 
any  of  the  heavenly  bodies  in  their  passage  over  the 
meridian,  so  expressed  on  the  arcs  of  these  qnadnuiti ; 
these  arcs  were  very  exactly  divided  into  nine  large 
sections ;  each  of  these  again  into  ten,  ""*'"ag  ninety 
divisions  or  degrees;  and  those  also  into  twenty, 
expressing  three  minutes  each,  of  about  two-tenths 
of  an  inch  asunder ;  so  that  it  is  probable  they  had 
some  method  of  dividing  even  these  into  more  miaate 
divisions  at  the  time  of  observation. 

My  time  would  only  permit  me  to  take  down 
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Hie  particular  dimensions  of  the  most  capital  instni- 
ment»  or  the  greater  equinoctial  sun-dial,  which  ap- 
pears to  be  an  instrument  to  express  solar  time  by 
the  shadow  of  a  gnomon  on  two  quadrants,  one 
situated  to  the  east  and  the  other  to  the  west  of  it ; 
and  indeed  the  chief  part  of  their  instruments  at  this 
place  appear  to  be  constructed  for  the  same  purpose, 
except  the  quadrants,  and  a  brass  instrument  de- 
scribed hereafter.  There  b  another  instrument  for, 
the  purpose  of  determining  the  exact  hour  of  the  day ; 
by  the  shadow  of  a  gnomon,  which  stands  perpendi- 
cular to,  and  in  the  centre  of,  a  flat  circular  stone, 
supported  in  an  oblique  situation  by  means  of  four 
upright  stones  and  a  cross-piece ;  so  that  the  shadow 
of  the  gnomon,  which  is  a  perpendicular  iron  rod.  is 
thrown  on  the  divisions  of  the  circle  described  on 
the  face  of  the  flat  circular  stone.  There  is  also  a 
brass  circle,  about  two  feet  diameter,  movmg  verti- 
cally on  two  pivots  between  two  stone  pillars,  having 
an  index  or  hand  turning  round  horizontally  on  the 
centre  of  this  circle.  This  instrument  appears  to  be 
xnade  for  taking  the  angle  of  a  star  at  setting  or 
nsing,  or  for  taking  the  azimuth  or  amplitude  of  the 
sun  at  rising  or  setting.  The  use  of  another  instru- 
ment I  was  at  a  loss  to  guess.  It  consists  of  two 
circular  walls,  the  outer  of  which  is  about  forty  feet 
in  diameter  and  eight  feet  high;  the  wall  within 
is  about  half  that  height,  and  appears  intended  for  a 
place  to  stand  in  to  observe  the  divisions  on  the 
upper  circle  of  the  outer  wall,  rather  than  for  anv 
other  purpose ;  it  is  divided  into  360  degrees,  eacn 
degree  being  subdivided  into  twenty  small  divisions, 
the  same  as  the  quadrants.  There  is  a  door- way  to 
pass  into  the  inner  circle,  and  a  pillar  in  the  centre 
of  the  same  height  with  the  lower  circle,  having  a 
bole  in  it,  in  the  centre  of  both  circles,  which  seems 
to  be  a  socket  for  an  iron  rod  to  be  placed  perpendi- 
cularly in  it.  The  divisions  on  these,  as  well  as  all 
the  outer  instruments,  will  bear  a  nice  examination 
with  a  pair  of  compasses.  There  is  also  a  smaller 
equinoctial  sun-dial,  constructed  on  the  same  prin- 
ciple as  the  large  one.  This  observatory  at  Benares 
is  said  to  have  been  built  by  the  order  of  the  emperor 
Ackbar ;  for,  as  this  wise  prince  endeavoured  to  im- 
prove the  arts,  so  he  wished  also  to  recover  the 
sciences  of  Hindostan,  and  therefore  directed  that 
three  such  places  should  be  erected,  one  at  Delhi, 
another  at  Agra,  and  the  third  at  Benares.  Some 
doubts  have  arisen  with  regard  to  the  certainty  of 
the  ancient  Brahmins  having  a  knowledge  in  astro- 


nomy, and  whether  the  Persians  might  not  have  in- 
troduced it  into  Hindostan  when  conquered  by  that 
people ;  but  these  doubts,  I  think,  must  vanbh  when 
we  know  that  the  present  Brahmins  pronounce,  from 
the  records  and  tables  which  have  been  handed  to 
them  by  their  forefathers,  the  approach  of  the  eclipses 
of  the  sun  and  moon,  and  regularly  as  they  advance 
give  timely  information  to  the  emperor  and  the 
princes  in  whose  dominions  they  reside." 

The  Paris  royal  observatory  was  begun  in  1667* 
and  finished  in  1672.  It  is  160  feet  in  front  length* 
120  broad,  and  ninety  feet  high,  having  a  terrace  at 
top,  and  cellars  underneath  ninety  feet  deep.  There 
is  said  to  be  neither  iron  nor  wood  employed  in  its 
construction.  Here  was  not  long  since  an  old  ther- 
mometer of  M.  de  la  Hire,  which  stood  always  at 
the  same  height.  The  mural  quadrant  used  by  La 
Lande  here  has  been,  in  imitation  of  that  of  Tycho 
Brahe,  transferred  to  the  heavens  as  a  constellation 
situated  between  Hercules,  Bootes,  and  the  Serpent^ 
as  the  quadrans  muralis,  containing  forty  stars.  New 
roomsand  vaults  have  been  added  to  this  building  since 
1788,  as  well  as  a  large  transit  instrument  and  cir« 
cle  by  Ramsden ;  and  three  observers  were  established 
here  by  the  unfortunate  Louis  XVI.  On  the  first  floor 
of  the  west  tower  is  a  geographical  chart,  twenty- 
seven  feet  in  diameter,  traced  under  the  direction  of 
Cassini.  The  difference  in  longitude  between  this 
and  the  Greenwich  observatory  is  2^,  20^,  IS'.  There 
are  now  two  fine  observatories  in  Paris. 

The  St.  Petenburg  observatory,  which  is  one  of  the 
most  magnificent  and  well-furnished  in  £uro|>e,  was 
an  erection  of  the  czar  Peter  I.  shortly  after  his  visit 
to  England.  It  has  three  stories,  and  is  130  feet 
high.  M.  de  Tlsle,  according  to  La  Lande,  has 
made  a  number  of  excellent  observations  here.  The 
celebrated  observatory  at  Dublin  is  described  in  our 
article  Astbonomt. 

Ooban;  the  great  mass  of  waters  which  surrounds 
the  land,  and  which  probably  extends  from  pole  to 
pole,  covering  nearly  three  quarters  of  the  globe.  For 
the  sake  of  convenience  we  distinguish  different  parts 
of  it  under  the  names  of  sea«,  bays,  guifa,  $ound$,  and 
even  give  the  name  of  ocean  to  large  portions  which 
are  partially  divided  from  each  other  by  the  con- 
tinents ;  but  these  divisions  are  arbitrary.  The  fol- 
lowing classification,  adopted  by  Malte-Brun  in  his 
System  of  Geopraphy,  has  at  least  the  advantage  of 
showing  in  a  striking  manner  the  connection  which 
exists  l^tween  the  great  masses  of  water : — 


*1.  Austral  Ocean,  or  South-   fits  limits  are  a  line  drawn  from  Cape  Horn  to  the 


A. 


--{ 


Great  Austro -Orientals 
or  South  -  Eastern  f 
Basin. 


I 

I 


em  Frozen  Ocean  (Ant 
arctic  Ocean). 


2.  Oriental  or  Pacific  Ocean.  ^ 


3.  Indian  Ocean. 


B. 


The    Western     Basin,  1 
forming  a  sort  of  chan-  ^4.  Western  Ocean. 
n*»l   between  the  two  J 
cootinents. 


Cape  of  Good  Hope,  by  Van  Diemen's  Land,  and 
the  south  of  New  Zealand,  back  to  Cape  Horn. 

a.  The  Great  Archipelago  (Oceanica),  comprised  be- 
tween the  Austral  Ocean,  the  Marquesas,  the 
Straits  of  Malacca,  and  the  latitude  of  Formosa. 

b.  The  Northern  Oriental  Ocean,  between  Asia  and 
North  America. 

c.  Southern  Oriental  Ocean,  between  the  Great  Archi- 
pelago and  South  America. 

"a.  Northern  Ocean  or  Frozen  Ocean  (Arctic  Ocean). 

b,  Atlantic  Ocean,  lying  between  Europe  and  North 
America,  and  extending  south  to  the  nearest  points 
of  Brazil  and  Gubea. 

c.  The  Ethiopic  Ocean,  between  the  Atlantic  and 
Austral  Oceans. 
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For  a  more  particular  description  of  the  different 
geographical  divisions  of  the  ocean,  see  the  Sbcond 
Division  of  this  work. 

It  has  been  calculated  that  the  land  of  the  northern 
hemisphere  is  to  the  sea  of  the  same  as  419  to  1000; 
m  the  soathern  hemisphere  the  proportion  is  as  129 
to  1000.  To  account  for  this  great  disproportion,  it 
has  been  conjectured  that  there  is  a  great  southern 
continent  surrounding  the  south  pole,  but  the  voyages 
of  navigators  have  not  revealed  the  existence  of  such 
an  extent  of  land.  The  bed  of  the  ocean  presents  the 
same  irregularities  of  aspect  as  the  surface  of  the 
land.  It  is  diversified  by  rocks,  mountains,  plains, 
and  deep  valleys.  In  some  places  it  has  been  found 
impossible  to  reach  the  bottom,  but  the  notion  that 
it  is  any  where  without  a  bottom  is  incompatible  with 
the  spherical  figure  of  the  earth.  The  mean  depth  of 
the  ocean  has  been  shown  by  Laplace  to  be  about 
the  same  as  the  mean  height  of  the  continents  and 
islands  above  its  surface,  which  does  not  much  exceed 
3000  feet.  This  distance  is  but  a  small  fraction  of  the 
excess  of  the  equatorial  over  the  polar  radius,  which 
is  about  60,000  feet.  The  greatest  depth  that  has 
ever  been  sounded  is  7200  feet  (by  Scoresby,  in 
1819).  But  it  is  probable  that  there  are  deep  cavities 
or  valleys  in  the  bed  of  the  ocean  corresponding  to 
the  elevation  of  the  mountains  on  the  surface  of  the 
earth. 

A  variety  of  contrivances  have  been  resorted  to 
for  the  purpose  of  ascertaining  the  depth  of  the  sea 
at  a  distance  from  land,  and  in  those  situations  in 
which  the  common  lead-line  cannot  be  employed. 

The  ingenious  Dr.  Hales,  in  his  Vegetable  Sta- 
tic$  proposed  a  method  of  measuring  what  he 
termed  the  ut{fathomable  depih$  of  the  sea,  on  the 
principles  by  which  Dr.  Desaguliers  contrived  an  in- 
strument called  a  sea-gauge,  which  was  tried  before 
the  Royal  Society,  and  is  described  in  the  Fkilo^ 
gophical  TrtmMoctioHM,  No.  405.  A  more  particular 
description  of  this  instrument  by  Dr.  Hales  himself 
is  as  follows  : — 

Suppose  an  iron  tube,  or  musket  barrel,  of  any 
length,  as  fifty  inches,  having  its  upper  end  well 
closed ;  if  this  tube  be  let  down  in  this  position 
about  thirty-three  feet  into  the  sea,  a  column  of 
water  of  that  height  is  nearly  equal  to  the  mean 
weight  of  our  atmosphere,  and  consequently,  fit>m  a 
known  property  of  the  air's  elasticity,  it  will  be 
compressed  into  half  the  space  it  took  up  before,  so 
that  the  water  will  ascend  half-way  up  the  tube : 
and,  if  the  tube  be  let  down  thirty-three  feet  deeper,  the 
air  will  be  compressed  into  one-third  of  its  first  dimen- 
sions, and  so  on  one-fourth,  one-fifth,  one-sixth,  &c., 
the  air  being  constantly  compressible  in  proportion 
to  the  incumbent  weight;  whence,  by  knowing  to 
what  height  the  water  has  ascended  in  the  tube,  we 
may  readily  know  to  what  depth  the  tube  has  de- 
scended into  the  sea. 

Now  to  measure  the  depth  of  one  of  these  columns 
of  sea- water :  the  iron  tube  should  be  attached  by  a 
line,  with  a  weight  at  its  bottom,  and  allowed  to 
sink  about  thirty-three  feet,  which  depth  in  salt 
water  will  nearly  answer  to  the  weight  of  the  air  at 
the  mean  height  of  the  barometer ;  then  draw  up  the 
tube,  and  observe  how  far  the  water  rose.  If  thirty- 
three  feet  of  water  be  equal  to  one  atmosphere,  then 
will  the  water  rise  so  high  as  to  fill  exactly  one- 
half  of  the  tube:  but,  if  the  water  rise  higher  or 
lower  than  half-way,  then,  by  the  rule  of  three,  say^ 


as  the  number  to  which  the  wmter  rites  it  to  oa^ 
to  is  thirty-three  to  the  numbCT  of  feet  mcanrii^ 
the  depth  of  the  column  required. 

But  since,  when  the  instrument  has  detcended  to 
the  depth  of  ninety-nine  columns,  or  ninety-nine 
times  thirty-three  feet,  the  air  wiU  be  coaspmsed 
into  the  one-hundredth  part  of  fifty  inches,  that  is, 
into  half  an  inch,  the  division  both  for  some  space 
below  and  also  above  that  will  be  so  very  small  thst 
the  difference  in  depth  of  several  columns  of  water 
will  not  be  sensible ;  so  that  an  instromeDt  of  do 
greater  length  than  this  would  scarcely  give  an  accu- 
rate estimate  of  half  a  mile's  depth,  that  it,  3640  feet, 
or  80  columns'  depth  of  water.  The  lengthening  of  this 
instrument  to  four,  five,  or  ten  timet  this  length 
would  obviate  this  defect,  and  make  the  difference  of 
the  degrees  of  descent-  much  more  sensible.  But 
since  it  is  impracticable  to  make  a  metalline  tube  of 
so  great  a  length,  and  if  it  were  made  it  woviM  be 
so  unwieldy  as  to  be  easily  broken,  the  dificnlty 
may  be  obviated  by  having  a  large  globe  and  tube 
like  those  employed  in  the  common  thermometer. 

It  wat  afterwanb  thought  more  desirable  to  employ 
an  apparatus  which,  when  it  reached  the  bottom, 
should  discharge  a  ball,  so  that  the  latter,  having  a 
lest  specific  gravity  than  the  water,  should  at  once 
rise  to  the  surface.  Having,  by  a  nmple  experi- 
ment,once  ascertained  the  time  of  descent  in  a  given 
quantity  of  water,  it  only  became  necesssary  tt 
keep  an  exact  account  of  Uie  time  the  machine  re- 
mamed  under  water,  which  might  be  done  by  a 
watch,  or  by  a  pendulum  vibrating  seconds.  Dr. 
Hook  found  upon  trial  that  a  leiulcn  ball  which 
weighed  two  pounds,  fixed  to  a  wooden  ball  of  the 
same  weight,  and  both  let  down  in  fourteen  &du>n»' 
water,  reached  the  bottom  in  seventeen  seconds,  and 
the  detached  wooden  ball  ascended  to  the  sorfiMe  in 
seventeen  more.  Consequently,  if  this  "lafhine 
descended  and  ascended  greater  depths  with  the  same 
velocity,  it  would  reach  to  the  depth  of  a  mile  in 
seventeen  minutes,  and  re-ascend  in  the  like  tiaae. 
lliis,  however,  could  be  but  a  vague  estimate  until 
experience  had  furnished  a  rule. 

This  machine  was  tried  in  various  depths  ia  Ae 
Thames,  and  answered  very  well,  always  retnnii^ 
in  the  calculated  time. 

The  general  colour  of  the  sea  in  the  open  ocean  is 
a  deep  greenish-blue ;  the  blue  tint,  wfaidi  ia  pre- 
dominant, seems  to  proceed  from  the  same  cause  as 
the  colour  of  the  sky,  the  blue  rays  being  reflected 
in  the  greatest  quantity  on  account  of  their  superior 
refrangibility.  The  omer  shades  which  have  some- 
times been  observed  in  different  seas  seem  to  be  owing 
to  local  causes,  and  often,  perhaps,  to  optical  illu- 
sions. In  approaching  soundings  the  water  assumes 
a  lighter  shade.  The  luminous  appearance  of  the 
sea  by  night  is  an  imposing  and  magnificent  phe> 
nomenon.  It  has  been  ascribed  by  some  to  «"»inak 
of  the  zoophyte  and  moUusca  classes,  which  are  said 
to  possess  phosnhorescent  qualities ;  some  attribute 
it  to  the  phosphorescence  of  decaying  animal  and 
vegetable  substances;  others  to  the  spawn  of  fish. 
Some  have  explained  it  to  be  the  effect  of  friction, 
but  the  appearances  are  extremely  different  at  different 
times,  and  all  these  causes  probably  operate  to  pro- 
duce them. 

Observations  made  on  the  temperature  of  the  tea 
show  that  the  sun*s  rays  rarely  penetrate  below  the 
depth  of  fort}'-five,  or,  accordbg  to  some,  of  113 
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fathoms,  below  which  the  sea  receives  no  light,  and 
consequently  little  or  no  direct  heat  from  the  sun ;  and 
that  the  temperature  increases  with  the  depth  to  a 
certain  degree,  but  never  to  freezing.    The  constant 
motion  of  the  sea  contributes  in  some  measure  to 
I     render  its  temperature  equable.     "We  must  dis- 
tingoish,"  says  Humboldt,  "  four  different  phenomena 
witii  respect  to  the  ocean — the  temperature  of  the 
water  at  the  surface  in  different  latitudes,  the  decrease 
of  temperature  in  the  lower  strata,  the  effect  of  waves 
on  the  temperature  of  the  surface,  and  the  tempera- 
ture of  currents.     The  region  of  warmest  water  is 
between  5°  45'  N.  and  6°  15'  Slat.,  and  different 
observations  give  from  82  to  84  as  the  maximum.  In 
the  parallel  of  waimest  waters  the  temperature  of  the 
surface  of  the  sea  is  from  3°  to  5^  higher  than  that  of 
the  superincumbent  air."   The  observations  of  Hum- 
boldt also  show  that  both  in  the  Atlantic  and  Pacific 
in  changing  the  latitude  and  longitude  the  waters 
often  retain  nearly  the  same  temperature  over  a  great 
extent,  and  that  between  27^  N.  and  27^  S.  lat.  the 
temperature  of  the  sea  is  entirely  independent  of  the 
changes  in  the  atmosphere.     From  the  equator  to 
25^  or  28  N.  there  is  a  remarkable  constancy  of 
temperature,  but  in  higher  latitudes  there  is  more 
change.    The  great  periodical  oscillations  of  the  sea, 
caused  by  the  attraction  of  the  sun  and  moon,  are 
treated  of  in  the  article  Tides,     In  some  places 
springs  of  fresh  water  are  observed  to  bsue  from  the 
sea  entirely  unaffected  by  the  salt  water.    The  most 
remarkable  of  these  phenomena  are  in  the  Gulf  of 
Spezia,  in  the  Persian  Gulf,  and  in  the  bay  of  Xagua, 
on  the  south  coast  of  Cuba.    It  is  probable  that  these 
are  subterraneous  streams,  which  find  their  way  under 
the  bed  of  the  ocean  until  they  encounter  a  fissure, 
into  which  they  are  impelled  in  the  same  manner  as 
spouting  springs  on  land. 

The  great  divisions  of  the  sea  appear  to  be  inhabited 
by  their  peculiar  fish,  mollusca,  zoophytes,  &c.,  and 
to  be  frequented  by  peculiar  species  of  birds.    The 
level  of  Uie  sea  is,  generally  speaking,  every  where 
the  same.    This  arises  from  the  equal  pressure  in 
every  direction  which  the  particles  of  a  fluid  exercise 
upon  each  other.    The  ocean  therefore  considered  as 
a  whole  has  a  spherical  or  a  spheroidal  surface,  which 
may  be  cousideired  as  the  true  surface  of  our  planet. 
Different  statements  have  been  given  of  the  quan- 
tity of  saline  matter  in  the  waters  of  the  ocean,  some 
chemists  asserting  that  the  waters  taken  in  different 
situations  do  not  differ  materially:   others  stating 
that  the  waters  of  different  latitudes,  and  at  different 
depths,  contain  different  quantities  of  saline  matter. 
According  to  Glauber,  the  sea-water  which  he  ex- 
amined contained  3.01  per  cent,  of  saline  matter. 
Bouillon,  Lagrange,  and  Vogel,  in  their  experiments 
on  the  waters  of  the  English  Channel,  of  the  Bay  of 
Biscay,  and  of  the  Mediterranean,  found  that  the  sa- 
line ingredients  amounted  to  3.47  per  cent.    Berg- 
man states  that  the  v^ater  from  the  latitudes  of  the 
Canaries  contained  3.59  per  cent. ;  while,  according 
to  Dr  Murray,  the  saline  matter  in  the  water  of  the 
Frith  of  Forth  is  only  3.03  per  cent.     From  the  ex- 
periments of  Pages,  it  appears  that  sea- water,  pro- 
cured in  south  latitude  1^  16',  contained  3.5  per  cent. 
of  saline  ingredients;  in  south  latitude  20°,  the  quan- 
tity was  3.9  per  cent ;  in  south  latitude  40°,  it  was  4 
per  cent ;  and  in  46°,  it  was  4.5  per  cent. ;  the  quan- 
tity of  saline  matter  gradually  becoming  greater  on 
receding  from  the  equator. 
Abts  &  SciBNCBS. — Vol.  I. 


In  the  waters  collected  in  the  northen  latitudes  by 
the  same  gentleman,  the  proportion  of  saline  ingre* 
dients  did  not  differ  from  each  other,  being  in  tiie 
different  trials  4  per  cent. 

From  experiments  made  by  Dr.  Fyfe  on  sea- water, 
procured  in  different  degrees  of  north  latitude,  and 
from  different  depths,  there  does  not  seem  to  be 
any  material  difference  in  the  quality  of  saline  matter. 
The  specimens  examined  were  collected  by  Captain 
Scoresby  in  his  voyages  to  the  Greenland  Seas,  and 
also  by  Captain  Ross  of  his  Majesty's  ship  Isabella, 
during  the  northern  expedition. 

The  experiments  to  ascertain  the  quantity  of  ealnie 
ingredients  in  the  different  specimens  of  sea- water 
were  performed  on  a  large  scale,  that  there  might  be 
as  litUe  chance  of  error  as  possible.  For  this  purpose, 
ten  ounces  of  each  were  slowly  evaporated ;  the 
residue  of  the  evaporation  was  then  subjected  to  a 
heat  sufiicient  to  render  it  dry,  and  weighed  in  the 
vessel  before  bebg  allowed  to  cool,  as  it  very  quickly 
attracted  moisture.  The  results  are  given  in  the  fol- 
lowing table : — 


B 
C 


O 


H 


N.  Lati. 


610W 


64«  W 


66«4y 
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71**  W 


74<»  34' 


I      I  ■ 
74*  W 


Lo«Kita4«. 


(y*  7'W. 


0*»  38rE. 


1°  VB. 


Ditto,  ditto. 
Smell    of   sulphuretted 
bydroxen.gaye  a  black 
precipitate  wi^   the 
acetate  of  lead. 


V>  VZ. 


l^SCW. 


5^30'E. 


lO^CB. 


»•  ly  W. 


74*  W  39«  15'  W. 


75«» 


7««  33' 


wsarw. 


i(r*WE, 


Reaitria 


Blue  aea;  water  from 
surface ;  transparent 
and  colomiess. 


SpwiCe 
gnTttr 
«ttf«F. 


S^M 

■Mttar 

pet  mi. 


Ditto,  ditto. 


Bl  ue  sea ;  water  from  the 
■urlkee,  transparent 
and  coloorless. 


Seagreenish-blne;  water 
from  surface;  turbid; 
after  mtration  slighUj 
opaque. 

N.  B.  This  water  was 
exposed  to  the  oir 
after  being  collected, 
by  which  part  of  it 
had  eraporated. 


Bine  sea;  water  fh>m 
the  surface,  transpar^ 
ent  and  colourless. 


14»74 


lOTH 


10273 


1027S 


10276 


8.70 


954 


3.79 


3.75 


3.77 


10978 


Ditto.  «tto. 


Water  fh>m  the  snrfoc<», 
transparent  and  co- 
looriess. 


Water  transparent  and 
colourless,  taken  at 
the  depth  of  eighty 
fMShoms,  by  Sir  U. 
Davv*sbot^;ttstem. 
peralure  «t  the  mo- 
ment that  it  was  drawn 
was  3010. 

U.Bl.S.l8abeUa. 
July  18. 18IB. 


Water  transparent  and 
oolovrless,m>m  eighty 
ikthoms  deep. 

Angnst  18. 1818. 


Blue  sea;  water  from 
Uie  surface,  tranqwr- 
ent  and  colourlestw 


10876 


1M68 


10860 


10856 


10S74 


3.75 


8.77 


8.88 


8.80 


8.68 


3  M 


8^ 
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M  77«  3(H 


N   77«  34' 


LoBgitvdp. 


HnnMVfi 


Specific 
M4&"  F. 


6*  lO*  E.  Sea  deep  oliTe-green.l 
Some  ice ;  water  when; 
taken  veiy  thick. 
After  standing.  tran> 
sparent  and  ooloor- 
lesa. 


go  (y  E.  Blue  sea.  Among  ice- 
streams.  Water  from 
the  sorface.  transpa- 
rent and  colouriess. 


O   78«  25' 


P   78«  90' 


8*»  aCE.  SeagreenUh-blue.  Mid 
die  Hook  of  Charles 
Island.  Spitzbewen  E. 
6  N.  7  leagues.  Water 
from  the  surface,  tran- 
sparent and  eolwir- 
less. 


••aCB.  SeaoliTe-green.  Middle 
Hook  of  Charles  Is- 
landEI.  S.  9  leagues. 
Water  from  surfkce, 
transparent  and  co- 
lourless. 


O  78«  Jy 


••(KE. 


10M7 


10867 


10276 


10S76 


Sea  deep  olive-green. 
Someiot;  water  from 
the  surface.  When 
taken  very  thick,  after 
standing  transparent 
and  colourleas. 


SaTiDe 

■atMr 

per  cent. 


3.42 


3.70 


3Jl 


3.88 


10256 


3.27 


The  results  of  the  above  experiments  show  that 
the  water  of  the  ocean,  from  north  latitude  61^  53'  to 
north  latitude  78^  35'  does  not  differ  essentially  it\ 
the  quantity  of  saline  matter  which  it  contains,  the 
smallest  quantity  being  3.27  per  cent.,  the  greatest 
3.91  per  cent  The  avera^  quantity  of  saline  in- 
gredients in  the  water  within  these  latitudes  is  3.50 
per  cent. 

If  the  experiments  of  Pages  be  correct,  the  saline 
substance  contained  in  the  water  of  southern  lati- 


tudes is  greater  diaa  that  in  the  water  north  of  tke 
equator.  At  south  latitude  20^  the  saline  ingredi- 
ent5  amount  to  3.9>  and  at  south  latitude  46^  to  4.5 
per  cent. ;  while  the  greatest  quantity  in  the  water  ot 
the  north  seas,  according  to  Dr.  Fyfe's  experimenti, 
is  only  3.91  per  cent,  in  water  procured  at  north 
latitude  7S^  25',  upwards  of  30  degrees  farther  dis- 
tant from  the  equator  than  the  soutibiemmost  latitude 
at  which  Pages  collected  the  water  on  which  his  ex- 
periments were  performed. 

We  pass  from  the  experimental  investigations  of 
Dr.  Fyle,  to  a  very  important  paper  published  by  Dr. 
Marcet.  His  attention  appears  to  have  been  directed 
at  a  very  early  period  to  the  analysis  of  water ;  and 
when  the  late  celebrated  Mr.  Tenant  received  from 
Sir  Joseph  Banks  some  phials  of  the  water  of  the 
Dead  Sea  and  of  the  River  Jordan,  brought  home  by 
Mr.  Gordon  of  Clunie,  he  entrusted  them  to  Dr. 
Marcet»  whom  he  knew  to  have  been  engaged  in  si- 
milar researches.  These  emiment  chemists  embraced 
ever}'  opportunity  of  collecting  sea- water  from  differ- 
ent parts  of  the  world ;  and,  though  the  melancholy 
death  of  Mr.  Tennant  interrupted  for  a  considerable 
time  the  researches  of  his  friend,  he  was  induced  to 
resume  his  labours  a/ter  the  return  of  the  Arctic  Ex- 
pedition, which  furnished  him  with  numerous  sped- 
roens  of  water  from  the  Polar  Seas. 

Having  procured  above  seventy  different  kinds  of 
sea- water  from  different  parts  of  the  world*  a  great 
number  of  which  were  raised  by  an  ingenious  apoa- 
ratus  invented  by  himself.  Dr.  Marcet  began  his 
investigation  of  their  phpical  properties,  and  their 
chemical  composition.  The  specific  gravities  were 
measured  in  the  usual  manner,  by  comparison  with 
equal  bulks  of  distilled  water  of  the  same  temperature. 
As  the  results  would  occupy  too  much  room,  we 
have  arranged  them  in  the  following  table  in  groups, 
and  given  the  extremes,  as  well  as  the  mean,  of  the 
different  results. 


Places  where  the  water 
was  obtained. 


:{ 


Arctic  Ocean. 

Northern    Hemi- 
sphere. . 

Equator 

Southern    Hemi-  1 
sphere.   ...  J 
Yellow  Sea.     .     .     , 

Mediterranean.     .     . 
Sea  of  Marmora. 
Black  Sea. .     .     .     . 
Wl^  Sea.      .    .    , 
Baltic 


Ice-sea  waters 
Lake  of  Ourmia. 


Number  of 
Specimens. 


12.     \ 


15. 


4. 
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1. 
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2. 

2. 

3. 

6. 
1. 


Interrab  of  Lati- 
tnde. 
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to 

80  29 
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8 
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65  15  N. 
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39  N. 

75 

40 

80 
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Interrals  of  Urn- 
^tudc. 


11®  15' K. 

to 
76  46  W. 
89  0£. 
65  38  W, 
92  OE. 
25  30  W. 
73  OE. 
56   OW. 


26 
29 


OW.  I 

12  E. 
oE. 
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19  E.  I 

OE. 
40  E. 
40  E. 


39 

15 

12 
13 
65  32  W. 


"Extremes  of 
Specific 
i/ravity. 


[Mean  of  all  the 
Results. 


1.025551 
to  i 
I.O2727J 
1.02648  I 
1.0309  i 
1j02692^ 
1.02825  i 
1.02545  ^ 
1.03209  ) 
1X)2291 
1.0273  } 
1.0305  i 
1.01328  ) 

1.02819  5 
1.01414 
1.01422 
h01694  H 

1.01909  S 

1,0049  I 
1.02593  S 
1.00000) 
1.00235  5 
1.16507 


I 


1.02664 

1.02829 
1.02777 
1.02882 


1.0293 

1.01915 

1.01418 

1.01901 

1.01523 

1.00057 


From  the  preceding  facts  Dr.  Marcet  concludes,     I  than  the  Northern  Ooean,  in  the  ratio  of  1.0t919^ 
1.  That  the  Southern  Ocean  contains  more  salt  1 1.02757. 
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S.  Iliat  the  xniBan  Bpecific  gvairity  of  sea-water 
near  the  equator  is  1.02777*  intermediate  between 
that  of  the  northern  and  southern  hemispheres. 

3.  That  there  is  no  considerable  difference  in  sea- 
water  under  different  meridians. 

4.  That  there  is  no  satbfactory  evidence  that  the 
sea  at  great  depths  is  more  salt  than  at  the  surface.* 

5.  That  the  sea  in  general  contains  more  sidt  where 
it  is  deepest  and  most  remote  from  land,  and  that  its 
saltness  is  always  diminished  in  the  vicioity  of  laiige 
masses  of  ice. 

6.  Tliat  «mfdl  inlattd  seas,  thott^  comfrnmicating 
with  the  ocean,  are  much  less  salt  tten  the  0(pen 
ocean. 

7.  The  Keditaranean  contains  rather  larger  pro- 
portions of  salt  than  the  ocean. 

The  singularity  of  this  last  result  has  been  ex- 
plained upon  the  supposition  that  the  Mediterranean 
IS  not  supplied  by  the  rivers  which  flow  into  it  with 
a  quantity  of  liresk  water  sufficient  to  replace  what  it 
loses  by  evaporation  under  a  burning  sun,  aided  by 
a  powerful  radiation  from  die  African  shores,  and 
the  parching  winds  blowing  from  the  adjacent  deserts. 
Philosophers  have,  therefore,  attempted  to  explain 
why  thiis  sea  does  n(^  gradually  increase  in  saltness, 
and  indeed  be  ultimately  converted  into  saturated 
brine.  This  has  been  ascribed  to  an  under  current 
of  water,  Salter  tiian  the  ocean,  which  runs  out  at 
the  Straits  of  Gibraltar,  and  unloads  its  waters  of 
their  excess  of  salt.  This  idea  of  a  submarine  cur- 
rent is  countenanoed  by  the  (met,  communicated  to 
Dr.  Marcet  by  Dr.  Macmidiael,  on  the  authority  of 
the  British  coasul  at  Valmitia,  that  some  years  ago 
a  vessel  was  lost  at  Ceuta,  on  the  African  coast,  and 
its  wreck  afterwards  thrown  up  at  Tariffa,  on  the 
European  shore,  fully  two  miles  west  of  Ceuta.* 

The  results  obtained  by  Dr.  Marcet  from  twelve 
specimens  of  water  from  the  Arctic  Seas  agree  won- 
derfully wi&  those  previously  obtained  by  Dr.  Fyfe, 
the  intervals  Of  latitude  and  longitude  bdng  nearly 
the  same,  and  also  with  those  of  Mr.  Scoresby,  pub- 
lished in  his  work  on  the  Arctic  Regions. 
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with  the  depth*  MecQt^^^  to  the  obaercmtioos  of 
Phipps,  Ross,  Parry,  Sabme,  Saussure,  Ellis,  and 
Peron ;  but  it  is  a  remarkable  fact  that  in  the  Arctic 
or  Greenland  Seas  the  temperature  of  the  sea  in^ 
creeses  with  the  depth.  This  singular  result^  was  first 
obtained  by  Mr.  Scoresby,  in  a  series  of  ^''^Il-con- 
<faicted  experimoits,  and  has  been  confirmed  by  the 
later  observations  of  Lieutenants  Franklin,  Beechy, 
and  Mr.  Fisher. 

The  foHowing  ts  an  abstract  of  Mr.  Scoresby's  re- 
sults :— 


Nunltcr 


Dr.  Fyfel^  result, 
Dr.  Maro«t*8  zeaoU. 
Mr.  8coTesby*a  tcriII, 


latcrvjJa 
of 


16. 
12. 
14. 


«!•  ar  N. 

78   25  N. 
50  N. 
t9  N. 
16  N. 
0 


66 

76 

80 


N. 


latervab 
of 


lOOJO'E. 

65   32  W. 

15 


11 

76 

90 

0 


E. 
46  W. 
0  E. 
10  W. 


Specific 
Gc&vitjr. 


1.0S697 
1.08664 
1.02653 


Df.  Marcet  next  proceeds  to  give  an  account  of  the 
general  vesults  respecting  the  temperature  of  tite  Polar 
Seas,  as  obtained  by  "^e  ofikers  of  the  late  expedition 
to  those  regions. 

In  Baffin's  Bay,  the  Mediterraneaa  Sea,  and  the 
tropical  seas,  the  temperature  qf  the  aea  dimimshes 


*  A  simflftr  conchaiwi  wm  Aedaoed  by  Mr.  Scoreftby,  wbo 
olitalned  the  following  retulto.    See  hit  Account  of  the  Arctic 


AftfM*. 


^l{ 


Depth 
in  feet. 

SurT 

face. 

788 

1380 


8 


Spec. 
OraT. 


1.0261 
1JS70 
1.0269 


Depth 
in  feet. 


r*T. 


"0565 
1.0264 
1.0966 
1.0268 
1.0267 


Depth 
in  feet. 


Sur- 
faoe. 
800 
660 


^>ee. 


1.0267 
1.0265 
1.0269 


Lat 

Lon^. 

DMithin 

JrCC*. 

Temper* 
atare. 

Temper. 
efiOr. 

76«  16' 

VFtf  E. 

Svface 

28.8<^'J 

300 

31.8    > 

12^ 

' 

738 

33.8  J 

re  i« 

10    60        \ 

Surface 

28.3    > 
30.0    S 

16 

■ 

*!Z% 

76    94 

10    0 

Surface 

30.0   \ 
34.7    ) 

A  P 

600 

25 

77   15 

8    10 

Surface. 

29.3    X 
30.0   5 

16 

600 

77  40 

5    40 

Surface 
2400 

29.0    > 
30.0    5 

34 

79  4 

5    38 

^ttffece 

29.0    ^ 
37.0    i 

38 

_- 

4380 

90    0 

5    0 

Surface 
720 

29.7  \ 
36.3  / 

40 

78    2 

0  low. 

Surface 

32.0    ^ 

36 

4566 

38.0    S 

The  folloveing  are  some  of  the  results  obtained  by 
Lieutenant  Beeoby  on  board  the  Trent  :^ 


Lat 

Long. 

Depth 
in 

Temper, 
at  Bot- 

Temper, 
of  Sur- 

Fath. 

tom. 

face. 

79°  44' 

9°  34'  E. 

15 

34.0° 

33.0° 

79    58 

11     14 

30 

31.0 

30.0 

79    52 

9    57 

60 

34.0 

32.0 

80    23 

9    50 

120 

36.0 

30.3 

80    21 

11    11 

140 

36.5 

30.5 

80    27 

11      5 

200 

35JJ 

32.5 

SO    23 

11       3 

237 

27.0 

32.0 

7^    48 

12    26 

700 

43.0 

B3.0 

The  following  are  some  of  Mr.  Fisher's  results^ 
obtained  on  board  the  Dorothea : — 


Lititade. 

Longitttde. 

1  Depth 

in 

Fath. 

Temp, 
at  Bot- 
tom. 

Temp. 

of  Sur- 

Ikce. 

m 

^ 

40 

35.5*^ 

31.8° 

60 

36.0 

32.0 

Between 
79^51'   I 
and      ^ 

100 

36.3 

32.0 

.  11030'E.v 

124 
140 

36.7 
36.5 

33.5 
32jO 

80  14 

188 

42.5 

33.0 

^ 

.     V 

304  1  39.0 

31.0 

JThe  greatest  difference  found  by  Lieutenant  PJwry 
vTas  6<',  at  a  depth  of  246  fathoms  ;  and  the  greatest 
obtamed  by  Captain  Sabine  was  7i^  at  a  depth  of 
680  fathoms. 

The  fdlowing  table  contains  the  results  ohtitocdby 

Dr.  Marcet : — 
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SyniheUe  Vtmo  •/  the  Reauli$  obtained  from  the  Analysis  of  different   Seas ;   the    Quantity   of    19^aler 

operated  upon  being  supposed  to   be  500    Grains. 


Description  of  the  '    Specific 
Specimens.  Gimvity. 


Arctic  Ocean. 
Spec.  1. 


1027.27 


Arctic  Ocean. 
Spec.  12. 


1019.7 


Arctic  Ocean. 
Spec.  67* 


1002.35 


Arctic  Ocean. 
Spec.  14. 


1027.05 


Equator. 
Spec.  35. 


1027.85 


1^5 

Ill 


«H 


Grains- 
19.5 


14.15 


1.76 


Grains. 
39.7 


27.9 


CO 


Grs. 
3.3 

2.4 


o 

la 


Is 


Grs. 

0.85 


0.7 


Grs. 
2.7 


5^ 


I 


3.2 


19.3        38.9 


19.6 


S.  Atlantic. 
Spec.  41. 


1028.19 


White  Sea. 
Spec.  58.  &  59. 


1022.55 


Black  Sea. 
Spec.  56.  &  57. 


1014.22 


Baltic. 
Spec.  60. 


Sea  of  Mar- 
mora. Surface. 
Spec.  53. 


Sea  of  Mar- 
mora. Bovtom. 
Spec.  52. 


1004.9 


1020.28 


20.6 


16.1 


10.8 


3.3 


14.11 


1028.19 


21. 


Middle  of 

North  Atlantic. 

Spec.  27. 


1028.86 


Yellow  Sea 
Spec.  48. 


Mediterranean. 
Spec.  51. 


1022.91 


1027.3 


21.3 


16.1 


97.7 


Dead  Sea.         1211. 


Lake  Ourmia, 
in  Persia. 


1165.07 


192.5 


111.5 


40.3 


40.4 


31.8 


19.6 


7. 


28.4 


40.4 


42. 


32.9 


38.5 


326.4 


237.5 


0.1 


3.25 


3.7 


3.75 


3.0 


1.95 


0.7 


0.05 


0.03 


0.95 


0.9 


1.0 


1.8 


Grains 
46.55 


Obsrevatioks. 


The  quantity  actually  oper- 
ated upon  was  500  grains. 


^..  ^    From  surface.  Quantity  oper- 
ated upon  500  grains. 


2.9 


3.1 


3.2 


0.6 


2.2 


0.55 


0.2 


2.65 


3.55 


0.4 


0.9 


3.85  0.8 


1.350.75 


3.6  0.8 


0.5  ,9.78 


I 


66.0 


0. 


1.5 


0.6 


2.35 


3.2 


2.7 


2.2 


3.0 


55.5 


10.5 


3.37 


46. 


Sea- ice  water;  coast  of  Spits- 
bergen. Operated  on  500 
grains. 


From  a  depth.    Operated  on 
500  grains. 


48. 


From  surface.     Operated  oo 
500  grains. 


48.3 


37.6 


Operated  on  250  grains. 


Operated  on  500  grains^  bat 
evaporated  only  250  gra. 


23.6 


8.5 


Operated  on  500  grains  for 
tne  earths ;  on  250  for  mar. 
of  silver  and  evap.  of  water. 


Operated  on  250  grains.  Tlie 
precipitates  slightly  tinged 
by  veget.  or  anim.  matter. 


33.8 


48.05 


49.35 


Entrance    of   Hellespont. 
Surface.     Opd.  on  500  grs. 
except  for  mur.  of  silver. 


From  bottom.  Carbon  of  lime 
deposited  during  evap.  bat 
none  from  the  water  at 
surface.  Operated  on  500 
grains. 


Operated  on  250  grains  for 
evap.  of  water  and  mar.  of 
silver.     500  for  other  salts. 


372 


45.9 


584.68 


' 


25.5 


During  concentration  depo- 
sited carbon,  of  lime.  The 
water  was  yellowish  and 
had  a  strong  hepatic  smelL 
Operated  on  500  grmtns. 


From  Marseilles,  and  rather 
weak,  fromvicinity  of  rivers. 
Opd.  on  100  grains  for  evap. 
and  mur.  of  silver;  and  25C) 
for  other  salts. 


Phil,  Trans.  1807. 


Spec,    brought    by  Brown.: 
Operated  on    100  and  60| 
I  grains. | 


By  cooling  sea-water  with  freezing  mixtures,  and 
••eertaining  its  specific  gravity  at  each  degree  of 
temperature,  as  it  approached  congelation.  Dr.  Mar- 
cet  found  that  the  law  of  maximum  density  at  40° 
did  not  prevail  in  the  case  ef  sea-water ;  but,  on  the 
eontnury,  sea-water  gradually  increased  in  weight 


down  to  the  freezing  point.  This  able  chemist 
firmed  this  result  by  means  of  an  ingenious  tnstni- 
ment,  with  which  he  measured  the  bulk  of  the  water 
under  various  temperatures.  The  water  was  alwa^ 
found  to  contract  in  bulk  down  to  22°  of  Fahrenheit 
when  the  water  appeared  to  expand  a  little,  and  < 
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tinned  to  do  so  till  its  teraperatare  descended  to  be- 
tween 19^  and  18^,  when  the  fluid  suddenly  expanded 
to  a  very  considerable  degree,  shooting  up  with  great 
rapidity,  and  forcing  itself  out  of  the  open  end  of  the 
tube.  At  the  same  moment  the  thermometer  rises  to 
28^,  and  remains  at  that  point.  The  liquid  is  now 
found  frozen,  and  in  a  few  minutes  the  maximum  of 
expansion  is  obtained. 

Dr.  Marcet  next  proceeded  to  ascertain  the  saline 
contents  of  the  different  seas ;  and  in  this  investiga- 
tion he  employed  a  method  which  he  had  previously 
used  and  explained  in  his  analysis  of  the  Dead  Sea, 
published  in  the  PhU.  Thiw.  for  1807.  "  It  is  satis- 
factory to  observe,"  says  Dr.  Marcet,  "  that  Dr. 
Murray  adopted,  several  years  afterwards,  a  mode  of 
proceeding  precisely  similar,  and  indeed  that  he  pro- 
posed, in  a  subsequent  paper  {Edin,  Trans,  1816, 
vol.  viii.),  a  general  formula  for  the  analysis  of 
mineral  waters,  in  which  this  method  is  pointed  out 
as  likely  to  lead  to  the  most  accurate  results.  And 
this  coincidence  is  the  more  remarkable  as  it  would 
appear,  from  Dr.  Murray  not  mentioning  my  labours, 
that  they  had  not  at  that  time  come  to  his  know- 
ledge."  All  the  results  which  Dr.  Marcet  obtained 
by  this  mode  of  investigation,  prove  that  sea- water 
contains  the  same  ingredients  all  over  the  world,  and 
that  these  bear  very  nearly  the  same  proportion  to 
each  other,  differing  only  in  the  total  amount  of  their 
saline  contents.  See  Edtnburgh  Philoaophical  Journal, 

Octagon,  in  geometry,  is  a  figure  of  eight  sides 
and  angles,  which,  when  the  sides  and  angles  are  all 
equal,  is  called  a  regular  octagon,  and  when  they  are 
not  equal,  an  irregtUar  octagon. 

Octahedron  or  Octabdron  ;  a  body  consisting 
of  eight  equal  and  equilateral  triangles. 

Octant,  an  astronomical  instrument,  is  the  eighth 
part  of  a  circle  divided  into  degrees,  for  the  pur- 
pose of  calculating  the  amplitude  of  the  stars,  but 
it  is  now  little  used. 

Octave,  in  the  diatonic  system  of  musical  sounds ; 
the  eighth  sound  from  an  assumed  fundamental  tone. 
It  belongs  to  the  perfect  concordant  intervals,  so 
that  when  it  is  sounded  with  the  fundamental,  the 
ear  scarcely  perceives  more  than  one  sound,  and  is 
hardly  able  to  distinguish  the  one  from  the  other. 
For  this  reason,  the  octave  must,  in  our  musical 
scale,  be  perfect ;  whereas  the  other  intervals  may  be 
tnned  somewhat  higher  or  lower  than  their  true 
pitch.  The  upper  octave  (that  is,  the  one  which  is 
eight  notes  above  the  fundamental)  is  obtained  when 
the  string  which  sounds  it  is  only  half  as  long,  and 
the  lower  octave  when  this  string  is  twice  as  long, 
as  that  of  the  fundamental.  The  string  which  sounds 
the  upper  octave  in  each  makes  two  vibrations 
while  the  string  of  the  fundamental  makes  one. 
Therefore  on  the  eighth  diatonic  string  the  tone  of  the 
first,  or  lowest,  recurs.  The  ninth  string  repeats  the 
second  tone,  odled  the  second,  the  tendi  string  the 
third  tone,  or  the  third,  &c. 

According  to  the  arrangement  of  our  new  or  dia- 
tonic system  of  tones,  the  octave  is  the  limit  within 
which  the  seven  essential  tones  are  kept  distinct  from 
each  other :  and  all  tones  without  the  limit  of  the 
octave  are  only  repetitions,  in  an  augmented  or  di- 
minished degree,  of  the  tones  already  contained  in  the 
compass  of  ue  octave.  For  this  reason  we  call  the 
octave  the  whole  extent  of  the  tones  of  the  diatonic 
syatem.  Hie  number  of  upper  and  lower  octaves,  or 
the  maimer  in  which  several  octaves  of  different 
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heights  are  to  be  chiefly  listinguished,  is  not  abso- 
lutely determined,  on  account  of  the  continually  in- 
creasing compass  of  instruments,  particularly  stnnged 
instruments,  and  especially  the  piano-forte,  which, 
vnthin  a  short  period,  has  been  considerably  increased. 
The  octave,  considered  as  an  interval,  has  of  all 
intervals  the  least  harmonic  effect  On  this  account 
composers,  when  there  is  only  one  principal  voice, 
forbid  rising  to  the  octave  except  at  the  beginning  or 
close.  But  a  succession  of  octaves  following  each 
other,  when  a  melody  b  to  be  raised  in  that  manner, 
has  a  very  good  effect.  False  or  disallowed  octaves 
are,  in  musical  compositions  for  many  voices,  pro- 
gressions of  two  voices  in  exact  movement  by  octaves, 
which  offend  the  ear.  The  reason  why  such  progres- 
sions by  octaves  are  disallowed  in  a  musical  piece 
for  many  voices  is  evident,  because,  when  two  voices 
proceed  by  octaves,  no  difference  can  be  perceived 
between  these  two ;  and,  for  example,  a  piece  for  four 
voices  becomes  one  for  two.  There  are  also  those 
which  are  called  covered  octaves,  that  b,  such  as  be- 
come for  the  first  time  dbtinguishable  when  the 
interval  of  the  two  voices,  proceeding  in  an  exact 
movement  by  octaves,  is  filled  up  with  unimportant 
notes.  Of  the  compositions  for  two  voices,  or  in  the 
two  upper  parts  of  composition  for  three  or  four 
voices,  those  alone  are  free  from  fault  in  which  the 
upper  part  rises  or  falls  a  second,  but  the  funda- 
mental a  fourth  or  fiflh.  The  use  of  the  others  is 
allowed  only  under  the  middle  part,  or  between  an 
upper  and  a  middle  part. 

Octave,  also,  in  an  organ,  signifies  the  open  flute 
stop,  which  is  one  or  two  octaves  higher  than  the 
principal. 

October  ;  originally  the  eighth  month  in  the  Ro- 
man calendar,  whence  its  name,  which  it  still  retained 
after  the  beginning  of  the  year  had  been  changed  from 
March  to  January. 

Odontalgic,  in  medicine;  a  term  applied  to  all 
remedies  for  the  tooth-ache.    When  the  affection  is 
rheumatic,  blistering  behind  the  ear,  or  applying 
flannel  dipped  in  spirits  and  covered  with  ginger  or 
pepper,  will  generally  cure;  but,  when  it  proceeds 
entirely  from  the  injury  of  a  carious  tooth,  the  pain 
is  much  more  obstinate.     In  this  case  it  has  been  re- 
commended to  touch  the  pained  carious  part  of  the 
tooth  with  a  hot  iron,  or  with  oil  of  vitriol,  in  order 
to  destroy  the  aching  nerve,  to  hold  spirits  in  the 
mouth,  to  put  a  drop  of  oil  of  cloves  into  the  hollow 
of  the  tooth,  or  a  pill  made  of  camphor,  opium, 
oleum  caryophylli.     fiut  one  of  the  most  useful  ap- 
plications of  this  kind  is  strong  nitrous  acid,  diluted 
with  three  or  four  times  its  weight  of  alcohol,  and 
introduced  into  the  hollow  of  the  tooth   either  by 
means  of  a  hair  pencil  or  a  little  cotton.    When  the 
constitution  has  had  some  share  in  the  disease,  the 
Peruvian  bark  has  been  recommended,  and  perhaps 
with  much  justice,  on  account  of  its  tonic  and  anti- 
septic powers.    When  the  pain  is  not  fixed  to  one 
tooth,  leeches  applied  to  the  gum  are  of  great  service. 
But  very  often  all  the  foregoing  remedies  will  fail ; 
and  the  only  infallible  cure  is  to  draw  the  tooth. 

Odour,  that  quality  of  certain  bodies  which  ex^ 
cites  the  sensation  of  smell.  In  the  Amnales  d% 
Chimie,  we  have  a  detailed  account  of  a  series  of  ex- 
periments made  by  M.  Prevost,  with  a  view  to  render 
the  emanations  of  odorant  bodies  perceptible  to  sight. 
We  have  space  only  for  a  few  passages  illustratite  oi 
the  authors  views. 
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1.  A  eotiiMte  odorasrt  siibfltMte,  Irid  mpoa  a  w«€ 
glass  or  broad  saucer,  eovered  with  a  thia  tlratam 
of  water,  immediately  eaases  the  water  to  reee^  so 
aa  to  fbrm  a  space  of  several  ineltev  aroand  it. 


morsels  of  paper  or  cork  impregnated  wtCh  aa  ode- 
rant  Hqaor,  and  wiped,  being  frfaced  on  tho  snrfkee 
of  water,  are  imoiediately  moved  bf  a  verjr  swift 
rotation.  Romieu  had  made  this  obeervallon  oa 
camphor,  and  erroneottsly  attribmled  the  efiect  to 
eleetrieHy.  The  motion  was  perceptible  eTen  m 
pieces  of  camphor  of  seven  or  eight  gros. 

9.  Aa  odoraat  liqaor  being  poured  oa  the  water 
stops  the  motion  till  it  is  dissipated  by  evaporation. 
Fixed  oils  arrest  the  motion  for  a  much  longer  time, 
and  until  the  pellicle  it  forms  on  the  water  is  taken 
off. 

4.  When  the  surface  of  the  water  is  cleaned  by  a 
ieaf  of  metal,  of  paper,  or  of  glass,  plunged  in  and 
withdrawn  successively  until  the  pelticle  is  removed, 
the  gyratory  motion  is  renewed.  If  a  piece  of  red 
wax  or  of  paper  be  dipped  ia  water,  and  the  drops 
shdren  off  into  a  glass  of  water  containing  odorant 
bodies  in  motion,  the  movement  will  be  stopped. 
The  same  effect  is  not  produced  by  metal. 

5.  A  small  piece  of  camphor,  plunged  to  the 
depth  of  three  or  four  lines  in  water,  without  float- 
ing, excites  a  movement  of  trepidation  in  the  sur- 
rounding water,  which  repels  small  bodies  in  its 
vicinity,  and  carries  them  again  to  the  camphor  by 
starts.  The  author  concludes  that  an  elastic  fluid 
escapes  from  the  odorant  body  in  the  manner  of  the 
fire  of  a  fbsee,  or  the  discharge  of  fire-arms. 

6.  When  there  is  a  certain  proportion  between  the 
height  of  the  water  and  that  of  the  small  fragment  of 
camphor,  the  water  is  briskly  driven  off,  returns  again 
to  the  camphor,  and  agam  retires,  as  if  by  an  explo- 
sion, the  recoil  of  which  often  causes  the  camphor  to 
make  part  of  a  revolution  on  its  axis. 

7.  Camphor  evaporates  thirty  or  forty  times  more 
speedily  when  placed  upon  water,  than  when  entirely 
surrounded  with  air. 

8.  Camphor,  during  the  act  of  dissipation  in  the 
air,  preserves  its  form  and  its  opaque  whiteaess ;  upon 
water  it  is  rounded,  and  becomes  transparent  as  if  it 
had  undergone  a  kind  of  fteion.  It  may  be  inferred 
that  this  arises  from  the  acqvlred  motion  which 
causes  it  to  present  a  greater  surface  to  die  air. 

9.  When  small  pieces  of  camphor  are  plunged  in 
water,  the  camphor  becomes  rounded  and  toans> 
parent,  does  not  acquire  any  motion,  and  its  dissi- 
pation is  less  perceptible  than  in  the  air.  The  eon* 
cmrreace  of  air  and  water  is  therefore  necessary  to 
disengage  the  fluid,  which  is  the  cause  of  the  nwtion 
and  total  dissipation  of  odorant  bodies. 

K).  The  motion  of  odorant  bodies  upon  water  de- 
cays and  ceases  spontwieously  at  the  end  of  a  cer- 
tain time ;  because,  the  water  having  then  contracted 
a  shnilar  character  with  the  body,  the  volatilization 
takes  place  in  all  the  points  of  its  surfhee ;  and  the 
imall  mass  being  thus  surrounded  by  the  odorant 
fluid,  which  is  no  longer  air,  dissolves,  as  in  the 
ordinary  odcnrant  fluids,  without  forming  the  gaseous 
jet  whurh  is  the  cause  of  the  motion.  The  author 
compares  tiie  volatilization  of  the  aromatic  substance 
to  a  eombustioa  excited  by  water. 

Prof^sor  Ventury  of  Modena,  who  heard  Prevost's 
memoir  read  in  the  National  Institute,  had  himself 
made  some  experiments  with  camphor  kept  sepa- 


rately in  tha  air,  in  tha  water,  wad  at  tiie  aoftea  of 
the  water;  whence  he  deduces  that  the  most  active 
virtue  fbr  dissolving  camphor  residea  at  that  part 
where  both  the  air  and  the  water  toach  the  camphor 


9.  Fragmentaof  concrete  odorant  matter,  or  small  at  the  same  time.     Hence  he  explains  why,  in  13tt 


circumstances,  camphor  evaporates  more  quickly  if 
a  moist  than  in  a  dry  air ;  and  why  the  Tiatives  of 
Holland  use  water  in  their  process  for  subliouBg  this 
substance. 

It  might  be  thoaght  diat  the  camphor  waa  da- 
composed  at  the  sur&ce  of  the  water ;  that  tha  water 
might  seize  tiM  acidifying  part,  whi^  renders  the 
camphor  concrete ;  and  that  the  volatile  pait  is  dissi- 
pated ia  the  atmosphere.  Tbtt  author  rejects  this 
notion.  He  thinks  that  water  widi  camphor  floatrng 
on  its  svrfoee  becoases  charged  with  bo  more  than  a 
very  small  portion :  1 .  Because  in  these  circnmstancca 
the  water  acquires  the  saaM  taste  and  smell  of 
phor  as  it  obtains  when  a  small  qnaartity  mi  thit 
stance  is  kept  plonged  ia  the  same  fluid.  This 
by  exposure  to  the  air,  losea  the  qualities  with  which 
it  had  been  charged,  and  becomes  insipid  and  with- 
out smell.  9.  Because,  when  the  water  is  aatmated 
with  all  it  can  take  up,  the  dissipation  of  the  cam- 
phor continues  at  its  surHEice  as  before*  3.  Becutse 
the  aerial  emanations  of  camphor  made  at  the  sas- 
face  of  water  do  themselves  ciystallize  into  camphor. 

(EsoPBAOus. — ^Ihe  gullet  is  a  contracted  ceo- 
tinuation  of  the  pharynx,  the  last  part  of  the  laacea. 
Its  anterior  part  is  connected  with  the  root  of  the 
tongue,  the  os  hyoidcs,  and  the  larynx ;  it  closely 
adheres  behiad  to  the  Tertebne  of  the  neck,  and  is 
moved  by  various  muscles,  which  elevate  or  dihite 
the  plmrynx,  and  by  others  whidk  shut  it.  One  pair 
of  these  muscles^  arising  by  three  ongina  from  the 
OS  hyokles,  the  eartilago  cricoides^  and  the  cartilago 
tfayrddes,  totally  sorrounda  the  pharynx.  The  «s»- 
phtiguf  first  runs  straight  between  the  aspera  arteria 
and  the  vertebrte  of  the  neck  and  back,  bat  turas 
to  the  right  about  the  if&  Terttbra,  and  to  the  left 
about  the  ninth ;  then  proceechng  througji  tht  mid- 
dle of  tike  thorax  and  tiM  moscvlar  part  of  the  dia- 
phragm, behind  the  littla  lobe  of  the  liver,  it  tenu- 
nates  in  the  superior  oriflce  of  the  stomach.  The 
oesophaguft  consists  oftbmc  coats :  tiM  ontermost 
is  a  thhi,  vascalar,  cellohur  membrane, 
f>om  the  pleura,  uniting  the  gnllct  to  the  ^^^^^f^mik 
parts.  The  next  coat  ia  muscular,  furnished  with 
orbicular  flhres,  and  above  these  with  longitudiBal 
ones.  The  third  is  nervons^  mwnon  to  tkm  mouth 
asid  fteces,  and  extending  a  little  way  within  the 
stomach ;  it  is  glandohyr,  and  the  gianda  aecrete  a 
nmeotts.  The  innermost  coat  is  covered  with  mn- 
cous,  is  villouS)  and  the  orifices  of  the  ghmda  m% 
numerous.  The  cuticle  lines  tiie  oeaophagoa,  Iml  ia 
too  thin  to  be  demonstrated.  Besides  tiie  glands 
mentioned,  the  dorsal  gland  about  the  fifth  vegtehm 
of  the  back,  adhering  to  tile  gullet,  and  the  thyiasi 
gland,  situated  between  the  thyrocricoid  carrHa§r 
and  the  oesophagus,  are  enumerated  as  '^"■y^dg  to 
this  organ.  Its  upper  part  receives  aiteriea  firom  tha 
internal  carotids,  its  nuddle  from  tiie  aorta  and  in- 
tercostal, and  its  inferior  from  the  gnuliit 
Veins  fh>m  the  jugulars,  from  the  vena  sine 
and  fh>m  the  caronary  veins  of  the  stomaeh* 
the  blood  in  the  respective  portions.  Tkm 
proceed  from  the  par  vagum. 

There  are  few  situations  in  which  fisreign 
lodge  more  frequently  than  in  Uie  manphagwa.  The 
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ftmction  of  this  tube  explains  the  reason  of  this 
(xscurrence,  and  its  nearness  to  the  wind- pipe  ac- 
ocMmts  for  the  daqger  of  sofTocatioo,  whenerer  a 
forei^  body  abore  a  certain  size  is  lodged  in  it. 
FcMreign  bodies,  liable  to  stick  in  the  oesopha- 
gus, are  not  only  food,  such  as  pieces  of  crust,  cht 
meat  imperfectly  chewed,  bnt  also  vartotis  sub- 
stances which  are  accidentally  swallowed  alone,  or 
irith  the  food,  such  as  small  bones,  rtones,  pins, 
pieces  of  money,  &c.  These  latter  articles,  by 
lodging  in  the  pharynx  or  ouophagua,  may  occasion 
very  bad  symptoms ;  and,  if  forced  down  into  the 
stomadi,  may  produce  still  worse  effects.  Hence 
we  should  immediately  try  to  extract  them.  For 
this  purpose,  the  fingers  are  to  be  used,  and,  if  they 
cannot  reach  them,  forceps  must  be  employed.  Some 
have  recommended  hooks,  for  the  acoomplishment  of 
the  object  in  view;  others,  various  instmments^ 
adapted  to  particular  circumstances.  The  excitement 
of  vomiting  has  been  tried,  and  occasionally  with 
success ;  but  it  is  not  free  from  danger,  and  the  most 
distressing  symptoms  have  been  brought  on  by  it 

When  such  extraneous  substances  cannot  be  ex- 
tracted, they  must  be  pushed  down  into  the  stomach, 
with  some  such  instrument  as  a  large  bougie,  or  a 
whalebone  probang,  fifteen  or  sixteen  inches  long, 
and  on  the  end  of  which  a  piece  of  fine  sponge  is 
firmly  fastened.  Bat  when  such  bodies  are,  from 
their  sharp-pointed,  angular  shape,  or  hurtfUl  na- 
ture, likely  to  occasion  perilous  consec^ences,  by 
being  pushed  down  into  the  stomach,  the  plan  must 
not  be  attempted.  Sharp  substances  not  unfrequently 
make  their  way  to  the  snr^e  of  the  body,  and  give 
rise  to  an  abeess,  out  of  which  they  are  discharge. 

CEInanthb  (water  hemlock) ;  a  plant  employed  in 
medicine.  An  infusion  of  the  leaves  are  said  to  be 
of  the  greatest  service  in  cutaneous  diseases.  It 
must,  however,  be  employed  with  great  care,  as  it  is 
a  virulent  poison.  It^rows  in  great  plenty  all  over 
Pembrokeshire,  and  is  called  by  Qie  inhabitants  ^e- 
jkigwed  root :  it  is  much  used  by  them  in  cataplasms, 
for  the  worst  kind  of  whitlow.  They  eat  some  parts 
of  it,  but  carefully  avoid  the  roots  and  stalk.  These 
indeed  are  of  a  nu>st  pernicious  nature,  and  never 
fail  to  prove  instantly  fatal,  unless  a  proper  remedy 
is  applied.  The  following  instance  of  the  effects  oif 
this  plant  on  man  may  be  relied  on : — 

"  Three  French  prisoners,  being  in  the  fields  near 
the  town  of  Pembroke,  dug  up  a  large  quantity  of  a 
plant  with  its  roots  (which  they  took  to  be  wild 
celery),  to  eat  with  their  bread  and  butter  for  dinner. 
After  washing  it,  while  yet  in  the  fields,  they  all 
three  ate,  or  rather  only  tasted,  of  the  roots.  As 
thev  were  entering  the  town  one  of  them  was  seized 
witn  convulsions.  The  other  two  ran  and  sent  a 
surgeon,  who  endeavoured  first  to  bleed,  and  then 
vomit  him ;  but  in  vain,  and  he  died  presently.  Igno- 
rant of  the  cause  of  their  comrade's  death,  and  of 
their  own  danger,  they  gave  some  of  these  roojts  to 
eight  other  prisoners,  who  all  ate  of  them  with  their 
dinner.  A  few  minutes  after,  the  two  who  gathered 
the  plants  were  seized  in  the  same  manner  as  the 
first,  of  which  one  died :  the  other  was  bled,  and  an 
emetic  with  great  difficulty  forced  down,  on  account 
of  his  jaws  being  set.  This  operating,  he  recovered ; 
but  was  for  some  time  much  affected  with  a  dizziness 
in  his  head,  though  not  sick,  or  in  the  least  disordered 
in  hb  stomach.  The  other  eiglit  being  bled  and 
vomited  immediately  were  soon  weU." 


OrFiNO,  err  Ovpin  ;  that  part  of  the  sea  a  good 
distance  from  shore,  where  there  is  deep  water,  and 
no  need  of  a  pilot  to  conduct  the  ship. 

Oil. — There  exist  two  species  of  oil  in  vegetables, 
agreeing  in  the  common  properties  of  unctuosity  and 
inflammability,  but  essentiidly  different  in  many  of 
their  chemical  qualities  and  relations.  The  one,  from 
being  capable  of  being  volatilized  without  decomposi- 
tion, is  named  volatile  oil ;  the  other  is  denominated 
fixed  oil.  The  character  of  the  latter  must  be  first 
fgamined* 

Fixed  oils  are  g^erally  contained  in  the  seeds  and 
fruits  of  those  vegetables  of  which  they  are  the  pro- 
ducts, and  are  formed  principally  at  the  period  of 
maturity.  Tbey  are  extracted  by  pressure,  whence 
they  are  named  expressed  oils,  or  in  some  cases  b> 
deeoctioA  with  water.  They  are  frequently  impreg- 
nated with  ti^  mucilaginous  or  extractive  matter  of 
the  vegetable,  whence  they  acquire  colour,  odour,  and 
taste ;  and  if  heat  has  been  employed  to  favour  their 
extraction  by  expression  they  acquire  acrimonious 
qualities,  and  suffer  even  a  change  in  some  of  their 
chemical  properties.  The  purest  oils  are  those  ex- 
pressed from  the  fruit  of  the  olive  or  the  seeds  of  the 
almond ;  others  less  pure  are  extracted  from  linseed, 
hempseed,  and  the  seeds  of  other  plants. 

Fixed  oils  are  usually  fluid,  but  of  a  thick  consist- 
ence, and  they  cong^  at  a  moderate  temperature : 
some  are  even  naturally  concrete ;  when  fluid  they  are 
transparent,  colouriess,  or  of  a  yellow  or  green  tinge, 
inodorous,  and  insipid ;  they  are  lighter  (dban  water  f 
they  are  inci^pable  of  combining  with  water,  and  are 
very  sparingly  soluble  in  alcohol  in  the  cold,  with 
the  exception  of  castor  oil,  which  is  abundantly  dis- 
solved by  rectified  alcohol,  and  of  linseed  oil,  which 
is  dissolved,  though  more  sparingly ;  boiling  alcohol 
dissolves  it,  and  also  the  others  in  sensible  quantity. 

Expressed  oils  cannot  be  volatilized  by  heat  un- 
changed. At  temperatures  below  600^  of  Fahrenheit 
they  remain  fixed ;  nearly  at  that  temperature  they 
are  converted  into  vapour,  but  the  oil  thus  condensed 
is  altered  in  its  properties ;  it  has  lost  its  mildness 
and  has  become  more  limpid  and  volatile,  a  portion 
of  carbon  being  likewise  deposited.  Transmitted 
through  an  ignited  tube,  oil  is  converted  into  carbonic 
acid  and  carburetted  hydrogen,  with  a  small  portion 
of  acid  liquor  and  a  residuum  of  charcoal. 

Exposed  to  a  warm  atmosphere,  expressed  oils  gra- 
dually acquire  a  sharp  taste  and  smell  and  become 
thick.  This  change,  named  rancidity,  is  owing  to 
absorption  of  oxygen;  hence  it  takes  place  sooner  when 
the  oU  is  exposed  to  oxygen  gas,  and  a  large  quantity 
of  the  gas  is  frequently  absorbed.  Drying  oils,  as 
those  expressed  with  the  aid  of  heat  are  named,  do 
not  become  rancid,  but,  by  absorbing  oxygen,  are  par- 
tially converted  into  a  resinous  kind  of  matter.  By 
these  drying  oils  the  absorption  of  oxygen  is  under 
favourable  circumstances  so  rapid  as  to  give  rise  to 
spontaneous  combustion. 

At  the  temperature  of  ignition,  at  which  it  is  con 
verted  into  vapour,  oil  burns  in  atmospheric  air,  a 
large  quantity  of  light  and  heat  being  extricated  by 
its  combustion.  When  the  access  of  the  air  to  the 
vapour  of  the  oil  is  not  complete  it  bums  with  a  black 
smoke,  and  a  quantity  of  carbonaceous  matter  which 
has  escaped  the  combustion  is  deposited.  Hence  the 
utility  of  a  slender  wick,  which  draws  up  the  oil  by 
capillary  attraction,  and,  when  kindled,  produces 
su£5cient  heat  to  convert  it  into  vapour.    In  a  hollow 
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tyiindrical  wick,  as  in  the  argand  lamp,  throoeh 
which  an  internal  circulation  of  air  is  established,  the 
supply  of  air  is  more  abundant  and  the  whole  of  the 
oil  is  consumed ;  the  illumination  therefore  is  greater, 
Uiough  there  is  some  diminution  of  it  in  consequence 
of  the  light  from  the  internal  surface  having  to  pass 
througli  the  flame. 

Expressed  oil  is  oxidated  by  a  number  of  the  acids. 
Sulphuric  acid  soon  renders  it  black,  the  oxygen  of 
the  acid  attracting  part  of  the  hydrogen  of  the  oil  and 
causing  the  deposition  of  charcoal ;  and  if  heat  is 
applied  a  large  portion  of  sulphurous  acid  is  disen- 
gaged, and  even  sulphur  is  evolved.  Nitric  acid 
renders  the  oil  thick  and  white ;  if  heat  is  applied  the 
action  is  more  rapid  and  a  yellow  colour  is  commu- 
nicated, ^e  oil  being  rendered  concrete.  The  drying 
oils  are  even  inflamed.  Muriatic  acid  exerts  little 
sensible  action;  oxymoriatic  acid  thickens  the  oil 
and  renders  it  white. 

Expressed  oil  combines  with  the  alkalies,  and  when 
the  combination  is  perfect  it  forms  soap.  If  one  part 
of  oil  be  mixed  with  half  its  weight  of  a  strong  solu- 
tion of  pure  potash  or  soda^  a  thick  white  mass  is 
formed,  which  can  be  diflfused  in  Water,  forming  a 
milky-like  mixture.  If  the  oil  and  the  alkaline  solu- 
tion be  boiled  gently  together,  a  more  intimate  com- 
bination is  effected,  and,  on  cooling,  a  solid  compouiid 
separates  from  the  liquor.  The  soap  thus  prepared 
differs  according  to  the  purity  of  the  ingredients. 
Common  soap  is  made  of  animal  oil,  or  fat,  or  the 
coarser  vegetable  oils,  with  resin ;  the  finer  soaps  are 
prepared  from  olive  or  almond  oil.  Potash  forms  a 
soap  which  always  remains  soft ;  soda  forms  one  that 
is  more  solid  and  firm.  Hence  either  a  solution  of 
carbonate  of  soda,  from  which  the  carbonic  acid  has 
been  abstracted  by  lime,  is  employed  in  the  prepara- 
tion ;  or,  if  a  solution  of  potash  rendered  caustic  by 
the  same  operation  be  used,  which  is  the  common 
method  in  the  preparation  of  the  coarser  soaps,  there 
n  added  towards  the  end  of  the  boiling  a  quantity  of 
sea-salt,  the  soda  of  which,  being  in  part  evolved, 
has  the  same  effect.  The  cleansing  property  of  soap 
depends  on  its  alkali ;  and,  although  die  detergent 
power  of  this  is  weakened  by  the  combination  with 
the  oil,  advantage  is  gained  from  its  softness  and 
smoothness,  and  from  tiie  alkali  in  the  state  of  com- 
bination acting  less  as  a  solvent  on  the  cloth. 

Soap  is  soluble  in  water,  the  solution  being  opaque, 
from  the  intermixture  of  particles  of  uncombined  oil. 
It  is  also  soluble  in  alcohol,  forming  a  transparent 
solution.  It  is  decomposed  by  all  the  acids  and  by 
the  greater  number  of  the  earthy  and  metallic  salts, 
the  acid  combining  with  the  alkali  and  separating  the 
oil.  JHence  spring  water  often  decomposes  it  from 
the  STclphate  of  lime  it  contains.  The  oil  separated 
by  these  decompositions  is  soluble  in  alcohol,  a 
proof  that,  by  its  combination  with  the  alkali,  it 
has  undergone  some  chemical  change.  Soap  decom- 
posed by  heat  affords  water,  empyreumatic  oil,  and 
ammonia. 

Ammonia  forms  with  expressed  oil  a  less  intimate 
combination  than  the  fixed  oils  do,  as  heat  cannot  be 
employed  to  favour  the  combination.  The  addition 
of  a  small  quantity  of  it  is  employed  in  pharmacy  to 
suspend  oil  in  water.  By  adding  an  ammoniacal 
salt  to  a  solution  of  soap  an  ammoniacal  soap  is 
obtained  by  double  affinity.  It  is  less  soluble  in 
water  than  common  soap,  and  suffers  decomposition 
from  exposure  to  the  air.  I 


The  combinations  of  expressed  oil,  with  the  ettths 
and  metallic  oxides,  may  be  obtained  by  adding  their 
salts  to  a  solution  of  soap,  when  a  double  decompo- 
sition takes  place.  These  compounds  have  a  sapona- 
ceous quality,  but  are  in  general  less  soluble  in  water 
than  the  alkaline  soaps. 

Expressed  oil,  when  boiled  on  sulphur,  combine: 
with  it,  and  forms  a  compound  of  a  brown  colour,  an 
extremely  fostid  smelt,  and  an  acrid  taste.  It  likewise 
dissolves  phosphorus  with  the  aid  of  heat,  forming  a 
liquid  which  becomes  luminous  when  exposed  to  the 
air. 

Expressed  oil,  promotes  the  oxidation  of  some  of 
the  metals,  as  copper  or  mercury,  by  the  action  of 
the  air.  It  combines  with  a  number  of  the  metallic 
oxides.  Boiled  with  oxide  of  lead,  it  forms  a  com- 
pound of  a  firm  consistence,  which  is  named  in  phar- 
macy common  piaster. 

A  mutual  action  is  exerted  between  expressed  oils 
and  several  of  the  other  vegetable  principles,  as  gum 
or  resin.  Triturated  with  mucilage,  it  forms  a  milky 
mixture, — ^a  mode  of  suspending  oil  in  water  which 
is  sometimes  employed  in  pharmacy.  It  melts  easily 
with  resin. 

Expressed  oils,  besides  their  use  in  pharmacy  and 
medicine,  form  the  basis  of  paints,  being  triturated 
with  oxide  of  lead  and  the  colouring  matter.  Com- 
bined with  resins  and  turpentine,  they  form  varnishes; 
and  printing-ink  is  a  composition  of  them  with  lamp 
black.  For  some  of  these  uses  the  drying  oils  are 
employed. 

Volatile  or  essential  oil  is  contained  in  the 
flowers,  fruits,  leaves,  wood,  or  bark  of  many  ve- 
getables, generally  in  inconsiderable  quantity,  the 
proportion  varying,  however,  according  to  the  age 
and  vigour  of  the  plant.  The  oil  sometimes  exists 
in  distinct  vesicles,  and  may  therefore  be  obtained  by 
expression.  But  the  usual  method  to  procure  an 
essential  oil  is  to  subject  the  «regetable  matter  con- 
taining it  to  distillation  with  water. 

Essential  oils  are  odorous,  sapid,  and  generally 
pungent,  the  taste  and  smell  of  the  oils  obtained  from 
different  vegetables  being  very  different ;  the  odour  is 
always  that  of  the  plant  from  which  they  are  pro- 
cured. They  are  generally  lighter  than  water,  bitf 
some  have  a  greater  specific'gravity.  They  are  usually 
fluid,  and  remain  so  even  at  a  low  temperature ;  but 
some  congeal  even  at  a  very  moderate  degree  of  cold, 
and  others  are  naturally  concrete.  They  are  vola- 
tilized by  a  very  moderate  heat.  By  a  strong  heat 
suddenly  applied,  they  are  partially  decomposed. 

Essential  oils  are  soluble  m  water  in  minute  pro- 
portions. The  water  acquires  the  taste  and  flavour 
of  the  oil.  This  impregnation  is  commonly  obtained 
by  distillation,  the  distilled  waters  of  pharmacy  being 
thus  formed.  They  are  much  more  soluble  in  alcohol ; 
some  of  them  unite  with  the  alcohol  in  every  propor- 
tion, others  in  limited  quantities  ;  and  there  are  even 
some  which  are  sparingly  dissolved.  By  distilling 
ardent  spirit  from  vegetables  containing  much  essen- 
tial oil,  distilled  spirits  are  formed. 

Exposed  to  atmospheric  air,  these  oils  lose  their 
smell,  are  thickened,  and  become  concrete,  frequently 
depositing  at  the  same  time  crystals  of  an  acid  nature. 
These  changes  are  owing  to  the  absorption  of  oxyger 
The  acid  is  similar  to  the  benzoic,  and  the  thickenea 
oil  approaches  in  its  properties  to  resin. 

mien  heated  in  contact  with  atmospheric  air,  they 
are  more  easily  inflamed  than  the  expressed  oils,  and 
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bum  with  a  brighter  flame,  probably  from  their 
greater  yolatility ;  the  products  of  the  combustion  are 
water  and  carbonic  acid,  and  the  water  is  in  larger 
quantity  than  from  the  combustion  of  the  fixed  oils. 
Hence  they  differ  frpm  the  fixed  oils  in  containing  a 
larger  proportion  of  hydrogen,  to  which  probably 
their  greater  volatility  and  inflammability  are  owing. 

The  essential  oils  are  oxidated  by  the  acids.  Sol- 
phuric  acid  renders  them  black,  producing  at  the 
same  time  a  considerable  elevation  of  temperature,  and 
frequently  a  violent  effervescence,  from  the  disengage- 
ment of  sulphurous  and  carbonic  acid  gases.  Nitrous 
acid  communicates  oxygen  with  such  rapidity  as  fre- 
quently to  inflame  the  oil.  By  a  more  slow  action 
it  forms  prussic,  malic,  and  oxalic  acids,  and  converts 
the  remaining  oil  into  a  kind  of  resinous  substance. 
In  some  cases  the  acids  combine  with  essential  oils, 
and  the  acid  properties  are  neutralized  without  de- 
composition. 

With  the  alkalies  these  oils  combine  with  difficulty, 
and  the  combination  can  be  effected  only  by  long 
trituration:  the  compound  is  slightly  saponaceous. 
Liquid  ammonia  distilled  with  the  oil  combines  with 
it  but  sparingly. 

Sulphur  dbsolves  with  the  aid  of  heat  in  any  of 
the  essential  oils ;  the  solution  has  an  offensive  smell. 
Phosphorus  is  also  soluble  in  them ;  and  some  of  these 
solutions  (that,  for  example,  in  oil  of  cloves),  are 
highly  luminous. 

These  oils  unite  with  mucilage  or  sugar ;  and  by 
the  medium  of  ether  they  may  be  suspended  in  water. 
They  dissolve  resin,  camphor,  and  other  vegetable 
principles. 

In  general  they  are  used  as  perfumes,  or  in  the 
practice  of  medicine.  Some  of  them  enter  into  the 
composition  of  varnishes. 

Several  chemists  have  been  of  opinion  that  herbs 
and  flowers*,  moderately  dried,  yield  a  greater  quantity 
of  volatile  oil  than  if  they  were  distilled  when  fresh. 
It  is,  however,  highly  improbable  that  the  quantity 
of  volatile  oil  can  be  increased  by  drying ;  on  the 
contrary,  part  of  it  must  be  dissipated  and  lost.  But 
drying  may  sometimes  be  useful  in  other  ways,  either 
by  diminishing  the  bulk  of  the  subject  to  be  distilled, 
or  by  causing  it  to  part  with  its  oil  more  easily ;  and 
aromatic  waters  distilled  from  the  dry  herb  are  more 
fragrant  than  from  the  fresh.  But  the  directions 
sometimes  given  to  dry  the  herb  used  in  the  dis- 
tillation of  volatile  oils  would  be  extremely  inconve- 
nient, as  large  quantities  of  the  oils  of  lavender, 
peppermint,  spearmint,  and  pennyroyal,  are  annually 
distilled  in  this  country  from  the  fresh  herb ;  and  the 
oils  of  aniseed,  camomile,  caraway,  juniper,  origa- 
num, rosemary,  and  pimento,  are  usually  imported. 

The  choice  of  proper  instruments  is  of  great  con- 
sequence for  the  performance  of  this  process  to  ad- 
vantage. There  are  some  oils  which  pass  freely  over 
the  swan  neck  of  the  head  of  the  common  still : 
others,  less  volatile,  cannot  easily  be  made  to  rise  so 
high.  For  obtaining  these  last,  a  large  low  head, 
having  a  rim  or  hollow  canal  round  it,  seems  best :  in 
this  canal,  the  oil  is  detained  in  its  first  ascent,  and 
is  thence  conveyed  at  once  into  the  receiver,  the 
advantages  of  which  are  sufficiently  obvious. 

We  cannot  separate  the  volatile  oil  from  aromatic 
substances  by  distilling  them  alone,  because  the  pro- 

gortion  of  these  oils  is  so  small  that  they  could  not 
e  collected ;  and,  besides,  it  would  be  impossible  to 
regulate  the  heat  so  as  to  be  sufficient  and  yet  not 


to  bum  the  subject  and  destroy  the  product.  Hence 
it  is  necessary  to  distil  them  with  a  proportion  df 
water,  which  answers  extremely  well,  as  the  oils  are 
ail  more  volatile  in  water,  and  soluble  in  it  only  to  a 
certain  extent. 

With  regard  to  the  proportion  of  water  to  be  em- 
ployed, if  whole  plants  moderately  dried  are  used^ 
or  the  shavings  of  woods,  as  much  of  either  may  be 
put  into  the  vessel  as,  lightly  pressed,  will  occupy 
half  its  cavity ;  and  as  much  water  may  be  added  as 
will  fill  two-thirds  of  it.  When  fresh  and  juicy 
herbs  are  to  be  distilled,  thrice  their  weight  of  water 
will  be  fully  sufficient ;  but  dry  ones  require  a  much 
larger  quantity.  In  general  there  should  be  so  much 
water,  that,  after  all  intended  to  be  distilled  has 
come  over,  there  may  be  liquor  enough  left  to  pre- 
vent the  matter  from  burning  to  the  still.  The 
water  and  ingredients  altogether  should  never  take 
up  more  than  three-fourths  of  the  still ;  there  should 
be  liquor  enough  to  prevent  any  danger  of  empy- 
reuma,  but  not  so  much  as  to  be  in  danger  of  boiling 
over  into  the  receiver. 

The  subject  of  distillation  should  be  macerated  in 
the  water  until  it  be  perfectly  penetrated  by  it.  To 
promote  this  effect,  woods  should  be  thinly  shaved 
across  the  grain  or  sawn,  roots  cut  transversely  into 
thin  slices,  barks  reduced  into  coarse  powder,  and 
seeds  slightly  bruised.  Very  compact  and  tenacious 
substances  require  the  maceration  to  be  continued 
a  week  or  two  or  longer ;  for  those  of  a  softer  and 
looser  texture  two  or  three  days  are  sufficient ;  while 
some  tender  herbs  and  flowers  not  only  stand  in  no 
need  of  maceration,  but  are  even  injured  by  it.  The 
fermentation  which  was  formerly  prescribe  in  some 
instances  is  always  hurtful. 

The  fire  ought  to  be  quickly  raised  and  kept  up 
during  the  whole  process ;  but  to  such  a  degree  only 
that  the  oil  may  freely  distil ;  otherwise  the  oil  will 
be  exposed  to  an  unnecessary  heat,  a  circumstance 
which  ought  as  much  as  possible  to  be  avoided. 
Fire  communicates  to  all  these  oils  a  disagreeable 
impregnation,  as  is  evident  from  their  being  mudi 
less  grateflil  when  newly  distilled  than  after  they 
have  stood  for  some  time  in  a  cool  place ;  and  the 
longer  the  heat  is  continued  the  greater  alteration  it 
produces  in  them. 

The  greater  number  of  oils  require  for  their  distil* 
lation  the  heat  of  water  strongly  boiling ;  but  there 
are  many  also  whidi  rise  with  a  heat  considerably 
less ;  such  as  those  of  lemon  and  citron  peel,  of  the 
flowers  of  lavender  and  rosemary,  and  of  almost  all 
the  more  odoriferous  kinds  of  flowers.  We  have 
already  observed  that  these  flowers  have  their  fra- 
grance much  injured  or  even  destroyed  by  beating 
and  bruising  them  ;  it  is  impaired  abo  by  im- 
mersion in  water  in  the  ordinary  process,  and  the 
more  so  in  proportion  to  the  continuance  the  of  im- 
mersion and  the  heat ;  hence  oils  .distilled  in  the 
common  manner  prove  much  less  agreeable  in  smell 
than  the  subjects  themselves.  For  the  distillation 
of  substances  of  this  class  another  method  has  been 
contrived :  instead  of  being  immersed  in  water,  they 
are  exposed  only  to  its  vapour.  A  proper  quantity 
of  water  being  put  into  the  bottom  of  the  still,  the 
odoriferous  herbs  or  flowers  are  laid  lightly  in  a 
basket,  of  such  a  size  that  it  may  enter  into  the  still 
and  rest  against  its  sides  just  above  the  water.  The 
head  being  then  fitted  on,  and  the  water  made  to 
boil,  the  steam,  percolating  through  the  subject,  im- 
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Sihen  the  ot(  witlMmt  inpairkig  itt  ftmgnnte,  aad 
cairies  k  orer  kto  tiie  receiv>er.  Oils  th«i  obtAimed 
possess  the  odour  of  die  subject  ifi  an  exquisite  do* 
giee,  and  hove  nothlBg  of  the  disagreeable  scesft 
perceivable  in  those  distilled  by  boiling  them  in  water 
in  the  common  nMmner. 

Plants  differ  so  much  according  to  the  soil  and 
season  of  which  they  are  the  producer  and  likewise 
according  to  thetr  own  ages,  that  it  is  iBq>o66ible  to 
§x  the  quantity  of  water  to  be  diwwn  fhm  a  certain 
weight  of  them  to  any  invariabk  staadard.  The 
distillation  may  always  be  contiaued  as  long  as  the 
liquor  runs  welt  iaYOured  off  the  plant,  bat  no 
longer. 

The  mixture  of  water  and  oil  whidi  comes  orer 
may  either  be  separated  immediately  by  means  of  a 
separatory,  or  after  it  has  been  put  into  lai^  narrow- 
Becked  botdes  and  placed  in  a  cool  place,  that  the 
portion  of  oil  which  is  not  diseohred  bi  the  water 
may  rise  to  the  top  or  sink  to  the  bottom  according 
to  Its  specific  gravity.  It  is  then  to  be  separated 
either  by  a  separatory  or  by  the  use  of  a  small  glass 
syringe ;  or  by  means  of  a  ftHer  of  paper ;  or,  lastly, 
by  meana  oi  a  woollen  thread,  one  end  of  which  k 
immersed  in  the  oil,  aad  the  other  lower  ead  ia  a 
phial :  the  oil  witt  thus  pass  over  into  the  phial  by 
capillary  attractioa,  and  the  thread  is  to  be  squeezed 
dry. 

The  water  empWyed  in  die  cBstillatioa  of  volatile 
oils  always  imbibes  some  portion  of  the  oil,  aa  is 
evident  from  the  smell,  taste,  and  coloiur  which  it 
acquires.  It  cannot,  however,,  retain  above  a  certain 
quantity;  and  hence  such  as  has  been  ahneady  used, 
aad  therefore  almost  saturated,  may  be  advantage- 
ously employed  instead  of  commoa  waUr  in  a  se- 
cond, or  any  Isture  diatillatiott  of  the  same  subject. 

After  the  distillation  of  oae  oil  particular  care 
should  be  had  to  clean  the  worm  perifectly  before  it 
be  employed  in  ike  distiUaikm  of  a  different  sub- 
stance. Sense  oils,  those  of  wormwood  and  ani- 
seed, for  ioBtance,.  adhere  to  it  so  tssnaciously  as  not 
to  be  melted  out  fay  heat,  at  waited  off  by  water ; 
the  best  way  of  removing  tiiese  ia  to  r««  a  littls 
spirit  of  wine  through  it. 

Volatile  oils,  after  they  ace  distilled.  sheuM  be 
suffered  to  stand  for  some  days  im  vessels  loosely 
eorered  whk  paper,  till  they  have  lost  their  dis- 
agreeable odour  and  become  limpid :  tbey  should  then 
be  placed  in,  small  bottles^  whic^  are  to  be  kept  quite 
Alii  and  doaely  stopped,  in  a  cool  place.  With 
these  peecautions  they  will  retain  thmr  virtues  in 
perfiictioii  for  many  years. 

Moat  of  the  otla  mentioned  above  are  pi^pated  by 
our  chemsstB  in  this  country,  aad  are  easily  pro- 
cnoable  in  a  tolerable  degree  of  peifection;  Init  the 
oils  from  the  more  expens&Te  spices»  though  still 
introduced  among  the  preparations  in  the  foreign 
pkarmacopQsks^  are,  when  employed  among  ua, 
usually  iasportcd  from  abroad. 

These  are  frequeotly  so  much  adulterated  that  it 
ia  not  easy  to  meet  with  such  as  are  at  all  fit  for 
use  :  nor  are  these  adulterations  easily  discoverable. 
The  grosser  abuses  indeed  may  be  readily  detected. 
Thus,  if  tiie  oil  be  mixed  with  alcohol,  it  will  turn 
milky  on  the  addition  of  water;  if  with  expressed 
oils,  alcohol  will  diaaolve  the  volatile,  and  leave  the 
ather  behind ;  if  with  oil  of  turpenitiae^  on  dipping  a 
piece  of  paper  ia  the  miiture,  and  drying  it  witha 
fmtle  heat»  ths  tunMntiae  will  be  b^zayed  by  its 


smeN.  Bat  the  more  subtile  artista  have  ooatiived 
other  methods  of  sophistication,  which  eluda  all 
trials  of  thiakind. 

Sonw  have  looked  upon  the  specific  gravity  of  oils 
as  a  certain  criterion  of  their  genuineness.  This, 
however,  ia  aot  to  be  absolutely  depended  on ;  for 
the  gcnaiae  oils,  obtamed  from  the  same  subjects, 
oAen  differ  in  gravity  as  much  as  those  drawn  from 
diflfertnt  ones.  Cinnamon  and  cloves,  whose  oils 
usually  sink  ia  water,  yield,  if  slowly  and  carefully 
distilled,  oils  of  great  fragrancy»  which  are  specifi- 
cally lighter  than  the  aqueoua  fluid  employed  ia 
their  distillation ;  whilst  on  the  other  hand  the  hut 
runnings  of  some  of  the  lighter  oils  prove  sometimea 
so  ponderous  as  to  sink  in  water. 

The  external  use  of  oil  as  a  medicine  is  of  very 
high  antiquity.  It  waa  a  part  of  the  complicated 
system  of  bathing,  as  employed  by  the  ancients, 
either  as  a  remedy  or  for  the  preservation  of  health. 
Bathing  was  of  peculiar  iB^xMtance,  since  they  were 
unacquainted  wkh  linen;  and  their  woollen  gar- 
ments were  not  very  regularly  or  very  delicately 
cleaned.  The  peculiar  advantages  of  oily  applications, 
independent  of  the  friction  employed,  except  in  giving 
softness  aad  flexibility  to  the  limbs,  are  not  easily 
ascertained.  After  exercise  they  were  undoubtedly 
refreshing,  aad  prevented  stifiness ;  but  as  preserva- 
tives they  seem  to  have  been  chiefly  useful  in  pre- 
venting the  too  copious  perspiration.  VHien  we 
compare  all  the  directioans  for  anointing*  we  can  see 
no  other  point  in  which  they  meet ;  and  this,  in  a 
climate  so  warm,  after  violent  exercise,  and  the  re- 
laxation of  the  warm  bath,  must  have  been  an  object 
of  importance.  The  uae  of  oil  as  an  external  re- 
medy was  introduced  by  Prodicus,  more  probably 
Herodicus,  the  inventor  of  gymnastics  ;  and  in  fevers 
it  seems  to  be  directed  to  the  purposes  mentioned. 
We  have  not  the  works  of  this  ancient  author,  but 
find  copious  directions  for  its  use  in  PUny.  It  still 
seemed  an  appendage  to  the  bath;  for,  ia  slow 
fover,  the  oil  was  used  in  cold  water ;  ia  the  cold 
fitSt  united  with  warm  substances.  In  general  it 
waa  supposed  to  strengthen  and  fortify  the  body 
if^tdaat  the  access  of  cold. 

Independent  of  its  subsidiary  aid  to  the  balneum, 
it  was  used  by  the  ancients,  la  many  dlaeaaes,  ap- 
plied externally,  and  often  rubbed  along  the  spine ; 
in  palaiesf,  in  lethargy,  in  tetanus,  in  dropsy,  and  in 
ephidroais.  In  hydrophobia  the  patients  were  thrown 
into  the  cold  bath,  and  then  into  oil ;  in  melancholia, 
into  a  bath  of  water  and  oil.  It  was  supposed  to 
allay  irritation,  aad  vn  still  retain  its  use  in  burna^ 
in  bites  of  iaaects,  in  pruri^,  &c.  ^  but  the  undents 
employed  it  to  allay  pain  after  severe  operations,  to 
solUn  the  exuberant  callua  of  bones,  to  remove  the 
paia  atteadiag  luxations  or  wounds.  St.  Luke, 
whom  we  may  quota  aa  aa  intelligent  physician,  de- 
scribes the  good  Samaritan  as  pouring  ou  and  wine 
into  the  woiaads  of  him  who  feU  among  thieves  (ch. 
X.34). 

When  luxury  increased  this  salutary  cuatom  was, 
as  usual,  abuaed,  and  the  oil  was  combiaed  with  the 
most  costly  peiiumes.  The  simplicity  of  ancient 
manners  conaigned  without  a  blush  the  fatigued  body 
of  the  traveller  to  the  hands  of  a  female ;  but  this 
custom  was  afterwards  extended,  and  the  bath  be- 
came the  scene  of  wantonness  and  lust.  In  the 
progress  of  empire,  of  science,  and  the  arts,  eastwand, 
the  «ae  of  oil  might  have  been  carried  into  that 
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luxurious  region,  unless  tbe  sanM  Bccetsky  whieh 
suggested  it  in  Greece  introduced  it  also  into  Hin- 
dostan ;  though  the  cotton  dress  woald  in  a  great 
degree  render  the  use  of  the  bath  less  necessary. 

In  the  east  the  use  of  oil,  however,  seems  of  con- 
siderable antiquity;  and,  besides  the  more  obvious 
effects  of  giving  sleeluiess  to  the  skin  and  flexibility 
to  the  limbs,  it  b  supposed  to  assist  tiM  strength, 
increase  the  secretion  of  fat  and  other  flnidSr  as 
well  as  to  prolong  life.  The  Hindoos  use  oil  to  cure 
fevers,  epilepsy,  mania,  dropsy,  worms,  and  cutaneous 
diseases;  to  relieve  pains  from  bruises,  and  the 
colic ;  to  prevent  bad  effects  from  the  bites  of  mad 
animals  and  of  serpents. 

Modem  practice  continues  the  application  of  oil 
to  allay  irritation,  particularly  the  pains  Mt  in  old 
fractures  or  wounds  on  the  change  of  weather,  as 
advised  by  Rosenstetn ;  and  in  irritations  of  tke  ge- 
nital organs,  as  recommended  by  HuCeland. 

Oil  was  used  externally  by  the  ancients  in  low 
fevers,  and  the  practice  continued  in  £g3rpt  to  the 
time  of  Prosper  Alpinus.  On  this  foundation  it  may 
have  been  recommended  in  the  plague,  in  whidi  it 
has  been  said  to  be  of  essential  use.  Its  advantages, 
however,  arise  not  from  the  oil,  but  from  the  friction ; 
for,  unless  continued  so  as  to  excite  perspiration,  it 
is  of  little  utility.  In  dropsies  also  the  oil  seems 
only  to  assist  the  friction,  by  preventing  the  exco- 
riation which  might  otherwise  soon  occur.  In  te- 
tanus, if  ever  useful,  it  is  also  perhaps  in  consequence 
of  the  friction  and  the  perspiration  excited  by  means 
of  the  friction. 

In  the  bites  of  insects  it  seems  to  relieve  pain,  but 
in  those  of  serpents  Fontana  found  it  inefficadons ; 
nor  are  the  experiments  of  Mr.  Baldwin  on  its  eflfiects 
in  the  bites  of  scorpions,  or  rats,  unexceptionable. 
In  hydrophobia  it  has  been  recommended  on  the  au- 
thonty  of  an  ancient  Greek  raannscript ;  and,  though 
we  have  received  accounts  of  cases  in  which  it  seemed 
to  relieve  the  spasms,  it  has  not  been  found  to  cure 
the  disease. 

That  oil  may  be  useful  in  securing  a  person  £rom 
contagion  appears  from  evidence  apparently  more 
decisive.  From  very  different  sources  we  find  that 
oil  porters,  oil  sellers,  tallow-chandlers,  and  tanners, 
are  usually  exonpt  from  the  plague  and  the  worst 
epidemics. 

Volatile  oils,  medicinally  considered,  agree  in  tiie 
general  qualities  of  pungency  and  heat ;  in  particular 
virtues  they  differ  as  mucii  as  the  subjects  from 
vrhich  they  are  obtained,  the  oil  being  the  direct 
principle  in  vrhich  the  virtues,  or  at  least  a  consi- 
derable part  of  the  virtues,  of  the  several  subjects 
reside.  Thus  the  carminadve  vutue  of  the  warm 
seeds,  the  dieretic  of  juniper  berries^  the  emmena- 
gogijte  of  savine,  the  nervine  of  rosemary,  the  sto- 
machic of  mint,  the  cordial  of  aromatics,  &c.  are 
supposed  to  be  concentrated  in  their  oils. 

There  is  another  remarkable  difference  in  voUtiie 
oils,  the  foundation  of  which  is  less  obvious— that  of 
the  degree  of  th«ir  pungency  an4  heat.  These  are 
by  no  means  tft  proportion,  as  might  be  expected,  to 
those  of  the  subject  they  were  drawn  from.  The  oil 
of  cinnamon,  for  instance,  is  excessively  pungent  and 
fiery;  in  its  undiluted  state  it  is  almost  caustic; 
whereas  cloves,  a  spice  which,  in  substance^  is  far 
ttore  pungent  than  Uke  other,  yiekb  an  oil  which  is 
much  less  so.  This  difference  secoM  to  depend 
partly  upon  the  qiiaoflity  of  oik  «ffbnfed>  danamon 


yieldtng  mudi  less  than  cloves,  and  consequently 
having  its  active  matter  concentrated  into  a  smaller 
volume,  partly  upon  a  difference  in  the  nature  of  the 
active  parts  themselves ;  for  though  volatile  oils 
contain  airways  the  specific  odour  and  flavour  of 
their  subjects,  whether  grateful  or  ungrateful,  they 
do  not  always  contain  the  whole  pungency:  this 
resides  frequently  in  a  more  fixed  matter,  and  does 
not  rise  wiui  the  oiL  After  the  distillation  of  cloves, 
pepper«  and  some  other  spices,  a  part  of  their  pun- 
gency is  found  to  remain  behind  ;  a  simple  tincture 
of  them  in  alcohol  is  even  more  pungent  than  their 
pure  essential  oils. 

The  more  gratefiil  oife  are  frequently  made  use  of 
for  reconciling  to  the  stomach  medicines  of  them- 
selves disgustfuL  It  has  been  customary  to  employ 
them  as  correctors  for  the  resinous  purgatives;  a 
use  to  which  they  do  not  seem  to  be  well  adapted. 
All  the  service  they  can  here  be  of  is  to  make  the 
resin  sit  more  easily  at  first  on  the  stomach ;  far 
from  abating  the  irritating  quality  upon  which  the 
violence  of  its  operations  depends,  these  pungent  oils 
superadd  a  fresh  stimulus. 

Volatile  oils  are  never  given  alone,  on  account  of 
their  extreme  heat  and  pungency ;  which  in  some  is 
so  great  that  a  single  drop  let  fall  upon  the  tongue 
produces  a  gangrenous  eschar.  They  are  readily 
imbibed  by  a  piece  of  dry  sugar,  and  in  this  form 
may  be  conveniently  exhibited.  Ground  with  eight 
or  ten  times  their  weight  of  sugar,  they  become  so- 
luble in  aqueous  liquors,  and  thus  may  be  dihited  to 
any  assigned  degree.  Mucilages  also  render  them 
miseible  with  water  into  a  uniform  milky  liquor. 
They  ^ssolve  Kkewtse  in  alcohol ;  the  more  fragrant 
in  an  equal  weight,  and  almost  all  of  them  in  less 
than  four  times  their  own  vmght.  These  solutions 
may  be  either  taken  on  sugar,  or  mixed  with  syrups, 
or  the  tike.  On  mixing  them  with  water,  the  liquor 
grows  milky,  and  the  oil  separates. 

The  more  pungent  oils  are  employed  externally 
against  paralytic  complaints,  numbness,  pains,  and 
aches,  cold  tumours,  and  in  other  cases  where  par- 
ticular parts  require  to  be  heated  or  stimulated.  The 
toothache  is  sometimes  relieved  by  a  drop  of  these 
almost  caustic  oils,  received  on  cotton,  and  cautiously 
introduced  into  the  hollow  tooth. 

Oil  op  Vitriol.  The  old  and  erroneous  name 
for  Sulphuric  Acid,  which  see. 

Olbpiant  Gas,  was  discovered .  at  Haarlem,  m 
1796,  by  the  associated  Dutch  chemists^  and  received 
its  present  name  from  its  property  of  giving  rise  to  a 
substance  resembling  oil,  when  mingled  wit]^  chlorine 
(oleum  fio).  It  is  sometimes  called  bi-carbureted,  or 
per-carbureted  hj/drogen.  It  is  prepared  by  mixing 
in  a  capacious  retort,  six  measures  of  strong  al- 
cohol with  sixteen  of  concentrated  sulphuric  acid,  or 
one  measure  of  common  alcohol  and  three  of  ordinary 
oil  of  vitriol  or  weak  sulphuric  acid,  and  heating 
the  mixture  over  an  argand  lamp.  The  acid  soon 
acts  upon  the  alcohol ;  effervescence  ensues,  and  ole- 
ficmt  gas  passes  over.  At  the  commencement  of  the 
process,  uie  olefiant  ms  is  mixed  with  a  Httle  ether; 
but  in  a  short  time  tne  solution  becomes  dark,  the 
formation  of  ether  declines,  and  the  odour  of  sul- 
phurous acid  begins  to  be  perceptible ;  and  towards 
the  close  of  the  operation,  though  olefiant  gas  is  stiU 
the  chief  product,  sulphurous  acid  is  freely  disengaged, 
some  carbonic  acid  is  formed,  and  charcoal  in  large 
qpantitiea  deposited.    The  olefiant  gas  is  collected 
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over  water  or  mercury.  The  greater  part  of  the  ether 
condenses  spontaneoasly ;  and,  the  sulphurous  and 
carbonic  acids  may  be  separated  by  washing  the  gas 
with  lime-water  or  potash.  The  olefiant  gas,  in  this 
process,  is^  derived  solely  from  the  alcohol ;  and  its 
production  is  owing  to  the  strong  affinity  of  sulphuric 
acid  for  water.  Alcohol  is  composed  of  carbon,  hy- 
drogen and  oxygen ;  and  from  the  proportion  of  its 
elements  it  is  inferred  to  be  a  compound  of  eight 
parts,  or  one  equivalent  of  oxygen  gas  united  with 
one  equivalent,  or  nine  parts  of  water.  It  is  only 
necessary,  therefore,  to  obtain  olefiant  gas,  to  deprive 
alcohol  of  the  water  which  is  essential  to  its  con- 
stitution ;  and  this  is  effected  by  sulphuric  acid. 

Olefiant  gas  is  a  colourless,  elastic  fluid,  which 
has  no  taste,  and  scarcely  any  odour  when  pure.  It 
extinguishes  flame,  is  unable  to  support  the  respira- 
tion of  animals,  and  is  set  on  fire  when  a  lighted 
candle  is  presented  to  it,  burning  slowly,  with  a 
dense  white  light.  With  a  proper  quantit}'  of  oxygen 
gas,  it  forms  a  mixture  which  may  be  kindled  by 
flame  or  the  electric  spark,  and  which  explodes  with 
great  violence.  On  conducting  this  experiment  with 
care,  it  is  found  that,  for  each  measure  of  olefiant  gas, 
precisely  three  of  oxygen  are  required,  when  the  mix- 
ture wholly  disappears,  giving  rise  to  a  deposition  of 
water  and  two  measures  of  carbonic  acid.  Olefiant 
gas,  by  weight,  consists  of 

Carbon, 25.418 

Hydrogen, 4.236 

When  olefiant  gas  is  mingled  with  chlorine  in  the 
proportion  of  one  measure  of  the  former  to  two  of 
the  latter,  they  form  a  mixture  which  takes  fire  on 
the  approach  of  flame,  and  which  bums  rapidly,  with 
the  formation  of  muriatic  acid  gas,  and  deposition  of  a 
large  quantity  of  charcoal.  But  if  the  gases  are  al- 
lowed to  remain  at  rest  after  being  mixed  together,  a 
very  different  action  ensues.  The  chlorine,  instead 
of  decomposing  the  olefiant  gas,  enters  into  direct 
combination  with  it,  and  a  yellow  liquid,  like  oil,  is 
generated.  lliis  substance  is  sometimes  called 
chloric  ether ;  but  the  terra  hydro-carburet  of  chlorine, 
as  indicative  of  its  composition,  is  more  appropriate. 
To  obtain  it  pure,  and  in  a  dry  state,  it  should  be 
well  washed  with  water,  and  then  distilled  from 
chloride  of  calcium.  As  thus  purified,  it  is  a  colour- 
less, volatile  liquid,  of  a  peculiar  sweetish  taste,  and 
ethereal  odour.  Specific  gravity,  1.2201.  It  boils  at 
152°  Fahr.,  and  may  be  distilled  without  change. 
Its  composition  is 

Chlorine,     ...       2.5  36  one  proportion ; 

Olefiant  gas,     .     .        0.9722     14  one  proportion. 

3.4722  50 
From  an  observation  made  by  professor  Silliman, 
that  the  chloric  ether  is  readily  soluble  in  alcohol, 
imparting  to  it  its  peculiar  sweet  taste,  and  forming 
with  it  a  grateful  diffusive  stimulant.  Mr.  Gruthrie, 
an  American  chemist,  was  led  to  attempt  the 
manufacture  of  this  etherized  spirit  in  a  more  eco- 
nomical way,  in  which  he  fully  succeeded.  The 
following  is  his  process  : — Into  a  clean  copper  still, 
put  three  pounds  of  chloride  of  lime  and  two  gallons 
of  alcohol,  of  specific  gravity  .844,  and  distil.  Watch 
the  process,  and  when  the  product  ceases  to  come 
liighly  sweet  and  aromatic,  remove  and  cork  it  up 
closely  in  glass  vessels.  The  remainder  of  the  spirit 
f.hould  be  distilled  off  for  a  new  operation.      The 


quantity  of  ethereal  spirit  afforded  is  one  gallon.  So 
far  as  the  effects  of  this  new  stimulant  have  been 
tried,  it  is  found  to  be  singularly  grateful,  both  to  tiie 
palate  and  stomach,  producing  promptly  a  lively  flow 
of  animal  spirits,  and  leaving,  after  its  operation, 
little  of  that  depression  consequent  to  the  use  of  ar- 
dent spirit. 

Olefiant  gas  unites  with  iodine,  by  exposing  it  to 
the  vapour  of  iodine  in  the  direct  rays  of  the  stm. 
The  hydro-carburet  of  iodine  thus  formed  is  a  solid, 
white,  crystalline  body,  which  has  a  sweet  taste  and 
aromatic  odour.    It  consists  of 

Iodine,        124,  or  one  proportion ; 

Olefiant  gas    ....       14,  or  one  proportion. 

A  hydro-carburet  of  bromine  is  also  formed  by  adding 
one  part  of  hydro-carburet  of  iodine  to  two  parts  of 
bromine,  contained  in  a  glass  tube.  Instantaneous 
re-action  ensues,  attended  with  disengagement  of  ca- 
loric and  a  hissing  noise ;  and  two  compounds,  the 
bromuret  of  iodine  and  a  liquid  hydro-carburet  of 
bromine,  are  generated.  The  latter,  after  being 
washed  with  a  solution  of  potash«  is  colourless, 
heavier  than  water,  very  volatile,  of  a  penetrating 
ethereal  odour,  and  an  exceedingly  sweet  taste,  which 
it  imparts  to  water.  This  compound  is  also  formed 
by  letting  a  drop  of  bromia  fall  into  a  flask  full  of 
olefiant  gas. 

Olbic  Acid.— When  potash  and  hog's  lard  are 
saponified,  one  portion  of  the  alkali  separates  in 
the  form  of  a  pearly-looking  solid,  while  the  fluid  fat 
remains  in  solution,  combined  with  the  potash.  When 
the  alkali  is  separated  by  tartaric  acid,  the  oily  prin- 
ciple of  fat  is  obtained,  which  is  purified  by  saponi- 
fying it  again  and  agab,  recover'mg  two  or  three 
times,  by  which  means  the  whole  of  the  margarine 
is  separated.  As  this  oil  has  the  property  of  satorat  - 
ing  bases,  and  forming  neutral  compounds,  it  is  called 
an  acid.  It  is  an  oily  fluid,  without  taste  and  smell; 
specific  gravity  0.914.  100  of  the  oleic  acid  saturate 
16.58  of  potash,  10.11  of  soda,  7.52  of  magnesia^ 
14.83  of  zinc,  and  13.93  of  peroxide  of  copper. 

Olives.  This  fruit  is  in  its  natural  state  bitter, 
acid,  and  exceedingly  disagreeable ;  though  its  taste 
is  much  improved  when  pickled,  as  we  receive  it  from 
abroad,  particularly  the  smaller  kind,  or  Lucca  olives. 
Those  of  Florence  are  esteemed  excellent;  but  on 
account  of  the  abundance  of  oil  they  contain,  they 
are  not  adapted  to  delicate  stomachs,  and  are  per- 
nicious, especially  when  eaten  as  a  dessert,  after  a 
heavy  dinner.  Though  pickled  olives  are  grateful  to 
the  stomach,  and  are  supposed  to  promote  appetite 
and  digestion,  the  ripe  ones  are  more  eaten  among 
the  Greeks,  forming  a  considerable  part  of  their  food, 
especially  in  Lent.  There  are  three  kinds  of  olives 
frequently  sold,  different  in  size  and  quality ;  namely, 
those  of  Verona,  those  of  Spain,  and  those  of  the 
south  of  France. 

Olla  Podrida  ;  a  favourite  dish  of  the  Spaniards, 
consisting  of  several  kinds  of  meat  cut  up  and  stewed 
together.  The  saijoe  name  is  also  g^ven  to  a  vase  of 
odoriferous  flowers  and  herbs.  It  b  often  used,  meta- 
phorically, to  denote  a  medley. 

Omnium  ;  a  term  in  use  among  stock-brokers  and 
speculators  in  the  funds,  to  express  the  whole  of  the 
articles  which  the  subscribers  to  a  loan  receive  from 
government.  Thus,  if  the  subscribers,  according  to 
&eir  agreement  with  government,  are  to  have,  for 
every  hundred  pounds  advanced,  a  certain  sum  in 
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three  per  cent,  consols,  a  further  sum  in  four  per 
cents.,  and  a  proportion  of  the  long  annuities,  the 
blank  receipts  which  they  receive  for  making  the  in- 
stalments on  the  several  articles,  are,  when  disposed 
of  independently  of  each  other,  as  the  three  per  cent. 
consols  only,  called  scrip  (a  contraction  of  subscrip- 
tions) ;  when  the  receipts  are  sold  together  as  origin- 
ally received,  they  are  usually  called  omnium.  As  the 
omnium  of  every  loan  is  the  subject  of  extensive 
speculations,  it  generally  is  liable  to  considerable  vari- 
ations with  respect  to  its  current  price,  sometimes 
selling  at  a  high  premium,  at  other  times  at  a  dis- 
count, according  to  the  circumstances  which  take 
place  between  the  agreement  for  the  loan  and  the 
day  fixed  for  paying  the  last  instalment. 

Opera.  The  opera  is  a  musical  drama.  The 
music  makes  an  essential  part  of  it ;  and  in  this  it  is 
distinguished  from  other  dramas  accompanied  by 
music.  Song  and  music  may  be  said  to  be  the  poetry 
of  the  opera,  and,  though  the  opera  remains  a  drama, 
and  never  ought  to  lose  this  character,  yet,  as  music 
18  lyrical,  the  opera  must  be  principally  directed  to  the 
expression  of  feelings  and  passions.  Comparatively 
little  display  of  character  and  action  can  be  expected 
from  it.  An  opera,  like  every  work  of  art,  must  bear 
the  stamp  of  unity :  one  character  must  prevail 
through  the  whole,  as  the  solemn  and  grave  in 
Mozart's  Magic  Flute  (though  there  are  naif  pas- 
sages interspersed  in  it),  or  the  glowing,  vivid  colour- 
ing of  Figaro,  or  the  heroic  elevation  of  Gluck's 
Alceste.  It  is  further  necessary  to  give  individuality  of 
character  by  means  of  the  music,  and  the  lyrical  mono- 
logues (airs,  cavatine,  ariosos)  and  dialogues  {duettos, 
terzette,  &c.)  must  alternate  in  pleasing  variety.  But 
our  limits  do  not  allow  us  to  give  a  description  of  the 
various  parts  requisite  to  these  exquisite  productions. 

According  as  ue  serious  or  the  comic  character  pre- 
vails in  the  opera,  it  is  termed  opera  seria  or  opera 
buffa.  There  is  also  a  style — mezzo  stilo — between 
both,  the  limits  of  which  it  is,  of  course,  impossible 
to  define.  Grand  opera  is  the  name  given  to  that 
kind  which  is  confined  to  music  and  song.  The  rect- 
iativo  is  an  essential  part  of  this.  By  operetta  is  un- 
derstood a  short  musical  drama  of  a  light  character. 
The  Italians  have  a  species  of  musical  dramas  called 
intermezzo.  The  French  vaudeville  belongs  to  this 
species  of  compositions,  but  not  the  German  melo- 
drama, in  which  music,  indeed,  is  introduced  either 
by  itself,  or  in  connection  with  the  dialogue,  but  no 
singing  takes  place. 

Origin  ^f  the  Italian  Opera. — About  the  year  1594, 
three  young  noblemen  of  Florence,  who  were  attached 
to  each  other  by  a  similarity  of  tastes  and  pursuits, 
and  a  love  of  poetry  and  music,  conceived  the  idea  of 
reviving  the  chanted  declamation  of  the  Greek  tra- 
gedy: they  induced  the  poet  Rinuccini  to  write  a 
drama  on  the  story  of  Daphne,  which  was  set  to 
music  by  Peri,  the  most  celebrated  musician  of  the 
age,  assisted  by  count  Glacomo  Corsi,  who,  though 
only  an  amateur,  was  also,  for  the  period,  a  good 
musician :  the  piece,  like  the  Mask  of  Comus,  was 
privately  represented  in  the  palace  of  Corsi.  The 
mterlocutors,  or  singers,  were  the  author  and  his 
friends ;  and  the  orchestra  of  his  first  opera  consisted 
but  of  four  instruments,  viz.  a  harpischord,  a  harp, 
a  viol  di  gamha,  and  lute.  There  was  no  attempt  at 
airs  ;  and  the  recitative — if  such  it  could  be  called — 
was  merely  a  kind  of  measured  intonation,  which 
would  appear  to  us  insufferably  languid  and  mono- 


tonous ;  yet  it  caused,  at  the  time,  an  extraordinary 
sensation,  and  was  frequently  repeated.  Four  years 
afterwards,  the  first  public  opera,  entitled  Euridice, 
written  by  the  same  poet,  and  set  by  the  same 
musician,  was  represented  at  the  theatre  of  Florence, 
in  honour  of  the  marriage  of  Mary  de'  Medici  with 
Henry  the  Fourth  of  France.  On  this  occasion,  the 
introduction  of  Anacreontic  stanzas,  set  to  music, 
and  a  chorus  at  the  end  of  each  act,  were  the  first 
imperfect  indications  of  the  airs  and  choruses  of  the 
modem  opera.  Monteverde,  a  Milanese  musician, 
improved  the  recitative,  by  giving  it  more  flow  and 
expression ;  he  set  the  opera  of  Ariadne,  by  Rinuccini^ 
for  the  court  of  Mantua ;  and  in  the  opera  of  Glasone, 
set  by  Cavili  and  Cicoguini,  for  the  Venetians  (1649), 
occur  the  first  airs  connected  in  sentiment  and  spirit 
with  the  dialogue.  According  to  another  account  of 
the  origin  of  Uie  opera,  John  Sutpitious,  about  i486, 
exhibited  short  dramas,  accompanied  with  music,  in 
the  market-place  at  Rome,  and  also  before  the  pope 
and  some  cardinals. 

The  commencement  of  the  opera  seria  at  Rome 
reminds  us  of  the  waggon  of  Thespis  and  his  lees- 
besmeared  company  of  strollers.  The  first  perform- 
ance of  this  kind,  consisting  of  scenes  in  recitative 
and  airs,  was  exhibited  in  a  cart  during  the  carnival 
of  1606,  by  the  musician  Quagliata  and  four  or  five 
of  his  friends.  The  first  regular  serious  opera  per- 
formed at  Naples  was  in  1615  :  it  was  entitled  Amor 
non  ha  Legge.  During  the  next  half  century,  the 
opera  not  only  did  not  improve,  but  it  degenerated  : 
it  became  in  Italy  what  it  was  in  France  during  the 
last  century — a  grand  spectacle  addressed  to  the  eye, 
in  which  the  poetry  and  music  were  the  last  things 
considered,  while  the  scenery,  mechanical  illusions, 
and  pantomime,  were  on  the  most  splendid  scale.  As 
Goldoni  said  long  afterwards  of  the  grand  opera  at 
Paris,  C^tait  leparadis  des  yeux  et  Venfer  des  oreilles. 

The  first  opera  huffa  is  said  to  have  been  represented 
at  Venice  in  1624,  where  also  the  first  stage  for 
operas  was  erected  (in  1637).  In  1646,  the  opera 
was  transplanted  to  France  by  Cardinal  Mazarin. 
In  Germany,  carnival  plays,  in  which  the  performance 
consisted  of  singing,  existed  even  in  the  times  of  Hans 
Sachs,  who  died  in  1567.  Opitz  and  others  imitated 
the  Italian  pieces ;  but  the  first  German  original 
opera  is  said  to  have  been  Adam  and  Eve,  played  at 
Hamburgh,  in  1678.  Some  consider  The  Devil  let 
loose  the  first  comic  opera  in  Germany.  In  Sweden, 
the  first  Swedish  original  opera  was  performed  m 
1774.  The  Italian  opera  was  introduced  into  Eng- 
land in  the  seventeenth  century.  Handel  then  effected 
a  revolution  here,  which,  however,  did  not  exert  a 
permanent  influence  on  the  English  opera.  The  Ita- 
lian opera  did  not  penetrate  into  Spain  until  the 
second  half  of  the  eighteenth  century.  The  Italians 
draw  the  line  between  the  opera  seria  and  opera  buffa 
much  more  distinctly  than  the  Germans,  so  that  the 
Italian  opera  seria  appears  almost  insipid  to  a  Ger- 
man ;  the  buffa,  on  the  contrary,  is  quite  grotesque 
and  quite  national,  and  produces  a  lively  effect  when 
played  by  Italians.  The  compositions  of  Rosini  are 
now  considered  as  master- pieces  in  the  modem 
Italian  school :  and  Weber,  that  of  Germany.  . 

Ophthalmia;  an  inflammation  of  the  mucous 
membrane  which  covers  the  globe  of  the  eye  and  of 
the  correspondent  surface  of  the  eyelids.  It  differs 
very  much  in  its  exciting  causes.  Residence  in  damp 
or  sandy  countries,  exposure  to  the  sun,  and  sudden 
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ehanges  of  weather,  are  among  the  most  usoal  caases. 
Its  characteristic  marks  are  pam  and  redness. 
Ophthahnia  is  either  acute  or  chrome ;  the  one  arising 
from  an  excess  of  sttmulns  and  re-actton  of  the  living 
solid,  the  other  connected  with  debility  which  is 
generally  limited  to  the  vessels  of  the  parts  affected, 
but  sometimes  extends  to  the  whole  system. 

The  presence  of  acute  ophthalmia,  in  a  mild  degree, 
may  be  inferred  from  the  suddenness  of  its  occurrence, 
tiie  mildness  of  its  attack,  and  tfhe  nbeenoe  of  any 
frtviotts  disease,  local  or  constitutional,  such  as  ery- 
sipelas,  syphilis,  scrofiila,  rheumatism,  or  gout.     If 
inflammation  came  on  suddenly  a  sensation  is  fett 
that  suggests  the  idea  of  sand  being  between  the  lid 
and  the  eye-ball,  a  profuse  discharge  of  tears ;  if 
these  symptoms  be  increased  by  exposure  of  the  eye 
to  the  rays  of  light  tolar  or  artificial ;  if  there  be 
heat  and  redness  of  the  eye  itself,  the  nature  of  the 
case  is  evident,  and  it  demands  the  immediate  ap- 
plication of  leeches,  which,  in  young  children,  should 
be  employed  with  great  caution,  and  in  small  num- 
bers (one  to  each  lid) ;  in  adults,  from  two  to  eight, 
or  ten,  may  be  applied,  according  to  the  severity  ojf 
the  symptoms :  it  wiU  be  well  to  apply  two  or  three 
on  ti^  upper  lid  of  the  affected  organ,  and  four  to 
iSbt  lower  lid ;  some  should  also  be  applied  to  thit 
temple  of  the  affected  side.    After  the  application  of 
the  leeches,  apply  a  blister  behind  one  or  both  earn. 
A  brisk  purgative  (if  the  patient  be  strong),  contain- 
ing calomel  and  rhubarb,  should  be  immediately 
gi^,  and  be  repeated  in  twenty-four  hours.  A  mix- 
ture of  one  ounce  of  Epsom  raits,  two  drachms  of 
Bitre^  and  one  ounce  of  antimonial  wine,  with  a  pint 
of  cinnamon  water,  should  be  prepared,  and  d^  pa* 
tient,  if  an  adult,   should  take,  according  to  the 
vigour  of  his  constitution,  from  one  tablespoonfiil  to 
tme  wine  glassful,  every  three,  or  four,  or  five  howrs. 
If  a  young  person,  of  course  the  dose  and  frequency 
-of  taking  must  be  diminished  and  regulated  acacord- 
ing  to  circumstances.    The  diet  should  be  mild,  and 
without  meat  and  fermented  Hqoors.    Hie  eydids 
and  part  of  the  forehead  should  be  kept  cotMStantly 
covered  with  Knt  dipped  in  goulard-water.    Ihcae 
Bieasures  will  generally  abate  &e  acute  indaaMnatian 
in  twenty-four  or  thirty-six  hours ;  after  which  time 
the  treatment  may  be  moderated,  and  the  asixtme 
taken  less  frequently.     When  the  pain  is  much  di- 
minished, the  heat  and  swelling  less,  and  the  eye  is 
more  tolerant  of  light,  the  cold  lotion  may  be  <mittted, 
and  a  green  shade  substituted ;  the  eye  often  badied 
with  cold  spring  water ;  ead  once  or  twice  a  day  the 
following  lotion  to  be  used  by  means  of  a  glass  eye- 
cup.     Sulphate  of  einc,  five  grains ;  rose-water,  four 
ounces :  sittT  using  this  for  several  days,  the  strength 
of  this  lotion  may  he  doubted. 

When  the  actfte  o^ithalmia  changes  into  the  chronic 
one,  attended  with  local  weakness,  it  is  highly  im- 
portant, in  the  treatment,  to  substitute  for  topical 
emollient,  relaxing  applications,  sach  as  partake  of 
an  astringent,  corroborant  qmaMty.  That  chronic 
ophthahnia  may  depend  upon  a  morbid  irritability  of 
the  eye  is  evinced,  not  only  from  its  resisting  topical 
astringents  and  corroborants,  to  which  the  disease 
from  simple  relaxation  and  waakness  yields,  hut 
from  its  being  exasperated  by  them,  and  even  by 
cold  water,  'n&e  patient  complains  of  a  sense  of 
weight  in  the  upper  eyelid,  and  restraint  in  opening 


when  a  patient  studies  by  GmdJe^iigfa^  its 
become  filled  with  hlood.  If  in  combination  with 
such  symptoms,  the  habit  of  body  be  weak  and 
irritable ;  subject  to  spasms ;  hjpodK>ndria8is,  &c, 
then  it  is  manifest,  that  the  duonic  ophthalmia  is 
connected  with  a  general  impairment  of  the  nervoos 
system. 

When  the  chronic  ophthalmia  depends  upon  pre- 
ternatural irritability,  the  internal  exhibition  of  bark 
with  valerian  is  proper;  animal  Ibod  of  easy  di* 
gestion ;  gelatinous  and  farinaceous  broths ;  wine  ia 
moderation;  gentle  exercise;  living  ia  salnbrioas 
and  mild  sitaatioiis ;  are  all  severally  productive  of 
benefit,  fixtemally,  the  applications  shook!  be  of 
the  sedative  and  corroborant  kind ;  such  as  aroma- 
tic spirituous  vapours  applied  to  the  eye  throng^  a 
funnel,  for  Imlf  an  hoar,  three  or  four  times  a  day  { 
and  the  eyebrows  and  eyelids  may  also  be  robbed 
with  a  limmeat  of  camipioc.  Patienta*  both  daring 
tkm  treatment  and  after  the  cure;  must  refrain 
from  straining  the  eye,  and,  immediately  the  least 
uneasiness  is  felt,  mast  desist  finom  exercising  it 
When  they  write,  or  read,  it  should  constantly  be 
in  a  steady  aaiform  light,  and  too  little,  as  well  as 
too  much,  aggravate  the  disease.  Having  once  b^^m 
to  use  spectacles,  they  shoald  never  study,  or  sur- 
vey minute  objects,  without  them. 

Opium;  the  inspissated  jnioe  of  a  species  of 
poppy,  a  native  originally  of  the  East,  bat  natu- 
ralized throughout  the  greatest  part  of  Europe.  The 
capsules  contain  a  prodigious  number  of  seeds.  It 
is  found  in  most  gardens  as  an  ornamental  plant, 
and  as,  besides^  cultivated  extensively  in  many  parts 
of  Europe,  but  only  for  the  sake  of  the  oil  which  ia 
obtained  from  the  seeds.  It  is  from  the  East,  from 
the  different  parts  of  the  Turidsh  empire,  and  from 
Hiadoostan,  diat  the  opium  of  commerce  is  chiefly 
procured. 

In  many  provinces  of  Asia  they  sow  the  white 
poppy  (for  this  is  the  variety  from  which  the  true 
opium  is  procured)  as  we  sow  wheat.  As  soon  as 
Ihe  heads  appear,  a  siigfat  incision  is  made  in  them, 
and  some  drops  of  a  milky  fluid  exude*  which  are 
suffered  to  dry,  and  then  collected.  Toumefbrt  tells 
us,  that  the  greater  quantity  of  opium  is  made  by 
braising  and  pressing  the  beads ;  but  Ksmpfer  and 
Belon,  though  they  speak  of  three  kinds  of  opium, 
describe  each  as  produced  by  incision  and  exudation 
only.  In  Persia,  the  opium  is  collected  in  summer, 
when  the  heads  are  nearly  ripe;  and  these  are 
wounded  on  one  side  by  a  kni£e,  which  makes  ^ye 
incisions  at  once.  The  next  morning  the  inspissated 
juice  is  collected  with  a  spatula,  uie  operation  is 
then  repeated  on  the  other  side  of  the  heads,  but  the 
first  tears,  styled  gchaar,  are  preferred :  ^ese  are 
whitish,  or  of  a  li^t  yellow,  but  become  brown  in 
the  sun,  or  when  too  amch  dried.  The  second  tears 
are  darker,  and  less  efficacious ;  those  of  the  third 
operation,  black  and  inefficacious. 

When  the  opium  is  collected,  it  is  beat  up  with  a 
little  water  or  honey,  till  it  has  the  consistency  of 
pitch.  It  is  then  rolled  into  cylinders,  and,  in  thb 
state,  offered  for  sale.  If  small  quantities  are  wanted, 
they  are  cut  off  with  scissars.  Sometimes  the  honey 
is  in  so  large  a  proportion  as  to  prevent  its  dr3ring» 
and  to  soften  its  bitterness.  The  most  remarkable 
preparation  of  opium  in  the  East,  is  uniting  it  with 


it ;  the  conjunctiva  has  a  yellowish  cast,  and  when  J  nutmeg,  cardamoms,  canella,  and  mace.    It  is  called 
exposed  to  the  damp  cold  air,  or  a  brilliant  light,  or  \pAiUnia,  and  is  the  philoaum  of  the  Persianii,  sap- 


D  P  f  U  M. 


93.*i 


posed  to  strengthen  the  heart  and  tlie  brain.  Others 
add  only  saffron  and  ambergris ;  and  almost  every 
one  vanes  the  additions  according  to  his  fancy.  A 
celebrated  liquor,  called  Coeomar,  is  mentioned  by 
Kaempfer,  which  is  an  infusion  or  a  decoction  of  the 
leaves,  sometimes  of  the  heads,  adding  various  in- 
gredients to  please  the  palate.  Another  preparation 
to  produce  a  temporary  intoxication  is  called  an  elec- 
tuary, and  often  employed  in  the  East. 

Olivier,  in  his  travels  into  Asia,  saw  liie  plantations 
of  poppies  on  a  large  scale,  chiefly  in  the  vicinity  of 
a  village  called  Affiom  Kara-Hissar  (the  black  castie 
of  opium).  The  poppy  is  sown  in  autumn,  trans- 
planted in  spring,  and  the  harvest  is  collected  about 
July. 

The  preparation  of  opium  in  Britain  has  long  been 
a  desideratum.  Premiums  have  been  offered  by  the 
Society  of  Arts,  and  more  recently  by  the  Caledonian 
Horticultural  Society.  Specimens  of  British  opium 
have  been  produced,  and  proved  to  be  in  no  degree 
inferior  to  the  best  foreign  opium :  but  it  has  not  yet 
been  ascertained  whether  this  valuable  drug  can  be 
cultivated  on  the  large  scale  with  profit  to  the  grower. 
The  earliest  experiments  were  conducted  according 
to  the  eastern  mode.  But  to  this  mode  of  cultiva- 
tion the  temperature,  winds,  and  rain  of  this  climate, 
have  hitherto  been  justly  considered  as  great  ob- 
stacles. Of  these  the  temperature  may  be  held  as 
the  least  objectionable ;  for  the  large  white  poppy, 
from  which  foreign  opium  is  obtained,  comes  to  ma- 
turity in  our  climate.  But  it  is  further  objected 
that  the  high  winds  beat  down  the  plants,  and  the 
rains  wash  off  the  opium,  before  it  can  be  collected, 
when  the  eastern  mode  of  gathering  it  is  practised. 
It  has  therefore  been  proposed  to  cultivate  the  garden 
poppy  of  this  country,  because  it  is  not  so  liable  to 
be  damaged  by  wind  as  the  large  white  poppy. 

It  is  our  present  object  to  describe  a  method  by 
which  these  obstacles  have  been  completely  removed, 
and  to  demonstrate,  from  the  result  of  experiment, 
that  opium,  superior  in  quality  to  the  best  Turkey 
opium,  can  be  procured  in  Britain  in  sufficient 
quantity,  not  only  for  home  consumption,  but  also 
for  exportation. 

As  the  mediod  of  gathering  opium  about  to  be 
described  differs  materially  from  any  other  pre- 
viously in  use,  it  may  be  proper  to  observe  that  Mr. 
Bail,  who  obtained  a  premium  of  fifty  guineas  from 
the  Society  of  Arts,  collected  his  opium  according  to 
the  Bengal  method,  which  is  accurately  described  by 
Mr.  Kerr,  who  was  an  ocular  witness,  and  by  Mr. 
W.  Davis,  whose  accounts  agree  with  that  given  by 
Ksempferius  respecting  the  mode  of  collecting  opium 
in  Persia.  The  seeds,  according  to  Mr.  Kerr,  are 
sown  in  quadrangular  areas,  the  intervals  of  which 
are  formed  into  aqueducts  for  conveying  water  into 
each  area.  The  plants  are  allowed  to  grow  six  or 
eight  inches  from  ea(^  other,  and  are  plentifully  sup- 
plied with  water  till  they  are  six  or  ei^t  inches 
high,  when  a  nutrition  compost  of  dung,  ashes,  and 
nitrous  eart^,  is  laid  over  ti^K  areas.  A  little  before 
the  fiowers  appear,  they  are  again  well  watered,  till 
the  capsules  are  half  grown,  when  the  watering  is 
stopped,  and  they  begin  to  collect  the  opium.  'Hiis 
they  effect  by  making,  at  sunset,  two  longitudinal 
incisions  from  below  upwards,  without  penetrating 
the  cavity,  with  an  instrument  that  has  two  points 
as  fine  and  as  sharp  as  a  lancet.  The  incisions  are 
repeated  every  evening,  until  each  ci^Mule  has  re- 


ceived six  or  eight  wounds,  and  tkey  acre  Hien  allowed 
to  ripen  their  se^s.  Tlie  juice  which  exudes  is  col- 
lected in  the  morning,  and  bein^  inspissated  to  a 
proper  consistence,  by  working  it  m  an  earthen  pot 
m  the  sun's  heat,  it  is  formed  mto  cakes  for  sale.^  In 
this  manner  Mr.  Ball  collected  four  ounces  of  opium 
from  one  fall  and  twenty-eight  square  yards  of 
ground,  which  is  at  the  rate  of  21  lbs.  8oz.  per  acre. 

It  is  probable  that  Mr.  Tliomas  Jones,  who  was  a 
candidate  for  the  premium  offered  by  the  Society  of 
Arts,  was  misled  by  the  speculations  of  Mr.  Bafl. 
Mr.  Jones  collected  only  2 libs.  7oz.  of  opium  from 
Gve  acres  and  upwards  of  poppies,  and  obtained  the 
premium  of  fifhr  guineas  for  the  largest  specimen. 
He  collected  his  opium  according  to  the  Bengal 
method ;  but  some  of  his  poppies,  he  says,  became 
stunted,  and  others  were  entirely  destroyed  by  re- 
markably dry  weather,  which  continued  six  weeks 
from  the  beginning  of  May.  This  may  be  considered 
as  the  reason  why  he  obtained  so  little  from  five 
acres.  In  another  place  he  says  that  the  largest 
quantity  which  his  man,  seven  children,  and  himself, 
were  able  to  procure  in  one  morning,  from  five  to  nine 
o'clock,  was  one  pound  and  a  half.  Tliis  happened 
when  the  dew  was  remarkably  great,  and  succeeded 
one  of  the  warmest  days  of  the  summer.  And,  as 
he  admits  in  another  place  that  the  opium  (which 
appeared  upon  liie  heads  in  a  soft  ash-coloured  sub- 
stance), when  first  collected,  is,  firom  its  union  with 
the  dew,  much  too  soft  to  be  formed  into  a  proper 
consistence,  making  a  proper  allowance  for  the  eva- 
poration of  its  watery  part,  it  may  be  concluded  that 
he  gathered  only  in  one  morning,  after  a  warm  day, 
in  the  same  ratio  that  they  gather  opium  in  the  East 
Indies.  TTiey  have  no  ram  in  India  during  tfce  season 
of  gathering  opium,  and  Mr.  Kerr  says  that  there 
one  acre  of  poppies  yields  60  lbs.  of  opium. 

Dr.  Howison,  who  was  some  tnae  inspector  of 
opium  in  Bengal,  gave  an  account  of  the  result  of 
his  experiments  for  making  opium  in  this  country. 
Although  he  was  not  the  first  who  collected  the 
milky  juice  of  the  poppy  in  a  fluid  state,  it  is  sup- 
posed he  is  the  first  who,  in  tJiis  country,  has  given 
the  preference  to  that  mode.  Dr.  Alston  collected 
the  milky  juice  in  the  fluid  state  according  to  Dios- 
corides,  and  also  m  Ae  Persian  way  described  by 
Kaempferius,  from  several  varieties  of  the  poppy.  He 
also  collected  the  true  tear,  as  he  calls  it,  by  cutting 
off  the  star  of  several  heads,  bending  them  down, 
and  suffering  the  milk  to  drop  into  a  tea-cup ;  yet 
he  says  that  he  collected  most  by  the  Persian  way. 

The  instrament  used  by  Dr.  Howison  for  wound- 
ing the  poppy-heads  consisted  of  a  brass  ring,  made 
to  fit  the  middle  finger  of  the  operator,  in  which  is 
fixed  a  wheel  set  with  lancets,  which,  when  put  ia 
motion  by  drawing  the  hand  along  the  poppy  head* 
makes  with  great  expedition  whatever  number  of 
perforations  are  wanted,  each  giving  o«t  its  distittot 
drop  of  milk,  by  which  a  great  surface  is  afforded, 
both  for  support  and  evaporation,  and  to  prevent  the 
flowing  milk  from  running  upon  the  ground,  the  i»- 
amidab4e  contequmce  of  the  method  formerly  in  use. 
And  for  gathering  the  opium  he  employed  a  tite 
flask,  flattened  at  the  mouth  abotft  half  an  inch,  wiA 
which  he  ecraped  off  the  opium.  By  means  of  these 
instruments.  Dr.  Howison  obtained  a  cake  of  opium 
that  weighed  8i  oz.,  and  which  was  collected  from  m 
field  of  poppies  measuring  about  five  falls,  whidi  is 
at  the  rate  of  17  lbs.  wei^of  ophim  per  acre. 
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Dr.  Howuon' 
lectiDg  Bksk  may  certtdoly  be  coDsidered  as . 
improTcmeDt  upon  the  Hindoo  instrumeats,  and  he 
found  that  they  answered  hU  purpose  to  a  certaio 
eitent  in  gathering  opium  from  the  garden  poppy. 
Bat,  when  the  uneveonesa  npon  the  surface  of  the 
capautea  of  the  while  poppy  is  considered,  it  will  be 
found  impossible  to  adapt  the  noulh  of  llic  flask  so 
as  to  collect  the  whole  of  the  juice  without  mate- 
rially injuring  the  capsule,  and  much  of  the  jiii« 
would  still  remain  in  the  interstices  of  the  ridges, 
which  are  far  (he  most  part  found  upon  the  capsules 
of  the  white  poppy.  Besides,  the  juice  very  soon 
acquires  a  ropiness,  and  adheres  to  the  mouth  of  the 
dask,  which  must  iDtermpt  the  gathering,  and  there 
is  a  chance  of  the  juice  being  spilt  by  having  the 
0a*k  suspended  to  the  body  of  the  gatherer. 

Dr.  Howison  has  stated  several  objections  to  the 
cultivation  of  the  large  white  poppy  in  this  country, 
kod  has  given  the  preference  to  the  double  red  garden 
poppy  and  its  varieties.  He  says  that  the  white 
poppy,  from  its  large  head  and  very  considerable 
height,  is  of  all  others  the  most  liable  to  be  hurt  by 
winds ;  and  unless  they  be  cultivated  in  a  sheltered 
■ituatjoa.  few  will  be  found  standing  when  the  season 
for  gathering  the  opium  arrives.  But,  independent 
of  this,  he  says  that  it  never  arrives  at  such  perfec' 
tion  in  this  climate  as  to  yield  milk  of  proper  con- 
sistence for  making  good  opium,  and  that  the  few 
that  do  come  to  afford  milk  continue  in  that  state 
only  for  a  day,  and  any  attempt  to  bleed  them  a 
little  sooner  or  later  would  be  without  aaccesi. 

Mr.  Kerr,  however,  informs  as  that  the  large  white 
poppy  grows  in  Britain,  without  care,  to  be  a  much 
aUUelier  plant  than  it  does  in  India  with  the  utmost 
art;  and  Dr.  Alston,  after  commenting  upon  the 
controversy  whether  opium  is  obtained  from  the  white 
poppy  or  from  the  black,  concludes  that  as  a  medi- 
cine it  is  of  no  consequence  whether  It  be  taken 
from  the  one  or  from  the  other.  Dr.  Crump  also 
obaerves  that  the  white  variety  is  to  be  preferred,  as 
affording  opium  in  greater  quantity  than  any  of  the 
rest;  and  there  can  be  no  doubt  that  thi^  poppy 
yields  the  largest  and  most  juicy  heads. 

Dr.  Howison  has  stated  that  200,000  lbs.  of  opium 
are  made  annually  In  Bengal ;  and  that,  notwith- 
standing all  the  care  that  is  taken  in  collecting  it, 
one-third  of  the  crop  is  lost :  but  there  is  reason  On 
believe  that  the  waste  is  much  greater  than  he  sup- 
poses ;  for,  in  whatever  way  the  incisions  are  made, 
the  milky  juice  instantly  flows  in  a  wasteful  stream, 
and,  by  running  upon  the  ground  or  upon  the  leaves, 
one-third  of  the  crop  at  least  must  be  lost  before  the 
gathering  commences  in  the  morning,  "  In  this  cli- 
mate, "he  remarks."  where  theseienest  day  is  alien 
foliowftd  by  a  night  of  deluging  rains,  the  adoption 
of  the  Bengal  method  would  be  worse  than  trusting 
our  fortune  to  the  chance  of  a  lottery." 

Although  Dr.  Howison  was  convinced  that  the 
juice  of  the  poppy  undergoes  no  change  in  its  pro- 
perties by  eiposure  to  the  air,  further  Sian  acquiring 
a  greater  consistence  from  the  evaporation  of  its 
watery  part,  he  states  in  another  place  that  in  Bengal, 
where  there  ia  no  rain  during  the  opium  gathering 
season,  the  custom  of  allowing  the  milk  to  thicken, 
by  remaining  for  some  time  on  the  capsule,  is  highly 
judicious ;  while,  in  another  part  of  his  account,  he 
admits  that  that  custom  ia  the  only  reason  why  they 
lose  one'third  of  their  crop. 
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Supposing  that  if  200.000lba.  of  opium  give  the 
East  India  Company  100,OOOJ.  sterling  annually,  by 
Dr.  Howison's  account  they  thus  lose  more  than 
30,0001.  But,  were  the  loes  to  amount  only  to  hair 
that  sum,  sufficient  importance,  it  is  to  be  suppoaed, 
would  be  attached  to  the  means  by  which  such  > 
saving  could  be  effected. 

Mr.  Kerr  states  that  there  are  about  G00,000  lbs. 
of  opium  annually  exported  from  the  Ganges,  iade- 
pendpnt  of  what  is  consumed  in  the  interior.  He 
also  states  that  it  is  frequently  miied  with  cow-dung, 
the  extract  obtained  by  bailing  the  plants,  and  other 
additions,  which  are  kept  secret.  It  is,  indeed, 
frequently  so  much  adulterated  that  considenblB 
quantities  ore  burnt  at  Calcutta  by  order  of  the 
Government. 

Mr.  Young,  in  a  valuable  paper  on  the  preparation 
of  opium,  thus  describes  his  own  eiperiments.  To 
render  his  process  intelligible  it  may,  however,  be 
advisable  to  give  a  section  of  the  capsule,  showing 
the  relative  situations  of  the  seeds  and  eitemal  riod. 
from  whence  the  narcotic  principle  ia  obtained  :— 


"In  the  summer  of  1817.  I  cultivated  a  small  field 

of  poppies,  containing  about  30,000  plants  of  the 
papavcr  somniferum  of  Linmcus,  out  of  which  I  se- 
lected two  beds,  measuring  one  fall  and  fonrteen 
square  yards,  for  the  purpose  of  ascertaining  what 
quantity  of  opium  it  woolil  produce.  I  collected  the 
opium  from  that  part  selected  for  the  eiperiment 
myself,  while  the  rest  of  the  crop  was  gatheml  by 
the  people  I  employed.  I  collected  as  much  of  the 
milky  juice  as  was  equal  to  one  diacbm  of  solid 
opium  in  the  space  of  an  hour;  but,  as  my  profes- 
sional  avocations  prevented  me  from  regularly  su- 
perintending the  people  at  work,  they  did  not  gather 
so  much  as  I  expected.  I  ascertained,  however,  that 
they  could  gather  at  the  rate  of  one  drachm  in  the 

"  I  had  ray  poppies  sown  in  three  different  ways. 
The  first,  broad-cast  upon  beds  three  feet  vride,  with 
an  alley  between,  and  thinned  out  to  the  distance  of 
four  and  five  inches  when  the  plants  were  about  two 
inches  high  above  the  ground.  Hie  second  on  beds 
three  feet  wide,  in  rows,  sia  rows  to  a  bed,  and  sil 
inches  between  the  plants.  The  third,  on  the  spaces 
between  rows  of  asparagus,  two  rows  of  poppies  on 
each  space,  eight  inches  between  each  row,  and  sii 
inches  between  the  plants;  two  feet  four  inches 
between  each  double  row  of  poppies  occupied  by  the 
asparagus. 

"  The  first  produced  only  one  capsule,  the  secona 
I  tvo,  and  the  thiid  three  capsules.     Having  ascct. 


tuned  that  the  white  poppy,  when  cultivated  upon 
the  wide  drill  plan  that  I  have  adopted,  not  onljr 
givqt  oat  more  capsules,  but  mach  larger  ones  than 
when  cnltif  ated  in  the  broad-CMt  way,  or  dose  rows ; 
it  ia  evident  there  must  be  a  great  saving  of  labour, 
for  it  wiU  talce  as  macb  time  to  gather  the  juice  from 
a  small  head  aa  it  would  do  to  collect  three  times 
the  quantity  from  a  large  head. 

"  The  plants  between  the  aipaiagos  rows,  having 
more  room  to  grow,  bad  not  only  more  capsules,  but 
they  were  much  larger  than  those  sown  broad-cast 
or  in  beds  in  close  rows;  and  a*  early  potatoes,  cul- 
tivated in  a  piece  of  ground  adjoining  my  crop,  were 
■old  for  a  high  price  before  my  j^anta  bc^an  to 
flower,  I  proposed  the  following  year  to  have,  by 
this  mode  of  cnlture,  the  same  quantity  of  opium 
with  a  crop  of  early  potatoes,  as  I  obtained  from  an 
eqoal  measurement  of  gronnd  where  there  was 
nothing  but  poppies.  Accordingly,  in  ISIS,  I  selected 
a  piece  of  gronnd  in  the  highest  state  of  cultivation, 
well  manared  with  horse-dung,  in  which  I  planted 
early  potatoes,  in  rows  four  feet  wide.  fWows 
were  first  drawn  ;  in  these  furrows  the  dang  was 
laid ;  then  the  sets  were  dropped  on  the  dnng,  about 
nine  inches  asunder,  and  covered  by  the  hoe.  The 
potatoes  were  planted  the  first  week  of  Febraarj-, 
and  the  poppies  were  sown  about  tiu  middle  of  April, 
on  the  middle  apace  between  the  potato  rows,  two 
rows  of  poppies  on  each  space,  and  twelve  inches 
between  the  rows.  When  the  poppy  plants  were 
idiont  two  inches  above  the  ground,  they  were  at  first 
tiiinned  oat  by  the  hoe.  and  afterwards  by  the  fingers, 
to  the  distance  of  eight  inches  between  uic  plants. 

"In  this  manner  I  raised  a  crop  of  early  potatoes 
equal  to  36  bolls  per  acre.  Although  the  potatoes 
will  be  ready  for  immediate  use  before  the  gathering 
of  opium  commences,  the  whole  crop  will  not  be  en- 
tirely ripe  for  lifting  till  after  the  opium  is  collected. 
The  early  potato  gives  out  but  a  small  stem,  but 
where  the  soil  is  rich  some  of  them  may  spread 
areas,  yet  they  can  be  easily  pushed  over  to  ont 
ao  as  to  allow  the  opium  gatherers  to  walk  along  the 
areas  without  trampling  upon  them. 

"The  distance  between  the  poppy  plants  being  wider 
than  last  year,  upon  an  average  they  produced  four 
Aill-gTOwn  capsules  each,  and  some  of  them  produced 
seven  or  eight  capsules ;  and  I  gathered  this 
at  the  rate  of  two  drachms  of  solid  opium 
honr,  while,  by  the  same  method  of  gaAering,  I  could 
not  collect  more  than  one  drachm  in  the  i 

"  Supposing  one  acre  had  been  cultivated  in  the  sane 
manner  as  that  piece  of  gronnd  on  which  my  eiperi- 
ment  was  made,  the  produce  in  that  case  would  navi 
been  equal  to  57  lbs.,  9  oz.  4  drs.,  and  49  grs.  of  solid 
opium,  which  is  just  twice  as  much  as  I  collected  the 
year  before.    But  the  season  of  1818  being  so  much 
more  favourable  than  the  preceding  year  will  in 
great  measure  account  for  die  success  of  this  eipe 
ment.     Therefore  the  quantity  of  opium  that  may 
collected  depends  greatly  upon  the  season ;  yet  the 
comparative  view  of  the   resalt   of  the  experiment 
made  in  1817,  although  the  season  was  extremely 
unfavourable,  is  sufficient  to  prove  that  my  method 
of  extracting  and  gathering  opium  has  a  decided  ad- 
vantage over  any  other  that  baa  been  iccommended. 

"As  my  poppies  were  sown  nbont  the  middle  of 
April,  they  were  ready  for  bleeding  aboot  the  middle 
of  July. 

Arts  9t  Scibkch.— Vol.  I. 
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For  making  the  inciNons,  I  use  a  double-bladed 
convex-edged  khife,  having  all  Qk  blade  covered  with 
sealing- wax,  except  so  much  of  the  cutting  edge  as  is 
sufficient  for  wotuding  the  external  rind  of  the  c^ 
sole,  without  penetrating  its  cavity,  and  with  which 
I  make  one  or  more  double  incisions,  according  to  the 
size  of  the  head,  at  first  longitudinally,  and  afterwards 


the  capsules  discover  to  the  pressure  a  proper  degree 
of  hardness. 

The  instrument  I  used  consisted  of  two  convex- 
edged  scalpels,  the  blade*  of  which  were  covered  with 
sealing-wax,  except  about  one-sixteenth  uart  of  an 
inch  of  the  edge,  and,  being  wound  round  the  handles 
with  waxed  thivad,  the  two  were  fastened  together 
with  other  thread  twisted  round  them,  and  thus  held 
at  the  distance  of  about  half  an  inch  betireen  each 
blade." 

We  have  preferred  giving  a  description  of  Mr. 
Young's  instrument  in  hia  own  words,  as  they  occoi 
in  the  paper,  but  it  may  be  proper  to  observe  that 
the  form  he  really  recommends  is  shown  in  the  en- 
graving beneath.  Tliere  is  also  a  representation  of 
the  tin  fla^,  with  a  bridge  to  remove  the  opium 
from  the  brush  which  is  attached  to  the  opposite  end 
of  the  knife. 


"When  the  capsule  is  sufficiently  scarified  b  dtt 
manner  described,  I .  then  cut  off,  with  a  sharp 
scalpel,  the  capitcilum  or  star,  with  a  thin  slice  of 
the  external  rind  round  it,  and  by  thia  last  incision 
I  obtained  more  juice  than  from  a  scarification  upon 
the  side  of  the  bead. 

"It  is  my  method  of  gathering  the  milky  juice  of 
the  poppy  in  the  fluid  state  that  difFers  matnially 
from  any  other  that  has  been  used,  and  it  is  on  that 
account  that  I  have  been  more  successful  than  any- 
other  that  has  tried  the  experiment. 

"  In  my  communication  to  Dr.  Duncan,  relative  to 
lactucarium  or  lettuce-opium,  published  in  tke 
second  edition  of  his  Obtrvatiottt  on  Pwlwanary 
Cotuumption,  I  proposed  to  gather  the  opium  by 
means  of  a  sponge.  But,  when  I  began  to  collect 
opium  in  that  way,  1  soon  found  that  it  would  not 
do  I  for,  although  the  sponge  removes  the  juice  more 
effectually  than  the  flask  proposed  by  Dr.  Howison, 
it  cannot  be  again  entirely  expressed,  because  &e 
sponge  decomposes  or  separates  the  component 
principles  of  me  milky  juice,  and  the  resinous  part 
adheres  to  the  sponge  and  soon  clogs  its  pores.  1 
therefore  adopted  the  use  of  a  small  common  hair 
'  brush  used  by  pMntars,  and  knovrn  to  the  trade  by 
I  the  name  of  a  sash-tool,  which  answers  the  purpoae 
I  most  completely,  and  With  which  I  (-'  '  "^ 
3  N 
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milky  jirice,  cTen  though  some  of  tiie  plants  were 
laid  oy  wbd  and  rain,  ad  well  aa  if  they  had  bten 
standing  erect.  I  nsed  a  camel-hair  bmeh,  b«t 
fbund  the  same  objection  to  it  as  to  the  sponge.  The 
common  sash-tool,  rounded  a  little  i^  the  point, 
without  being  ground,  is  that  which  I  prefer. 

**  For  the  sake  of  experiment,  I  eipoeed  myself  one 
morning  to  a  shower  of  rain  for  half  an  hour,  white 
making  the  incisions  and  gathering  the  opium,  and 
succeeded  as  well  as  when  there  was  no  rain. 

"When  the  brush  is  sufficiently  charged  with  juice, 
I  scrape  it  off  upon  the  edge  of  the  tin  flask,  fastened 
to  the  breast  of  the  gatherer,  and  eapabSe  of  holding 
more  than  a  day's  gathering. 

"The  gatherers  follow  the  bleeders  immediately. 
One  bleeder  will  occupy  two  gatherers,  and  if  he  be 
yery  expert  he  may  keep  three  gatherers  constantly  em- 
ployed. When  i  pei^rraed  both  operations  myself, 
I  held  the  knife  between  the  thumb,  fore  and  middle 
fingers,  and  the  brush  between  the  ting  and  little 
fingers  of  the  right  hand,  while  I  held  the  poppy  by 
the  stalk  with  the  left  hand. 

"  The  juice  is  afterwards  formed  into  cakes  or  balls 
by  spontaneous  evaporation  im  shallow  earthen  dishes, 
placed  in  a  close  room,  stirring  it  occasionally  during 
the  evaporation  of  its  watery  part,  to  be  afterwards 
kept  in  bladders. 

"The  operation  for  gathering  cannot  be  repeated 
with  advantage  oftener  than  three  times  a  week  upon 
the  same  capsules ;  for  no  more  juice  will  flow  from 
one  wound  than  what  may  be  collected  immediately,  I 
and  a  certain  time  must  elapse  before  the  plant  forms 
more  juice.  But  it  is  evident  a  number  of  hands 
may  be  kept  constantly  employed  upon  a  large  field, 
till  the  plants  cease  to  give  out  juice. 

"  One  acre  will  keep  twelve  gatherers  and  six  cut- 
ters constantly  employed  for  thirty  days.  That 
number  can  only  gather  a  third  part  of  an  acre  in 
one  day,  and  by  the  time  they  have  gone  through 
the  crop,  the  capsules  at  that  place  where  they  began 
to  gather  will  be  ready  for  the  operation  being  re- 
peated; so  that,  when  the  milky  juice  ceases  to 
flow,  five  operations,  as  already  described,  wiU  have 
been  made  upon  each  capsule. 

"  Supposing  twelve  gatherers  to  work  ten  hoots 
in  the  day,  aad  that  each  gathers  two  ounces  and  a 
half,  or  as  much  of  the  juice  as  will  make  that  quan- 
tity of  solid  opium,  in  thirty  days  they  will  g^ither 
fifty-six  povnds  of  opium  from  one  acre. 

"  One  acre  of  poppies,  cultivated  according  to  my 
method,  will  yield  1000  lbs.  of  seed,  and  this  foan- 
titv  of  seed  will  give  by  expression  375  lbs.  of  oil." 

Although  the  produce  of  such  a  crop  has  not  yet 
been  clearly  ascertained  upon  a  large  scale,  the  fol- 
lowing may  be  taken  as  l^e  estimate  of  one  acre, 
from  what  has  actually  been  pioduced  in  Mr.  Young's 
experiment. 


O  P  I  U  M* 

Or  it  «Ky  he  iakeu  thietoajf, 

56  lbs.  opium,  at  17*.  6d, 
36  bolls  of  potatoes,  at  249. 

250  lbs.  of  oil,  cold  drawn,  at  la,  6d. 

125  lbs.  ditto  warm,  at  6d. 

500  oil-cakes,  at  18«,  per  100 


.  £49  0 

43  4 

19.  ed.       .  18  15 

3  2 

4  10 

0 
0 
0 
6 
0 

£118  U 
Expenses,   60  0 

6 
0 

Eiiimaied  ffohe  qf  the  produce  qf  one  acre. 

561bs.  opium,  at  36«.  .        .    £100  16    0 

36  bolls  early  potatoes,  at  24«.     .        .    43    4    0 

250  lbs.  of  oil,  cold  drawn,  at  Is.  6d     .      18  1^5    0 

125  lbs.  ditto  wann«  9±6d.     ,  .326 

500  oil-cakes,  at  18a.  per  100     .  4  10    0 


Expenses, 


£170 
60 


7 
0 


6 
0 


Total  of  profit,  £110    7    6 


Profits         £58  11    6 

A  few  feeti  iUuatrattve  of  the  eheasieal  and  sMdi* 
dual  properties  of  o^iwn  must  ceaciade  our  article^ 
Opinm  contains  acidulooa  meconate  of  morphia,  ex* 
tractive  matter,  muoilap^  fecvla,  resin,  fixed  «d» 
caoutckonc,  a  vegeto^aoMMd  substance^  debris  o#  ve* 
^stable  fibres,  oocasionaUy  a  little  aand,  and  small 
white  pebbles,  together  witii  the  white  cryataUiAf 
salt  of  opium,  noiw  known  under  the  name  of  hmtco* 
tiam.  If  we  treat  opium  first  with  ah«ii4aace  of  ether, 
a  ttadure  of  a  deep  yellow  shadt  is  obtained,  from 
which  there  gradually  IsUa  a  powdmr*  insoluble  in 
walssr,.  alcohol^  and  etktr,  a^d*  when  distiUed,  it 
affbrds  a  considerable  quanitaty  eif  ammonia.  The 
ednreotts  tsnctoie*  freed  from  this  yellowish  powder, 
yiekb,  on  evapemtion.  crystals  impregnated  with  a 
viscid  oil,  among  which  rasaU  masses,  of  more  con* 
sistence,  are  seen  to  float.  TlvMe  are  caoutchoncw 
which  may  be  sepatated  from  the  oil  by  a  fine  tabe» 
The  oily  Uquid  is  to  be  decanted,  in  order  to  >n*q|fitf> 
the  crystals,  which  are  then  treated  with  boiling 
alcohol.  Qa  cooling,  this  affords  the  narcotineu 
slightly  impregnated  witib  caoutchouc.  From  this  a 
new  solution  frees  them  completely.  Hence,  by  thia 
proeess,,  are  eliminated  four  different  products :  1.  a 
fixed  oil;  2.  caontchpue;  3.  a  vegeto-animal  sub- 
stance ;  4.  nareotiniew  The  opium,  after  being  thoa 
exhausted  by  ether,  when  dissolved  in  water,  affords 
solutions  equally  acid  as  ordinary  opium,  and  whidi 
comport  themselves  with  magnesia  or  ammonia  aa  if 
no  ether  had  been  applied  to  itu  (See  MorphiaO 
It  is  obvious,  therefore,  that  the  two  crystalline  bodies, 
narcodne  and  morphia,  exist  in  opinm  quite  inde- 
pendent of  each  other. 

The  external  and  internal  effects  of  opium  appear 
to  be  various  in  different  constitutions,  and  in  the 
same  at  di&rent  times.  By  some,  when  applied  to 
the  tongue^  the  nose^  the  eye*  or  any  part  deprived  of 
skin,  it  has  been  said  to  stimulate  and  to  induce  in 
the  eye  in  particular  a  slight  degree  of  redness.  But, 
if  this  effect  do  take  place>  it  is.  at  the  utmost  ex- 
tremely inconsiderable,  particularly  when  compared 
with  the  effect  of  a  variety  of  other  articles  applied 
to  the  same  organ ;  and  there  can  be  no  doubt  that 
in  a  very  short  time  the  sensibility  of  the  part  to 
which  it  is  appUed,  even  when  there  has  not  taken 
place  the  slightest  mark  of  preceding  stimulus  or  in- 
flammation, is  very  considerably  diminished.  Some 
allege  that  when  applied  to  the  skin  it  allays  pain 
and  spasm*  procures  sleep,  and  produces  all  the  other 
salutary  or  dangerous  efiiocts  which  result  from  its 
internal  use;  while  others  allege  that  thus  applied 
it  has  little  or  no  effect  whatever. 

It  sometimes  allays  the  pain  from  a  carious  tooth, 
by  deadening  the  sensibility  of  the  part,  which  is 
sujBlcient  to  prove  that  this  is  occasionally  useful  as 
a  local  remedy. 

Opium,  when  taken  into  the  stomach  to  such  an 
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extent  as  to  have  any  sensible  effect*  gives  rise  to  a 
pleasart  serenity  of  mind,  in  general  proceeding  to  a 
certain  degree  of  languor  and  drowsiness.  The  action  of 
the  sanguiferous  system  is  diminished,  the  pulse  be- 
coming for  the  most  part  softer,  fuller,  and  slower 
than  it  was  before.  There  often  takes  place  a  swelling 
of  the  subcutaneous  veins,  and  sweating ;  both  pro- 
bably the  consequence  of  a  diminution  of  resistance 
at  th^  surface,  from  a  diminution  of  muscular  action ; 
and  accordingly  opium  diminishes  those  discharges 
which  depend  on  muscular  action,  as  is  particularly 
exemplified  in  its  effects  on  the  digestive  organs. 
Opium  taken  into  the  stomach  in  a  larger  dose  gives 
ri  se  to  confusion  of  the  head  and  vertigo.  The  power 
of  ail  stimulating  causes,  of  making  impressions  on  the 
body*  is  diminished ;  and,  even  at  times  and  in  situ- 
ations when  a  person  would  naturally  be  awake, 
sleep  is  irresistibly  induced.  In  still  larger  doses, 
it  acts  in  the  same  manner  as  the  narcotic  poisons, 
giving  rise  not  only  to  vertigo,  headache,  tremors, 
and  delirium,  but  to  convulsions  also  ;  and  these  ter- 
minate in  a  state  of  stupor,  from  which  the  person 
cannot  be  roused.  This  stupor  is  accompanied  with 
slowness  of  the  pulse,  and  with  stertor  in  breathing, 
and  the  scene  is  terminated  in  death,  attended  wiUi 
the  same  appearances  as  take  place  in  apoplexy. 

From  these  effects  of  opium  in  a  state  of  health,  it 
is  not  wonderful  that  recourse  should  have  been  had 
to  it  in  disease,  as  mitigating  pain,  inducing  sleep, 
allaying  inordinate  action,  and  diminishing  morbid 
sensibility.  That  these  effects  do  result  from  it  is 
confirmed  by  the  daily  experience  of  every  observer : 
and  as  answering  one  or  other  of  these  intentions, 
most,  if  not  all,  of  the  good  consequences  derived 
from  it  in  actual  practice  are  to  be  explained.  If, 
therefore,  by  a  sedative  medicine,  we  mean  an  article 
capable  of  allaying,  assuaging,  mitigating,  and  com- 
posing, no  substance  can  have  a  better  title  to  the 
appellation  of  sedative  than  opium. 

With  regard  to  the  dose,  one  grain  is  generally 
sufficient :  maniacal  persons,  and  those  who  labour 
imder  violent  spasms,  require  oftentimes  two,  three, 
or  more  grains ;  but  it  is  more  advisable  to  repeat 
the  dose  at  proper  intervab  than  to  enlarge  it.  By 
frequent  use,  much  greater  quantities  may  be  borne  : 
the  Turks,  who  habituate  themselves  to  opium  as  a 
succedaneum  for  spirituous  liquors,  are  said  to  take 
commonly  a  drachm  at  a  time. 

Dr.  Hancock  has  published  a  paper  in  a  medical 
journal  tending  to  show  the  importance  of  cold  water 
affusion  in  cases  of  poisoning  with  opium.  Dr.  Han- 
cock commences  by  observing  that  "  the  superior 
effects  of  general  applications  (or  those  acting  through 
the  medium  of  the  whole  dermoid  system)  over  the 
use  of  inward  remedies  are  exemplified  in  the  decisive 


results  of  cold  affusion  in  the  high  state  of  fevers,  and 
in  cases  of  over-doses  of  opium.  When  the  torpor, 
congestion  of  brain,  and  insensibility,  have  occurred 
from  an  excessive  dose  of  opium,  when  medicines 
cannot  be  swallowed  (and  where,  if  they  could,  they 
would  be  useless),  it  is  surprising  to  see  how  the  pa- 
tient is  roused  and  restored  to  sense  and  muscular 
motion,  by  dashing  the  naked  body  with  cold  water. 

"  This  brings  to  mind  an  interesting  and  instructive 
case,  which  occurred  in  my  practice  four  years  ago, 
and  called  forth  a  combination  of  the  two  potent  reme- 
dies under  consideration.  It  was  a  case  of  lock-jaw,  in 
a  black  man,  named  Dan,  at  Plantation  Coffee  Grove, 
Essequibo.  The  disease  was  violent ;  and  very  large 
doses  of  opium  and  camphor  were  administered,  till 
at  length,  during  my  absence,  the  administration  of 
diese  remedies  was  carried  to  such  an  extent  as  not 
only  to  remove  all  tetanic  symptoms,  but  also  to  pro- 
duce the  most  deadly  insensibility  and  apoplectic 
stupor.  He  was  so  far  exhausted  that  the  cold  affu- 
sion produced  but  a  transient  effect,  although  it 
roused  him  for  a  moment  from  the  deepest  lethargy. 
He  was  then  rubbed  over  smartly  with  pepper,  seJt, 
and  lime-juice,  which  caused  no  signs  of  sensation. 
Again,  however,  dashing  the  body  with  cold  water, 
it  had  more  effect ;  by  repeating  the  friction,  and  the 
cold  affusion  alternately,  he  was  successively  more 
excited  till  able  to  swallow  an  emetic,  which  brought 
up  much  opium  and  camphor.  He  regained  his 
senses,  had  no  recurrence  of  the  spasms,  and  has  since 
been  tolerably  healthy." 

It  is  much  to  be  lamented  that  the  directions  we 
meet  with  in  books,  for  counteracting  the  results  of 
excessive  doses  of  opium,  refer  in  general  only  to  the 
methods  of  removing  opium  from  the  stomach,  whilst 
no  efficient  means  are  proposed  for  counteracting  the 
deleterious  effects  of  the  poison  already  absorbed  into 
the  system.  The  stomach-pump  is  certainly  an  im- 
portant instrument  in  those  cases  where  the  torpor 
and  the  insensibility  which  ensue  prevent  vomiting ; 
but  in  such  cases,  unless  speedily  resorted  to,  it  will 
seldom  prove  effectual,  although  the  stomach  be 
completely  emptied,  instances  of  which  are  of  fre- 
quent occurrence. 

It  may  here  be  observed  that  the  same  means  have 
proved  equally  effectual  in  restoring  persons  in  the 
most  advanced  state  of  inebriation  from  excessive 
drinking  of  spirituous  liquors  ;  and  any  person  suffer- 
ing in  a  morning  from  the  effects  of  inordinate  pota- 
tions may  prove  the  efficacy  of  this  remedy  by 
causing  a  pailful  of  cold  water  to  be  dashed  over  his 
head  and  naked  body.  There  can  be  but  little  doubt 
that  the  same  remedy  might  prove  equally  successful 
against  the  effects  of  all  other  narcotic  poisons,  as 
well  as  opium. 
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